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How to Find Product Data in This Reference Manual 

THIS IS VOLUME I OF THE DATA CONVERTER REFERENCE MANUAL 
It and its companion volume contain Data Sheets, Selection Guides and a wealth of background information on signal 
conversion and a wide variety of components for mixed signal processing. 

It is one member of a four-volume set of reference manuals describing and specifying Linear, Converter and AudiolVideo 
products from Analog Devices, Inc., in IC, hybrid and assembled form for measurement, control and real-world signal 
processing. 

IF YOU KNOW THE MODEL NUMBER 
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Analog Devices designs, manufactures and sells worldwide 
sophisticated electronic components and subsystems for use in 
real-world signal processing. More than six hundred standard 
products are produced in manufacturing facilities located 
throughout the world. These facilities encompass all relevant 
technologies, including several embodiments of CMOS, BiMOS, 
bipolar and hybrid integrated circuits, each optimized for spe
cific attributes-and assembled products in the form of potted 
modules, printed-circuit boards and instrument packages. 

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

MAJOR PROGRESS 
Since publication of the selection guides in the 1990 Databook 
Series, more than 120 significant new products have been intro
duced by Analog Devices; they run the gamut from brand new 
product categories and technologies to new standard products 
(with improvements in price, performance or design) to aug
mented second-source products. In addition, the Analog Devices 
line of IC products now includes the products of Precision 
Monolithics, Inc., which was acquired by Analog Devices in 
1990. The new products are all classified and summarized in 
these volumes, along with existing products that are desirable 
for use in new designs. 

Examples of the variety and innovation content of outstanding 
new ICs to be found in these two volumes include: 

• the ADV7141146/48 Edsun CEGIDAC" family of monolithic 
RAM-DACs, designed to eliminate "jaggies" and improve 
color resolution in VGA displays (Vol. I) 

• the AD28msp02 16-bit codec, a complete analog front end for 
high-performance voiceband DSP applications (Vol. I) 

• the DAC-8800 and -8840 TrimDACs'·, which eliminate pots 
and permit automatic trimming of offsets and gains in elec
tronic circuits and systems (Vol. I) 

• the AD7710/U/12 family of 21-bit sigma-delta aid converters 
with complete on-chip signal conditioning (Vol. II) 

• the AD9100 wideband low-distortion monolithic track-hold 
amplifier with 13 ns acquisition time to 0.1% (Vol. II) 

• the AD1674 12-bit sampling aid converter, a "faster, better, 
cheaper" upgrade for AD574/6741774 aid converter sockets 
(Vol. II) 

• the AD9020/9060 10-bit TTLIECL flash aid converters with 
sampling rates to 75 MSPS (Vol. II) 

• the AD671 12-bit, 500 ns aid converter (Vol. II). 

Many more could have been added to this list. 

CDGIDAC, TrimDAC and DSPatch are trademarks of Analog Devices, Inc. 

Introduction 
2-VOLUME DATA CONVERTER REFERENCE MANUAL 
This two-volume set provides comprehensive technical data on 
Analog Devices data-conversion products, which are involved in 
spanning the interface between analog and digital worlds. It is a 
companion to the Linear Products Databook, which provides sim
ilar data for analog-to-analog products. Both volumes 
contain: 

• comprehensive data sheets and package information on a total 
of more than 350 significant product families 

• orientation material and selection guides for finding products 
rapidly 

• a representative list of available Analog Devices technical pub
lications on real-world analog and digital signal processing 

• our Worldwide Sales Directory 
• the complete Product Index to all data-conversion and DSP 

products listed in these two volumes and all products listed in 
the Linear Products Databook. 

Division of Product Groups between the Two Books 
Volume I contains information on 

Digital-to-analog converters 
Synchro/resolver-to-digital converters 
Communications products 
Digital panel meters 
Digital signal processing products 
Bus interface and serial I/O products 
Application specific ICs 
Power supplies. 

Volume II contains information on: 
Analog-to-digital converters 
Voltage-to-frequency and frequency-to-voltage converters 
Sample/track-hold amplifiers 
Switches and multiplexers 
Voltage references 
Data acquisition subsystems 
Analog I/O ports 
Application-specific ICs 
Power supplies. 

The product data in this book are intended primarily for the 
majority of users who are concerned with new designs. For this 
reason, existing and available products that offer little if any 
unique advantage over newer products in future designs are 
listed in the Index, and data sheets may be available separately
but they are not published in this book. 

TECHNICAL SUPPORT 
Our extensive technical literature discusses the technology and 
applications of products for real-world signal processing. Besides 
tutorial material and comprehensive data sheets, including a 
large number in our Databooks, we offer Application Notes, 
Application Guides, Technical Handbooks (at reasonable prices), 
and several free serial publications; for example, Analog 
Productlog provides brief information on new products being 
introduced, and Analog Dialogue, our technical magazine, pro
vides in-depth discussions of new developments in analog and 
digital circuit technology as applied to data acquisition, signal 
processing, control, and test. DSPatch'· is a quarterly newslet
ter that brings its readers up-to-date applications information on 

GENERAL INFORMA TlON 1-3 

• 



our DSP products and the ieneral field of digital signal process
ing. We maintain a mailing list of engineers, scientists, and 
technicians with a serious interest in our products. In addition 
to Databook catalogs-and general short-form selection guides 
-we also publish several short-form catalogs on specific product 
families. You will fmd typical publications described on pages 
11-8 to 11-11 at the back of the book. 

SALES AND SERVICE 
Backing up our design and manufacturing capabilities and our 
extensive array of publications, is a network of distributors, plus 
sales offices and representatives throughout the United States 
and most of the world, staffed by experienced sales and applica
tions engineers. Our Worldwide Sales Directory, as of the publi
cation date, appears on pages 11-12 and 11-13 at the back of 
the book. 

RELIABILITY 
The manufacture of reliable products is a key objective at 
Analog Devices. The primary focus is the companywide Quality 
Improvement Process (QIP). In addition, we maintain facilities 
that have been qualified under such standards as MIL-M-38S10 
(Class B and Class S) for ICs in the U.S. andMIL-STD-1772 
for hybrids. Many of our product -both proprietary and 
second-source-have qualified for JAN part numbers; others are 
in the process. A larger number of products-including many of 
the newer ones just starting the JAN qualification process-are 
specifically characterized on Standard Military Drawings 
(SMDs). Most of our ICs are available in versions that comply 
with MIL-STD-883C Class B, and many also comply with Class 
S. We publish a Military Products Databook for designers who 
specify ICs and hybrids for military contracts. The 1990 issue 
consists of two volumes with data on 343 product families; the 
120 entries in the second of those volumes describe qualified 
products manufactured by our PMI Division. A newsletter, 
Analog Briefings~, provides current information about the status 
of reliability at AD!. 

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

Analog Briefmgs is a registered trademark of Analog Devices, Inc. 
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PRODUCTS NOT FOUND IN THE SELECTION 
GUIDES 
For maximum usefulness to designers of new equipment, we 
have limited the contents of selection guides to standard prod
ucts most likely to be used for the design of new circuits and 
systems. If the model number of a product you are interested in 
is not in the Index, turn to page 11-4 at the back of this volume 
where you will fmd a list of older products for which data sheets 
are available upon request. On page l1-S you will find a guide 
to substitutions (where possible) for products no longer 
available. 

ICs embodying combinations of functions that you need but 
cannot find among our standard offerings may be available to 
meet your specific requirements as custom designs. Consult the 
section in this book on Application Specific ICs-and/or get in 
touch with Analog Devices. 

PRICES 
Accurate, up-to-date prices are an important consideration in 
making a choice among the many available product families. 
Since prices are subject to change, current price lists and/or 
quotations are available upon request from our sales offices and 
distributors. 
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AD/PM-7524 
AD/PM-7528 (Dual) 
AD/PM-7628 (Dual) 
AD9768 
DAC-08 
DAC-8408 (Quad) 

AD561 
AD/PM-7533 
AD9720 
AD9721 
DAC-I0 

General Purpose 
Current Output DACs 

AD565A 
AD566A 
AD568 
AD668 
AD/PM-7541A 
AD/PM-7542 
AD/PM-7545A 
AD/PM-7548 
PM-7645 
AD9712A 
AD9713A 
DAC-312 
DAC-8012 
PM-6012 
AD7537 (Dual) 
AD7547 (Dual) 
AD7549 (Dual) 
DAC-8221 (Dual) 
DAC-8222 (Dual) 
DAC-8248 (Dual) 

AD7534 
AD7535 
AD7536 
AD7538 

DAC-16 AD/PM-7543 
DAC-8043 (8-Pin) 
DAC-8143 
AD7568 (Octal) 

I 
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AD557 
AD558 
ADIPM-7224 
AD7569 (110 Port) 
AD7669 (Dual, 110 Port) 
AD7769 (Dual, 110 Port) 
DAC-8228 (Dual MDAC) 
DAC-8229 (Dual) 
AD7225 (Quad) 
ADIPM-7226 (Quad) 
DAC-8426 (Quad) 
AD7228 (Octal) 

General Purpose 
Voltage Output DACs 

AD667 
AD767 
AD7245A 
AD7248A 
AD7845 (MDAC) 
AD7237 (Dual) 
AD7247 (Dual) 
AD7837 (Dual MDAC) 
AD7847 (Dual MDAC) 
AD390 (Quad) 
AD394 (Quad MDAC) 
AD395 (Quad MDAC) 
AD664 (Quad MDAC) 
DAC-8412 (Quad) 
DAC-8413 (Quad) 
AD75004 (Quad) 
AD75069 (Octal) 

AD7840 
AD396 (Quad MDAC) 

AD569 (MDAC) 
AD669 
AD1136 
AD7846 (MDAC) 

AD1139 

8-Bit 

DAC-8800 (Octal TrimDAC™) 
DAC-8840 (Octal TrimDAC™) 
DAC-8841 (Octal TrimDAC™) 

AD7233 (8-Pin) 
AD7243 
AD7242 (Dual) 

AD7840 
AD7244 (Dual) 

AD766 
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Workstation 
Graphics 

SingleDACs 

AD9701 

Special Function DACs 

AD7111 (0.375 dB Res) 
AD7118 (1.5 dB Res) 
DAC-86 (U-255 Law) 
DAC-88 (U-255 Law) 
DAC-89 (A-Law) 

AD1851 
AD1856 
AD1866 (Dual/SS) 

AD1860 
AD1861 ADV7150 (lO-Bitffrue Color) 

ADV7151 (lO-BitlPseudo Color) 
ADV7152 (10-Bitffrue Color) 

with RAM w/oRAM AD1864 (Dual) 
AD1865 (Dual) 
AD1868 (Dual/SS) 

ADV471 
ADV476 
ADV7141 (CEG@) 
ADV7146 (CEG@) 

ADV478 
ADV7148 (CEG@) 
ADV453 
ADV473 

ADV7120 

ADV7121 
ADV7122 

AD1862 

SS - Single Supply 
CEG@ - Continuous Edge Graphics smooths lines and 
increases color resolution in VGA * compatible systems. 

'VGA is a trademark of International Business Machines Corp. 

• 
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§ Digital-to-Analog Converters 
~ 
I"-

~ Single OACs, Current Output 
:b Settling S; Time Bus Reference 
l"-

Res InteJface Volt Package Temp 0 p.s 
C) Model Bits typ Bits1 IntlExt (MY Options3 Rauge4 Page Comments 

~ AD9768 8 0.005 8,pP -1.26 V, Int 1,4 C,M C I 2-769 Ultrahigh Speed, ECL Compatible, 20 mA Ontput Current 
DAC-OS S 0.085 S Ext(M) 2,3,4,6 C,I,M CI2-923 8-Bit High Speed Multiplying DAC 

;ji DAC-20 8 0.085 8 10 V, Ext 2,3 C CIll-4 2-Digit BCD High Speed Multiplying DAC 
::D 
tTl PM-7524 8 0.10 8,pP Ext(M) 2,3,4,5,6 C,I,M CI2-405 CMOS, Low Cost, 8-Bit Multiplying DAC with Latch 

~ AD7524 S 0.10 8,pP Ext(M) 2,3,4,5,6 C,I,M C I 2-399 CMOS, Low Cost, 8-Bit Multiplying DAC with Latch 
DAC-I408A 8 0.25 8 Ext(M) 2,3,6 C,I CIll-4 8-Bit Multiplying DAC 
DAC-150SA 8 0.25 8 Ext (M) 3 M CIll-4 8-Bit Multiplying DAC 
DAC-888 8 0.30 8, ..,P Ext(M) 3 I,M CIll-4 BYTEDAC 8-Bit High Speed Multiplying DAC 
AD9720 10 0.005 10 Int 2,3,5,14 C,M CI2-765 Ultrahigh Speed, ECL Compatible, Low Power, Low Glitch 
AD9721 10 0.005 10 Int 2,3,5,14 C,M C I 2-765 Ultrahigh Speed, TTL Compatible, Low Power, Low Glitch 
DAC-I0 10 0.085 10 Ext(M) 2,3,6 C,M C 12-935 lo-Bit High Speed Multiplying DAC 
AD561 10 0.25 10 Int 1,2 C,M CI2-55 Industry Standard lo-Bit DAC, JAN Part Available 
DAC-l00 10 0.300 10 6.6 V, Int 3 C,I,M C I 2-945 lO-Bit Current Output DAC 
DAC-86 10 0.500 10 Ext (M) 3 I CIll-4 COMDAC Companding DAC (U-255 Law) 
DAC-88 10 0.500 10 Ext(M) 3 I CIll-4 COMDAC Companding DAC (U-255 Law) 
DAC-89 10 0.500 10 Ext(M) 3 I CIll-4 COMDAC Companding DAC (A-Law) 
PM-7533 10 0.60 10 Ext(M) 2,3,5,6 C,I,M C I 2-445 CMOS, Low Cost, lo-Bit Multiplying DAC 
AD7533 10 0.60 10 Ext (M) 2,3,4,5,6 C,I,M C I 2-439 CMOS, Low Cost, lO-Bit Multiplying DAC 
AD97l2A 12 0.022 12 Int 2,3,5,14 C,M CI2-761 ECL Compatible, Low Glitch, 0.5 LSB DNL Typ 
AD9713A 12 0.027 12 Int 2,3,5,14 C,M CI2-761 TTL Compatible, Low Glitch, 0.5 LSB DNL Typ 
AD9712 12 0.030 12 -1.2 V, Int 2,5 C,M C I 2-753 ECL Compatible Inputs, Low Glitch 
AD9713 12 0.030 12 -1.2 Y, Int 2,5 C,M C I 2-753 TIL Compatible Inputs, Low Glitch 
AD568 12 0.035 12 Int 3,4 C,M CI2-71 Highest Accuracy 12-Bit Ultrahigh Speed DAC 
AD668 12 0.05 12 Ext(M) 3 C,M C I 2-123 Multiplying 12-Bit Ultrahigh Speed DAC 
AD565A 12 0.25 12 10 Y, Int 1 C,M CI2-63 Industry Workhorse High Speed, JAN Part Available 
DAC-8043 12 0.25 Serial, pP Ext (M) 2,3 C,I,M CI2-977 8-Pin Serial Input 12-Bit CMOS Multiplying DAC 
PM-7542 12 0.25 4,pP Ext(M) 2,3,4,6 C,I,M CI2-533 CMOS, Nibble Load 12-Bit MultiplyiDg DAC 
AD7542 12 0.25 4,pP Ext(M) 1,2,3,4,5 C,I,M CI2-525 CMOS, Nibble Load 12-Bit Multiplying DAC 

*PM-6012 12 0.25 12 Ext(M) 2,3,6 I CI2-1141 Low Cost, High Speed 12-Bit Multiplying DAC 
DAC-312 12 0.25 12 Ext (M) 2,3,6 C,M CI2-953 12-Bit High Speed Multiplying DAC 
ADDAC8o-1 12 0.30 12 6.3 Y, Int 1 C C I 2-783 Industry Standard, High Speed DAC 
AD DAC85-1 12 0.30 12 6.3 Y, Int 1 I,M C I 2-783 Improved Industry Standard, High Speed DAC 
AD DAC87-1 12 0.30 12 6.3 Y, Int 1 I,M C I 2-783 Improved Industry Standard, High Speed DAC 
AD566A 12 0.35 12 10 V, Ext 1 C,M C I 2-63 High Speed DAC 
AD7543 12 0.35 Serial, pP Ext(M) 1,2,3,4,5,6 C,I,M CI2-545 CMOS, Serial Load 12-Bit Multiplying DAC 
DAC-8143 12 0.38 Serial, pP Ext(M) 2,3,6 I,M CI2-987 12·Bit Serial Input DAC 
PM·7543 12 0.38 Serial, pP Ext (M) 2,3,5,6 C,I,M CI2-553 CMOS, Serial Load 12·Bit Multiplying DAC, Daisy Chain 
PM·7541A 12 0.60 12 Ext (M) 2,3,4,5,6 C,I,M C I 2-513 CMOS, 12·Bit Multiplying DAC 
AD7541A 12 0.60 12 Ext(M) 2,3,4,5 C,I,M CI2-507 CMOS, 12·Bit Multiplying DAC 
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Settling 
Time Bus Reference 

Res J.LS Interface Volt Package Temp 
Model Bits typ Bitsl IntlExt (M), Options] Range4 Page Comments 

DAC-8012 12 1.0 U, p.P Ext (M) 2,3,5 C,I,M C I 2-967 U-Bit CMOS DAC with Memory and Readback 
PM-7548 U 1.0 8,p.P Ext (M) 2,3,5,6 C,I,M CI2-613 CMOS, Byte Load U-Bit DAC, Single or Dual Supply 
AD7548 12 1.0 8, p.P Ext (M) 2,3,4,5,6 C,I,M C I 2-601 CMOS, Byte Load 12-Bit DAC, Single or Dual Supply 
AD562 12 1.5 12 Ext 1 C,I,M C I 2-59 Industry Standard, JAN Part Available 
AD563 12 1.5 12 2.5 V, Int 1 C,M C I 2-59 Industry Standard 
AD7S45A 12 1.0 12, p.P Ext(M) 2,3,4,5 C,I,M C I 2-585 CMOS, Improved AD7S45 
PM-7S45 12 1.0 12, p.P Ext (M) 2,3,4,5,6 C,I,M C I 2-573 CMOS, Para1Iel Load 12-Bit Multiplying DAC 
PM-7645 12 1.0 12, p.P Ext(M) 2,3,4 C,I,M C I 2-573 PM-7S45 Specified for +15 V Operation 
AD7S45 12 2.0 12, ",p Ext(M) 2,3,4,5 C,I,M CI2-565 CMOS, Parallel Load 12-Bit Multiplying DAC 
AD7534 14 1.5 8, ",p Ext(M) 2,3,5 C,I,M C I 2-455 CMOS, Byte Load 
AD7535 14 1.5 8/14, p.P Ext(M) 2,3,4,5 C,I,M C I 2-467 CMOS, Para1Iel or Byte Load 
AD7536 14 1.5 8/14, ",p Ext(M) 2,3,4,5 C,I,M C I 2-479 CMOS, Para1IeI or Byte Load, Bipolar Output 
AD7538 14 1.5 14, ",p Ext(M) 2,3,6 C,I,M C I 2-499 CMOS, Para1IeI Load 

*AD1851 16 0.35 Serial, p.P Int 2,6 C C I 2-173 160Bit 16 x Fs PCM Audio DAC 
AD1856 16 0.35 Serial, p.P Int 2,6 C C I 2-183 160Bit PCM Audio DAC 

*DAC-16 16 0.5 16 Ext(M) 1,2 I,M C I 2-943 160Bit High Speed Multiplying DAC 
AD DAC71-1 16 1.0 16 6.3 V, Int 1,7 C CIll-4 High Resolution 16-Bit DAC 
AD DAC72-1 16 1.0 16 6.3 V, Int 1,7 C, I CIll-4 High Resolution 16-Bit DAC 
ADI860 18 0.35 Serial, p.P Int 2,6 C C I 2-191 IS-Bit PCM Audio DAC 

*ADI861 18 0.35 Serial, p.P Int 2,6 C C I 2-173 IS-Bit 16 x Fs PCM Audio DAC 
*ADl862 20 0.35 Serial, p.P Int 2 C CI2-203 2O-Bit Audio DAC 

'This column lists the data format for the bus with ",,,1''' indicating microprocessor capability-i.e., for a 12-bit converter Sl12, II.l' indicates that the data can be formatted for an 8-bit bus or can be in parallel 
(12 bits) and is microprocessor compatible. 

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

'Package Options: I·Side-Brazed Dual-In-Line Ceramic; 2-PIastic Molded Dual-In-Line; 3-Cerdip; 4-Leadless Cbip Carrier; 5-Plastic Leaded Cbip Carrier (pLee); 6-Small Outline Package (SOlC); 7-Round Her
metic Metal Can (Header); 14-J-Leaded Ceramic. 

"Temperature Ranges: C = Commercial, 0 to +7O'C; I = Industrial, -4O"C to +85'C (Some older products -25'C to +85'C); M = Militaty, -55'C to + 125'C. 
Boldface Type: Product recommended for new design. 
*New product since the publication of the most recent Databooks. 

I 



~ 
;:; 
0 Diltital-to-Analog Converters § 
~ .... 

Sinl~le DACs, Voltage output ~ 
;I. Settling 

~ Time Bus Reference 
.... Res ILS Interface Volt Package Temp 
0 
C') Model Bits typ Bits' IntlExt (Mt Optio~ Raage4 Page Comments 
C) AD557 8 0.8 8,,.P Int 2,5 C CI2-43 Lowest Cost 80Bit DACPORT'"j SiDgIe +5 V Supply 0 
~ AD7569 8 1.0 8,,.P Int 2,3,4,5,6 C,I,M CnS-7 CMOS, Complete 80Bit DACJADC/SHA/ Reference 
~ IID5S8 8 3.0 8,,.P Int 1,2,4,5 C,M CI2-47 10 V Out DACPORT, SiDgIe or Dual Supply 
:tl *1'M7224 8 5.0 8,,.P 2-12.5 V, Ext 2,3,4,5,6 C,I,M C I 2-267 CMOS, Low Cost 80Bit DAC 

~ IID7224 8 5.0 (max) 8,,.P 2-12.5 V, Ext 2,3,4,5,6 C,I,M CI2-259 CMOS, Low Cost 80Bit DAC 
C/) DAC-06 10 1.5 10 6.7 V, Int 1 C,M CIll-4 Twos Complement Input Coding 

DAC-210 10 1.5 10 7.6 V, Int 1 C,I CIll-4 Sign-Magnitudellnternal Refereuce 
I)AC-05 10 2.0 10 6.7 V, Int 1 C,M CIll-4 Sign-Magnitude for Unipolar Output 
DAC-02 10 2.0 10 6.7 V, Int I C,M CIll-4 Sign-MagnitudelBipolar Output 
JID7848 12 2.5 12, ,.P Iut (+3 V), Ext 2,3,5 C,I C I 2-735 CMOS, Complete 12-Bit DAC with 8oWord FIFO 
JID7845 12 2.5 12, ,.P Ext(M) 2,3,4,5,6 C,I,M C 12-709 CMOS, 12-Bit Multiplying DAC with Output Amplifier 
ADDACSO-V 12 3.0 12 6.3 V, Int 1 C C I 2-783 Improved Industry Standard 
lID DACS5-V 12 3.0 12 6.3 V, Int I I,M C I 2-783 Improved Industry Standard 
ADDACS7-V 12 3.0 12 6.3 V, Int I I,M C I 2-783 Improved Industry Standard 
AD667 12 3.0 418,112, ,.P 10 V, Iut 1,2,4,5 C,I,M C 12-i15 Highest Accuracy Complete 12-Bit DAC 
JID767 12 3.0 12, ,.P 10 V, Int 1,2 C,I,M C I 2-159 Fastest Interface Complete 12-Bit DAC 
JID7233 12 10 (max) Serial, ,.P Int 2 I C12-339 Smallest 12-Bit Serial DACPORT (8-Piu) 

Bipolar :5 V Output Raage 
*JID7243 12 10 (max) Serial Int (+5 V), Ext 2,3,6 I,M C I 2-371 Low Cost 12-Bit Serial DACPORT in 160Piu Package 
JID7245A 12 10 (max) 12, ,.P 5 V, Int 2,3,4,5,6 C,I,M CI2-38S Faster Interface, 12 V aud 15 V AD7245 
JID7248A 12 10 (max) 8,,.P 5 V, Int 2,3,5,6 C,I,M C12-385 Faster Interface, 12 V aud 15 V AD7248 
AD7245 12 10 (max) 12, !Il' 5 V, Int 2,3,4,5 C,I,M C I 2-383 CMOS, 12-Bit Complete DAC, Parallel Load 
AD7248 12 10 (max) 8, ",p 5 V, Int 2,3,4,5 C,I,M C I 2-383 CMOS, 12-Bit Complete DAC, Byte Load 
JID7840 14 2.0 141SeriaI, p.P Int (+3 V), Ext 2,3,5 C,I,M CI2-693 CMOS, 14-Bit Complete DAC, Parallel or Serial Load 

*JID766 16 1.5 Serial, ,.P Int 1,2 C,I,M C I 2-151 Zero-Chip Interface 160Bit DSP DACPORT 
*JID1851 16 1.5 Serial ,.P Int 2,6 C C I 2-173 16oBit, 16 x Fs PCM Audio DAC 
JIDI856 16 1.5 Serial, ,.P Int 2,6 C C I 2-183 160Bit PCM Audio DAC 
JID569 16 3.0 8Il6,,.P ±5 V, Ext (M) 1,2 I,M C I 2-83 Mouolithic, 160Bit Mouotonic DAC 
AD DAC71-V 16 5.0 16 6.3 V, Int 1,7 C CIll-4 High Resolution 160Bit DAC 
AD DAC72-V 16 5.0 16 6.3 V, Int 1,7 C,I CIll-4 High Resolution 160Bit DAC 
JID7846 16 6 16, ,.P Ext(M) 1,2,4,5 C,I,M C I 2-721 CMOS, 160Bit Multiplying DAC with Readback 

Capability 
*JID669 16 8 16, ,.P 10 V, Int 2,3,6 I,M CI2-139 Mouolithic, Complete 160Bit DAC 
I)ACll36 16 8 16 6 V, Int Module C CIll-4 High Resolutiou and Accuracy 
JID1l47 16 20 16, ILP 10 V, Int 2 I CIll-4 Internal 80Bit Latched Input DACs 

for Offset and Gain Adjust 
JIDll48 16 20 16, ,.P 10 V, Int 2 CIll-4 Separate 80Bit Bus for Internal Offset and 

Gain Adjust DACs 
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Settling 
Time Bus Reference 

Res lUI Interface Volt Package Temp 
Model Bits typ Bitsl IntlExt (M~ Optioos' Range" Page Comments 

ADI860 18 1.5 Serial, ",p Int 2,6 C C I 2-191 18·Bit PCM Audio DAC 
*ADI861 18 1.5 Serial, ",p Int 2,6 C C I 2-173 18·Bit, 16 x Fs PCM Audio DAC 

DAC1l38 18 10 18 6 V, Int Module C CIll-4 High Resolution and Accuracy 
AD1139 18 40 18, ,..P -10 V, Int I C C I 2-167 Tme 18-Bit Accuracy 

Video Graphics OACs 
Rate 

Res Update Rate Palette Package Temp 
Model Bits MHz min Size Reference Optioos' Range" Page Comments 

ADV476 6 66,50,35 256 I 2,5 C CI2~17 CMOS, Triple 6-Bit Color Palette RAM-DAC 
*ADV7146 618 66,50,35 256 I 2,5 C CI2~9 Pin CompabDle to ADV476, INMOS 1711176 with CEG 
ADV471 6 80, 66, 50, 35 256 VII 5 C CI~9 CMOS, Triple 6-Bit Color Palette RAM·DAC 

*ADV7141 618 80, 66, 50, 35 256 VII 2,5 C CI~9 Pin Compatible to ADV471 with COO 
*ADV477/ADV475 618 80,66,50,35 256 V (Int.) 2,5 C CI2~7 Low Power, Power Down RAM-DAC 
ADV476 6 80,66,50,35 256 V (Int.) 2,5 C CI~17 Low Power, Power Down RAM-DAC 
ADV478 618 80,66,50,35 256 VII 5 C CI2~9 CMOS, Triple 8·Bit Color Palette RAM·DAC 

*ADV7148 618 80,66,50,35 256 VII 2,5 C CI2~ Pin Compatible to ADV478 with CEG 
ADV453 8 66,40 256 V 2,5 C CI2-799 CMOS, Triple 8-Bit Color Palette RAM-DAC 

*ADV473 8 100, 80, 66, 50, 35 256 VII (Int.) 5 C CI~ Tme-Color Video RAM-DAC (Triple 8-Bit) 
*ADVIOI 8 80,50,30 V 2,5 C CI2-793 CMOS, Triple 8-Bit Video DAC 
ADV7l2O 8 80,50,30 V 2,5 C CI~51 CMOS, Triple 8-Bit Video DAC 
AD9701 8 225 1,3,4 I,M CI2-747 Single 8-Bit Video DAC 
ADV7121 10 80,50,30 V 2,5 C CI~57 CMOS, Triple Io-Bit Video DAC 
ADV7122 10 80,50,30 V 2,5 C CI2~57 CMOS, Triple Io-Bit Video DAC 

*ADV7150 10 170, 135, 110, 85 256 V 10 C CI2-889 High Speed, Tme-Color Video RAM-DAC, 
(Triple Io-Bit) 4 x I Multiplexing 

*ADV7151 10 170, 135, 110, 8S 256 V 10 C C I 2-907 High Speed, Pseudo-Color Video RAM-DAC, 
(Triple Io-Bit) 

*ADV71S2 10 170, 135, 110, 85 256 V 10 C CI2-889 High Speed, Pseudo-Color Video RAM-DAC, 
(Triple Io-Bit) 2 x I Multiplexing 

'This column lists the data format for the bus with "P" indicating microprocessor capability-i.e., for a 12·bit converter 8112, til' indicatea that the data can be formatted for an 8·bit bus or can be in paraJlel (12 
bits) and is microprocessor conlpatible. 

2Ext indicates externa1 reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicatea reference is internal. A voltage value is given if the 
reference i. pinned out. 

'Package Options: I·Side-Brazed Dual-In-Line Ceramic; 2-Plastic Molded Dual-In-Line; 3-Cerdip; 4-Leadless Cbip Carrier; 5-Plastic Leaded Cbip Carrier (PLCC); 6-SmaJI Outline Package (SOIC); 7-Round Her
metic Metal Can (Header); JO-Plastic Quad FJatpaek. 

"Temperature Ranges: C = Commercial, 0 to +7O"C; I = Industrial, -4O"C to +85"C (Snme older products -25"C to +85"C); M = Militaty, -55"C to + l25"C. 
Boldface type: Product reconlmended for new design. 
*New product since the pUblication of the most recent Databooks. 
DACPORT is a trademark of Analog Devices, Inc. 



'i" 
;::; 
S2 Di~~ital-to-Analog Converters 8 
);! 
r-

~ Mumiple OACs, Voltage Output 
:h 
~ 
r- Settling Bus Reference a 
C) Res Time Interface Voltage # of Package Temp 

8 Model Bits ",styp Bitsl IntlExt> DACs Options3 Range4 Page Comments 
<: AD71169 8 1.0 8,,..,P Int 2 2,5,6 C,I,M CD 8-7 CMOS, Complete 8-Bit Dual ;;;; DAClADClSHAIReference ::0 

DAC-8228 8 2.0 8, ",p Ext (M) 2 2,3,6 I,M C I 2-1029 CMOS, PM-7528 Pinout with ill 
::0 Voltage Output 
(I) DAC-8229 8 2.0 8, ",p Ext (M) 2 2,3,6 I,M C I 2-1041 CMOS, Single or Dual Supply 

Operation 
AD7769 8 2.5 8, ",p Ext 2 2,5 C,I CD8-27 CMOS, Complete 8-Bit Dual DACI 

2·Channel ADC 
DAC·8426 8 3.0 8,,..,P 10 V, Int 4 2,3,6 I,M C I 2-1095 CMOS, Complete with 10 V Reference, 

Improved Timing 
PM-1226A 8 3.0 8,,..,P Ext (M) 4 2,3,6 I,M C I 2-303 CMOS, Improved Timing, Specified 

for +5 V to + 15 V Operation 
ADn26 8 3.0 8, ",p 2-12.5 V, Ext 8 2,3,4,5,6 C,I,M C I 2-291 CMOS, No User Trints, Specified 

with Single or Dual Supplies 
AD72:25 8 5.0 (max) 8, ",p 2-12.5 V, Ext 4 2,3,4,5,6 C,I,M C I 2-279 CMOS, Separate References for 

EachDAC 
DAC .. 8800 8 0.8 8, Serial DC, Ext 8 2,3,6 C,I,M C I 2-1107 Octal 8-Bit CMOS DAC (TrimDAC'M) 
DAC .. 8840 8 3.5 Serial Ext (M) 8 2,3,6 I,M C I 2-1121 CMOS, Four-Quadrant Multiplying 

with Op Amps 
*DAC .. 8841 8 3.5 Serial Ext (M) 8 2,3,6 I,M C I 2-1131 Octal 8-Bit, Two Quadrant, Multiplying 

TrimDAC, +5 V Operation 
AD7228 8 5.0 (max) 8,I1P 2-10 V, Ext 8 2,3,4,5,6 C,I,M C I 2-323 CMOS, Specified for Single or 

Dual Supply, Skinny 20-Pin DIP 
*AD7228A 8 5.0 (max) 8, ",p 2-10 V, Ext 8 2,3,5,6 C,I,M C I 2-331 CMOS, Specified for Single or 

Dual Supply, Skinny 20-Pin DIP 
AD75004 12 2 12, ",p 5 V, Int 4 2,5 C C I 2-773, Fastest Quad 12-Bit Voltage Output DAC 

C I 8-1 
*AD72<12 12 2 Serial, ,..,P 3 V, Int 2 2,3,6 C, I C I 2-359 Complete ±5 V 12-Bit Dual DAC 
AD392 12 4 12, I1P Int 4 8 C CIll-4 Fast Bus Access Tinte «40 ns), 

Data Readback Capability 
AD390 12 4 12, ",p 10 V, Int 4 1 C,M C I 2-23 Double Buffered, Simultaneous Update 

*AD7837 12 5 8, ",p Ext (M) 2 2,3,6 C,I,M C12~1 CMOS, MDAC, Byte Load, Double Buffered 
*AD7817 12 5 12, ",p Ext (M) 2 2,3,6 C,I,M C12~1 CMOS MDAC, Parallel Load 
DAC-8412 12 6 12, ",p Ext 4 1,2,4,5 I,M C I 2-1083 Readback, Reset to Midscale, Low Power 

Quad DAC, +5 V to ±15 V Operation 
*DAC-8413 12 6 12, ",p Ext 4 1,2,4,5 I,M C I 2-1083 Equivalent to DAC-8412 with Reset to 

Zero Scale 
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Settling Bus Reference 
Res Time Interface Voltage #of Package Temp 

Model Bits fl.Styp Bits! IntJExtZ DACs Options' Range4 Page Comments 

*AD75069 12 8 12, ILP 5 V, Int 8 5 C,I C I 2-777 Monolithic Octall2-Bit Voltage Output DAC 
AD7237 12 10 (max) 8, ILP Int (+5 V), Ext 2 2,3,6 C,I,M C I 2-347 CMOS, ConIplete 12-Bit Dual DAC, 

Byte Load 
AD7247 12 10 (max) 12, jI.P Int (+5 V), Ext 2 2,3,6 C,I,M C I 2-347 CMOS, Complete 12-Bit Dual DAC, 

Parallel Load 
AD664 12 10 12, ILP Ext (M) 4 1,2,4,5 C,I,M C I 2-95 Readback, Reset, Low Power Quad DAC 
AD394 12 10 12, jI.P Ext (M) 4 I C,M C I 2-31 Four Independent Reference Inputs, 

Bipolar Outputs 
AD395 12 10 12, jI.P Ext (M) 4 1 C,M C I 2-31 Four Independent Reference Inputs, 

Unipolar Outputs 
*AD7244 14 2 Serial, jI.P +3 V, Int 2 2,3,6 C,I,M C I 2-359 Complete ±5 V 14-Bit Dual DAC 
AD3% 14 10 8, JJ1' Ext (M) 4 1 C,M C I 2-39 Four Independent Reference Inputs, 

Bipolar Output, Simultaneous Update 
*ADI866 16 Serial Int 2 2,6 I C I 2-235 Dual16-Bit Audio DAC, +5 V Single Supply 
*ADI864 18 1.5 Serial, jI.P Int 2 2,5 C C I 2-213 Dual18-Bit Audio DAC 
*ADl865 18 1.5 Serial, jI.P Int 2 2 C C I 2-225 Dual 18-Bit, 16 x Fs PCM Audio DAC 
*ADI868 18 1.5 SeriaI,ILP Int 2 2,6 C C I 2-237 Dual IS-Bit Audio DAC, +5 V Single Supply 

'This column lists the data format for the bus with "P" indicating microprocessor capability-i.e., for a 12-bit converter Sl12, .u'indicates that the data can be formatted for an 8-bit bus or can be in parallel (12 
bits) and is microprocessor compatible. 

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

'Package Options: l-Side-Brazed Dual-In-Line Ceramic; 2-Plastic Molded Dual-In-Line; 3-Cerdip; 4-Leadless Chip Carrier; 5-Plastic Leaded Chip Carrier (PLCC); 6-Small Outline Package (SOIC); 8-Metal Her
metic Dual-In-Line. 

"Temperature Ranges: C = Commercial, 0 to +7O"C; I = Industrial, -4O"C to +85"C (Some older products -25"C to +85"C); M = Militaty, -55"C to + 125"C. 
Boldface type: Product recommended for new design. 
*New product since the publication of the most recent Databooks. 
TrimDAC is a trademark of Analog Devices, Inc. 
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0 Model Bits fIoStyp Bitsl IntJExr DACs Options3 Jlauge4 Page Comments C') 
() PM7!i28 8 0.18 8,pP Ext(M) 2 2,3,4,5,6 C,I,M CI2-423 CMOS, Single Supply Operation, TTL 
0 Compatible at V DD = +5 V <: 
~ AD7528 8 0.18 8,pP Ext(M) 2 2,3,4,5,6 C,I,M CI2-415 CMOS, +5 V to + 15 V Operation, TTL 
:JJ Compatible at VDD = +5 V 
til DAC·-8408 8 0.19 8,pP Ext(M) 4 2,3,5,6 C, I, M C I 2-1069 CMOS, Data Readbac:k Memory Function, 
:JJ 
C/) Separate V REF 

PM-7628 8 0.20 8,pP Ext eM) 2 2,3,4,5,6 I,M CI2-665 CMOS, +5 V or + 15 V Operation, 
Improved Timing 

AD7~·28 8 0.35 8,pP Ext (M) 2 2, 3, 4, 5, 6 C, I, M C I 2-657 CMOS, + 12 V to + 15 V Operation, TTL 
Compatible at VDD = 12 V to 15 V 

DAC.s221 12 0.45 12, pP Ext(M) 2 2,3,4,6 C, I, M C I 2-1001 CMOS, Buffered Inputs, +5 V Operation 
*AD7S64 12 0.2 Serial, pP Ext (M) 4 6 1 CI2-637 Single +5 V Supply, Separate Refaences, 

28-Pin SOIC Package 
*AD7S68 12 0.2 Serial, pP Ext (M) 8 10 CI2-645 Single +5 V Supply, Separate References, 

44-PinPQFP 
DAC·8212 12 1.0 12 Ext eM) 2 2,3,5 C,I,M CIll-4 CMOS, +S Vor + 15 V Single Supply Operation 
DAC8222 12 1.0 12, .... p Ext(M) 2 2,3,4,6 C, I, M C I 2-1015 CMOS, Double Buffered Inputs, ParaUel Load 
DAC·8248 12 1.0 8,pP Ext eM) 2 2,3,6 C, I, M C 1 2-1053 CMOS, Double Buffered Inputs, Byte Load 
AD7S37 12 1.5 (max) 8, pP Ext eM) 2 2,3,4,5 C, I, M C I 2-491 CMOS, Byte Load, Double Buffered 
AD7547 12 I.S (max) 12, pP Ext (M) 2 2,3,4,5,6 C,I,M CI2-S93 CMOS, ParaUel Load 
AD7549 12 1.5 (max) 4, pP Ext (M) 2 2,3,4,5 C, I, M C I 2-629 CMOS, Nibble Load, Double Buffered 

*ADI864 18 Serial, pP Int 2 2,5 C CI2-213 Dual 18-Bit Audio DAC 
*AD1865 18 Serial, pP Int 2 2 C C 12-225 Dual 18-Bit, 16 x Fs PCM Audio DAC 
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LOGDACTM 
Res Full-Scale Accuracy Package Temp 

Model dB Range dB dB Options' Range4 Page Comments 

AD7111 0.375 88.5 0.17 2,3,4,6 C,I,M C I 2-247 Low Distortion 
AD7118 1.5 88.5 0.35 2,3,4,5,6 C,I,M C 12-253 CMOS 

'This column 1ists the data format for the bus with ".,.P" indicating microprocessor capability-i.e., for a 12-bit converter 8112, p.P indicates that the data can be formatted for an 8-bit bus or can be in parallel (12 
bits) and is microprocessor companDle. 

'Ext indicates external reference with the range of voltageS lisred where applicable. Ext (M) indicates external reference with multiplyins capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

'Package Options: 2·P1astic Molded Dual·In-Line; 3-Cerdip; 4-Leadless Chip Carrier; 5-Plastic Leaded Chip Carrier (PLCC); 6-Small Outline Package (SOIC); IO-Plastic Quad Flatpack. 
'Temperature Ranges: C = Commercial, 0 to +7O'C; I = Industrial, -4O"C to +85"C (Some older products -25"C to +85"C); M = Military, -55"C to +125"C. 
Boldface Type: Product n:commended for new design. 

*New product since the publication of the most recent Databooks. 
LOGDAC is a trademark of Analog Devices, Inc. 
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Orientation 
Digital-to-Analog Converters 
INTRODUCTION 
A DI A converter accepts a digital input and produces an analog 
output. The basic DAC consists of a voltage or current reference, 
binary-weighted precision resistors, a set of electronic switches, 
and a means of summing the weighted currents. 

Three important criteria for selecting a good DAC are resolution, 
accuracy, and speed. Other essential requirements to be considered 
are temperature stability, input coding, output format, reference 
requirements, and power consumption. 

In this catalog there are listed some 136 different families of 
digital-to-analog converters (DACs). If one were to consider all 
the variations, there would be several times that number among 
which to choose. The reason for so many different types is the 
number of degrees of freedom in selection - technological, func
tional, performance and package. Complete information on 
converters may be found in the 700-page book, Analog-Digital 
Conversion Handbook, published by Prentice-Hall, Inc. 

FUNCTIONAL CHARACTERISTICS 
The basic structure of all conventional DI A converters involves 
a network of precision resistors, a set of switches and some form 
of level-shifting to adapt the switch drives to the specified logic 
levels. In addition, the device may contain output-conditioning 
circuitry, an output amplifier, a reference amplifier, an on-board 
reference, on-board buffet registers (single- or dnal-rank), con
figuration conditioning and even high-voltage isolation. 

Basic DAC 
This form which supplies a current, and consequently a stnall 
voltage across its internal impedance or an external low-impedance 
load, is used principally for high speed, for example, the IOns 
HDM-1210. Basic current-output DACs, such as the AD565A, 
are inherently fast, but additional elements (such as an output 
op amp), furnished by the user to meet overall system specs, 
slow down the conversion. Some popular CMOS IC devices, 
such as the AD7543 and the AD7524, are quite simple (and 
correspondingly low in cost), but they usnally require a buffering 
op amp. 

While the basic DAC function is almost always linear, there are 
exceptions. For example, the AD7lll LOGDAC, which has 
linear two-quadrant analog response, has a digitally controlled 
exponential gain function, i.e., 0.375dB per bit; thus its gain at 
the input code 1000 0000 (binary 128) is - 48dB (48 x 0.375), 
and the analog output swing for lOY p-p input is 

(0.375N) 0.04 p-pVIN to exp - ~----zo- . 
Similarly, companding DACs such as the DAC-86, DAC-88, 
and DAC-89 have a well-defined, nonlinear transfer function. 

They are constructed such that the more significant bits of the 
digital input have a larger than binary relationship to the less 
significant bits. This decreases the resolution of the more signif
icant bits, which increases the analog signal range. The effect of 
this is to compress more data into the more significant bits (see 
Definitions-Companding DACS). 

Ol!~nt C.onditi!)!'lng 
The analog quantity that is the "output" of a DAC, representing 
the input digital data may be a "gain" (multiplying DAC), a 
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current and/or a voltage. In order to obtain a substantial voltage 
output at low impedance, an op amp is required. It is often 
provided by the DAC itself (whether monolithic, modular or 
hybrid), but many permit the user to choose an external op amp 
that will meet the particular needs of the application in stability, 
speed and cost. 

Many DACs provide one or more feedback resistors; they are 
matched to, and thermally track, resistances in the network so 
that an external op amp, if used, will not require an external 
feedback resistor that might introduce tracking errors. If more 
than one feedback resistor is provided, a choice of analog output 
voltage ranges becomes available, e.g., 0 - 5V full-scale or 0 -
lOY full-scale. If bipolar output-voltage ranges are specified, a 
bipolar-offset resistor is provided to subtract a half-scale value 
from the current flowing through the op amp summing point; it 
is usnally derived from the DAC's reference (or analog) input to 
avoid additional tracking error. Multiplying DACs use an internal 
or external op amp for bipolar offset. 

In order to avoid difficulties, the user must pay special attention 
to the specified output polarity, its relationship to the reference 
(if external) and to the input digital code. This can be especially 
tricky if the output is bipolar and the input requires a com
plementary (negative-true) digital coding. Another such case is 
where a current-output DAC, specified for a particular output
voltage polarity when used with an inverting op amp, is used in 
a mode that develops an output voltage passively (without the 
op amp) across an external resistive load. In addition to polarity, 
in this case, the user should be aware of the output-compliance 
constraint and the specified resistive component of output 
impedance. 

Reference Input 
The reference may be specified as external or internal, fixed or 
variable, single polarity or bipolar. If internal, it may be perma
nently connected (as in the AD561) or optionally connectible (as 
in the AD565A). If the DAC is a 4-quadrant multiplying type, 
the reference (or "analog input") is external, variable and bipolar 
(e.g., AD7533, AD7541, AD7541A, etc.). The user should 
check a converter's specifications to determine whether the full
scale accuracy specifications are overall or subdivided into a 
converter-gain spec and a reference spec. 

Digital Data 
There are a number of ways in which converters differ in regard 
to the input data: first, the coding must be appropriate (binary, 
offset-binary, twos complement, BCD, arbitrary, etc.), and its 
sense should be understood (positive-true, negative-true). The 
resolution (number of bits) must be sufficient; in addition, the 
specifications must be checked to ascertain that the 2° distinct 
binary input codes will not only be accepted, but that also they 
will (if necessary) correspond to 2n output values in a monotonic 
progression at any temperature in the operating range with 
sufficient accuracy. Analog Devices offers DACs with resolutions 
of 8, 10, 12, 14, 16, 18 and 20 bits. The data 18'1lels accepted by 
the converter must be checked (TTL, ECL, low-voltage CMOS, 
high-voltage CMOS), as must the input loading imposed by the 
converter and the supply conditions under which the converter 
~ .. ill respond to L'lc data. Check ill,; data llutatiUll (i:i we MSB 
Bit I or Bit (n-I)?)-misinterpretation can lead to connecting 
the data bits in backward order. 



If buffer registers are desired, the converter should have an ap
propriate buffer confIguration (for example, the ADSS8 and 
AD7226 have a set of TIL buffers; the AD667 and AD7224 
have two ranks of buffering). 

Controls 
If the DAC has external digital controls-for example, register 
strobes-their drive levels, digital sense (troe or false), loading 
and timing must be considered. The function and use of confIg
uration controls (where present), such as serial/parallel, short-cycle 
or chip-select decoding, should be understood, and the appropriate 
ways of disabling them when not needed should be employed. 

Many DACs are specillcally designed to interface directly to the 
bus of the computer or microprocessor. These DACs provide 
the necessary control and handshake lines, as well as the data 
bit buffers, to minimize and often to eliminate the interface 
circuitry required. The bus timing should be studied with respect 
to the timing provided by the DAC interface, especially as the 
processor performs a data-write cycle to the DAC. Systems with 
higher speed clocks require either shorter DAC strobe times 
(such as the AD767) or the use of processor-wait states when 
the DAC is addressed. DACs for video applications, such as the 
AD9701, provide special control lines unique to CRT applications 
(e.g., blanking, sync and reference level display). 

STATIC AND DYNAMIC PERFORMANCE 
SPECIFICATIONS 
All DACs are specilled using terms such as accuracy, linearity, 
offset, defloed and explained below. These static, or "de," 
parameters are necessary and suffIcient for many applications; 
they may not be sufficient for others, such as those in digital 
signa1 processing, adaptive IDtering, or waveform generation. 
Dynamic, ac specillcations defme how the DAC performs using 
parameters such as signal-to-noise ratio (SNR), intermodulation 
distortion (IMD) and total harmonic distortion (THD). These 
specifications characterize the performance of the DAC oUlput 
in applications where the envelope of oUlput changes and output 
timing errors are critical. 

POWER SUPPLIES 
Appropriate power supplies should be made available considering 
the logic levels and analog output signals to be employed into 
the system. The appropriate degree of power-supply stability to 
meet the accuracy specs should be employed. In many cases 
separate analog and digital grounds are required; ground wiring 
should follow best practice to minimize digital interference with 
high-accuracy analog signals while ensuring that a connection 
between the grounds can always exist at one point, even if this 
point is inadvertently unplugged from the system. 

Specialty DACs and Features 
Many DACs contain a single- or dual-rank of data buffers so 
data can be loaded into the DAC at any time, while minimizing 
undesired DAC output glitches. Additionally, DACs such as the 
AD7848 contain an integral FIFO (first-in, first-out) memory so 
that multiple digital values can be loaded as a single group from 
the processor bus. These preloaded values can then be clocked 
(at specillc time intervals, if needed) into the DAC output, 
without intervention by the processor. 

Video RAM-DACs 
DACs (such as the ADV7XX series) for some industry-standard 
video displays contain large amounts of internal RAM. This 
RAM is organized for use as a color palette to store desired 
display color values, which are then called out as needed by the 
pixel data. These ICs usually contain triple DACs and RAM 
palettes, to support full-color operation with red, green, and • 
blue outputs. While the output is normally linear, these DACs 
can also contain gamma-correction circuitry which carefully 
distorts the output to correct for nonlinearities in the oUlput 
intensity of the CRT phosphors. 

TrimDACs™ 
These DACs, such as the DAC-8800, are designed to replace 
manual trim potentiometers in circuitry. They combine a simple 
digital interface and an oUlput structure to allow them to function 
as a variable resistor. They can be used for both static (dc) 
adjustment as well as multiplying applications where ac signal 
amplitude and phase are adjusted. 

Audio DACs 
These DACs are optimized for transforming data representing 
digitized audio signals (such as from compact disks, CDs) into 
conventional analog signals. They contain a serial bit interface, 
DAC core, and appropriate output amplifier, as well as nearly 
all auxiliary circuitry. They are available in 16-, 18-, and 20-bit 
versions. 

Sigma-Delta DACs 
These DACs use an architecture quite different from the DACs 
already discussed. In a sigma-delta DAC (sometimes called a 
"one-bit DAC"), a serial stream of digital bits representing the 
desired output value is fed to the DAC. The DAC (an anti-imaging 
IDter) digitally IDters this input stream, then feeds IDtered output 
bits to a modulator circuit which develops the average value of 
the bits. A low-pass analog IDter eliminates residual errors and 
glitches. 

SPECIFICATIONS AND TERMS 
Definitions of the performance specifications and related infor
mation are provided on the next few pages in alphabetical order. 

Accuracy, Absolute 
Error of a DI A converter is the difference between the actual 
analog output and the output that is expected when a given 
digital code is applied to the converter. Sources of error include 
gain (calibration) error, zero error, linearity errors and noise (see 
figure). Error is usually commensurate with resolution, i.e., less 
than 2-(·+1), or "1I2LSB" of full scale. However, accuracy may 
be much better than resolution in some applications; for example, 
a 4-bit reference supply having only 16 discrete digitally chosen 
levels would have a resolution of 1116, but it might have an 
accuracy to within 0.01% of each ideal value. 

Absolute accuracy measurements should be made under a set of 
standard conditions with sources and meters traceable to an 
internationally accepted standard. 
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Accuracy, Relative 
Relative accuracy error, expressed in %, ppm or fractions of 
ILSB, is the deviation of the analog value at any code (relative 
to the full analog range of the device transfer characteristics) 
from its theoretical value (relative to the same range) after the 
full-scale range (FSR) has been calibrated. Since the discrete 
analog output values corresponding to the digital input values 
ideally lie on a straight line, the relative accuracy error of a 
linear DAC can be interpreted as a measure of nonlinearity (see 
Linearity). 

AC Feedthrough 
The ratio of the amplitude of signal at the DAC output to the 
reference input with all DAC switches off. This parameter is 
expressed in dBs. 

BCD 
The abbreviation BCD stands for binary-coded decimal. It is a 
binary code used to represent decimal numbers in which the 
digits 0 through 9 are coded, using the 4-bit binary 8-4-2-1 
code. 

Binary 
A positive-weighted code in which a number is represented by: 

N = a02° + a l 2l + a222 + . .. + an 2D 
where each coefficient "ai" has a value of zero or one. Data 
converters use this code in its fractional form where: 

N = a12-1 + a22-2 + a~-3 + . . . + 3nZ-41 
and N has a fractional value between zero and one. 

Bit 
The unit of binary information. It can have the value of zero or 
one. 

Bipolar Output 
When the analog signal range includes both positive and negative 
values, the output is said to be bipolar. The transfer characteristic 
of an ideal 2-quadrant bipolar-output DAC is shown in the 
following figure. 

Compliance-Voltage Range 
For a current-output DAC, the maximum range of (output) 
terminal voltage for which the device will provide the specified 
current-output characteristics. 

Common-Mode Rejection (CMR) 
The ability of an amplifier to reject the effect of voltage applied 
to both input terminals sinlUltaneously. Usually a logarithmic 
expression representing a "common-mode rejection ratio," e.g., 
1,000,000:1 (CA'lRR.) vr 120dB (C},{R). I.A». Cl,fP~ of 106 :1 means 
that a I V common-mode voltage passes through the device as 
though it were a differential input signal of I microvolt. 
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Common-Mode Voltage 
An undesirable signal picked up in a circuit by both wires making 
up the circuit, with reference to an arbitrary "ground." Amplifiers 
differ in their ability to amplify a desired signal accurately in 
the presence of a common-mode voltage. 

Deglitcher 
As the input code to a DAC is increased or decreased by small 
changes, it passes through what are known as major and minor 
transitions. The most major transition is at half-scale when the 
DAC switches around the MSB and all switches change state, 
i.e.,Olll llll to 1000 0000. If, at major transitions, the switches 
are faster (or slower) to switch off than on, this means that for a 
short time the D/A will give a zero (or full-scale) output and 
will then return to the required ILSB above the previous reading. 
Such large transient spikes, which differ widely in amplitude 
and are extremely difficult to filter out, are commonly known as 
"glitches," hence, a deglitcher is a device that removes these 
glitches or reduces them to a set of small, uniform pulses. The 
deglitcher normally consists of a fast sample-hold circuit which 
holds the output constant until the switches reach equilibrium. 
Glitch energy is smallest in fast-switching DACs driven by fast 
logic gates that have little time skew between 0- I and 1-0 
transitions. 

01111111 _-~ 
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Digital Crosstalk (Q) 
Digital crosstalk is a parameter that is used with multiple converters 
in a single package. It is the glitch impulse transferred from one 
COilvc:rit:r mat is being addressed to another converter that is 
not being addressed. It is specified in nV-secs and is measured 
with VREF = OV. 



Digital Feedthrough (FT) 
Digital feedthrough is the glitch-energy impulse transferred 
from the DAC's digital input to the analog output. It is specified 
in nV-secs and is measured with VREP = OV. 

Dynamic Range (DR) 
The dynamic range of a DAC is the ratio of the largest output 
to the smallest output (excluding zero) expressed in decibels 
(dB). For linear DACs, this ratio is 2n , where n = number of 
bits of resolution. 

DR (in dB) = 20 Log l 02n = 6n for linear DACs; (COMDACs@ 
are 66 or 72dB). 

Feedthrough 
Undesirable signal coupling around switches or other devices 
that are supposed to be turned off or provide isolation, e.g., 
feedthrough error in a multiplying DAC. It is variously specified 
in %, ppm, fractions of 1LSB or fractions of 1 volt with a given 
set of inputs at a specified frequency (see AC F eedthrough, Digital 
Feedthrough. 

Four-Quadrant 
In a multiplying DAC, "four-quadrant" refers to the fact that 
both the reference signal and the number represented by the 
digital input may be of either positive or negative polarity. A 
four-quadrant multiplier is expected to obey the rules of multi
plication for algebraic sign (see Multiplying DAC). 

Full-Scale (FS) 
The full-scale output of a DAC is its maximum voltage or current. 
For a binary DAC, the full-scale output occurs when the digital 
inputs are all ones. The full-scale value is one LSB less than the 
reference value. 

Full-Scale Gain Error (Gp.E> See Gain Error. 

Full-Scale Range (FSR) 
The difference between the maximum analog output and the 
minimum analog output of a DAC. 

Gain 
The "gain" of a converter is that analog scale-factor setting that 
provides the nominal conversion relationship, e.g., 10V span for 
a full-scale code change in a fIXed-reference converter. For 
fIXed-reference converters where the use of the internal reference 
is optional, the converter gain and the reference may be specified 
separately. Gain- and zero-adjustment are discussed under Zero. 

Gain Drift (TCGps) 
The variation of the full-scale value (voltage or current) measured 
over the operating temperature range is called gain drift. This 
parameter has units of %FS, ppmFS, or LSB. It may also be 
expressed % of FSrC, ppm FSrC, etc. 

Gain Error (Gp.E> 
The difference between the actual and the ideal analog output 
range, expressed as a percent of full-scale or in terms of LSB 
value (see prior figure). It is the deviation in slope of the DAC 
transfer characteristic from ideal. 

Glitch 
A glitch is a switching transient appearing in the output during 
a code transition. Its value is expressed as a product of voltage 

COMDAC is a registered trademark of Analog Devices, Inc. 

(V X ns) or current (rnA X ns) and time duration or charge 
transferred (in picocoulombs) (see Deglitcher). 

Harmonic Distortion (and Total Harmonic Distortion) 
The DAC is driven by the digitized representation of a sine 
wave. The ratio of the rms sum of the harmonics of the DAC 
output to the fundamental value is the THD. Usually only the 2 
lower order harmonics are included, such as second through 
fifth: 

(V 2 + V 2 + V 2 + V 2)112 
THD=20 log 2 3 4 5 

VI 

where V I is the rms amplitude of the fundamental and V 2, V 3, 

V 4 and V 5 are the rms amplitudes of the individual harmonics. 

Integral Nonlinearity (INL) or Nonlinearity (NL) 
This is the single most important DAC specification. For DACs, 
a specification of ± 112 LSB INL guarantees monotonicity and 
± 1 LSB maximum differential nonlinearity (see Linearity). 

Intermodulation Distortion 
The DAC is driven by the digitized representation of two combined 
sine waves of frequencies fa and fb • As with any imperfectly 
linear device, distortion products (of order m + n) are produced 
at sum and difference frequencies ofmf,,±nfb where m, n=O, 
1,2, 3, .... Intermodulation terms are those for which m or n 
is not equal to zero. The second order terms include (fa + fb) 
and (f. - fb) and the third order terms are (2fa + fb), (2f. - fb), 

(f. + 2fb) and (f. - 2fb). IMD is defmed as: 

IMD = 20 log <nus sum of the sum and difference distortion productS) 
rms amplitude of the fundamental 

Least-Significant Bit (LSB) 
In a system in which a numerical magnitude is represented by a 
series of binary (i.e., two-valued) digits, the LSB is that bit that 
carries the smallest value or weight. For example, in the natural 
binary number 1101 (decimal 13, or 23 + 22 + 0 + 2~, the 
rightmost digit is the LSB. Its analog weight, relative to full 
scale is 2-D where n is the number of binary digits. It represents 
the smallest analog change that can be resolved by an n-bit 
converter. 

LSB (Analog Value) = ~~R 

where FSR = Full-Scale Range 
n = number of bits 

Linearity 
Linearity error of a converter (also integral nonlinearity, see Linear
ity, Differential), expressed in %, ppm of full-scale range or 
(sub)mnltip1es of 1LSB, is a deviation of the analog values in a 
plot of the measured conversion relationship from a straight 
line. The straight line can be either a "best straight line" deter
mined empirically by manipulation of the gain and/or offset to 
equalize maximum positive and negative deviations of the actual 
transfer characteristics from this straight line; or it can be a 
straight line passing through the endpoints of the transfer char
acteristic after they have been calibrated (sometimes referred to 
as "endpoint" linearity). Endpoint linearity error is similar to 
relati-oe accuracy error. 
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For multiplying D/A converters, the analog linearity error, at a 
specified digital code, is defined in the same way as for multipliers, 
i.e., by deviation from a "best straight line" through the ·plot of 
the analog output-input response. 

Linearity, Differential 
Any two adjacent digital codes should result in measured output 
values that are exactly ILSB apart (2-n of full scale for an n-bit 
converter). Any deviation of the measured "step" from the ideal 
difference is called differential nonlinearity expressed in (sub )mul
tipies of ILSB. It is an important specification because a differential 
linearity error greater than ILSB can lead to nonmonotonic 
response in a DI A converter and missed codes in an AID converter 
(see Differential Linearity in the AID converter section for an 
illustration). 

Monotonic 
A DAC is said to be monotonic if the output either increases or 
remains constant as the digital input increases with the result 
that the. output will always be a single-valued function of the 
input. The specification "monotonic" (over a given temperature 
range) is sometimes substituted for a differential nonlinearity 
specification since differential noulinearity less than 1 LSB is a 
sufficient condition for monotonic behavior. 

Most-Significant Bit (MSB) 
In a system in which a numerical magnitude is represented by a 
series of binary (i.e., two-valued) digits, the MSB is that digit 
(or bit) that carries the largest value of weight. For example, in 
the namal binary number 1101 (deciinal 13, or 23 + 22 + 0 + 
2<>:l, the leftmost "1" IS the MSB with a weight of2n-1, or 8LSBs. 
Its analog weight, relative to a DAC's full-scale span, is 112. In 
bipolar DACs, the MSB indicates the polarity of the number 
represented by the rest of the bits. 

FSR 
MSB (Analog Value) = -2-

Multiplying DAC 
A multiplying DAC differs from a fixed-reference PAC in its 
being designed to operate with varying (or ac) reference signals. 
The output signal of such a DAC is proportional to t.':!e product 
of the "reference" (i.e., analog input) voltage and the fractional 
equivalent of the digital input number (see also Four-Quadrant). 
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Some DACs can multiply only positive digital words by a positive 
reference. This is known as single quadrant operation (Quadrant 
I, see Figure). Two quadrant operation (Quadrants I and III) 
can be performed by a DAC that usually operates in Quadrant I 
by configuring the output for bipolar output operation. This is 
accomplished by offsetting the output by a negative MSB (112 of 
FSR), so that the MSB becomes the sign bit. DACs provid~ 
four quadrant operation by allowing the Use of both positive and 
negative references (Quadrants I, II, III, IV). 

ANALOG 
OUTPUT 

DAC Transfer Curves 

Noise, Peak and RMS 
Internally generated random noise is not a major factor in D/A 
converters, except at extreme resolutions (e.g., DACI138) and 
dynamic ranges (AD7111). Random noise is characterized by 
rms specifications for a given bandwidth or as a spectral density 
(current or voltage per root hertz); if the distribution is Gaussian, 
the probability of peak-to-peak values exceeding 7 x the rms 
value is less than 0.1%. 

Of much greater importance in DACs is interference in the 
form of high-amplitude low-energy (hence low-rms) spikes ap
pearing at the DAC's output caused by coupling of digital signals 
in a surprising variety of ways; they include coupling via stray 
capacitance, via power supplies, via inadequate ground systems, 
via feedthrough and by glitch generation. Their presence under
scores the necessity for maximum application of the designer's 
art, including layout, shielding, guarding, grounding, bypassing 
and deglitching. 

Offset 
For almost all bipolar converters (e.g., ± 10-volt output), instead 
of actually generating negative currents to correspond to negative 
numbers, a unipolar DAC is used and the output is offset by 
halffull scale (IMSB). For best results, this offset voltage or 
current is derived from the same reference supply that determines 
the gain of the converter. 

This makes the zero point of the converter independent of thermal 
drift of the reference because the 112 scale offset· cancels the 
weight of the lvlSB ill zero)" independently of the ampiitude of 
both. 



Offset Drift (TCVos, TCIos) 
The variation of the output offset (voltage or current) measured 
over the operating temperature range. The offset drift is divided 
by the temperature range over which it is measured and expressed 
in ppm per degree centigrade or percent of full-scale range. 
This parameter applies to DACs operating in the bipolar output 
mode. See zero-scale drift for DACs operating in the unipolar 
output mode. 

Offset Error (V OSH, losE) 
The offset error is the error at analog zero for a data converter 
operating in the bipolar mode. 

Output Resistance (Ra) 
Output resistance is the equivalent internal resistance for a 
current output DI A converter as seen at its output. It is measured 
as the change in output current aI with the change in output 
voltage a V. It is a direct measure of the true compliance. 

Power-Supply Sensitivity 
The sensitivity of a converter to changes in the power-supply 
voltages is nortna1ly expressed in terms of percent-of-full-scale 
change in analog output value (of fractions of ILSB) for a 1% 
dc change in the power supply (e.g., O.05%/I%aVs). Power 
supply sensitivity may also be expressed in relation to a specified 
dc shift of supply voltage. A converter may be considered "good" 
if the change in reading at full scale does not exceed ± 1I2LSB 
for a 3% change in power supply. Even better specs are necessary 
for converters designed for battery operation. 

Quantizing Uncertainty (or "Error") 
The analog continuum is partitioned into 2n discrete ranges for 
n-bit processing. All analog values within a given range of output 
(of a DAC) are represented by the same digital code usually 
assigned to the nominal midrange value. For applications in 
which an analog continuum is to be restored, there is an inherent 
quantization uncertainty of ± 1I2LSB due to limited resolution, 
in addition to the actual conversion errors. For applications in 
which discrete output levels are desired (e.g., digitally controlled 
power supplies or digitally controlled gains), this consideration 
is not relevant. 

Relative Accuracy 
See Integral Nonlinearity. 

Resolution 
An n-bit binary converter should be able to provide 2n distinct 
and different analog output values corresponding to the set of n
bit binary words. A converter that satisfies this criterion is said 
to have a resolution of n bits. The smallest output change that 
can be resolved by a linear DAC is 2-D of the full-scale span. 
However, a nonlinear device, such as the AD7111 LOGDAC, 
has a logarithmic gain resolution of 0.37S/88.5dB = I :256dB 
which corresponds to a gain increment of 4.25%/step or 
26,600:1. 

SettIing Time 
The time required, following a prescribed data change from the 
50% point of the logic input change, for the output of a DAC to 
reach and to remain within a given fraction (usually ± 1I2LSB) 
of the final value. Typical prescribed changes are full scale, 
IMSB and ILSB at a major carry. Settling time of current-output 
DACs is quite fast. The major share of settling time of a voltage
output DAC is usually contributed by the settling time of the 
output op amp circuit. 
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Signal-to-Noise Ratio 
The measured ratio of signal to noise (SNR) at the output of the 

. converter. The signa1 is the rms magnitude of the fundamental. 
Noise is the rms sum of all the nonfundamental signals up to 
half the sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; the more 
levels, the smaller the quantization noise. The theoretical SNR 
for a sine wave is given by: 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for an ideal 8-bit converter, 
SNR = 50dB. 

Slew Rate (or Slewing Rate) 
Slew rate of a device or circuit is a limitation in the rate of 
change of output voltage, usually imposed by some basic circuit 
consideration such as limited current to charge a capacitor. 
Amplifiers with slew rate of a few V/IJ-s are common and moderate 
in cost. Slew rates greater than about 75 voltsllJ-s are usually 
seen only in more sophisticated (and expensive) devices. The 
output slewing speed of a voltage-output DI A converter is usually 
limited by the slew rate of the amplifier used at its output (if 
one is used). 

Stability 
Stability of a converter usually applies to the insensitivity of its 
characteristics to time, temperature, etc. All measurements of 
stability are difficult and time consuming, but stability vs. tem
perature is sufficiently critical in most applications to warrant 
universal inclusion of temperature coefficients in tables of specifica
tions (see Temperature Coefficient). 

Staircase 
A voltage or current increasing in equal increments as a function 
of time and having the appearance of a staircase (in a time plot) 
generated by applying a pulse train to a counter and the output 
of the counter to the input of a DAC. 

A very simple AID converter can be built by comparing a staircase 
from a DAC with the unknown analog input. When the DAC 
output exceeds the analog input by a fraction of lLSB, the 
count is stopped and the code corresponding to the count is the 
digital output. 

Switching Time 
In a DAC, the switching time is the time it takes for the switch 
to change from one state to the other ("delay time" plus "rise 
time" from 10% - 90%) but does not include settling time, e.g., 
to <1I2LSB. 
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Temperature Coefficients 
In general, temperature instabilities are expressed as %I"C, 
ppml"C, as fractions of ILSBI"C or as a change in a parameter 
over a specified temperature range. Measurements are usually 
made at room temperature and at the extremes of the specified 
range, and the temperature coefficient (tempco, T.C.) is defined 
as the change in the parameter divided by the corresponding 
temperature change. Parameters of interest include gain, linearity, 
offset (bipolar) and zero. 

Gain Tempco: Two factOrs principally affect converter gain 
stability with temperature. 

a) In fixed-reference converters, the reference source will 
vary with temperature. For example, the tempco of 
an ADS81L is generally less than Sppml"C. 

b) The reference circuitry and switches may add another 
3ppml"C in good 12-bit converters (e.g., ADS66K!f). 
High resolution converters require much better tempcos 
for accuracy commensurate with the resolution. . 

Linearity Tempco: Sensitivity of linearity ("integral" and/or 
differential linearity) to temperature (in % FSRI"C or ppm FSRI"C) 
over the specified range. Monotonic behavior is achieved if the 
differential nonlinearity is less than I LSB at any temperature in 
the range of interest. The differential nonlinearity temperature 
coefficient may be expressed as a ratio, as a maximum change 
over a temperature range and/or implied by a statement that the 
device is monotonic over the specified temperature range. 

Offset Tempco: The temperature coefficient of the all-DAC
switches-off (minus full scale) point of a bipolar converter (in % 
FSRI"C or ppm FSRI"C) depends on three major factors: 

a) The tempco of the reference source 
b) The voltage zero-stability of the output amplifier 
c) The tracking capability of the bipolar-offset 

resistors and the gain resistors 

Unipolar Zero Tempco (in % FSRI"C or ppm FSRI"C): The 
temperature stability of a unipolar fIXed-reference DAC is prin
cipally affected by current leakage (current-output DAC) and 
offset voltage and bias current of the output op amp (voltage-output 
DAC). 

Three-State Outputs 
A digital output circuit that can be programmed to output a 
logic low, logic high, or a high output impedance state. These 
outputs are generally connected to digital buses. 

Total Unadjusted Error 
Total unadjusted error is a comprehensive specification which 
includes internal voltage reference error, relative accuracy, gain 
and offset errors. 

True Compliance 
The true compliance of a DAC is the voltage range over which 
the current output can vary while the DAC maintains an absolute 
accuracy of ± 112 LSB. The higher the DACoutput impedance, 
the better the voltage compliance will be. 

Unipolar Output 
A DAC operates in the unipolar output mode when the analog 
output starts at a zero, stopping at a full-scale positive or ne8"tiv~ 
value, while the digital inputs are changed from zero to all-ones 
code. The analog output occurs in one quadrant. 
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Zero-Scale Error (VZ$E, lzsE) 
The zero-scale error is the error at analog zero for a data convertcr 
operating in thc unipolar mode. 

Zero-Scale Drift (TCV zs, TClzs) 
The variation of zero scale measured over the operating temper
ature. It is expressed in ppmFSI"C, or %FSI"C, etc. 

Zero-Scale Symmetry Error (V zss) 
This definition applies only to sign-magnitude DACs. It is the 
change in the analog output produced by switching the sign bit 
with a zero-code input to the magnitude bits. It is expressed in 
units of voltage, current, or in fractions of an LSB. 

Zero- and Gain-Adjustment Principles 
The output of a unipolar DAC is set to zero volts in the all-bits-off 
condition. The gain is set for FS (I - 2-D) with all bits on. The 
"zero" oian offset-binary bipolar DAC is set to - FS with all 
bits off, and the gain is set for + FS (l - 2-(n-1)) with all bits 
on. The data sheet instructions should be followed. 

DEFINITIONS-COMPANDING DACs 
Chord 
The mathematical formula describing the DAC transfer function 
is implemented by performing a piecewise linear approximation 
of the function. The straight line segments used in the approxi
mation are called chords. 

Chord Endpoints 
The digital code corresponding to the maximum analog output 
for a given chord is called the chord endpoint. 

Dynamic Range (DR) 
The dynamic range of a DAC is the ratio of the largest output 
to the smallest output (excluding zero) expressed in decibels 
(dB). For the COMDACs this would be output (17, 15) divided 
by output (10, 1)' This is then converted to dB using the 
formula: 

17 15 
DR = 20 Log lO -y- (dB) 

0,1 
Encode Current 
The encode current is the difference between IOE( + ) and IoD (_) 
or the difference between IOE (_) and 100 (_) at any code. 

Full-Scale Symmetry Error 
The full-scale symmetry error of a DAC is the difference between 
the maximum and the minimum analog output values. For the 
COMDAC this is the difference between IOD( _) and 100 (+ ) or 
IOE (+) and IOE (_). 

Output-Level Notation 
Each output current level may be designated by the digital 
input code as Ie, s, where c = chord number and s = step 
number. For example, 10, ° = zero scale. current; 10, 1 = first 
step from zero; 10, 15 = endpoint of the first chord (Co); and 
17, 15 = full-scale current. 

Steps 
Each chord is divided into equal increments called steps. 

Step Nonlinearity 
This is the deviation of the actual step size from the ideal step 
~ize 1I ...... ithin u chord. In a linear DAC, .it corresponds iu Uillc:rential 
nonlinearity. 
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FEATURES 
Four Complete 12-Bit DACs in One IC Package 
Linearity Error ± 112LSB T min - T max (AD390K, T) 
Factory-Trimmed Gain and Offset 
Buffered Voltage Output 
Monotonicity Guaranteed Over Full Temperature Range 
DQuble-Buffered Data Latches 
Includes Reference and Buffer 
Fast Settling: 8f.ts max to ± 1/2LSB 

PRODUCT DESCRIPTION 
The AD390 contains four 12-bit high speed voltage-output 
digital-to-analog converters in a compact 28-pin hybrid package. 
The design is based on a proprietary latched 12-bit DAC chip 
which reduces chip count and provides high reliability. The 
AD390 is ideal for systems requiring digital control of many 
analog voltages where board space is at a premium. Such appli
cations include automatic test equipment, process controllers, 
and vector-scan displays. 

The AD390 is laser-trimmed to ± 1I2LSB max nonlinearity 
(AD390KD, TD) and absolute accuracy of ±O.OS percent of 
full scale. The high initial accuracy is made possible by the use 
of thin-film scaling resistors on the monolithic DAC chips. The 
internal buried Zener voltage reference provides excellent tem
perature drift characteristics (20ppmfOC) and an initial tolerance 
of ±O.03% maximum. The internal reference buffer allows a 
single common reference to be used for multiple AD390 devices 
in large systems. 

The individual DACs are accessed by the CSI through CS4 
control inputs and the AO and Al lines. These control signals 
permit the registers of the four DACs to be loaded sequentially 
and the outputs to be simultaneously updated. 

The AD390 outputs are calibrated for a ± lOY output range 
with positive-true offset binary input coding. A 0 to + lOY 
version is available on special order. 

The AD390 is packaged in a 28-lead ceramic package and is 
specified for operation over the 0 to + 70°C and - 55°C to + l2SOC 
temperature range. 

*Proteeted by patent numbers 3,803,590; 3,890,611; 3,93Z,863; 
3,978,473; 4,OZO,486 and other pateots peocling. 
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Quad 12-Bit Microprocessor
Compatible Of A Converter 

AD390* I 
FUNCTIONAL BLOCK DIAGRAM .v. -v. 

PINS 1_12 
DBOILS8) _ DB11(MSBI 

PRODUCT HIGHLIGHTS 
1. The AD390 offers a dramatic reduction in printed circuit 

board space requirements in systems using multiple DACs. 

2. Each DAC is independently addressable, providing a versatile 
control architecture for simple interface to microprocessors. 
All latch enable signals are level-triggered. 

3. The output voltage is trimmed to a full scale accuracy of 
±O.OS%. Settling time to ± 1I2LSB is 8 microseconds 
maximum. 

4. An internal 10 volt reference is available or an external reference 
can be used. With an external reference, the AD390 gain TC 
is ± Sppm/OC maximum. 

5. The proprietary monolithic DAC chips provide excellent 
linearity and guaranteed monotonicity over the full operating 
temperature range. 

6. The 28-pin double-width hybrid package provides extremely 
high functional density. No external components or adjustments 
are required to provide the complete function. 

7. The AD390SD and AD390TD feature guaranteed accuracy 
and linearity over the - 55°C to + 125°C temperature range. 
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AD390 - SPECIFICATIONS (fA = + 25"1:. Vs = ± 15V unless oIh8Iwise indicat8d. spacificaIions gunnllledaflar 
10 minulll WII1IIIJI) 

Model AD390jD/SD AD390KDITD 
Min Typ Max Min Typ Max 

DATA INPuTs (Pins 1-12 and 23-28)1 
TTL or5 Volt CMOS 

Input Voltage 
Bit ON (Logic "1") +2.0 +5.5 +2.0 +5.5 
Bit OFf (Logic "0") +0.8 +0.8 

Input Current (Pin 24 is 3 x Larger) 
Bit ON (Logic "1") 500 1200 500 1200 
Bit OFF (Logic "0") 150 400 150 400 

RESOLUTION 12 12 

OUTPUT2 

Voltage Range3 ±10 ±10 
Current 5 5 
Settling Time (to ± l-2LSB) 4 8 4 8 

ACCURACY 
GainError(w/ext.l0.000Vreference) ±0.05 ±0.1 ±0.025 ±0.05 
Offset ±0.025 ±0.05 ±0.012 ±0.025 
Linearity Error ±114 ±3/4 ±118 ± 112 
Differential Linearity Error ± 112 ±3/4 ± 114 ± 112 

TEMPERATURE DRIFT 
Gain (internal reference) ±40 ±20 

(external reference) ±IO ±5 
Zero ±IO ±5 
Linearity Error T min - T max ± 112 ±3/4 ± 114 ±1/2 
Differential Linearity MONOTONICITY GUARANTEED OVER FULL TEMPERATURE RANGE 

CROSSTALKs 0.1 0.1 

REFERENCE OUTPUT 
Voltage (without load) 9.997 10.000 10.003 9.997 10.000 10.003 
Current (available for external use) 2.5 3.5 2.5 3.5 

REFERENCE INPUT 
Input Resistance 1010 1010 

Voltage Range 5 11 5 11 

POWER REQUIREMENTS 
Voltage6 ±13.5 ± 15 ± 16.5 ±l3.5 ±15 ± 16.5 
Current 

+Vs 20 35 20 35 
-Vs -85 -100 -85 -100 

POWER SUPPLY GAIN SENSITIVITY 
+Vs 0.002 0.006 0.002 0.006 
-Vs 0.0025 0.006 0.0025 0.006 

TEMPERATURE RANGE 
Operating (Full Specifications)J, K 0 +70 0 +70 

S,T -55 + 125 -55 +125 
Storage -65 +150 -65 +150 

NOTES 
'Timing specifications appear in Table 2. 
'The AD390 outputs are guaranteed stable fot load capacitances up to 300pF. 
'± IOV range is standard. A 0 to IOV version is also available. To order, use the following part numbers: 

ADS0207-1 J Grade 
ADS0207·2 K Grade 
ADS0207·3 SGrsde 
ADS0207-4 T Grode 
ADS0207·7 S/883BGrade 
ADS0207·8 T/883B Grade 

4FSR means Full Scale Rouse and is equal to 20V for a ± IOV range. 
'Crosstalk is defined as the chanse in anyone output as a result of any other output being driven from - IOV to + IOV into a 2Idl1oad. 
6ofh~ AD390!;~ hellS-ad with :,.!pply ... ~!t;go: as IOn as .:L 11.4V, Figuu: H" 

Specifications subject to chanse without notice. 
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AD390 
ABSOLUTE MAXIMUM RATINGS Analog Outputs (Pins 16, 18-21) 
+Vs to DGND ........... . . . . . . . . . . . . . Ilidefmite Short to AGND or DGND 
-Vs to DGND ........... . 
Digital Inputs (Pins 1-12, 23-28) to DGND . 
Ref In to DGND . 

.0 to + 18V 

.0 to -18V 
-1 to +7V 

. ±Vs 
. .. ±0.6V 

Momentary Short to ± V s 
Storage Temperature . . . . . . . .. -65°C to + 1500c 
Lead Temperature (Soldering, 10 Seconds) . . . . .. + 300°C 

AGND to DGND . . . .......... . 

ORDERING GUIDE 

Temperature Gain Error Linearity Error Package 
Model Range 25°C T_-T ...... Option· 

AD390JD Oto +700c ±4LSB ±3/4LSB DH-28 
AD390KD Oto + 70°C ±2LSB ±1I2LSB DH-28 
AD390SD - 550C to + 125°C ±4LSB ±3/4LSB DH-28 
AD390TD - 55°C to + 125°C ±2LSB ±1I2LSB DH-28 

*DH-28 = Side Brazed Ceramic DIP for Hybrid. ForoutlineinformationseePackage Information section. 
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AD390..-Digital Circuit Details 
DATA AND CONTROL SIGNAL FORMAT 
The AD390 accepts 12-bit parallel data in response to control 
signals CSI-CS4:, AOand Al The input registers are double-buf
fered, allowing any register to be updated independently of the 
others. As detailed in Table I, the four chip select lines are used 
to address the DAC register of interest. It is permissible to have 
more than one chip select active at any time. The first rank 
register of a given DAC is loaded by bringing the appropriate 
chip select and AO both low. The second rank register of any 
DAC can then be loaded by bringing the appropriate chip select 
and Al both low. If CSI-CS4 are all brought low coincident 
with AI' low, all four DAC outputs will be updated to the value 
in the corresponding first rank registers. All control inputs are 
level-triggered and may be hard-wired low to render any register 
(or group of registers) transparent. 

at 
I 
X 

0 
I 
I 
I 

0 
1 
I 
1 

+v. DONO 

PINS 1-12 
DBOIlSB) - DB11(MSBI 

AGND 

Figure 7. AD390 Functional Block Diagram 

m m ~ AI Ail Operation 

I I I X X NoOperation 
X X X I I No Operation 

1 I 1 I o Enable IstrankofDAC I 
0 I I 1 o Enable IstrankofDAC2 
I 0 I I o Enable IstrankofDAC3 
I I 0 I o Enable 1st rank ofDAC 4 

1 1 1 0 1 Load DAC I second rank from fust rank 
0 1 I 0 I Load DAC 2 second rank from first rank 
1 0 1 0 I Load DAC 3 second rank from fl1"St rank 
I 1 0 0 1 Load DAC 4 second rank from first rank 

u I U I 0 I 0 I 0 I 0 I All latches transparent 

Table I. AD390 Truth Table 
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TIMING 
The AD390 control signal timing is fairly straightforward. AO, 
Al and CSI-CS4must be concurrently valid for at least lOOns 
for- a desired operation to occur. When loading data from a bus 
into the first rank register, the data inputs must be stable for at 
least SOns.before any control signal returns high. Data can change 
immediately after the control signals are inactive. When loading 
the second rank registers from the first rank, it is possible to 
exercise the chip select inputs at the same'time as AI. DAC 
settling time is measured from the falling edge of whichever 
control signal last beromes valid. 

WRITE CYCLE #1 
(Load First Rank from Data Bus; Al = 1) 

WRITE CYCLE #2 
(Load Second Rank from First Rank; Xii = 1) 

Figure 2. Timing Diagrams 

Symbol Parameter Min Typ Max Unit. 

tAW CS 1·4 Valid before AO Rising Edge 100 ns 
twp AO • AI Low Time 100 ns 
tDW DBII·DBO valid before AO Rising Edge SO ns 
tDH DBII-DBOvalida~AORisingEdge 10 ns 
tAS CSI-4valid beforeAI Low 0 ns 
tSIITT Output Voltage Settling Time 4 8 I'-s 

Table II. AD390 Timing Specifications 

INTERFACING THE AD390 TO MICROPROCESSORS 

16-Bit Processors 
The AD390 is a 12-bit resolution DAC system and is easily 
interfaced to 16-bit wide data buses. Several possible addressing 
configurations exist. 

In the circuit of Figure 3, the AD390 second rank registers are 
made transparent by hard-wiring Al low. A system WR signal 
is used to drive the AO control input and a 74LS139 decoder 
driven from the least significant address bits provides the active-low 
CSI through CS4 signals. In this circuit, only one DAC at a 
time may be updated. If simultaneous update of all four DACs 
is required, a slightly different addressing scheme is used. The 
circuit shown in Fignre 4 allows selection of either register of 
any DAC at the exPense of larger memory space requirem"'!lt~_ 
In this circuit, address lines AO through A3 each select a single 
DAC of the four contained in the AD390. The use of a separate 
address line for each DAC allows several DACs to be accessed 
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simultaneously. The address lines are gated by the simultaneous 
occurrence of a system WR and the appropriately decoded base 
address. Selection of first rank or second rank register for any 
DAC is done by using two additional address bits. The AD390 
thus occupies a block of 64 memory word locations but offers 
considerable flexibility in DAC updating. 

In this addressing scheme, the AS and A4 lines divide the 64 
locations into 4 blocks. When both AS and A4 are high, no 
operation occurs. When AS and A4 are both low, data written 
into anyone of the DACs (selected by A3-AO) will immediately 
update that analog output. In the address block where A4 is 
low and AS is high, data is written into the first rank register 
of the selected DAC (or DACs). When AS is low and A4 is 
high, data previously written into the first rank register of 
the selected DAC is transferred to the second rank register, 
which updates the analog output. It is particularly useful to 
perform a WR operation with AS low, A4 high, and A3 
through AO all low (base address plus 32) since this action 
will cause all four DAC outputs to be simultaneously updated 
to the values previously written 'into the first rank registers. 

In both addressing schemes shown, AO represents the least 
significant word address bit. In most 16-bit systems this will 
be the Al address line. Data may reside in either the 12MSBs 
(left-justified) or the lower 12 bits (right-justified). Left jus-

,...",------' 
DATA .US <-____ ...., 

HIGH 
ORDER 

AIIIlIIESS 
BITS 

AD390 

WR _______ -J 

ANALOG 
OUTPUTS 

Figure 3. AD39D-16-Bit Bus Interface 

18-BIT r-------~ 
DATA .us '-______ -, 

HlGHORDflI 
ADDRESS BITS 

SYSWii 

All GATES: 114 74LS32 

DB11 , 
DBO AD390 

A3 A2 A1 AO OPERATION 
)C X X 0 SELECTDAC1 
X X 0 X SELECTDAC2 
X 0 X X SELECTDAC3 
o X x X SELECTDAC4 
o 0 0 0 SELECT ALL DACS 

A4,AS: SEETEXT 

Figure 4. Alternate 16-Bit Bus Interface 
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AD390 
tification is useful when the data word represents a binary 
fraction of full scale, while right-justified data usually represents 
an integer villue between 0 and 4095. 

8-Bit Processors 
Since the AD390 is designed to accept data in 12-bit words, 
an .externallatch is required in order to interface with 8-bit 
buses. Thus each DAC in the AD390 o~cupies 2 memory 
locations. The choice of data format is similar to the choice 
in the 16-bit bus interface. The data can either be right-justified 
(one byte contains the 8LSBs and another the 4MSBs in the 
bottom half of the byte) or left-justified (where one byte 
contains the 8MSBs and another the 4 LSBs in the top half of 
the byte). The addressing scheme illustrated in Figure 6 
allows 12-bit data to be sent to the first rank register of any 
DAC in a right-justified format. The first rank register of 
DAC occupies two memory locations-a write to the even (AO 
low) address stores the 4MSBs of the DAC data in a 74LSI73 
quad latch. When the 8LSBs are written to the odd address 
(AO = I), the eight bits present on the data bus and the four 
bits held in the 74LSI73 are strobed into the first rank register 
of the selected DAC. Address bits Al through A4 select the 
DAC to be ~ddressed, while A6 and AS enable either the 
first or second rank register (or both) as in the 16-bit interface 
of Figure 4. 

HIGH 
OR.ER 

AD ..... 
• rrs 

a. Right-Justified Data (0 :5 0 :5 4095); 

VOUT = -10V + (4.883mV x D) 

/, 65520\. 
b. Left-Justified Data \0:5 0:5 655361 

VOUT = - 10V + (20V x D) 

Figure 5. 12-Bit Data Formats for 76-Bit Bus 

AD390 

A4 A3 A2 A1 AO 

~ : 
x • 
x • 
• x 
• x 
x x 
x x 

Ae.A5:SEETEXT 

OPERATION 

Figure 6. AD39D-8-Bit Bus Interface Connections 
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AD390 - Analog Circuit Details 
REFERENCE CONNECTIONS 
The AD390 is equipped with a precision internal reference 
voltage of 10.00 volts, trimmed- to within :t 3 millivolts. This 
reference is available for external use and can typically supply 
up to 3.5 milliamps of output current. In normal operation, this 
reference is connected to pin 17 (REF IN), which establishes 
the :t 10 volt output scale. The internal reference is sufficiently 
accurate for most applications, however, if a master system 
reference is available, or if a range other than :t 10V (:t 10.24V, 
for example) is desired, an external reference may be used. It is 
recommended that the reference used with the AD390 be at 
least 5 volts and at most 11 volts to preserve specified linearity. 

Digital Input Code Analog Output Voltage 

0000 0000 0000 -IO.OOOV -Full Scale 
0100 0000 0000 -5.000V -112 Scale 
1000 0000 0000 O.OOOV Zero 
1000 0000 0001 +4.88mV +ILSB 
1100 0000 0000 +5.000V + 1/2 Scale 
1111 1111 llli +9.995IV + Full Scale - ILSB 

Table III. AD390 Analog Output vs. Digital Input (± 10V 
Scale) 

GROUNDING RULES 
The AD390 includes two ground connections in order to minimize 
system accuracy degradation arising from grounding errors. The 
two ground pins are designated DGND (pin 13) and AGND 
(pin IS). The DGND pin is the return for the supply currents 
of the AD390, and serves as the reference point for the digital 
input thresholds. Thus DGND should be connected to the same 
ground as the digital circuitry which drives the AD390. 

Pin IS, AGND, is the high quality analog ground connection. 
This pin should serve as the reference point for all analog circuitry 
which follows the AD390. It is recommended that any analog 
signal path carrying significant currents have its own return 
connection to pin IS as shown in Figure 7. 

~~----ro~u~ 
L-'-;:;;::"_-I 

TOPOWERGROUND 

Figure 7. Recommended Ground Connections 

Several complications arise in practical systems, particularly if 
the load is referred to a remote ground. These complications 
include de gain errors due to wiring resistance between DAC 
and load, noise due to currents from other circuits flowing in 
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power ground return impedances, and offsets due to multiple 
load currents sharing the same signal ground returns. While the 
AD390 outputs are accurately developed between the output pin 
and pin IS (AGND), delivering these signals to remote loads 
can be a problem. These problems are compounded if a current 
booster st,ge is uSed; or if multiple AD390 packages are used. 
Figure 8 illustrates the parasitic impedances which influence 
output accuracy. 

TO POWER 
GROUND 

AD3ID 

"." 
AS 

.... 

.... 

... 
.... 

Au 

Au 

REMOTE GROUND 

Au 

Figure 8. Grounding Errors in Multiple-AD390 Systems 

An output buffer configured as a subtractor as shown in Figure 
9 can greatly reduce these errors. First, the effects of voltage 
drops in wiring resistances are eliminated by sensing the voltage 
directly at the load with R4. The voltage drops caused by currents 
flowing through ZGA are eliminated by sensing the remote ground 
directly with R3. Resistors RI through R4 should be weIl matched 
in order to achieve maximum rejection of the voltage appearing 
across ZGA. Resistors matched to within one percent (including 
the effects of RW2 and RW3) will reduce ground interaction 
errors by a factor of 100. 

TO POWER 
OAOUND R1-A4 MATCH TO 1% OR BETTER 

Figure 9. Use of Subtractor Amplifier to Preserve Accuracy 

POWER SUPPLY DECOUPLING 
The power supplies used with the AD390 should be well filtered 
and regulated. Local supply decoupling consisting of a lO ... F 
tantalum capacitor in para1lel with O.I ... F ceramic is suggested. 
The decoupling capacitors should be connected between the 
AD390 supply pins and the load ground (ideally the AGND 
pin). If an output booster is used, its supplies should also be 
decoupled to the load ground. 
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OPERATION FROM ±12 VOLT SUPPLIES 
The AD390 may be used with ± 12 volt ± 5% power supplies if 
certain conditions are met. The most important limitation is the 
output swing available from the output op amps. These amplifiers 
are capable of swinging only as far as 3 volts from either supply. 
Thus, the normal ± 10 volt output range cannot be used. Changing 
the output scale is accomplished by changing the reference 
voltage. With a supply of ± 11.4 volts (5% less than ± 12V), the 
output range is restricted to a maximum ± 8.4V swing. It may 
be u~eful to scale the output at ± 8.192 volts (yielding a scale 
factor of 4 millivolts per LSB). The required 8.192V reference 
can be derived from a precision, low TC divider from the 
internal + 1O.OOOV reference. The only restriction is that the 
total load resistance presented to the + 10. OOOV reference 
output must be at least 10kO for - 55°C to + 125°C temperature 
range 12 volt applications. Figure 10 shows a suggested circuit 
to set up a ±8.192Voutput range. Multiple AD390 units 
can share the same resistive divider-generated reference since 
the REF IN terminal is very high impedance. 

'6 Rl!FOUT 

TO POWEll 
GROUND 

ANALOG 
OUTPUTS 

R1. R3: 1% METAL ALM OR BETIER 
R2: LOW TC MULn·TURN TmMPOT 

Figure 10. Connections for ±B.192V Full Scale· 
(Recommended for ± 12V Power Supplies) 

IMPROVING FULL-SCALE STABILITY 
In large systems using multiple AD390s, it may be desirable 
for all devices to share a common reference. While it is possible 
to use the reference output for one device to provide a reference 
for all devices, use of an external precision reference can 
greatly improve system accuracy and temperature stability. 
The external reference should be at least + 5V and at most 
+ II V to preserve DAC linearity. 

The AD2710 is a suitable reference source for such systems. 
It features a guaranteed maximum temperature coefficient of 
± 1ppmfC, compared with the 10 to 20ppmfC drift of the 
AD390 internal reference. The combination of the AD2710LN 
and AD390KD shown in Figure 11 will yield a multiple-DAC 
system with maximum full-scale drift of ± 6ppm/°C and 
excellent rracking . 
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• ,SV +15V -15Y 

TOPOWER 
GROUND 

OUT1'UTS 

Figure 11. Low Drift AD390 Configuration 

AD390 
OUTPUT CURRENT BOOSTING 
The output amplifiers used in the AD390 are capable of 
supplying a ± 10 volt swing into a resistive load of 2kO or 
greater. Stability is guaranteed for load capacitance up to 
300pF. Larger load capacitance may cause severe overshoot 
and possible oscillation. The settling characteristic of the 
AD390 output amplifier is shown in Figure 12. 

a. All Bits OFF-to-ON 

b. All Bits ON-to-OFF 

Figure 12. AD390 Settling Characteristic 

In many applications, including automatic test equipment, 
the load presented to the AD390 may be less than 2kO or 
include large capacitance. In such cases, it is advisable to use 
a buffer amplifier capable of delivering rated output to the 
most severe load anticipated. The AD382, for example, can 
supply ± 10V into a 2000 load and the AD3SS4 is suitable 
for load resistances down to 1000· In applications where 
errors due to output boosting must be minimized, the composite 
amplifier shown in Figure 13 provides excellent dc stability 
as well as 100mA output drive capability. 

TO POWER 
GROUND 

.'5V +1SV 

R, 

c, 

A~ .. loon 
CL "" SOOOpF 
Vo = ::!:1OV 
·ELANTEC 

Figure 13. Composite Amplifier for Increased Output Drive 
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AD390 
APPLICATIONS 
The functional density of the AD390 permits complex analog 
functions to be produced under digital control, where board 
space requirements would otherwise be prohibitive. Multiple-out
put plotters, multi-channel displays and complex waveform 
generation and multiple programmable voltage sources can all 
be implemented with the AD390 in a fraction of the space which 
would be needed if separate DACs were used. 

PROGRAMMABLE WINDOW COMPARATOR 
The AD390 can be JJsed to perform limit testing of responses to 
digitally-controlled input signals. For example, two DACs may 
be used to generate software-controlled test conditions for a 
component or circuit. The response to these input conditions 
can either be completely converted from analog to digital or 
simply tested against high and low limits generated by the two 
remaining DACs in the AD390. 

In the circuit of Figure 14 two LM311 voltage comparators are 
used with an AD390 to test the output of a 5 volt power supply 
regulator. The AD390 V OUT1 output (through an appropriate 
current booster) drives the input to the regulator to simulate 
variations in input voltage. The output of the regulator is applied 
to comparators 1 and 2, with their outputs wire-ORed with 
LED indicators as shown. The test limits for each comparator 
are programmed by the AD390 VOUTZ and VOUT3 outputs. 
When the output of the device under test is within the limits, 

+15V -1SV 

DOND 
Al: DAC OUTPUT BOOSTER 
A2.. A3: LM311 COMPARATOR fOR EQUIVALENTI 

Figure 14. Programmable Window Comparator Used in 
Power Supply Testing 
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both comparators are off and D 1 lights. If the output is above 
or below the limits, either D4 or 05 lights. 

USING THE AD390 FOR ANALOG-T()"DIGITAL CON
VERSION 
Many systems require both analog output and analog input 
capability. While complete integrated circuit analog-to-digital 
converters (such as the AD574A) are readily available, the AD390 
can be used as the precision analog section of an ADC if some 
exteruallogic is available. Several types of analog-to-digital 
converters can be built with a DAC, comparator, and control 
logic, including staircase, tracking, and successive-approximation 
types. In systems which include a microprocessor, only a com
parator must be added to the AD390 to accomplish the ADC 
function since the processor can perform the required digital 
operations under software control. A suitable circuit is shown in 
Figure 15. The LM311 comparator compares the unknown 
input voltage to one of the A0390 outputs for the analog-ta-digital 
conversion, while the other three outputs are used as nortual 
DACs. The diode clamp shown limits the voltage swing at the 
comparator input and improves conversion speed. With careful 
layout, a new comparison can be performed in less than 10 
microseconds, resulting in 12-bit successive approximation con
version in under 120 microseconds. The benefit of the AD390 
in this application is that one AOC and three DACs can be 
implemented with only two IC packages (the AD390 and the 
comparator). 

CONTROL 
lOGIC 

OR 
.p 

ANALOG 
INPUT 

-lOVTO +10V 

"'" = AIN ..... VOUTI 
"0''' = AtN·, VOUTI 

Figure 15. UsingOneAD3900utputforAiDConversion 
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~ANALOG 
WDEVICES 

FEATURES 
Four Complete 12-Bit CMOS DACs with Buffer 

Registers 
Linearity Error ±1/2LSB Tmin-Tmax (AD394, AD395K,T) 
Factory-Trimmed Gain and Offset 
Precision Output Amplifiers for VOUT 

Full Four Quadrant Multiplication per DAC 
Monotonicity Guaranteed Over Full Temperature 

Range 
Fast Settling: 15 .... s Max to ± 1/2LSB 
Available to MIL-STD-883 (See ADI Military Catalog) 

PRODUCT DESCRIPTION 
The AD394 and AD395 contain four 12-bit, high-speed, low 
power, voltage output multiplying digital-to-analog converters in 
a compact 28-pin hybrid package. The design is based on a 
proprietary latched l2-bit CMOS DAC chip which reduces chip 
count and provides high reliability. The AD394 and AD395 
both are ideal for systems requiring digital control of many 
analog voltages where board space is at a premium and low 
power consumption a necessity. Such applications include auto
matic test equipment, process controllers, and vector stroke 
displays. 

Both the AD394 and the AD395 are laser-trimmed to ± 1I2LSB 
max differential and integral linearity (AD394, AD395K,T) and 
full scale accuracy of :!: 0.05 percent at 25°C. The high initial 
accuracy is made possible by the use of precision laser trimmed 
thin-film scaling resistors. 

The individual DAC registers are accessed by the CSI through 
CS4 control pins. These control signals allow any combination 
of the DAC select matrix to occur (see Table III). Once selected, 
the DAC is loaded with a single 12-bit wide word. The 12-bit 
parallel digital input interfaces to most 12- and 16-bit bus 
systems. 

The AD394 outputs (VREFIN= + lOY) provide a ± 10V bipolar 
output range with positive-true offset binary input coding. The 
AD395 outputs (VREHN = -lOY) provide a OV to + lOY unipolar 
output range with straight binary input coding. 

Both the AD394 and the AD395 are packaged in a 28-lead 
ceramic package and are available for operation over the 0 to 
+ 70°C and - 55°C to + 125°C temperature range. 
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fJ.p- Compatible Multiplying 
Quad 12-Bit D/A Converters 

AD3941 AD395 I 
FUNCTIONAL BLOCK DIAGRAMS 

v,,""' • 

PRODUCT HIGHLIGHTS 
I. The AD394, AD39S offer a dramatic reduction in printed 

circuit board space in systems using multiple DACs. 
2. The use of CMOS DACs provides low power consumption. 
3. Each DAC is independently addressable, providing a versatile 

control architecture for simple interface to microprocessors. 
All latch enable signals are level-triggered. 

4. The output voltage is trimmed to a full scale accuracy of 
± 0.05%. Settling time to ± Jl2LSB is 15 microseconds 
maximum. 

5. Maximum gain TC of SppmfC is achievable by both the 
AD394 and the AD39S. 

6. The monolithic CMOS DAC chips provide excellent linearity 
and guaranteed monotonicity over the full operating tempera
ture range. 

7. The 28-pin double-width hybrid package provides extremely 
high functional density. 

8. Two or four quadrant multiplication can be achieved simply 
by applying the appropriate input voltage signal to the selected 
DAG's reference (VREFIN). 

9. Both the AD394S,TD and AD395S,TD feature guaranteed 
accuracy and linearity over the - 55°C to + 125°C temperature 
range. 

DIGITAL-TO-ANALOG CONVERTERS 2-31 



AD394/AD395-SPECIFICATIONS CT. = +25"C, van = lOY, Vs = ± l5Y IllIess otherwise spacifiad) 

AD394JD/SD1 AD394KDITD' 
Model AD395jD/SD AD395KDITD 

MIN TYP MAX MIN TYP MAX 

DATA INPUTS (Pins 1-16)' 
TTL or 5 Volt CMOS ComPatible 

Input Voltage 
Bit ON (!.ogic "I") +2.4 +5.5 +2.4 +5.5 
Bit OFF (Logic "0") 0 +O.S 0 +0.8 

Input Current +4 +40 +4 ±4O 

RESOLUTION 12 12 

OUTPUT 
Voltage Range' 

AD394 ±VREFlN ±VREFIN 
AD395 OVto -(VRBFIN) OV to - (VREFIN) 

Current 5 5 

STATIC ACCURACY 
Gain Error ±0.05 ±O.I ±0.025 ±0.05 
Offset ±0.025 ±0.05 ±0.012 ±0.025 
Bipolar Zero (AD394) ±0.025 ±0.012 
Integral Linearity Error' ± 114 ±3/4 ± liS ± 112 
Differential Linearity Error ± 112 ±3/4 ± 114 ± 112 

TEMPERATURE PERFORMANCE 
Gain Drift ±1O ±5 
Offset Drift ±1O ±5 
Integral Linearity Error' 

Tmm to Tmax ±1I2 ±3/4 ±1/4 ± 112 
Differential Linearity Error MONOTONICITY GUARANTEED OVER FULL TEMPERATURE RANGE 

REFERENCE INPUTS 
Inpnt Resistance 5 25 5 
Voltage Range -11 +11 -11 

DYNAMIC PERFORMANCE 
Sett1ingTime(to ± 112LSB) 

V REFIN = + IOV, Change All Digital 
Inputs from +5.0VtoOV 10 15 10 

VREFIN = Ot05VStep, 
All Digital Inputs = OV 10 15 10 

Reference Feedthrough Error" 
AD395 5 5 
AD394 See Figure 1 See Figure I 

Digital-to-Analog Glitch Impulse' 250 2S0 
Crosstalk 

Digital Input (Static)· 0.1 0.1 
Reference" 2.0 2.0 

POWER REQUIREMENTS 
Supply Voltagel. ±13.5 ± 16.5 ±13.S 
Current (All Digital Inputs OVor + 5V) 

+Vs 20 2S 20 
-Vs IS 22 IS 

Power Dissipation 570 750 570 

POWER SUPPLY GAIN SENSITIVITY 
+Vs 0.002 0.006 0.002 
-Vs 0.0025 0.006 0.0025 

TEMPERATURE RANGE 
Operating(FuIl Specifications)J, K 0 +70 0 

S,T -55 +125 -S5 
Storage -65 +IS0 -65 

NOTES 
I AD394BDd AD3'J5 Sand T arades areavailable toMIL·STD-883, Metbod 5008, Class B. See Ana10s Devices Military Catalos for 
proper port Dumber and detail apccification. 

'T1IDiDI specifications appear in Table IV aDd Figure 5. 
'code table ........ pb.appearon TbeoryofOperationpoae. 
'FsR ...... FuD Scale Raoao aDd is equal 10 20Vfor a ± IOVbipoJar1'llDFaDd 10VfOl'Oto 10VuoipoJar ...... 

25 
+11 

15 

15 

±16.S 

2S 
22 
750 

0.006 
0.006 

+70 
+12S 
+IS0 

UNITS 

V 
V 
,.A 

Bits 

V 
V 
rnA 

%ofFSR4 

%ofFSR 
%ofFSR 
LSB 
LSB 

ppm FSRI"C 
ppm FSRI"C 

LSB 

k!l 
V 

fl.s 

fl.s 

mVp-p 

nV·sec 

LSB 
mVp-p 

V 

rnA 
rnA 
mW 

%FSI% 
%FSI% 

"C 
"C 
"C 

'Jntqnll1Oliliot:orityisa ........ oftbemaximumdeYiationf ..... straip.IiDeJIISSiDstbouabtbeeodpoiDtsoftbeDAC_-. 
'ForAD3'J5 (uoipoJar),DAC"";-I •• dechritbOOOOOOOOOOOO, Va ..... - 2OVp-p, 101cHzsinewaYc:. ForAD394/bipolar), V ... F1N - 2OVp-p,60and400Hz. 
'Thisis .......... oftbeUllOlll1.ofc:barp injec:teclfrom tbecliaital inputs to !be aoaJosoutpUts when tbe inputs c:haoge ...... 1. is usua11y .pecilIeci 
.. tbeoreaoftbeBlitc:hinDV ..... isllleClllUedwitbV .. P1N = AGND. 

lDisitalCl'OlJ8tl1kisclefiDeduthccbanaeiDanyODeOUtput'ssteadystatevalueas.resultofanyotheroutputbeiDgdrivenfromVOUTMlNtoVoUTMAX 
into.2kIl1oodby ...... olwryiDstbecliailll1inpurcode. 

'Referenc:eClOlltlllkisdefiDed.18 tbecJumaeiDUlJODeowputas aresultof.yotheroutputbeiagdriven from VovrMlN to VoUTMAx @lotHz 
mtl:'!!~!!k>!d~====-::'''3-'i::e= ..... y!.7'~vf~i.;fcr~''''. 

"'I'beAD3'J4BDdtbeAD3'J5canbeuseclwitboupp1yvol_uJow .. ± 1I.4V, Figure 10. 

Spocific:ations subject to c:haoge without DOtic:e. 
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ABSOLUTE MAXIMUM RATINGS· 
+VstoDGND •••.......• 
-VstoDGND •••.......•.. 
Digital Inputs (Pins 1-16) to DGND • 
VREPlNtoDGND 
AGND to DGND .•...•.•... 

CAUTION 

. -O.3V to + 17V 

. +O.3V to -17V 
-O.3V to +7V 

±25V 
. .... ±O.6V 

AD394/AD395 
Analog Outputs (Pins 18, 21, 24, 27) 
. . . . . . . . . . . . . . Indefinite Short to AGND or DGND 

Momentary Short to ± V s 

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

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

WARNING! f2J 
~~EDEVICE 

MIL-STD-883 
The rigors of the military/aerospace environment, temperature 
extremes, humidity, mechanical stress, etc., demand the utmost 
in electronic circuits. The AD394, AD395, with the inherent 
reliability of integrated circuit construction, were designed with 
these applications in mind. The hermetically-sealed, low profile 
DIP package takes up a fraction of the space required by equivalent 
modular designs and protect the chips from hazardous environ
ments. To further insure reliability, the AD394, AD395 are 
both fully compliant to MIL-STD-883 Class B, Method 5008. 

Consult Analog Devices Military Catalog for proper ordering 
part number and detail specification. 

PIN CONFIGURATION 

Figure 1. AD394 Feedthrough VREFIN = 60Hz (top photo) and 
400Hz (bottom photo) Sinewave. Digital code is set at 1000 
0000000. 
SCALE: Referencelnput5VIDIV(Thin Trace) 

Feedthrough Output 5m VIDIV 
TIME: TopPhoto5msiDIV 

Bottom Photo 500p-s1DIV 

Temperature 
Model Range 

AD394JD Oto +70"C 
AD395JD Oto + 70°C 
AD394KD Oto + 70°C 
AD395KD Oto +70"C 
AD394SD - 55°C to + 125°C 
AD395SD - 55°C to + 125°C 
AD394TD - 55°C to + 125°C 
AD395TD - 55°C to + 125°C 

ORDERING GUIDE 

Linearity Error Package 
Gain Error Tmm-T ...... Option* 

±4LSB ±3/4LSB DH-28A 
±4LSB ±3/4LSB DH-28A 
±2LSB ±1/2LSB DH-28A 
±2LSB ±1I2LSB DH-28A 
±4LSB ±3/4LSB DH-28A 
±4LSB ±3/4LSB DH-28A 
±2LSB ±1I2LSB DH-28A 
±2LSB ±1/2LSB DH-28A 

*DH-2SA = Ceramic DIP. For outline information see Package Information section. 
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AD3941AD395-lbeory of Operation 
The AD394 quad DAC provides four-quadrant multiplication. 
It is a hybrid IC comprised of four monolithic 12-bit CMOS 
multiplying DACs and eight precision output amplifiers. Each 
of the four independent-buffered channels has an independent 
ref~ce input capable of accepting a separate dc or an ac signal 
for multiplying or for function generation applications. The 
CMOS DACs act as digitally programmable attenuators when 
used with a varying input signal or, if used with a fixed dc 
reference, the DAC would act as a standard bipolar output 
DAC. In addition, each DAC has a 12-bit wide data latch to 
buffer the converter when connected to a microprocessor data 
bus. 

The AD395 quad DAC provides two-quadrant multiplication 
and'is comprised of four 12-bit CMOS multiplying DACs and 
four precision output amplifiers. The two-quadrant-multiplication 
function arises from a straight-binary digital input multiplied by 

Of>.n 
BINARY 

-FUU.SCALE 

Vou. = (VA1 .... l·tz!. -11 

Figure 2. AD394 as a Four-Quadrant Multiplier of Reference 
Input and Digital Input 

DATA INPUT ANALOGOUTPUT ANALOGOUTPUTVOLTAGEVII£FIN = +10VOLTS 

1m 1111 1111 +1.(VREFlN){:1 +9.9951V +FULLSCALE-ILSB 

1100 0000 0000 +lo(VREFlN) I::} +5.000V + 1/2 SCALE 

1000 0000 0001 +lo(VRIiflN) {~} +4.88mV +ILSB 

1000 0000 0000 +lo{VRIIF!N ){2~8} +o.ooov ZERO 

0111 1111 1111 -lo(VREFlN) {~} -4.88mV -ILSB 

0100 0000 0000 -1°CVREFlN) I::} -S.OOOV -II2SCALE 

0000 0000 0000 -I.(VUAN) {::~} -IO.OOOV -PULLSCALE 

Table I. AD394 Bipo/ar Code Table 
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a bipolar analog input which resulta in two-quadrant multiplica
tion. The AD395 can also operate as a standard unipolar DAC 
when a fixed dc reference is applied to VREFIN• 

MULTIPLYING MODE 
The figures below show the transfer function for each model. 
The diagrams indicate an area over which many different com
binations of the reference input and digital input can result in a 
particular analog output voltage. The highlighted transfer line in 
each diagram indicates the transfer function if a fixed reference 
is at the input. The digital codes above each diagram indicate 
the mid and endpoints of each function. The relationship between 
the reference input (V REFIN) the digital input code and the 
analog output is given in Tables I and II below. Note that the 
reference input signal sets the slope of the transfer function (and 
determines the full scale output at code 111 . • 111) while the 
digital input selects the horizontal position in each diagram. 

You. = -l.(V~E"NI·(~1 

Figure 3. AD395 as a Two-Quadrant Multiplier of Reference 
Input and Digital Input 

DATA INPUT ANALOG OUTPUT ANALOGOVTPUrVOLTAGEVURN = + IDVOLTS 

1111 1111 1111 -1'(VaJiFlN}{::l -9!H16V -FUU,SCALE-ILSB 

1000 0000 0000 -1'(VIlEFIN) {=} -s.ooov -1/2SCALE 

0000 0000 0001 -I'(VREI'IN) hcf%} -l.44raV -ILSB 

0000 0000 0000 -I-(VREI'IN) {~} O.OOOV ZERO 

Table II. AD395 Unipolar Code Table 
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DATA AND CONTROL SIGNAL FORMAT 
The AD394 and AD39S accept 12-bit parallel data in response 
to control signals CSI-CS4. As detailed in Table UI, the four 
chip select lines are used to address the DAC register of interest. 
It is permissible to have more than one chip select active at any 
time. If CSI-CS4 are all brought low coincident, all four DAC 
outputs will be updated to the value located on the data bus. All 
control inputs are level-triggered and may be hard-wired low to 
rendet any register (or group of registers) transparent. 

CSI CS2 CS3 CS4 Operation 

1 1 1 1 All DACs Latched 
0 1 I 1 Load DAC 1 From Data Bus 
1 0 1 1 Load DAC 2 From Data Bus 
1 1 0 1 Load DAC 3 From Data Bus 
1 1 1 0 Load DAC4 From Data Bus 
0 0 0 0 All DACs Simultaneously Loaded 

Table III. DAC Select Matrix 

Figure 4. AD394 (Bipolar) Functional Block Diagram 

TIMING 
The AD394, AD39S control signal timing is very straightforward. 
CSI-CS4 must maintain a minimum pulsewidth of at least l70ns 
for a desired operation to occur. When loading data from a bus 
into a 12-bit wide data latch, the data must be stable for at least 
lSOns before returning CS to a high state. When the CS is low, 
the data latch is transparent allowing the data at the input to 
propagate through to the DAC. Data can change immediately 
after the chip select returns high. DAC settling time is measured 
from the falling edge of the active chip select. 

REV. A 

Digital Circuit Details - AD394/AD395 
Symbol Parameter Tmm toT""", Units 

tcs Chip Select Pulse Width 170 nsmin 
tOA Data Access Time 0 nsmin 
tos DataSet-UpTime 150 nsmin 
tOH Data Hold Time S nsmin 

Table ,V. AD394, AD395 Timing Specifications 

~~I---'cs'---.lj :sv • 
SELECT ~I to. ;J' tos=-I·-tOH1X=+5V 

DATA IN ~---DA-T-A-V-A-L-ID....!..--~ 0 
'81 - 812' __ -'--__ --' _ 

r-t.ETI-~{~-4...f ............ ---
/ ~1f2LSB OUTPUT-----------'~ 

~~~ '" 20ns. ALL INPUT SIGNAL RISE" AND FALL TIMES MEASURED FROM 10% to 90% of VOl) (+5V TVPI 

TIMING MEASUREMENT REfERENCE LEVEL IS (V'H + VILl!2 

WRITE MODE 
CS lOW,DACRESPDNDSTO 
DATA BUS idbO·db11jlNPUTS 

MODE SELECTION 
HOLD MODE 
CS HIGH, OAT A BUS IdbO·db11!IS 
LOCKED OUT; DAC HOLDS lAST OAT A 
PRESENTWHENCSASSUMED 
HIGH STATE. 

Figure 5. Timing Diagram 

Figure 6. AD395 (Unipolar) Functional Block Diagram 

DIGITAL-TO-ANALOG CONVERTERS 2-35 



AD394/AD395-Analog Circuit Details 
GROUNDING RULES 
The AD394 and AD395 include two ground connections in 
order to minimize system accuracy degradation arising from 
grounding errors. The two ground pins are designated DGND 
(pin 17) and AGND (pin 23). The DGND pin is the retum for 
the supply currents of the AD394, AD395 and serves as the 
reference point for the digital input thresholds. Thus DGND 
should be connected to the same ground as the circuitry which 
drives the digital inputs. 

Pin 23, AGND, is the bigh-quality analog ground connection. 
This pin should serve as the reference point for all analog circuitry 
associated with the AD394, AD395. It is recommended that any 
analog signal path carrying significant currents have its own 
return connection to pin 23 as shown in Figure 7. 

AD394 Voun 
AD395 

YOUTZ 

V~n 

VOUT4 

,..--------, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

VAEFlN1 

VREFlNZ 

I SHOWN WITH Al.L 
I FOUR DAC, IN lOOTHER 

ANALOG CIRCUITS I MU':ci~~'NG I L ______ ...J 

Figure 7. Recommended Ground Connections 

Several complications arise in practical systems, particularly if 
the load is referred to a remote ground. These complications 
include de gain errors due to wiring resistance between DAC 
and load, noise due to currents from other circuits flowing in 
power ground return impedances, and offsets due to multiple 
load currents sharing the same signal ground returns. While the 
DAC outputs are accurately developed between the output pin 
and pin 23 (AGND), delivering these signals to remote loads 

I. 

rr= 
z .. 

r.;;-
z .. t 

TO POWER 
GROUND 

AD394 
A0395 

23 

AD394 
AD395 

R" .... 
Ru 

REMOTE GROUND ... 
Ru 

1\3 .... 

A1·A3: OPTlONAL CURRENT BOOSTERS 
Rw,-Rw3: WIRING RESISTANCES 
loA. la.: SIGNAL GROUND RETURN IMPEDANCE 
Zt>o: POWER GROUND RETURN IMPEDANCES 

Figure 8. Grounding Errors in Multiple-AD394, AD395 
Systems 
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can be a problem. These problems are compounded if a current 
booster stage is used, or if multiple AD394, AD395 packages 
are used. Figure S illustrates the parasitic impedances which 
influence output accuracy. 

An output buffer configured as a subtractor as shown in Figure 
9 can greatly reduce these errors. First, the effects of voltage 
drops in wiring resistances is eliminated by sensing the voltage 
directly at the load with R4. The voltage drops caused by currents 
flowing, through ZaA are eliminated by sensing the remote ground 
diiectly with R3. Resistors Rl through R4 should be well matched 
in order to achieve maximum rejection of the voltage appearing 
across ZaA. Resistors matched to within one percent (including 
the effects of Rwz and RV/3) will reduce ground interaction 
errors by a factor of 100. 

TO POWER 
GROUND 

ZOA 

R1-R4 MATCH TO 1% OR BETTER 

Figure 9. Use of Subtractor Amplifier to Preserve 
Accuracy 

OPERATION FROM :1:12 VOLT SUPPLIES 
The AD394, AD395 may be used with ± 12 volt ± 5% power 
supplies if certain conditions are met. The most important limi
tation is the outpUt swing available from the output op amps. 
These amplifiers are capable of swinging only as far as 3 volts 
from either supply. Thus, the normal ± 10 volt outpUt range 
cannot be used. Changing the outpUt scale is accomplished by 
changing the reference voltage. With a supply of ± 11.4 volts 
(5% less than ± 12V), the outpUt range is restricted to a maximum 
±S.4V swing. It may be useful to scale the output at ±S.192 
volts (yielding a scale factor of 4 millivolts per LSB). 

Figure 10 shows a suggested circuit to set up a ±S.192V output 
range. To help prevent poor gain drift due to possible mismatch 
between RIN and RTHBVBNIN of divider network it is recommended 
to buffer the potentiometer wiper voltage with an OP-07. 

+15V 

ANALOG 
OUTPUTS 

R1. R3: 1% METAL FILM OR BETTER 
R2: LOW TC MULn-TURN TRlMPOT 

TO POWER 
GROUND 

Figure 10. Connections for ±8.192V Full Scale 
(Recommended for ± 12V Power Supplies) 
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POWER SUPPLY DECOUPLING 
The power supplies used with the AD394, AD395 should be 
well filtcn:d and n:gulated. Local supply dccoupling consisting 
of a IOtAF tantalum capacitor in parallel with O.I .... F ceramic is 
suggested. The dccoupling capacitors should be connected between 
the AD394 supply pins and the AGND pin. H an output booster 
is used, its supplies should also be dccoupled to the load 
ground. 

IMPROVING FlJLL.SCALE STABILITY 
In large systems using multiple DACs, it may be desirable 
for all devices to share a common reference. A precision 
reference can greatly improve system accuracy and temperature 
stability. 

The AD2710 is a suitable reference source for such systems. 
It features a guaranteed maximum temperature coefficient of 
± Ippm?C. The combinstion of the AD2710LN and AD394, 
AD395 shown in Figure 11 will yield a multiple-DAC system 
with maximum full-scale drift of ± 6ppm?C and excellent 
tracking. 

+1SV +15V 

+10.000V 

AD2710lN 

-15V 

TO POWER 
GROUND 

OUTPUTS 

Figure 11. Low Drift AD394, AD395 Configuration 

Applications 
INTERFACING THE AD394, AD395 TO 
MICROPROCESSORS 
The AD394, AD395 control logic provides simple interface to 
microprocessors. The individual latches allow for multi-DAC 
interfacing to a single data bus. 

16-BIT PROCESSORS 
The AD394, AD395 arc 12-bit resolution DAC systems and arc 
easily interfaced to 16-bit wide data buses. Several possible 
addressing configurations exist. 

In the circuit of Figure 12, a system write signal is used to 
control the decoded address lines and a 74LS139 decoder driven 
from the least significant address bits provides the active-low 
CSI through CS4 signals. In the circuit of Figure 12, address 
lines AO and Al each select a single DAC of the four contained 
in the AD394 or AD395. The use of a separate address line for 
each DAC allows several DACs to be accessed simultaneously. 
The address lines arc gated by the simultaneous occurrence of a 
system WR and the appropriately decoded base address. 

In the addressing scheme shown, AO represents the least significant 
word address bit. Data may reside in either the 12MSBs (left-jus
tified) or the 12LSBs (right-justified). Left justification is useful 
when the data word represents a binsry fraction of full scale, 
while right -justified data usually represents an integer value 
between 0 and 4095. 
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AD394/AD395 

16.BIT r----------J\I D11 
DATA 12 BITS BUS L-________ -JDO 

AI 

AO 

112 
74lS139 

Wii--------l 
AU GATES: 114 74LS32 

AD394 
AD395 

ANALOG 
OUTPUTS 

Figure 12. AD394, AD395 16-Bit Bus Interface 

8-BIT PROCESSORS 
The circuit of Figure 13 shows the general principles for 
connecting the AD394 or the AD395 to an 8-bit data bus. 
The 74LS244 buffers the data bus; its outputs arc enabled 
when the DAC address appears on the address bus. The first 
byte sent to the DAC is loaded to the 74LS373 octal latch 
and, when the second byte is sent to the DAC, it is combined 
with the first byte to create a 12-bit word. The connections 
shown arc for right-band justified data. CS and WR inputs 
to the DAC arc also gated, and when active, the DAC is 
loaded. Pull-up resistors at the output of the 74LS244 buffer 
ensure that the inputs to the DAC do not float at an ill-dcfined 
level when the DAC is not being addressed. This method of 
connecting 12-bit DACs to an 8-bit data bus is most cost 
effective when multiple DACs arc utilized for 8-bit data bus 
applications. 

~:~~ {'" ,.J ',~o.: 
BUS -t>-I-I-I~-+++-I-l LATCH 

n" -... 

NOTE: 

...... 
AD395 

!1141 

UNUSED HEX INVERTER INPUTS SHOULD BE TIED LOW. ALL OTHER 
GATE INPUTS SHOWN SHOULD BE TIED HIGH TO +5V 
THROUGH A 10kU RESISTOR. 

Figure 13. AD394, AD395 8-Bit Data Bus Interface 
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AD394/AD395 - Applications 
The functioual density of the AD394 and AD39S permits complex 
analog functions to be prOduced under digitsl control, where 
board space requirements would otherwise be prohibitive. Mul
tip!e-output plotters, multi-chsnnel displsys and complex 
waveform generation and multiple programmable voltage sources 
can all be implemented with the AD394 or AD39S in a fraction 
of the space which would be needed if separate DACs were 
used. 

USING TIlE AD394 FOR ANALQG-TO-D1GITAL 
CONVERSION 
Many systems require both analog output and analog input 
capability. While complete integrated circuit analog-to-digitsl 
converters (such as the ADS74A) are readily availsble, the AD394 
can be used as the precision analog section of an ADC if some 
external logic is availsble. Several types of analog-ta-digitsl 
converters can be built with a DAC, comparator, and control 
logic, including staircase, tracking, and successive-approximation 
types. In systems which include a microprocessor, only a com
parator must be added to the AD394 to accomplish the ADC 
function since the processor can perform the required digitsl 
operations under software control. A suitable circuit is shown in 
Figure 14. The AD311 comparator compares the unknown 
input voltage to one of the AD394 outputs for the analog-ta-digitsl 
conversion, while the other three outputs are used as normal 
DACs. The diode clamp shown limits the voltage swing at the 

CONTROL 
LOGIC 

OR 
.p 

ANALOG 
INPUT 

-1OVro +1OV 

", .. ;;; AIN > VO\In 
"0" ;;; AJN < VOUTI 

Figure 14. Using One AD394 Output for AID Conversion 

comparator input and improves conversion speed. With careful 
lsyout, a new comparison can be performed in less than IS 
microseconds, resulting in 12-bit successive approximation con
version in under 180 microseconds. The benefit of the AD394 
in this application is that one ADC and three DACs can be 
implemented with only two IC packages (the AD394 and the 
comparator). 

PROGRAMMABLE WINDOW COMPARATOR 
The AD39S can be used to perform limit testing of responses to 
digitslly-controlled input signals. For example, two DACs may 
be used to generate software-controlled test conditions for a 
component or circuit. The response to these input conditions 
can either be completely converted from analog to digitsl or 
simply tested against high and low limits generated by. the two 
remaining DACs in the AD39S. 
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+16V -15V 

-15V 

A1: DAC OUTPUT BOOSTER 
A2. A3: AD311 COMPARATOR (OR EQUIVALENT, 

Figure 15. Programmable Window Comparator Used in 
Power-Supply Testing 

In the circuit of Figure IS, two AD311 voltage comparators are 
used within AD39S to test the output of a S volt power-supply 
regulator. The AD39S VOUT1 output (through an appropriate 
current booster) drives the input to the regulator to simulste 
variations in input voltage. The output of the regulator is applied 
to comparators 1 and 2, with their outputs wire-ORed with 
LED indicators as shown. The teat limits for each comparator 
are programmed by the AD39S VOlIT2 and VOUI'3 outputs. 
When the output of the device under teat is within the limits, 
both comparators are off and Dllights. If the output is above 
or below the limits, either D4 or DS lights. 

AD39S AS A MULTIPLIBR AND ATTENUATOR 
So far, it has been assumed that the reference voltage V RBPIN is 
fixed. In fact, VRBPIN can be any voltage within the range (-llV 
< VRBPIN < + llY). It can be negative, positive, sinusoidal or 
whatever the user prefers. This leads to the name "Multiplying 
D/A Converters" because the output voltage, V OUT, is proportioual 
to the product of the digitsl input word and the voltage at the 
VRBPIN terminal. 

VOUT = -1' (VRBFIN) • (~) (O<D<409S) 

D is the fractioual binary value of the digitsl word applied to 
the converter. The AD395 multiplies the digitsl input value by 
the analog input voltage at V REI'IN for any value of VRBPIN up 
to 22V pop. This in itself is a powerful tool. Any applications 
requiring precision multiplication with minimal zero offset and 
very low distonion should consider the AD39S as a candidate. 
One popular use for AD39S is as a audio frequency attenuator. 
The audio signal is applied to the VRBPIN input and the attenuation 
code is applied to the DAC; the output Voltage is the product of 
the two - an attenuated version of the input. The maximum 
attenuation range obtainable utilizing 12-bits is 4096: 1 or 72db. 

AUDIO SIGNALS 

VIN1 VflEFilN1 Voun 
AD395 

VON' VREFlN2 VOUT2 

VOUTX = -1 . (VRfFlN) • (...:s) 
VINI VR£RN3 VOUT3 

V1N4 VAEFIN4 VOUT4 

DIGITAL FRACTION 0 
(FROM ANAlOG.TO·DI(.';IT4.l ~..o~V~~'!'E!!~ 

Figure 16. AD395 as a Multiplier or Attenuator 
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FEATURES 
Four, Pre-Trimmed, 14-Bit CMOS DACs 
Double Buffered for Simultaneous Update 
Precision Output Amplifiers for Voltage Out 
Full Four Quadrant Multiplication - Independently 

Pinned Out DAC Reference 
Monotonicity Guaranteed Over Full MIL Temp. Range 
Low Power - 780mW Max 
Small 28 Lead, Hermetic Double DIP Package 
MIL-STD-883 Processing Available 

PRODUCT DESCRIPTION 
The AD396 is a high-speed microprocessor compatible Quad 
14-bit digital-to-analog converter. The AD396 contains four 14-
bit, low power multiplying digital-to-analog converters followed 
by precision voltage output amplifiers all in a compact 28-pin 
hybrid package. The design is based on a proprietary latched 
14-bit CMOS DAC chip which reduces chip count and provides 
high reliability. 

The AD396 (K, T) is laser-trimmed to ± ILSB max differential 
and integral linearity, and to full-scale accuracy of ±O.OS percent 
at 25°C. The high initial accuracy is made possible by the use of 
precision laser trimmed thin-film scaling resistors. 

The individual DAC registers are accessed by the CSI through 
CS4 control pins. These control signals allow any combination 
of the DAC select matrix to occur (see Table III). Once selected, 
the DAC is loaded with right-justified data in two bytes from an 
8-bit data bus. Standard Chip Select and Memory Write logic is 
used to access the DACs. Address lines AO, and AI, control 
internal register loading and transfer. 

The AD396 outputs (VREF = + 10V) provide a ± lOY bipolar 
output range with positive-true offset binary input coding. 

The AD396 is packaged in a 28-lead ceramic DIP package and 
is available for operation over the 0 to + 70°C and - 55°C to 
+ 125°C temperature range. 

The AD396 is for systems requiring digital control of many 
analog voltages where board space is at a premium and low 
power consumption a necessity. Such applications include auto
matic test equipment, process controllers, and vector stroke 
displays. 

PRODUCT HIGHLIGHTS 
1. The AD396 offers a dramatic reduction in printed circuit 

board space in systems using multiple DACs. 

2. The use of CMOS DACs provides low power consumption. 

3. Each DAC is independently addressable, providing a versatile 
control architecture for simple interface to microprocessors. 
All latch enable signals are level-triggered. 

4. The output voltage is trimmed to a full-scale accuracy of 
± 0.05%. Settling time to ± 1I2LSB is IS microseconds 
maximum. 

This is an abridged version of the data sheet. To obtain a complete data 
sheet, contact your neare~t sales office. 

REV. A 

.7 1 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I 

••• 

f.tP-Compatible Multiplying 
Quad 14-Bit D/A Converter 

AD396 I 
FUNCTIONAL BLOCK DIAGRAM 

AD396 

S. Maximum gain TC of Sppml°C is achievable by the AD396. 
6. The monolithic CMOS DAC chips provide excellent linearity 

and guaranteed monotonicity over the full operating tem
perature range. 

7. The 28-pin double-width hybrid package provides extremely 
high functional density. 

8. Four quadrant multiplication can be achieved simply by 
applying the appropriate input voltage signal to the selected 
DACs reference (V REFIN). 

9. The AD396S, T features guaranteed accuracy and linearity 
over the - 55°C to + 125°C temperature range. 

10. MIL-STD-883 processing is available. See Analog Devices 
Military Data Sheet for further information. 

II. Protection against power supply surges is included within 
the AD396. 
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A0396 - SPECIFICATIONS ITA + 25"&, VREfIN 10V, Vs = ± 15V unless otherwise specified) 

Model AD396jD/SD' AD396KDITD' 
Min Typ Max Min Typ Max 

DATA INPUTS (Pins 1_16)2 
TTL or 5 Volt CMOS Compatible 

Input Voitage 
Bit ON (Logic "I") +2.4 +5.5 +2.4 +5.5 
Bit OFF (Logic "0") 0 +0.8 0 +0.8 

Input Current ±4 ±40 ±4 ±40 

RESOLUTION 14 14 

OUTPUT 
Voltage Range' ±VREFlN ±VREFIN 

Current 5 s-
STATIC ACCURACY 

Gain Error ±0.05 ±O.I ±0.025 ±0.05 
Offset ±0.025 ±0.05 ±0.012 ±0.025 
Bipolar Zero ±0.025 ±0.012 
Integral Linearity ErrorS ±I ±2 ±1I2 ±I 
Differential Linearity Error ± 112 ±I ±1I2 ±I 

TEMPERATURE PERFORMANCE 
Gain Drift ±IO ±5 
Offset Drift ±IO ±5 
Integral Linearity ErrorS 

Oto +70OC ±I ±2 ±1I2 ±I 
- 550C to + 125°C ±2 ±4 ±I ±2 

Differential Linearity Error MONOTONICITY GUARANTEED OVERFULL TEMPERATURE RANGE 

REFERENCE INPUTS 
Input Resistance 5 
Voltage Range -11 

DYNAMIC PERFORMANCE 
Settling Time (to ± 112LSB) 

VREFlN = + 10V, Change All Digital 
Inputs from + 5.0Vto OV 10 

VREFlN = Oto5VStep, 
All Digital Inputs = OV 10 

Reference Feedthrough Error" 5 
Digital-ta-Analog Glitch Impulse7 250 
Crosstalk 

Digital Input (Static)" 112 
Reference" 4.0 

POWER REQUIREMENTS 
Supply Voltage lO ±13.5 
Current (All Digital Inputs OV or + 5V) 

+Vs 20 
-Vs 18 

Power Dissipation 570 

POWER SUPPLY GAIN SENSITIVITY 
+Vs 0.002 
-Vs 0.0025 

TEMPERATURE RANGE 
Operating (Full Specifications)J, K 0 

S,T -55 
Storage -65 

NOTES 
I AD396S and T grades are available toMIL-STD-883, MethodSOO8, CIaaa B. 
'Timingsp<cificatioDs appear in Table IV and Fiswe 3. 
'codetable.andsraPhsappearonTbeoryofoPeration_. 
4FSRmtan.FuDScaleRaua<:andisequaltolOVfora ±IOVbipolarraose. 

25 5 
+11 -11 

15 10 

15 10 
5 
250 

112 
4.0 

±16.5 ± 13.5 

28 20 
22 18 
780 570 

0.006 0.002 
0.006 0.0025 

+70 0 
+125 -55 
+150 -65 

'Integral non1inearityisameasure of tbe maximum deviation from a stnight linepassinsthoushtheendpointsof the DAC transferfunction . 
.... or AD396(bipolar), DACregister loaded with 10000000000000, VREPIN = lOV pop, 60 and 400Hz. 
'Tbis is a measure oftheamountofcbarg<:injectedfromthedigitaiinpotstothellDlllogoutpotswhen tbeinpotscbanse SIlIte. It is usually specified 
as the area of the glitchinnV. andis ..... 1IIOd withVuPIN = AGNO. 

25 
+11 

15 

IS 

±16.5 

28 
22 
780 

0.006 
0.006 

+70 
+125 
+150 

'DigitaIcroutalkisdefmed as the chaDge m any one output's steady state value as a result of anyotheroutput being driven from VOuTMlN to VOUTMAX 
intoa2knlnadbymeansofvaryingtbedigitalinpotcode. 

'Referencecrosstalkisdefinedasthec:hangeinanyoneoutputaaaresultofanyomeroulputbeiDgdrivenfromVoUTMlNtoVotTrMAx@lOkHz 
into a 2kn load by meanaofvaryingtbe amplitudeofthereference signal. 

IDneAD396canbeusedwith aupply volrues as iowas ± ll.4V. See Figul'll!!7 nf~~fi.illd!!!!!.hee!. 

Sp<cificatioDs subject to cbanse without notice. 
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Units 

V 
V 
tJ.A 

Bits 

V 
mA 

%ofFSR4 

%ofFSR 
%ofFSR 
LSB 
LSB 

ppmFSRI"C 
ppm FSRt'C 

LSB 
LSB 

kG 
V 

tJ.s 

tJ.s 
mVp-p 
nV'sec 

LSB 
mVp-p 

V 

rnA 
mA 
mW 

%FS/% 
%FSI% 

OC 
°c 
OC 
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ABSOLUTE MAXIMUM RATINGS· 
+VstoDGNO ..•...••... 
-VstoDGNO .••...••... 
Digital Inputs (Pins 1-16) to OGNO 
VREFIN to DONO ...•...... 
AGNO to DGNO •...••..•• 
Analog Outputs (pins 18,21, 24, 27) 

-O.3V to + 17V 
+O.3V to -17V 
-O.3V to +7V 
..••. ±2SV 
+1l3V to +Vs 

• . . . . . . . . . . . . . Indefinite Shon to AGNO or DGNO 
Momentary Shon to ± V s 

*Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 

CAUTION: 

AD396 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

ORDERING GUIDE 

Temperature Linearity Error 
Model R_ Gain Error TmiIa-TIItIIg 

AD396JD Oto +70'C ±16LSB ±2LSB 
AD396KD Oto +70·C ±8LSB ±lLSB 
AD396SD - SS'C to + 12S'C ±16LSB ±2LSB 
AD396TD - SS'C to + 12S·C ±8LSB ±lLSB 

*DH·28A = Bonom Brazed Ceramic DIP. ForoudineinformationscePackage 
Information 5e(:tion. 

Package 
Option" 

DH-28A 
DH-28A 
DH-28A 
DH-28A 

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

WARNING! cJ 
~~EDEVICE 

PIN CONFIGURATION 

VREFlN1 

V~, 

+15V 

VREFIN2 

V~, 

AGND 

VREFIN3 

Voun 

-15V 

AO V_m 

\Vii V~. 

NC DGND 

CS' es. 

CS2 C53 

Theory of Operation 
The AD396 quad DAC provides four-quadrant multiplication. 
It is a hybrid comprised of four monolithic 14-bit CMOS multi
plying DACs and eight precision output amplifiers. Each of the 
four independent-buffered channels has an independent reference 
input capable of accepting a separate dc or ac signal for multiplying 
or for function generation applications. The CMOS DACs act as 
digitally programmable attenuators when used with a varying 
input signal or, if used with a fixed dc reference, the DAC 
would act as a standard bipolar output DAC. In addition, each 
DAC has data latches to buffer the converter when connected to 
a microprocessor data bus. 

MULTIPLYING MODE 
Figure I shows the transfer function for the AD396. The diagram 
indicates an area over which many different combinations of the 
reference input and digital input can result in a particular analog 
output voltage. The highlighted transfer line in the diagram 
indicates the transfer function for a fixed reference at the input. 
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RJNCTION DESCRIPTION 

DB' DATABlT7 
DB6 DATABITS 

DB. DATA BJT5JDATA8IT13IDACMSB} 
DM DATAB1T5IDATABlT1Z 
DB3 DATABlT3JDATABIT11 
DB2 DATABlT2IDATABlT10 

DB' DATABIT1IDATA8IT9 

.BO DATABITOJDATABIT8 ., ADDAESSLIHEO 

'0 ADDRESSUNE 1 
Wii WRlTEINPUT.ACTIVELOW 

NC NOCONNECTION 
CS1 CHIPSElECTDAC1.ACTNELOW 

CSi CHIPSElECTDAC2.AcnVELOW 

CSi CHIPSELECTDAC3.AcnYELOW 

CS4 CHIPSELECTDAC4.ACTNELOW 

DGND DIGITAL GROUND 

VOUT4 DAC4 VDLTAGEOUTPUT 

VUH".. DAC4REFERENCEINPUT 
-1SV -15VSUPPLYINPUT 

Voun DAC3VOLTAGEOUTPUT 

VAERJa OAC 3 REFERENCE INPUT 

AGND ANALOG GROUND 

Voon DAC2VOLTAGEOUTPUT 

VM_ DAC 2 REfERENCE INPUT 

+16V +15VSUPPLVINPUT 

Voun OAC 1 VOlTAGE OUTPUT 

VI\EFIN' DAt 1 REFERENCE INPUT 

g g g g g :;I g 

§ ~ ~ ~ ~ § § 
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:;I 8 8 
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~ 
§ 
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Figure 1. AD396 as a Four-Quadrant Multiplier of Reference 
Input and Digital Input 

DIGITAL-TO-ANALOG CONVERTERS 2-41 



AD396 
The digital codes above the diagram indicates the mid and end
points of the function. The relationship between the reference 
input (VREFlN), the digital input code, and the analog output is 
given in Table I below. Note that the reference input signal sets 
'the slope of the transfer function (and determines the full-scale 
output at code 111..111) while the digital input selects the hori
zontal position in each diagram. 

Table 1_ AD396 Bipolar Code Table 

DATA INPUT 

1111 III I 1111 11 

1100 0000 0000 00 

1000 0000 0000 01 

1000 0000 0000 00 

0111 1111 1111 11 

0100 0000 0000 00 

0000 0000 0000 00 

ANALOG OUTPUT VOLTAGE 
ANALOG OUTPUT (VREFIN = + 10 VOLTS) 

{8191 } + 1·(VREFlN) 8192 +9.9988V 

+ I·(VREFIN) {~} +S.OOOV 

+ 1,(VREFlN) {81192} +L22mV 

+ I'(VREFIN) {8~92} +O.OOOV 

-1'(VREFlN) {8:92} -L22mV 

-1·(VREFlN) {:::} -S.oooV 

{8192 } -1'(VREFlN) 8192 -IO.oooV 

DATA AND CONTROL SIGNAL FORMAT 
The AD396 accepts 14-bit data by loading two separate input 
registers off an 8-bit data bus, and then loading the internal 
DAC register. The LS (least significant) register is loaded with 
the bottom 8-bits of the 14-bit word by selecting the appropriate 
address lines (see Table II). The MS (most significant) register 
is loaded with the top 6-bits in a similar manner. The CS and 
WR line must also be asserted to load the registers. The internal 
DAC register can then be loaded with the 14-bit data word. The 
appropriate DAC or DACs are selected by asserting CSI-CS4 
(see Table III). If CSI-CS4 are all brought low coincidentally, 
all four DAC outputs will be updated to the value located in the 
DAC register. When Al =0 and Ao=O all DAC registers are 
transparent so by placing all Os or Is on the data inputs the user 
can load the DACs to zero or full scale in one write operation. 
This provides simple system calibration. 

Table n. Truth Table 

WR ~ Al AO Function 

X I X X Device not selected 

I X X X No data transfer 

0 0 0 0 DAC loaded directly from Data Bus 

0 0 0 I MS Input Register loaded from Data Bus 

0 0 I 0 LS Input Register loaded from Data Bus 

0 0 I I DAC Register loaded from Input Registers. 

Table m. DAC Select Matrix 

CSI CS2 CS3 CS4 Operation 

I I I I All DACs Latched 
0 I I I Load DAC I From Data Register 
I 0 I I Load DAC 2 From Data Register 
I I 0 I Load DAC 3 From Data Register 
I I I 0 Load DAC 4 From Data Register 
0 0 0 0 All DACs Simultaneously Loaded 

TIMING 
The AD396 timing is shown in Figure 2, and has restrictions as 
stated in Table IV. WR must maintain a minimum pulse width 
of 240ns for desired operation to occur. When loading data in 
from the data bus, data must be stable for at least 180ns before 
returning WR to a high state. The Data must be held constant 
for at least 30ns after WR goes high to assure latching of valid 
data. DAC settling time is measured from the falling edge of the 
WRcommand. 

NOTES 
1. ALL INPUT SIGNAL RISE AND FALL nMES MEASURED FROM 10% TO 90% OF +6V. t,=tt=2Ons. 
2. nMING MEASUREMENT REFERENCE LEVEL IS VII ~ YIL 

Figure 2. AD396 Timing Diagram 

Table IV. Timing Characteristics 

(Vee= +lSV, VEE= -lSV, VREF = +lOV) 

Limit at Umitat Umitat 
Parameter T A=2S"C TA=Oto +7O"C T A= -SS·Cto +12S"C Unita TestConditionsiCommeata 

tI 0 0 0 nsmin Address Valid to Write Setup Time 

t2 0 0 0 nsmin Address Valid to Write Hold Time 
t3 140 160 180 nsmin Data Setop Time 

4 20 20 30 nsmin Data Hold Time 
ts 0 0 0 nsmin Chip Select to Write Setup Time 

16 0 0 0 nsmin Chip Select to Write Hold Time 

t7 170 200 240 nsmin Write Pulse Width 
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FEATURES 
Complete a-Bit DAC 
Voltage Output - 0 to 2.56V 
Internal Precision Band-Gap Reference 
Single-Supply Operation: +5V (±10%) 
Full Microprocessor Interface 
Fast: 1 .... s Voltage Settling to ± 1/2LSB 
Low Power: 75mW 
No User Trims Required 
Guaranteed Monotonic Over Temperature 
All Errors Specified T min to T max 

Small 16-Pin DIP or 20-Pin PLCC Package 
Low Cost 

PRODUCT DESCRIPTION 
The AD557 DACPORT™ is a complete voltage-output g-bit 
digital-ta-analog converter, including output amplifier, full 
microprocessor interface and precision voltage reference on a 
single monolithic chip. No external components or trims are 
required to interface, with full accuracy, an g-bit data bus to an 
analog system. 

The low cost and versatility of the AD557 DACPORT are 
the result of continued development in monolithic bipolar 
technologies . 

The complete microprocessor interface and control logic is im
plemented with integrated injection logic (I2L), an extremely 
dense and low-power logic structure that is process-compatible 
with linear bipolar fabrication. The internal precision voltage 
reference is the patented low-voltage band-gap circuit which 
permits full-accuracy performance on a single + 5V power supply. 
Thin-ftlm silicon-chromium resistors provide the stability required 
for guaranteed monotonic operation over the entire operating 
temperature range, while laser-wafer trimming of these thin-fIlm 
resistors permits absolute calibration at the factory to within 
± 2.5LSB; thus, no user-trims for gain or offset are required. A 
new circuit design provides voltage settling to ± 1I2LSB for a 
full-scale step in gOOns. 

The AD557 is available in two package conftgurations. The 
AD557JN is packaged in a 16-pin plastic, O.3"-wide DIP. For 
surface mount applications, the AD557JP is packaged in a 20-pin 
JEDEC standard PLCC. Both versions are specifted over the 
operating temperature range of 0 to + 70°C. 

DACPORT i. a trademark of Analog Device., Inc. 
Covered by U.S. PateDt Nos. 3,881,863; 3,685,045; 4,323,195; other 
patents pendiog. 
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DACPORT Low Cost, Complete 
f.1P-Compatible 8-Bit DAC 

AD557 I 

FUNCTIONAL BLOCK DIAGRAM 

CONTROL 
INPUTS 

~ 
GND CS CE 

DIGITAL INPUT DATA (BUS) 

BIT 1 
(MSB). 

BIT. 
.ILSBj 

PRODUCT HIGHLIGHTS 

+Vee 

Vout SENSE A 

~-t--Wlr-\.) VOl" SENSE B 

GND 

1. The g-bit I2L input register and fully microprocessor
compatible control logic allow the AD557 to be directly 
connected to g- or 16-bit data buses and operated with standard 
control signals. The latch may be disabled for direct DAC 
interfacing. 

2. The laser-trimmed on-chip SiCr thin-fIlm resistors are cali
brated for absolute accuracy and linearity at the factory. 
Therefore, no user trims are necessary for full rated accuracy 
over the operating temperature range. 

3. The inclusion of a precision low-voltage band-gap reference 
eliminates the need to specify and apply a separate reference 
source. 

4. The AD557 is designed and specifted to operate from a single 
+4.5V to +5.5V power supply. 

5. Low digital input currents, IOO",A max, minimize bus loading. 
Input thresholds are TTUlow voltage CMOS compatible. 

6. The single-chip, low power J2L design of the AD557 is in
herently more reliable than hybrid multichip or conventional 
single-chip bipolar designs. 
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AD557 - SPECIFICATIONS (@ TA = +25C, Vee = +5V unless otherwise specified) 

Moclel Min 

RESOLUTION 

RELATIVE ACCURACY I 
Oto +7O"C 

OUTPUT 
Ranges 
Current Source +5 

Sink 

OUTPUT SETTLING TlME3 

FULL SCALE ACCURACY' 
@25°C 
Tmin to Tmax 

ZERO ERROR 
@25°C 
TminlOTmaz 

MONOTONICITYs 

TmintoTmax 

DIGITAL INPUTS 
TmintoTmax 
Input Current 
Data InpulS, Voltage 

Dit On-Logic "I" 2.0 
Bit On- Logic "0" 0 

Control Inputs, Voltage 
On-Logic"l" 2.0 
On - Logic "0" 0 

Input Capacitance 

TIMING" 
tw Strobe Pulse Width 225 

Tmin (oTmax 300 
tDH Data Hold Time 10 

TmintoTmax 10 
tDS Data Setup Time 225 

Tmin toTmax 300 

POWER SUPPLY 
Operating Voltage Range (V cc) 

2.56 Volt Range +4.5 
Current (IcC> 
Rejection Ratio 

POWER DISSIPATION, Vcc=5V 

OPERATING TEMPERATURE RANGE 0 

NOTES 

AD557J 
Typ Max Ullits 

8 Dits 

± 112 I LSD 

Oto +2.56 V 
rnA 

Internal Passive 
Pull-Down to Ground2 

0.8 1.5 JLS 

± 1.5 ±2.5 LSD 
±2.5 ±4.0 LSD 

±I LSD 
+3 LSD 

Guaranteed 

±loo JLA 

V 
0.8 V 

V 
0.8 V 

4 pF 

ns 
ns 
ns 
ns 
ns 
ns 

+5.5 V 
15 25 mA 

0.03 %1% 

75 125 mW 

+70 OC 

PIN CONFIGURATIONS 

DIP 

~ 
BIT 8 (LSB) ~ • ~ VOUT 

BIl7 ~ ~ VouTSENSEA 

BIT 6 ~ 14 VOUT SENSE B 

BIT 5 r"4 ADS57 13 GND 
~ TOPVIEW 

BIT 4 ~ fNottoScakt) 12 OND 

BlTa ~ ~ +VCC 

BlT2 ~ ~ Ci 

IMBB) BIT 1 IT ~ CE 

81TG,!4; ~. BITS 5 

NC 6 

8fT4 7 

mTl [! 

PLCC 

/ 0 

AD557 
TOPVIEW 

(Notto Seale, 

9111011'1111211'3 

~1l;!FuI~ 

~ VouySENSE 

1;7 GND 

16 Ne 

16 GND 

~+vcc 

Ne = NO CONNECT ~ 

Model 

AD557JN 
AD557JP 

ORDERING GUIDE 

Package 
Option· 

Plastic (N-16) 
PLCC(P-20A) 

Temperature 

Oto +7O"C 
Oto +7O"C 

I Relative Accuracy is defmed as the deviation of the code transition points from the ideal transfer point on a 
straight line from (he offset to the full scale ofthedevice. See" Measuring Offset Error" on ADS 58 data sheet. 

2Passive pull-down resistance is 2kfl. 

*N ~ Plastic DIP; P ~ Plastic Leaded Chip Carrier. For outline 
infonnation see Package Information section. 

3Senling time is specified for a positive-going full-scale step to ± 1/2LSB. Negative-going steps to zero 
are slower, but can be improved with an external pull-down. 

'The full-scale output voltage is l.SSV and is guaranteed with a + SV supply. 
sA monotonic converter bas a maximum differential linearity error of ± 1 LSB. 
6See Figure 7. 

Specifications shown in boldface are tested on all production units at final electrical test. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
V c.c to Ground 
Digital Inputs (Pins 1-10) 
VOUT ••.... 

Power Dissipation 
Storage Temperature Range 

NIP (Plastic) Packages 
Lead Temperature (soldering, 10 sec) 

..... OV to + 18V 

..... 0 to +7.0V 
Indefinite Short to Ground 

Momentary Short to Vee 
450mW 

~25°C to + 100°C 
300°C 
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Thermal Resistance 
Junction to Ambient/Junction to Case 

NIP (Plastic) Packages . . . . . . . 140/55°C/W 

*Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional ooeration of the tif":v1re at mese or a.!~y ether condltloii.s CibOvt 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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CIRCUIT DESCRIPTION 
The AD557 consists of four major functional blocks fabricated 
on a single monolithic chip (see Figure I). The main D/A converter 
section uses eight equally weighted laser-trimmed current sources 
switched into a silicon-chromium thin-film Rl2R resistor ladder 
network to give a direct but unbuffered OmV to 400mV output 
range. The transistors that form the DAC switches are PNPs' 
this allows direct positive-voltage logic interface and a zero-b:sed 
output range. 

CONTROL 
INPUTS 

.--'-----, 

DIGITAL 1NrUT DATA 

BITt BITS 
(MSB)' • • • • -(LSB) 

VouTSENSE A 

VouTSENSE B 

Figure 1. Functional Block Diagram 

The high-speed output buffer amplifier is operated in the nonin
verting mode with gain determined by the user-connections at 
the output range select pin. The gain-setting application resistors 
are thin film laser trimmed to match and track the DAC resistors 
and to assure precise initial calibration of the output range, OV 
to 2.56V. The amplifier output stage is an NPN transistor with 
passive pull-down for zero-based output capability with a single 
power supply. 

The internal precision voltage reference is of the patented band-gap 
type. This design produces a reference voltage of 1.2V and 
thus, unlike 6.3V temperature-compensated zeners, may be 
operated from a single, low-voltage logic power supply. The 
microprocessor interface logic consists of an 8-bit data latch and 
control circuitry. Low power, small geometry and high speed 
are advantages of the I2L design as applied to this section. I2L 
is bipolar process compatible so that the performance of the 
analog sections need not be compromised to provide on-chip 
logic capabilities. The control logic allows the latches to be 
operated from a decoded microprocessor address and write 
signal. If the application does not involve a ",p or data bus, 
wiring CS and CE to ground renders the latches "transparent" 
for direct DAC access. 

Digital Input Code Output 
Binary Hexadecimal Decimal Voltage 

0000 0000 00 0 0 
0000 0001 01 I O.OIOV 
0000 0010 02 2 0.020V 
0000 1111 OF 15 O.ISOV 
0001 0000 10 16 O.I60V 
0111 1111 7F 127 1.270V 
10000000 80 128 1.280V 
1100 0000 CO 192 1.920V 
1111 1111 FF 255 2.SSV 
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AD557 
CONNECTING THE AD557 
The AD557 has been configured for low cost and ease of appli
cation. All reference, output amplifier and logic connections are 
made internally. In addition, all calibration trims are performed 
at the factory assuring specified accuracy without user trims. 
The only connection decision to be made by the user is whether 
the output range desired is unipolar or bipolar. Clean circuit 
board layout is facilitated by isolating all digital bit inputs on 
one side of the package; analog outputs are on the opposite side. 

UNIPOLAR 0 TO + 2.S6V OUTPUT RANGE 
Figure 2 shows the configuration for the 0 to + 2. 56V full-scale 
output range. Because of its precise factory calibration, the 
AD557 is intended to be operated without user trims for gain 
and offset; therefore, no provisions have been made for such 
user trims. If a small increase in scale is required, however, it 
may be accomplished by slightly altering the effective gain of 
the output buffer. A resistor in series with VOUT SENSE will 
increase the output range. Note that decreasing the scale by 
putting a resistor in series with GND will not work properly 
due to the code-dependent currents in GND. Adjusting offset 
by injecting dc at GND is not recommended for the same 
reason. 

Figure 2. 0 to 2.56V Output Range 

BIPOLAR -1.28V TO + 1.28V OUTPUT RANGE 
The AD557 was designed for operation from a single power 
supply and is thus capable of providing only a unipolar 0 to 
+ 2.56V output range. If a negative supply is available, bipolar 
output ranges may be achieved by suitable output offsetting and 
scaling. Figure 3 shows how a ± 1.28V output range may be 
achieved when a - 5V power supply is available. The offset is 
provided by the AD589 precision 1.2V reference which will 
operate from a + 5V supply. The AD711 output amplifier can 
provide the necessary ± 1.28V output swing from ± 5V supplies. 
Coding is complementary offset binary. 

Figure 3. 

>----01 ....... vo 

INPUT CODE VOUT 

00000000 + t.28V 
10000000 OV 
11111111 -l.27V 

-tl.28TO 
-1.27 

Bipolar Operation of AD557 from ± 5V Supplies 
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AD557 -Applications 
GROUNDING AND BYPASSING 
All precision converter products require careful application of 
good grounding practices to maintain full rated performance. 
Because the AD557 is intended for application in microcomputer 
systems where digital noise is prevalent, special care must be 
taken to assure that its inherent precision is realized. 

The ADS 57 has two ground (common) pins; this minimizes 
ground drops and noise in the analog signal path. Figure 4 
shows how the ground connections should be made. 

Vo.,SENSEA ~ 

~~RL 
It---'-'l----TO SYSTEMGND 

- - - - - ..... TO SYSTEM GND 
O.1"F (SEE TEXT) 

[1,i}, ~==----"'TO SYSTEM Vee 
+Vcc 

Figure 4. Recommended Grounding and Bypassing 

It is often advisable to maintain separate analog and digital 
grounds throughout a complete system, tying them common in 
one place only. If the common tie-point is remote and accidental 
disconnection of that one common tie-point occurs due to card 
removal with power on, a large differential voltage between the 
two commons could develop. To protect devices that interface 
to both digital and analog parts of the system, such as the ADSS7, 
it is recommended that common ground tie-points should be 
provided at each such device. If only one system ground can be 
connected directly to the ADSS7, it is recommended that analog 
common be selected. 

USING A "FALSE" GROUND 
Many applications, such as disk drives, require servo control 
voltages that swing on either side, of a "false" ground. This 
ground is usually created by dividing the + 12V supply equally 
and calling the midpoint voltage "ground." 

Figure 5 shows an easy and inexpensive way to implement this. 
The ADS86 is used to provide a stable SV reference from the 
system's + l2V supply. The op amp shown likewise operates 
from a single ( + 12V) supply available in the system. The resulting 
output at the VOUT node is ± 2.SV around the "false" ground 
point of SV. ADSS7 input code vs. VOUT is shown in Figure 6. 

>--_+_--O Vour 

Figure 5. Level Shifting the AD557 Output Around a "False" 
Ground 
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TIMING AND CONTROL 
The AD557 has data input latches that simplify interface to 8-
and 16-bit data buses. These latches are controlled by Chip 
Enable (CE) and Chip Select (CS) inputs. CE and CS are interna1ly 
"NORed" so that the latches transmit input data to the DAC 
section when both CE and CS are at Logic "0". If the application 
does not involve a data bus, a "00" condition allows for direct 
operation of the DAC. When either CE or CS go to Logic "1," 
the input data is latched into the registers and held until both 
CE and CS return to "0." (Unused CE or CS inputs should be 
tied to ground.) The truth table is given in Table I. The logic 
function is also shown in Figure 6. 

Latch 
IupotD_t_ ~ ~ DACD_ta Condition 

0 0 0 0 "transparent" 
1 0 0 1 "transparent" 
0 I 0 0 latching 
1 j 0 1 latching 
0 0 I 0 latching 
1 0 I 1 latching 
X 1 X previous data latched 
X X 1 previous data latched 

Notes: X = Does not matter 
I == Logic Threshold at Positive-Going Transition 

Table I. AD557 Control Logic Truth Table 

7"V~OU' 
5.0 ----

2.' -----t--- , 
OOH 80H FFH 

AD557 INPUT CODE 

Figure 6. AD557 Input Code vs. Level Shifted Output in 
"False N Ground Configuration 

In a level-triggered latch such as that used in the AD557, there 
is an interaction between the data setup and hold times and the 
width of the enable pulse. In an effort to reduce the time required 
to test all possible combinations in production, the ADS57 is 
tested with TDs =Tw =225ns at 25°C and 300ns at Tmin and 
Tmax, with TDH = IOns at all temperatures. Failure to comply 
with these specifications may result in data not being latched 
properly. 

Figure 7 shows the timing for the data and control signals, CE 
and CS are identical in timing as well as in function. 

tv. '" STROBe PULSE WIDTH = 225ns min 
tot. = DATA HOLD ""E = 10nl min 
to. III DATA S£TUP TIME '" Z25n. min 
tuTn.wo '" DAe OUTftUT SEtTlING TtME TO :1/2 LBB 

Figure 7. AD557 Timing 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Complete 8-Bit DAC 
Voltage Output - 2 Calibrated Ranges 
Internal Precision Band-Gap Reference 
Single-Supply Operation: +5V to +15V 
Full Microprocessor Interface 
Fast: 1j.1s Voltage Settling to ±1/2LSB 
Low Power: 75mW 
No User Trims 
Guaranteed Monotonic Over Temperature 
All Errors Specified T min to T max 
Small 16-Pin DIP and 20-Pin PLCC Packages 
Single Laser-Wafer-Trimmed Chip for Hybrids 
Low Cost 
MIL~TD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The ADSS8 DACPOR'fI'M is a complete voltage-output 8-bit 
digital-to-analog converter, including output amplifier, full 
microprocessor interface and precision voltage reference on a 
single monolithic chip. No external components or trims are 
required to interface, with full accuracy, an 8-bit data bus to 
an analog system. 

The performance and versatility of the DACPORT is a result of 
several recently-developed monolithic bipolar technologies. 
The complete microprocessor interface and control logic is 
implemented with integrated injection logic (12 L), an extreme
ly dense and low-power logic structure that is process-compat
ible with linear bipolar fabrication. The internal precision 
voltage reference is the patented low-voltage band-gap circuit 
which permits full-accuracy performance on a single +SV to 
+lSV power supply. Thin-film silicon-chromium resistors 
provide the stability required for guaranteed monotonic op
eration over the entire operating temperature range (all grades), 
while recent advances in laser-wafer-trimming of these thin
film resistors permit absolute calibration at the factory to 
within ±lLSB; thus no user-trims for gain or offset are re
quired. A new circuit design provides voltage settling to 
±1I2LSB for a full-scale step in 800ns. 

The ADSS8 is available in four performance grades. The 
ADS S8J and K are specified for use over the 0 to +70°C tem
perature ranle, while the AD558S and T grades are speci-
fied for -SS C to +12SoC operation. The "J" and "K" grades 
are available either in 16-pin plastic (N) or hermetic ceramic 
(D) DIPS. They are also available in 20-pin JEDEC standard 
PLCC packages. The "S" and "T" grades are available in the 
16-pin hermetic ceramic DIP package. 

-Protected by U.S. Patent Nos. 3,887,863,3,685,045.4,323,795, 
Patents Pending. 

DACPORT is a trademark of Analog Deviees, Inc. 
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DACPORT 
Low Cost, Complete 

fJ-P-Compatible 8-Bit DAC 
AD558 I 

FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. The 8-bit 12 L input register and fully microprocessor

compatible control logic allow the ADS58 to be directly 
connected to 8- or 16-bit data buses and operated with 
standard control signals. The latch may be disabled for 
direct DAC interfacing. 

2. The laser-trimmed on-chip SiCr thin-film resistors are cali
brated for absolute accuracy and linearity at the factory. 
Therefore, no user trims are necessary for full rated ac
curacy over the operating temperature range. 

3. The inclusion of a precision low-voltage band-gap reference 
eliminates the need to specify and apply a separate refer
ence source. 

4. The voltage-switching structure of the ADS58 DAC section 
along with a high-speed output amplifier and laser-trimmed 
resistors give the user a choice of OV to +2.56V or OV·to 
+10V output ranges, selectable by pin-strapping. Circuitry 
is internally compensated for minimum settling time on 
both ranges; typically settling to ±1I2LSB for a full-scale 
2.55 volt step in 800ns. 

S. The AD5S8 is designed and specified to operate from a 
single +4.SV to +16.5V power supply. 

6. Low digital input currents, 100llA max, minimize bus 
loading. Input thresholds are TTL/low voltage CMOS 
compatible over the entire operating Vee range. 

7. All AD5S8 grades are available in chip form with guar
anteed specifications from +2SoC to Tmax. MIL-STD-883, 
Class B visual inspection is standard on Analog Devices 
bipolar chips. Contact the factory for additional chip 
information. 

8. The AD558 is available in versions compliant with MIL
STD-883. Refer to Analog Devices Military Products 
Databook or current ADS88/883B data sheet for detailed 
specifications. 
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AD558 - SPECIFICATIONS (@ TA = +25°C. Vee = +5V to +15V unless otharwise spaclfied) 

Model 

~558J AD558K AD558S' AD558T' 
MID Tn> Mas MID Tn> Max MID Tn> Mas MID Tn> Mas UallS 

RESOLUTION 8 8 8 8 Hiu 

RELATIVE ACCURAcY' 
010 +7O'C ",Ill ",1/4 ",Ill :1/4 LSB 
- 55"C 10 + 125"C ",3/4 ",3/8 LSB 

OUTPUT 

RInFs' 010+2.56 Oto +2.56 Oto+2.56 Oto +2.56 V 
010 + 10 Oto +10 Oto +10 0[0 +10 V 

Current Source +5 +5 +5 +5 IDA 

Sink lotemal Passive Internal Passive lotemal Passive lotemal Passive 
PulI·Down 10 Ground' Poll-Down to Ground Pul1~:Down to Ground Poll·Down to GrouDd 

OUTPUT SETTLING TIME' 
0102.56Vo1tRause 0.8 1.5 0.8 I.5 0.8 I.5 0.8 
OtolOVoltRause' 2.0 3.0 2.0 3.0 2.0 3.0 2.0 

FULL SCALE ACCURACY' 
@25"C "'1.5 "'0.5 "'1.5 
TIQin to Tmu; :2.5 ",I :2.5 

ZERO ERROR 
@25"C :1 : III :1 
Tmin to T_ ",2 ±l :2 

MONOTONICITY' 
TRlin toT_ Guaranteed Guaranteed Guaranteed Guaranteed 

DIGITAL INPUTS 
TmintoT_ 
Input Current :100 :100 :100 
Data Inputs, Voltage 

Hit Da-Logic "I" 2.0 2.0 2.0 2.0 
Bit On-Logic "0" 0 O.s 0 0 0 

Controllnpu~J Voltage 
On-Logic "I" 2.0 2.0 2.0 2.0 
On-Logic "0" 0 O.S 0 0.8 0 0.8 0 

Input Capacitance 4 4 4 

TlMlNG' 
tw Strobe Pulse Width ZOO 200 200 200 

T_toT_ 270 270 270 270 
tDH Da[8 Hold Time 10 10 10 10 

Tmm to Tmax 10 10 10 10 
los Data Set,:,Up T~e 200 200 200 200 

TmintoT_ 270 270 270 270 

POWER SUPPLY 
Operating Voltage Rause(Vccl 

2.56 Volt Rause +4.5 +16.5 +4.5 +16.5 +4.5 +16.5 +4.5 
10VoitRause +11.4 +16.5 +11.4 +16.5 +11.4 +16.5 +11.4 
Current (Icc) 15 Z5 15 25 15 25 
Rejection Ratio 0.03 0.03 0.03 

POWER DISSIPATION, Vcc~5V 75 125 75 125 75 125 
Voc: 15V 225 375 225 375 225 375 

OPERATING TEMPERATURE RANGE 0 +70 0 +70 55 +125 -55 

NOTES 
'The ADSS8 S & T gradesareavaila~leproccssed and screened toMIL·STD-883 Class B. CoDsuitAnalog Devices' .Military Databook fordetails. 
lRelative Accuracy is defined as the deviation ofthc code transition points from the ideal transfer point on a straight line from the offset to the fuJI scale of the device. See ., Measuring 
Offset Error". 

)Operation of tbe 0 to 10 volt output range requires a minimum supply voltage of + 11.4 volts. 
"Passive pull-downresistanceislkOfor 2.S6voltrange, 10ldl for IOvoit range. 
5Setding time is specifred for a positive-going full-scale step to ± 1I2LSB. Negative-going steps to zero are slower, but can be improved with an external pull-down. 
60Jbe full rangeoutput voltage forthe2.S6range is 2.SSV and is guiranteed with a + SV supply, for the IOV range, it is 9.960V guaranteed witha + lSV supply. 
7 A monotomcconverter basa~differentiallinearityerrorof ± lLSB. 
'See Figure 7. 
Specifications shown in boldface are tested on aU production units at final electrical test. 
SpeciflClltionS subject to change without notice. 

2-48 DIGITAL-TO-ANALOG CONVERTERS 

4 

15 

75 
225 

1.5 '" 3.0 ILS 

:0.5 LSB 
:1 LSB 

"'Ill LSB 

"'I LSB 

100 "A 

V 
V 

V 
0.8 V 

pF 

ns 
os 
os 
os 
ns 
os 

+16.5 V 
+16.5 V 
25 mA 
0.03 %/% 

125 mW 
375 mW 
+125 "C 
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AD558 

ABSOLUTE MAXIMUM RATINGS· AD558 METALIZATION PHOTOGRAPH 
V <X to Ground ..... 
Digital Inputs (Pins 1-10) 
VOUT •••.•• 

Power Dissipation 
Storage Temperature Range 

NIP (Plastic) Packages 
D (Ceramic) Package . 

..... OV to + ISV 

. . .. OV to +7.0V 
Indefmite Short to Ground 

Momentary Short to V <X 

..... 450mW 

- 25°C to + 100°C 
- 55°C to + 150°C 

Lead Temperature (soldering, 10 sec) . 
Thermal Resistance 

. . . . .. 300°C 

Junction to AmbientlJunction to Case 
D (Ceramic) Package. 
NIP (Plastic) Packages . . . . . . 

lOO/30°C/W 
140/55°C/W 

r-.... 
12.2) 

,. 

Dimensions shown in inches and (mm), 

11 12 '3 

,. 

'5 

Ii. 
ii: 

14 ~ 

",~~------- •• 11212..) --------4Of.1 
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ORDERING GUIDE 

Relative Accuracy Full Scale 
Error Max Error,Max Package 

Modell Temperature TmintoT""", TmintoTmax Option2 

AD55SJN Oto + 70°C ±1I2LSB ±2.5LSB Plastic (N-16) 
AD55SJP Oto + 70°C ±1I2LSB ±2.5LSB PLCC(P-20A) 
AD55SJD Oto + 70°C ±1I2LSB ±2.5LSB TO-1l6(D-16) 
AD55SKN Oto +700C ±1I4LSB ±ILSB Plastic (N-16) 
AD55SKP Oto +70OC ±1I4LSB ±ILSB PLCC(P-20A) 
AD55SKD Oto + 70°C ±1I4LSB ±ILSB TO-1l6(D-16) 
AD55SSD - 55°C to + 125°C ±3/4LSB ±2.5LSB TO-1l6(D-16) 
AD55STD - 55°C to + 125°C ±3/SLSB ±ILSB TO-1l6(D-16) 

NOTES 
'Por details on grade and package offerings screened in accordance with MIL-STD-883, refer to 
Analog Devices' MilitBry Products Databook or current AD558/883B data sheet. 

2D = CeramicDIP;N = Pl8stic DIP; P = Plastic LeaciedCbip Carrier. Por outline information see 
Package Information section. 

Figure 1a. AD558 Pin Configuration (DIP) 

~iI ~ >~~ 
CI ~..: lB 

Ii ~ ~ I~ 111 
;; 

Ne = NO CONNECT ! 

Figure 1b. AD558 Pin Configuration (PLCC) 
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AD558 
CIRCUIT DESCRIPTION 
The ADS 58 consists of four major functional blocks, fabri
cated on a single monolithic chip' (see Figure 2). The main 
D to A converter section uses eight equally-weighted laser-trim
med current sources switched into a silicon-chromium thin
film R/2R resistor ladder network to give a direct but unbuf
fered OmV to 400mVoutput range. The transistors that form 
the DAC switches are PNPs; this allows direct positive-voltage 
logic interface and a zero-based output range. 

CONTROL 
INPUTS 

,...---'----,. 
cs CE 

DIGITAL INPUT DATA . 
Lsa 

, 
MSB 

DBO DB1 D82 DB3 D84 D86 PH D87 

YouT 

VouTSENSE 

'---t-"""'-< \toUT SELECT 

Figure 2. AD558 Functional Block Diagram 

The high-speed output buffer amplifier is operated in the non
inverting mode with gain determined by the user-connections 
at the output range select pin. The gain-setting application 
resistors are thin-film laser-trimmed to match and track the 
DAC resistors and to assure precise initial calibration of the 
two output ranges, OV to 2.S6V and OV to 10V. The amplifier 
output stage is an NPN transistor with passive pull-down for 
zero-based output capability with a single power supply. 

Digital Input Code 

Binary Hexadecimal Decimal 

00000000 00 0 
00000001 01 1 
00000010 02 2 
00001111 OF 15 
00010000 10 16 
01111111 7F 127 
10000000 80 128 
11000000 CO 192 
11111111 FF 255 

The internal precision voltage reference is of the patented 
band-gap type. This design produces a reference voltage of 1.2 
volts and thus, unlike 6.3 volt temperature-compensated zeners, 
may be operated from a single, low-voltage logic power supply. 
The microprocessor interface logic consists of an 8-bit data 
latch and control circuitry. Low-power, small geometry and 
high-speed ·are advantages of ·the 12L design as applied to this 
section. 12 L is bipolar process compatible so that the perform
ance of the analog sections need not be compromised to pro
vide on-chip logic capabilities. The control logic allows the 
latches to be operated from a decoded microprocessor ad
dress and write signal . .!!..the awication does not involve a 
tJ.P or data bus, wiring CS and CE to ground renders the latches 
"transparent" for direct DAC access. 

MIL-STD-883 
Th~ rigors of the military/aerospace environment, temperature 
extremes, humidity, mechanical stress, etc., demand the utmost 
in electronic circuits. The AD5S8, with the inherent reliability 
of integrated circuit construction, was designed with these 
applications in mind. The hermetically-sealed, low profile 
DIP package takes up a fraction of the space required by 
equivalent modular designs and protects the chip from haz
ardous environments. To further ensure reliability, military
temperature range ADS 58 grades Sand T are available screened 
to MIL-STD-883. For more complete data sheet information 
consult the Analog Devices' Militaty Databook. 

CHIP AVAILABILITY 
The ADSS8 is available in laser-trimmed, passivated chip form. 
AD5S8J and ADS58T chips are available. Consult the factory 
for details. 

Output Voltage 

2.S6V Range to.OOV Range 

0 0 
0.010V 0.039V 
0.020V 0.078V 
0.lS0V 0.S86V 
0.160V 0.62SV 
1.270V 4;961V 
1.280V 5.000V 
1.920V 7.S00V 
2.SSV 9.961V 

Input Logic Coding 
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CONNECTING THE ADSS8 
The ADSS8 has been configured for ease of application. All 
reference, output amplifier and logic connections are made 
internally. In addition, all calibration trims are performed at 
the factory assuring specified accuracy without user trims. The 
only connection decision that must be made by the user is a 
single jumper to select output voltage range. Clean circuit· 
board layout is facilitated by isolating all digital bit inputs on 
one side of the package; analog outputs are on the opposite side. 

Figure 3 shows the two alternative output range connections. 
The OV to 2.S6V range may be selected for use with any 
power supply between +4.SV and + 16.SV. The OV to 10V 
range requires a power supply of +11.4V to +16.SV. 

Because of its precise factory calibration, the ADS 58 is in
tended to be operated without user trims for gain and offset; 
therefore no provisions have been made for such user-trims. 
If a small increase in scale is required, however, it may be ac
complished by slightly altering the effective gain of the output 
buffer. A resistor in series with VOUT SENSE will increase the 
output range. 

.i:---[ill--:J.. GND 

a. OV to 2.56V Output Range b. OV to 70V Output Range 

Figure 3. Connection Diagrams 

For example if a OV to 10.24V output range is desired (4OmV 
= lLSB), a nominal resistance of 8S0n is required. It must be 
remembered that, although the internal resistors all ratio
match and track, the absolute tolerance of these resistors is 
typically ±20% and the absolute TC is typically -SOppmtC 
(O to -10OppmtC). That must be considered when re-scaling 
is performed. Figure 4 shows the recommended circuitry for a 
full-scale output range of 10.24 volts. Internal resistance values 
shown are nominal. 

NOTE: Decreasing the scale by putting a resistor in series with 
GND will not work properly due to the code-dependent cur
rents in GND. Adjusting offset by injecting de at GND is not 
recommended for the same reason. 

>'--11,8t----t-<- VOUT 
..." 

Figure 4. 10.24V Full-Scale Connection 
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Applications-AD558 
GROUNDING AND BYPASSING" 
All precision converter products require careful application of 
good grounding practices to maintain full rated performance. 
Because the ADSS8 is intended for application in microcom
puter systems where digital noise is prevalent, special care must 
be taken to assure that its inherent precision is (ealized. 

The ADSS8 has two ground (common) pins; this minimizes 
ground drops and noise in the analog signal path. Figure S 
shows how the ground connections should be made. 

It is often advisable to maintain separate analog and digital 
grounds throughout a complete system, tying them common 
in one place only. If the common tie-point is remote and ac
cidental disconnection of that one common tie-point occurs 
due to card removal with power on, a large differential volt
age between the two commons could develop. To protect de
vices that interface to both digital and analog parts of the 
system, such as the ADSS8, it is recommended that common 
ground tie-points should be provided at each such device. If 
only one system ground can be connected directly to the 
ADSS8, it is recommended that analog common be selected. 

OUTPUT 
AMP 

k-:t--- TO SYSTEM GND 
---..... TO SYSTEM GND 
O.1"F (SEE TEXT) 

11:J..-:=----I~ TO SYSTEM Vee 

Figure 5. Recommended Grounding and Bypassing 

POWER SUPPLY CONSIDERATIONS 
The ADSS8 is designed to operate from a single positive power 
supply voltage. Specified performance is achieved for any sup
ply voltage between +4.SV and +16.SV. This makes the 
ADSS8 ideal for battery-operated, portable, automotive or 
digital main-frame applications. 

The only consideration in selecting a supply voltage is that, in 
order to be able to use the OV to 10V output range, the power 
supply voltage must be between +11.4V and +16.SV. If, how
ever, the OV to 2.S6V range is to be used, power consumption 
will be ininimized by utilizing the lowest available supply 
voltage (above +4.SV). 

TIMING AND CONTROL 
The ADSS8 has data input latches that simplify interface to 
8- and 16-bit data buses. These latches are controlled by Chip 
Enable (CE) and Chip Select (CS) inputs. CE and CS are inter
nally "NORed" so that the latches transmit input data to the 
DAC section when both CE and CS are at Logic "0". If the 
application does not involve a data bus, a "00" condition 
allows for direct operation of the DAC. When either CE or 
CS go to Logic "1", the input data is latched into the registers 

"For additional insight, "An IC Amplifier Users' Guide to Decoupling, 
Grounding and Making Things Go Right For A Change", is available 
at no charge from any Analog Devices Sales Office. 
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AD558 
and held until both CE and CS return to "0". (Unused CE or 
CS inputs should be tied to ground.) The truth table is given 
in Table I. The logic function is also shown in Figure 6. 

Latch 
Input Data 

o 
CE 

0 

CS 
0 

DACData Condition 

0 "transparent" 

o 
1 

o 
1 

X 
X 

0 

~ 
~ 
0 
0 

X 

0 

0 

0 

~ 
~ 
X 

1 "transparent" 
0 latching 
1 latching 
0 latching 
1 latching 

previous data latched 

previous data latched 

Notes, X = Does not matter 

~ = Logic Threshold at Positive-Going Transition 

Table I. AD558 Control Logic Truth Table 

I 
INPUT DATA -r-----uv-I 

CT-+-Fl' r 
co I I }r----

DACDATA ~ 1\---
Figure 6. AD558 Control Logic Function 

In a level-triggered latch such as that in the ADS 58 there is 
an interaction between data setup and hold times and the 
width of the enable pulse. In an effort to reduce the time 
required to test all possible combinations in production, the 
AD558 is tested with tDS = tw = 200ns at 25°C and 270ns at 
Tmin and Tmax, with tDH = 10ns at all temperatures. Failure 
to comply with these specifications may result in data not 
being latched properly. 

Figure 7 shows the timing for the data and control signals; 
CE and CS are identical in timing as well as in function. 

tw = STROBE PULSE WIDTH = ZODns min 
IDH = OATA HOLD TIME - , .. min 
to. .. DATA SETUP TIME = .... min 
taEnuNa • DAC OUTPUT SETTUNG TIME TO :1:1/2 LS8 

Figure 7. AD558 Timing 
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USE OF VOUT SENSE 
Separate access to the feedback resistor of the output ampli
fier allows additional application versatility. Figure 8a shows 
how IX R drops in long lines to remote loads may be cancelled 
by putting the drops "inside the loop." Figure 8b shows how 
the separate sense may be used to provide a higher output 
current by feeding back around a simple current booster. 

VOUT SENSE 
ov TO +1OV :y. VOUT 

ftL 

a. Compensation for I x R Drops in Output Lines 

Vee 

VOUT 
r~---;lt--- OVTO+2.66V 

b. Output Current Booster 

Figure 8. Use of VOUT Sense 

OPTIMIZING SETTLING TIME 
In order to provide single-supply operation and zero-based 
output voltage ranges, the ADSS8 output stage has a passive 
"pull-down" to ground. As a result, settling time for negative
going output steps may be longer than for positive-going out
put steps. The relative difference depends on load resistance 
and capacitance. If a negative power supply is available, the 
negative1loing settling time may be improved by adding a pull
down resistor from the output to the negative supply as shown 
in Figure 9. The value of the resistor should be such that, at 
zero voltage out, current through that resistor is O.SmA max. 

ADS58 

Figure 9. Improved Settling Time 

BIPOLAR OUTPUT RANGES 
The ADSS8 was designed for operation from a single power 
supply and is thus capable of providing only unipolar (OV to 
+2.S6 and OV to 10V) output ranges. If a negative supply is 
available, bipolar output ranges may be achieved by suitable 
output offsetting and scaling. Figure 10 shows how a ±1.28 
volt output range may be achieved when a -S volt power sup
ply is available. The offset is provided by the ADS89 precision 
1.2 volt reference which will operate from a +S volt supply. 
The ADS44 output amplifier can provide the necessary ±1.28 
volt output swing from ±S volt supplies. Coding is complemen
tary offset binary. 
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6kD 

INPUT CODE VOUT 

00000000 +12BV 
10000000 ov 

-5V 
11111111 -l.21V 

Figure 10. Bipolar Operation of AD558 from ±5V 
Supplies 

MEASURING OFFSET ERROR 
One of the most commonly specified end-point errors 
associated with real-world non ideal DACs is offset error. 

In most DAC testing, the offset error is measured by applying 
the zero-scale code and measuring the output deviation from 
o volts. There are some DACs,like the ADSS8 where offset 
errors may be present but not observable at the zero scale, 
because of other circuit limitations (such as zero coinciding 
with single-supply ground) so that a nonzero output at zero 
code cannot be read as the offset error. Factors like this make 
testing the ADSS8 a little more complicated. 

By adding a pUlidown resistor from the output to a negative 
supply as shown in Figure 11, we can now read offset errors 
at zero code that may not have been observable due to circuit 
limitations. The value of the resistor should be such that, at 
zero voltage out, current through the resistor is O.SmA max. 

REV. A 

a. OV to 2.58V Output Range 

b. OV to 10V Output Range 

Figure ". Offset Connection Diagrams 

Applying the AD558 
INTERFACING THE ADSS8 TO MICROPROCESSOR DATA 
BUSES 
The ADSS8 is configured to act like a "write oniy" location 
in memory that may be made to coincide with a read only 
memory location or with a RAM location. The latter case 
allows data previously written into the DAC to be read back 
later via the RAM. Address decoding is partially complete for 
either ROM or RAM. Figure 12 shows interfaces for three 
popular microprocessor systems. 

Rllil ~ C£ 
GATED DECODED ADDRESS -+ fI' 

a. 6800/AD558 Interface 

8080A 

DATA BUS 

flEMW ~C£ 
DECODED ADDRESS SELECT PULSE -+ B" 

b. 8080A/AD558 Interface 

COP 1802: MWR -+ er 
DECODED ADDRESS SELECT PULSE -+ a 

c. 1802/AD558 Interface 

Figure 12. Interfacing the AD558 to Microprocessors 
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AD558-Performance (typical @ +25°C, Vee = +5V to + 15V unless otherwise noted) 

FULL 
SCALE 
ERROR 

ZERO 

LSB 
1.75 
1.50 
1.25 -- ALLAD558 
1.00 --- - AD558S. T 
0.75 
0.50 
0.25 

0 
-0.26 , , , 
-0.50 
-0.75 
-1.00 

-56 -25 0, +25 +50 +75 .,00 +125 ·c 
1 LSB = 0.39% OF FULL-SCALE 

Figure 13. Full-SCale Accuracy VB. Temperature 
Performance of AD558 

LSB 

1/2 
-- ALLAD658 
- - - - AD568S. T 

ERROR 1/4 
~,. 

o----~--~--+=~~~~~-~-~~--~~~ 
-55 -25 0 +25 +50 +75 +100 +125 ·C 

-1/4 

-1/2 
1LSB=0.39%OF FULL-SCALE 

Figure 14. Zero Drift vs. Temperature Performance 
ofAD558 

rnA 

16 

14 

----------12 

10 

4 6 8 10 12 14 16 18VOLTS 

Vee 

Figure 15. Quiescent Current vs. Power Supply 
Voltage for AD558 
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DATA INPUT. 
TTL LEVELS 

VOUT. 

1 LSB/DIV 

HORIZONTAL: 200ns/DIV 

Figure 16., AD558 Settling CharacteriBtic Detail 
OV to 2.56V Output Range Full-Scale Step 

DATA INPUT. 
TTL LEVELS 

VOUT. 

1/2LSB/DIV 

HORIZONTAL: 500ns/DIV 

Figure 17. AD558 Settling Characteristic Detail 
OV to 10V Output Range Full-Scale Step 

CSANDCE 

STROBE PULSE 

DATA IN. 
ALL BITS 

VOUT. 
OVTO 2.56V 

RANGE 

HORIZONTAL: 100ns/DIV 

Figure 18. AD558 Logic Timing 
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~ANALOG 
WDEVICES 

FEATURES 
Complete Current Output Converter 
High Stability Buried Zener Reference 
Laser Trimmed to High Accuracy (1/4LSB Max Error, 

AD561K, n 
Trimmed Output Application Resistors for 0 to + 10, :t 5 

Volt Ranges 
Faat Sattling - 250ns to 112LSB 
Guaranteed Monotonicity Over Full Operating 

Temperatura Range 
TTLlDTL and CMOS Compatible (Positive True Logic) 
Single Chip Monolithic Construction 
Available in Chip Form 
MIL-STD-883-Compliant Versions Available 

PRODUCT DESCRIPTION 
The ADS61 is an integrated circuit 10-bit digital-to-analog 
converter combined with a high stability voltage reference 
fabricated on a single monolithic chip. Using 10 precision high
speed current-steering switches, a control amplifier, voltage 
reference, and laser-trimmed thin-film SiCr resistor network, 
the device produces a fast, accurate analog output current. 
Laser trimmed output application resistors are also included to 
facilitate accurate, stable current-to-voltage conversion; they 
are trimmed to 0.1 % accuracy, thus eliminating external trim
mers in many situations. 

Several important technologies combine to make the ADS61 
the most accurate and most stable lO-bit DAC available. The 
low temperature coefficient, high stability thin-film network 
is trimmed at the wafer level by a fine resolution laser system 
to 0.01 % typical linearity. This results in an accuracy specifica
tion of ±1I4LSB max for the K and T versions, and 1I2LSB 
max for the J and S versions. 

The ADS61 also incorporates a low noise, high stability subsur
face zener diode to produce a reference voltage with excellent 
long term stability and temperature cycle characteristics which 
challenge the best discrete zener references. A temperature 
compensation circuit is laser-trimmed to allow custom correc
tion of the temperature coefficient of each device. This results 
in a typical full-1lcale temperature coefficient of ISppml"C; the 
T.C. is tested and guaranteed to 30ppm/oC max for the K and 
T versions, 6Oppml"C max for the S, and 80ppm/oC for the J. 

The ADS61 is available in four performance grades. The 
ADS61J and K are specified for use over the 0 to +70oC 
temperature range and are available in either a 16-pin 
hermeticallY-1lealed ceramic DIP or a 16-pin molded plastic 
DIP. The ADS61S and T grades are specified for the -SSoC 
to +12SoC range and are available in the ceramic package. 

*Proteeted by Patent Nos.: 3,940,760; 3,747,088; RE 28,633; 
3,803,590; RE 29,619; 3,961,326; 4,141,004; 4,213,806; 
4,136,349. 
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Low Cost 10-Bit 
Monolithic Of A Converter 

A0561* I 

FUNCTIONAL BLOCK DIAGRAM 

TO-116 

BIPOLAR 
OFFSET 

PRODUCT HIGHLIGHTS 

RFB 

1. Advanced monolithic processing and laser trimming at the 
wafer level have made the ADS61 the most accurate lO-bit 
converter available while keeping costs consistent with large 
volume integrated circuit production. The ADS61K and T 
have 1I4LSB max relative accuracy and 112LSB max differ
ential nonlinearity. The low T.C. R-2R ladder guarantees 
that all ADS61 units will be monotonic over the entire 
operating temperature range. 

2. Digital system interfacing is simplified by the use of a posi
tive true straight binary code. The digital input voltage 
threshold is a function of the positive supply level; connect
ing Vee to the digital logic supply automatically sets the 
threshold to the proper level for the logic family being used. 
Logic sink current requirement is only 2S/JA. 

3. The high speed current steering switches are designed to 
settle in less than 2S0ns for the worst case digital code 
transition. This allows construction of successive-approxi
mation AID converters in the 3 to S/Js range. 

4. The ADS61 has an output voltage compliance range from 
-2 to + 10 volts, thus allowing direct current-to-voltage 
conversion with just an output resistor, omitting the op amp. 
The 40MSl open collector output impedance results in negli
gible errors due to output leakage currents. 

S. The ADS61 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current ADS611883B data sheet for detailed specifications. 
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AD561-SPECIFICATIONS (TA = +25·C. Vee = -15V. unless otherwise specified.' 

MODEL 

RESOLUTION 

ACCUMCY (Error Relative 
to Full Scale) 

DIFFERENTIAL NONLINEARITY 

DATA INPUTS 
TIL. Vee = +SV 

Bit ON Logic "I" 
Bit OFF Logic "0" 

CMOS. 10V .;; Vee';; 16.SV 
Bit ON Logic "I" 
Bit OFF Logic "0" 

Logic Current (Each Bit) (Tmia to Tmax) 
Bit ON Logic "I" 
Bit OFF Logic "0" 

OUTPUT 
Current 

Unipolar 
Bipolar 

Resistance (Exclusive of 
Application Resistors) 

Unipolar Zero (All Bits OFF) 
Capacitance 
Compliance Voltage 

SETILING TIME TO 1I2LSB 
All Bits ON·to.()FF or OFF-to'()N 

POWER REQUIREMENTS 
Vee. +4.SV dc to +16.SV dc 
VEE' -10.BV dc to -16.SV dc 

POWER SUPPLY GAIN SENSITIVITY 
Vee. +4.SV dc to +16.SV dc 
VEE' -10.BV dc to -16.SV dc 

TEMPERATURE RANGE 
Operating 
Storage ("0" Package) 

("N" Package) 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero 
Bipolar Zero 
Full Scale 
Differential Nonlinearity 

MONOTONICITV 

PROGRAMMABLE OUTPUT 
RANGES 

CALIBRATION ACCURACY 
Full Scale Error with Fixed 2Sn 

Resistor 
Bipolar Zero Error with Fixed IOn 

Resistor 

CALIBRATION ADJUSTMENT 
RANGE 
Full Scale (With SOn Trimmer) 
Bipolar Zero (With SOn Trimmer) 

NOTES 
'Specifi<ations same as ADS61J specs. 
Specifi<ations subject to change without notice. 

AD561J 
MIN TVP MAX 

10 Bits 

t1l4 t1l2 
(0.02S) (O.OS) 

tl12 

+2.0 
+O.B 

70% Vee 
30% Vee 

+S +100 
-S -2S 

1.5 2.0 2.4 
to.7S tl.O tl.2 

40M 
0.01 O.OS 
2S 

-2 -3 +10 

2S0 

B 10 
12 16 

2 10 
4 2S 

o to +70 
-6S to +lS0 
-2S, to +BS 

1 10 
2 20 
15 BO 
2.S 

Guaranteed over full 
operating temp. range 

o to +10 
-S to +S 

to.1 

to.l 

to.S 
to.S 
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AD561K 

MIN TVP MAX 

10 Bits 

tllB t1l4 
(0.012) (0.02S) 

t1l4 tl12 

• 
• 

• 
• 

• • 
• • 

• • • 
• • • 

• 
• • 
• 

• • • 

• 

• · • • 

• • 
• • 

• • · • 
• • 

1 S 
2 10 
IS 30 
2.S 

Guaranteed over full 
operating temp. range 

• 
• 

• 

• 

· • 

UNITS 

LSB 
% of F.5. 

LSB 

V 
V 

IV 
V 

nA 
J.IA 

mA 
mA 

n 
% of F.5. 
pF 
V 

ns 

mA 
mA 

ppm of F.S.I% 
ppm of F.S.I% 

·C 
·C 
'c 

ppm of F.S./C 
ppmofF.S./C 
ppmofF.Sfc 
ppmofF.Sfc 

V 
V 

% of F.5. 

%ofF.S. 

% of F.5. 
% of F.5. 
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MODEL 

RESOLUTION 

ACCURACY (Error Relative 
to Full Scale) 

DIFFERENTIAL NONLINEARITY 

DATA INPUTS 
TTL. Vee = +5V 

Bit ON Logic "I" 
Bit OFF Logic "0" 

CMOS. IOV';;; Vee';;; 16.5V 
Bit ON Logic "r" 
Bit OFF Logic "0" 

Logic Current (Each Bit) (Tmin to Tmax) 
Bit ON Logic "I" 
Bit OFF Logic "0" 

OUTPUT 
Current 

Unipolar 
Bipolar 

Resistance (Exclusive of 
Application Resistors) 

Unipolar Zero (All Bits OFF) 
Capacitance 
Compliance Voltage 

SETTLING TIME TO 112LSB 
All Bits ON-to-oFF or OFF-to-oN 

POWER REQUIREMENTS 
Vee. +4.5V dc to +I6.SV dc 
VEE' -IO.SV dc to -I6.SV dc 

POWER SUPPLY GAIN SENSITIVITY 
Vee. +4.SV dc to +I6.5V dc 
VEE' -IO.BV dc to -I6.SV dc 

TEMPERATURE RANGE 
Operating 
Storage 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero 
Bipola,r Zero 
Full Scale 
Differential Nonlinearity 

MONOTONICITY 

PROGRAMMABLE OUTPUT 
RANGES 

CALIBRATION ACCURACY 
Full Scale Error with Fixed 2Sn 

Resistor 
Bipolar Zero Error with Fixed IOn 

Resistor 

CALIBRATION ADJUSTMENT 
RANGE 
Full Scale (With 50n Trimmer) 
Bipolar Zero (With son Trimmer) 

NOTES 
··Specifications same as AD561S specs. 
Specifications subject to cbange without notice. 

REV. A 

ADS61S 
MIN TYP MAX 

10 Bits 

±1/4 t1l2 
(0.025) (0.05) 

t1l2 

+2.0 
+O.S 

70'!bVee 
30'!b Vee 

+20 +100 
-25 -100 

1.5 2.0 2.4 
±0.75 ±1.0 t1.2 

40M 
0.01 0.05 
25 

-2 -3 +10 

250 

6 10 
11 16 

2 10 
4 2S 

-5S to +I2S 
-6S to +150 

1 10 
2 20 
IS 60 
2.5 

Guaranteed over full 
operating temp. range 

o to +10 
-5 to +5 

±O.I 

±O.I 

to.S 
to.S 

AD561 
ADS61T 

MIN TYP MAX UNITS 

10 Bits 

tllS t1l4 LSB 
, 

(0.012) (0.02S) '!bof F.S. 

±114 ±I/2 LSB 

•• V .. V .. V .. V 

•• •• nA 
•• •• J.IA. 

.. •• •• rnA 
•• •• .. rnA 

•• n .. .. '!bofF.S . .. pF .. .. .. V 

•• ns 

•• .. rnA .. .. rnA 

.. •• ppm of F.S'!'!b .. •• ppm of F .S.!'!b 

.. .. DC .. .. DC 

1 S ppmofF.Sfc 
2 10 ppmofF.Sfc 
15 30 ppmofF.Sfc 
2.S ppmofF.Sfc 

Guaranteed over full 
operating temp. range .. V 

•• V 

.. '!bofF.S. 

•• '!bofF.s. 

•• '!bofF.S. .. '!bofF.S. 
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AD561 
CIRCUIT DESCRIPTION 
A simplified schematic with the essential circuit features of the 
AD561 is shown in Figure 'I. The voltage reference, CR1, is a 
buried zener (or subsurface breakdown diode). This device ex
hibits far better all-around performance than the NPN base
emitter reverse-breakdown diode (surface zener), which is in 
nearly universal use in integrated circuits as a voltage reference. 
Greatly improved long term stability and lower noise are the 
major benefits the buried zener derives from isolating the 
breakdown point from surface stress and mobile oxide charge 
effects. The nominal 7.5 volt device (including temperature 
compensation circuitry) is driven by a current source to the 
negative supply so that the positive supply can be allowed to 
go as low as 4.5 volts. The temperature coefficient of each 
diode is determined individually; this data is then used to laser 
trim a compensating circuit to balance the overall T .C. to zero. 
The typical resulting T.C. is 0 to ±15ppmtC. 

The negative reference level is inverted and scaled by A 1 to give 
a +2.5 volt reference (which can be driven by the low positive 
supply). The AD561, packaged in the 16-pin DIP, has the +2.S 
volt reference (REF OUT) connected directly to the input of 
the control amplifier (REF IN). The buffered reference is not 
directly available externally except through the 2.Skn bipolar 
offset resistor. 

The 2.Skn scaling resistor and control amplifier A2 then force 
a 1mA reference current to flow through reference transistor 
Q1, which has a relative emitter area of 8A. This is accom-

plished by forcing the bottom of the ladder to the proper voltage. 
Since Ql and U2 have equal emitter areas and have equal Skn 
emitter resistors, U2 also carries 1mA. The ladder voltage drop 
constrains Q7 (with area 4A) to carry only O.SmA; <ls carries 
0.25mA, etc. 

The first four significant bit cells are scaled exactly in emitter 
area to match Ql for optimum VBE and VBE drift match, as 
well as for beta match. These effects are insignificant for the 
lower order bits, which account for a total of only 1116 of full 
scale. However, the 18mV VBE difference between two 
matched transistors carrying emitter currents in a ratio of 2: 1 
must be corrected. This is done by forcing 120~ through the 
1S0n interbase resistors. These resistors and the R-2R ladder 
resistors are actively laser-trimmed at the wafer level to bring 
total device accuracy to better than 1I4LSB. Sufficient ratio 
accuracy in the last two bits is obtained by simple emitter area 
ratio such that it is unnecessary to use additional area for 
ladder resistors. The current in Q16 is added to the ladder to 

balance it properly but is not switched to the output; thus full 
scale is 102311024 x 2mA. 

The switching cell of Q3, <4, Us and U6 serves to steer the 
cell current either to ground (BIT 1 low) or to the DAC output 
(BIT 1 high). The entire switching cell carries the same current 
whether the bit is on or off, thus minimizing thermal transients 
and ground current errors. The logic threshold, which is gener
ated from the positive supply (see Digital Logic Interface) is 
applied to one side of each cell. 

Figure 1. Circuit Diagram Showing Reference, Control Amplifier, Switching Cell, R-2R Ladder, and Bit Arrangement of AD561 
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2~58 DIGITAL-TO-ANALOG CONVERTERS 

ORDERING GUIDE 

ACCURACY GAIN T.C. PACKAGE 
MODELl TEMP RANGE @+2SoC (ofF.sfC) OPTlON2 

ADS61jD o to +70oC ±'hLSB max BOp pm max D-16 
ADS61jN o to +70oC ±'hLSB max BOp pm max N-16 
ADS61KD o to +70oC ±14LSB max 30ppmmax D-16 
ADS61KN o to +70oC ±14LSB max 30ppm max N-16 
ADS61SD -SS to +12SoC ±'hLSB max 60ppm max D-16 
AD561TD -SS to +12SoC ±14LSB max 30ppm max D-16 
ADS6118B3B -SS to +12SoC • • . 
~OTES 

For details on grade and package offerings screened in accordance with MlL-5TD-883, 
refer to the Analog Devices Military Products Databook or current ADS611883B 
data sheet. 

2D = Ceramic DIP; N = Plastic DIP. For outline information see Package Information 
section. 

'Refer to ADS611883B military data sheet. 
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r'IIIANALOG 
WDEVICES 

FEATURES 
True 12-Bit Accuracy 
Guaranteed Monotonicity Over Full Temperature Range 
Hermetic 24-Pin DIP 
TTLJDTL and CMOS Compatibility 
Positive True Logic 
MIL-STD-883-Compliant Versions Available 

PRODUCT DESCRIPTION 
The ADS621ADS63 are monolithic 12-bit digital-to-analog 
conveners consisting of especially designed precision bipolar 
switches and c,ontrol amplifiers and compatible high stability 
silicon chromium thin film resistors. The ADS63 also includes 
its own internal voltage reference. 

A unique combination of advanced circuit design, high sta
bility SiCr thin film resistor processing and laser trimming 
technology provide the ADS62/ADS63 with true 12-bit 
accuracy. The maximum error at +2SoC is limited to ±Y,LSB 
on all versions and monotonicity is guaranteed over the full 
operating temperature range. 

The ADS62 and ADS63 are recommended for high accuracy 
12-bit D/A converter applications where true 12-bit perfonn
ance is required, but low cost and small size are considera
tions. Both devices are also ideal for use in constructing AID 
conversion systems and as building blocks for higher resolu
tion DI A systems. J and K versions are specified for opera
tion over the 0 to +70° C temperature range, the Sand T for 
operation over the extended temperature range, -55°C 
to +12S oC. 

PRODUCT HIGHLIGHTS 
1. The ADS62 multiplies in two quadrants when a varying 

reference voltage is applied. When multiplication is not 
required, the ADS63 is recommended with its internal 
low drift voltage reference. 

2. True 12-bit resolution is achieved with guaranteed mono
tonicity over the full operating temperature range. Volt
age outputs are easily implemented by using an external 
operational amplifier and tne ADS621ADS63s internally 
provided feedback resistors. 

3. The devices incorporate a newly developed and fully dif
ferential, non-saturating precision current switching cell 
structure which provides increased immunity to supply 
voltage variation and also reduces nonlinearities due to 
thermal transients as the various bits are switched; nearly 
all critical components operate at constant power dissipation. 

·Covered by Patent Nos. 3,961,326; 4,141,004; 3,747,088; RE 28,633; 
3,803,590; 4,020,486; the AD563 is also covered by 4,213,806; 
4,136,349. 
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IC 12-Bit 
D/A Converters 

AD5621AD563* I 
PIN CONFIGURATIONS 

Vee ~~~~~fV IN 1 

CMosmL 
LOGIC THRESHOLD 

REF.V LOIN 3 

AMP SUMMING 
JUNCTION 

REF. V HI IN 5 

VEE(~!~ 6 

BIPOLAR OFFSET R IN 7 

BIPOLAR OFFSET A OUT 8 

OAe OUT (-2mA F.S.) 9 

Vee +5V!+15V IN 1 

CMOStrTL 
LOGIC THRESHOLD 

REFERENCE SUPPLY IN 3 

REFERENCE OUT 
(+2.SV ±3%) 

REFGND 5 

REFERENCE IN • 
Vee -15V 7 

BIPOLAR OFFSET IN 8 

OAC OUT 1-2mA'F.S.) 9 

20V SPAN R 

GND 

BIT2 IN 

BIT3 IN 

BIT4 IN 

BITS IN 

BITG IN 

BIT 1 (MSBIIN 

BIT2 IN 

BIT 3 IN 

BIT4 IN 

BITS IN 

BIT6 IN 

BIT7 IN 

BITS IN 

BIT9 IN 

BIT 10 IN 

BIT 11 IN 

BIT 12 elSa) IN 

4. The thin film resistor network contains gain, range, and 
bipolar offset resistors so that various output voltage 
ranges can be programmed by changing connections to 
the device terminal leads. Thin film resistors are laser 
trimmed while the device is powered to accurately cali
brate all scale factors. The scale factors are dependent 
upon the tracking coefficient « ±2ppml" C) of these re
sistors, rather than upon their absolute temperature 
coefficients. ' 

S. TTL or CMOS inputs can be accommodated for supply 
voltages from +SV to +lSV. 

6. Positive true logic eliminates the need for additional in- ' 
verter components. 

7. The ADS62 am ADS63 are available in versions compliant 
with MIL-STD-a83. Refer to the Analog Devices Military 
Products Databook or current /883 B data sheet for detailed 
specifications. 
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AD5621AD563-SPECIFICATIONS (lA = +25°C. otherwise specified.) 

MODEL 

DATA INPUTS (positive True, Binary 
(BCD) and Offset Binary (BCD» 
TTL, Vee = +SV, Pin 2 

Open Circuit 
Bit ON Logic "1" 
Bit OFF Logic "0" 

CMOS, 4.7S "Vee "15.8, 
Pin 2 Tied to Pin 1 

Bit ON Logic II 1 n 

Bit OFF Logic "0" 
Logic Current (Each Bit) 

Bit ON Logic "1 n 

Bit OFF Logic "0" 

OUTPUT 
Current 

Unipolar 
Bipolar 
Resistance (Exclusive of 

Span Resistors) 
Unipolar Zero (All Bits OFF) 
Capacitance 
Compliance Voltage 

RESOLUTION 
Binary 
BCD 

ACCURACY (Error Relative 
to Full Scale) 

Binary 
BCD 

DIFFERENTIAL NONLINEARITY 

SETTLING TIME TO l/2LSB 
All Bits ON-to-oFF or OFF·to-oN 

POWER REQUIREMENTS 
Vee' +4.7S to +lS.8V de 
VEE' -15V de is% 

POWER SUPPLY GAIN SENSITIVITY 
Vee @+SVde 
Vee @+15Vde 
VEE @-ISVde 

TEMPERATURE RANGE 
Operating 
Storage 

TEMPERATURE COEFFICIENT 

Unipolar Zero 
Bipolar Zero 
Gain . 
Differential Nonlinearity 

MONOTONICITY 

EXTERNAL ADJUSTMENTSI 

Cain Error with Fixed son Resistor 
Bipolar Zero Error with Fixed 

Son Resistor 
Gain Adjustment Range 
Binary Bipolar Zero Adjustments 

Range 
BCD Bipolar Offset Adjustment 

Range 

PROGRAMMABLE OUTPUT 
RANGES 

REFERENCE'lJ'IPUT 
Input Impedance 

AD562KD/BIN 
AD562KD/BCD 

+2.0V 
"0.8V max 

70%VCC min 
30%Vcc max 

+20nA typ, +lOOnA max 
-SOitA typ, -100itA max 

-1.6mA min, -2.0mA typ, -2.4mA max 
±0.8mA min, ±1.0mA typ, ±1.2mA max 

S.3kn min, 6.6kn typ, 7.9kn max 
0.01% of F.S. typ, 0.05% of F.S. max 
33pF typ 
-l.SV to +lOV typ 

12 Bits 
3 Digits 

±1I2LSB max 
±1I2LSB max 

±1I2LSB max 

1.51'5 typ 

lSmA typ, l8mA max 
20mA typ, 2SmA max 

2ppm of F .5./% max 
2ppm of F .5.1% max 
6ppm of F .5.1% max 

o to +70·C tyl' 
-6S·C to +lSO·C typ 

2ppm of F.s.fc max 
4ppm of F.s.fc max 
Sppm of F.sfc max 
2ppm of F .sf c 

Guaranteed Over Full Operating 
Temperature Range 

±0.2% of F.S. typ 

±O.l% of F.S. typ 
±O.ZS% of F .S. typ 

±0.2S% of F .5. typ 

±0.17% of F .5. typ 

o to +SV typ 
-Z.SV to +Z.5V typ 
OV to.+lOV typ 
-SV to + SV typ 
-lOY to +lOV typ 

ZOkn typ 

AD562ADIBIN 
AD562ADIBCD 

AD562SD/BIN 
AD562SDIBCD 

±1/4LSB max 
il/lOLSB max 

-SSOc to +12SoC 

lppm of F.s.fc 

·Sp«ifications same as AD562KD. ··Specifications same as AD563KD. ···Specifications same as ADS63}D. I Device calibrated with internal reference. 
Specifications subject to change without notice. 

2-60 DIGITAL-TO-ANALOG CONVERTERS REV. A 



AD'63JDIBIN 
AD'63JD/BCD 

lSmA typ, 20rnA max . 
3ppm of F .S.I% typ, lOppm of F .S.I% max 
3ppm of F .S.I% typ, lOppm of F .S./% max 
14ppm of F.S.I% typ, 2Sppm of F.S.I% max 

With Internal Reference 

AD'63KD/BIN 
AD'63KD/BCD 

±1I4LSB 
±1/4LSB 

AD'63SDIBIN 
AD563SD/BCD 

AD563TDIBIN 
AD563TDIBCD 

AD5621AD563 

Ippm of F.S.tC typ, 2ppm of F.S.I'C max 
lOppm of F.S.~C max 
~Oppm of F.S.I·C max ~Oppm of F.sfc max !Oppm of F.sfc max !Oppm of F.sfc max 

With Fixed Ion Resistor 
±O.2% of F .S. typ 

Sill typ 
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AD5621AD563 
mE AD562/AD563 OFFERS TRUE 12-BIT RESOLUTION 
OVER FULL TEMPERATURE RANGE 

UNIPOLAR DAC's 
STEP I ••• OUTPUT RANGE 

Accuracy. Analog Devices defines accuracy as the maximum 
deviation of the actual DAC output from the ideal analog 
output (a straight line drawn from 0 to F.S. - ILSB) for 
any bit combination. The ADS63, for example, is laser 
trimmed to '>'LSB (0.006% of F.S.) maximum error at +2SoC 
for K, S and T versions ••• ~LSB for the J version. 

Determine the output range required. For +10V F .S., con
nect the external operational amplifier output to Pin 10 and 
leave Pin 11 unconnected. For +SV F.S., connect the exter
nal op amp output to Pin 10 and short Pin 11 to Pin 9. 

STEP II ••• ZERO ADJUST 
Turn all bits OFF and adjust RI until op amp output is 0 
volts. 

STEP III ... GAIN ADJUST Monotonicity. A DAC is said to be monotonic if the output 
either increases or remains constant for increasing digital in
puts such that the output will always be a single-valued func
tion of the input. All versions of the ADS62/ADS63 are 
monotonic over their full operating temperature range. 

Turn all bits ON for binary DAC's (bits 1,4, S, 8, 9 and 12 
ON for BCD DAC's). Adjust R2 until op amp output is: 

Differential Nonlinearity. Monotonic behavior requires that 
the differential nonlinearity error be < ILSB both at 2SoC 

BINARY BCD 
4.9988V for +SV Range 4.99S0 for +SV Range 
9.9976 for +10V Range 9.9900 for +10V Range 

BIPOLAR DAC's 
Figure Ib is a rypical connection scheme for the ADS63 
used in bipolar operation. 

STEP I ..• OUTPUT RANGE 

and over the temperature range of interest. Differential non
linearity is. the measure of the variation in analog value, nor
malized to full scale, associated with a one LSB change in 
digital input code. For example, for a 10V full-scale output, 
a change of one LSB in the digital input code should result 
in a 2.4mV change in the analog output (IOV x 114096 = 
2.4mV). If in actual use, however, a one LSB change in the 
input code results in a change of 1.3mV in analog output, the 
differential nonlinearity would be 1.lmV, or 0.011 % of F.S. 
The differential nonlinearity temperature coefficient must also 
be considered if the device is to remain monotonic over its full 
operating temperature range. A differential nonlinearity tem
perature coefficient of Ippm/oC could, under worst case con
ditions fora temperature change of +2SoC to +12SoC, add 
0.01% (lOOoC x IppmfC) of error. The resulting error could 
then be as much as 0.006% + 0.01 % = 0.016% of F.S. (lLSB 
represents 0.024% of F.S.). All versions of the ADS63 are 
100% tested to be monotonic over the full operating tem
perature range. 

Determine the output range required. For ±lOV F .S., con
nect the external op amp outputto Pin 11 and leave Pin 10 un
connected. For ±SV F.S., connect the external op amp out
put to Pin 10 and leave Pin 11 unconnected. For ±2.SV F.S., 
connect the external op amp output to Pin 10 and short 

MODELl INPUT CODE 

ADS62KD/BIN Binary 
ADS62KD/BCD Binary Coded Decimal 
ADS62AD/BIN Binary 
ADS62AD/BCD Binary Coded Decimal 
ADS62SD/BIN Binary 
ADS62SD/BCD Binary Coded Decimal 
ADS63jD/BIN Binary 
ADS63jD/BCD Binary Coded Decimal 
ADS63KD/BIN Binary 
ADS63KD/BCD Binary Coded Decimal 
ADS63SD/BIN Binary 
ADS63SD/BCD Binary Coded Decimal 
ADS63TD/BIN Binary 
ADS63TD/BCD Binary Coded Decimal 

NOTES 

Pin 11 to Pin 9. 

STEP II ... OFFSET ADJUST 
Turn all bits OFF and adjust R3 until op amp output is: 

-2.S000V for ±2.SV Range 
-S.OOOOV for ±SV Range 

-10.0000V for ±10V Range 

STEP Ill ... GAIN ADJUST (Bipolar Zero) 
Turn bit 1 ON for Binary DAC's (bits 2 and 4 ON for BCD 
DAC's). Adjust R2 untilop amp output is 0 volts. 

ORDERING GUIDE 

TEMP. ACCURACY GAIN T.C. PACKAGE 
RANGE @+2Soc (of F.sfC) OPTlON2 

o to +70oC ±1I2LSB max Sppmmax D-24A 
o to +70°C ±lI2LSB max Sppm max D-24A 
-25°C to +8SoC ±1I2LSBnnax Sppmmax D-24A 
-25°C to +8Soc ±1I2LSB max Sppmmax D-24A 
-55°C to +12SoC ±1I4LSB max Sppmmax D-24A 
-55°C to +12S o C ±lIlOLSB max Sppmmax D-24A 
o to +70o C ±1I2LSB max SOppm max D-24A 
o to +70°C ±1I2LSB max SOppmmax D-24A 
o to +70oC ±1/4LSB max 20ppm max D-24A 
o to +70°C ±1I4LSB max 20ppmmax D-24A 
-55°C to +12So C ±1/4LSB max 30ppm max D-24A 
-55°C to +12So C ±1I4LSB max 30ppm max D-24A 
-55°C to +12SoC ±1I4LSB max 10ppm max D-24A 
-55°C to +12So C ±1I4LSB max 10ppmmax D-24A 

I For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the 
Analog Devices Military Products Databook or current 1883 B data sheet. 

2D = Ceramic DIP. For outline infonnation see Package Infonnation aeerion. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Single Chip Construction 
Very High-Speed Settling to 1/2LSB 

AD565A: 250n5 max 
AD566A: 350n5 max 

Full-Scale Switching Time: 30n5 
Guaranteed for Operation with ±12V Supplies: AD565A 

with -12V Supply: AD566A 
Linearity Guaranteed Over Temperature: 

112LSB max (K. T Grades) 
Monotonicity Guaranteed Over Temperature 
Low Power: AD566A = 180mW max; 

AD565A = 225mW max 
Use with On-Board High-Stability Reference (AD565A) 

or with External Reference (AD566A) 
Low Cost 
MIL-STD-883-Compliant Versions Available 

PRODUCT DESCRIPTION 
The ADS6SA and ADS66A are fast 12-bit digital-to-analog 
converters which incorporate the latest advances in analog 
circuit design to achieve high speeds at low cost. 

The ADS6SA and ADS66A use 12 precision, high-speed 
bipolar current-steering switches, control amplifier and a 
laser-trimmed thin-film resistor network to produce a very 
fast, high accuracy analog output current. The ADS6SA also 
inclu~s a buried zener reference that features low-noise, 
long-term stability and temperature drift characteristics 
comparable to the best discrete reference diodes. 

The combination of performance and flexibility in the 
ADS6SA and ADS66A has resulted from major innovations 
in circuit design, an important new high-speed bipolar pro
cess, and continuing advances in laser-wafer-trimming tech
niques (LWT). The ADS6SA and ADS66A have a 10-90% 
full-scale transition time less than 3Sns and sertle to within 
±1/2LSB in 2S0ns max (3S0ns for ADS66A). Both are 
laser-trimmed at the waferlevel to ±1/8LSB typical linearity 
and are specified to ±1I4LSB max error (K and T grades) at 
-J,2SoC. High speed and accuracy make the ADS6SA and 
ADS66A the ideal choice for high-speed display drivers as 
well as fast analog-to-digital converters. 

The laser trimming process which provides the excellent 
linearity is also used to trim both the absolute value and the 
tempertture coefficient of the reference of the ADS6SA re
sulting in a typical full-scale gain TC of 10 ppm/oC. When 
tighter TC performance is required or when a system refer
ence is available, the ADS66A may be used with an external 
reference. 

·Covered by Patent No ••• 3,803,590, RE 28,633, 4,213,806, 
4,136,349, 4,020,486, 3,747,088. 
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ADS6SA and ADS66A are available in four performance 
grades. The J and K are specified for use over the 0 to 
+70oC temperature range while the Sand T grades are 
specified for the -55°C to +12SoC range. All are packaged 
in a 24-pin, hermetically sealed, ceramic, dual-in-line package. 

PRODUCT HIGHUGHTS 
1. The wide output compliance range of the ADS6SA and 

ADS66A are ideally suited for fast, low noise, accurate 
voltage output configurations without an output amplifier. 

2. The devices incorporate a newly developed, fully differen
tial, nonsaturating precision current switching cell structure 
which combines the dc accuracy and stability first developed 
in the ADS6213 with very fast switching times and an opti
mally-damped settling characteristic. 

3. The devices also contain SiCr thin film application resistors 
which can be used with an external op amp to provide a 
precision voltage output or as input resistors for a succes
sive approximation AID converter. The resistors are 
matched to the internal ladder network to guarantee a low 
gain temperature coefficient and are laser-trimmed for 
minimum full-scale and bipolar offset errors. 

4. The ADS6SA and ADS66A are available in versions com
pliant with MIL-STD-883. Refer to the Analog Devices 
Military Products Databook or current 1883 B data sheet 
for detailed specifications. 
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AD565A-SPECIFICATIONS (TA = +25°C, Vee = +15V,VEE = -15V, unless otherwise specified.) 
AD565AJ 

MODEL MIN TYP MAX 

DATA INPUTS (Pins 13 to 24) 
TTL or 5 Volt CMOS 

Input Voltage 
Bit ON l:.ogic "1" +2.0 +5.5 
Bit OFF Logic "0" +0.8 

Logic Currc:nt (each bit) 
Bit ON Logic "1" +120 +300 
Bit OFF Logic "0" +35 +100 

RESOLUTION 12 

OUTPUT 
Current 

t,1nipolar (all bits on) -1.6 -2.0 -2.4 
Bipolar <all bits on or off) ±O.8 ±1.0 ±1.2 

Resistance (exclusive of span 
resistors) 6k 8k 10k 

Offset 
Unipolar 0.01 0.05 
Bipolar (Figure 3, R2 = SOU fixed) 0.05 0.15 

Capacitance 2S 
Compliance Voltage 

Tmin toTmax -1.5 +10 
ACCURACY (error relative to 

full scale) +2SoC ±1I4 ±1/2 
(0.006) (0.012) 

Tmin to Tmax ±112 ±3/4 
(0.012) (0.018) 

DIFFERENTIAL NONLINEARITY 
+2S o C ±1I2 ±3/4 
Tmin [oTmax MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero I 2 
Bipolar Zero 5 10 
Gain (Full Scale) IS SO 
Differential Nonlinearity 2 

SETTLING TIME TO 1I2LSB 
All Bits ON-IO-OFF or OFF-to-ON 2S0 400 

FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time IS 30 
90% to 10% Delay plus Fall Time 30 50 

TEMPERATURE RANGE 
Operating 0 +70 
Storage -65 +150 

POWER REQUIREMENTS 
Vee, +11.4 to +16.SV de 3 5 
VEE, -11.4 to -16.5V de -12 -18 

POWER SUPPLY GAIN SENSITIVITY 
Vee = +11.4 to +16.5V de 3 10 
VEE = -11.4 ~o -16.5V de IS 25 

PROGRAMMABLE OUTPUT 
RANGE (see Figures 2, 3, 4) o to +S 

-2.5 to +2.5 
o to +10 
-5 to +5 
-10 to +10 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed son 

Resistor for R2 (Figure 2) to.1 ±O.25 
Bipolar Zero Error with Fixe" 

SOU ResiJrDrfor Ri (Figure 3) to.05 ±O.15 
Gain Adjusanent Range (Figure 2) ±0.2S 
Bipolar Zero Adjusanent Range to.ts 

REFERENCE INPUT 
Input Impedance 15k 20k 2Sk 

REFERENCE OUTPUT 
Voltage 9.90 10.00 10.10 
Current (available for exrernal 

loads)· 1.5 2.5 

POWER DISSIPATION 225 34S 

NOTBS 
I The diPt.1 iaputs an pllUteed but DOt tested oyer the opcradn. temperature ra •• 
IThe power supply pin emllitivity istested in reference to. Vee VEE of tUV de. 
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AD565AK 
MIN TYP MAX UNITS 

+2.0 +5.5 V 
+0.8 V 

+120 +300 JjA 
+35 +100 JjA 

12 Bits 

-1.6 -2.0 -2.4 mA 
±0.8 ±l,O ±1.2 mA 

6k 8k 10k n 

0.01 0.05 % of F.S. Range 
0.05 0.1 % of F.S. Range 
2S pF 

-1.5 +10 V 

±1/8 ±1/4 LSB 
(0.003) (0.006) % of F.S. Range 
±1/4 ±1/2 LSB 
(0.006) ~0.012) % of F.S. Ran...i!' 

±1I4 ±1/2 LSB 
MONOTONICITY GUARANTEED 

I 2 ppm/oC 
5 10 ppm/oC 
10 20 ppm/oC 
2 ppm/oC 

250 400 ns 

IS 30 ns 
30 50 n. 

0 +70 °c 
-65 +150 °c 

3 5 mA 
-12 -18 rnA 

3 10 ppm of F.S.I% 
15 25 ppm of F.S.I% 

o to +5 V 
-2.5 to +2.5 V 
Oto+IO V 
-5 to +5 V 
-10 to +10 V 

±O'I ±O.25 % of F .S. Range 

to.OS ±O.I % of F.S. Range 
±O.2S % of F.S. Range 
±O.IS % of F .S. Range 

15k 20k 2Sk U 

9.90 10.00 10.10 V 

1.5 2.5 mA 

225 345 mW 

I For operation at ele9ated temperatura the reference canDot supply c:ummt for 
_100ds. It, tbcref ... , obould be buffeJOd if oddidoaal load. ore to be supplied. 

Spcdf"u:ations subject to chap: without notice. 
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ADS6SAS 
MODEL MIN TYP MAX 

DATA INPUTS' (Pins 13 to 24) 
TTL or 5 Volt CMOS 

Input Voltage 

Bit ON Logic" t .. +2.0 +5.5 
Bit OFF Logic "0" ... 0.8 

Logic Current (each bit) 
Bit ON Logic "I It +12(J +300 
Bit OFF Logic "0" +35 +100 

RESOLUTION 12 

OUTPUT 
Current 

Unipolar (all bits on) -1.6 -2.0 -2.4 
Bipolar (all bits on or off) ±O.S ±1.0 i1.2 

Resistance (exclusive of span 
resistors) 6k Sk 10k 

Offset 
Unipolar 0.01 0.05 
Bipolar (Figure 3. R2 = SOn fixed) 0.05 0.15 

Capacitance 25 
Compliance Voltage 

Tmin toTmax -1.5 +10 

ACCURACY (error relative to 
full scale) +2SoC tll4 ±1/2 

(0.006) (0.012) 

Tmin to Tmax ±1I2 ±3/4 
(0.012) (O.OIS) 

DIFFERENTIAL NONLINEARITY 
+2S oC ±1I2 ±3/4 
Trnin toTmax MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero I 
Bipolar Zero 5 
Gain (Full Scale) 15 
Differential Nonlinearity 2 

SETTLING TIME TO 1/2LSB 
All Bits ON-to-OFF or OFF-to-ON 250 

FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 15 
90% to 10% Delay plus Fall Time 30 

TEMPERATURE RANGE 
Operating -55 
Storage -65 

POWER REQUIREMENTS 
Vee. +11.4 to +16.SV de l 
VEE. -11.4 to -16.5V de -12 

POWER SUPPLY GAIN SENSITIVITY' 
Voc = +11.4 to +16.5V de 3 
VEE = -11.4 to -16.5V de IS 

PROGRAMMABLE OUTPUT 
RANGES (see Figures 2. 3.4) o to +5 

-2.5 to +2.5 
Oto+l0 
-S to +S 
-10 to +10 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed son 

Rmstor for R2 (Figure 2) to.l 
Bipolar Zero Error with Fixed 

son Resistor for Rl (Figure 3) +0.05 
Gain Adjusunent Range (Figure 2) ±0.25 
Bipolar Zero Adjusunent Range ±O.IS 

REFERENCE INPUT 
Input Impedance 15k 20k 

REFERENCE OUTPUT 
Vol ... 9.90 10.00 
Corrent (available for external 

loads)' 1.5 2.5 

POWER DISSIPATION 225 
.. SpeciflC:abons shown In boldface are tested on all prociuetlOn UOlts at 

fmal electrical test. Resulu from those tests are used to calculate out
lOin, quality levels. All min and max specifICations arc guaranteed, 
althouJb only thoac shown in boldface arc tested on all production 
units. 
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2 
10 
30 

400 

30 
SO 

+125 
+150 

5 
-IS 

10 
25 

to.IS 

:tO.lS 

25k 

10.10 

345 

AD565A1AD566A 
ADS6SAT 

MIN TYP MAX UNITS 

+2.0 +5.5 V 
+0.8 V 

+17.0 +300 IlA 
+35 +100 IlA 

12 Bits 

-1.6 -2.0 -2.4 rnA 
:to.S ±1.0 tl.2 rnA 

6k Sk 10k n 

0.01 0.05 % of F.S. Range 
0.05 0.1 % of F.S. Range 
25 pI' 

-1.5 +10 V 

±IIS t1l4 LSB 
(0.003) (0.006) %of F.5. Range 

±1/4 ±1I2 LSB 

(0.006) (0.012) % of F.S. Range 

±1I4 ±1I2 LSB 
MONOTONICITY GUARANTEED 

I 2 ppmt"C 
5 10 ppm/'C 
10 15 ppm/'C 
2 ppm/'C 

250 400 ns 

IS 30 ns 
30 SO ns 

-55 +125 'c 
-65 +150 'c 

3 5 mA 
-12 -IS mA 

3 10 ppm of F.S.I'16 
IS 25 ppm of F.S.I% 

o to +5 V 
-2_5 [0 +2.5 V 
Oto+l0 V 
-5 to +5 V 
-10 to +10 V 

±O.l :to_25 % of F.S. Range 

±0.05 :to. 1 '16 of F .S. Range 
fO.2S '16 of F.S. Range 
±0.1S '16 of F.S. Range 

ISk 20k 2Sk n 

9.90 10.00 10_10 V 

1.5 2.5 mA 

225 345 mW 
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AD566A -SPECIFICATIONS ITA = +25°C,VEE = -15V, unless otherwise specified.) 
ADS"'" AD566AK 

MODEL MIN TVP MAX MIN TYP MAX 

DATA INPUTS' (Pins 13 to 24) 
TTL or 5 Volt CMOS 

Input Voltage 
Bit ON Logic "I" +2.0 +5.5 +2.0 +5.5 
Bit OFF Logic "0" 0 +0.8 0 +0.8 

Logic Current (each bit) 
Bit ON Logic "I" +120 +300 +120 +300 
Bit OFF LOSic "0" +35 +100 +35 +100 

RESOLUTION 12 12 
OUTPUT 

Current 
Unipolar (all bits on) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 
Bipolar (all bits on or off) '0.8 ±1.0 '1.2 ±0.8 '1.0 ±l.2 

Resistance (exclusive of span 
resistors) 6k 8k 10k 6k 8k 10k 

Offset 
Unipolar (adjustable to 

zero per Figure 3) 0.01 0.05 0.01 0.05 
Bipolar (Figure 4 RI and 

R, = son fixed) 0.05 0.15 0.05 0.1 
Capacitance 2S 25 
Compliance Voltage 

Tmin to Troax -1.5 +10 -1.5 +10 

ACCURACY (error relative to 
full scale) +2SoC tll4 '1/2 tl/8 '114 

(0.006) (0.012) (0.003) (0.006) 
Tmin toTmax tl/2 '3/4 ±1/4 '1/2 

(0.012) (0.018) (0.006) (0.012) 

DIFFERENTIAL NONLINEARITY 
+2SOC ±1I2 ±3/4 ±1/4 ±l/2 
Tmin toTmax MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
Unipolar Zero 
Bipolar Zero 
Gain (Full Scale) 
Differential Nonlinearity 

SETTLING TIME TO 112LSB 
All Bits ON-to'()FF or OFF-to'()N (Figure 8) 

FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 
90% to 10% Delay plus FaU Time 

POWER REQUIREMENTS 
VEE. -11.4 t. -16.5V dc 

POWER SUPPLY GAIN SENSITIVITY' 
VEE = -11.4 to -16.SV de 

PROGRAMMABLE OUTPUT 
RANGE (see Figures 3,4, S) 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed son 

Resistor for R2 (Figure 3) 
Bipolar Zero Error with Fixed 

son Resistorfor RI (Figure 4) 
Gain Adjusanent Range (Figure 3) to.2S 
Bipolar Zero Adjusbllent Range to.lS 

REFERENCE INPUT 
Input Impedance 15k 

POWER DISSIPATION 

MULTIPLYING MODE PERFORMANCE (All Models) 
Quadrants 
Reference Voltage 

I 2 I 
S 10 S 
7 10 3 
2 2 

2S0 3S0 2S0 

IS 30 IS 
30 SO 30 

-12 -18 -12 

IS 25 IS 

o to +5 o to +5 
-2.S to +2.5 -2.5 to +2.5 
Oto+10 Oto +10 
-S to +S -S to +S 
-10 to +10 -10 to +10 

to.1 '0.2S to. I 

±O.OS to.15 to.OS 
±0.2S 
±O.lS 

20k 2Sk 15k 20k 

180 300 180 

Two (2): Bipolar Operation at Digital Input Only 
+IV to +lOV, Unipolar 

2 
10 
5 

350 

30 
50 

-18 

2S 

to.25 

to.1 

2Sk 

300 

Accuracy 10 Bits (±O.OS% of Reduced F.S.) for IV dc Reference Voltage 
Reference Feedthrough (unipolar mode, 

all bits OFF, and 1 to +10V Ip-pl, sinewave 
frequency for 112LSB (p-pJ feedthrough) 

Output Slew Rate 10%-90% 
90%-10% 

. Output Settling Time (all bits on and a O-IOV 
step change in reference voltage) 

CONTROL AMPLIFIER 
Full Power Bandwidth 
Small-Signal Closed-Loop Bandwidth 

NOTES 

40kHz typ 
SmNf.lS 
ImAll£s 

1.S,... to 0.01% F.S. 

300kHz 
1.8MHz 

I The diJital input levels are ",aranteed but not tested owr me temperature ranJC. 
ITbe power supply pin sensitivity is tested in reference to a VEE of -15V de. 
Spec~c.tions subject to chan. without notice. 
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UNITS 

V 
V 

/lA 
/lA 
Bits 

mA 
mA 

n 

%of F.S.R. 

% of F.S.R. 
pF 

V 

LSB 
% of F.S.R. 
LSB 
% of F.S.R. 

LSB 

ppmt')C 
ppm/DC 
ppml'C 
ppml'C 

ns 

ns 
ns 

mA 

ppm of F.S.I% 

V 
V 
V 
V 
V 

%ofF.S.R. 

%ofF.S.R. 
%ofF.S.R. 
%of F.S.R. 

n 
mW 
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AD566AS AD566AT 
MODEL MIN TYP MAX MIN TYP MAX 

DATA INPUTS' (Pin. II to 24) 
TTL or 5 Volt CMOS 

Input Voltage 
Bit ON Logic "1" +2.0 +5.5 +2.0 +5.5 
Bit OFF Logic "0" 0 +O.S 0 +0.8 

Logic Current (each bit) 
Bit ON Logic" 1" +120 +300 +120 +300 
Bit OFF Logic "0" +35 +100 +35 +100 

RESOLUTION 12 12 

OUTPUT 
Current 

Unipolar (aU bits on) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 
Bipolar (all bits on or off) ±O.8 ±l.O ±l.2 ±O.S 1:}.0 ±I.2 

Resistance (exclusive of span 
resistors) 6k 8k 10k 6k 8k 10k 

Offset 
Unipolar (adjustable to 

zero per Figure 3) 0,01 0.05 0,01 0.05 
Bipolar (Figure 4 R) and 

R2 = son fixed) 0.05 0.15 0.05 0.1 
Capacitance 25 25 
Compliance Voltage 

Tmin toTmax -1.5 +10 -1.5 +10 

ACCURACY (error relative to 
full scale) +2SoC ±1I4 ±1/2 ±1I8 ±1I4 

(0.006) (0.012) (0.003) (0.006) 
Tmin to Tmax ±1/2 ±3/4 ±1/4 ±1/2 

(0.012) (O.OIS) (0.006) (0.012) 

DIFFERENTIAL NONLINEARITY 
"'2SoC ±1I2 ±3/4 ±1I4 ±l/2 
Tmin toTmax MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
Unipolar Zero 
Bipolar Zero 
Gain (Full Scale) 
Differential Nonlinearity 

SETTLING TIME TO 1I2LSD 
All Bits On-to-oFF or OFF-to-oN (Figure 8) 

FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 
90% to 10% Delay plus Fall Time 

POWER REQUIREMENTS 
VEE, -11.4 to -16.5V de 

POWER SUPPLY GAIN SENSITIVITY' 
VEE = -11.4 to -16.5V de 

PROGRAMMABLE OUTPUT 
RANGE (see Figures 3, 4, 5) 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed SOn 

Resistor R2 (Figure 3) 
Bipolar Zero Error with Fixed 

son Resistor for Rl (Figure 4) 
Gain Adjustment Range (Figure 3) ±a.25 
Bipolar Zero Adjusanent Range ±O.IS 

REFERENCE INPUT 
In~ut Impedance 15k 

POWER DISSIPATION 

MULTIPLYING MODE PERFORMANCE (All Model.) 
Quadrants 
Reference Voltage 
Accuracy 
Reference Feedthrough (unipolar mode. 

aU bits OFF. and I to + lOY lp-p 1 • sinewave 
frequency for 1I2LSB Ip1'l feedthrough) 

Output Slew Rate 10'l6-90'l6 
90'l6-10'l6 

Output Settling Time (all bits on and a O-IOV 
step change in reference voltage) 

CONTROL AMPLIFIER 
Full Power Bandwidth 
Small-Signal Closed-Loop Bandwidth 

I 2 1 
5 10 5 
7 10 3 
2 2 

250 350 250 

IS 30 15 
30 SO 30 

-12 -18 -12 

IS 25 15 

o to +5 o to +S 
-2.5 to +2.5 -2.S to +2.S 
o to +]0 Oto +10 
-S to +S -S to +S 
-10 to +10 -10 to +10 

±0.1 ±0.25 ±0.1 

±0.05 ±0.15 ±o.os 
±0.25 
±O.lS 

20k 25k 15k 20k 

180 300 180 

Two (2): Bipolar Operation at Digital Input Only 
+lV to +10V. Unipolar 

2 
10 
5 

350 

30 
so 

-IS 

25 

±0.25 

±0.1 

2Sk 

300 

10 Bits (to.OS% of Reduced F.S.> for lV dc Reference Voltage 

40kHz typ 
SmA/JI,s 
ImAlJl,s 

1.51" to 0.01% F.S. 

300kHz 
I.SMHz 

AD565A1AD566A 

UNITS 

V 
V 

!J.A 
)J.A 

Bits 

mA 
mA 

n 

%ofF.S.R. 

% of F.S.R 
pF 

V 

LSD 
% of F.S.R. 
LSB 
%ofF.S.R. 

LSD 

ppm/oC 
ppm/oC 
ppm/oC 
ppm/Ie 

ns 

ns 
ns 

mA 

ppm ofF.S.I% 

V 
V 
V 
V 
V 

% of F.S.R. 

%of F.S.R. 
% of F.S.R. 
%of F.S.R. 

n 
mW 

Specificadons subject to change without notice. Specifications shown in boldface arc teSted on all production units at althouJh only those shown in boldface are tested on all production 
final electrical test. Resulu from those tll!Sb are used to calculate out- units. 
JOinl quality levels. AU min and max .pecif'acations are guaranteed, 
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AD565A1AD566A 

NC 

NC 

Vee 

REF OUT {+10V "%1 

REFERENCE GND 

REFERENCE IN 

-VEE 

BIPOLAR OFFSET IN 

DAC OUT {-2mA F.S.I 

10V SPAN R 

20V SPAN R 

POWER GND 

ABSOLUTE MAXIMUM 1.lATINGS 

v cc to Power Ground . . . . . . 
VEE to Power Ground (AD565A) 
Voltage on DAC Output (Pin 9) 
Digital Inputs (Pins 13 to 24) to 

· . OV to +18V 
· . OV to -18V 
· -3V to +12V 

Power Ground ........ - l.OV to + 7.0V 
Ref in ·to Reference Ground • . • ± 12V 
Bipolar Offset to Reference Ground . ± 12V 
10V Span R to Reference Ground. . ± 12V 
20V Span R to Reference Ground . . ± 24V 
Ref out (AD565A) . Indefmite Short to Power Ground 

Momentary Short to V cc 
Power Dissipation . ....•......... 10000W 

.PIN 1 
IDENTIFIER 

AD565A 
TOP VIEW 

(Not to Scale) 

Modell 

AD565AJD 
AD565AKD 
AD565ASD 
AD565ATD 

NOTES 

PIN DESIGNATIONS 

BIT 1 IN {MSBI 

BIT2 IN 

BIT3 IN REFERENCE GND 3 

BIT4 IN AMP SUMMING 
JUNCTION 

BITS IN REFERENCE V HI IN 5 

BIT6 IN -VEE -15V IN 
{20mAI 

BIT7 IN BIPOLAR OFFSET R IN 7 

BITS IN NC 

BIT 9 IN DAC OUT {-2mA F.S.! 9 

BIT 10 IN 10VSPAN R 

BIT 11 IN 20V SPAN R 

BIT 12 IN (LSBI POWER GND 

ADS6SA ORDERING GUIDE 

Linearity 
Max Gain T.C. Temperature Error Max 
(ppmofF.S.I"C) Range @+2S·C 

50 Oto + 70"C ±1I2LSB 
20 Oto +70'C ±1/4LSB 
30 - 55'C to + 125'C ±1I2LSB 
IS - 55·C to + 125"C ±1I4LSB 

.PIN 1 
IDENTIFIER 

AD566A 
TOP VIEW 

(Not to Scalel 

Package 
Option2 

Ceramic (D-24) 
Ceramic (D-24) 
Ceramic (D-24) 
Ceramic (D-24) 

IFor details on grade and package offerings screened in accordance with MIL-STD-883, refer to the Analog 
Devices Military Products Databook or current 1883B data sheet. 

2D ~ Ceramic DIP. For outline information see Package Information section. 

ADS66A ORDERING GUIDE 

Linearity 
Max Gain T.C. Temperature Error Max Package 

Modell (ppm or F .S.I"C) Range @+2S·C Option2 

AD566AJD 10 Oto +70·C ±1I2LSB Ceramic (D-24) 
AD566AKD 3 Oto +70·C ±1I4LSB Ceramic (D-24) 
AD566ASD 10 - 55'C to + 125'C ±1I2LSB Ceramic (D-24) 
AD566ATD 3 - 55'C to + 125'C ±1I4LSB Ceramic (D-24) 

NOTES 
IFor details on grade and package offerings screened in accordance with MIL-STD-883, refer to the Analog 
Devices Military Products Databook or current 1883B data sbeet. . 

2D ~ Ceramic DIP. For outline information see Package Information section. 
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BIT 1 IN {MSBI 

BIT 2 IN 

BIT3 IN 

BIT4 IN 

BITS IN 

BIT 6 IN 

BIT7 IN 

BITS IN 

BIT9 IN 

BIT 10 IN 

BIT 11 IN 

BIT 12 IN {LSBI 
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GROUNDING RULES 
The ADS6SA and ADS66A bring out separate reference and 
power grounds to allow optimum connections for low noise 
and high-speed performance. These grounds should be tied 
together at one point, usually the device power ground. The 
separate ground returns are provided to minimize current 
flow in low-level signal paths. In this way, logic return 
currents are not summed into the same return path with 
analog signals. 

CONNECTING THE ADS65A FOR BUFFERED VOLTAGE 
OUTPUT 
The standard current-to-voltage conversion connections using 
an operational amplifier are shown here with the preferred trim
ming techniques. If a low offset operational amplifier (ADS 10L, 
ADSI7L, AD741L, AD301AL, AD OP-07) is used, excellent 
performance can be obtained in many situations without trim
ming (an op amp with less than 0.5mV max offset voltage 
should be used to keep offset errors below 1/2LSB). If a son 
fixed resistor is substituted for the lOOn trimmer, unipolar 
zero will typically be within ±1I2LSB (plus op amp offset), 
and full scale accuracy will be within 0.1% (0.25% max). 
Substituting a son resistor for the lOOn bipolar offset trim
mer will give a bipolar zero error typically within ±2LSB 
(0.05%). 
The ADS09 is recommended for buffered voltage-output appli
cations which require a settling time to ±1I2LSB of one micro
second. The feedback capacitor is shown with the optimum 
value for each application; this capacitor is required to compen
sate for the 25 picofarad DAC output capacitance. 

FIGURE 1. UNIPOLAR CONFIGURATION 
This configuration will provide a unipolar 0 to + 10 volt output 
range. In this mode, the bipolar terminal, pin 8, should be 
grounded if not used for trimming. 

STEP I ... ZERO ADJUST 
Turn all bits OFF and adjust zero trimmer R1, until the out
put reads 0.000 volts (lLSB= 2.44mV). In most cases this trim 
is not needed, but pin 8 should then be connected to pin 12. 

STEP II .•. GAIN ADJUST 
Turn all bits ON and adjust lOOn gain trimmer R2, until the 
output is 9.9976 volts. (Full scale is adjusted to 1LSB less than 
nominal full scale of 10.000 volts.) If a 10.237SV full scale is 
desired (exactly 2.5mV/bit), insert a 120n resistor in series 
with the gain resistor at pin 10 to the op amp output. 

FIGURE 2. BIPOLAR CONFIGURATION 
This configuration will provide a bipolar output voltage from 
-5.000 to +4.9976 volts, with positive full scale occurring with 
all bits ON (alii's). 
STEP I ... OFFSET ADJUST 
Turn OFF all bits. Adjust lOOn trimmer R1 to give -5.000 
volts output. 

STEP II ..• GAIN ADJUST 
Turn ON All bits. Adjust lOOn gain trimmer R2 to give a 
reading of +4.9976 volts. 

Please note that it is not necessary to trim the op amp to ob
tain full accuracy at room temperature. In most bipolar situa
tions, an op amp trim is unnecessary unless the untrimmed off
set drift of the op amp is excessive. 
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Applying the AD565A1AD566A 
FIGURE 3. OTHER VOLTAGE RANGES 
The AD565A can also be easily configured for a unipolar 0 to 
+S volt range or ±2.5 volt and ±10 volt bipolar ranges by using 
the additional 5k application resistor provided at the 20 volt 
span. R terminal, pin 11. For a 5 volt span (0 to +5 or ±2.5), 
the two Sk resistors are used in parallel by shorting pin 11 to 
pin 9 and connecting pin 10 to the op amp output and the 
bipolar offset either to ground for unipolar or to REF OUT 
·for the bipolar range. For the ±10 volt range (20 volt span) 
use the 5k resistors in series by connecting only pin 11 to the 
op amp output and the bipolar offset connected as shown. 
The ±10 volt option is shown in Figure 3. 

+t5V 

Figure 7. 0 to +70V Unipolar Voltage Output 

REF 5 
GND,Ht-~"'---

" loon 
BIPOLAR OFF 

Figure 2. ±5V Bipolar Voltage Output 

" "lOll 
BIPOLAR OFF 

11 ZOVSPAN 

'.06k 
AD665A .. 

Figure 3. ± 70V Voltage Output 
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AD565A1AD566A 
CONNECTING THE AD566A FOR BUFFERED VOLTAGE 
OUTPUT 

The sta,ndard current-to-voltage conversion connections using 
an operational amplifier are shown here with the preferred 
trimming techniques. If a low offset operational amplifier 
(ADSlOL, ADS17L, AD741L, AD301AL, AD OP-07) is used, 
excellent performance can be obtained in many situations 
without trimming (an op amp with less than O,SmV max off
set voltage should be used to keep offset errors below 1I2LSB). 
If a son fixed resistor is substitu ted for the lOOn trimmer, 
unipolar zero will typically be within ±1I2LSB (plus op amp 
offset), and full scale accuracy will be within 0.1% (0.2S% 
max). Substituting a son resistor for the lOOn bipolar off
set trimmer will give a bipolar zero error typically within 
±2LSB (O.OS%). 

The ADS09 is recommended for buffered voltage-output ap
plications which require a settling time to ±1I2LSB of one 
microsecond. The feedback capacitor is shown with the op
timum value for each application; this capacitor is required to 
compensate for the 25 picofarad DAC output capacitance. 

FIGURE 4. UNIPOLAR CONFIGURATION 
This configuration will provide a unipolar 0 to +10 volt output 
range. In this mode, the bipolar terminal, pin 7, should be 
grounded if not used for trimming. 

STEP I ... ZERO ADJUST 
Turn all bits OFF and adjust zero trimmer, R1, until the output 
reads 0.000 volts (lLSB = 2.44mV). In most cases this trim 
is not needed, but pin 7 should then be connected to pin 12. 

STEP II .•. GAIN ADJUST 
Turn all bits ON and adjust lOOn gain trimmer, R2, until the 
output is 9.9976 volts. (Full scale is adjusted to lLSB less than 
nominal full scale of 10.000 volts.) If a 10.237SV full scale is 
desired (exactly 2.5mV/bit), insert a 120n resistor in series 
with the gain resistor at pin 10 to the op amp output. 

FIGURE 5. BIPOLAR CONFIGURATION 
This configuration will provide a bipolar output voltage from 
-S.OOO to +4.9976 volts, with positive full scale occurring with 
all bits ON (alII's). 

STEP I •.. OFFSET ADJUST 
Turn OFF all bits. Adjust lOOn trimmer Rl to give -S.OOO 
output volts. 

STEP II. " GAIN ADJUST 
Turn ON all bits. Adjust lOOn gain trimmer R2 to give a 
reading of +4.9976 volts. 

Please note that it is not necessary to trim the op amp to ob
tain full accuracy at room temperature. In most bipolar situa
tions, an op amp trim is unnecessary unless the untrimmed off
set drift of the op amp is excessive. 

FIGURE 6. OTHER VOLTAGE RANGES 
The ADS66A can also be easily configured for a unipolar 0 to 
+S volt range or ±2.S volt and ±10 volt bipolar ranges by using 
the additional 5k application resistor provided at the 20 volt 
span R terminal, pin 11. For a S volt span (0 to +SV or ±2.5V), 
the two 5k resistors are used in parallel by shorting pin 11 to 
pin 9 and connecting pin 10 to the op amp output and the bi
polar offset resistor either to ground for unipolar or to VREF 
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for the bipolarrange. For the ±10 volt range (20volt span) use 
the 5k resistors in series by connecting only pin 11 to the op 
amp output and the bipolar offset connected as shown. The 
±10 volt option is shown in Figure 6. 

DIGITAL INPUT ANALOG OUTPUT 

MSB LSB Straight Binary Offset Binary 

000000000000 Zero -FuJI Scale 
011111111111 Mid Scale -I LSB Zero -ILSB 
100000000000 +1/2 FS Zero 
IIIIIIIIIIII +FS -ILSB + Full Scale -ILSB 

·lovC'rt the MSB of the offset binary code with an external 
inverter to obwn two's complement. 

Table I. Digital Input Codes 
+15V 

Two '5 Compl •• 

Zero 
+FS -ILSB 
-FS 
Zero-ILSB 

Figure 4. 0 to +10V Unipolar Voltage Output 

Figure 5. ±5V Bipolar Voltage Output 

Figure 6. ± 10V Voltage Output 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Ultrahigh Speed: Current Settling to 1LSB in 35ns 
High Stability Buried Zener Reference on Chip 
Monotonicity Guaranteed Over Temperature 
10.24mA Full-Scale Output Suitable for Video 

Applications 
Integral and Differential Linearity Guaranteed Over 

Temperature 
0.3" "Skinny DIP" Packaging 
Variable Threshold Allows TIL and CMOS 

Interface 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD568 is an ultrahigh-speed, 12-bit digital-to-analog con
verter (DAG) settling to 0.025% in 35ns. The monolithic device 
is fabricated using Analog Devices' Complementary Bipolar 
(CB) Process. This is a proprietary process featuring high-speed 
NPN and PNP devices on the same chip without the use of 
dielectric isolation or multichip hybrid techniques. The high 
speed of the AD568 is maintained by keeping impedance levels 
low enough to minimize the effects of parasitic circuit 
capacitances. 

The DAC consists of 16 current sources configured to deliver a 
10.24mA full-scale current. Multiple matched current sources 
and thin-film ladder techniques are combined to produce bit 
weighting. The DAC's output is a 10.24mA full scale (FS) for 
current output applications or a 1.024V FS unbuffered voltage 
output. Additionally, a 10.24V FS buffered output may be 
generated using an onboard lkO span resistor with an external 
op amp. Bipolar ranges are accomplished by pin strapping. 

Laser wafer trimming insures full 12-bit linearity. All grades of 
the AD568 are guaranteed monotonic over their full operating 
temperature range. Furthermore, the output resistance of the 
DAC is trimmed to lOOn:!: 1.0%. The gain temperature coefficient 
of the voltage output is 3OppmI"C max (K). 

The AD568 is available in three performance grades. The 
AD568JQ and KQ are available in 24-pin cerdip (0.3") packages 
and are specified for operation from 0 to + 700c. The AD568SQ 
features operation from - 550C to + l250C and is also packaged 
in the hermetic 0.3" cerdip. 

REV. A 

12-Bit Ultrahigh Speed 
Monolithic D/A Converter 

AD568 I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT IUGHLIGHTS 
1. The ultrafast settling time of the AD568 allows leading edge 

performance in waveform generation, graphics display and 
high-speed AID conversion applications. 

2. Pin strapping provides a variety of voltage and current output 
ranges for application versatility. Tight control of the absOlute 
output current reduces trim requirements in externa1ly-scaled 
applications. 

3. Matched on-chip resistors can be used for precision scaling 
in high-speed AID conversion circuits. 

4. The digital inputs are compatible with TTL and + 5V CMOS 
logic families. 

5. Skinny DIP (0.3") packaging minimizes board space require
ments and eases layout considerations. 

6. The AD568 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current AD568/883B data sheet for detailed specifications. 
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AD568-SPECIFICATIONS (@ = +25°C, Vee, VEE = ±15V unless otherwise noted.) 

Model ADS68J ADS68K ADS68S 
Min Typ Max Min Typ Max Min Typ M"" Uoits 

RESOLUTION 12 12 12 Bits 

ACCURACY' 
Linearity -112 +112 -1/4 +1/4 -1/2 +112 LSB 

TnuntoTmu. -314 +314 -112 +1/2 -3/4 +3/4 LSB 
Differential Nonlinearity -I +1 -112 +1/2 -I +1 LSB 

TrrunlOT_ .. -I +1 -I +1 -I -I LSB 
Monotonicity GUARANTEED OVER RATED SPECIFICATION TEMPERATURE RANGE 
Unipolar Offset 
Bipolar Offset 
Bipolar Zero 

Gain Error 

TEMPERATURE COEFFICIENTS' 
UnipolarOffse[ 
Bipolar Qffse[ 
Bipolar Zero 

GainOrift 
Gain Drift (lOUT) 

DATA INPUTS 
Logic Levels (T min to T max) 

V'H 
VII. 

Logic CurrenlS (T nun to T max) 

IIH 
In. 
VTH Pin Voltage 

CODING 

CURRENT OUTPUT RANGES 

VOLTAGE OUTPUT RANGES 

COMPLIANCE VOLTAGE 

OUTPUT RESISTANCE 
Exclusive ofRl. 
InciusiveofRI . 

SETTLING TIME 
Current to 

±0.025% 
±O.I% 

Voltage 

5011 Load" 0.512V p-p, 
100.025% 
100.1% 

101% 
7511 Load',0.768Vp-p, 

[00.025% 
[00.1% 
101% 

10011 (Internal Rd, 1.024V pop, 
[00.025% 
[00.1% 
101% 

Glitch Impulse" 
Peak Amplitude 

FULL-SCALE TRANSITION' 
10% to 90% Rise Time 
90%[010% Fall Time 

POWER REQUIREMENTS 
+ 13.5V [0 + 16.5V 
- 13.5V [0 - 16.5V 
Power Dissipation 
PSRR 

TEMPERATURE RANGE 
Rated Specification2 

Storage 

NOTES 
*SameasAD568J. 
I Measured in Ion mode. 

-0.2 
-1.0 
-0.2 
-1.0 

-S 
-30 
-IS 
-SO 
-ISO 

2.0 
0.0 

-10 0 
-O.S -60 

1.4 

-2 

160 200 
99 100 

35 
23 

37 
25 
18 

40 
25 
20 

50 
38 
24 
350 
15 

11 
11 

27 
-7 
525 

0 
-65 

+0.2 
+1.0 
+0.2 
+1.0 

+S 
+30 
+IS 
+SO 
+ ISO 

7.0 
0.8 

+10 
-100 

+1.2 

240 
101 

32 
-8 
625 
0.05 

70 
+ ISO 

· · · · %ofFSR · · · · %ofFSR · · · · %ofFSR · · · · %ofFSR 

-3 I +3 -S +S ppmofFSRrC 
-20 +20 -30 +30 ppmofFSRI"C · · · · ppm ofFSRI'C 
-30 +30 -SO +SO ppm ofFSRI'C · · · · ppmofFSRrC 

· · · · V · · · · V 

· · · · · · "A · · · · -100 -200 "A · · V 

BINARY, OFFSET BINARY 

0[010.24, ± 5.12 mA 

0[01.024, ±0.SI2 V 

· · · · V 

· · II · · II 

, 

· · .stoO.025%ofFSR · · .stoO.I%ofFSR 

· · .. [00.025%ofFSR · · .stoO.I%ofFSR · · nstol%ofFSR 

· · '8[00.025% ofFSR · · .stoO.I%ofFSR · · nstol%ofFSR 

· · nstoO.025%ofFSR · · nstoO.I%ofFSR · · nstol%ofFSR · · pV-sec · · %ofFSR 

· · ns · · os 

· · · · mA · · · · mA · · · · mW · · %ofFSRN 

0 70 -55 +125 "C · · · · "C 

'At the major carry ,driven by HCMOS logic. See text for funher explanation. 
S Measured in VOt:T mode. 

lMeasured in V ()t:T mode. unless otherwise specified. See text for further information. Specifications shown in boldface are tested on all production units at final electrical test. 
Specifications sub;ea to change without norice. 'Total Resistance. Refer to Figure 3. . 
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ANALOG 
COMMON 

Figure 1. Functional Block Diagram 

ABSOLUTE MAXIMUM RATINGS· 

V cc to REFCOM .. 
VEE to REFCOM . . 
REFCOM to LCOM 
ACOM to LCOM . 
THCOM to LCOM 
SPANs to LCOM 
IsPO to LCOM 
lOUT to LCOM . . 
Digital Inputs to THCOM 
Voltage Across Span Resistor 
VTH to THCOM ..... . 
Logic Threshold Control Input Current . 

. ... OV to + 18V 

.... OV to -18V 
+ 100mV to - IOV 

± 100mV 
±SOOmV 

.. ±12V 
. . . ±SV 

-SV to VTH 

-SOOmV to +7.0V 
....... 12V 
-0.7V to + 1.4V 

. . SmA 

v" 

BIT 1 fMSBI 

Power Dissipation . . . . . 
Storage Temperature Range 

Q (Cerdip) Package 
Junction Temperature 
Thermal Resistance 

6ja ••••••••• 

Ojc ••••••••• 

AD568 
PIN CONFIGURATION 

23 REFERENCE COMMON (REFCOMI 

21 BIPOLAR OfFSET /111".,1 

19 LOAD RESISTOR fRll 

18 ANALOG COMMON (ACOMI 

17 LADDER COMMON (LCOMI 

16 lOV SPAN RESISTOR 

1S lOV SPAN RESJ5TOR 

14 THRESHOLD COMMON fTHCOMI 

13 THRESHOLD CONTROL (VTHI 

. .... lOOOmW 

- 65°C to + 150°C 
175°C 

7S0 CfW 
2SoCfW 

·Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is riot 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

ORDERING GUIDE 

Linearity Voltage 
Package Temperature Error Max. GainT.C. 

Modell Option2 RangeOC @2SoC Maxppml"C 

ADS68JQ 24-Lead Cerdip (Q-24) Oto +70 ± 112 ±SO 
ADS68KQ 24-Lead Cerdip (Q-24) Oto +70 ± 114 ±30 
ADS68SQ 24-Lead Cerdip (Q-24) - 55 to + 125 ± 112 ±50 

NOTES 
'For details on grade and package offerings screened in accordance with MILwSTD-883, refer 
to the Analog Devices Military Products Databook or current AD568/883B data sheet. 

2Q = Cerdip. For outline information see Package Information section. 

Definitions 
LINEARITY ERROR (also called INTEGRAL NON
LINEARITY OR INL): Analog Devices defines linearity 
error as the maximum deviation of the actual analog output 
from the ideal output (a straight line drawn from 0 to FS) 
for any bit combination expressed in multiples of ILSB. The 
ADS68 is laser trimmed to 1I4LSB (0.006% of FS) maximum 
linearity error at + 25°C for the K version and 112LSB for 
the J and S versions. 

DIFFERENTIAL LINEARITY ERROR (also called 
DIFFERENTIAL NONLINEARITY or DNL): DNL is 
the measure of the variation in analog value, normalized to 
full scale, associated with a ILSB change in digital input 
code. Monotonic behavior requires that the differential linearity 
error not exceed lLSB in the negative direction. 

MONOTONICITY: A DAC is said to be monotonic if the 
output either increases or remains constant as the digital 
input increases. 

REV. A 

UNIPOLAR OFFSET ERROR: The deviation of the analog 
output from the ideal (OV or OmA) when the inputs are set 
to all Os is called unipolar offset error. 

BIPOLAR OFFSET ERROR: The deviation of the analog 
output from the ideal (negative half-scale) when the inputs 
are set to all Os is called bipolar offset error. 

BIPOLAR ZERO ERROR: The deviation of the analog 
output from the ideal half-scale output of OV (or OmA) for 
bipolar mode when only the MSB is on (100 ..... 00) is called 
bipolar zero error. 

GAIN ERROR: The difference between the ideal and actual 
output span of FS - lLSB, expressed in % of FS, or LSB, 
when all bits are on. 

GLITCH IMPULSE: Asymmetrical switching times in a 
DAC give rise to undesired output transients which are quan
tified by their glitch impulse. It is specified as the net area of 
the glitch in nY-sec or pA-sec. 
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AD568 
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.. 100 1 .. 200 25' 

Figure 2. AD568 Glitch Impulse 

COMPLIANCE VOLTAGE: The range of allowable voltage 
at the output of a current-output DAC which will not degrade 
the accuracy of the output current. 

SETTLING TIME: The time required for the output to 
reach and remain within a specified error band about its fmal 
value, measured from the digital input transition. 

Connecting the AD568 
UNBUFFERED VOLTAGE OUTPUT 

Unipolar Configuration 
Figure 3 shows the ADS68 configured to provide a unipolar 0 to 
+ 1.024V output range. In this mode, the bipolar offset terminal, 
Pin 21, should be grounded if not used for offset trimming. 

The nominal output impedance of the ADS68 with Pin 19 grounded 
has been trimmed to 1000, ± 1%. Other output impedances can 
be generated with an external resistor, REXT, between Pins 19 
and 20. An REXT equalling 3000 will yield a total output resistance 
of 7S0, while an REXT of 1000 will provide son of output 
resistance. Note that since the full-scale output current of the 
DAC remains 1O.24mA, changing the load impedance changes 
the unbuffered output voltage accordingly. Settling time and 
full-scale range characteristics for these load impedances are 
provided in the specifications table. 

DIGITAL 
INPUTS 

.'V 

+15V -15V 

O.Z .... F 

FERIUTE BEADS 
STACKPOLE67_1392 

OR 
AMlDONFB_43B_101 

OR EQUIVALENT 

ANALOG 
SUPft.Y 

GROUND 

DIGITAl 
SUPPLY 

GROUND 

Figure 3. Unipolar Output Unbuffered 0 to + 1.024V 

Bipolar Configuration 
Figure 4 shows the connection scheme used to provide a bipolar 
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output voltage range of 1.024V. The bipolar offset (-0.SI2V) 
occurs when all bits are OFF (00 ..• 00), bipolar zero (OV) 

+15V -15V 

DIGITAL 
INPUTS 

fiBl-+-1f;o------, ANALOG 
SUPPLY 

GROUND 

DIGITAL 
SUPPLV 

GROUND 

Figure 4. Bipolar Output Unbuffered ±O.512V 

occurs when the MSB is ON with all other bits OFF (10 ... 
00), and full-scale minus ILSB (0.S117SV) is generated when all 
bits are ON (11 ... 11). Figure S shows an optional bipolar 
mode with a 2.048V range. The scale factor in this mode will 
not be as accurate as the configuration shown in Figure 4, because 
the laser-trimmed resistor RL is not used. 

Figure 4 also demonstrates how the internal span resistor may 
be used to bias the VTH pin (Pin 13) from a SV supply. This 
eliminates the requirement for an external RTH in applications 
that do not require the precision span resistor. 

DIGITAL 
INPUTS 

+15Y -15V 

.5V 

Figure 5. Bipolar Output Unbuffered ± 1.024V 

Optional Gain and Zero Adjustment 
The gain and offset are laser trimmed to minimize their effects 
on circuit performance. However, in some applications, it may 
be desirable to externally reduce these errors further. In those 
cases, the following procedures are suggested. 

UNIPOLAR MODE: (Refer to Figure 6) 
Step I - Set all bits (BIT I-BIT 12) to Logic "0" (OFF) - note 
the output voltage. This is the offset error. 

Step 2 - Set all bits to Logic "I" (ON). Adjust the gain .trim 
resistor so that the output voltage is equal to the desired full 
scale minus I LSB plus the offset error measured in step 1. 
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Step 3 - Reset all bits to Logic "0" (OFF). Adjust the offset 
trim resistor for OV output. 

DIGITAL 
INPUTS 

~---------4~~----o+ 

S.11kU ANALOG 
OUTPUT 

100'1 IOTa + 1.024V} 
OFFSET 

Figure 6. Unbuffered Unipolar Gain and Zero Adjust 

BIPOLAR MODE (Refer to Figure 7) 
Step I - Set bits to offset binary "zero" (10 ... 00). Adjust the 
zero resistor to produce OV at the DAC output. This removes 
the bipolar zero error. 

Step 2 - Set all bits to Logic "I" (ON). Adjust gain trim resistor 
so the output voltage is equal to the desired full-scale minus 
ILSB. 

Step 3 - (Optional) If precise trimming of the bipolar offset is 
preferred to trimming of bipolar zero: set all bits to Logic "0" 
(OFF). Trim the zero resistor to produce the desired negative 
full scale at the DAC output. 
Note: this may slightly compromise the bipolar zero trim. 

~-4--------~--+-__ ~+ 
DIGITAL 
INPUTS 

}-___ t'(v"..,5.11kH ZERO 20kU ~~~~ 

I-O.S12VTO +O.512V} 
7511 

v" 

Figure 7. Bipolar Unbuffered Gain and Zero Adjust 

BUFFERED VOLTAGE OUTPUT 
For full-scale outputs of greater than I V, some type of external 
buffer amplifier is required. The AD840 fills this requirement 
perfectly, settling to 0.02S% from a 10V full-scale step in less 
than lOOns. 

A IkO span resistor has been provided on chip for use as a 
feedback resistor in buffered applications. Using RSPAN (Pins 
IS, 16) introduces a lOOmW code-dependent power source onto 
the chip which may generate a slight degradation in linearity. 
Maximum linearity performance can be realized by using an 
external span resistor. 

Unipolar Inverting Configuration 
Figure 8 shows the connections for producing a -JO.24V full-scale 
swing. This configuration uses the ADS68 in the current output 
mode into a summing junction at the inverting input terminal of 

REV. A 

AD568 
the external op amp. With the load resistor RL grounded, the 
DAC has an output impedance of 1000. This produces a noise 
gain of II from the noninverting terminal of the op amp, and 
hence, satisfies the stability criterion of the AD840 (stable at a 
gain of 10). The addition of a SpF compensation capacitor across 
the IkO feedback resistor produces optimal settling. Lower 
noise gain can be achieved by connecting RL to lOUT' increasing 
the DAC output impedance to approximately 2000, and reducing 
the noise gain to 6 (illustrated in Figure 9). While the output in 
this configuration will feature improved noise performance, it is • 
somewhat less stable and may suffer from ringing. The compen-
sation capacitance should be increased to 7pF to maintain stability 
at this reduced gain. +1SV -1SVU !'F 

DIGITAL 
INPUTS 

+5V 

Figure 8. Unipolar Output Buffered 0 to - 10.24V 

Bipolar Inverting Configuration 
Figure 9 illustrates the implementation of a +S.llV to -S.llV 
bipolar range, achieved by connecting the bipolar offset current, 
IBPO, to the summing junction of the external amplifier. Note 
that since the amplifier is providing an inversion, the full-scale 
output voltage is - S.llV, while the bipolar offset voltage (all 
bits OFF) is + S.12V at the amplifier output. 

DIGITAL 
INPUTS 

+15V 

+5V 

-15V 
O.2"F 

ANALOG 
A+---"::""--l-o OUTPUT 

ANALOG 
SUPPlY 

GROUND 

DIGITAL 
SUPPLY 

GROUND 

Figure 9. Bipolar Output Buffered ±5.12V 
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Noninverting Configuration 
If a positive full-scale output voltage is required, it can be im
plemented using the AD568 in the unbuffered voltage output 
mode followed by the AD840 in a noninverting configuration 
(Figure 10). The noise gain of this topology is 10, requiring 
only 5pFacross the feedback resistor to optimize settling. 

+15V -15V 
O.2p.F 

ANALOG 

DIGITAL 
I\!PUTS 

,~~ ____ ~ ____ ~o~p~ 

+5V 

ANALOG 
SUPPlY 

GROUND 

Figure 10. Unipolar Output Buffered 0 to + 10.24V 

Guidelines for Using the AD568 
The designer who seeks to combine high speed with high precision 
faces a challenging design environment. Where tens of milliam
peres are involved, fractions of an ohm of misplaced impedance 
can generate several LSBs of error. Increasing bandwidths make 
formerly negligible parasitic capacitances and inductances signif
icant. As system performance reaches and exceeds that of the 
measurement equipment, time-honored test methods may no 
longer be trustworthy. The DAC's placement on the boundary 
between the analog and digital domains introduces additional 
concerns. Proper RF techniques must be used in board design, 
device selection, supply bypassing, grounding, and measurement 
if optimal performance is to be realized. The AD568 has been 
configured to be relatively easy to use, even in some of the more 
treacherous applications. The device characteristics shown in 
this datasheet are readily achievable if proper attention is paid 
to the details. Since a solid understanding of the circuit involved 
is one of the designer's best weapons against the difficulties of 
RF design, the following sections provide illustrations, explana
tions, examples, and suggestions to facilitate successful design 
with the AD568. 

Current Output vs. Voltage Output 
As mdicated in Figures 3 through 10, the AD568 has been 
designed to operate in several different modes depending on the 
external circuit configuration. While these modes may be 
categorized by many different schemes, one of the most important 
distinctions to be made is whether the DAC is to be used to 
generate an output voltage or an output .current. In the current 
output mode, the DAC output (Pin 20) is tied to some type of 
summing junction, and the current flowing from the DAC into 
this summing junction is sensed (e.g., Figures 8 and 9). In this 
mode, the DAC output scale is insensitive to whether the load 
resistor, RL , is shorted (Pin 19 connected to Pin 20), or grounded 
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(Pin 19 connected to Pin 18). However, this does affect the 
output impedance of the DAC current and may have a significant 
impact on the noise gain of the external circuitry. IIi the voltage 
output mode, the DAC's output current flows through its own 
internal impedance (perhaps in parallel with an external imped
ance) to generate a voltage, as in Figures 3, 4, 5, and 10, In this 
case, the DAC output scale is directly dependent on the load 
impedance. The temperature coefficient of the AD568's internal 
reference is trimmed in such a way that the drift of the DAC 
output in the voltage output mode is centered on zero. The 
current output of the DAC will have an additional drift factor 
corresponding to the absolute temperature coefficient of the 
internal thin-film resistors. This additional drift may be removed 
by judicious placement of the IkO span resistor in the signal 
path. For example, in Figures 8 and 9, the current flowing from 
the DAC into the summing junction could suffer from as much 
as 150ppml"C of thermal drift. However, since this current 
flows through the interna1 span resistor (Pins IS and 16) which 
has a temperature coefficient that matches the DAC ladder 
resistors, this drift factor is compensated and the buffered voltage 
at the amplifier output will be within specified limits for the 
voltage output mode. 

Output Voltage Compliance 
The AD568 has a typical output compliance range of + 1.2V to 
- 2.0V (with respect to the LCOM Pin). The current-steering 
output stages will be unaffected by changes in the output terminal 
voltage over that range. However, as shown in Figure 11, there 
is an equivalent output impedance of 2000 in parallel with 
15pF at the output terminal which produces an equivalent error 
current if the voltage deviates from the ladder common. This is 
a linear effect which does not change with input code. Operation 
beyond the maximum compliance limits may cause either output 
stage saturation or breakdown resulting in nonlinear performance. 
The positive compliance limit is not affected by the positive 
power supply, but is a function of output current and the logic 
threshold voltage at VTII, Pin 13. 

lour = 10.24mA x DIG= IN 

COMPLIANCE TO 

VntliEStIOlO ".--...... --.., 

...... 
1200nl 15pF 

LADDER 
COMMON 

r.;; =: 10.24mA )( (1 - :'ALlN) 

'5pF 

COMPLIANCE TO 
LOGIC LOWVALUE 

ANALOG 
CO~N 

Figure 11. Equivalent Output 

Digital Input Considerations 
The AD568 uses a standard positive true straight binary code 
for unipolar outputs (all Is full-scale output), and an offset 
binary code for bipolar output ranges. In the bipolar mode, 
with aliOs on the inputs, the output will go to negative full 
scale; with 111 ..• 11, the output will go to positive full scale 
less ILSB; and with 100 .. 00 (only the MSB on), the output 
will go to zero. 

The threshold .of the digital inputs is set at 1.4V and does not 
vary with supply voltage. This is provided by a bandgap referen~e 
generator, which requires approximately 3mA of bias 
current achieved by tying RTII to any + VLsupply where 

_ (+VL -IAV) 
RTH - 3mA . 
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The input lines operate with small input currents to easily achieve 
interface with unbuffered CMOS logic. The digital input signals 
to the DAC should be isolated from the analog output as much 
as possible. To minimize undershoot, ringing, and possible 
digital feedthrough noise, the interconnect distances to the DAC 
inputs should be kept as short as possible. Termination resistors 
may improve performance if the digital lines become too long. 
The digital input should be free from large glitches and ringing 
and have maximum 10% to 90% rise and fall times of 5ns. Figure 
12 shows the equivalent digital input circuit of the AD568. 

'NP~i 0--........... ,."..-.1 
VTHRESHOtD 

TO 
THRESHOLD 

COMMON 

TO 
ANALOG 
COMMON 

r--,---t---<> 
1.4V 
BANDGAP 
DIODE 

TO LADDER THRESHOLD 
lOUT COMMON COMMON 

BIT 1 DRIVES 4 OF THESE CELLS IN PARALLEL. 
BIT 2 DRIVES 2 CELLS. 
BITS 3-12 DRIVE SINGLE CELLS. 

Figure 12. Equivalent Oigitallnput 

Due to the high-speed nature of the AD568, it is recommended 
that high-speed logic families such as Schottky TTL, high-speed 
CMOS, or the new lines of FAST* TTL be used exclusively. 
Table I shows how DAC performance can vary depending on 
the driving logic used. As this table indicates, STTL, HCMOS, 
and FAST represent the most viable families for driving the 
AD568. 

DAC PERFORMANCE VS. DRIVE LOGIC' 

DAC 
Logic 10-90% SETTUNG TIME'" Glitch' Maximum 
Family DAC 1% 0.1% 0.025% Impulse Glitch 

Rise Time' Excursion 

TIL IIns 18ns 34ns 50ns 2.5nV·s 240mV 
LSTIL IIns 28ns 46ns 80ns 9S0pV-s l60mV 
STIL 9.Sns 16ns Bns SOns 8SOpV-s ISOmV 
HCMOS IIns 24ns 38ns SOns 3S0pV-s IISmV 
FAST" 12ns 16ns 36ns 42ns 1.0nV-s 2SOmV 

IAiI values rypicaJ. taken in tesc fixture diagrammed in Figure 13, 
2Measurements are made for a IV full..scale step into lOOODAC load resistance. 
lSeuJing time is measured from the time the digital input crosses the threshold voltage 
(1.4V) to when the output is within the specified range of its rmal value. 

'The worst case glitch impulse. measured on the major carry. DAC full scale is IV. 

Table I. 

The variations in settling times can be attributed to differences 
in the rise time and current driving capabilities of the various 
families. Differences in the glitch impulse are predominantly 
dependent upon the variation in data skew. Variations in these 
specs occur not only between logic families, but also between 
different gates and latches within the same family. When selecting 
a gate to drive the AD568 logic input, pay particular attention 
to the propagation delay time specs: tpLH and tPHL- Selecting 
the smallest delays possible will help to minimize the settling 
time, while selection of gates where tpLH and tpHL are closely 
matched to one another will minimize the glitch impulse resulting 
from data skew. Of the common latches, the 74374 octal flip-flop 
provides the best performance in this area for many of the logic 
families mentioned above. 

*FAST is a registered trademark of Fairchild Camera and Instrumentation 
Corporation. 
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CLOCK IN ---..... ---, +5V 

SELECT ,. V" 
18 

IV ,. 
28 2V 

3A 
74158 3V 

3. 4V +15V -15V 

V" 

WORD A REFCOM 

V" 

4 
AD568 IBPO 

5 lOUT V~ 

R< 

.COM 

LCOM 

Rap",,. 

I. ""M. 
11 TMCOM 

WORDB 
12 V" 

1k 

+5V 

Figure 13. Test Setup for Glitch Impulse and Settling 
Time Measurements 

Settling Time Considerations 
As can be seen from Table I and the specifications page, the 
settling time of the AD568 is application dependent. The fastest 
settling is achieved in the current-output mode, since the voltage
output mode requires the output capacitance to be charged to 
the appropriate voltage. The DAC's relatively large output current 
helps to minimize this effect, but settling-time sensitive applica
tions should avoid any unnecessary parasitic capacitance at the 
output node of voltage output configurations. Direct measurement 
of the fine scale DAC settling time, even in the voltage output 
mode, is extremely tricky: analog scope front ends are generally 
incapable of recovering from overdrive quickly enough to give 
an accurate settling representation. The plot shown in Figure 14 
was obtained using Data Precision's 640 16-bit sampling head, 
which features the quick overdrive recovery characteristic of 
sampling approaches combined with high accuracy and relatively 
small thermal tail. 

1.026 I 
\. ., 

1.022 

20 40 60 8. '00 , .. 
TIME-ns 

Figure 14. Zero to Full-Scale Settling 
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AD568 
Glitch Considerations 
In many high-speed DAC appli~ations, glitch performa~ce is a 
critical specification. In a conventional DAC architecture such 
as the AD568 there are two basic glitch mechanisms: data skew 
and digital feedthrough. A thorough understanding of these 
sources can help the user to minimize glitch in any application. 

DIGITAL FEEDTHROUGH - As with any converter product, 
a high-speed digital-to-analog converter is forced to exist on the 
frontier between the noisy environment of high-speed digital 
logic and the sensitive analog domain. The problems of this 
interfacing are particularly acute when demands of high speed 
(greater than IOMHz switching times) and high precision (12 
bits or more) are combined. No amount of design effort can 
perfectly isolate the analog portions of a DAC from the spectral 
components of a digital input signal with a 2ns risetime. Inevitably, 
once this digital signal is brought onto the chip, some of its 
higher frequency components will find their way to the sensitive 
analog nodes, producing a digital feedthrough glitch. To minimize 
the exposure to this effect, the AD568 has intentionally omitted 
the on-board latches that have been included in many slower 
DACs. This not only reduces the overall level of digital activity 
on chip, it also avoids bringing a latch clock pulse on board, 
whose opposite edge inevitably produces a substantial glitch, 
even when the DAC is not supposed to be changing codes. 
Another path for digital noise to find its way onto a converter 
chip is through the reference input pin. The completely internal 
reference featured in the AD568 eliminates this noise input, 
providing a greater degree of signal integrity in the analog portions 
of the chip. 

DATA SKEW - The AD568, like many of its slower predecessors, 
essentially uses each digital input line to switch a separate, 
weighted current to either the output (lOUT) or some other node 
(ANALOG COM). If the input bits are not changed simultane
ously, or if the different DAC bits switch at different speeds, 
then the DAC output current will momentarily take on some 
incorrect value. This effect is particularly troublesome at the 
"carry points", where the DAC output is to change by only one 
LSB, but several of the larger current sources must be switched 
to realize this change. Data skew can allow the DAC output to 
move a substantial amount towards full scale or .zero (depending 
upon the direction of the skew) when only a small transition is 
desired. Great care was taken in the design and layout of the 
AD568 to ensure that switching times of the DAC switches are 
symmetrical and that the length of the input data lines are short 
and well matched. The glitch-sensitive user should be equally 
diligent about minimizing the data skew at the AD568's inputs, 
particularly for the 4 or 5 most significant bits. This can be 
achieved by using the proper logic family and gate to drive the 
DAC, and keeping the interconnect lines between the logic 
outputs and the DAC inputs as short and as well matched as 
possible, particularly for the most significant bits. The top 6 
bits should be driven from the same latch chip if latches are 
used. 

Glitch Reduction Schemes 
BIT-DESKEWING - Even carefully laid-out boards using the 
proper driving logic may suffer from some degree of data-skew 
induced glitch. One common approach to reducing this effect is 
to add some appropriate capacitance (usually several pF) to each 
of the 2 or 3 most significant bits. The exact value of each capacitor 
for a given application should be determined experimentally, as 
it will be dependent on circuit board layout and the type of 
driving logic used. Table II presents a few examples of how the 
glitch impulse may be reduced through passive deskewing. 
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BIT DELAY GLITCH REDUCTION EXAMPLES' 

Logic Uncompen- Compensation Compen-
Family Gate sated Glitch Used sated Glitch 

HCMOS 74157 350pV-s C2=5pF 250pV-s 

STTL 74158 850pV-s Rl =50n,Cl =7pF 600pV-s 

NOTE 
I Measurements were made using a modified version of the fIXture shown in 
Figure 13, with resistors and capacitors placed as shown in Figure 15. 
Resistance and capacitance values were set to zero except as noted. 

Table II. 

As Figure 15 indicates, in some cases it may prove useful to 
place a few hundred ohms of series resistance in the input line 
to enhance the delay effect. This approach also helps to reduce 
some of the digital feedthrough glitch, as the higher frequency 
spectral components are being filtered out of the most significant 
bits' digital inputs. 

R- C 8fT DESKEWiNG SCHEME ., 
-~!'--;:: ... -i' B'TIIM.B) 

D~~~~G --""'r-.::i--i 
LOGIC 

AD568 

Figure 15. R-C Bit Deskewing Scheme 

THRESHOLD SHIFT - It is also possible to reduce the data 
skew by shifting the level of logic voltage threshold, VTH (Pin 
13). This can be readily accomplished by inserting some resistance 
between the THRESHOLD COM pin (Pin 14) and ground, as 
in Figure 16. To generate threshold voltages below l.4V, Pin 13 
may be directly driven with a voltage source, leaving Pin 14 tied 
to the ground plane. As Note 2 in Table III indicates, lowering 
the threshold voltage may reduce output voltage compliance 
below the specified limits, which may be of concern in an un
buffered voltage output topology. 

SELECTING RA AND RB: 
RA + RB = 5V/3.6mA 

THRESHOLD VOLTAGE = VTH = 1.4V + 13.6mA x Ra) 

AD568 1-_.-_ ....... , C1: 1000pFCHIPCAPACJTOR 

Figure 16. Positive Threshold Voltage Shift 

Table III shows the glitch reduction achieved by shifting the 
threshold voltage for HCMOS, STTL, and FAST logic. 
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THRESHOLD SHIFf FOR GLITCH IMPROVEMENT' 

Logic Uncompen- Modified Resulting 
Family Gate sated Glitch Threshold2 Glitch 

HCMOS 74HCI58 350pV-s l.7V 150pV-s 

STTL 74S158 850pV-s l.OV 200pV-s 

FAST 74FI58 lOOOpV-s I.3V 480pV-s 

NOTES 
I Measurements made on a modified version of the circuit shown in 
Figure 13, with a IV full scale. 

2Use care in any scheme that lowers the threshold voltage since the 
output voltage compliance of the DAC is sensitive to this voltage. 
If the DAC is to be operated in the voltage output mode, it is strongly 
suggested that the threshold voltage be set at least 200mV above 
the output voltage full scale. 

Table III. 

DegJitching 
Some applications may prove so sensitive to glitch impulse that 
reduction of glitch impulse by an order of magnitude or more is 
required. In order to realize glitch impulses this low, some sort 
of sample-and-hold amplifier (SHA)-based deglitching scheme 
must be used. 

There are high-speed SHAs available with specifications sufficient 
to deglitch the AD568, however most are hybrid in design at 
costs which can be prohibitive. A high performance, low cost 
alternative shown in Figure 17 is a discrete. SHA utilizing a 
high-speed monolithic op amp and high-speed DMOS FET 
switches. 

This SHA circuit uses the inverting integrator architecture. The 
AD841 operational amplifier used (300MHz gain bandwidth 
product) is fabricated on the same high-speed process as the 
AD568. The time constant formed by the 200n resistor and the 
100pF capacitor determines the acquisition time and also band 
limits the output signal to eliminate slew induced distortion. 

A discrete drive circuit is used to achieve the best performance 
from the SD5000 quad DMOS switch. This switch driving cell 
is composed of MPS571 RF npn transistors and an MClO124 
TTL to ECL translator. Using this technique provides both 
high speed and highly symmetrical drive signals for the SD5000 
switches. The switches are arranged in a single-throw double-pole 
(SPDT) configuration. The 360pF "flyback" capacitor is switched 
to the op amp summing junction during the hold mode to keep 
switching transients from feeding to the output. This capacitor 
is grounded during sample mode to minimize its effect on ac
quisition time. 

Circuit layout for a high speed SHA is almost as critical as the 
design itself. Figure 17 shows a recommended layout of the 
deglitching cell for a double sided printed circuit board. The 
layout is very compact with care taken that all critical signal 
paths are short. 
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Figure 17. High Performance Deglitcher 

Grounding Rules 
The AD568 brings out separate reference, output, and digital 
power grounds. This allows for optimum management of signal 
ground currents for low noise and high-speed settling performance. 
The separate ground returns are provided to minimize changes 
in current flow in the analog signal paths. In this way, logic 
return currents are not summed into the same return path with 
the analog signals. 

It is important to understand which supply and signal currents 
are flowing in which grounds so that they may be returned to 
the proper power supply in the best possible way. 

The majority of the current that flows into the V c<' supply 
(Pin 24) flows out (depending on the DAC input code) either 
the ANALOG COMMON (Pin 18), the LADDER COMMON 
(Pin 17), andlor lOUT (Pin 20). 

The current in the LADDER COMMON is configured to be 
code independent when the output current is being summed 
into a virtual ground. If lOUT is operated into its own output 
impedance (or in any unbuffered voltage output mode) the 
current in LADDER COMMON will become partially code 
dependent. 

The current in the ANALOG COMMON (Pin 18) is an approx
imate complement of the current in lOUT, i.e., zero when the 
DAC is at full scale and approximately lOrnA at zero input 
code. 

A relatively constant current (not code dependent) flows out the 
REFERENCE COMMON (Pin 23). 

The current flowing out of the VEE supply (Pin 22) comes from 
a combination of reference ground and BIPOLAR OFFSET 
(Pin 21). The plus and minus lSV supplies are decoupled to the 
REFERENCE COMMON. 

The ground side of the load resistor RL , ANALOG COMMON 
and LADDER COMMON should be tied together as close to 
the package pins as possible. The analog output voltage is then 
referred to this node and thus it becomes the "high qUality" 
ground for the AD568. The REFERENCE COMMON (and 
Bipolar offset when not used), should also be connected to this 
node. 

DIGITAL-TO-ANALOG CONVERTERS 2-79 

• 



AD568 
All of the current that flows into the V TH terminal (Pin 13) 
from the resistor tied to the SV logic supply (or other convenient 
positive supply) flows out the THRESHOLD COMMON (Pin 
14). This ground pin should be returned directly to the digital 
ground plane on its own individual line. 

The + SV logic supply should be decoupled to the THRESHOLD 
COMMON. 

Because the VTH pin is connected directly to the DAC switches 
it should be decoupled to the analog output signal common. 

In order to preserve proper operation of the DAC switches, the 
digital and analog grounds need to eventually be tied together. 
This connection between the ground planes should be made 
within 112" of the DAC. 

The Use of Ground and Power Planes 
If used properly, ground planes can perform a myriad of functions 
on high-speed circuit boards: bypassing, shielding, current 
transport, etc. In mixed signal design, the analog and digital 
portions of the board should be distinct from one another, with 
the analog ground plane covering analog signal traces and the 
digital ground plane confmed to areas covering digital interconnect. 

The two ground planes should be connected at or near the 
DAC. Care should be taken to insure that the ground plane is 
uninterrupted over crucial signal paths. On the digital side, this 
includes the digital input lines running to the DAC and any 
clock lines. On the analog side, this includes the DAC output 
signal as well as the supply feeders. The use of wide runs or 
planes in the routing of power lines is also recommended. This 
serves the dual function of providing a low series impedance 
power supply to the part as well as providing some "free" capacitive 
decoupling to the appropriate ground plane. Figure 18 illustrates 
the PC board used for the circuit shown in Figure 13. This 
design was constructed on a simple two-layer board and illustrates 
many of the points discussed above. If more layers of interconnect 
are available, even better results are possible. 

Using The Right Bypass Capacitors 
Probably the most important external components associated 
with any high-speed design are the capacitors used to bypass the 
power supplies. Both selection and placement of these capacitors 
can be critical and, to a large extent, dependent upon the specifics 
of the system configurations. The dominant consideration in 
selection of bypass capacitors for the ADS68 is minimization of 
series resistance and inductance. Many capacitors will begin to 
look inductive at 20MHz and above, the very frequencies we are 
most interested in bypassing. Ceramic and flim-type capacitors 
generally feature lower series inductance than tantalum or elec
trolytic types. A few general rules are of universal use when 
approaching the problem of bypassing: 

Bypass capacitors should be installed on the printed circuit 
board with the shortest possible leads consistent with reliable 
construction. This helps to minimize series inductance in the 
leads. Chip capacitors are optimal in this respect. 

Some series inductance between the DAC supply pins and the 
power supply plane often helps to fliter out high-frequency 
power supply noise. This inductance can be generated using a 
small ferrite bead. 
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Component Side 

Foil Side 

Figure 18. Printed Circuit Board Layout 

High.Speed Interconnect and Routing 
It is essential that care be taken in the signal and power ground 
circuits to avoid inducing extraneous voltage drops in the signal 
ground paths. It is suggested that all connections be short and 
direct, and as physically close to the package as possible, so that 
the length of any conduction path shared by external components 
will be minimized. When runs exceed an inch or so in length, 
some type of termination resistor may be required. The necessity 
and value of this resistor will be dependent upon the logic family 
used. 

For maximum ac performance, the DAC should be mounted 
directly to the circuit board; sockets should not be used as they 
introduce unwanted capacitive coupling between adjacent pins 
of the device. 
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Applications 
1",5, 12-BIT SUCCESSIVE APPROXIMATION AID 
CONVERTER 
The AD56S's unique combination of high speed and true 12-bit 
accuracy can be used to construct a 12-bit SAR-type A/D converter 
with a sub-",s conversion time. Figure 19 shows the configuration 
used for this application. A negative analog input voltage is 
converted into current and brought into a summing junction 

+5V 

PARALLEL DATA 
OUT 

CONVERSION COMPLETE 
STAAT CONVERT 
CHIP ENABLE 

CLOCK 

+5V 

AD568 

with the DAC current. This summing junction is bidirectionally 
clamped with two Shottky diodes to limit its voltage excursion 
from ground. This voltage is differentially amplified and passed 
to a high-speed comparator. The comparator output is latched 
and fed back to the successive approximation register, which is 
then clocked to generate the next set of codes for the DAC. 

v,. 
o TO -10.24V +5V 

01, D2 THOMPSON CSFBAR - 10 
OR SIMILAR SCHOTTKY DIODE 

01 - 05 RCA CA3121 ARRAY AS PER 
"BUILO YOUR OWN AID CONVERTER 
FOR OPTIMUM PERFORMANCE," EDN, 
MARCH 20, 1986, PAGE 195. _.-

Figure 19. AD568 l/l-s Successive Approximation AID Application 

Circuit Details 
Figure 20 shows an approximate timing budget for the AID 
converter. If 12 cycles are to be completed in IlLS, approximately 
80ns is allowed for each cycle. Since the Shottky diodes clamp 
the voltage of the summing junction, the DAC settling time 
approaches the current-settling value of 35ns, and hence uses up 
less than half the timing budget. 

To maintain simplicity, a simple clock is used that runs at a 
constant rate throughout the conversion, with a duty cycle of 
approximately 90%. If absolute speed is worth the additional 
complexity, the clock frequency can be increased as the conversion 
progresses since the DAC must settle from increasingly smaller 
steps. 

When seeking a cycle time of less than lOOns, the delays generated 
by the older generation SAR registers become problematic. 
Newer, higher speed SAR logic chips are becoming available in 
the classic 2504 pinout that cuts the logic overhead in half. One 
example of this is Zyrel's ZR2S04. 

Finding a comparator capable of keeping up with this DAC 
arrangement is fairly difficult: it must respond to an overdrive 
of 250IL V (ILSB) in less than 25ns. Since no inexpensive com-
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parator exists with these specs, special arrangements must be 
made. The LTIOl6 comparator provides relatively quick response, 
but requires at least 5m V of overdrive to maintain this speed. A 
discrete preamplifier may be used to amplify the summing junction 
voltage to sufficiently overdrive the comparator. Care must be 
exercised in the layout of the preamp/comparator block to avoid 
introducing comparator instability with the preamp's additional 
gain. 

SAR 
DELAY 

IOns I 
DACSETTUNG 

35"5 

PREAMP COMPARATOR 
DELAY DELAY 

15"5 )10n5 110n5 I 
U CLOCK 

PULSE 

10ns 20ns 30ns 40n5 50ns 60ns 70"5 80ns 

t 
START OF 

CLOCK CYCLE 
i STAtTOFNEXT 

CLOCK CYCLE 

LATCH COMPARATOR 

Figure 20. Typical Clock Cycle for a l/l-S SAR AID Converter 
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AD568 
IUGH-SPEED MULTIPLYING DAC 
A powerful use for the AD568 is found in multiplying applications, 
where the DAC controls the amplitude of a high-speed signal. 
Specifically, using the AD568. as the control voltage input signal 
for the AD539 60MHz analog multiplier and AD5539 wide-band 
op amp, a high-speed multiplying DAC can be built. 

In the application shown in Figure 21, the AD568 is used in a 
buffered voltage output mode to generate the input to the AD539~s 
control channel. The speed of the AD568 allows oversampling 
of the control signal waveform voltage, thereby providing increased 
spectral purity of the amplitude envelope that modulateS the 
analog input channels. 

The AD568 is configured in the unbuffered unipolar output 
mode. The internal 200n load resistor creates the 0-1 V FS 
output signal, which is buffered and amplified to a 0-3V range 
suitable for the control channel of the AD53\1. 

A soon input impedance exists at Pin 1, the input channel. To 
provide a buffer for the 0-1 V output signal from the ADS68 
looking into the impedance and to achieve the full-scale range, 
the AD841, high-speed, fast settling op amp is included. The 
gain of 3 is achieved with a 2kn resistor configured in follower 
mode with II Ikn pot,and soon resistor. A 20kn pot with con-

DIGITAL 
INPUTS 

<Y. 

nections to Pins 3, 4 and 12 is provided for offset trim. 

The AD539 can accept two separate input signals, each with a 
nominal full-scale voltage range of ± 2V. Each signal can then 
be simultaneously controlled by the AD568 signal at the common 
input channel, Vx . The current outputs from the two signal 
channels, ·Pins 11 and 14, applied to the AD5539 in a subtracting 
configuration, provide the voltage output signal: 

D VY1 - VY2 
VOUT = 4096 x 2V (0,.. D ,.. 409S) 

For applications where only a single channel is involved, channel 
2, VY2, is tied to ground. This provides: 

D VY1 
VOUT = 4096 x 2V (0'" D ,.. 4095) 

Some AD539 circuit details: The control amplifier compensation 
capacitor for Pin 2, Ce, must have a minimum value of 3000pF 
to provide circuit stability. For improved bandwidth and feed
through, the feedthrough capacitor between Pins 1 and 2 should 
be 5-20% of Ce. A Schottky diode at Pin 2 can improve recovery 
time from small negative values of Vx . Lead lengths along the 
path of the high-speed signal from AD568 should be kept at a 
minimum. 

01' TtfOMSON~Sf8AR_100RSIMILARSCHOTTKVDlODf: 

'¢' !!!2ffi.DIRECTCONNECTlONTOGROUNDPlANIE. 

Figure 21. Wideband Digitally Controlled Multiplier 
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FEATURES 
Guaranteed 16-Bit Monotonicity 
Monolithic BiMOS II Construction 
::1:0.01% Typical Nonlinearity 
8- and 16-Bit Bus Compatibility 
3 .... s Settling to 16-Bits 
Low Drift 
Low Power 
Low Noise 

APPLICATIONS 
Robotics 
Closed-Loop Positioning 
High-Resolution ADCs 
Microprocessor-Based Process Control 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The ADS69 is a monolithic 16-bit digital-to-analog converter 
(DAC) manufactured in Analog Devices' BiMOS II process. 
BiMOS II allows the fabrication of low power CMOS logic 
functions on the same chip as high precision bipolar linear circuitry. 
The ADS69 chip includes two resistor strings, selector switches, 
decoding logic, buffer amplifiers, and double-buffered input 
latches. 

The ADS69's voltage-segmented architecture insures 16-bit 
monotonicity over time and temperature. Integral nonlinearity is 
maintained at ±0.01%, while differential nonlinearity is 
± 0.0004%. The on-chip, high-speed buffer amplifiers provide a 
voltage output settling time of 3f.Ls to within ± 0.001% for a 
full-scale step. 

The reference input voltage which determines the output range 
can be either unipolar or bipolar. Nominal reference range is 
± SV and separate reference force and sense connections are 
provided for high accuracy applications. The ADS69 can operate 
with an ac reference in multiplying applications. 

Data may be loaded into the ADS69's input latches from 8- and 
16-bit buses. The double-buffered structure simplifies 8-bit bus 
interfacing and allows multiple DACs to be loaded asynchronously 
and updated simultaneously. Four TTLILSTTLlSV CMOS
compatible signals control the latches: CS, LBE, HBE, and 
LDAC. 

The ADS69 is available in five grades: J and K versions are 
specified from 0 to + 70°C and are packaged in a 28-pin plastic 
DIP and 28-pin PLCC package; AD and BD versions are specified 
from - 25°C to + 85°C and are packaged in a 28-pin ceramic 
DIP. The SO version, also in a 28-pin ceramic DIP, is specified 
from - 55°C to + 125°C. 
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16-Bit Monotonic 
Voltage Output D/A Converter 

AD569 I 
FUNCTIONAL BLOCK DIAGRAM 

+V"EF FORCE ., 
+VREF SENSE 6--+----l 

R256 AD'" 

R255 
R512 

.254 

PRODUCT HIGHLIGHTS 
I. Monotonicity to 16 bits is insured by the ADS69's voltage

segmented architecture. 

2. The output range is ratiometric to an external reference or ac 
signal. Gain error and gain drift of t1te ADS69 are negligible. 

3. The ADS69's versatile data input structure allows loading 
from 8- and 16-bit buses. 

4. The on-chip output buffer amplifier can supply ± SV into a 
IkO load, and can drive capacitive loads of up to l000pF. 

S. Kelvin connections to the reference inputs preserve the gain 
and offset accuracy of the transfer function in the presence of 
wiring resistances and ground currents. 

6. The ADS69 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current ADS69/883B data sheet for detailed specifications. 
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Ab569~SPECIFICATIONS ~~.~~.2~:;~VS = +12V, -Vs = -12V, +VR~F =, ~5V, -VREF.= -5V,unless 
. 

Model ADS69JNIJP/AD 

Parameter· Min Typ Mas 

RESOLUTION 16 
LOGIC INPUTS 

VIH (Logic "I") 2.0 5.5 
VldLogic"O") 0 0.8 
IIH (VIH = 5.5V) 10 
IIL(VIL=OV) 10 

TRANSFERFUNcrION 
CHARACTERISTICS 

Integral Nonlinearity ±0.02 ~0.04 

T_toT;... ±0.02 ~0.04 

Differential Nonlinearity ±I/2 ~1 

T_toT;... ±I/2 :tl 
UDipoiar Offser ~SOO 

T_toT .... ~7SO 

Bipolar Offser ~SOO 

T_toT .... ~7SO 

Full Scale Error' ~3SO 

T_toT .... ~7SO 

Bipolar Zero'- ~0.04 

T_toT .... :to.04 

REFERENCE INPUT 

+ VREF Ranae' -5 +5 
- VREF Ranae' -s +s 
Resistance 15 20 25 

OUTPUTCHARACfElUSTICS 
Voltage -s +5 
Capacitive Load 1000 
Resistive Load 1 
Shon Circuit Current 10 

POWER SUPPLIES 
Voltaae 

+Vs +10.8 +12 +13.2 
-Vs -10.8 -12 -13.2 

Current 
+Is +9 +13 
-Is -9 -13 

Power Supply Sensitivity' 
+ 10.8Vs + Vss + 13.2V ±0.5 :t2 
-1O.8V;;, - Vs;;' -13.2V ±1 :t3 

TEMPERATURE RANGE 
Specified 

]N,KN,]P,KP 0 +70 
AD,BD -25 +85 
SO 

Storage 
]N,KN,]P,KP -65 +150 
AD,BD,SD -65 +150 

NOTES 
lFSR stands for Full·Seale RsDac, and isl0V fora - S to + 5V spsn. 
2Refer to Defmitions section. 
'For operation with supplies other than ± 12V, refer to the Power Supply 
andReforenceVollSFRaDaeSeetion. 

'Measured between + VREFForceand - VREF Force. 
'Sensitivity ofFuD-Sc:aJe Errorduc tocbanses in + V sand 8C11Sitivity 
of Offset to cbanses in - V s. 

Specifications subject tochaqe without notice. 
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ADS69KNIKPIBD AD569SD 

Min Typ Mas Min Typ Mas Uaits 

16 16 Bits 

2.0 5.5 2.0 5.5 Volts 
0 0.8 0 0.8 Volts 

10 10 IIA 
10 10 IIA 

±O.OI ~0.024 ~0.04 % FSR1 

±0.020 ~0.024 :to.04 %FSR 
±I/4 ~112 :tl LSB 
±II2 :tl ~1 LSB 

~3SO :tSOO ",V 
~4SO ~7SO ",V 
:t3SO :tSOO ",V 
~4SO ~7SO ",V 
~3SO ~3SO ",V 
~7SO ~7SO ",V 
:to.024 :to.04 %FSR 
:to.024 :to.04 %FSR 

-s +s -s +5 Volts 
-s +s -s +5 Volts 
15 20 25 15 20 2S ill' 

-s +5 -5 +5 Volts 
1000 1000 pF 

1 1 kO 
10 10 mA 

+10.8 +12 +13.2 +10.8 +12 +13.2 Volts 
-10.8 -12 -13.2 -10.8 -12 -13.2 Volts 

0 
-25 

-65 
-65 

+9 +13 +9 +13 mA 
-9 -13 -9 -13 mA 

±0.5 :t2 ±0.5 :t2 ppmI% 

±1 :t3 ±1 :t3 ppm/% 

+70 "C 

+85 "C 
-55 +125 "C 

+ ISO "C 
+150 -65 +150 "C 

Specifications shown in boldface are tested onall production uDits at final 
electrical test. Results from those tests are used to calculate oul8Oinl quality 
IevcIs.AI1minaucimaxspecificationsareguaranteed,a1tboughonJythose 
shown in boIdf ..... are tested on all production uDits. 
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AC PERFORMANCE CHARACTERISTICS 
1basa cIIaracIaIisIics lit included for IJesi&n Guidance Only and are not subjact ID 1IIIst 
+Vs = +12V; -Vs = -12V; +v. = +5V; -v. = -5VlIl:8Plwharestalld. 

Parameter Limit Uaits Test ConditioaslComme.ats 

Output Voltage Settling 5 j.l.Smax No Load Applied 
(Timeto ±O.OOI%FS 3 j.l.Styp (DACoutputmeasured from falling edge of LDAC.) 
ForFSStep) 6 j.l.Smax VOtITLoad = lkO,CLOAD = lOOOpF. 

4 j.l.Styp (DAC output measured from falling edge of LDAC.) 

AD569 

Digital-ta-Analog Glitch 500 nV-sectyp Measured with VREP = OV. DAC registers alternatively loaded 
Impulse with input codes ofllOOOuand OFFFH (worst-case 

transition). Load = lkO. 
Multiplying Feedthrough -100 dB max + VREP = IV rms 10kHz sine wave, 

-VREP=OV 
Output Noise Voltage 40 nVNHZtyp Measured between VOtITand - VREP 

Density (lkHz-IMHz) 

TIMING CHARACTERISTICS(+vs = +12V, -Vs = -12V,V .. = 2.4V, v .. = D.4V, TmilIDT..J 

Parameter Limit Uaits Test Conditions/Comments 

Case Ai 150m Pulse on HBE, LBE, and LDAC 
T HS = l4Onsmin, THH = lOnsmin 

twe 120 nsmin CS Pulse Width 
tsc 60 nsmin CS Data Setup Time 
tHe 20 nsmin CS Data Hold Time 

CaseB2 None 
tws 70 nsmin HBE, LBE Pulse Width 

tSB 80 nsmin HBE, LBE Data Setup Time 
tHB 20 nsmin HBE, LBE Data Hold Time 

tscs 120 nsmin CS Setup Time 
tHCS 10 nsmin CSHoldTime 
two 120 nsmin LDAC Pulse Width 

CaseC3 None 
tws 120 nsmin HBE, LBE Pulse Width 
tSB 80 nsmin HBE, LBE Data Setup Time 
tHB 20 nsmin HBE, LBE Data Hold Time 
tscs 120 nsmin CS Setup Time 

tHes 10 nsmin CSHoldTime 

NOTES 
'Write strobe applied to CS as shown in Figure 20a. Address decoding defines which 
register(s) data is strobed into (see F~ 1). __ 

zWrite strobe applied to HBE and/or LBE as in Figure 190r applied to LDAC 
separately. DAC base addreas applied toCS (see F!I!!!!' 2a). 

'Write strobe applied to LDAC and either HBE or LBE for synchronous load of 16-bit DAC 
register with one of the 8-bit first-rank registers as shown in Figure 20b (see Figure 2b). 

Ci~ 
Ali ~ to. "ItHH¥= 
fie ------"'\l.--.J!!!.-..jt 

DATA 

Figure 1. AD569TimingDiagram-CaseA 
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Ci~ 

HiE.w ~ 

L61l: ------..\.'k"k>---...,""'---~"'ifr-
~tH.b=~.===~ 

DATA ~ __________ _ 

Figure 2a. AD569 Timing Diagram - Case 8 

i:ii.LiiAC -----+----- 'Il---'::':"'-~ 

DATA 

Figure 2b. AD569 Timing Diagram - Case C 
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AD569 
ABSOLUTEMAXIMUMRATINGS* Power Dissipation (Any Package) .....•..... lOOOmW 

OperatinsTemperarure Range . (T A = + 2S"C UDleoaotherwisc noted) 

+ Vs (Pin 1) to GND (Pin IS) 
- V s (Pin 2S) to GND (Pin IS) 
+Vs (Pin 1) to -Vs (Pin 2S) . 
Digitallliputs 

· • + ISV, -0.3V 
· • -ISV, +0.3V 
• +26.4V, -0.3V 

Commercial Plastic (IN, KN, JP, KPVersions). 0 to +7O"C 
Industtial Ceramic (AD, BD Versions) -2SOC to +SSOC 
Extended Ceramic (SD Versions) . . • • • - SSOC to + 125"<: 

(Pins 4-14,19-27) to GND (Pin IS) +Vs, -0.3V 
Storase Temperature ..•......... -6SOC to + IS00c 
Lead Tempera~ Range (Soldetins, 10secs) . . • .. + 3000c 

+ VREF Force (Pin 3) to + VREF Sense (Pin 2) . . . . ± 16.SV 
- VREF Force (Pin 15) to - VREF Sense (Pin 16) . • . ± 16.5V 
VREF Force (pins 3, IS) to GND (Pin IS) .•.••.... ±Vs 
VREF Sense (Pins 2,16) to GND (Pin IS) •••..•..• ±Vs 
VOUT (Pin 17) • • • •• • . . . •.. Indefinite Shan to GND 

Momentary Short to + V s, - V s 

·Strcsses above those listed under "Absolute Maximum RatiDp" may 
cause perIIIlIIIeIlt damage to the device. This is a stress ratiDg only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specifkation is not 
implied. Ilzposure to absolute maximum ratiDg conditions for extended 
periods may affect device reliability. 

ESD SENSITIVITY 
The AD569 features input protection circuitry consisting of large "distributed" diodes and polysilicon 
series resistors to dissipate both high-energy discharges (Human Body Model) and fast, low-energy 
pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD569 has been classified 
as a Category A device. 

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

WARNING! (2J 
~~EDEVICE 

• 

ADS89 
TOP VIEW 

(No ... ScoIaI 

PIN DESIGNATIONS 

DB13 

DB3 

AD569 tiE 
TOP VIEW DB4 INot to Scala) 

DB5 

DB'3 19 DB7 

(MSBIDB'5 

cs 
iliAC 

Modell 

AD569JN 
ADS69JP 
AD569KN 
AD569KP 
ADS69AD 
ADS69BD 
ADS69SD 

NOTES 

ORDERING GUIDE 

Integral Nonlinearity Differential Nonlinearity 
+25"<: T_-T ...... +25"<: T_-T_ 

±0.04% ±0.04% ±ILSB ±ILSB 
±0.04% ±0.04% ±ILSB ±ILSB 
±0.024% ±0.024% ±1/2LSB ±ILSB 
±0.024% ±0.024% ±1I2LSB ±ILSB 
±0.04% ±0.04% ±ILSB ±ILSB 
±0.024% ±0.O24% ±1I2LSB ±ILSB 
±O.04% ±O.04% ±ILSB ±ILSB 

Oft Irl I~ i I g <> 

I > ~ 

J J 
I I 

Temperature Package 
Range Option2 

Oto + 70°C N-28 
Oto + 70°C P-28A 
Oto +70OC N-28 
Oto +70OC P-2SA 
- 25°C to + 85"C D-28 
- 2SOC to + 85"C D-2S 
- SSOC to + 12SOC D-28 

'Por details on grade and package offerings screened in accordance witb MIL-STD-883, refer to the Analog DevicesMilitary 
Products D.tabook orcurrentADS691883B data abeet. 

ZD = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. Por outline information see Package 
Information section. 
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FUNCTIONAL DESCRIPTION 
The AD569 consists of two resistor strings, each of which is 
divided into 256 equal segments (see Figure 3). The 8MSBs of 
the digital input word select one of the 256 segments on the 
fU'St string. The taps at the top and bottom of the selected segment 
are connected to the inputs of the two buffer amplifiers Al and 
Al. These amplifiers exhibit extremely high CMRR and low 
bias current, and thus accurately preserve the voltages at the top 
and bottom of the segment. The buffered voltages from the 
segment endpoints are applied across the second resistor string, 
where the 8LSBs of the digital input word select one of the 256 
taps. Output amplifier A3 buffers this voltage and delivers it to 
the output. 

Buffer amplifiers Al and A2 leap-frog up the first string to 
preserve monotonicity at the segment boundaries. For example,. 
when increasing the digital code from OOFFH to OIOOH, (the 
first segment boundary), A I remains connected to the same tap 
on the first resistor, while Al jumps over it and is connected to 
the tap which becomes the top of the next segment. This design 
guarantees monotonicity even if the amplifiers have offset voltages. 
In fact, amplifier offset only contributes to integral linearity 
error. 

CAUTION 
It is generally considered good engineering practice to avoid 
inserting integrated circuits into powered-up sockets. This 
guideline is especially important with the AD569. An empty, 
powered-up socket configures external buffer amplifiers in an 

ANALOG CIRCUIT DETAILS 
Definitions 
LINEARITY ERROR: Analog Devices defmes linearity error 
as the maximum deviation of the actual, adjusted DAC output 
from the ideal output (a straight line drawn from 0 to FS-ILSB) 
for any bit combination. The AD569's linearity is primarily 
limited by resistor uniformity in the fU'St divider (upper byte of 
16-bit input). The plot in Figure 4 shows the AD569's typical 
linearity error across the entire output range to be within ±O.OI% 
of full scale. At 25°C the maximum linearity error for the 
AD569JN, AD and SD grades is specified to be ±O.04%, and 
±O.024% for the KN and BD versions. 

% ERROR 

0.036 

0.03 

0.024 

0.018 

0.012 

o.oos 

-0.006 

-0.012 

-0.018 

-0.024 

-0.03 

-0.036 
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Figure 4. Typical Linearity 

+VIl~F FORCE 

" 
+VREF SENSE ~-t--i 
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R255 

.254 

-VREF SENSE 0--+--1 

-VMf FORCE 

L6AcA--'-"" 

R512 

Figure 3. AD569 Block Diagram 

AD569 

AD569 

open-loop mode, forcing their outputs to be at the positive or 
negative rail. This condition may result in a large current surge 
between the reference force and sense terminals. This current 
surge may permanently damage the AD569. 

MONOTONICITY: A DAC is monotonic if the output either 
increases or remains constant for increasing digital inputs. All 
versions of the AD569 are monotonic over their full operating 
temperature range. 

DIFFERENTIAL NONLINEARITY: DNL is the measure of 
the change in the analog output, normalized to full scale, associated 
with a lLSB change in the digital input code. Monotonic behavior 
requires that the differential linearity error be less than lLSB 
over the temperature range of interest. For example, for a ± 5V 
output range, a change of lLSB in digital input code should 
result in a 152",V change in the analog output (ILSB = IOVI 
65,536). If the change is actually 38",V, however, the differential 
linearity error would be -114", V, or - 3/4LSB. By leapfrogging 
the buffer amplifier taps on the first divider, a typical AD569 
keeps DNL within ± 38", V (± 1/4LSB) around each of the 256 
segment boundaries defmed by the upper byte of the input 
word (see Figure 5). Within the second divider, DNL also 
typically remains less than ± 38", V as shown in Figure 6. Since 
the second divider is independent of absolute voltage, DNL is 
the same within the rest of the 256 segments. 

OFFSET ERROR: The difference between the actual analog 
output and the ideal output (- VREF), with the inputs loaded 
with all zeros is called the offset error. For the AD569, Unipolar 
Offset is specified with OV applied to - V REF and Bipolar Offset 
is specified with - 5V applied to - V REF' Either offset is trimmed 
by adjusting the voltage applied to the - V REF terminals. 

BIPOLAR ZERO ERROR: The deviation of the analog output 
from the ideal half-scale output of O.OOOOV when the inputs are 
loaded with 8000H is called the Bipolar Zero Error. For the 
AD569, it is specified with ± SV applied to the reference 
terminals. 
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AD569 
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Figure 5. Typical DNL at Segment Boundary Transitions 

16-BIT LSB 
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b. Segment 256 

Typical DNL Within Segments 

MULTIPLYING FEEDTHROUGH ERROR: This is the error 
due to capacitive feedthrough from the reference to the output 
with the input registers loaded with all zeroes. 

FULL-SCALE ERROR: The ADS69's voltage dividing ar
chitecture gives rise to a fixed full-scale error which is independent 
of the reference voltage. This error is trimmed by adjusting the 
voltage applied to the + VREP terminals. 

DIGITAL-TO-ANALOG GLITCH IMPULSE: The charge 
injected into the analog output when a new input is latched into 
the DAC register gives rise to the Digital-ta-Analog Glitch Impulse. 
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Glitches can be due to either timC skews between the input bits 
or charge injection from the internal switches. Glitch Impulse 
for the AD569 is mainly due to charge injection, and is measured 
with the reference connections tied to ground. It is specified as 
the area of the glitch in n V-sees. 

TOTAL ERROR: The worst-case Total Error is the sum of the 
fixed full-scale and offset errors and the linearity error. 

POWER SUPPLY AND REFERENCE VOLTAGE RANGES 
The AD569 is specified for operation with ± 12 volt power 
supplies. With ± 10% power supply tolerances, the maximum 
reference voltage range is ± 5 volts. Reference voltages up to 
± 6 volts can be used but linearity will degrade if the supplies 
ak'Proach their lower limits of ± 10.8 volts (12 volts - 10%). 

If ± 12 volt power supplies are unavailable in the system, several 
alternative schemes may be used to obtsin the needed supply 
voltages. For example, in a system with ± 15V supplies, a single 
Zener diode can be used to reduce one of the supplies to 9 volts 
with the remaining one left at 15 volts. Figure 7a illustrates this 
scheme. A IN753A or equivalent diode is an appropriate choice 
for the task. Asymmetrical power supplies can be used since the 
AD569's output is referenced to - V REP only and thus floats 
relative to logic ground (GND, Pin 18). Assuming a worst-case 
± 1.5 volt tolerance on both supplies (10% of 15 volts), the 
maximum reference voltage ranges would be + 6 and - 2 volts 
for +Vs = +15Vand -Vs = -9V, and +2to -8 volts for 
+Vs = 9Vand -Vs = -15V. 

Alternately, two 3V Zener diodes or voltage regulators can be 
used to drop each ± 15 volt supply to ± 12 volts, respectively. 
In Figure 7b, IN746Adiodes are a good choice for this task. 

A third method may be used if both ± 15 volt and ± 5 volt 
supplies are avai1able. Figure 7c shows this approach. A com
bination of + Vs = + 15V and - Vs = -5V can support a 
reference range of 0 to 6 volts, while supplies of + V s = + 5V 
and - V s = - 15V can support a reference range of 0 to - 8 
volts. Again, 10"A. power supply tolerances are assumed. 

NOTE: Operation with + V s = + 5V alters the input latches' 
operating conditions causing niinimum write pulse widths to 
extend to Ill-s or more. Control signals CS, HBE, LBE, and 
LDAC should, therefore, be tied low to render the latches 
transparent. 

No timing problems exist with operation at + Vs = 9Vand 
- Vs = -15V. However, 10"10 tolerances on these supplies 
generate a worst-case condition at - Vs = -16.5Vand + Vs = 
+ 7.5V (assuming + Vs is derived from a + 15V supply). Under 
these conditions, write pulse widths can stretch to 200ns with 
similar degradation of data setup and hold times. However, 
± O. 75V tolerances (± 5%) yield minimal effects on digital timing 
with write pulse widths remaining below lOOns. 

Finally, Figure 7 d illustrates the use of the combination of an 
AD588 and AD569 in a system with ± 15 volt supplies. As 
shown, the AD588 is connected to provide ± SV to the reference 
inputs of the AD569. It is doing double-duty by simultaneously 
regulating the supply voltages for the AD569 throngh the use of 
the level shifting zeners and transistors. This scheme utilizes the 
capability of the outputs of the AD588 to source as well as sink 
current. Two other benefits are realized by using this approach. 
The first is that the AD569 is no longer directly connected to 
the system power supplies. Output sensitivity to variations in 
those supplies is, therefore, eliminated. The second benefit is 
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that, should a zener diode fail (a short circuit would be the most 
likely failure), the supply voltage decreases. This differs from 
the situation where the diode is used as a series regulator. In 
that case, a failure would place the unregulated supply voltage 
on the AD569 terminal. 

+15V 

-15V 

a. Zener Regulates Negative Supply 

+15V 

-15V 

b. Diodes Regulate Both Supplies 

+15V(+5V) 

-15V (-5V) 

c. Use of:t: 15Vand :t:5V Supplies 

d. AD588 Produces References and Supply Voltages 

Figure 7. Power Supply Options 
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AD569 
ANALOG CIRCUIT CONNECTIONS 
The AD569 is intended for use in applications where high res0-

lution and stability are critical. Designed as a multiplying D/A 
converter, the AD569 may be used with a fixed dc reference or 
an ac reference. VREF may be any voltage or combination of 
voltages at + V FORCE and - V FORCE that remain within the 
bounds set for reference voltages as discussed in the power 
supply range section. Since the AD569 is a multiplying D/A 
converter, its output voltage, VOUT, is proportional to the product 
of the digital input word and the voltage at the reference terminal. 
The transfer function is VOUT = D' V REF where D is the fractional 
binary value of the digital word applied to the converter using 
offset-binary coding. Therefore, the output will range from 
- V REF for a digital input code of all zeros (OOOOHl to + V REF 

for an input code of all ones (FFFFHl. 

For applications where absolute accuracy is not critical, the 
simple reference connection in Figure 8 can be used. Using only 
the reference force inputs, this configuration maintains linearity 
and 16-bit monotonicity, but introduces small, fixed offset and 
gain errors. These errors are due to the voltage drops across 
resistors RA and RB shown in Figure 9. With a lOY reference 
voltage, the gain and offset errors will range from 80 to lOOmV. 
Resistors RA and RB were included in the first resistor string to 
avoid degraded linearity due to uneven current densities at the 
string's endpoints. Similarly, linearity would degrade if the 
reference voltage were connected across the reference sense 
terminals. Note that the resistance between the force and sense 
terminals cannot be measured with an ohmmeter; the layout of 
the thin-film resistor string adds approximately 4kO of resistance 
(Rs) at the sense tap. 

+lSV -9V 

Figure 8. Simple Reference Connection 

For those applications in which precision references and high 
accuracy are critical, buffer amplifiers are used at + V REF and 
- V REF as shown in Figure 10 to force the voltage across resistors 
RI to R256. This insures that any errors induced by currents 
flowing through the resistances of the package pins, bond wires, 
aluminum interconnections, as well as RA and RB are minimized. 
Suitable amplifiers are the ADSI7, AD OP-07, AD OP-27, or 
the dual amplifier, the AD712. Errors will arise, however, as 
the buffer amplifiers' bias currents flow through Rs (4kO). If 
the bias currents produce such errors, resistance can be inserted 
at the noninverting terminal (Rae) of the buffer amplifiers to 
compensate for the errors. 
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AD569 
+VR£f'fORCE 

O. O. 

+VREFSENSE 

0256 

0255 

R254 

R3 

O' 

O. 01 

-VAEI' SENSE 

OA 

-VAI!FFORCE 

Figure 9. MSB Resistor Divider 

Figures 11, 12, and 13 show reference configurations for various 
output ranges. As shown in Figure 11, the pin-programmable 
AD588 can be connected to provides tracking ± 5V outputs 
with 1-3ppmrc temperature stability. Buffer amplifiers are 
included for direct connection to the AD569. The optional gain 
and balance adjust trimmers· allow bipolar offset and full-scale 
errors to be nulled. In Figure 12, the low-cost AD586 provides 

.. 
0256 

V_ AD569 

01 

.. 

Figure 10. Reference Buffer Amplifier Connections 

+ 5V reference. A dual op amp, the AD712, buffers the reference 
input terminals preserving the absolute accuracy of the AD569. 
The optional noise-reduction capacitor and gain adjust trimmer 
allow further elimination of errors. The low-cost AD584 offers 
2.5V, 5V, 7.5V, and lOY options and can be connected for 
± 5V tracking outputs as shown in Figure 13. Again, an AD712 
is used to buffer the reference input tenninals. 

-1ZV ,..~ ______ ~~::::;:~::::::::::::::::::::=f::::lr::::+12V 

'OOk 2QTURN 
H---6i}~--.,....J 

Figure ". Ultra/ow Drift ±5V Tracking Reference 

+Vs -Vs 

Figure 12. Low-Cost ±5V Reference 
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112 AD712 

17 You, 
-5VTO 

+5V 

AD569 

Figure 13. Low-Cost ±5V Tracking Reference 

MUL TIPL YING PERFORMANCE 
Figure 14 illustrates the gain and phase characteristics of the 
ADS69 when operated in the multiplying mode. Full-power 
bandwidth is shown in Figure 148 and the corresponding phase 
shift is shown in Figure 14b. Performance is plotted for both a 
full-scale input of FFFFH and an input of 8080H. An input 
represents worst -case conditions because it places the buffer taps 

OdB 
-+ +E;'NHT CO~E "": '\ 

--wJ CA..IJJ L~r::~ 
II'NOTALIZED GAIN TO OdBI r-

-lOdS 

-20dB I ~::; t ~~I Wj"i j'V POI 
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a. Bandwidth 
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ool I III 
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,,. -VAEF "" GND 

\ 

'8" \ 
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b. Phase Shift 

Figure 14. Full Power Multiplying Performance 
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at the midpoints of both dividers. Figure IS illustrates the ADS69's 
ability to resolve 16-bits (where lLSB is %dB below full scale) 
while keeping the noise floor below - 130dB with an ac reference 
of IV rms at 200Hz. 

Multiplying feedthrough is due to capacitive coupling between 
the reference inputs and the output. As shown in Figure 16, 

a. Time Domain 

b. Frequency Domain 

VOUT 

WITH 
LSB ON 

Figure 15. Multiplying Mode Performance (lriput Code 
0001H) 
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AD569 
under worst-case conditions (hex input code 0000), feedthrough 
remains below -IOOdB at ac reference frequencies up to 
10kHz. 

Figure 16. Multiplying Feedthrough 

BYPASSING AND GROUNDING RULES 
It is generally considered good engineering practice to use bypass 
capacitors on the device supply voltage pins and to insert small 
valued resistors in the supply lines to provide a measure of 
decoupling between various circuits in a system. For the AD569, 
bypass capacitors of at least 4.7 .... F and series resistors of Ion 
are recommended. The supply voltage pins should be decoupled 
to Pin 18. 

NOISE 
In high-resolution systems, noise is often the limiting factor. A 
16-bit DAC with a 10 volt span has an LSB size of I 52 .... V (-96dB). 
Therefore, the noise floor must remain below this level in the 
frequency ranges of intereSt. The AD569's noise spectral density 
is shown in Figures 17 and 18. The lowband noise spectrum in 
Figure 17 shows the lIf.comer frequency at 1.2kHz and Figure 
18 shows the wideband noise to be below 4OnVIV"Hz. 

Figure 1B. Wideband Noise Spectrum 
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DIGITAL CIRCUIT CONNECTIONS 
The AD569's truth table appears in Table I. The High Byte 
Enable (HBE) and Low Byte Enable (LBE) inputs load the 
upper and lower bytes of the 16-bit input when Chip Select 
(CS) is valid (low). A similar strobe to Load DAC (LDAC) 
loads the 16-bit input into the DAC register and completes the 
DAC update. The DAC register can either be loaded with a 
separate write cycle or synchronously with either of the 8-bit 
registers in the first rank. A simultaneous update of several 
AD569s can be achieved by controlling their LDAC inputs with 
a single control signal. 

~ mm LiiE LDAC OPERATION 

1 X X X No Operation 
X 1 1 1 No Operation 
0 0 I 1 Enable 8MSBs of First Rank 

0 1 0 1 Enable 8LSBs of First Rank 

0 1 1 0 Enable 16-BitDACRegister 

0 0 0 0 All Latches Transparent 

Table I. AD569 Truth Table 

All four control inputs latches are level-triggered and active low. 
When the DAC register is loaded directly from a bus, the data 
at the digital inputs will be reflected in the output any time CS, 
r::i5i\C, LBE and HBE are low. Should this not be the desired 
case, bring LDAC (or HBE or LBE) high before changing the 
data. Alternately, use a second write cycle to transfer the data to 
the DAC register or delay the write strobe pulse until the ap
propriate data is valid. Be sure to observe the appropriate data 
setup and hold times (see Timing Characteristics). 

Whenever possible, the write strobe signal should be applied to 
HBE and LBE with the AD569's decoded address applied to 
CS. A minimum pulse width of 60ns at HBE and LBE allows 
the AD569 to interface to the fastest microprocessors. Actually, 
data can be latched with narrower pulses, but the data setup 
and hold times must be lengthened. 

16-Bit Microprocessor Interfaces 
Since 16-bit microprocessors supply the AD569's complete 16-
bit input in one write cycle, the DAC register is often unnecessary. 
If so, it should be made transparent by grounding LDAC. The 
DAC's decoded address should be applied to CS, with the write 
strobe applied to HBE and LBB as shown in the 68000 interface 
in Figure 19. 

OTACK~------------~ 

RIW ~------., 

A23 

AD569 
AO 

LOS --------+--1 LBE 

Figure 19. AD56916BOOO Interface 
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WRITE L.r 
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Ao 

CS 

AOOiff 
HiiE 

ADDR 
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a. Simple Interface 

ADDR 
1--------1 cs 

ADDR 
DECODE 

AO ---_--+--L.~)---~ HBE 
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b. Fast Interface 

AD569 

AD569 

Figure 20. 8-8it Microprocessor Interface 

8-Bit Microprocessor Interfaces 
Since 8-bit microprocessors require two write cycles to provide 
the ADS69's 16-bit input, the DAC register must be utilized. It 
is most often loaded as the second byte enters the first rank of 
latches. This synchronous load method, shown in Figure 20, 
requires LDAC to be tied to either LBE or HBE, depending 
upon the byte loading sequence. In either case, the propagation 
delay through the first rank gives rise to longer timing requirements 
as shown in Figure 2. If the DAC register (LDAC) is controlled 
separately using a third write cycle, the minimum write pulse 
on LDAC is 70ns, as shown in Figure 1. 

Two basic methods exist for interfacing the ADS69 to an 8-bit 
microprocessor's address and control buses. In either case, at 
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AD569 
least one address line is needed to differentiate between the 
upper and lower bytes of the first rank (HBE and LBE). The 
simplest method involves applying the two addresses directly to 
HBE and LBE and strobing the data using CS as shown in 
Figure 20a. However, the minimum pulse width on CS is 70ns 
with a minimum data setup time of 60ns. If operation with a 
shorter pulse width is required, the base address should be 
applied to CS with an address line gated with the strobe signal 
to supply the HBE and LBE inputs (see Figure 20b). However, 
since the write pulse sees a propagation delay, the data still . ' 
must remain valid at least 20ns after the rising edge of the delayed , 
write pulse. 

OUTPUT SETTLING 
The ADS69's output buffer amplifier typically settles to within 
:to.001% FS of its final value in 311s for a lOY step. Figure 21 
shows settling for negative and positive full-scale steps with no 
load applied. Capable of sourcing or sinking SmA, the output 
buffer can also drive loads of lkfl and lOOOpF without loss of 
stability. Typical settling to 0.001% under these worst-case 
conditions is 41-'s, and is guaranteed to be a maximum of 611S. 
The plots of Figure 21 were generated using the settling test 
procedure developed specifically for the ADS69. 

Subranging 16-Bit ADC 
The subranging ADC shown in Figure 22 completes a conversion 
in less than 20l1s, including the sample-hold amplifier's sample 
time. The sample-hold amplifier is allocated SI1S to settle to 16 
bits. 

Before the first flash, the analog input signal is routed through 
the AD630 at a gain of + 1. The lower AD7820 quantizes the 
signal to the 8-bit level within 1.411s, and the 8-bit result is 
routed to the ADS69 via a digital latch which holds the 8-bit 
word for the ADS69 and the output logic. 

The ADS 69's reference polarity is reversed so that a full-scale 
output is - SV and zero scale is OV, thereby subtracting an 8-
bit approximation from the original sampled signal. The residue 
from the analog subtraction is then quantized by the second 8-
bit flash conversion to recover the 8LSBs. Even though only the 
ADS69's upper 8MSBs are used, the ADS69's accuracy defines 
the AID converter's overall accuracy. Any errors are directly 
reflected in the output. 

1.0 
0000 TO FFFF 
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TIME- "s 
b. Turn-Off Settling 

Figure 21. Full-Scale Output Settling 
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AD569 
Preceding the second flash, the residue signal must be amplified 
by a factor of 256. The OP·37 provides a gain of 25.6 and the 
AD630 provides another gain of 10. In this case, the AD630 
acts as a gain element as well as a channel control switch. The 
second flash conversion yields a 9·bit word. This provides one 

extra bit of overlap for digital correction of any errors that occurred 
in the first flash. The correction bit is digitally added to the 
first flash before the entire 16-bit output is strobed into the 
output register. 

Figure 22. 16-8it Subranging AOC 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Four Complete Voltage Output OACs 
Data Register Readback Feature 
"Reset to Zero" Override 
Multiplying Operation 
Double-Buffered Latches 
Surface Mount and DIP Packages 
MIL-STD-883 Compliant Versions Available 

APPUCATIONS 
Automatic Test Equipment 
Robotics 
Process Control 
Disk Drives 
Instrumentation 
Avionics 

PRODUCT DESCRIPTION 
The AD664 is four complete 12-bit, voltage-output DACs on 
one monolithic IC chip. Each DAC has a double-buffered input 
latch structure and a data readback function. All DAC read and 
write operations occur through a single microprocessor-compatible 
1/0 port. 

The 1/0 pon accommodates 4-,8- or 12-bit parallel words allowing 
simple interfacing with a wide variety of microprocessors. A 
reset to zero control pin is provided to allow a user to simultaneously 
reset all DAC outputs to zero, regardless of the contents of the 
input latch. Anyone or all of the DACs may be placed in a 
transparent mode allowing immediate response by the outputs 
to the input data. 

The analog portion of the AD664 consists of four DAC cells, 
four output amplifiers, a control amplifier and switches. Each 
DAC cell is an inverting R-2R type. The output current from 
each DAC is switched to the on-board application resistors and 
output amplifier. The output range of each DAC cell is pro
grammed through the digital 110 port and may be set to unipolar 
or bipolar range, with a gain of one or two times the reference 
voltage. All DACs are operated from a single external reference. 

The functional completeness of the AD664 results from the 
combination of Analog Devices' BiMOS II process, laser-trimmed 
thin-film resistors and double-level metal interconnects. 

PRODUCT HIGHLIGHTS 

1. The AD664 provides four voltage-output DACs on one chip 
offering the highest density 12-bit D/A function available. 

2. The output range of each DAC is fully and independently 
programmable. 

3. Readback capability allows verification of contents of the 
internal data registers. 

REV. A 

Monolithic 
12-Bit Quad OAC 

PIN CONFIGURATIONS 

44-Pin Package 

Iq ql~IHiIaI~I~! 
~ 

28-Pin DIP Package 

A0664 I 

4. The asynchronous RESET control returns all D/A outputs 
to zero volts. 

5. DAC-to-DAC matching performance is specified and tested. 

6. Linearity error is specified to be 1I2LSB at room temperature 
and 3/4LSB maximum for the K, B and T grades. 

7. DAC performance is guaranteed to be monotonic over the 
full operating temperature range. 

8. Readback buffers have tristate outputs. 

9. Multiplying-mode operation allows use with fIXed or variable, 
positive or negative external references. 

10. The AD664 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD664/883B data sheet for detailed 
specifications. 
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AD664 SPECIFIC.'IIONS (YLL = +5V, ~cc = +15V, VREf = -15V, VREf = +10V, TA = +25°C 
-, It unless otherwise noted) , 

Model JN/JP/AD/AJISD KNIKPIBDIBJlBEl'I'DffE 
Min Typ Max Min Typ Max Units 

RESOLUTION 12 12 · · Bits 

ANALOG OUTPUT 
Voltage Range', ' 

UNI Versions 0 Va, - 2.0' • · Volts 
BIP Versions VEE + 2.0' Va: - 2.0' · · Volts 

Output Current 5 · rnA 
Load Resistance 2 · kll 
Load Capacitance 500 · pF 
Shott-Circuit Current 25 40 · · rnA 

ACCURACY 
Gain furor -7 ±3 7 -5 ±2 5 LSB 
Unipolar Offset -2 ±1I2 2 -I ±1I4 I LSB, 
Bipolar Zero' -3 ±3/4 3 -,2 ±1I2 2 LSB 
Linearity furor" -3/4 ±1I2 3/4 -112 ±1I4 l/2 LSB 
Linearity Ton", to T_ -I ±3/4 I -314 ±1I2 3/4 LSB 
Differential Linearity -3/4 3/4 -112 112 LSB 
Differential Linearity T min to T mix Monotonic @ AU Temperatures Monotonic @ AU Temperatures 
Gain Error Drift 

Unipolar 0 to + 10V Mode -12 ±7 12 -10 ±5 10 ppm of FSR'rc 
Bipolar - 5V to + 5V Mode -12 ±7 12 -10 ±5 10 ppm ofFSRrc 
Bipolar -IOV to'+ 10V Mode -12 ±7 12 -10 ±5 10 ppm ofFSRrc 

Unipolar Offset Drift 
Unipolar 0 to + 10V Mode -3 ±1.5 3 -2 ±I 2 ppmofFSRrc 

Bipolar Zero Drift 
Bipolar - 5V to + 5V Mode -12 ±7 12 -10 ±S 10 ppm of FSRf'C 
Bipolar -IOV to + IOV Mode -12 ±7 12 -10 ±S 10 ppm ofFSRrc 

REFERENCE INPUT 
Input Resistance J.3 2.6 · · k!l 
Voltage Range" V •• + 2.0' Vee - 2.0' · · Volts 

POWER REQUIREMENTS 
VLL 4.5 5.0 5.5 · · · Volts 
ILL 

@ V'H' V,L = S. OV 0.1 I · · rnA 
@ V,H• V,L = 2.4. 0.4V 3 6 · · rnA 

Vc:;cIVE. :t:ll.4 :t:16.5 · · Volts 

Icc 12 15 · · rnA 
I •• IS 19 · · mA 
Total Power 400 525 · · mW 

ANALOG GROUND CURRENT' -600 ±4OO +600 · · · flA 

MATCHING PERFORMANCE 
Gain' -6 ±3 6 -4 ±2 4 LSB 
Offset' -2 ±1I2 2 -I ±1I4 I LSB 
Bipolar Zero'o -3 ±I 3 -2 ±I 2 LSB 
Linearity" -1.5 ±1I2 1.5 -I ±1I2 I LSB 

CROSSTALK 
Analog -90 · dB 
Digital -60 · dB 

DYNAMIC PERFORMANCE (RL - 2k!l. CL - 500pF) 
Settling Time to ± II2LSB 

Off .... Bits->On. GAIN = I. V REF = 10 8 10 · · flS 
Sertling Time to ± II2LSB 

-IO+-VREF-+IOV. GAIN = I. Bits On 10 · !,S 
Glitch Impulse 500 · nV-sec 

MULTIPLYING MODE PERFORMANCE 
Reference Feedthrough @'lkHz -75 · dB 
Reference - 3dB Bandwidth 70 · kHz 

POWER SUPPLY GAIN SENSITIVITY 
11.4V .... V cc-+16.5V ±2 :1:5 • • ppm/% 
-16.5V .... V .. ...,-1I.4V :1:2 :1:5 · · ppml% 
4.5V .... VLL -+5.SV , ±2 :1:5 • • ppml% 
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AD664 
Model JN/JP/AD/AJISO KNIKPIBOIBJIBEfl'OrrE 

Min Typ Max Min Typ Max Units 

DIGITAL INPUTS 

VIH 2.0 • Volts 
VIL 0 0.8 · · Volts 
Data Inputs 

IIH @: VIN = VLL -10 ±I 10 · · · I1A 
IlL @: VIN = DGND -10 ±I 10 · · · I1A 

CSIDSOIDSIIRSTIRDILS 

IIH & VIN = VLL -10 ±I 10 · · · I1A 
I'H <iJ VIN = VLL -10 ±I 10 · · · I1A 

MSrrR12 

lIH <if VIN = VLL -10 5 10 · · · I1A 
IlL @: VIN = DGND -10 -5 0 · · · I1A 

QSO/QSIIQS212 

I,H @' VIN = VLL -10 5 10 · · · I1A 
IIL@ VIN = DGND -10 ±I 10 · · · I1A 

DIGITAL OUTPUTS 
VOL @ 1.6mA Sink 0.4 · Volts 
VOH @ O.5mA Source 2.4 · Volts 

TEMPERATURE RANGE 
JN/JP/KN/KP 0 +70 · · "C 
AD/AJIBDIBJ/BE -40 +85 · · "C 
SDrrDrrE -55 +125 · · "C 

NOTES 
I A minimum power supply of ± l2.0V is required for 0 to + IOV and ± IOV operation. A minimum power supply of == 11.4V is required for - 5V to 
+5Voperation. 

'For Vcc<12V and VEE>-12V. Voltage not to exceed IOV maximum. 
'Bipolar zero error is the difference from the ideal output (0 volts) and the actual output voltage with code 100 000 000 000 applied to the inputs. 
'Linearity error is defined as the maximum deviation of the actual DAC output from the ideal output (a straight line drawn from 0 to F.S. -ILSB). 
'FSR means Full-Scale Range and is 20V for ± IOV range and IOV for ±5V range. 
6A minimum power supply of ±12.0V is required for a 10V reference voltage. 
7 Analog Ground Current is input code dependent. 
8Gain error matching is the largest difference in gain error between any two DACs in one package. 
"Offset error matching is the largest difference in offset error between any two DACs in one package. 

IOSipolar zero error matching is the largest difference in bipolar zero error between any two DACs in one package. 
IILinearity error matching is the difference in the worst case linearity error between any two DACs in one package. 
1244_pin versions only. 
·Specifications same as JN/JP/AD/AJ/SD. 
Specifications subject to change without notice. 
Specifications shown in boldface are tested on aU production units at final electrical test. Results from those test are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in boldface are tested on all production units 

ABSOLUTE MAXIMUM RATINGS· 
(Specifications apply to all grades except where noted.) 

Vu . to DGND 
Vee to DGND 
VEE to DGND 
Soldering 
Power Dissipation 
AGNDto DGND 
Reference Input . 

CAUTION 

. Oto +7V 

.0 to + 18V 
-18V to OV 

+ 300°C, 10sec 
... IOOOmW 
-IVto+lV 

VREF:SlOVand VREF 
:s(Vee -2V, VEli +2V) 

Vee to VE;i 
Digital Inputs . 
Analog Outputs 

..... 0 to +36V 
-0.3V to +7V 

Indefinite Shorts to 
Vee, V u., V 1m and GND 

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

ESD (electrostatic discharge) sensitive device. Unused devices must be stored in conductive foam or 
shunts. The protective foam should be discharged to the destination socket before devices are removed. 

WARNING! d 
~[~E[)hILC 
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AD664 
v., Vee VJ£ ANALOG 

+1aV/+15V -12V1-16V GROUND 

Figure 1a. 44-Pin Block Diagram 

FUNCTIONAL DESCRIPTION 
The AD664 combines four complete 12-bit voltage output D/A 
converters with a fast, flexible digital input/output port on one 
monolithic chip. It is available in two forms, a 44-pin version 
shown in Figure la and a 28-pin version shown in Figure lb. 

44-Pin Versions 
Each DAC offers flexibility, accuracy and good dynamic per
formance. The R-2R structure is fabricated from thin-film resistors 
which are laser-trimmed to achieve 112LSB linearity and guaran
teed monotonicity. The output amplifier combines the best 
features of the bipolar and MOS devices to achieve good dynamic 
performance and low offset. Settling time is under lOlLS and 
each output can drive a SmA, SOOpF load. Short-circuit protection 
allows Indefmite shorts to VLL, Vee, VEE and GND. The output 
and span resistor pins are available separately. This feature 
allows a user to insert current-boosting elements to increase the 
drive capability of the system, as well as to overcome parasitics. 

Digital circuitry is implemented in CMOS logic. The fast, low 
power, digital interface allows the AD664 to be interfaced with 
most microprocessors. Through this interface, the wide variety 
of features on each chip may be accessed. For example, the 
input data for each DAC is programmed by way of 4-,8-, \2-
or 16-bit words. The double-buffered input structure of this 
latch allows all four DACs to be updated simultaneously. A 
readback feature allows the internal registers to be read back 
through the same digital port, as either 4-, 8- or 12-bit words. 
When disabled, the readback drivers are placed in a high impedance 
(tristate) mode. A TRANSPARENT mode allows the input data 
to pass straight through both ranks of input registers and appear 
at the DAC with a minimum of delay. One D/A may be placed 
in the transparent mode at a ti.me, or all four may be made 
transparent~t once. The MODE SELECT feature allows the 
output range and lIIode of·ihe DACs to be selected via the data 
bus inputs. An internal mode select register stores the selections. 
This register may also be read back to check its contents. A 
RESET-TO-ZERO feature allows all DACs to be reset to 0 
volts out by strobing a single pin. 
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Vee Vu ANALOG 
+ '2VI + 1SV - l2W - 1SV GROUND 

0811 

DB10 
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DB. 
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DB. 

DB5 

084 

DB3 

082 

DBI ... 
+sv DIGITAL 
YlL GROUND 

Figure 1b. 28-Pin Block Diagram 

28-Pin Versions 
The 28-pin versions are dedicated versions of the 44-pin AD664. 
Each offers a reduced set of features from those offered in the 
44-pin version. This accommodates the reduced number of package 
pins available. Data is written and read with 12-bit words only. 
Output range and mode select functions are also not available in 
28-pin versions. As an alternative, users specify either the UNI 
(unipolar, 0 to V REP) models or the BIP (bipolar, - V REP to 
VREP) models depending on the application requirements. Finally, 
the transparent mode is not available on the 28-pin versions. 
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Mode =UNI 

000000000000 = OV 
Gain = I loooOO()()()OOO = V REF/2 

111111111111 = VREF -ILSB 

000000000000 = OV 

Mode = BIP 

000000000000 = - VREF/2 
100000000000 = OV 
111111 11111 I = V REF/2 - I LSB 

AD664 

Gain = 2 100000000000 = V REF 
111111111111 = 2 x VREF -ILSB 

000000000000 = - VREF 
100000000000 = OV 
111111111111 = +VREF-ILSB 

Table I. Transfer Functions 

DEFINInONS OF SPECIFICATIONS 
LINEARITY ERROR: Analog Devices defines linearity error 
as the maximum deviation of the actual, adjusted DAC output 
from the ideal analog output (a straight line drawn from 0 to 
FS - I LSB) for any bit conbination. This is also referred to as 
relative accuracy. The AD664 is laser-trimmed to typically main
tain linearity errors at less than ± 1I4LSB. 

MONOTONICITY: A DAC is said to be monotonic if the 
output either increases or remains constant for increasing digital 
inputs such that the output will always be a nondecreasing 
function of input. All versions of the AD664 are monotonic over 
their full operating temperature range. 

DIFFERENTIAL LINEARITY: Monotonic behavior requires 
that the differential linearity error be less than I LSB both at 
25°C as well as over the temperature range of interest. Differential 
nonlinearity is the measure of the variation in analog value, 
normalized to full scale, associated with a ILSB change in digital 
input code. For example, for a lOY full-scale output, a change 
of ILSB in digital input code should result in a 2.44mV change 
in the analog output (VREF= lOY, Gain = I, ILSB= 10V xII 
4O%=2.44mV). If in actual use, however, a ILSB change in 
the input code results in a change of only 0.61mV (1I4LSB) in 
analog output, the differential nonlinearity error would be 
-1.83mV, or -3/4LSB. 

GAIN ERROR: DAC gain error is a measure of the difference 
between the output span of an ideal DAC and an actual device. 

UNIPOLAR OFFSET ERROR: Unipolar offset error is the 
difference between the ideal output (OV) and the actual output 

of a DAC when the input is loaded with all "Os" and the MODE 
is unipolar. 

BIPOLAR ZERO ERROR: Bipolar zero error is the difference 
between the ideal output (OV) and the actual output of a DAC 
when the input code is loaded with the MSB = "I" and the 
rest of the bits = "0" and the MODE is bipolar. 

SETTLING TIME: Settling time is the time required for the 
output to reach and remain within a specified error band about 
its final value, measured from the digital input transition. 

CROSSTALK: Crosstalk is the change in an output caused by 
a change in one or more of the other outputs. It is due to capacitive 
and thermal coupling between outputs. 

REFERENCE FEEDTHROUGH: The portion of an ac reference 
signal that appears at an output when all input bits are low. 
Feedthrough is due to capacitive coupling between the reference 
input and the output. It is specified in decibels at a particular 
frequency. 

REFERENCE 3dB BANDWIDTH: The frequency of the ac 
reference input signal at which the amplitude of the full-scale 
output response falls 3dB from the ideal response. 

GLITCH IMPULSE: Glitch impulse is an undesired output 
voltage transient caused by asymmetrical switching times in the 
switches of a DAC. These transients are specified by their net 
area (in nY-sec) of the voltage vs. time characteristic. 

44-Pin Package 

28-Pin DIP Package PIN CONFIGURATIONS ~ ~ 
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AD664 
ANALOG CIRCUIT CONSIDERATIONS 

Grounding Recommendations 
The AD664 has two pins, designated ANALOG and DIGITAL 
ground. The analog ground pin is the "high quality" ground 
reference point for the device. A unique internal design has 
resulted in low analog ground current. This greatly simplifies 
management of ground current and the associated induced voltage 
drops. The analog ground pin should be connected to the analog 
ground point in the system. The external reference and any 
external loads should also be returned to analog ground. 

The digital ground pin should be connected to the digital ground 
point in the circuit. This pin returns current from the logic 
portions of the AD664 circuitry to ground. 

Analog and digital grounds should be connected at one point in 
the system. If there is a possibility that this connection be broken 
or otherwise disconnected, then two diodes should be connected 
between the analog and digital ground pins of the AD664 to 
limit the maximum ground voltage difference. 

Power SuppJies and DecoupJing 
The AD664 requires three power supplies for proper operation. 
V LL powers the logic portions of the device and requires 
+ S volts. Vee and VEE power the remaining portions of the 
circuitry and require + 12V to + ISV and -12V to -ISV, 
respectively. Vee and VEE must also be a minimum of two volts 
greater then the maximum reference and output. voltages 
anticipated. 

Decoupling capacitors should be used on all power supply pins. 
Good engineering practice dictates that the bypass capacitors be 
located as near as possible to the package pins. V LL should be 
bypassed to digital ground. Vee and VEE should be decoupled 
to analog ground. 

Driving the Reference Input 
The reference input of the AD664 can have an impedance as 
low as I.3kO. Therefore, the external reference voltage must be 
able to source up to 7. 7mA of load current. Suitable choices 
include the SV ADS86, the 10V ADS87 and the 8.192V AD689. 

The architecture of the AD664 derives an inverted version of 
the reference voltage for some portions of the internal circuitry. 
This means that the power supplies must be at least 2V 

SYSTEM SUPPLIES +15V _____ --..._ 

-15V----...... -1-
+5V--_--f--1-

+5V 
RETURN 

R:.r1J:N ------' 
R£r~~N _____ --1 

V+ 

Figure 2. Recommended Circuit Schematic 
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greater· than both the external reference and the inverted external 
reference. 

Output Considerations 
Each DAC output can source or sink SmA of current to an 
external load. Short-circuit protection limits load current to a 
maximum load current of 4OmA. Load capacitance of up to 
SOOpF can be accomodated with no effect on stability. Should 
an application require additional output current, a current boosting 
element can be inserted into the output loop with no sacrifice in 
accuracy. Figure 3 details this method. 

EXTERNAL 
LOAD 

Figure 3. Current-Boosting Scheme 

AD664 output voltage settling time is lOlLS maximum. Figure 4 
shows the output voltage settling time with a fixed 10V reference, 
gain = I and all bits switched from I to o. 

LARGE 
SCALE 

lLSB 

FINE ov SCAI.E 

-ILSB 

INPUT 
BITS 

Figure 4. Settling Time; All Bits Switched from On to Off 

Alternately, Figure S shows the settling characteristics when the 
reference is switched and the input bits remain fIXed. In this 
case, all bits are "on", the gain is I and the reference is switched 
from - SV to + SV. 

LARGE 
SCALE 

lL5B 

FINE 
OV SCALE 

-ILSB 

REF 
INPUT 

Figure 5. Settling Time; Input Bits Fixed, Reference 
Switched 
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Multiplying Mode Performance 
Figure 6 illustrates the typical open-loop gain and phase per
formance of the output amplifiers of the AD664. 
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Figure 6. Gain and Phase Performance of AD664 Outputs 

Crosstalk 
Crosstalk is a spurious signal on one DAC output caused by a 
change in the output of one or more of the other DACs. Crosstalk 
can be induced by capacitive, thermal or load current induced 
feedthrough. Figure 7 shows typical crosstalk. DAC B is set to 
output 0 volts. The outputs of DAC A, C and D switch 2kO 
loads from lOY to OV. The first disturbance in the output of 
DAC B is caused by digital feed through from the input data 
lows. The second disturbance is caused by analog feed through 
from the other DAC outputs. 

OACA. C. D 
OUT 

DACB 
OUT 

lLSB 

ov 

-ILSB 

Output Noise 

DIGITAL ANALOG 
CROSSTALK CROSSTALK 

Figure 7. Output Crosstalk 

Wideband output noise is shown in Figure 8. This measurement 
was made with a 7MHz noise bandwidth, gain = I and all 
bits on. The total rms noise is approximately one fifth the visual 
peak-to-peak noise. 

DIGITAL INTERFACE 
As Table II shows, the AD664 makes a wide variety of operating 
modes available to the user. These modes are accessed or pro
grammed through the high-speed digital port of the quad DAC. 
On-board registers program and store the DAC input codes and 
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Figure 8. Typical Output Noise 

the DAC operating mode data. All registers are double-buffered 
to allow for simultaneous updating of all outputs. Register data 
may be read back to verify the respective contents. The digital 
port also allows transparent operation. Data from the input pins 
can be sent directly through both ranks of latches to the DAC. 

Partial address decoding is performed by the DSO, DSI, QSO, 
QSI and QS2 address bits. QSO, QSI and QS2 allow the 44-pin 
versions of the AD664 to be addressed in 4-bit nibble, 8-bit 
byte or 12-bit parallel words. 

The RST pin provides a simple method to reset all output 
voltages to zero. Its advantages are speed and low software 
overhead. 

INPUT DATA 
In general, two types of data will be input to the registers of the 
AD664, input code data and mode select data. Input code data 
sets the DAC inputs while the mode select data sets the gain 
and range of each DAC. 

The versatile 1/0 port of the AD664 allows many different types 
of data input schemes. For example, the input code for just one 
of the DACs may be loaded and the output mayor may not be 
updated. Or, the input codes for all four DACs may be written, 
and the outputs mayor may not be updated. 

The same applies for MODE SELECTION. The mode of just 
one or many of the DACs may be rewritten and the user can 
choose to immediately update the outputs or wait until a later 
time to transfer the mode information to the outputs. 

A user may also write both input code and mode information 
into their respective first ranks and then update all second ranks 
at once. 

Finally, transparent operation allows data to be transferred from 
the inputs to the outputs using a single control line. This feature 
is useful, for example, in a situation where one of the DACs is 
used in an AID converter. The SAR register could be connected 
directly to a DAC by using the transparent mode of operation. 
Another use for this feature would be during system calibration 
where the endpoints of the transfer function of each DAC would 
be measured. For example, if the full-scale voltages of each 
DAC were to be measured, then by making all four DACs 
transparent and putting all "Is" on the input port, all four 
DACs would be at full-scale. This requires far less software 
overhead than loading each register individually. 
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Table II. AD664 Digital Truth Table 

- - QSO, i, 2' - Cs Function DS1, DSO LS MS TR aD RST 

Load 1st Rank (data) 
DACA 00 0 I I Select Quad I 1 .... 0 I 
DACB 01 0 1 1 Select Quad 1 1 .... 0 1 
DACC 10 0 I I Select Quad I 1 .... 0 I 
DACD II 0 I I Select Quad I 1 .... 0 I 

Load 2nd Rank (data) XX I I I XXX I 1 .... 0 I 

Read!>ack2nd Rank (data) SelectD/A X I I Select Quad 0 1 .... 0 I 

Reset XX X X X XXX X X 0 

Transparent' 
AIlDACs XX I I 0 000 I 1 .... 0 I 

DACA 00 0 1 0 000 I 1 .... 0 I 
DACB 01 0 1 0 000 1 1-->0 I 
DACC 10 0 I 0 000 I 1 .... 0 I 
DACD II 0 I 0 000 I 1 .... 0 I 

Mode Select!'> 
1st Rank XX 0 0 I OOX I 1-->0 1 
2nd Rank XX I 0 I XXX I 1 .... 0 I 

ReadbackMode' XX X 0 I OOX 0 1-->0 I 

Notes: X = don't care. 
'For~in ve!!l!?1is on1~. Allow the AD664 to be addressed in 4-bit nibble, 8·bit byte or 12-bit parallel words. 
2PorMS, TR,LS = O,aMS lstwriteoccurs. 

The foUowing sections detail the timing requirements for 
various data loading schemes. All of the timing specifications 
shown assume VIH = 2.4V, VIL =O.4V, Vee = +15V, 
VEE = -15V and VLL = +5V. 

Load and Update One DAC Output 
In this fIrst example, the object is simply to change the output 
of one of the four DACs on the AD664 chip. The procedure is 
to select the address bits that indicate the DAC to be programmed, 
puU LATCH SELECT(LS) low, puU CHIP SELECT(CS) low, 
release LS and then release CS. When CS goes low, data enters 

-1WDRES~ 
QSO.QS1.QS2 

DSO.DS1 

Figure 9a. Update Output of a Single DAC 

25"<: TMlNtoTMAX 
SYMBOL MIN!ns) MIN!ns) 

tu' 0 0 
tos 0 0 
toH 0 0 
tLW 50 60 
leH 30 50 
tAS 0 0 
tAH 0 0 

'FOR tu>O. THE WIDTH OF LSMUSTBE 
INCREASED BY THE SAME AMOUNTTHAT 
tLS IS GREATER THAN On5. 

Figure 9b. Update Output of a Single DAC Timing 
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the first rank of the input latch. As soon as LS goes high, the 
data is transferred into the second rank and produces the new 
output voltage. During this transfer, MS, TR, Rl5 and RST 
should be held high. 

Preloading the First Rank of One DAC 
In this case, the object is to load new data into the first rank of 
one of the DACs but not the output. As in the previous case, 
the address and data inputs are placed on the appropriate pins. 
LS is then brought to "0" and then CS is asserted. Note that in 
this situation, however, CS goes high before LS goes high. The 
input data is prevented from getting to the second rank and 
affecting the output voltage. 

INPU~~~TPIlT ___ ..jX DATA VALID XI...-__ _ 
-4j 'os ,.. --I ~ '0" 

ADDRESS --V i i V--
QSO.QS1.QS2 ---A ADDRESS VALID L-

DSO. D: r- '''1' l' 'A" je: 

LS~ 
~"s1 1""~ 
~ 

Figure 10a. Preload First Rank of a DAC 

25"<: T ... N to TMAX 

SYMBOL MIN!n5) MIN!ns) 

tLS 0 0 
tLH 10 15 
lew 80 100 
tDS 0 0 
tDH 10 15 
tAS 0 0 
tAH 10 15 

Figure 10b. Preload First Rank of a DAC Timing 
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This allows the user to "preload" the data to a DAC and strobe 
it into the output latch at some future time. The user could do 
this by reproducing the sequence of signals illustrated in the 
next section. 

Update Second Rank of a DAC 
Assuming that a new input code had previously been placed 
into the first rank of the input latches, the user can update the 
output of the DAC by simply pulling CS low while keeping LS, 
MS, TR, RD and RST high. Address data is not needed in this 
case. In reality, all second ranks are being updated by this pro
cedure, but only those which receive data different from that 
already there would manifest a change. Updating the second 
rank does not change the contents of the first rank. 

DATA 
INPUTiOUTPUT 

BITS 

-APl!!!!;SL 
asO,OSI.QS2 

DSO,DSI 

l:LTR....MS 
RD, RST 

://///// ffLfo}fch% 
:'//// // //aofi1rtJ7i 
o lew = 80nsMJN 1100 ns MIN (II 

:~ 
Figure ". Update Second Rank of a DAC 

The same options that exist for individual DAC input loading 
also exist for multiple DAC input loading. That is, the user can 
choose to update the first and second ranks of the registers or 
preload the first ranks and then update them at a future time. 

Preload Multiple First Rank Registers 
The first ranks of the DAC input registers may be preloaded 
with new input data without disturbing the second rank data. 
This is done by transferring the data into the first rank by bringing 
CS low while LS is low. But CS must return high before LS. 
This prevents the data from the first rank from getting into the 
second rank. A simple second rank update cycle as shown in 
Figure 11 would move the "preIoaded" information to the 
DACs. 

DATA 
,NPUTIOUTPUT 

BITS ..L.I.'""\. __ --''-__ .J\ ___ -''-__ --''t...L.oL. 

\\.-______________ --'1 

\ I 
Figure 12. Preload First Rank Registers 

Load and Update Multiple DAC Outputs 
The following examples demonstrate two ways to update all 
DAC outputs. The first method involves doing all data transfers 
during one long CS low period. Note that in this case, shown in 
Figure 13, LS returns high before CS goes high. Data hold 
time, relative to an address change, is 70ns. This updates the 
outputs of all DACs simultaneously. 
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DATA 
INPUT/OUTPUT 

BITS 

AD664 

-APDRESL --~,---,\r--~,r---'r--~'-
QSO,QS1,aS2 

DSO,DSI 

[5 \~ ___ ----JI 
cs\ I 

Figure 13. Update All DAC Outputs 

The second method involves doing a CS assertion (low) and an 
LS toggle separately for each DAC. It is basically a series of 
preload operations (Figure 10). In this case, illustrated in 
Figure 14, two LS signals are shown. One, labeled LS, goes 
high before CS returns high. This transfers the "new" input 
word to the DAC outputs sequentially. The second LS signal, 
labeled Alternate LS, stays low until CS returns high. Using 
this sequence loads the first ranks with each "new" input word 
but doesn't update the DAC outputs. To then update all DAC 
outputs simultaneously would require the signals illustrated in 
Figure 11. 

DATA 
INPUT/OUTPUT 

BITS 

~DRESA- --.r7--T-'r--~,r_--\r--~r-
aSO,nS1,QS2 

DSO,DS1 

Figure 14. Load and Update Multiple DACs 

SELECTING GAIN RANGE AND MODES (44-PIN 
VERSIONS) 
The AD664's mode select feature allows a user to configure the 
gain ranges and output modes of each of the four DACs. On-board 
switches take the place of up to eight external relays that would 
normally be required to accomplish this task. The switches are 
programmed by the mode select word entered via the data 110 
port. The mode select word is eight bits wide and occupies the 
topmost eight bits of the input word. The last four bits of the 
input word are "don't cares." 

Figure 15 shows the format of the MODE SELECT word. The 
ftrst four bits determine the gain range of the DAC. When set 
to be a gain of I, the output of the DAC spans a voltage of 1 
times the reference. When set to a gain of 2, the output of the 
DAC spans a voltage of 2 times the reference. 

The next four bits determine the mode of the DAC. When set 
to UNIPOLAR, the output goes from 0 to REF or 0 to 2REF. 
When the BIPOLAR mode is selected, the output goes from 
- REF/2 to REF/2 or - REF to REF. 
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DB" DB4 

GAl GB IGC I GO I MA I MB I MC I MD I 
GX - '0', GAIN = , 
GX = ',", GAIN = 2 
MX ~ "0-: UNIPOLAR 
MX = ',", BIPOLAR 

Figure 15. Mode Select Word Format 

Load and Update Mode of One DAC 
In this next example, the object is to load new mode information 
for one of the DACs into the first rank of latches and then 
immediately update the second rank. This is done by putting 
the new mode information (8-bit word length) onto the databus. 
Then. MS and LS are pulled low. Following that, CS is pulled 
low. This loads the mode information into the first rank of 
latches. LS is then brought high. This acJion updates the second 
rank of latches (and, therefore, the DAC outputs). The load 
cycle ends when CS is brought high. 

In reality, this load cycle really updates the modes of all the 
DACs, but the effect is to only change the modes of those DACs 
whose mode select information has actually changed. 

J tMB ~ ~ t",}1.-
INPU~~1:TPUT ------,X MODE SELECT Xr -=-----

Brrs •• DATA WORD •• 

tDS:;j I" --1 I-- toH ---,jt:±tLw-l-!-'---l 
_______ ~_~_t~", ~ K"-~-H--------

Figure 16a. Load and Update Mode of One OAC 

25'C T .. NtoTMAx 
SYMBOL MIN Ins) MIN Ins) 
~ 0 0 
tLS* 0 0 
los 0 0 
ILW 50 60 
tc.. 50 80 
toH 0 0 
tooH 0 0 

'FOR ILS > 0, THE WIDTH OF LS MUST BE 
INCREASED BYTHESAMEAMOUNTTHAT 
~ IS GREATER THAN Ons. 

Figure 16b. Load and Update Mode of One OAC Timing 

Preloading the Mode Select Register 
Mode data can be written into the first rank of the mode select 
latch without changing the modes currently being used. This 
feature is useful when a user wants to preload new mode infor
mation in anticipation of strobing that in at a future time. Figure 
17 illustrates the correct sequence and timing of control signals 
to accomplish this task. 

This allows the user to "preload" the data to a DAC and strobe 
it into the output latch at some future time. The user could do 
this by reproducing the sequence of signals illustrated in Figures 
l7c and l7d. 
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DATA 
INPUT/oUTPUT 

BITS 

~ 
~ MODE SELECT. c:=. 

DATA WOAD 

~t"r 1 ~t .. 
JLT~ 

Figure 17a. Preload Mode Select Register 

25'C T_toTMAX 
SYMBOL MIN Ins) MIN Ins) 
to.H 10 15 
to.. 0 0 
~ 0 0 
los 0 0 
to. 80 100 
ILH 10 15 
to.. 10 15 

Figure '17b. Preload Mode Select Register Timing 

IN~~~UT : I////Ilfl////i 

~~ : 1//1/1 ////7/1i 
:~ 
~ 

Figure 17c. Update Second Rank of Mode Select Latch 

SYMBOL 
25'C 
MIN Ins) 
o 
o 
80 

o 
o 
100 

Figure 17d. Update Second Rank of Mode Select 
Latch Timing 

Transparent Operation (44-Pin Versions) 
Transparent operation allows data from the inputs of the AD664 
to be transferred into the DAC registers without the intervening 
step of being latched into the first rank of latches. Two modes 
of transparent operation exist, the "partially transparent" mode 
and a "fully transparent" mode. In the "partially transparent" 
mode, one of the DACs is transparent while the remaining three 
continue to use the data latched into their respective input registers. 
Both modes require a 12-bit wide input word! 

Fully transparent operation can be thought of as a simultaneous 
load of data from Figure 9a where replacing LS with TR causes 
all 4 DACs to be loaded at once. 

The Fully transparent mode is achieved by asserting lows on 
QSO, QSl, QS2, TR and CS while keeping LS high in addition 
to MS and RB. Figure 18a illustrates the necessary timing re
lationships. Fully transparent operation will also work with TR 
tied low (enabled). 

~t----------------------

DATA INPUTI ~ DATA VALID E 
OUTPUT BITS _. J: . 

: -r_-ta_tDS.!--1 t1W--~t_j-:--tDH_tQH C-
... ITS j4-- tCH~""-______ _ 

\\.. ____ ..J1 

. Figure 18a. Fully Transparent Mode 
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25'C T_toTMAl< 
SYMBOL MIN (ns) MIN (ns) 

tAS 0 0 
los 0 0 
tTS" 0 0 
tow 70 80 
tcH 80 90 
tDH 0 0 
toH 0 0 

"FORT TS > 0, THE WIDTH OFTR MUST BE 
INCREASED BY THE SAME AMOUNTTHAT 
T TS IS GREATER THAN Ons. 

Figure 18b. Fully Transparent Mode Timing 

DATA INPUTI X 
OUTPUT BITS -I' C 

ADDRESS IDS., r-
DATA VALID x:::::== 

tDH F 
asa, OSI, ~ ADDRESS VALID 

DSO, DSl, LB I.- --.l ,-
_ lUI II.H~~ ______ _ 
:-:rITS t--tTW--i ~tTH 
cs \ '1r!..-.:.::....-----

Figure 19a. Partially Transparent 

25'C TMIN to TMAl< 
SYMBOL MIN (ns) MIN (ns) 

los 0 0 
tu 0 0 
tTS 0 0 
tw 80 90 
tDH 10 15 
1AH 10 15 
tTH 10 15 

Figure 19b. Partially Transparent Mode Timing 

Partially transparent operation can be thought of as pre10ading 
the first rank in Figure lOa without requiring the additional CS 
pulse from Figure II. 

The partially transparent mode is achieved by setting CS, QSO, 
QSI, LS, and TR low while keeping RO and MS high. The 
address of the transparent DAC is asserted on DSO and DSI. 
Figure 19a i1ustrates the necessary timing relationships. Partially 
transparent operation will also work with TR ties low (enabled). 

OUTPUT DATA 
Two types of outputs may be obtained from the internal data 
registers of the AD664 chip, mode select and DAC input code 
data. Readback data may be in the same forms in which it can 
be entered; 4-, 8-, and 12-bit wide words (12 bits only for 28-pin 
versions). 

DAC Data Readback 
DAC input code readback data is obtained by setting the address 
of the DAC (DSO, DS1) and Quads (QSO, QSI, QS2) on the 

Figure 20a. DAC Input Code Readback 
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AD664 
25'C TMJNtoT_. 

SYMBOL MIN (n.) MIN (n.) 

t..s 0 0 
t"s 0 0 
trw 130 180 
to. 80 75 
lo. 0 0 
t". 0 0 

Figure 20b. DAC Input Code Readback Timing 

address pins and bringing the RD and CS pins low. The tin1ing 
diagram for a DAC code readback operation appears in 
Figure 20. 

Mode Data Readback 
Mode data is read back in a similar fashion. By setting MS, 
QSO, QSI, RD and CS low while setting TR and RST high, the 
mode select word is presented to the 110 port pins. Figure 21 
shows the timing diagram for a readback of the mode select data 
register. 

Figure 21a. Mode Data Readback 

25'C T_toTMAX 
SYMBOL MIN (ns) MIN( ... ) 

tAs 0 0 .... 0 0 
toy 130 180 
tD' 60 75 
tAM 0 0 
tM. 0 0 

Figure 21b. DAC Mode Readback Timing 

Output Loada 
Readback timing is tested with the output loads shown in 
Figure 22. 

+5V 

OUTPUT ! 3kll OUTPUT 

PIN -t PIN ---41---1---I 'OOPF ":" 3kll r l00pF 

HIGHZ_ "0" 

+5V 

OUTPUT 4kll OUTPUT ___ --__ --

PIN PIN t I I 10pF !kll l 'OpF 

"O"_HIGHZ "1"_HIGHZ 

Figure 22. Output Loads 
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Asynclltollous Reset Operation 
The asynchronous reset sigDaI shown in Figure 23 may be asserted 
at any time. A minimum pulse width (tRW) of 90ns is required. 
The reset feature is designed to retum aU DAC outputs to 
o volts regardless of the mode or range selected. In the 44-pin. 
versions, the modes are reset to unipolar IOV span (gain of 1), 
and the input codes are rewritten to be "Os." Previous DAC 
code and mode information is erased. 

RST ~ to.wL-
U 

figure 23a. Asynchronous Reset Operation 

SYMBOL 

Figure 23b. Asynchronous Reset Operation Timing 

In the 28-pin versions of the AD664, the mode remains unchanged, 
the appropriate input code is rewritten to reset the output voltage 
to 0 volts. As in the 44-pin versions, the previous input data is 
erased. 

At power-up, an AD664 may be activated in either the read or 
write modes. While at the device level this will not produce any 
problems, at the system level it may. Analog Devices recommends 
the addition of a simple power-on reset scheme to any system 
Where the possibility of an unknown start-up state could be a 
problem. The simplest version of this scheme is illustrated in 
Figure 24. 

,..., 

' .... ~ 
Figure 24. Power-On Reset 

GNO-=l= ~ r.o k=c»=L XTAL' se1 ~ 
~ 

EXTA12 SC2 F,i RIW 
NMi '30 t¥ DO 

=i= iiiffi ", ~ RiSi'f '32 

+5V-~ Vee '33 ~ 
PH . PM IT, 

~ ~ 

'* 
P21 PH 

'22 MC6801 P3& 7,' 
¥, P23 "7 ~ 07 

'-¥' 
P24 '40 ~ AO 
''0 Nt .. 

It is obvious from inspection that the scheme shown in Figure 
24 is only appropriate for systems in. whiCh the RS'i' is otherWise 
not used. Should the user wish to use the RST .pin, an additional 
logic gate may be included to combine the power-on reset with 
the reset signal. 

INTERFACING THE AD664 TO MICROPROCESSORS 
The AD664 is easy to interface with a wide variety of popular 
microprocessors. Common architectures include processors with 
dedicated 8-bit data and address buses, an 8-bit bus over which 
data and address are multiplexed, an 8-bit data and 16-bit address 
partially muxed, and separate 16-bit data and address buses. 

AD664 addressing can be accomplished through either memory
mapped or 110 techniques. In memory-mapped schemes, the 
AD664 appears to the host microprocessor as RAM memory. 
Standard memory addressing techniques are used to select the 
AD664. In the 1/0 schemes, the AD664 is treated as an external 
1/0 device by the host. Dedicated 110 pins are used to address 
the AD664. 

MC6801lnterface 
In Figures 2Sa-2Sd, we illustrate a few of the various methods 
that can be used to connect an AD664 to the popular MC6801 
microprocessor. In each of these cases, the MC6801 is intended 
to be configured in its expanded, nonmultiplexed mode of oper
ation. In this mode, the MC6801 can address 2S6 bytes of external 
memory over 8-bit data (Port 3) and 8-bit address (Port 4) buses. 
Eight general-purpose 110 lines (Port 1) are also available. On
board RAM and ROM provide program and data storage space. 

In Figure 2Sa, the three least aignif1cant address bits (P40, P41 
and P42) are employed to select the appropriate on-chip addresses 
for the various input registers of the AD664. Three 1/0 lines 
(PI7, PI6 and PIS) are used to select various operating features 
of the the AD664. lOS and E(nable) are combined to produce 
an appropriate CS signal. This addressing scheme leaves the five 
most signillcant address bits and five 110 lines free for other 
tasks in the system. 

Figure 2Sb shows another way to interface an AD664 to the 
MC6801. Here we've used the six least significant address lines 
to select AD664 features and registers. This is a purely memory
mapped scheme while the one illustrated in Figure 2Sa uses 
some memory-mapping as well as some dedicated 110 pins. In 

-c:-

I II I I r 

t~ R -~ 
S 1-' 

l-;¥ 

FREE F 
OTHE 
TASK 

-~ r-1¥, 

"1 P42 rile-] I '12 P43 

"3 '44 ~f-- FREE FOR 
"4 P45 ~f-- OTHER rC 
"5 P41 23 f-- TASKS 
,,, '47 ~ A7-
"7 STA~V 

ilDGJ:a~~;&:i=IB~:: 

L 
QOOCOCClOCO!! 

OS, 

OS. 

aso AD664 

L as, 
QS2 

~ 
cs AD i:S fA Ms RST 

L......J I +~V I' I 
Figure 25a. Simple AD664 to MC6801 Interface 
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Figure 25b, two address lines and all eight 1/0 lines remain free 
for other system tasks. 

Expansion of the scheme employed in Figure 25a results in that 
shown in Figure 25c. Here, two AD664s are connected to an 
MC6801, providing a total of eight 12-bit, software programmable 
DACs. Again, the three least significant bits of address are used 
to select the on-chip registers of the AD664. lOS and E, as well 

....r--

AD664 
as a fourth address bit, are decoded to provide the appropriate 
CS signals. Four address and five 1/0 lines remain uncommitted. 

A slightly more sophisticated approach to system expansion is 
illustrated in Figure 25d. Here, a 74LS138 (1-of-8 decoder) is 
used to address one of the eight AD664s connected to the MC680 I. 
The three least significant address bits are used to select on-chip 
register and DAC. The next three address bits are used to select 
the appropriate AD664. lOS and E gate the 74LS138 output . 

~ .Vss £40 

10!~ »-~ XTAll :;:ji ?= ~AL2 ~:' V 

GND 

+5V 

* :~~ P3037 

P31 36 

~Rrnf PJ2 35 

-Po v" P3334 

::;: P20 P34 33 

9 P21 P3532 # P22 MC6801 P36 ¥n 
#'23 P37~ 01 

AO # P24 P4029 

"_#',0 P4128 

FREE [ FOR OTHER 
1/0 

TASKS 

_14P" 

.~~ 11 P14 

18 P15 

19 ',6 

20 P17 

P4227 

P43 2t 

..... 25 

P4S 24 

P4623-

'47~ ] STAN~~~ 21 

FREE ( 
FOR OTHER ,_ 

TASKS 

I II III 
~Cii~&1;~;ralm~:: 

L.: 
QCCCQCOOOO!! 

OS, 

DSO 

~ OSO 
AD664 

as' 
OS2 

cs Ali LS fA iiiiS RST 

J +~V 
I 

Figure 25b. Alternate AD664 to MC6801 Interface 
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=F ~A12 SC2~ RiW 
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07 11 P23 P37 30 

G 

AO 
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v ?TOCS#2 

~TOCS#' 

V " 

l.../': c~::: :::~ 

l l KS _# P13 ' .. ~r--' 
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OOQQQQQQQC!! 

'9 P16 P41 ~ A7" OS, os, 
20 PH STAN~Bv ~ "- DSO - DSO 

L oso AD664 #1 

L oso AD664 #2 

as' OS, 

- OS2 '--- OS2 

cs Ali LS fA iiiiS RST cs iiD LS fA iiiiS RST 

CS#1 I I +~V CS #2 I +~V I 
Figure 25c. Interfacing Two AD664s to an MC6801 

REV. A DIGITAL-TO-ANALOG CONVERTERS 2-107 

• 



AD664 
The schetnes in Figure 25 illustrate some of the trade-off's which 
a designer may make when configuring a system. For example, 
the designer may use 1/0 lines instead of address bits or vice 
versa. This decision may be influenced by other 110 tasks or 
system expansion requirements. He/she can also choose to im
plement only a subset of the features available. Perhaps the 
RST pin isn't really needed. Tying that input pin to VLOGIC 

frees up another 1/0 or address bit. The same consideration 
applies to mode select. In all of these cases TR is shown tied to 
VLOGIC, because the MC6801 cannot provide the 12-bit-wide 
input word required for the transparent mode. In situations 
where transparent operation isn't required, and mode select is 
also not needed, the designer may consider specifying the DIP 
version of the device (either the UNI or BIP version). 

~ 

ND -~ eV. '-' E 40 

~ XTALl SC1~ 

~ EXTAll SC2 ffi" *= :~ 

G 

Pa2 35 ~ RESET 

+5V-i=;F v~ P33 " 
~ P20 P34 33 e P21 P3S 32 

ffi PH MC8IO, P31 31 

~ "3 P37~ ffi P24 P40 29 

1'4' Z8 

R . -~ P,2 

FREE 
FOR 

OTHE 
IJO TAS 

... 27 
P43 26 

P44 2S 

IOs-r 
"-RIW 

DO 

D7 
AO 

,,'-C 

Each of the schemes illustrated in Figure 25 operates with an 
MC6801 at clock rates up to and including l.SMHz. Similar 
schemes can be derived for other 8-bit microprocessorS and 
microcontrollers such as the 805 11808618088/6502, etc. One 
such scheme developed for the 805 II AD664 is illustrated in 
Figure 26. 

8051 Interface 
Figure 26 shows the AD664 combined with an 8051 .... controller 
chip. Three LSBs of address provide the quad and DAC select 
signals. Control signals from Port I select various operating 
modes such as readback, mode select and reset as well as providing 
the LS signal. Read and write signals from the 8051 are decoded 
to provide the CS signal. 

[='i! ~: 
KS ! -~ P13 ~ 1 l ,-~ P" ... 24 °iiili1=~;I(D==~~ :Ziiili1;I;;:a=m~:: 
.---~ P15 .... ~J-- I!QClOOCClQQQ!! OOQQQQQQQC!! 

r-p'!; P16 P47~_] DS1 DS1 
L.!!! P17 STAN~BY 21 '-- DSO '-- DSO 

~ OSO AD664 #1 ~ 0s0 AD664 #8 

UNCOMMITED ( QS1 QSi 

AD~~~SS ~_ '--- OS2 '---- QS2 
#1 ••• cs iii) is 'iii Ms RST cs iii) is 'iii Ms RSi' 

1 +:v J +:v 

~ 

LgAo Vcc~ I-- +5V 

'---~ A. "'I¥.-
'---~ A, D, I¥. r-~#2 

L • " 74138 " "r- CS#3 
& E." Da~CS#4 

r: @--~ E. o. 11 CS#5 

If 0, O.\m-CS#6 
GND • GND o.~CS#7 

Figure 25d. Interfacing Eight AD664s to an MC6B07 
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AD664 
mM pc. Interface 
Figure 27 illustrates a simple interface between an IBM PC and 
an AD664. The three least significant address bits are used to 
select the Quad and DAC. The next two address bits are used 
for LS and MS. In this scheme, a 12-bit input word requires 
two load cycles, an 8-bit word and a 4-bit word. Another write 

is required to transfer the word or words previously written to 
the second rank. A 12-bit-wide word again requires at least two 
read cycles; one for the 8MSBs and four for the LSBs. The 
page select signal produces a CS strobe for any address from 
300H to 3IFH. 

~ ~ ""4 ~ ~ 
~ a. a. t A. 

P2.6 

P2.S 

DB3 

DB6 

OS. 

DSO 

.-1:>+1-, aso. as. 
aS2 

Figure 26. AD664 to 8051 Interface 

AD664 

~O~~ii D7~ 
;m&n3iZ:alra=I~:: cacQccQQQC!! 

A2:::::::::::::::::::::::::::::::::::::::~DS' M ~ 

~QSii 
Ao ______________________________ ~l~v----~--~ 

+ .2V ---------------------------------t------l Vee 
- 12V ---------------------------------l-------l VEE 
+w v 

~-V;~_ 

A3 
A4 

lOR 

lOW 

AS 
A6 

A7 
AS 
A9 

AEN 

GND 

RESET 
DRIVE 

" -c: 
-, V rf 

---{) 
.......... 

[rl-) 

r 

o CSRDLS 

-'::n-
PAGE h 

SELECT 

AD664 

I 

... 

Figure 27. AD664 to IBM PC Interface 

"IBM PC is a traclemark of IntematioaaJ Busiaes. Machines Corp. 
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AD664 
Table III, sho~ below details the memory locations and addresses 
used by this interface. 

300 
301 

302 

303 

304 
305 

306 
307 

310 

311 

312 

313 

314 

315 
316 

Note: Shaded registers are readable. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Table III. IBM PC Memory Map 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 Illegal Address 

1 Mode Select, 1st Rank 

0 Illegal Address 

Mode Select, 1st Rank 

0 Illegal Address 

1 Mode Select, 1st Rank 

0 Illegal Address 

1 Mode Select, 1st Rank 

0 

0 DACA, 4LSBs, 1st Rank 
1 DAC A, 8MSBs, 1st Rank 
0 DACB,4LSBs,1stRank 

DAC B, 8MSBs, 1st Rank 
0 DAC C, 4LSBs, 1st Rank 

DAC C, 8MSBs, 1st Rank 
DACD,4LSBs,lstRank 

DAC 
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AD664 
The following IBM PC Basic routine produces four output 
voltage ramps from one AD664. Line numbers 10 through 70 
define the hardware addresses for the fIrst and second ranks of 
DAC registers as well as the fIrst and second ranks of the mode 
select register. Program variables are initialized in line numbers 
110 through 130. Line number 170 writes "Os" out to the fIrst 
rank and, then, the second rank of the mode select register. 

Line numbers 200 through 320 calculate output voltages. Finally 
line numbers 410 through 450 update the fIrst, then the second 
ranks of the DAC input registers. Hardware registers may be 
read with the "INP" instruction. For example, the contents of 
the DAC A register may be accessed with the following com
mand: Line# A = INP(DACA). 

5 REM- - - -AD664 LISSAJOUS PATTERNS- - --
10 REM - - -IlSSIGN HIlRDWIlRE ADDRESSES---
20 MCA = 785 
:50 DAC6 = 767 
40 DIlCC = 789 
50 DIleo = 791 
60 DIlC2ND = 792 
70 MODE 1 = 769 :MODE2 = 776 
80 REM 
90 REM 

100 REM -- -INITIALIZE VARIIlBLES---
110 X=O: VI = 128: V2 = 64: V3 = 32 
120 CX = 1. CV 1 = 1: CV2 = -1: CV3 = 1 
130 FX = 9: FY 1 = 5: FV2 = 13 : FV3 = 15 
140 REM 
150 REM 
160 REM - - -I NITIIlLIZE MODES AND GAl NS- --
170 OUT MODE 1,0: OUT MODE2,0 
180 REM 
190 REM 
200 REM - - -CALCULIlTE VIlRIABLES- --
210 X=X+FX"CX 
220 Vl=Yl+FY1*CVl 
230 V2 = V2 + FV2"CV2 
240 V3 = V3 + FV3*CV3 
250 I F X , 255 THEN X = 255: CX = -1: GOTO 270 
260 I F X < 0 THEN X = 0: ex = 1 
270 IF VI } 255 THEN VI = 255: CVl = -1: GOTO 290 
280 IF VI < 0 THEN VI =0: CVl = 1 
290 IF V2 > 255 THEN Y2 =255: eY2=-I: GOTO 310 
300 IF V2 { 0 THEN V2 = 0: CV2=-1 
310 IF V3 > 255 THEN V3 = 255: CY3=-I: GOTO 400 
320 IF V3 < 0 THEN V3=0: CY3= 1 
330 REM 
340 REM 
400 REM - - -SEND DIlC OATA- --
410 OUT DACA,X 
420 OUT DACB .~'I 
430 OUT DAce ,V2 
440 OUT DACD,V3 
450 OUT DAC2ND ,0 
500 REM 
510 REM 
520 REM ---LOOP BIlCK---
530 GOTO 210 
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AD664 
Simple AD664 to MC68000 Interface 
Figure 28 shows an AD664 connected to an MC68000. In this 
memory-mapped 110 scheme, the "left-justified" data is written 
in one 12-bit input word. Four address bits are used to perform 
the on-cllip D/A selection as well as the various operating features. 
The RiW signal controls the RD function and system reset 
controls RST. 

---

---------

MC68000 
MICROPROCESSOR 

--[ BUS 

Vcel21 

GNO(21 

CLK 

.... [ BUS 

As 
RM 

FCO UOS 

Fe1· LOS 

FC2 OTACK 

E BR 
VMA BG 

VPA BGACK 

BERR IPLO 

RESET IPLI 

HALT IPL2 

II': v 

~ 
-

4 -- ;S70PF ----< L .... 270 - 200PF; 

This scheme can be converted to write "right-justified" data by 
connecting the data inputs to DATA bits DO through DlI 
respectively. Other options include controlling the QSO, QSl 
and QS2 pins with UDS and LDS to provide a way to write 
8-bit input and read 8-bit output words. 

. 
: 

O.,-Nf'2.II)CD ..... OC)G)O .... 

!!!!!!!!!!~~ 
OS1 

--- OSO 

J 
QSO 

AD664 

QSl 

QS2 

cs RD [S TR MS RST 

I I I I 

J 
+s v 

A23 

A7 

AO 

OB16 

OBO 

Figure 28. AD664 to MC68000 Interface 
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0 

INH 

FORMATTER 
DELAY 

WIDTH 
PERIOD GENERATION 

& DELAY TIMING DELAY r----' 
WIDTH I 2 

COMPARE I 
REGISTER 

EXP 
DATA 

I 2 VL 
I -..J---lli......_""'; 

MASK I AD96687 I L ____ .J 

Figure 29. AD664 in "Tester-per-Pin" Architecture 

APPLICATIONS OF THE AD664 

"Tester-per-Pin" ATE Architecture 
Figure 29 shows the A0664 used in a single channel of a digital 
test system. In this scheme, the A0664 supplies four individual 
output voltages. Two are provided to the VHlGH and VLOW 

inputs of the AD 34 5 pin driver I. C. to set the digital output 
levels. Two others are routed to the inputs of the A096687 dual 
comparator to supply reference levels of the readback features. 
This approach can be replicated to give as many channels of 
stimuluslreadback as the tester has pins. The AD664 is a par
ticularly appropriate choice for a large-scale system because the 
low power requirements (under 500mW) ease power supply and 
cooling requirements. Analog ground currents of 600fLA or less 
make the ground current management task simpler. All OACs 
can be driven from the same system reference and will track 
over time and temperature. Finally, the small board area required 
by the A0664 (and A0345 and A096687) allows a high functional 
density. 

X-Y Plotters 
Figure 30 is a block diagram of the control section of a micro
processor-controlled X-Y pen plotter. In this conceptual exercise, 
two of the OACs are used for the X-channel drive and rwo are 
used for the Y -channel drive. Each provides either the coarse or 
fme movement control for its respective channel. This approach 
offers increased resolution over some other approaches. 

A designer can take advantage of the reset feature of the A0664 
in the following manner. If the system is designed such that the 
"HOME" position of the pen (or galvanometer, beam, head or 
similar mechanism) results when the outputs of all of the OACs 
are at zero, then no system software is required to home the 
pen. A simple reset signal is sufficient. 

Similarly, the transparent feature could be used to the same 
end. One code can be sent to all OACs at the same time to send 

REV. A 

the pen to the home position. Of course, this would require 
some sofrware where the previous example would require only a 
single reset strobe signal! 

Drawing scaling can be achieved by taking advantage of the 
AD664's software programmable gain settings. If, for example, 
an "A" size drawing is created with gain settings of 1, then a 
"c" size drawing can be created by simply reserting all OAC 
gains to 2 and redrawing the object. Conversely, a "c" size 
drawing created with gains of 2 can be reduced to "A" size 
simply by changing the gains to 1 and redrawing. The same 
principal applies for conversion from "B" size to "0" size or 
"0" size to "B" size. The multiplying capability of the A0664 
provides another scaling option. Changing the reference voltage 
provides a proportional change in drawing size. Inverting the 
reference voltage would invert the drawing. 

Swapping digital input data from the X channel to the Y channel 
would rotate the drawing 90 degrees. 

X DRIVE 

Y DRIVE 

TRANS ADDRESS DATA RESET 

Figure 30. X- Y Plotter Block Diagram 
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AD664 
ORDERING GUIDE 

Temperature Gain Linearity Package 
Modell Range Output Range Error Error Options2 

AD664JN-UNI O·C to +700c o to +VRBP ±7LSB ±0.7SLSB. N-28 
AD664JN-BIP OOC to +70OC -VRBF to +VRBP ±7LSB ±0.7SLSB N-28 
AD664JP OOC to +700C Programmable ±7LSB ±0.7SLSB P-44A 
AD664KN-UNI OOC to +700c o to +VRBF ±SLSB ±O.5LSB N-28 
AD664KN-BIP OOC to +70OC -VRBF to +VRBP ;tSLSB ±O.SLSB N-28 
AD664KP OOC to +70OC Programmable ±SLSB ±O.SLSB P-44A 
AD664AD-UNI -40·C to +8SOC o to +VREF ±7LSB ±0.7SLSB D-28A 
AD664AD-BIP -4O"C to +8SOC -VRBF to +VRBP ±7LSB ±0.7SLSB D-28A 
AD664AJ -40·C to +8S·C Programmable ±7LSB ±0.7SLSB J-44 
AD664BD-UNI -4O"C to +8S·C Oto +VREF ±SLSB ±O.5LSB D-28A 
AD664BD-BIP -4O"C to +8SOC -VRBF to +VRBF ±SLSB ±O.SLSB D-28A 
AD664BJ -4O"C to +8SOC Programmable ±SLSB ±O.5LSB J-44 
AD664BE -4O"C to +8S·C Programmable ±SLSB ±O.SLSB E-44A 
AD664SD-UNI -SS·C to +l2SOC o to +VRBP ±7LSB ±0.7SLSB D-28A 
AD664SD-BIP -SS·C to + 12S·C -VRBF to +VREF ±7LSB ±0.7SLSB D-28A 
AD664TD-UNI - SS·C to + 12SOC o to +VRBP ±SLSB ±O.SLSB D-28A 
AD664TD-BIP -SS·C to + 125·C -VRBF to +VRBF ±SLSB ±O.5LSB D-28A 

NOTES 
'For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the Analog 
Devices Military Products Databook or current AD6641883B data sheet. 

2D = Ceramic DIP; E = Leadless Ceramic Chip Carrier; J = Lesded Chip Carrier; N = Plastic DIP; 
P = Plastic Lesded Chip Carrier. For outline information see Psckage Information section. 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
Complete 12-Bit D/A Function 

Double-Buffered Latch 
On Chip Output Amplifier 
High Stability Buried Zener Reference 

Single Chip Construction 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB max 
Settling Time: 3J1.s max to 0.01% 
Guaranteed for Operation with :!:: 12V or :!:: 15V 

Supplies 
Low Power: 300mW Including Reference 
TTLI5V CMOS Compatible Logic Inputs 
Low Logic Input Currents 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD667 is a complete voltage output 12-bit digital-to-analog 
converter including a high stability buried Zener voltage reference 
and double-buffered input latch on a single chip. The converter 
uses 12 precision high speed bipolar current steering switches 
and a laser trimmed thin film resistor network to provide fast 
settling time and high accuracy. 

Microprocessor compatibility is achieved by the on-chip double
buffered latch. The design of the input latch allows direct interface 
to 4-, 8-, 12-, or 16-bit buses. The 12 bits of data from the first 
rank of latches can then be tranaferred to the second rank, 
avoiding generation of spurious analog output values. The latch 
responds to strobe pulses as short as lOOns, allowing use with 
the fastest available microprocessors. 

The functional completeness and high performance in the AD667 
results from a combination of advanced switch design, high 
speed bipolar manufacturing process, and the proven laser wafer
trimming (LWT) technology. The AD667 is trimmed at the 
wafer level and is specified to ± 1I4LSB maximum linearity 
error (K, B grades) at 25°C and:!:: 1I2LSB over the full operating 
temperature range. 

The subsurface (buried) Zener diode on the chip provides a 
low-noise voltage reference which has long-term stability and 
temperature drift characteristics comparable to the best discrete 
reference diodes. The laser trimming process which provides the 
excellent linearity, is also used to trim the absolute value of the 
reference as well as its temperature coefficient. The AD667 is 
thus well suited for wide temperature range performance with 
± 1I2LSB maximum linearity error and guaranteed monotonicity 
over the full temperature range. Typical full scale gain T .C. is 
Sppm/"C. 

*Protected by Patent Numbers 3,803,590; 3,890,611; 3,932,863; 3,978,473; 
4,020,486; aDd others pending. 
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Microprocessor-Compatible 
12-Bit O/A Converter 

A0667* I 
FUNCTIONAL BLOCK DIAGRAM 

IMSBI (LSBI 
0811 ___ D88 Pl7 ..... - DIM DB3 --- D80 

The AD667 is available in five performance grades. The AD667J 
and K are specified for use over the 0 to + 70"C temperature 
range and are available in a 28-pin molded plastic DIP (N) or 
PLCC (P) package. The AD667S grade is specified for the 
- SS"C to + 12S"C range and is available in the ceramic DIP 
(D) or LCC (E) package. The AD667 A and B are specified for 
use over the - 25°C to + 8S"C temperature range and are available 
in a 28-pin hermetically sealed ceramic DIP (D) package. 

PRODUCT HIGHLIGHTS 
1. The AD667 is a complete voltage output DAC with voltage 

reference and digita1latches on a single IC chip. 
2. The double-buffered latch structure permits direct interface 

to 4-, 8-, 12-, or 16-bit data buses. Ail logic inputs are TTL 
or 5 volt CMOS compatible. 

3. The internal buried Zener reference is laser-trimmed to 10.00 
volts with a ± 1% maximum error. The reference voltage is 
also available for external application. 

4. The gain setting and bipolar offset resistors are matched to 
the interna1ladder network to guarantee a low gain temperature 
coefficient and are laser-trimmed for minimum full scale and 
bipolar offset errors. 

S. The precision high speed current steering switch and on-board 
high speed output amplifier settle within 1I2LSB for a 10V 
full scale transition in 2.0,,"s when properly cOmpensated. 

6. The AD667 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current AD667/883B data sheet for detailed specifications. 
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AD667 ~SPECIFICATIONS !TA = +25°C, ±12V. ±15V power supplies unless otheiwise noted.) 
" 

Model AD667J AD667K 
Mill Tn> Max Mill Tn> Max Units 

DlGITALINPUTS 
Resolution 12 12 Bits 
Logic: Level.(TfL Compatible, T nDn""T _)1 

Vm (Logic "1") +2.0 +5.5 +2.0 +5.5 V 
V1L (Logic; ''0'') 0 +0.8 0 +0.8 V 
IIH (VIH = 5.5V) 3 10 3 10 pA 
IlL (VIL = O.SV) I 5 I 5 pA 

TRANSFBRCHARACTERISTICS 
ACCURACY 

Linearity Error@ + 25"C ±1I4 :t1l2 ± liS :t1/4 LSB 
TA=TDLiD1OTmax ±1/2 :t3l4 ±1I4 :t112 LSB 

Differential Linearity Error@ + 25"C ±1I2 :t3l4 ± 114 :t1l2 LSB 
TA=TmmlOTJIW[ MoDOlODicity Guaranteed MonntonicityGuaranteed LSB 

Gain Error' ±O.I :to.2 ±O.I :to.2 %FSR' 
Unipolar Offset Error' ±I :t2 ±I :t2 LSB 
Bipolar Zero'- ±0.05 :to.I ±0.05 :to.I %ofFSR 

DRIFT 
Differential Linearity ±2 ±2 ppmofFSRI"C 
Gain (Full Scale) TA = 25"Cto T .... orT ..... ±5 :t30 ±5 :tIS ppm ofFSRI"C 
Unipolai Offset T A = 25"C to T ..... or T ..... ±I :t3 :t3 ppm ofFSRI"C 
Bipolar Zero T A = 25"C to T .... or T ..... ±5 :t10 :t10 ppmofFSRrC 

CONVERSION SPEED 
SetdingTimeto ± 0.01% ofFSRfor 

FSR Change (2kOIiSOOpF load) 
with 10kO Feedback 3 4 3 4 .... 
with 5kO Feedback 2 3 2 3 .... 

For LSBChange I I ".. 
Slew Rate 10 10 VI"." 

ANALOG OUTPUT 
Ranges' :t2.S, ::t:S, :tIO, ::!:2.S, ±,S, ± 10, V 

+5, + 10 +5, +10 
Output Current ±5 ±5 rnA 
Output Impedsnce (dc) 0.05 0.05 !l 
Short Circuit Current 40 40 rnA 

REFERENCE OUTPUT 9.90 10.00 10.10 9.90 10.00 10.10 V 
Externsl Current 0.1 1.0 0.1 1.0 rnA 

POWER SUPPLY SENSITIVITY 
Vee = + 11.4 to + 16.5Vdc 5 10 5 10 ppmofFSI% 
VEE = -11.4to -16.5Vdc 5 10 5 10 ppmofFSI% 

POWER SUPPLY REQUIREMENTS 
Rated Voltsges :!: 12, ::!: 15 ::!: 12, :!: 15 V 
Range' :t11.4 :tI6.5 :t1I.4 :t16.5 'V 
Supply Current 

+ 11.4 to +16.5Vdc 8 12 8 12 rnA 
-11.4to -16.5Vdc 20 25 20 25 rnA 

TEMPERATURE RANGE 
Specification 0 +70 0 +70 "C 
Storage -65 +125 -65 + 125 "C 

NOTES 
IThe digital input sPecifications are 100% tested. at +2SOC,·and guaranteed but not rested over the full temperature nutJe. 
2Adjustable to zero. 
'FSR means "Full Scsle Rsnge" and is 20V for ± 10V range and lOY for the.±5V range. . 
'A minimum power supply of ± l2.5V is required for a ± lOY full scale output and ± 11.4V is required for all other voltage ranges, 

SpecifICations subject to cbaoge without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical rest. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although ooly those 
shown in boldface are tested on all production onilS. 

TIMING SPECIFICATIONS 
(All Models, TA=25"C, Vcc= + 12Vor + 15V, 
VES= -12Vor -15V) 
Symbol Parameter Min Typ Mal: 
toc Data Valid to End ofCS- 50 
tAC Address Valid to End ofCS 100 
fcp CS Pulse Width 100 
tDH Data Hold Time 0 

tsETf OutpUt Voltage Settling Time 2 4 
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ns 
ns 
ns 
ns 
Jl.S 

ABSOLUTE MAXIMUM RATINGS 
V cc to Power Ground . . • . . . 
VES to Power Ground . . . . . • 
Digital Inputs (Pins 11-15, 17-28) 

. OVto +18V 

. OV to -18V 

to Power Ground . ....... -1.0Vto+7.0V 
Ref In to Reference Ground . . . ± 12V 
Bipolar Offset to Reference Ground . ± 12V 
10V Span R to Reference Ground . . ± 12V 
20V Span R to Reference Ground. • ±24V 
Ref Out, VOUT (Pins 6, 9) .. Indefmite short to power ground 

Momentary Short to V cc 
Power Dissipation ..•••.•...••.•..••• lOOOmW 
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MocIeI AD667A 
MiD Typ Max 

DIGITAL INPUTS 
Resolution 12 
Logic Levels (TI'LCompatible, T_-T",.,.)l 

Vrn (Logic "I ") +2.0 +5.5 
VIL (Logic "0") 0 +0.8 
IIH(Vrn=5.5V) 3 10 
IlL (VIL =0.8V) I 5 

TRANSFER CHARACTERISTICS 
ACCURACY 

Linearity Error@ + 25"C ±1I4 :>:1/2 
TA=TmintoTmu ±112 :>:3/4 

Differential Linearity Error@ + 25"C ± 112 :>:314 
TA=T_toT .... MODotoaicity Guaranteed 

Gain Error' :to.1 :>:0.2 
Unipolar Offset Error' ±I :>:2 
Bipolar Zero' ±0.05 :>:0.1 

DRIFT 
Differential Linearity ±2 
Gain (Full Sca1e)TA = 25"C toTmin orT .... ±5 ±3O 
Unipolar Offset T A = 25"C to T",;" or T .... ±I :>:3 
Bipolar Zero T A = 25"C to T nUn or T .... ±5 :>:10 

CONVERSION SPEED 
Settling Time to ±O.OI%ofFSRfor 

FSR chanse (2kOl/500pF load) 
with 10kOFeedback 3 4 
with 5k!l Feedback 2 3 

ForLSBChanse I 
Slew Rate 10 

ANALOG OUTPUT 

Raoses4 ±2.5, ±S, ± 10, 
+5, +10 

Output Current ±5 
Outputlmpedsoce (de) 0.05 
Sban Circuit Current 

REFERENCE OUTPUT 9.90 10.00 
External CurreDt 0.1 1.0 

POWER SUPPLY SENSITIVITY 
Vcc= + 11.4to +16.5Vdc 5 
VEE = -11.4to -16.5Vde 5 

POWER SUPPLY REQUIREMENTS 
Rated Voltages ::!: 12, ::t 15 

Raose4 :>:11.4 
Supply Current 

+ 11.4 to + 16.5Vde 8 
-11.4to -16.5Vde 20 

TEMPERATURE RANGE 
Specification -25 
Storage -65 

TIMING DIAGRAMS 
WRITE CYCLE #l 
(Load First Rank from Data Bus; A3= 1) 

A2_AO---..t-==t~i c= 
0811-080 

I-toc-l 
--~Xl- IF ____ -.J 

\\\ j ~ 
1-.... =1 
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40 

10.10 

10 
10 

:>:16.5 

12 
25 

+85 
+150 

AD667 

AD667B -AD667S 
MiD Typ Mu MiD Typ Max VailS 

12 12 Bits 

+2.0 +5.5 +2.0 +5.5 V 
0 +0.8 0 +0.7 V 

3 10 3 10 .,A 
I 5 I 5 .,A 

±118 :>:1/4 ±!l8 :>:1/2 LSB 
±!l4 :>:112 ±1/2 :>:314 LSB 
±114 :>:112 ±1/4 :>:314 LSB 

MODOtoaicity Guaranteed MonotoaicityGuaraoteed LSB 
±O.I :>:0.2 ±O.I :>:0.2 %ofFSR' 
±I :>:2 ±I :>:2 LSB 
±0.05 :>:0.1 ±0.05 :>:0.1 %ofFSR 

±2 ±2 ppm ofFSRI"C 
±5 ±15 ±15 :>:30 ppm ofFSRI"C 

:>:3 :>:3 ppm ofFSRI"C 
:>:10 :>:10 ppmofFSRI"C 

3 4 3 4 ,,"" 

2 3 2 3 jJ.S 

I 1 jJ.S 

10 10 V/jJ.S 

:!::2.5, ±5,::!: 10, :t2.5, ±5, ± 10, V 
+ 5, + 10 +5, + 10 

±5 ",5 mA 
0.05 0.05 n 

40 40 mA 

9.90 10.00 10.10 9.90 10.00 10.10 V 
0.1 1.0 0.1 1.0 mA 

5 10 5 10 ppmofFSI% 
5 10 5 10 ppmofFSI% 

±I2, ±IS ::t12, :tIS V 
:>:11.4 :>:16.5 :>:11.4 :>:16.5 V 

8 12 8 12 mA 
20 2S 20 25 mA 

-25 +85 - 55 + 125 "C 
-65 +150 -65 +150 "C 

WRITE CYCLE *2 
(Load Second Rank from First Rank; A2, AI, AO= 1) 

r-t~---l 
A3 -----,., I r-
------..r- .... =j.....---

~ G. 7 .. -.. -.. 1-.... ~~it'.-. 
/' ±1/2LSB 
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AD66T 
PIN CONNECTIONS 

DIP 

DB11!MSB) 

0810 

DB" 

DB. 

DB7 

DB8 

DBO ILSBI 

POWER GROUND 

·NOTE DIP PACKAGE IItN NUMBERS 
AND LCC CONTACT NUMBERS SERVE 
THE SAME FUNCTION. 

THE AD667 OFFERS TRUE 12-BIT PERFORMANCE 
OVER THE FULL TEMPERATURE RANGE 

LINEARITY ERROR: Analog Devices defines linearity error 
as the maximum deviation of the actual, adjusted DAC output 
from the ideal analog output (a straight line drawn from 0 to 
F.S. - ILSB) for any bit combination. The AD667 is laser 
trimmed to 1I4LSB (0.006% of F.S.) maximum error at +25"C 
for the K and B versions and 1I2LSB for the J, A and S 
versions. 

MONOTONICITY: A DAC is said to be monotonic if the 
output either increases or remains constant for increasing digital 
inputs such that the output will always be a nondecreasing 
function of input. All versions of the AD667 are monotonic over 
their full operating temperature range. 

DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requires that the differential linearity error be less than ILSB 
both at + 25°C and over the temperature range of interest. 
Differential nonlinearity is the measure of the variation in analog 
value, normalized to full scale, associated with a I LSB change 
in digital input code. For example, for a 10 volt full scale output, 
a change of ILSB in digital input code should result in a 2.44mV 
change in the analog output (lLSB= 10Vx 1/4096=2.44mV). If 
in actual use, howeVer, a ILSB change in the input code results 

Output 
Range 

:tIOV 
:tSV 
:t2.SV 
Oto+IOV 
Oto +5V 

Digital 
Input Codes 

Offset Binary 
Offset Binary 
Offset Binary 
Straight Binary 
Straight Binary 

Connect 
Pin9to 

I 
I and 2 
2 
I and 2 
2 

Connect 
Pinho 

9 
2 and 9 
3 
2 and 9 
3 

PLCC,LCC 

~ ; z i II: ~ 0 ~ 5 iii ~ ~ 1ii I 
In Q Q 

4 3 2 1 28 27 .. 
0 

AD667 
TOP VIEW 

(Not to Scale) 

15 16 17 18 

:l ~ :c ~ i~ ~ !i 
2i ; 

" l'l 

DB7 

DB. 

DBS 

in a change of only 0.61mV (1I4LSB) in analog output, the 
differential linearity error would be -1.83mV, Dr - 3/4LSB. 
The AD667K and B grades have a max differential linearity 
error of 1/2LSB, which specifies that every step will be at least 
1I2LSB and at most I 1/2 LSB. 

ANALOG CIRCUIT CONNECTIONS 
Internal scaling resistors provided in the AD667 may be connected 
to produce bipolar output voltage ranges of :t 10, :t S or :t2.SV 
or unipolar output voltage ranges of 0 to + SV or 0 to + 10V. 

Gain and offset drift are minimized in the AD667 because of the 
thermal tracking of the scaling resistors with other device com
ponents. Connections for various output voltage ranges are 
shown in Table I. 

r-______ "-'\ ... ,.,k""O ____ -1 4 ~~~R 

SUMMING 
JUNCTION 10VSPAN 

iii AGND 

.... 
FROM WEIGHTED 
:~~: -t---i~~~-~~--~~~ 

I..., 

Figure 1. Output Amplifier Voltage Range Scaling Circuit 

Connect 
Pin 2 to 

NC 
I and 9 
9 
1 and 9 
9 

Connect 
Pin4to 

6 (through 500 fixed or lOOOtrim resistor) 
6 (through son fixed or lOOOtrim resistor) 
6 (through son fixed or lOOOtrim resistor) 
5 (or optional trim - See Figure 2) 
S (or optional trim - See Figure 2) 

Table I. Output Voltage Range Connections 
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UNIPOLAR CONFIGURATION (Fiaun 2) 
This coDfiguration will provide a unipolar 0 to + 10 volt output 
range. In this mode, the bipolar offset terminal, pin 4, should 
be grounded if not used for trimming. 

+v~ 

>49-__ ",0-oUTPUT 

OTO 
+1DV 

Figure 2. 0 to + 10V Unipolar Voltage Output 

STEP I ..• ZERO ADJUST 

GND 

Turn all bits OFF and adjust zero trimmer RI, until the output 
reads 0.000 volts (lLSB=2.44mV). In most cases this trim is 
not needed, and pin 4 should be connected to pin 5. 

STEP II ... GAIN ADJUST 
Turn all bits ON and adjust lOOn gain trimmer R2, until the 
output is 9.9976 volts. (Full scale is adjusted to ILSB less than 
nominal full scale of 10.000 volts.) 

BIPOLAR CONFIGURATION (F'1pR 3) 
This coDfiguration will provide a bipolar outpUt voltage from 
- 5.000 to +4.9976 volts, with positive full sca1e occurring with 
all bits ON (all I's). 

STEP I ... OFFSET ADJUST 
Turn OFF all bits. Adjust lOOn trimmer Rl to give - 5.000 
volts output. 

STEP II ... GAIN ADJUST 
Turn ON all bits. Adjust lOOn gain trimmer R2 to give a reading 
of +4.9976 volts. 

OUTPUT 
,~--+-o 

GND 

Figure 3. ± 5V Bipolar Voltage Output 

INTERNALlEXTERNAL REFERENCE USE 
The AD667 has an internal low-noise buried zener diode reference 
which is trimmed for absolute accuracy and temperature coeffi
cient. This reference is buffered and optimized for use in a high 
speed DAC and will give long-term stability equal or superior to 
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the best discrete zener rcl'erence diodes. The performance of the 
AD667 is specified with the internal reference driving the DAC 
since all trimming and testing (especially for full scale error and 
bipolar offset) is done in this configuration. 

The internal reference has sufficient buffering to drive external 
circuitty in addition to the reference currents required for the 
DAC (typically 0.5mA to Ref In and I.OmA to Bipolar Offset). 
A minimum of O.lmA is available for driving external loads. 
The AD667 reference output should be buffered with an external 
op amp if it is required to supply more than O.lmA output 
current. The reference is typically trimmed to ± 0.2%, then 
tested and guaranteed to ± 1.0% max error. The temperature 
coefficient is comparable to that of the full scale TC for a particular 
grade. 

If an external reference is used (lO.OOOV, for example), additional 
trim range must be provided, since the internal reference has a 
tolerance of ± 1%, and the AD667 full-scale and bipolar offset 
are both trimmed with the internal reference. The gain and 
offset trim resistors give about ± 0.25% adjustment range, 
which is sufficient for the AD667 when used with the internal 
reference. 

It is also possible to use external references other than 10 volts. 
The recommended range of reference voltage is from + 8 to 
+ 11 volts, which allows both 8.192V and 10.24V ranges to be 
used. The AD667 is optimized for fixed-reference applications. 
If the reference voltage is expected to vary over a wide range in 
a particular application, a CMOS multiplying DAC is a better 
choice. 

Reduced values of reference voltage will also permit the ± 12 
volt ± 5% power supply requirement to be relaxed to ± 12 volts 
± lOOIO. 

It is not recommended that the AD667 be used with external 
feedback resistors to modify the scale factor. The iriternal resistors 
are trimmed to ratio-match and temperature-track the other 
resistors on the chip, even though their absolute tolerances are 
± 20%, and absolute temperature coefficients are approximately 
- 5Oppm/"C. If external resistors are used, a wide trim range 
( ± 2oot.) will be needed and temperature drift will be increased 
to reflect the mismatch between the temperature coefficients of 
the internal and external resistors. 

SmaIl resistors may be added to the feedback resistors in order 
to accomplish sma1l modifications in the scaling. For example, if 
a 1O.24V full-scale is desired, a 1400 1% low-TC metal-film 
resistor can be added in series with the internal (nominal) 5k 
feedback resistor, and the gain trim potentiometer (between 
pins 6 and 7) should be increased to 2000. In the bipolar mode, 
increase the value of the bipolar offset trim potentiometer also 
to 200n. 

GROUNDING RULES 
The AD667 brings out separate analog and power grounds to 
allow optimum connections for low noise and high speed per
formance. These grounds should be tied together at one point, 
usually the device power ground. The separate ground returns 
are provided to minimize current flow in low-level signal paths. 

The analog ground at pin 5 is the ground point for the output 
amplifier and is thus the "high quality" ground for the AD667; 
it should be connected directly to the analog reference point of 
the system. The power ground at pin 16 can be connected to 
the most convenient ground point; analog power return is pre-
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AD667 
ferred. If power ground contains high frequency noise beyond 
200mV, this noise may feed through the converter, thus some 
caution will be required in applying these grounds. 

It is also important to apply decoupling capacitors properly on 
the power supplies for the AD667 and the output amplifier. 
The correct method for decoupling is to connect a capacitor. 
from each power supply pin of the AD667 to the analog ground 
pin of the AD667. Any load driven by the output amplifier 
should also be referred to the analog ground pin. 

OPTIMIZING SETTLING TIME 
The dynamic performance of the AD667's output amplifier can 
be optimized by adding a small (2Opp) capacitor across the 
feedback resistor. Figure 4 shows the improvement in both 

5V I 

I I I I 

large-signal and small-signal settling for the lOY range. In Figure 
4&, the top trace shows the data inputs (DBII-DBO tied together), 
the second trace shows the CS pulse (A3-AO tied low), and the 
lower two traces show the analog outputs for Cp = 0 and 20pF 
respectively. . 

Figures 4b and 4c show the settliog time for the transition from 
all bits on to all .bits off. Note that the settling time to ± 1I2LSB 
for the IOV step is improved from 2.4 microseconds to 1.6 
microseconds by the addition of the 20pF capacitor. 

Figures 4d and 4e show the settling time for the transition from 
all bits off to all bits on. The improvement in settliog time 
gained by adding Cc=2OpF is similar. 

I, I I 

I I I 
v..."..nsllDlV 

I - , 
I I 

_ .. v~ •• v~v 
a. Large Scale Settling b. Fine-Scale Settling, CF=OpF c. Fine-Scale Settling, CF=20pF 

Vour,1LS8iDlV 

V.,...,..&VIUIV 

d. Fine-Scale Settling, CF=OpF e. Fine-Scale Settling, CF=20pF 

Figure 4. Settling Time Performance 

DIGITAL CIRCUIT DETAILS 
The bus interface logic of the AD667 consists of four independently. 
addressable registers in two ranks. The first rank consists of 
three four-bit registers which can be loaded directly from a 4-, 
S-, 12-, or 16-bit microprocessor bus. Once the complete 12-bit 
data word has been assembled in the first rank, it can be loaded 
into the 12-bit register of the second rank. This double-buffered 
organization avoids the generation of spurious analog output 
values. Figure 5 shows the block diagram of the AD667 logic 
section. 

(LSBI 

Figure 5. AD667 Block Diagram 
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The latches are controlled by the address inputs, AO-A3, and 
the CS input. All control inputs are active low, consistent with 
general practice in microprocessor systems. The four address 
lines each enable one of the four latches, as indicated in 
Table II. 

All latches in the AD667 are level-triggered. This means that 
data present during the time when the control signals are valid 
will enter the latch. When anyone of the control signals returns 
high, the data is latched. 

It is permissible to enable more than one of the latches simul
taneously. If a first rank latch is enabled coincident with the 
second rank latch, the data will reach the second rank correctly 
if the "WRITE CYCLE '*' 1" timing specifications are met. 

CS A3 A2 Al AO Operation 

1 X X X X No Operation 
X 1 1 1 1 NoOperatiQn 
0 I 1 1 0 Enable 4 LSBs of First Rank 
0 1 1 0 1 Enable 4 Middle Bits of First Rank 
0 1 0 1 1 Enable 4 MSBs of First Rank 
0 0 1 1 1 Loads Second Rank from First Rank 
0 0 0 () 0 All Latches Transparent 

"XU = Don't Care 

Table II. AD667Truth Table 
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INPUT CODING 
The AD667 uses positive-true binary input coding. Logic "1" is 
represented by an input voltage greater than 2.0V and logic "0" 
is defmed as an input voltage less than 0.8V. 

Unipolar coding is straight binary, where all zeroes (OOOw on 
the data inputs yields a zero analog output and all ones (FFFH) 
yields an analog output lLSB below full scale. 

Bipolar coding is offset binary, where an input code of OOOH 
yields a minus full-scale output, an input of FFFH yields an 
output lLSB below positive full scale, and zero occurs for an 
input code with only the MSB on (8~). 

The AD667 can be used with two's complement input coding if 
an inverter is used on the MSB (DBll). 

DIGITAL INPUT CONSIDERATIONS 
The thresbold of the digital input circuitry is set at 1.4 volts 
and does not vary with supply voltage. The input lines can thus 
interface with any type of 5 volt logic. The confJgl1ration of the 
input circuit is sbown in Figure 6. 

DIGITAL 
INPUTS 

(PINS 11 - 15 
AND 17- 28) 

+Vcc 

30kU 

r-<~-'" TO LOGIC 

Figure 6. Equivalent Digital Input Circuit 

The AD667 data and control inputs will float to a logic 0 if left 
open. It is recommended that any unused inputs be connected 
to power ground to improve noise immunity. 

Fanout for the AD667 is 100 when used with a standard low 
power Schottky gate output device. 

8-BIT MICROPROCESSOR INTERFACE 
The AD667 interfaces easily to 8-bit microprocessor systems of 
all types. The control logic makes possible the use of right- or 
left-justified data fonnats. 

Whenever a l2-bit DAC is loaded from an 8-bit bus, two bytes 
are required. If the program considers the data to be a 12-bit 
binary fraction (between 0 and 4095/40%), the data is left-justified, 
with the eight most significant bits in one byte and the remaining 
bits in the upper half of another byte. Right-justified data calls 
for the eight least significant bits to occupy one byte, with the 4 
most significant bits residing in the lower half of another byte, 
simplifying integer arithmetic. 

\ OBI1\ OBIO\ OB9\ OB8 \ OB7\ OB6\ OBS\ 084\ 

\ OB3\ OB2 lOBI \ OBO \ X 1 x 1 x 1 x 1 

a. Left Justified 

1 x 1 x 1 x 1 x loolli001010B910B81 

I~I~I~I~I~I~I~I~I 

b. Right Justified 

Figure 7. 12-Bit Data Formats for 8-Bit Systems 
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Figure 8 sbows an addressing scheme for use with an AD667 set 
up for left-justified data in an 8-bit system. The base address is 
decoded from the high-order address bits and the resultant 
active-low signa1 is applied to CS. The two LSBs of the address 
bus are connected as shown to the AD667 address inputs. The 
latches now reside in two consecutive locations, with location 
XOI loading the four LSBs and location XIO loading the eight 
MSBs and updating the output. 

07 

06 
05 
D4 
03 
02 
01 

DO 

WR 

AIS 
I 
I 
I 

A2 

AI 

AD 

"--------
ADDRESS }--
DECODER 

.r-
L 

OBII IMSB) I 
OBIO 
OBB 
0B8 
OB7 
0B8 
085 
OB4 
OB3 

OB2 
OBI 
DBO ILSB) 

cs 
AD667 

AD 

AI 
A2 
A3 

Figure 8. Left-Justified 8-Bit Bus Interface 

Right-justified data can be similarly accommodated. The over
lapping of data lines is reversed, and the address connections 
are slightly different. The AD667 still occupies two adjacent 
locations in the processor's memory map. In the circuit of Figure 
9, location XOlloads the 8LSBs and location XIO loads the 
4MSBs and updates the output. 

07 
06 
05 
04 
03 
02 
01 
DO 

WR 

AIS 
I 
I 
I 

A2 

AI 

AD 

-
r----

,.-

6 
ADDRESS ~ 
DECODER 

L-

L-

DB111MSBi I 
0810 
DBB 
DB8 
DB7 
DB6 
DBS 
DB4 
DB3 

\ DB2 
OBI 
OBO ILSB) 

AD667 

cs 

AO 
AI 

A2 
A3 

J 
Figure 9. Right.Justified 8-Bit Bus Interface 
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USING THE AD667 WITH 12. AND 16-BIT BUSES 
The AD667 is easily interfaced to 12· and 16-bit data buses. In 
this operation, all four address lines (AO through A3) are tied 
low, and the latch is enabled by CS going low. The A0667 thus 
occupies a single n:iemory location. 

This configuration uses the first and second rank registers 
simultaneously. The CS input can be driven from an active·low 
decoded address. It should be noted that any data bus activity 
during the period when CS is low will cause actiVity at the 
A0667 output. If data is not guaranteed stable during this 
period, the second rank register can be used to provide double 
buffering. 

DI1 
DID 
DB 
08 
D7 
D6 
os 
D4 
D3 
D2 
Dl 
DO 
A15 

I 
I 
I 

AD 

ADDRESS I---
DECODER 

Y 
-
~ 

~ 
~ 

'7 

DBllIMSB) I DB10 
DBS 
DBS 
DB7 
DBS 
DB5 
DB4 
DB3 
DB2 
DB1 
O8OILSB) 

cs 
AD667 

A3 
A2 
AI 
AO 

J 

Figure 10. Connections for 12- and 16-Bit Bus Interface 

ORDERING GUIDE 

Linearity 
Temperature Error Max GainT.C. 

Modell Range-OC @2S·C MaxppmI"C Package Option' 

AD667JN Oto +70 ±1I2LSB 30 Plastic DIP (N·28) 
AD667JP Oto +70 ±1I2LSB 30 PLCC(P-28A) 
AD667KN 000 +70 ±1/4LSB 15 Plastic DIP (N·28) 
A0667KP Oto +70 ±1I4LSB 15 PLCC(P-28A) 
AD667AO -25to +85 ±1I2LSB 30 Ceramic DIP (0.28) 
A0667BO -25to +85 ±1I4LSB IS. Ceramic DIP (0·28) 
A0667S0 -55to + 125 ±1I2LSB 30 Ceramic DIP (0-28) 
AD667SE -55to +125 ±1I2LSB 30 LCC(E-28A) 
A0667/883B -55to + 125 * * * 
NOTES 
*Refer to AD667/883B military data sheet. 
'For details on grade and package offerings screened in accordaoce with MIL·STD-883, refer to the 
Analog Devices Military Products Databook or current AD667/883B data sheet. 

'D = Ceramic DIP; E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded Chip 
Carrier. For outiine information see Package Information section. 
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FEATURES 
Ultrahigh Speed: Current Settling to 1 LSB in 90 ns for 

a Full-Scale Change in Digital Input. Voltage Settling 
to 1 LSB in 120 ns for a Full-Scale Change in Analog 
Input 

15 MHz Reference Bandwidth 
Monotonicity Guaranteed over Temperature 
10.24 mA Current Output or 1.024 V Voltage Output 
Integral and Differential Linearity Guaranteed over 

Temperature 
0.3" "Skinny DIP" Packaging 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD668 is an ultrahigh speed, 12-bit, multiplying digital-to
analog converter, providing outstanding accuracy and speed per
formance in responding to both analog and digital inputs. The 
AD668 provides a level of performance and functionality in a 
monolithic device that exceeds that of many contemporary hy
brid devices. The part is fabricated using Analog Devices' Com
plementary Bipolar (CB) Process, which features vertical NPN 
and PNP devices on the same chip without the use of dielectric 
isolation. The AD668's design capitalizes on this proprietary 
process in combination with standard low impedance circuit 
techniques to provide its unique combination of speed and accu
racy in a monolithic part. 

The wideband reference input is buffered by a high gain, closed 
loop reference amplifier. The reference input is essentially a 
1 V, high impedance input, but trimmed resistive dividers are 
provided to readily accommodate 5 V and 1.25 V references. 
The reference amplifier features an effective small signal band
width of 15 MHz and an effective slew rate of 3% of full 
scaleJns. 

Multiple matched current sources and thin film ladder tech
niques are combined to produce bit weighting. The output 
range can nominally be taken as a 10.24 rnA current output or a 
1.024 V voltage output. Varying the analog input can provide 
modulation of the DAC full scale from 10% to 120% of its nom
inal value. Bipolar outputs can be realized through pin-strapping 
to provide two-quadrant operation without additional external 
circuitry. 

Laser wafer trimming insures full 12-bit linearity and excellent 
gain accuracy. All grades of the AD668 are guaranteed mono
tonic over their full operating temperature range. Furthermore, 
the output resistance of the DAC is trimmed to 1000 ± 1.0%. 
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AD668 I 
FUNCTIONAL BLOCK DIAGRAM 

TItRESHOLD L.ADOEA 
COMMON COMMON 

ANALOG 
COMMON '. 

The AD668 is available in four performance grades. The 
AD668JQ and KQ are specified for operation from O°C to 
+ 70°C, the AD668AQ is specified for operation from -40°C to 
+85°C, and the AD668SQ specified for operation from -5SoC 
to + 12SoC. All grades are available in a 24-pin cerdip (0.3" 
package. 

PRODUCT HIGHLIGHTS 
1. The fast settling time of the AD668 provides suitable perfor

mance for waveform generation, graphics display, and high
speed ND conversion applications. 

2. The high bandwidth reference channel allows high frequency 
modulation between analog and digital inputs. 

3. The AD668's design is configured to allow wide variation of 
the analog input, from 10% to 120% of its nominal value. 

4. The AD668's combination of high performance and tremen
dous flexibility makes it an ideal building block for a variety 
of high speed, high accuracy instrumentation applications. 

5. The digital inputs are readily compatible with both TTL and 
SV CMOS logic families. 

6. Skinny DIP (0.3") packaging minimizes board space require
ments and eases layout considerations. 

7. The AD668 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD668/883B data sheet for detailed 
specifications. 
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AD668 - SPECIFICATIONS (@ TA = +25°C, Vee = +15 V, VEE = -15 V, unless otherwise noted) 

AD668J/A AD668K AD668S 
Parameter Min Typ Max Min Typ Max Min Typ Max Units 

RESOLUTION 12 12 12 Bits 

LSB WEIGHT (At Nominal FSR) 
Current . 2.5 * * .,A 
Voltage (Current into RL) 250 * * f.'V 

ACCURACY! 
Linearity -112 +112 -1/4 +114 * .* LSB 

Tmin to Tmax -3/4 +3/4 -112 +112 * * LSB 
Differential Nonlinearity -1 +1 -112 +112 * * LSB 

Tmin to Tmax -1 +1 -112 +112 * * LSB 
Monotonicity GUARANTEED OVER RATED SPECIFICATION TEMPERATURE RANGE 
Unipolar Offset (Digital) -0.2 +0.2 * * * * % ofFSR 
Bipolar Offset -1.0 +1.0 -0.6 +0.6 * * % ofFSR 
Bipolar Zero -0.5 +0.5 -0.2 +0.2 * * % ofFSR 
Analog Offset -1.0 +1.0 -0.7 +0.7 * * % OfVNOM 

Gain Error -1.0 +1.0 * * * * % ofFSR 

TEMPERATURE COEFFICIENTS2 

Unipolar Offset -s +s -5 +5 * * ppm of FSRI"C 
Bipolar Offset -25 +25 -15 +15 * * ppm of FSRI"C 
Bipolar Zero -20 +20 -15 +15 * * ppm of FSRI"C 
Analog Offset -20 +20 -10 +10 -20 +20 ppm of V NOMfC 
Gain Drift -30 +30 -15 +15 -40 +40 ppm of FSRI"C 
Gain Drift (lOUT) ±ISO ±ISO ±ISO ppm of FSRI"C 

REFERENCE INPUT 
Input Resistance 

5.0 V Range 5 * * kO 
1.25 V Range 5 * * kO 
1.0 V Range I * * MO 

Reference Range (T min to T max) 10 100 120 * * * * * * % ofVNoM 

DATA INPUTS 
Logic Levels (T min to T m",) 

VIH 2.0 7.0 * * * * V 
V1L 0.0 O.S * * * * V 

Logic Currents (T min to T max) 
IIH -10 +10 * * * * f.'A 
IlL 0 60 100 * * * 0 100 200 -f.'A 
VTH Pin Voltage 1.4 * * V 

CODING BINARY, OFFSET BINARY 

CURRENT OUTPUT RANGES o to 10.24, ± 5.12 mA 

VOLTAGE OUTPUT RANGES o to 1.024, ± 0.512 V 

OUTPUT COMPLIANCE -2 +1.2 * * * * V 

OUTPUT RESISTANCE 
Exclusive of RL 160 200 240 * * * * * * 0 
Inclusive of RL 99 100 101 * * * * * * 0 

REFERENCE AMPLIFIER 
Input Bias Current 1.5 * * f.'A 
Slew Rate 3 * * % of FS/ns 
Large Signal Bandwidth 10 * * MHz 
Small Signal Bandwidth 15 * * MHz 
Undervoltage Recovery Time 

V REplY NOM to 0% 35 * * ns 
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AD668J/A AD668K AD668S 

Parameter Min Typ Max Min Typ Max Min Typ Max Units 

AC CHARACTERISTICS 
Analog Settling Time 

(10% to 120% Step) 
to ±I% 60 * * ns to 1% of FSR 
to ±O.I% 90 * * ns to 0.1% ofFSR 
to ±0.025% 120 * * ns to 0.025% of FSR 

Digital Settling Time 
Current 

to ±I% 30 * * ns to 1% ofFSR 
to ±0.025% 90 * * ns to 0.025% of FSR 

Voltage (100 n, Internal RL )' 

to 1% 50 * * ns to 1% of FSR 
to 0.1% 75 * * ns to 0.1% ofFSR 
to 0.025% 110 * * ns to 0.025% of FSR 

Glitch Impulse' 350 * * pV-sec 
Peak Amplitude 20 * * % ofFSR 

Total Hannonic Distortion' -75 * * dB 
Multiplying Feedthrough Error" -62 * * dB 

FULL-SCALE TRANSITION' 
10% to 90% Rise Time 11 * * ns 
90% to 10% Fall Time 11 * * ns 

POWER REQUIREMENTS 
+10.8 V to +16.5 V 27 32 * * mA 
-10.8 V to -16.5 V 7 9 * * -rnA 
Power Dissipation 510 615 * * mW 
PSRR' 0.05 * * % ofFSRIV 

TEMPERATURE RANGE 
Rated Specification' (J, K, S) 0 +70 * * -55 +125 °C 
Rated Specification (Al -40 +85 OC 
Storage -65 +150 * * * * °C 

NOTES 
'Same as AD668J/A. 
lMeasured in lOUT mode. Specified at nominal 5 V full-scale reference. 
2Measured in VOUT mode, unless otherwise specified. Specified at nominal 5 V full-scale reference. 
'Total resistance. Refer to Figure 4. 
'At the major carry, driven by HCMOS logic. 
'VOUT = I V P-P,VIN = 10% to 110%, 100 kHz. Digital Input Allis. 
·VIN = 200 m V p-p, I MHz Sine Wave. Digital Input aliOs. See Figure 20. 
'Measured at IS V ± 10% and 12 V ± 10%. 

Specifications shown in boldface are tested on all production units at fmal electrical test. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
Vee to REFCOM ..... , ......... , ..... 0 V to +18 V 
VEE to REFCOM ..................... 0 V to -18 V 
REFCOM to LCOM ............... + 100 mV to -10 V 
ACOM to LCOM ....................... ±IOO mV 
THCOM to LCOM ...................... ±500 mV 
REFCOM to REFIN (I, 2) .................... 18 V 
IBPo to LCOM ............................ ±5 V 
lOUT to LCOM ...................... -5 V to VTH 

Digital Inputs to THCOM .......... -500 mV to +7.0 V 
REFINI to REFIN2 ........................ 36 V 
VTH to THCOM .................. -0.7 V to +1.4 V 
Logic Threshold Control Input Current ............ 5 rnA 

REV. A 

Power Dissipation ........................ 670 mW 
Storage Temperature Range 
Q (Cerdip) Package ................ -65°C to +1500C 

Junction Temperature ..............••...... + 175°C 
Thermal Resistance 

OJA ••••••••••••••••••••••••••••••• +75°CIW 
0Je •..•••••••••••...•••••••••••••• + 25°CIW 

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

Linearity Voltage 
Temperature Error Max Gain T.C. Package 

Modell Range @2S·C MaxppmfC Option2 

AD668JQ O°C to +70OC ±112 ±30 Q-24 
AD668KQ O°C to +70OC ±114 ±lS Q-24 
AD668AQ -40°C to +8S·C ±112 ±30 Q-24 
AD668SQ -55°C to + 125°C ±112 ±40 Q-24 

NOTES 
'Por details on grade and package offerings screened in accordance with MIL-STD-883, refer 
to the Analog Devices Military Products Databook or current AD668/883B data sheet. 

'Q = Cerdip. Por outline infonnation see Package Infonnation section. 

PIN CONFIGURATION 

DEFINITIONS 

DIGITAL 
INPUTS 

LSB 

• 

AD668 
TOP VIEW 

INot to Scale) 

LINEARITY ERROR (also called INTEGRAL NON
LINEARITY OR INL): Analog Devices defmes linearity error 
as the maximum deviation of the actual analog output from the 
ideal output (a straight line drawn from 0 to FS) for any bit 
combination expressed in multiples of 1 LSB. The AD668 is 
laser trimmed to 114 LSB (0.006% of FS) maximum linearity 
error at + 25°C for the K version and 112 LSB for the J and S 
versions. 

DIFFERENTIAL LINEARITY ERROR (also called DIFFER
ENTIAL NONLINEARITY or DNL): DNL is the measure of 
the variation in the analog output, normalized to full scale, asso
ciated with a 1 LSB change in digital input code. 

MONOTONICITY: A DAC is said to be monotonic if the out
put either increases or remains constant as the digital input in
creases. Monotonic behavior requires that the differential 
linearity error not exceed 1 LSB in the negative direction. 

UNIPOLAR OFFSET ERROR (DAC OFFSET): The DAC 
offset is the portion of the DAC output that is independent of 
the digital input. The unipolar DAC offset error is measured as 
the deviation of the analog output from the ideal (0 V or 0 rnA) 
when the analog input is set to 100% and the digital inputs are 
set to all Os. 
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ANALOG COMMON IACOMI 

LADDER COMMON ILCOMI 

BIPOLAR OFFSET 11 .. 01 

v" 
THRESHOLD COMMON ITHCOMI 

THRESHOLD CONTROL IV'HI 

BIPOLAR OFFSET ERROR: The deviation of the analog out
put from the ideal (negative half-scale) when the DAC is con
nected in the bipolar mode (Pin 16 connected to Pin 20), the 
analog input is set to 100%, and the digital inputs are set to all 
Os is called the bipolar offset error. 

BIPOLAR ZERO ERROR: The deviation of the analog output 
from the ideal (0 V or 0 rnA) for bipolar mode when only the 
MSB is on (100 . . . 00) is called bipolar zero error. 

COMPLIANCE VOLTAGE: The allowable voltage excursion 
at the output node of a DAC which will not degrade the accu
racy of the DAC output. 

SETTLING TIME (DIGITAL CHANNEL): The time re
quired for the output to reach and remain within a specified er
ror band about its fmal value, measured from the digital input 
transition. 

SETTLING TIME (ANALOG CHANNEL): The time re
quired for the output to reach and remain within a specified er
ror band about its fmal value, measured from the analog input's 
crossing of it's 50% value. 

GAIN ERROR: The difference between the ideal and actual 
output span of FS-l LSB, expressed either in % of FS or LSB, 
when all bits are on is called the gain error. 
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ANALOG OFFSET ERROR: The analog offset is dermed as 
the offset of the analog amplifier channel, referred to the analog 
input. Ideally, this would be measured with the analog input at 
o V and the digital input at full scale. Since a 0 V analog input 
voltage constitutes an lIndervoltage condition, this specification 
is determined through linear extrapolation, as indicated in 
Figure 1. 

,LLM" 
, 

, , , , 

, 
/ 

",'~ LINEAR EXTRApOLATION , 

H 
CALCULATED 

ANALOG OFFSET 

&0% 100% 

Figure 1. Derivation of Analog Offset Voltage 

GLITCH IMPULSE: Asymmetrical switching times in a DAC 
may give rise to undesired output transients which are quanti
fied by their glitch impulse. It is specified as the net area of the 
glitch in pV-sec. 

D •• 

1\ 

D .• J 

DA ~ 

10 20 3D 
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Figure 2. AD668 Major Carry Glitch 

FUNCTIONAL DESCRIPTION 

S1S.l2mV 

.. 

The AD668 is designed to combine excellent performance with 
maximum flexibility. The functional block diagram and the sim
ple transfer functions provided below will provide the user with 
a basic grasp of the AD668's operation. Examples of typical cir
cuit configurations are provided in the section APPLYING 
THE AD668. Subsequent sections contain more detailed infor
mation useful in optimizing DAC performance in high speed, 
high resolution applications. 

DAC Transfer Function 
The AD668 may be used either in a current-output mode (DAC 
output connected to a virtual ground) or a voltage-output mode 
(DAC output connected to a resistive load). 
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In current output mode: 

Unipolar Mode 

V/N DAC code 
lOUT = -- x --- x 10.24 rnA 

VNOM 4096 

Bipolar Mode 

I V/N DAC code x 10.24 rnA - VV/N x 5.12 rnA 
OUT = V NOM x 4096 NOM 

In voltage output mode: 

VOUT = lOUT X RLOAD 

(for both unipolar and bipolar modes) 

where: 

V/N - the analog input voltage. 

V NOM - the nominal full scale of the reference voltage: 1 V, 
1.25 V, or 5 V, determined by the wiring configuration of Pins 
21 and 22. (See APPLYING THE AD668.) 

DAC code - the numerical representation of the DAC's digital 
inputs; a number between 0 and 4095. 

RLOAD - the resistance of the DAC output node; the maximum 
this can be is 200 n (the internal DAC ladder resistance). The 
on-board load resistor (Pin 19) has been trimmed so that its par
allel combination with the DAC ladder resistance is 100 n 
(±1%). 

Bipolar mode - produces a bipolar analog output from the digital 
input by offsetting the normal output current with a precision 
current source. This offset is achieved by connecting Pin 16 to 
the DAC output. In the unipolar mode, Pin 16 should be 
grounded. 

If the dc errors are included, the transfer function becomes 
somewhat more complex: 

( VIN ) DAC code 
lOUT = VNOM + OFFSETANALOG X ~ x II + EI x 10.24 mA 

VIN 
+ OFFSET DiGITAL x V NOM x 10.24 mA 

( VIN ) - VNOM + OFFSETANALOG x (5.12 mA + [OFFSETB/POLAR x 1O.24mA]1 

(Last term is for use in bipolar mode; V OUT is still just lOUT x 
RLoAD') 

where: 

OFFSETANALOG = the analog offset error. 
OFFSET DIGITAL = is the unipolar digital offset error. 
OFFSETBIPOLAR = is the bipolar offset error. 
E = the gain error, expressed fractionally. 

Operating Limits: 

V/N 
0.1 <-V < 1.2 

NOM 

o < V/NIV NOM < 0.1 constitutes an undervoltage condition and is 
subject to the specified recovery time. 

1.2<V'NNNOM constitutes an overvoltage condition. This can 
saturate the DAC transistors, resulting in decreased response 
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time and can, o~er extended time, damage the part through ex
cessive power dissipation. Figure 3 indicates the specified re
gions of operation in both the unipolar and bipolar cases. 

The small signal 3 dB bandwidth of the V,N channel is 15 MHz. 
The large signal 3 dB bandwidth is approximately 10 MHz. 

VOUT is limited by the specified output compliance: -2 V to 
+1.2 V. 

BIPOlAR MODE V.rI'I_ UNFOLAR MODE 

""""" OVERVOLTAGE REGION " ,"" "" "-"':' ",-4:,,,,,,, 
,""""" ,OVERVOLTAGEREGION ') 1.2~~~~:"":'~ 

REOlON 
OF 

NORMAL 
.... RAT1ON 

O'1j..,.,=== ...... ~ .... 
UNDERVOtTAOE REGION 

REGION 

- -.... 
DIGITAL INPUT RANGE 

OF 

NO ....... 

Figure 3. Quadrant Plots of the AD668 

CIRCUIT DESCRIPTION OF THE AD668 

O .... TION 

204' 

Successful design of high speed, high resolution systems de
mands a designer's solid working knowledge of the components 
being used. The AD668 has been carefully configured to pro
vide maximum functionality in a variety of applications. While it 
is beyond the scope of this data sheet to exhaustively cover each 
potential application topology, the detailed information that 
follows is intended to provide the designer with a sufficiently 
thorough understanding of the part's inner workings to allow 
selection of the circuit topology to best suit the application. 

CURRENT OUTPUT VS. VOLTAGE OUTPUT 
As indicated in the FUNCTIONAL DESCRIPTION, the 
AD668 output may be taken as either a voltage or a current, 
depending on external circuit connections. In the current output 
mode, the DAC output (Pin 20) is tied to a summing junction, 
and the current flowing from the DAC into this summing junc
tion is sensed. In this mode, the DAC output scale is insensitive 
to whether the load resistor, RLoAD, is shorted (Pin 19 con
nected to Pin 20), or grounded (Pin 19 connected to Pin 18). 
However, the connection of this resistor does affect the output 
impedance of the DAC and may have a significant impact on the 
noise gain and stability of the external circuitry. Grounding 
RLOAD will reduce the output impedance, thereby increasing 
the noise gain and also enhancing the stability of a circuit using 
a non-unity-gain-stable op amp (see Figute 10). 

In the voltage output mode, the DAC's output current flows 
through its own internal impedance (perhaps in parallel with an 
external impedance) to generate a voltage. In this case, the DAC 
output scale is directly dependent on the load impedance. The 
temperature coefficient of the AD668's transfer function will be 
lowest when used in the voltage output mode. 

OUTPUT VOLTAGE COMPLIANCE 
The AD668 has an output compliance range of -2.0 V to 
+ 1.2 V (with respect to the LCOM pin). The current steering 
output stages will be unaffected by changes in the output termi
nal voltage over this range. However, as shown in Figure 4, 
there is an equivalent output impedance of 200 n in parallel 
with IS pF at the output terminal, producing an equivalent er
ror current if the voltage deviates from the ladder common. 
This is a linear effect which does not change with input code. 
Operation beyond the maximum compliance limits may cause 
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either output stage saturation or breakdown, resulting in nonlin
ear performance. The positive compliance limit is not affected 
by the positive power supply, but is a function of the output 
current and the logic threshold voltage at V TH' Pin 13. 

1our=10.24mA)(~X~ .... v_ 

COMPLIANCE TO __ . .-4-..-..., 
v_ 

lADDER 
COMMON 

i;;; = 10.24mA x (, - DIG~ IN) )( v::' 
(APPROXIMATELYI 

COMPUANC£ 
__ TO LOGIC 

ANALOG 
COMMON 

LOW VALUE 

Figure 4. Equivalent Output Circuit 

ANALOG INPUT CONSIDERATIONS 
The reference input buffer can be viewed as a resistive divider 
connected to one terminal of an op amp, as shown in Figure 5. 
A unit DAC current source drives a resistor to produce a voltage 
that is fed back to the opposite terminal of the op amp. Resistor 
RFEEDBACK is laser-trimmed to ensure that a I V input to node 
A of the op amp will produce a 10.24 rnA DAC output. 
REFINI and REFIN2 may be configured in any way the user 
chooses to provide a nominal input full scale of 1 V at node A. 
Rl and R2 are sized and trimmed to provide both a 5:1 voltage 
divider and a parallel impedance that matches the impedance at 
node B, thereby reducing the amplifier offset voltage due to bias 
current. The resistive divider is trimmed with an external 50 n 
resistor in series with the 4k leg (Rz). This provides a gain trim 
range of ± 1% using a 100 n trim potentiometer (Figure 7). If 
trimming is not desired, a 50 n resistor may be used in place of 
the potentiometer to produce the specified gain accuracy, or the 
resistor may be omitted altogether to produce a nominal gain 
error of + 1%. 

HEF1N2 

H. .. 

H, 
I. 

REFlN1 v .. 

--781 

REfCOM 

Figure 5. Equivalent Analog Input Circuitry 

DIGITAL INPUT CONSIDERATIONS 
The AD668 uses a standard positive true straight binary code 
for unipolar outputs (all Is full-scale output), and an offset bi
nary code for bipolar output ranges. In the bipolar mode, with 

al~ Os on the inputs, the output will go to negative full scale; 
WIth III . . . II, the output will go to positive full scale less 
I LSB; and with 100 ... 00 (only the MSB on), the output will 
go to zero. 

The threshold of the digital inputs is set at 1.4 V and does not 
vary with supply voltage. This reference is provided by a 
bandgap generator, which requires approximately 3 rnA of bias 
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current achieved by tying RTH to any + V LOGIC supply where: 

R = (+VLOG/C - 1.4~ 
TH 3mA ) 

(see Figure 6). The digital bit inputs operate with small input 
currents to easily interface to unbuffered CMOS logic. The digi
tal input signals to the DAC should be isolated from the analog 
input and output as much as possible. To minimize undershoot, 
ringing, and digital feedthrough noise, the interconnect distance 
to the DAC inputs should be kept as short as possible. Termina
tion resistors may improve performance if the digital lines be
come too long. The digital inputs should be free from large 
glitches and ringing and have 10% to 90% rise and fall times on 
the order of 5 ns. 

+VLOGIC 

t :'&TERNAl.I 

• I 

1.4V 
BANDGAP 
DIODE 

THRESHOLD TO TO 
COMMON ANALOG lOUT 

COMMON 

BIT 1 DRIVES 4 OF THESE CELLS IN PARAllEL. 
BIT 2 DRIVES 2 CELLS IN PARALLEL. 
BITS 3-12 DRIVE SINGLE CEtLS. 

Figure 6. Equivalent Digital Input 

To realize the AD668's specified ac performance, it is recom
mended that high speed logic families such as Schottky TTL, 
high speed CMOS, or the new lines of high speed TTL be used 
exclusively. Table I shows how DAC performance, particularly 
glitch, can vary depending on the driving logic used. As this 
table indicates, STTL, HCMOS, and FAST* represent the most 
viable families for driving the AD668. 

Table I. DAC Performance vs. Drive Logic 

10-90%' Settling Time" 3 Maximum 
Logic DAC Rise 1 LSB Glitch4 Glitch 
Familyl Time 1% 0.1% (0.025%) Impulse Excursion 

TIL 10.5 ns 47 ns 77 ns 100 ns 2.5 nV-s 280mV 
LSTIL 11.25 ns 35 ns 60 ns 120 ns 1.2 nV-s 270mV 
STTL 11 ns 50 ns 75 ns 110 ns 500 pV-s 200mV 
HCMOS 12 ns 53 ns 78 ns 100 ns 350 pV-s 200mV 
FAST* 11.5 ns 49 ns 73 ns 100 ns 2 nV-s 250mV 

NOTES 
I All values typical, taken in test fixture diagrammed in Figure 23. 
'Measurements are made for a 1 V full-scale step into 100 n DAC load 
resistance. 

'Settling time is measured from the time the digital input crosses the thresh
old voltage (1.4 V) to when the output is within the specifoed range of its 
final value. 

4The worst case glitch impulse, measured on the major carry. DAC full scale 
i, 1 V. 

"FAST is a registered trademark of National Senticonductor Corporation. 

The variations in DAC settling and rise times can be attributed 
to differences in rise time and current driving capabilities of the 
various families. Differences in the glitch impulse are predomi
nantly dependent upon the variation in data skew. Variations in 
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these specs occur not only between logic families, but also be
tween different gates and latches within the same family. When 
selecting a gate to drive the AD668 logic input, pay particular 
attention to the propagation delay time specs: tpLH and tPHL. 
Selecting the smallest delays possible will help to minimize the 
settling time, while selection of gates where tpLH and tpHL are 
closely matched to one another will minimize the glitch impulse 
resulting from data skew. Of the common latches, the 74374 
octal flip-flop provides the best performance in this area for 
many of the logic families mentioned above . 

PIN BY PIN CURRENT ACCOUNTING 
The internal wiring and pinout of the AD668 are dictated in 
large part by current management constraints. When using low 
impedance, high current, high accuracy parts such as the 
AD668, great care must be taken in the routing of not only sig
nallines, but ground and supply lines as well. The following 
accounting provides a detailed description of the magnitudes and 
signal dependencies of the currents associated with each of the 
part's pins. These descriptions are consistent with the functional 
block diagram as well as the equivalent circuits provided in Fig
ures 4, 5, and 6. 

V cc - the current into this pin is drawn predominantly through 
the DAC current sources and generally runs about 2.2 times the 
DAC's nominal full scale. By design, this current is independent 
of the digital input code but is linearly dependent on analog in
put variations. 

REFCOM - this node provides the reference ground for the 
reference amplifier's current feedback loop (as illustrated in Fig
ure 5) as well as providing the negative supply voltage for most 
of the reference amplifier. The current consists of 1.2 rnA of 
analog input dependent current and another 3 rnA of input inde
pendent current. Analog input voltages should always be pro
duced with respect to this voltage. 

REFINI - has a lk series resistance to the reference amplifier 
input and a 5k series resistance to REFIN2. REFINI may be 
used in conjunction with REFIN2 to provide a 5:1 voltage di
vider, or the two may be driven in parallel to provide a high 
impedance input node (see Figure 5). 

REFIN2 - the 4k side of the input resistive divider. Note also 
that the combined impedance of these two resistors matches the 
effective impedance at the other input of the reference amplifier, 
thereby minimizing the offset due to bias currents. Circuits 
which alter this effective impedance may suffer increased analog 
offset and drift performance degradation as a result of the mis
match in these impedances. 

lOUT - the output current. In the current output mode with 
this node tied to a virtual ground, a 10.24 rnA nominal full scale 
output current will flow from this pin. In the voltage output 
mode, with RL grounded, half of the output current will flow 
out of RL and the other half will flow out of LCOM. External 
resistive loading will cause current to be divided between 
LCOM, RL, and lOUT as Figure 4 suggests. 

RL - a 200 n resistor with one end internally wired to the out
put pin. If a 200 n ±20% DAC output impedance is desired, 
RL should be shorted to lOUT' Grounding RL will provide a 
DAC output impedance of 100 n ±l%. As noted above, in volt
age output configurations, a large portion of the DAC output 
current will flow through this pin. 
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ACOM - as indicated in Figure 4, the current flowing out of 
this pin is effectively the complement of lOUT' varying with 
both analog and digital inputs. Using this current as a signal 
output is not generally.advised, since it is untrimmed and its 
positive output compliance is limited to the logic low voltage. 

LCOM - the current in this node has been carefully configured 
to be independent of digital code when the output is into a vir
tual ground, thereby minimizing any detrimental effects of lad
der ground resistance on linearity. However, the current in this 
node is proportional to the analog input voltage and the ground 
drop here is responsible for the dc analog feedthrough. The 
nominal value of this current is approximately equal to the DAC 
full scale. 

IBPO - the bipolar offset current flows into this node, with 
voltage compliance to VEE + 3 V. This is a high impedance cur
rent source, and should be grounded if the offset current is not 
used. 

VEE - this voltage may be set anywhere from -10.8 V to 
-16.5 V. The current in this node consists of 1.2 times the bi
polar offset current plus 500 .... A of bias current for the reference 
amplifter's front end. The negative supply current is indepen
dent of digital input but is linearly dependent on analog input. 

THCOM - is the ground point for the bandgap diode that gen
erates the threshold voltage. The current coming out of this 
node is the same as that flowing into V TH plus a code
dependent number of base currents (see Figure 6). It is possible 
to introduce an offset between THCOM and the system com
mon, thereby offsetting the effective logic threshold and positive 
output compliance voltage. 

V TH - as indicated earlier, .if given sufficient positive bias cur
rent, this voltage will be 1.4 V above THCOM. The necessary 
bias current can readily be provided by a suitable resistor to any 
positive supply. As Figure 6 suggests, this node is directly cou
pled to the DAC output through several base to collector capaci
tances and hence, should be carefully decoupled to the analog 
ground. 

DIGITAL INPUTS - when a bit is in the high state, the input 
current is the leakage current of a reverse .biased diode. When 
the bit is driven low, it must sink a base current to ground, and 
this base current will be proportional to the analog input. Note 
that the input current for Bit 2 will be twice that for Bits 3-12, 
and Bit I's current will be 4 times Bit 3's, but all the currents 
will be below the value specified. 

APPLYING THE AD668 
The following are some typical circuit configurations for the 
AD668. As Table II indicates, these represent only a sample of 
the possible implementations. 

5 V REFIN, 1 V UNIPOLAR, UNBUFFERED VOLTAGE 
OUTPUT 
Figure 7 shows a typical topology for generating an unbuffered 
voltage output. RL (Pin 19) is grounded, producing a 100 n 
DAC output resistance that generates a 1.024 V output when 
the DAC current is at its full scale of 10.24 mAo The presence 
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of low impedance loads will effect the output voltage swing di
rectly: an external load of 300 n will yield a total output resis
tance of 75 n, and a full scale output of 0.768 V. An 
externalloo n will reduce the total output resistance to 50 n 
and the full-scale voltage swing will drop to 0.512 V. Since the 
bipolar offset current is not used in this configuration, Pin 16 is 
connected to the analog ground plane. 

The input divider has been connected to produce a 5 V full 
scale reference input by shorting REFINI to the analog ground 
plane and using REFIN2 as the reference input. With a 5 V 
nominal full scale, the 10% to 120% reference input range falls 
between 0.5 V and 6 V. The effective input resistance in this 
mode is 5 kn (±20%). The ratio of the input divider has been 
intentionally skewed by 50 n to provide an optional external 
fme trim for gain adjust. A trim range of ± 1% is provided by 
the 100 n trimming potentiometer shown in Figure 7. If trim
ming is not desired, a 50 n resistor may be used in place of the 
potentiometer to produce the specified gain accuracy, or, if a 
+ I % nominal gain error is tolerable, the resistor may be omitted 
altogether. 

r 

v~ 

REFCOM 

RERN1 

DtGITAl 
INPUTS AD668 

l 

+15V 

5V NOMINAL 
REFERENCE INPUT 

ANALOG 
SUPPLY 

GROUND 

H--..1>------''-- -15V 

.......>---'W\ __ +5V 

1kU 

Figure 7. 5 V REF/Nil V Unbuffered Unipolar Output 

1.25 V REFIN, 1 V BIPOLAR, UNBUFFERED VOLTAGE 
OUTPUT 
Figure 8 demonstrates another unbuffered voltage output topol
ogy, this time implementing a bipolar output and a 1.25 V refer
ence input. The bipolar output is accomplished simply by tying 
Pin 16 to the output (pin 20). Note that in this mode, when the 
digital inputs are all zeros and the analog input is at 1.25 V, 
-512 mV will be produced at the DAC output. Bipolar zero 
(0 VOUT) will be produced when the MSB is ON with all other 
bits OFF (100 ... 00), and the full-scale voltage minus 1 LSB 
(511.75 mY) will be generated when all bits are ON. 

The input range of 1.25 V is generated by grounding REFIN2 
(through an optional gain trim potentiometer or gain adjust 
50 n resistor) and using REFIN I as the reference input. The 
input resistance in this mode is also 5k. 
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Figure 8. 1.25 V REFIN/± 500 mV Unbuffered Bipolar 
Output 

5 V REFIN, 2 V BIPOLAR, UNBUFFERED VOLTAGE 
OUTPUT 
Figure 9 demonstrates how a larger unbuffered voltage output 
swing can be realized. RLOAD (Pin 19) is tied to the DAC out
put (Pin 20) to produce an output resistance of roughly 200 O. 

r 
DIGITAL 
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REFINl 

IBPO 

V" 

VTH 

+15V 

5V NOMINAL 
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+ 

ANALOG 
SUPPLY 

GROUND 

+5V 

Figure 9. 5 V REFIN/± 1 V Unbuffered Bipolar Output 

It should be noted that this impedance is not trimmed, and may 
vary by as much as 20%, but this can be compensated by adjust
ing the reference voltage. It is also important to note that limita
tions in the DAC output compliance would prohibit use of a 2 V 
unipolar output voltage swing. 
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1 V REFIN, -10 V UNIPOLAR, BUFFERED VOLTAGE 
OUTPUT 
Figure 10 shows the implementation of the I V full scale for the 
reference input by tying REFINI and REFIN2 together and 
driving them both with the input voltage. This generates a high 
input impedance, and some care should be taken to insure that 
the driving impedance at this node is finite at all times to avoid 
saturating the reference amplifier. This is typically accomplished 
by a using a low impedance voltage source to drive the refer
ence, but if the topology calls for this source to be switched out, 
a high impedance (10 kO) termination resistor should be used 
on the REFIN node. 

r 
DIGITAL Ii 
INPUTS 

l 

+15V 

1-+-..... --...... - .. -15V 

-High impedance termination resistor may be required, 
depending on the nature of the analog input. See text. 

lV NOMINAL 
REFERENCE INPUT 

ANALOG 
OUTPUT 

ANALOG 
SUPPLY 

GROUND 

Figure 10. 1 V REFIN/-10 V Unipolar Buffered Output 

For full-scale output ranges greater than 2 V, some type of ex
ternal buffer amplifier is needed. The AD840 fills this require
ment perfectly, settling to within 0.025% from a 10 V full-scale 
step in less than 100 ns. As shown in Figure 10, the amplifier 
establishes a summing node at ground for the DAC output. The 
output voltage is determined by the amplifier's feedback resistor 
(10.24 V for a Ik resistor). Note that since the DAC generates a 
positive current to ground, the voltage at the amplifier output 
will be negative. A series resistor between the noninverting am
plifier input and ground minimizes the offset effects of op amp 
input bias currents. 

The optimal DAC output impedance in buffered output applica
tions depends on the buffer amplifier being used. The AD840 is 
stable at a gain of 10, so a lower DAC output impedance (higher 
noise gain) is desired for stability reasons, and RLOAD should be 
grounded. The 100 0 DAC output impedance produces a noise 
gain of II with the Ik feedback resistor. If the gain-of-two sta
ble AD842 is used as a buffer, a 200 0 DAC output impedance 
will produce a stable configuration with lower noise gain to the 
output; hence, RLOAD should be connected to the DAC output. 
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As noted earlier, these four examples are part of an array of 
possible configurations available. Table II provides a quick 
reference chart for the more straightforward applications, but 
many other input and output signals are possible with some 
modifications. 

The next three circuits provide examples of different analog in
put drives, including a fIxed dc reference, a capacitively coupled 
ac reference, and a DAC driving the reference channel. Note 
that the entire spectrum of input and output range confIgura
tions are available regardless of the type of reference drive being 
used. 

Table D. AD668 Topology Variations 

OUTPUT LEVELS 

Nominal 
Analog 
Input OVtolV -500 mV to +500 mV 

Unipolar Bipolar 
IV Unbuffered V OUT Unbuffered V OUT 

Am = Pins 21 + 22 Am = Pins 21 + 22 

Unipolar Bipolar 
Unbuffered V OUT Unbuffered VOUT 

1.25 V Am = Pin 22 Am = Pin 22 
Pin 21 Grounded Pin 21 Grounded 

(See Figure 8) 

Unipolar Bipolar 
Unbuffered VOUT Unbuffered VOUT 

5V Am = Pin 21 AIN = Pin 21 
Pin 22 Grounded Pin 22 Grounded 
(See Figure 7) 

DC REFERENCE: THE AD586 DRIVING THE AD668 
Figure 11 illustrates one of the more obvious analog input 
sources: a fIxed reference. The AD586 produces a temperature
stable 5 V analog output to drive the AD668 in the 5 V input 

+15V 

r 
DIGITAL 6 
INPUTS 

l -15V 

1kU 
+5V 

Figure 11. AD586 Driving the AD668 
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OVto -lOY +5 Vto -5 V -IVto+1V 

Unipolar Bipolar Bipolar 
Buffered VOUT Buffered VOUT Unbuffered VOUT 
AIN = Pins 21 + 22 Am = Pins 21 + 22 Am = Pins 21 + 22 
External AmplifIer External AmplifIer RL (Pin 19) Tied 
(See Figure 10) To loUT (Pin 20) 

Unipolar Bipolar Bipolar 
Buffered V OUT Buffered VOUT Unbuffered VOUT 
Am = Pin 22 Am = Pin 22 AIN = Pin 22 
Pin 21 Grounded Pin 21 Grounded Pin 21 Grounded 
External AmplifIer External AmplifIer RL (Pin 19) Tied 

To loUT (Pin 20) 

Unipolar Bipolar Bipolar 
Buffered V OUT Buffered VOUT Unbuffered VOUT 
AIN = Pin 21 Am = Pin 21 Am = Pin 21 
Pin 22 Grounded Pin 22 Grounded Pin 22 Grounded 
External AmplifIer External AmplifIer RL (Pin 19) Tied 

To loUT (Pin 20) 
(See Figure 9) 

mode (Pin 22 grounded, input into Pin 21). Fine adjustment of 
the gain is provided by both the AD586 external trim resistor 
and the 100 n potentiometer in series with the reference input. 
The resistive divider at the reference input will draw approxi
mately I mA from the AD586, leaving plenty of driving current 
for other loads in the system. 

AC HOOKUP: 1.25 V AC FULL SCALE, 2.5 V DC FULL 
SCALE 
The circuit shown in Figure 12 allows separate setting of dc ref
erence bias point on a 2.5 V scale and capacitively coupled ac 
signal on a 1.25 V scale. The basic reference input is confIgured 
in the 1.25 V mode (Pin 21 grounded, Pin 22 used as the refer
ence input.) The 2.5 V dc range is achieved by using an external 
5k series resistor in the dc path. Note that because of the rela
tively wide tolerance (±20%) in the absolute value of the 
AD668's internal input divider resistors, substantial gain range 
adjustment should be provided in the external series resistance. 
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GROUND 

~H-<I>----4-. -15V 

~>--'-~''''kI'''l-- +5V 

Figure 12. AC Hookup 

DAC DRIVE: THE AD568 DRIVING THE AD668 
The circuit shown in Figure 13 produces an analog output pro
portional to the product of two digital inputs. The AD568 has 
an on-board fixed reference and generates a full-scale output 
voltage of 1.024 V (just as the AD668 does in its unbuffered 
voltage output mode). This output voltage can be used to di
rectly drive the AD668 in the 1 V reference input mode. Note 
that in this case, the lower 410 codes of the AD568 are out-of
bounds; they produce an undervoltage condition at the AD668 
reference input. While the two DACs are similar in many ways, 
the optimal decoupling schemes differ between the two parts 
and care should be used to insure that each is implemented ap
propriately. 

+5V 

r 
... 
~ 7 

~ 8 

l 
-15V +15V 

Figure 13. AD568 Driving the AD668 
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CONSTRUCTION GUIDELINES 
HIGH FREQUENCY PRINTED CIRCUIT BOARD 
SUGGESTIONS 
In systems seeking to simultaneously achieve high speed and 
high accuracy, the implementation and construction of the cir
cuit is often as important as the circuit's design. Proper RF 
techniques must be used in device selection, placement and 
routing, and supply bypassing and grounding. In many areas, 
the performance of the AD668 may exceed the measurement 
capabilities of common lab instruments, making performance 
evaluation particularly difficult. The AD668 has been configured 
to be relatively easy to use in spite of these problems, and real
ization of the performance indicated in this datasheet should not 
be difficult if proper care is taken. Figure 14 provides an illus
tration of the printed circuit board layout used for much of the 
AD668's characterization. The board represents an implementa
tion of the circuit shown in Figure 23, with the AD586 used to 
drive the reference channel (as in Figure 11). 

Component Side 

00 

Foil Side 

Figure 14. PC Board Layout 

THE USE OF GROUND AND POWER PLANES 
If properly implemented, ground planes can perform a myriad 
of functions on high speed circuit boards: bypassing, shielding, 
current transport, etc. In mixed signal design, the analog and 
digital portions of the board should be distinct from one an
other, with the analog ground plane confined to areas covering 
analog signal traces and the digital ground plane confined to ar
eas covering digital interconnect. The two ground planes should 
be connected by paths 114 inch to 112 inch wide on both sides of 
the DAC, as shown in Figure 14. Care should be taken to insure 

DIGITAL-TO-ANALOG CONVERTERS 2-133 



AD668 
that the ground plane is uninterrupted over crucial signal paths. 
On the digital side, this includes the digital input lines running 
to the DAC, as well as any clock signals. On the analog side, 
this includes the analog input signal, the DAC output signal, 
and the supply feeders. The use of wide runs or planes in the 
routing of the power supplies is also recommended. This serves 
the dual function of providing a low series impedance power 
supply to the part as well as providing some "free" capacitive 
decoupling to the appropriate ground plane. 

USING THE RIGHT BYPASS CAPACITORS 
The capacitors used to bypass the power supplies are probably 
the most important external components in any high speed de
sign. Both selection and placement of these capacitors can be 
critical and, to a large extent, dependent upon the specifics of 
the system configuration. The dominant consideration in the 
selection of bypass capacitors for the AD668 is minimization of 
series resistance and inductance. Many capacitors will begin to 
look inductive at 20 MHz and above. Ceramic and film type 
capacitors generally feature lower series inductance than tanta
lum or electrolytic types. A few general rules are of universal 
use when approaching the problem of bypassing. 

Bypass capacitors should be installed on the printed circuit 
board with the shortest possible leads consistent with reliable 
construction. This helps to minimize series inductance in the 
leads. Chip capacitors are optimal in this respect. 

Some series inductance between the DAC supply pins and the 
power supply plane may help to filter-out high frequency power 
supply noise. This inductance can be generated using a small 
ferrite bead. 

HIGH SPEED INTERCONNECT AND ROUTING 
It is essential that care be taken in the signal and power ground 
circuits to avoid inducing extraneous voltage drops in the signal 
ground paths. It is suggested that all connections be short, di
rect, and as physically close to the package as possible, thereby 
minimizing the sharing of conduction paths between different 
currents. When runs exceed an inch or so in length, some type 
of termination resistor may be required. The necessity and value 
of this resistor will be dependent upon the logic family used. 

For maximum ac performance, the DAC should be mounted 
directly to the circuit board; sockets should be avoided as they 
introduce unwanted capacitive coupling between adjacent pins of 
the device. For purposes of testing and characterization, low 
profile sockets are preferable to zero-insertion force types. 

TYPICAL PERFORMANCE CHARACTERISTICS 
The following plots indicate the typical performance of the 
AD668 in properly configured circuits. Wherever possible, sug
gestions are provided to assist the user in achieving the indicated 
performance levels. 

DC PERFORMANCE 
Power Consumption vs. VREtdVNOM 
As suggested in pfevious sections, most portions (If AD668's 
current budget afe proportioual to the analog input signal. As a 
result, operating the part at a reduced reference voltage offers 
substantial power savings. This may be particularly attractive in 
applications featuring a buffered output volrage, since the size of 
the feedback resistor may be increased to compensate for the 
reduced DAC current. For example, the DAC could be config
ured in the 5 V input mode, but driven with a 2.5 V reference, 
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producing a 5.12 rnA full scale output. Reducing the output 
level has performance ramifications in several areas, as demon
strated later in this section, but the circuit designer is free to 
trade power dissipation against performance to optimize the 
AD668 for his application. 
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Figure 15. Power Consumption vs. Reference Level 

Linearity VS. VREtdVNoM 
At reduced current levels, the linearity of the PNP DAC used in 
the AD668 becomes more sensitive to the mismatch in transistor 
V BE'S. As Figure 16 indicates, this effect starts to increase fairly 
dramatically for reference levels less than 25% of nominal. In
creasing the current level above 100% does not appreciably im
prove the linearity performance since the DAC has been 
trimmed to perform optimally at the 100% reference level. 
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Figure 16. Linearity vs. Reference Level 

AC PERFORMANCE 
For the purposes of characterizing the frequency domain perfor
mance of the AD668, all bits are turned on and the DAC is es
sentially treated as a voltage amplifier/attenuator. The tests used 
to generate these performance curves were done using the circuit 
shown in Figure 12. 

AC characterization in the megahertz region is not trivial, and 
special consideration is required to produce meaningful results. 
Probe ground straps are inappropriate at these frequencies; some 
type of probe socket is required. Signals should be routed either 
on a PC board over a ground plane or through a coaxial cable. 
Proper termination impedances should be used throughout the 
fixturing. 

Large Signal Frequency Response 
Figure 17 represents the gain and phase response of a signal 
swinging from 10% to 120% (peak to peak) of the nominal refer
ence input. The DAC reference amplifier has an effective slew 
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rate or 30 V/JLs at the DAC output, so there will be slew
induced distortion for full scale swings at greater than 10 MHz. 
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Figure 17. Large Signal Gain and Phase Response 

Small Signal 3 dB Bandwidth vs. V RmJV NOM 

Figure 18 demonstrates the small signal (20% of nominal refer
ence) bandwidth sensitivity to the analog input's de bias. The 
small signal 3 dB bandwidth at 100% reference levels is greater 
than 15 MHz, but the bandwidth remains greater than 10 MHz 
over the entire nominal reference range. The differential 
gain and phase for a 200 mY, 3 MHz signal are 0.5% and 2°, 
respectively. 
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Figure 18. Small Signal Bandwidth VS. DC Reference Level 

Noise Spectrum 
Figure 19 shows the noise spectrum of the DAC with all bits 
on. The noise floor of -78 dB is just above the noise floor of 
the instrument being used, in part due to the relatively small 
(I V) output signal of the DAC in voltage out mode. 
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Figure 19. Noise Spectrum 
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Analog Feedthrough vs. Frequency 
Analog feedthrough is a measure of the effective signal at the 
DAC output when all bits are off and a full-scale signal is placed 
at the analog input. At dc, the feedthrough is a result of analog 
input dependent ground drops, predominantly through the lad
der ground. Good grounding practices will minimize this effect . 
At high frequencies, the signal may propagate to the output 
through a variety of capacitive paths. Proper shielding and rout
ing should be implemented to eliminate external coupling be
tween the analog input and the DAC output node. 
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Figure 20. Analog Feedthrough vs. Frequency 

Reference Channel THD 
THD, or total harmonic distortion, is the ratio of the root
mean-square (rms) sum of the harmonics to the fundamental 
and is expressed in dBs. Figure 21 shows the typical THD of 
the AD668 reference channel for both large and small signals. 
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Figure 21. Reference Channel THO vs. Frequency 

TRANsmNT PERFORMANCE 
High accuracy settling time measurements of less than one 
hundred nanoseconds are extremely difficult to make. The 
conventional analog amplifiers used in oscilloscope front ends, 
typically, cannot recover from the overdrive resulting from a 
full-scale step in sufficient time. Sampling scopes can track 
much quicker rise times but often provide insufficient accuracy 
for 12-bit characterization. Data Precision's new 640 sampling 
scope provides a good combination of speed and resolution that 
provides just enough performance to measure the AD668's 
performance. 
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Digital Settling Time 
Figure 22 illustrates the typical settling characteristic of the 
AD668 to a full-scale change in digital inputs with the analog 
input fixed at 100%. The digital driving circuity is shown in 
Figure 23. This circuit allows the DAC to be toggled between 
any two codes, and so provides an excellent means of character
iZing both settling and glitch performance. 
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Figure 22. Typical Digital Settling Characteristics 
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Figure 23. Settling Time Circuit 

Digital Settling Time vs. VREF 

The reference amplifier loop has been compensated for optimal 
settling performance at VREp!VNOM = 100%, but as Figure 24 
indicates, there is relatively little degradation in settling perfor
mance for a wide range of reference levels. Consideration of Fig
ures 15, 16, and 24 support that a I12 power solution would see 
very little degradation in speed or accuracy performance. 
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Figure 24. Digital Settling Time vs. Reference Level 

Analog Settling Time 
One of the biggest challenges in measuring the settling time of a 
high accuracy amplifier is producing a clean waveform with 
which to drive the input. In this case, an AD568 was used to 
drive the analog channel in the I V input mode (see Figure B). 

As indicated by Figure 25, the referred-to-output slew rate is 
30 V/fj.s for a I V output. This implies that a full-scale analog 
input sine waves of greater than 10 MHz frequency will suffer 
some slew-induced distortion. It should be noted that the slew
ing limitation is in the reference amplifier, not in the DAC out
put, so a 10 V buffered output voltage would slew at 300 Vlfj.s, 
provided the output buffer is sufficiently fast. 

ANALOG INPUT 

!-~vr I I I I 11.-
G 20 40 &0 80 100 120 

TIME -ns 

DAC OUTPUT 

!~tLEI I I II 
0.0 0 20 40 60 80 100 120 0.0000 

nME-ns 

Figure 25. Typical Analog Settling Characteristic 

Undervoltage Recovery Time 
The ramifications of exceeding the specified lower limit of 10% 
on the reference channel depend on the extent and duration of 
the undervoJtage condition. Figure 26 illustrates that, after hold
ing the reference at 0% (REFIN = REFCOM) for I fj.S, the 
AD668 takes 35 ns to return to 10% of full scale once the refer
ence is returned to 100%. This is the worst case: recovery from 
a completely "off' condition. 
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Figure 26. Undervoltage Recovery 

Glitch Impulse 
The AD668's glitch at the major carry is illustrated in Figure 2. 
The AD668 features a conventional DAC architecture that has 
two basic glitch mechanisms: digital feedthrough and data skew. 
Careful consideration of these mechanisms will help the glitch
conscious user minimize glitch in his application. 

Digital Feedthrough 
As with any converter product, a high speed digital-to-analog 
converter is forced to exist on the frontier between the noisy 
environment of high speed digital logic and the sensitive analog 
domain. The problems of this interfacing are particularly acute 
when demands of high speed (greater than 10MHz switching 
times) and high precision (12 bits or more) are combined. No 
amount of design effort can perfectly isolate the analog portions 
of a DAC from the spectral components of a digital input signal 
with a 2 ns rise time. Inevitably, once this digital signal is 
brought onto the chip, some of its higher frequency components 
will find their way to the sensitive analog nodes, producing a 
digital feedthrough glitch. To minimize the exposure to this ef
fect, the AD668 has intentionally omitted the on-board latches 
that have been included in many slower DACs. This not only 
reduces the overall level of digital activity on chip, it also avoids 
bringing a latch clock pulse on board, whose opposite edge inev
itably produces a substantial glitch, even when the DAC is not 
supposed to be changing codes. 

Data Skew 
The AD668, like many of its slower predecessors, essentially 
uses each digital input line to switch a separate, weighted cur
rent to either the output (lOUT) or some other node (ANALOG 
COM). If the input bits are not changed simultaneously, or if 

AD668 
the different DAC bits switch at different speeds, then the DAC 
output current will momentarily take on some incorrect value. 
This effect is particularly troublesome at the "carry points," 
where the DAC output is to change by only one LSB, but sev
eral of the larger current sources must be switched to realize this 
change. Data skew can allow the DAC output to move a sub
stantial amount towards full scale or zero (depending upon the 
direction of the skew) when only a small transition is desired. 
Great care was taken in the design and layout of the AD668 to 
ensure that switching times of the DAC switches are symmetri
cal and that the length of the input data lines are short and well 
matched. The glitch-sensitive user should be equally diligent 
about minimizing the data skew at the AD668's inputs, particu
larly for the 4 or 5 most significant bits. This can be achieved 
by using the proper logic family and gate to drive the DAC, and 
keeping the interconnect lines between the log outputs and the 
DAC inputs as short and as well matched as possible, particu
larly for the most significant bits. The top 6 bits should be 
driven from the same latch chip if latches are used. 

DEGLITCHING FOR PRECISION WAVEFORM 
GENERATION 
There are high speed SHAs available with specifications suffi
cient to deglitch the AD668, however most are hybrid in design 
at costs which can be prohibitive. A high performance, low cost 
alternative shown in Figure 27 is a discrete SHA utilizing a high 
speed monolithic op amp and high speed DMOS FET switches. 

This SHA circuit uses the inverting integrator architecture. The 
AD841 operational amplifier used (300 MHz gain bandwidth 
product) is fabricated on the same high speed process as the 
AD668. The time constant formed by the 100 {} resistor and the 
100 pF capacitor determines the acquisition time and also band 
limits the output signal to eliminate slew induced distortion. 

A discrete drive circuit is used to achieve the best performance 
from the SD5000 quad DMOS switch. This switch driving cell 
is composed of MPS571 RF npn transistors and an MC10124 
TTL to ECL translator. Using this technique provides both 
high speed and highly symmetrical drive signals for the SD5000 
switches. The switches are arranged in a single-throw double
pole (SPDT) configuration. The 360 pF "flyback" capacitor is 
switched to the op amp summing junction during the hold mode 
to keep switching transients from feeding to the output. This 
capacitor is grounded during sample mode to minimize its effect 
on acquisition time. 

Rl 
100 13 12 

R2 
100 

OUTPUT 

Figure 27. High Performance, Low Cost Deglitching Circuit 
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Figure 28a. PCB Layout of Foil Side 

Circuit layout for a high speed deglitcher is almost as critical as 
the design itseIf. Figure 28 shows the recommended layout of 
the deglitching cell for a double-sided printed circuit board. The 
layout is very compact with care taken that all critical signal 
paths are short. 

Performance of the AD668 in waveform generation applications 
is greatly improved with the use of this deglitching method. 
Peak harmonics and spurious free dynamic range are typically 
maintained at -70 dB to -75 dB with update rates up to 
10 MHz. 

+5U ......... 

G DENOTES GROUND CONNECTION 

(0 0) O.1p.F BYPASS UNLESS OTHERWISE NOTED 

Figure 28b. PCB Layout of Component Side 
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FEATURES 
Complete 16-Bit D/A Function 

On-Chip Output Amplifier 
High Stability Buried Zener Reference 

Monolithic BiMOS II Construction 
± 1 LSB Integral Linearity Error 
15-Bit Monotonic over Temperature 
Microprocessor Compatible 

16-Bit Parallel Input 
Double-Buffered Latches 
Fast 40 ns Write Pulse 

Unipolar or Bipolar Output 
Low Glitch: 15 nV-s 
Low THD+N: 0.009% 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD669 DACPORT~ is a complete 16-bit monolithic D/A 
converter with an on-board reference and output amplifier. It is 
manufactured on Analog Devices' BiMOS II process. This pro
cess allows the fabrication of low power CMOS logic functions 
on the same chip as high precision bipolar linear circuitry. The 
AD669 chip includes current switches, decoding logic, an output 
amplifier, a buried Zener reference and double-buffered latches. 

The AD669's architecture insures IS-bit monotonicity over tem
perature. Integral nonlinearity is maintained at ±0.003%, while 
differential nonlinearity is ±0.003% max. The on-chip output 
amplifier provides a voltage output settling time of 10 I1S to 

within 112 LSB for a full-scale step. 

Data is loaded into the AD669 in a parallel l6-bit format. The 
double-buffered latch structure eliminates data skew errors and 
provides for simultaneous updating of DACs in a multi-DAC 
system. Three TTLlLSTTLlS V CMOS compatible signals con
trol the latches: CS, Ll and LDAC. 

The output range of the AD669 is pin programmable and can be 
set to provide a unipolar output range of 0 V to + 10 V or a bi
polar output range of -10 V to + 10 V. 

The AD669 is available in seven grades: AN and BN versions 
are specified from -40°C to + 8SoC and are packaged in a 28-pin 
plastic DIP. The AR and BR versions are specified for -40°C to 
+8SoC operation and are packaged in a 28-pin SOIC. The AQ 
and BQ versions are also specified from -40°C to + 8SoC, while 
the SQ version is specified from -SsoC to + l2SoC. The AQ, 
BQ and SQ versions are all packaged in a hermetic 28-pin cer
dip package. The AD669 is also available compliant to MIL
STD-883. Refer to the AD669/883B data sheet for specifications 
and test conditions. 

DACPORT i. a trademark of Analog Devices, Inc. 
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Monolithic 16-Bit 
DACPORT 
AD669 I 

FUNCTIONAL BLOCK DIAGRAM 
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PRODUCT HIGHLIGHTS 
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1. The AD669 is a complete voltage output l6-bit DAC with 
voltage reference and digital latches on a single IC chip. 

2. The internal buried Zener reference is laser trimmed to 
10.000 volts with a ±0.2% maximum error. The reference 
voltage is also available for external applications. 

3. The AD669 is both dc and ac specified. DC specs include 
± 1 LSB INL error and ± 1 LSB DNL error. AC specs 
include 0.009% THD+ N and 0.0063% SNR. The ac speci
fications make the AD669 suitable for signal generation 
applications. 

4. The double-buffered latches on the AD669 eliminate data 
skew errors while allowing simultaneous updating of DACs 
in multi-DAC systems. 

S. The output range is a pin-programmable unipolar 0 V to 
+ 10 V or bipolar -10 V to + 10 V output. No external com
ponents are necessary to set the desired output range. 

6. The AD669 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD669/883B data sheet for detailed 
specifications. 
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AD669-SPECIFICATIONS (lA = +25OC, Yee = +15 Y, YEE = -15 Y, Yu. = +5 Yunless otherwise _d) 
.. 

AD669AN/AR AD669AQlSQ AD669BNIBQ!BR. 
Model Min Typ Max Min Typ Max Min Typ Max Units 
RESOLUTION . 16 16 16 Bits 

DIGITAL INPUTS (T MIN to T MAX) 
V m (Logic "1") 2.0 5.5 * * * * Volts 
V IL (Logic "0") 0 O.S * * * * Volts 
1m (Vm = 5.5 V) :1:10 * * ,.A 
IIL (VIL = 0 V) :1:10 * * ,.A 

TRANSFER FUNCTION CHARACTERISTICS' 
Integral Nonlinearity :1:2 * :1:1 LSB 

TMIN to TMAX :1:4 * :1:2 LSB 
Differential Nonlinearity :1:2 * :1:1 LSB 

TMIN to TMAX :1:4 * :1:2 LSB 
Monotonicity Over Temperature 14 14 IS Bits 
Gain Errorl. 5 :1:0.15 :1:0.10 :1:0.10 %ofFSR 
Gain Drift2 (T MIN to T ~ 25 IS IS ppmrc 
Unipolar Offset :1:5 :1:5 :1:2.5 mV 
Unipolar Offset Drift (T MIN to T MAX> 5 3 3 ppmrc 
Bipolar Zero Error :1:15 ±15 :1:10 mV 
Bipolar Zero Error Drift (T MIN to T ~ 12 10 5 ppmrc 

REFERENCE INPUT 
Input Resistance 7 10 13 * * * * * * kG 
Bipolar Offset Input Resistance 7 10 13 * * * * * * kG 

REFERENCE OUTPUT 
Voltage 9.98 10.00 10.02 * * * * * * Volts 
Drift 25 IS IS ppmrc 
External Current' 2 4 * * * * rnA 
Capacitive Load 1000 * * pF 
Short Circuit Current 25 * * rnA 

OUTPUT CHARACTERISTICS 
OutpUt Voltage Range 

Unipolar Configuration 0 +10 * * * * Volts 
Bipolar Configuration -10 +10 .. * * * Volts 

OutpUt Current 5 * * rnA 
Capacitive Load 1000 * * pF 
Short Circuit Current 25 * * rnA 

POWER SUPPLIES 
Voltage 

·VCC4 +13.5 +16.5 * * * * Volts 
Vp;s4 -13.5 -16.5 * * * * Volts 
VLL +4.5 +5.5 * * * * Volts 

Current (No Load) 
Icc +12 +lS * * * * rnA 
lEE -12 -IS * * * * rnA 
ILL 

@Vm,V1L = 5,OV 0.3 2 * * * * rnA 
@ VnH V1L = 2.4,0.4 V 3 7.5 * * * * rnA 

Power Supply Sensitivity 1 3 * * * * ppmI% 
Power Dissipation (Static, No Load) 365 625 * * mW 

TEMPERATURE RANGE 
Specified Perfonnance (A, B) -40 +85 -40 +85 -40 +85 OC 
Specified Performance (S) -55 +125 OC 

NOTES 
'For 16·bit resolution, I LSB = 0.0015% of FSR = IS ppm of FSR. For IS·bit resolution, I LSB = 0.003% of FSR = 30 ppm of FSR. For l4-bit resolution 
I LSB = 0.006% of FSR = 60 ppm of FSR. FSR stands for Full-Scale Range and is 10 V for • 0 to + 10 V span and 20 V for a -10 V to + 10 V span. 

'Gain error and gain drift measured using the internal reference. Gain drift is primarily reference related. See the Using the AD669 with the AD688 Reference 
section for further information. 

'External current is defined as the current available in addition to that supplied to REF IN and SPANIBIPOLAR OFFSET on the AD669. 
'Operation on ± 12 V supplies is possible using an external reference like the ADS86 and reducing the output range. Refer to the InternaIlExternal Reference 
Use section. 

'Measured with fixed SO {} resistors. Eliminating these resistors increases the gain error by 0.25% of FSR (Unipolar mode) or 0.50% of FSR (Bipolar mode). 
Refer to the Analog Circuit Connections section. 

*Same as AD669AN/AR specification. 
Specifications subject to change without notice. 
Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgning quality levels. AD min 
and max specifications are guaranteed. Those shown in boldface are tested on all production units. 
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AD669 

AC PERFORMANCE CHARACTERISTICS (With the exception of Total Harmonic Distortion + Noise and Signal-to-Noise 
Ratio, these characteristics are included for design guidance only and are not subject to test. THD+N and SNR are 100% tested. 
TMIN s TA :S TMAl(, Vee = +15 V, VEE = -15 V, VLL = +5 V except where stated.) 

Parameter Limit Units Test Conditions/Comments 

Output Settling Time 13 /LS max 20 V Step, TA = +25°C 
(Time to ±0.0008% FS 8 /Lstyp 20 V Step, TA = +25°C 
with 2 kO, 1000 pF Load) 10 /Lstyp 20 V Step, T MIN :5 T A :5 T MAX 

6 /Lstyp 10 V Step, TA = +25OC 
8 /Lstyp 10 V Step TMIN :5 T A :5 TMAX 
2.5 /Lstyp 1 LSB Step, TMIN :5 TA :5 TMAX 

Total Harmonic Distortion + Noise 
A, B, S Grade 0.009 % max o dB, 1001 Hz; Sample Rate = 100 kHz; TA = +25OC 
A, B, S Grade 0.056 % max -20 dB, 1001 Hz; Sample Rate = 100 kHz; TA = +25°C 
A, B, S Grade 5.6 % max -60 dB, 1001 Hz; Sample Rate = 100 kHz; TA = +25OC 

Signal-to-Noise Ratio 0.0063 % max A-Weight Filter; TA = +25OC 

Digital-to-Analog Glitch Impulse 15 nV-s typ DAC Alternately Loaded with 8000H and 7FFFH 

Digital Feedthrough 2 nV-s typ DAC Alternately Loaded with OOOOH and FFFFH; CS High 

Output Noise Voltage 120 nV/y' Hz typ Measured at VOUT' 20 V Span; Excludes Reference 
Density (1 kHz - 1 MHz) 

Reference Noise 125 nVly' Hz typ Measured at REF OUT 
Specificauons subject to change WlthOUt noUce. 

Specifications in boldface ate tested on all production units at final electrical test. Results from those tests ate used to calculate outgoing quality levels. All min 
and max specifications ate guatanteed. Those shown in boldface ate tested on all production units. 

TIMING CHARACTERISTICS 
Vee = +15 V,VEE = -15 V,VLL = +5 V,VH1 = 2.4 V, VLO = 0.4 V 

Limit Limit 
Limit -4O"C to -55OC to 

Parameter +25°C +85OC + 1250C Units 

(Figure la) 
tcs 40 50 55 nsmin 
tIT 40 50 55 nsmin 
tos 30 35 40 nsmin 
tOH 10 10 15 nsmin 
tLH 90 110 120 nsmin 
tLW 40 45 45 nsmin 

(Figure Ib) 
tLOW 130 150 165 nsmin 
tmGH 40 45 45 nsmin 
tos 120 140 150 nsmin 
tOH 10 10 15 nsmin 
Specificauons subject to change WlthOUt noUce. 

Specifications in boldface ate tested on all production units at final electrical 
test. Results from those tests ate used to calculate outgoing quality levels. All 
min and max specifications are guaranteed. Those shown in boldface are 
tested on all production units. 
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DATA 

LDAC ------------~-----t-L--H~ 
Figure 1a. AD669 Level Triggered Timing Diagram 

CSAND/OR 
[1, LDAC 

DATA 

TIE CS ANDIOR U TO GROUND OR TOGETHER WITH LDAC 

Figure 1b. AD669 Edge Triggered Timing Diagram 
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AD669 
ESD SENSITIVITY 
The AD669 features input protection circuitry consisting of large transistors and polysilicon series 
resistors to dissipate both high-energy discharges (Human Body M.odel) and fast, low-energy pulses 
(Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD669 has been classified as 
a Class 2 device. 

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

WARNING! cJ 
~~EDEvln 

ABSOLUTE MAXIMUM RATINGS* 
Vee to AGND ......•............ -0.3 V to +17.0 V 
VEE to AGND ................... +0.3 V to -17.0 V 
VLL to DGNp .................•.. -0.3 V to +7 V 
AGND to DGND .......................... ±1 V 
Digital Inputs (Pins 5 through 23) to DGND ....• -1.0 V to 

. +7.0 V 
REF IN to AGND ...•................... ± 10.5 V 
Span/Bipolar Offset to AGND ................ ±10.S V 
Ref Out, VOUT ....... Indefinite Short To AGND, DGND, 

Vee, VEE' and VLL 

Power Dissipation (Any Package) 
To +60"C ...........•.•........•..... 1000 mW 
Derates above +60°C .•................. 8.7 mWI"C 

Storage Temperature ....•••......... -65"C to + 150°C 
Lead Temperature (Soldering, 10 sec) ............. 300°C 
*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indi
cated in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device re1isbility. 

ORDERING GUIDE 

Linearity Gain 
Tempemture EnorMax TCmax 

Model Range TMIN-TMAX ppIII!'C 

AD669AN -4O"C to +85OC ±4LSB 25 
AD669AR -40OC to +85OC ±4LSB 25 
AD669BN -40°C to +85OC ±2 LSB 15 
AD669BR -4OOC to +85OC ±2 LSB 15 
AD669AQ -4OOC to +85OC ±4LSB 15 
AD669BQ -40OC to + 850C ±2LSB 15 
AD669SQ -55OC to + 1250C ±4LSB 15 
AD669/883B** -55OC to + 125'C ** ** 

PIN CONFIGURATION 

AD669 

TOP VIEW 
(Not to Scale) 

Package Package 
Description Option* 

Plastic DIP N-28 
SOIC R-28 
Plastic DIP N-28 
SOIC R-28 
Cerdip Q-28 
Cerdip Q-28 
Cerdip Q-28 
** ** 

*N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see Package Information section. 
**Refer to AD669/883B mi1itsry data sheet. 
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DEFINITIONS OF SPECIFICATIONS 
INTEGRAL NONLINEARITY: Analog Devices defines 
integral nonlinearity as the maximum deviation of the actual, 
adjusted DAC output from the ideal analog output (a straight 
line drawn from 0 to FS-l LSB) for any bit combination. This 
is also referred to as relative accuracy. 

DIFFERENTIAL NONLINEARITY: Differential nonlinearity 
is the measure of the change in the analog output, normalized to 
full scale, associated with a 1 LSB change in the digital input 
code. Monotonic behavior requires that the differential linearity 
error be within ± 1 LSB over the temperature range of interest. 

MONOTONICITY: A DAC is monotonic if the output either 
increases or remains constant for increasing digital inputs with 
the result that the output will always be a single-valued function 
of the input. 

GAIN ERROR: Gain error is a measure of the output error be
tween an ideal DAC and the actual device output with all Is 
loaded after offset error has been adjusted out. 

OFFSET ERROR: Offset error is a combination of the offset 
errors of the voltage-mode DAC and the output amplifier and is 
measured with all Os loaded in the DAC. 

BIPOLAR ZERO ERROR: When the AD669 is connected for 
bipolar output and 10 ... 000 is loaded in the DAC, the devia
tion of the analog output from the ideal midscale value of 0 V is 
called the bipolar zero error. 

DRIFT: Drift is the change in a parameter (such as gain, offset 
and bipolar zero) over a specified temperature range. The drift 
temperature coefficient, specified in ppmfC, is calculated by 

THEORY OF OPERATION 
The AD669 uses an array of bipolar current sources with MOS 
current steering switches to develop a current proportional to 
the applied digital word, ranging from 0 to 2 rnA. A segmented 
architecture is used, where the most significant four data bits 
are thermometer decoded to drive 15 equal current sources. The 
lesser bits are scaled using a R-2R ladder, then applied together 
with the segmented sources to the summing node of the output 
amplifier. The internal span/bipolar offset resistor can be con
nected to the DAC output to provide a 0 V to + 10 V span, or it 
can be connected to the reference input to provide a -10 V to 
+10 V span. 

REV. 0 

AD669 
measuring the parameter at T MIN' 25°C and T MAX and dividing 
the change in the parameter by the corresponding temperature 
change. 

TOTAL HARMONIC DISTORTION + NOISE: Total har
monic distortion + noise (THD + N) is defined as the ratio of 
the square root of the sum of the squares of the values of the 
harmonics and noise to the value of the fundamental input fre
quency. It is usually expressed in percent (%). 

THD+ N is a measure of the maguitude and distribution of lin
earity error, differential linearity error, quantization error and 
noise. The distribution of these errors may be different, depend
ing upon the amplitude of the output signal. Therefore, to be 
the most useful, THD+ N should be specified for both large and 
small signal amplitudes. 

SIGNAL-TO-NOISE RATIO: The signal-to-noise mtio is de
rmed as the ratio of the output with no signal present to the am
plitude of the output when a full-scale signal is present. This is 
measured with a standard A-weight filter. 

DIGITAL-TO-ANALOG GLITCH IMPULSE: This is the 
amount of charge injected from the digital inputs to the analog 
output when the inputs change state. This is measured at half 
scale when the DAC switches around the MSB and as many 
as possible switches change state, i.e., from 011 ... 111 to 
100 ... 000. 

DIGITAL FEEDTHROUGH: When the DAC is not selected 
(i.e., CS is held high), high frequency logic activity on the digi
tal inputs is capacitively coupled through the device to show up 
as noise on the V OUT pin. This noise is digital feedthrough. 

(MSB) 
OB15 

(LSB) 
OBD 

Figure 2. AD669 Functional Block Diagram 
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AD669 
ANALOG CIRCUIT CONNECTIONS 
Internal scaling resistors provided in the AD669 may be con
nected to produce a unipolar output range of 0 V to + 10 V or a 
bipolar output range of -10 V to + 10 V. Gain and offset drift 
are minimized in the AD669 because of the thermal tracking of 
the scaling resistors with other device components. 

UNIPOLAR CONFIGURATION 
The configuration shown in Figure 3a will provide a unipolar 
o V to + 10 V output range~ In this mode, 50 n resistors are 
tied between the spanlbipolar offset terminal (Pin 26) and VOUT 

(Pin 25), and berween REF OUT (Pin 28) and REF IN (Pin 
27). It is possible to use the AD669 without any external com
ponents by tying Pin 28 directly to Pin 27 and Pin 26 directly to 
Pin 25. Eliminating these resistors will increase the gain error by 
0.25% of FSR. 

(MSB) (LSB) 
DB15 DBO 

Figure 3a. 0 V to + 10 V Unipolar Voltage Output 

If it is desired to adjust the gain and offset errors to zero, this 
can be accomplished using the circuit shown in Figure 3b. The 
adjustment procedure is as follows: 

STEP I ... ZERO ADJUST 
Tum all bits OFF and adjust zero trimmer, R4, until the output 
reads 0.000000 volts (I LSB = 153 I'-V). 

STEP 2 ... GAIN ADJUST 
Tum all bits ON and adjust gain trimmer, RI, until the output 
is 9.999847 volts. (Full scale is adjusted to I LSB less than the 
nominal full scale of 10.000000 volts). 

Rl 
lOO<l 

(MSB) 
DB15 

(LSB) 
DBO +15V 

R4 
,......W.-~IOk 

Figure 3b. 0 V to + 10 V Unipolar Voltage Output with 
Gain and Offset Adjustment 

BIPOLAR CONFIGURATION 
The circuit shown in Figure 4a will provide a bipolar output 
voltage from -10.000000 V to +9.999694 V with positive full 
scale occurring with all bits ON. As in the unipolar mode, resis-
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tors RI and R2 may be eliminated altogether to provide AD669 
bipolar opemtion without any external components. Eliminating 
these resistors will increase the gain error by 0.50% of FSR in 
the bipolar mode. 

R2 

(!.ISB) 500 (LSB) 
DB15 DBO 

Figure 4a. ± 10 V Bipolar Voltage Output 

Gain offset and bipolar zero errors can be adjusted to zero using 
the circuit shown in Figure 4b as follows: 

STEP I ... OFFSET ADJUST 
Tum OFF all bits. Adjust trimmer R2 to give -10.000000 volts 
output. 

STEP II ... GAIN ADJUST 
Tum all bits ON and adjust RI to give a reading of +9.999694 
volts. 

STEP III ... BIPOLAR ZERO ADJUST (Optional) 
In applications where an accurate zero output is required, set 
the MSB ON, all other bits OFF, and readjust R2 for zero volts 
output. 

1000 
(MSB) R2 (LSB) 
DB15 DBO 

Figure 4b. ±10 V Bipolar Voltage Output with Gain and 
Offset Adjustment 

It should be noted that using external resistors will introduce a 
small tempemture drift component beyond that inherent in the 
AD669. The internal resistors are trimmed to ratio-match and 
temperature-track other resistors on chip, even though their ab
solute tolerances are ±20% and absolute tempemture coefficients 
are approximately - 50 ppmf'C. In the case that external resistors 
are used, the temperature coefficient mismatch berween internal 
and external resistors, multiplied by the sensitivity of the circuit 
to variations in the external resistor value, will be the resultant 
additional tempemture drift. 
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INTERNALlEXTERNAL REFERENCE USE 
The AD669 has an internal low noise buried Zener diode refer
ence which is trimmed for absolute accuracy and temperature 
coefficient. This reference is buffered and optimized for use in a 
high speed DAC and will give long-term stability equal or supe
rior to the best discrete Zener diode references. The perfor
mance of the AD669 is specified with the internal reference 
driving the DAC since all trimming and testing (especially for 
gain and bipolar offset) is done in this configuration. 

The internal reference has sufficient buffering to drive external 
circuitry in addition to the reference currents required for the 
DAC (typically 1 mA to REF IN and 1 mA to BIPOLAR 
OFFSET). A minimum of 2 mA is available for driving external 
loads. The AD669 reference output should be buffered with an 
externa1 op amp if it is required to supply more than 4 mA total 
current. The reference is tested and guaranteed to ±0.2% max 
error. The temperature coefficient is comparable to that of the 
gain TC for a particular grade. 

If an external reference is used (10.000 V, for example), addi
tional trim range should be provided, since the interna1 refer
ence has a tolerance of ±20 mY, and the AD669 gain and 
bipolar offset are both trimmed with the internal reference. The 
optional gain and offset trim resistors in Figures 5 and 6 provide 
enough adjustment range to null these errors. 

It is also possible to use external references other than 10 volts 
with slightly degraded linearity specifications. The recom
mended range of reference voltages is +5 V to + 10.24 V, which 
allows 5 V, 8.192 V and 10.24 V ranges to be used. For exam
ple, by using the AD586 5 V reference, outputs of 0 V to +5 V 
unipolar or ±5 V bipolar can be realized. Using the AD586 
voltage reference makes it possible to operate the AD669 off of 
± 12 V supplies with 10% tolerances. 

Figure 5 shows the AD669 using the AD586 5 V reference in 
the bipolar configuration. This circuit includes two optional 
potentiometers and one optional resistor that can be used to 
adjust the gain, offset and bipolar zero errors in a manner simi
lar to that described in the BIPOLAR CONFIGURATION sec
tion. Use -5.000000 V and +4.999847 as the output values. 

(MSB) 

DB15 

(LSB) 
DBO 

AD669 

Figure 5. Using the AD669 with the AD586 5 V Reference 

USING THE AD669 WITH THE AD688 HIGH 
PRECISION VOLTAGE REFERENCE 
The AD669 is specified for gain drift from 15 ppm/"C to 
25 ppml"C (depending upon grade) using its interna1 10 volt 
reference. Since the internal reference contributes the vast 
majority of this drift, an external high precision voltage refer
ence will greatly improve performance over temperature. As 
shown in Figure 6, the + 10 volt output from the AD688 is used 
as the AD669 reference. With a 3 ppml"C drift over the indus
trial temperature range, the AD688 will improve the gain drift 
by a factor of 5 to a factor of 8 (depending upon the grade of 
the AD669 being used). Using this combination may result in 
apparent increases in initial gain error due to the differences 
between the interna1 reference by which the device is laser 
trimmed and the external reference with which the device is 
actually applied. The AD669 internal reference is specified to be 
10 volts ±20 mV whereas the AD688 is specified as 10 volts 
±5 mY. This may result in an additional 5 mV (33 LSBs) of 
apparent initial gain error beyond the specified AD669 gain 
error. The circuit shown in Figure 6 also makes use of the 
-10 V AD688 output to allow the unipolar offset and gain to be 
adjusted to zero in the manner described in the UNIPOLAR 
CONFIGURATION section. 

(MSB) (LSB) 
DBD 

L---o{: i}:---t-OGND 

Figure 6. Using the AD669 with the AD688 High Precision ± 10 V Reference 
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AD669 
OUTPUT SETTLING AND GLITCH 
The AD669's output buffer amplifier typically settles to within 
0.0008% FS (112 LSB) of its final value in 8 ,..s for a full-scale 
step. Figures 7a and 7b show settling for a full-scale and an 
LSB step, respectively, with a 2 kG, 1000 pF load applied. The 
guaranteed maximum setding time at + 25°C for a full-scale step 
is 13 ,..s with this load. The typical settling time for a I LSB 
step is 2.5 ,..s. 

The digital-to-analog glitch impulse is specified as IS n V -s typi
cal. Figure 7c shows the typical glitch impulse characteristic at 
the code 011 . . . III to 100 . . . 000 transition when loading 
the second rank register from the first rank register. 
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Figure 7. Output Characteristics 
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DIGITAL CIRCUIT DETAILS 
The bus interface logic of the AD669 consists of two indepen
dendy addressable registers in two ranks. The first rank consists 
of a 16-bit register which is loaded direcdy from a 16-bit micro
processor bus. Once the 16-bit data word luis been loaded in the 
fll'St rank, it can be loaded into the 16-bit register of the second 
rank. This double-buffered organization avoids the generation of 
spurious analog output values. 

The fll'St rank latch is controlled by CS and L 1. Both of these 
inputs are active low and are level-triggered. This means that 
data present during the time when both CS and LI are low will 
enter the latch. When either one of these signals returns high, 
the data is latched. 

The second rank latch is controlled by LDAC. This input is 
active high and is also level-triggered. Data that is present when 
LDAC is high will enter the latch, and hence the DAC will 
change state. When this pin returns low, the data is latched in 
the DAC. 

Note that LDAC is not gated with CS or any other control sig
nal. This makes it possible to simultaneously update all of the 
AD669's present in a multi-DAC system by tying the LDAC 
pins together. After the fll'St rank register of each DAC has been 
individually loaded and latched, the second rank registers are 
then brought high together, updating all of the DACs at the 
same time. To reduce bit skew, it is suggested to leave 100 ns 
between the first rank load and the second rank load. 

The first rank latch and second rank latch can be used together 
in a master-slave or edge-triggered configuration. This mode of 
operation occurs when LDAC and CS are tied together with LI 
tied to ground. Rising edges on the LDAC-CS pair will update 
the DAC with the data presented preceding the edge. The tim
ing diagram for operation in this mode can be seen in Figure 
lb. Note, however, that the sum of tLOW and tHIGH must be 
long enough to allow the DAC output to settle to its new value. 

It is possible to make the second rank register transparent by 
tying Pin 23 high. Any data appearing in the fll'St rank register 
will then appear at the output of the DAC. It should be noted, 
however, that the deskewing provided by the second rank latch 
is then defeated, and glitch impulse may increase. If it is desired 
to make both registers transparent, this can be done by tying 
Pins 5 and 6 low and Pin 23 high. Table I shows the truth table 
for the AD669, while the timing diagram is found in Figure 1. 

Table I. AD669 Truth Table 

CS L1 LDAC Operation 

0 0 X First Rank Enable 
X I X First Rank Latched 
I X X First Rank Latched 
X X 1 Second Rank Enabled 
X X 0 Second Rank Latched 
0 0 I All Latches Transparent 
''X'' = Don't Care 

INPUT CODING 
The AD669 uses positive-true binary input coding. Logic "1" is 
represented by an input voltage greater than 2.0 V, and Logic 
"0" is defmed as an input voltage less than 0.8 V. 

Unipolar coding is straight binary, where all zeros (OOOOH) on 
the data inputs yields a zero analog output and all ones 
(FFFFH) yields an analog output 1 LSB below full scale. 
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Bipolar coding is offset binary, where an input code of OOOOH 
yields a minus full-scale output, an input of FFFFH yields an 
output 1 LSB below positive full scale, and zero occurs for an 
input code with only the MSB on (SOOOH). 

The AD669 can be used with twos complement input coding if 
an inverter is used on the MSB (DB15). 

DIGITAL INPUT CONSIDERATIONS 
The threshold of the digital input circuitry is set at 1.4 volts. 
The input lines can thus interface with any type of 5 volt logic. 

The AD669 data and control inputs will float to indeterminate 
logic states if left open. It is important that CS and Ll be con
nected to DGND and that LDAC be tied to V LL if these pins 
are not used. 

Fanout for the AD669 is 40 when used with a standard low 
power Schottky gate output device. 

16-BIT MICROPROCESSOR INTERFACE 
The 16-bit parallel registers of the AD669 allow direct interfac
ing to 16-bit general purpose and DSP microprocessor buses. 
The following examples illustrate typical AD669 interface 
configurations. 

AD669 TO ADSP-2101 INTERFACE 
The flexible interface of the AD669 minimizes the required 
"glue" logic when it is connected in configurations such as the 
one shown in Figure S. The AD669 is mapped into the ADSP-
2101's memory space and requires two wait states using a 
12.5 MHz processor clock. 
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VLL 

ADSP-2101 
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DGND 

8a. ADSP-2101 to AD669 Interface 
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A12-~_-, 

All 

DMS 

8b. Typical Address Decoder 

Figure 8. ADSP-2101 to AD669 Interface 

AD669 
In this configuration, the ADSP-2101 is set up to use the inter
nal timer to interrupt the processor at the desired sample rate. 
The WR pin and data lines DS-D23 from the ADSP-2101 are 
tied directly to the Ll and DBO through DB15 pins of the 
AD669, respectively. The decoded signal CSI is connected to 
both CS and LDAC. When a timer interrupt is detected, the 
ADSP-2101 automatically vectors to the appropriate service rou
tine with minimal overhead. The interrupt routine then instructs 
the processor to execute a data memory write to the address of 
the AD669. 

The WR pin and CS 1 both go low causing the first 16-bit latch 
inside the AD669 to be transparent. The data present in the 
first rank is then latched by the rising edge of WR. The rising 
edge of CS 1 will cause the second rank 16-bit latch to become 
transparent updating the output of the DAC. The length of WR 
is extended by two wait states to comply with the timing re
quirements of tLOW shown in Figure lb. It is important to latch 
the data with the rising edge of WR rather than the decoded 
CS 1. This is necessary to comply with the tDH specification of 
the AD669. 

Figure Sb shows the circuitry a typical decoder might include. 
In this case, a data memory write to any address in the range 
3000H to 3400H will result in the AD669 being updated. These 
decoders will vary greatly depending on the number of devices 
memory-mapped by the processor. 

AD669 TO DSP56001 INTERFACE 
Figure 9 shows the interface between the AD669 and the 
DSP56001. Like the ADSP-2101, the AD669 is mapped into the 
DSP56001's memory space. This application was tested with a 
processor clock of 20.4S MHz (tcyC = 97.66 ns) although faster 
rates are possible. 

An external clock connected to the IRQA pin of the DSPS6001 
interrupts the processor at the desired sample rate. If ac perfor
mance is important, this clock should be synchronous with the 
DSP56001 processor clock. Asynchronous clocks will cause jitter 
on the latch signal due to the uncertainty associated with the 

+5V 

Os 
xiV 

DSP56001 

AD669 

DO-D231v-__________ -r~ 

DGND 

#OF tLow -1+9n8 
WAIT STATES = 2T 

T=_l_ 
2 (XTAL) 

Figure 9. DSP560001 to AD669 Interface 
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AD669 
acknowledgment of the interrupt. A synchronous clock is easily 
generated by dividing down the clock from the DSP crystal. If 
ac performance is not important, it is not necessary for IRQA to 
be synchronous. 

After the interrupt is acknowledged, the interrupt routine ini
tiates a memory write cycle. All of the AD669 control inputs are 
tied together which conftgures the input stage as an edge trig
gered 16·bit register. The rising edge of the decoded signal 
latches the data and updates the output of the DAC. It is neces
sary to insert wait states after the processor initiates the write 
cycle to comply with the timing requirements tLOW shown in 
Figure lb. The number of wait states that are required will vary 
depending on the processor cycle time. The equation given in 
Figure 9 can be used to determine the number of wait states 
given the frequency of the processor crystal. 

As an example, the 20.48 MHz crystal used in this application 
results in T = 24.4 ns which means that the required number of 
wait states is about 2.76. This must be rounded to the next 
highest integer to assure that the minimum pulse widths comply 
with those required by the AD669. As the speed of the proces
sor is increased, the data hold time relative to CSI decreases. As 
processor clocks increase beyond 20.48 MHz, a conftguration 
such as the one shown for the ADSP-2101 is the better choice. 

AD669 TO 8086 INTERFACE 
Figure 10 shows the 8086 16-bit microprocessor connected to 
multiple AD669s. The double-buffered capability of the AD669 
allows the microprocessor to write to each AD669 individually 
and then update all the outputs simultaneously. Processor 
speeds of 6, 8, and 10 MHz require no wait states to interface 
with the AD669. 

The 8086 software routine begins by writing a data word to the 
CS 1 address. The decoder must latch the address using the ALE 
signal. The decoded CS 1 pulse goes low causing the ftrst rank 
latch of the associated AD669 to become transparent. 

Simultaneously, the 8086 places data on the multiplexed bus 
which is then latched into the first rank of the AD669 with the 
rising edge of the WR pulse. Care should be taken to prevent 
excessive delays through the decoder potentially resulting in a 
violation of the AD669 data hold time (tOH). 

The same procedure is repeated until all three AD669s have had 
their first rank latches loaded with the desired data. A futa! 
write command to the LDAC address results in a high-going 
pulse that causes the second rank latches of all the AD669s to 
become transparent. The falling edge of LDAC latches the data 
from the first rank until the next update. This scheme is easily 
expanded to include as many AD669s as reqnired. 
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Figure 10. 8086-to-AD669 Interface 

8-BIT MICROPROCESSOR INTERFACE 
The AD669 can easily be operated with an 8-bit bus by the ad
dition of an octal latch. The 16-bit first rank register is loaded 
from the 8-bit bus as two bytes. Figure 11 shows the configura
tion when using a 74HC573 octal latch. 

The eight most significant bits are latched into the 74HC573 by 
setting the "latch enable" control line low. The eight least sig
nificant bits are then placed onto the bus. Now all sixteen bits 
can be simultaneously loaded into the first rank register of the 
AD669 by setting CS and L1 low. 

II-BIT .p 
AND 

CONTROL 

Doi-------1J 

Figure ". Connections for 8-Bit Bus Interface 

REV. 0 



NOISE 
In high resolution systems, noise is often the limiting factor. A 
16-bit DAC with a 10 volt span has an LSB size of 153 ,.., V 
(-96 dB). Therefore, the noise floor must remain below this 
level in the frequency range of interest. The AD669's noise 
spectral density is shown in Figures 12 and 13. Figure 12 shows 
the DAC output noise voltage spectral density for a 20 V span 
excluding the reference. This figure shows the lIf comer 
frequency at 100 Hz and the wideband noise to be below 
120 nV/v'Hz. Figure 13 shows the reference noise voltage spec
tral density. This figure shows the reference wideband noise to 
be below 125 nV/VHz. 

1LL~~~~~~~~~~~~~ 
1 10 100 1k 10k 100k 1M 10M 

FREQUENCY - Hz 

Figure 12. DAC Output Noise Voltage Spectral Density 

1~~~~~-U~~~~~~~~~ 

1 10 100 1k 10k 100k 1M 10M 

FREQUENCY - Hz 

Figure 13. Reference Noise Voltage Spectral Density 

BOARD LAYOUT 
Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is the first issue. A 
306 ,...A current through a 0.5 n trace will develop a voltage 
drop of 153 ,..,V, which is 1 LSB at the 16-bit level for a 10 V 
full-scale span. In addition to ground drops, inductive and ca
pacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital sig
nals. Finally, power supplies need to be decoupled in order to 
fIlter out ac noise. 

Analog and digital signals should not share a common path. 
Each signal should have an appropriate analog or digital return 
routed close to it. Using this approach, signal loops enclose a 
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small area, minimizing the inductive coupling of noise. Wide PC 
tracks, large gauge wire, and ground planes are highly recom
mended to provide low impedance signal paths. Separate analog 
and digital ground planes should also be utilized, with a single 
interconnection point to minimize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them at right angles. 

One feature that the AD669 incorporates to help the user layout 
is the analog pins (Veo VEE' REF OUT, REF IN, SPAN/BIP 
OFFSET, VOUT and AGND) are adjacent to help isolate analog • 
signals from digital signals. 

SUPPLY DECOUPLING 
The AD669 power supplies should be well fIltered, well regu
lated, and free from high frequency noise. Switching power sup
plies are not recommended due to their tendency to generate 
spikes which can induce noise in the analog system. 

DecoupliIig capacitors should be used in very close layout prox
imity between all power supply pins and ground. A 10 ,..,F tan
talum capacitor in parallel with a 0.1 ,..,F ceramic capacitor 
provides adequate decoupling. Vee and VEE should be bypassed 
to analog ground, while V LL should be decoupled to digital 
ground. 

An effort should be made to minimize the trace lengrh between 
the capacitor leads and the respective converter power supply 
and common pins. The circuit layout should attempt to locate 
the AD669, associated analog circuitry and interconnections 
as far as possible from logic circuitry. A solid analog ground 
plane around the AD669 will isolate large switching ground cur
rents. For these reasons, the use of wire wrap circuit construc
tion is not recommended; careful printed circuit construction is 
preferred. 

GROUNDING 
The AD669 has two pins, designated analog ground (AGND) 
and digital ground (DGND.) The analog ground pin is the 
"high quality" ground reference point for the device. Any exter
nalloads on the output of the AD669 should be returned to ana
log ground. If an external reference is used, this should also be 
returned to the analog ground. 

If a single AD669 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 
the digital ground plane to DGND keeping lead lengths as short 
as possible. Then connect AGND and DGND together at the 
AD669. If multiple AD669s are used or the AD669 shares ana
log supplies with other components, connect the analog and dig
ital returns together once at the power supplies rather than at 
each chip. This single interconnection of grounds prevents large 
ground loops and consequently prevents digital currents from 
flowing through the analog ground. 
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WDEVICES 

FEATURES 
Zero-Chip Interface to Digitel Signal Processors 
Complete DACPORT'· 

On-Chip Voltage Reference 
Voltage and Current Outputs 

Serial. Twos-Complement Input 
:1:3 V Output 
Sample Rates to 390 kSPS 
94 dB Minimum Signal-to-Noise Ratio 
-81 dB Maximum Total Harmonic Distortion 
15-Bit Monotonicity 
:1:5 V to :1:12 V Operation 
16-Pin Plastic and Ceramic Packages 
Available in Commercial. Industrial. and Militarv 

Temperature Ranges 

APPLICATIONS 
Digital Signal Processing 
Noise Cancellation 
Radar Jamming 
Automatic Test Equipment 
Precision Industrial Equipment 
Waveform Generation 

PRODUCT DESCRIPTION 
The AD766 16-bit DSP DACPORT provides a direct, three
wire interface to the serial ports of popular DSP processors, in
cluding the ADSP-2101, TMS32OCXX, and DSP56001. No 
additional "glue logic" is required. The AD766 is also complete, 
offering on-chip serial-to-parallel input format conversion, a 
16-bit current-steering DAC, voltage reference, and a voltage 
output op amp. The AD766 is fabricated in Analog Devices' 
BiMOS II mixed-signal process which provides bipolar transis
tors, MOS transistors, and thin-film resistors for precision ana
log circuits in addition to CMOS devices for logic. 

The design and layout of the AD766 have been optimized for ac 
performance and are responsible for its guaranteed and tested 
94 dB signal-to-noise ratio to 20 kHz and 79 dB SNR to 
250 kHz. Laser-trimming the AD766's silicon chromium thin
film resistors reduces total harmonic distortion below -81 dB 
(at I kHz), a specification also production tested. An optional 
linearity trim pin allows elimination of midscale differential 
linearity error for even lower THD with small signals. 

The AD766's output amplifier provides a ±3 V signal with a 
high slew rate, small glitch, and fast settling. The output ampli
fier is short circuit protected and can withstand indefinite shorts 
to ground. 

DACPORT is a trademark of Analog Devices, Inc. 
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l6-Bit 
DSP DACPORT 

AD766 I 

FUNCTIONAL BLOCK DIAGRAM 

-Vs ~ 

DGND TRIM 

VL MSBADJ 

NC lOUT 

ClK AGND 

lE SJ 

DATA RF 

VOUT 

The serial interface consists of bit clock, data, and latch enable 
inputs. The twos-complement data word is clocked MSB first on 
falling clock edges into the serial-to-parallel converter, consistent 
with the serial protocols of popular DSP processors. The input 
clock can support data transfers up to 12.5 MHz. The falling 
edge of latch enable updates the internal DAC input register at 
the sample rate with the sixteen bits most recently clocked into 
the serial input register. 

The AD766 operates over a ±5 V to ±12 V power supply 
range. The digital supplies, +VL and -Vu can be separated 
from the analog signal supplies, + V sand - V s, for reduced 
digital crosstalk. Separate analog and digital ground pins are also 
provided. An internal bandgap reference provides a precision 
voltage source to the output amp that is stable over temperature 
and time. 

Power dissipation is typically 120 mW with ±5 V supplies and 
300 mW with ± 12 V. The AD766 is available in commercial 
(O°C to 70°C), industrial (-40°C to 85°C), and military (-55°C 
to 125°C) grades. Commercial and industrial grade parts are 
available in a 16-pin plastic DIP; military parts processed to 
MIL-STD-883B are packaged in a 16-pin ceramic DIP. See 
Analog Devices' Military Products Databook or current military 
data sheet for specifications for the military version. 
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AD166 SPECIFIC.'JIONS (lmin to l,!"",' ~5.V supplies, Fs = 500 kSPS unless otherwise noted. No deglitchers 
'" - It or MSB tnmmlDg IS used.) 

AD766J AD766A 
Parameter Min Typ Max Min Typ Max Units 

RESOLUTION 16 16 Bits 

DIGITAL INPUTS 
V, .. 2.0 +VL 2.0 +VL V 
V,L 0.8 0.8 V 
I'H' VIH = VL 1.0 1.0 ,.A 
I'L> V,L = 0.4 -10 -10 ,.A 

SERIAL PORT TIMING 
Serial Clock Period (!eLK) 9S 1IS ns 
Serial Clock, HI (tm) 30 30 ns 
Serial Clock LO (tLO) 30 70 ns 
Data Valid (tDATA) 40 40 ns 
Data Setup (ts) IS 20 ns 
Data Hold (tH) , IS 20 ns 
Clock-to-Latch-Enable (lcTLE) 80 100 ns 
Latch-Enable-to-Clock (tLETC) IS IS ns 
Latch Enable HI (tLEm) 40 40 ns 
Latch Enable LO (tLELO) 40 80 ns 

ACCURACY' 
Gain Error ±2.0 ±2.0 %ofFSR 

Gain Drift ±2S ±25 ppm of FSRI"C 
Midscale Output Voltage Error ±30 ±30 mV 

Bipolar Zero Drift ±4 ±4 ppm of FSRI"C 
Differential Linearity Error ±O.ool ±O.OOI % ofFSR 
Monotonicity IS IS Bits 

TOTAL HARMONIC DISTORTION 
FOUT = 1037 Hz' 

OdB -88 -81 -88 -81 dB 
-20 dB -7S -65 -75 -65 dB 
-60 dB -37 -27 -37 -27 dB 

FOUT = 49.07 kHi' 
OdB -77 -72 -77 -72 dB 
-20 dB -69 -66 -69 -66 dB 
-60 dB -25 -21 -25 -21 dB 

SIGNAL-TO-NOISE RATIO' 
20 Hz to 20 kHz (FOUT = 1037 Hz)' 94 102 94 102 dB 
20 kHz to 2S0 kHz (FOUT = 49.07 kHz)2 79 83 79 83 dB 

SETTLING TIME (to ±0.0015% of FSR) 
Voltage Output' 

6 V Step 1.5 1.5 tJ.S 
I LSB Step 1.0 1.0 ",s 
Slew Rate 9 9 V/",s 

Current Output 
I mA Step 10 n to 100 n Load 350 350 ns 
I kfl Load 350 350 ns 

OUTPUT 
Voltage Output Configuration' 

Bipolar Range ±2.88 ±3.0 ±3.12 ±2.88 ±3.0 ±3.12 V 
Output Current ±8.0 ±8.0 rnA 
Output Impedance 0.1 0.1 n 
Short Circuit Duration Indefinite to Common Indefmite to Common 

Current Output Config.,r"tion 
±i.3 Bipolar Range ±0.7 ±1.0 ±0.7 ±1.0 ±1.3 rnA 

Output Impedance (±30%) 1.7 1.7 kfl 

POWER SUPPLY 
Voltage: +VL and +Vs 4.75 13.2 4.75 13.2 V 

-VLand -Vs -13.2 -4.75 -13.2 -4.75 V 
Current ease I': Vs and VL = +S V +I 12.0 15.0 12.0 15.0 mA 

-Vs and -VL = -5 V -I -12.0 -15.0 -12.0 -15.0 rnA 
Case2: VsandVL= +12V +I 10.5 10.5 rnA 

-Vsand -VL = -12V -I -14 -14 rnA 
Case 34: Vs and VL = +S V +I 12 12 rnA 

-Vs and -VL = -12 V -I -14 -14 rnA 
Power Dissipation: Vs and VL = ±S V' 120 150 120 ISO mW 

Vs anciVL =±12V 300 300 mW 
Vs and VL = +5 V, 
-Vs and -VL = -12 V' 225 225 mW 
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AD766J AD766A 
Parameter Min Typ 

TEMPERATURE RANGE 
Specified 0 
Storage -60 

NOTES 
IFor A grade only, voltage outputs are guaranteed only if +Vs 2:" 7 V and -Vs::; -7 V. 
2Specified using external op amp, see Figure 3 for more details. 
3Tested at full·scale input. 

Max Min Typ Max Units 

+70 -40 +85 'C 
+100 -60 +100 'C 

'For A grade only, power supplies must be symmetric, i.e., Vs = I-Vsl and +VL = I-VLI. Each supply must independently meet this equality within ±S%. 

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

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
VL to DGND ......................... 0 to 13.2 V 

ORDERING GUIDE 

Vs to AGND ......................... 0 to 13.2 V 
-VL to DGND ..................... -13.2 V to 0 V 
-Vs to AGND ..................... -13.2 V to 0 V 
Digital Inputs to DGND ................ -0.3 V to V L 
AGND to DGND ........................ ±0.3 V 
Short Circuit Protection ... ..... Indefinite Short to Ground 

Model 

AD766JN 
AD766AN 
AD766SD/883B 

Temperature 
Range 

O'C to +70'C 
-40'C to +85'C 
- 55°C to + 125'C 

Package 
Option* 

N-16 
N-16 
D-16 

Soldering ..... . . . . . . . . . . . . . . . . . . . . + 300'C, 10 sec *N = Plastic DIP; D = Ceramic DIP. For outline information 
see Package Infonnation section. 

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

PIN DESIGNATIONS CONNECTION DIAGRAM 
Pin Function 

-Vs 
2 DGND 
3 VL 
4 NC 
5 CLK 
6 LE 
7 DATA 
8 -VL 
9 VOUT 

10 Rp 
11 SJ 
12 AGND 
13 lOUT 

14 MSB ADJ 
IS TRIM 
16 Vs 

ESD SENSITIVITY 

Description 

Analog Negative Power Supply 
Digital Ground 
Logic Positive Power Supply 
No Connection 
Clock Input 
Latch Enable Input 
Serial Data Input 
Logic Negative Power Supply 
Voltage Output 
Feedback Resistor 
Summing Junction 
Analog Ground 
Current Output 
MSB Adjustment Terminal 
MSB Trimming Potentiometer Terminal 
Analog Positive Power Supply 

-Vs 

DGND 

VL 

NC 

ClK 

lE 

DATA 

The AD766 features input protection circuitry conslstmg of large "distributed" diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and 
fast, low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the 
AD766 has been classified as a Category 1 Device. 
Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test 
equipment, and discharge without detection. Unused devices must be stored in conductive foam 
or shunts, and the foam discharged to the destination socket before devices are removed. For 
further information on ESD precaution, refer to Analog Devices' ESD Prevention Manual. 

lis 
TRIM 

MSBADJ 

lOUT 

AGND 

SJ 

WARNING! c:J 
~~EDEVICE 
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AD766 - Definition of Specifications 
TOTAL HARMONIC DISTORTION 
Total Harmonic Distortion (THD) is dl"fined as the ratio of the 
square root of the sum of the squares of the values of the har
monics to the value of the fundamental input frequency. It is 
expressed in percent (%) or decibels (dB). 

THD is a measure of the magnitude and distribution of integral 
linearity error and differential linearity error. The distribution of 
these errors may be different, depending on the amplitude of 
the output signal. Therefore, to be most useful, THD should be 
specified for both large and small signal amplitudes. 

SETTLING TIME 
Settling Time is the time required for the output to reach and 
remain within a specified error band about its final value, meas
ured from the digital input transition. It is the primary measure 
of dynamic performance. 

BIPOLAR ZERO ERROR 
Bipolar Zero Error or midscale error is the deviation of the ac
tual analog output from the ideal output (0 V) when the 2s com
plement input code representing half scale (all Os) is loaded in 
the input register. 

DIFFERENTIAL LINEARITY ERROR 
Differential Linearity Error is the measure of the variation in 
analog value, normalized to full scale, associated with a I LSB 
change in the digital input. Monotonic behavior requires that 
the differential linearity error not exceed I LSB in the negative 
direction. 

MONOTONICITY 
A DI A converter is monotonic if the output either increases or 
remains constant as the digital input increases. 

SIGNAL-TO-NOISE RATIO 
SNR is defined as the ratio of the fundamental to the square 
root of the sum of the squares for the values of all the nonfun
damental, nonharmonic signals for a specified bandwidth. SNR 
is tested at full-scale input. The AD766 specifies SNR for 
20 kHz and 250 kHz bandwidths. 

LATCH ENABLE (LE) 

FUNCTIONAL DESCRIPTION 
Serial input data is clocked into the AD766's shift register by 
the falling edge of CLK. Data is presumed to be in twos
complement format with MSB (i.e., the sign bit) clocked in 
first. The shift register converts the most recently clocked-in 16 
bits to a parallel word. The falling edge of the latch enable (LE) 
signal causes the most recent parallel word to be transferred to 
the internal DAC input latch. See Figure 2 for detailed serial 
port timing requirements. 

The contents of the DAC input latch cause the 16-bit DAC to 
generate a corresponding current. This ± 1 mA current is avail
able directly on the lOUT pin. 

To use the internal op amp, connect lOUT (Pin 13) directly to 
the summing junction pin, S1 (Pin 11) and connect the feedback 
resistor pin, RF (Pin 10) to VOUT (Pin 9). Note that the internal 
op amp is in the inverting configuration. Using the internal 
3 kG feedback resistor, this op amp will produce ± 3 V outputs. 

One advantage of external pins at each end of the feedback re
sistor is that it allows the user to implement a single pole active 
low-pass filter simply by adding a capacitor across these pins 
(Pins 10 and 13). The circuit can best be understood redrawn as 
shown in Figure 1. 

lOUT 
VOUT 

Figure 1. Low-Pass Filter Using External Capacitor 

The frequency response from this filter will be 

VouTls) 

lOUT 

where RF is 3 kG (±20%). 

INTERNAL DAC INPUT REGISTER.! 
UPDATED WITH 16 MOST RECENT BITS· 

DATA 

~ BITS CLOCKED 
_______ ...:::==========TOSHIFT REGISTER 

Figure 2. AD.766 Serial Input Timing 
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For applications requiring broader bandwidths andlor even 
lower noise than that afforded by the AD766's internal op amp, 
an external op amp can easily by used in its place. lOUT (Pin 13) 
drives the negative (inverting) input terminal of the external op 
amp, and its external voltage output is connected to the feed
back resistor pin, RF (Pin 10). To insure that the AD766's un
used internal op amp remains in a closed-loop configuration, 
VOUT (Pin 9) should be tied to the summing junction pin, SJ 
(Pin II). 

As an example, Figure 3 shows the AD766 using the AD744 op 
amp as an external current-to-voltage converter. In this inverting 
configuration, the AD744 will provide the same· ± 3 V output as 
the internal op amp would have. Other recommended amplifiers 
include the AD845 and AD846. Note that a single pole of low
pass filtering could also be attained with this circuit simply by 
adding a capacitor in parallel with the feedback resistor as just 
shown in Figure 1. 

Figure 3. External Op Amp Connections 

Residual DAC differential linearity error around midscale can be 
externally trimmed out, improving THD beyond the AD766's 
guaranteed tested specifications. This error is most significant 
with low-amplitude signals because the ratio of the midscale lin
earity error to the signal amplitude is greatest in this case, 
thereby increasing THD. The MSB adjust circuitry shown in 
Figure 4 can be used for improving THD with low-level signals. 
Otherwise, the AD766 will operate to its specifications with 
MSB ADJ (Pin 14) and TRIM (Pin 15) unconnected. 

470kU 1DOkU 200kU 
TRIM 15r-........ ...,...-~""'~-"V'o,."...---{1 -vs 

MSB ADJ @-------' 

Figure 4. Optional MSB Adjustment Circuit 

ANALOG CIRCUIT CONSIDERATIONS 
GROUNDING RECOMMENDATIONS 
The AD766 has two ground pins, designated AGND (analog 
ground) and DGND (digital ground). The analog ground pin is 
the "high-quality" ground reference point for the device. The 
analog ground pin should be connected to the analog common 
point in the system. The output load should also be connected 
to that same point. 
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Analog Circuit Considerations-AD766 
The digital ground pin returns ground current from the digital 
logic portions of the AD766 circuitry. This pin should be con
nected to the digital common point in the system. 

As illustrated in Figure 5, the analog and digital grounds should 
be connected together at one point in the system. 

Figure 5. Recommended Circuit Schematic 

POWER SUPPLIES AND DECOUPLING 
The AD766 has four power supply input pins. ±Vs provide the 
supply voltages to operate the linear portions of the DAC in
cluding the voltage reference, output amplifier and control am
plifier. The ± V s supplies are designed to operate from ± 5 V to 
±12 V. 

The ± V L supplies operate the digital portions of the chip, in
cluding the input shift register and the input latching circuitry. 
The ±VL supplies are also designed to operate from ±5 V to 
±12 V. To assure freedom from latch-up, -VL should never go 
more negative than -Vs. 

Special restrictions on power supplies apply to extended
temperature range versions of the AD766 that do not apply to 
the commercial AD766J. First, supplies must be symmetric. 
That is, +Vs = I-Vsl and +VL = I-VLI. Each supply must 
independently meet this equality within ±5%. Since we require 
that - V s :S - V L to guarantee latch-up immunity, this symme
try principle implies that the positive analog supply must be 
greater than or equal to the positive digital supply, i.e., Vs 2': 

V L for extended-temperature range parts. In other words, the 
digital supply range must be inside the analog supply range. 
Second, the internal op amp's performance in generating voltage 
outputs is only guaranteed if +Vs 2': 7 V (and -Vs :s -7 V, by 
the symmetry principle). These constraints do not apply to the 
AD766J. 

Decoupling capacitors should be used on all power supply pins. 
Furthermore, good engineering practice suggests that these ca
pacitors be placed as close as possible to the package pins as 
well as the common points. The logic supplies, ±Vv should be 
decoupled to digital common; and the analog supplies, ± V s, 
should be decoupled to analog common. 

The use of four separate power supplies will reduce feedthrough 
from the digital portion of the system to the linear portions of 
the system, thus contributing to the performance as tested. 
However, four separate voltage supplies are not necessary for 
good circuit performance. For example, Figure 6 illustrates a 
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system where only a single positive and a single negative supply 
are available. In this case, the positive logic and positive analog 
supplies may both be connected to the single positive supply. 
The negative logic and negative analog supplies may both be 
connected to the single negative supply. Performance would 
benefit from a measure of isolation between the supplies intro
duced by using simple low-pass filters in the individual power 
supply leads. 

Figure 6. Alternate Recommended Schematic 

350 

300 
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+12V SUPPliES 

i: 
E 200 r +SVI 12V 
.. 0 

'50 

SUPPLlES 

100 

50 

i5V SUPPL1,eS 

10 12 

CLOCK FREQUENCY - MHz 

Figure 7. Power Dissipation vs. Clock Frequency 

As with most linear circuits, changes in the power supplies will 
affect the output of the DAC. Analog Devices recommends that 
well regulated power supplies with less than 1 % ripple be incor
porated into the design of any system using these devices. 

MEASUREMENT OF TOTAL HARMONIC DISTORTION 
The THD specification of a DSP DAC represents the amount of 
undesirable signal produced during reconstruction of a digital 

waveform. To account for the variety of operating conditions in 
signal processing applications, the DAC is tested at two output 
frequencies and at three signal levels over the full operating tem
perature ranges. 

A block diagram of the test setup is shown in Figure 8. In this 
test setup, a digital data stream, representing a 0 dB, -20 dB or 
-60 dB sine wave is sent to the device under test. The frequen
cies used are 1037 Hz and 49.07 kHz. Input data is latched into 
the AD766 at 500 kSPS. The AD766 under test produces an 
analog output signal using the on-board op amp for 1 kHz and 
an external op amp for 50 kHz. 

The' automatic test equipment digitizes the output test wave
form, and then an FFT to 250 kHz is performed on the results 
of the test. Based on the first 9 harmonics of the fundamental 
1037 Hz and the first 3 harmonics of the 49.07. kHz output 
waves, the total harmonic distortion of the device is calculated. 
Neither a deglitcher nor an MSB trim is used during the THD 
test. 

The circuit design, layout and manufacturing techniques em
ployed in the production of the AD766 result in excellent THD 
performance. Figure 9 shows the typical unadjusted THD per
formance of the AD766 for various amplitudes of 1 kHz and 
50 kHz sine waves. As can be seen, the AD766 offers excellent 
performance even at amplitudes as low as -60 dB. Figure 10 
illustrates the typical THD versus frequency performance from 
the internal amplifier for a filtered AD766 output. At frequen
cies greater than approximately 30 kHz, depending on the low
pass filter used, an improvement in THD of 3-4 dB over the 
performance shown in the figure can be achieved. Figure 11 il
lustrates the consistent THD performance of the AD766 over 
temperature. 
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INTERFACING THE AD766 TO DIGITAL SIGNAL 
PROCESSORS 
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The AD766 is specifically designed to easily interface to several 
popular digital signal processors (DSP) without any additional 
logic. Such an interface reduces the possibility of interface prob
lems and improves system reliability by minimizing component 
count. 

AD766 TO ADSP-2101 
The ADSP-210l incorporates two complete serial ports which 
can be directly interfaced to the AD766 as shown in Figure 12. 
The SCLK, TFS and DT outputs of the ADSP-2101 are con
nected directly to the CLK, LE and DATA inputs of the 
AD766, respectively. SCLK is internally generated and can be 
programmed to operate from 94 Hz to 6.25 MHz. Data (DT) is 
valid on the falling edge of SCLK. After 16 bits have been 
transmitted, the falling edge of TFS updates the AD766's data 
latch. Using both serial ports of the ADSP-2101, two AD766's 
can be directly interfaced with no additional hardware. 

AD766 TO TMS320C25 
Figure 13 shows the zero-chip interface to the TMS32OC25. The 
interface to other TMS32OC2X processors is similar. Note that 
the C25 should be run in continuous mode. The C25's frame 
synch signal (FSX) will be asserted at the beginning of each 16-
bit word but will actually latch in the previous word. 
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DT DATA 
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Figure 12. A0766 to AOSP-2101IAOSP-21021 
AOSP-2105IAOSP-2111 
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DX L.:D::A.:.:T.:.:A:...-___ -" 
'---_..-I 

Figure 13. A0766 to TMS320C25 

The CLKS, FSX and DX outputs of the TMS32OC25 are con
nected to the CLK, LE and DATA inputs of the AD766, re
spectively. Data (DX) is valid on the falling edge ofCLKX. 
The maximum serial clock rate of the TMS320C25 is 5 MHz. 

AD766 TO DSP56OOO/56001 
Figure 14 shows the zero-chip interface to the DSP560001 
56001. The SSI of the 56000/56001 allows serial clock rates up 
to fosd4. SCK, SC2 and STD can be directly connected to the 
CLK, LE and DATA inputs of the AD766. The CRA control 
register of the 56000 allows SCK to be internally generated and 
software configurable to various divisions of the master clock 
frequency. The data (STD) is valid on the falling edge of SCK. 

DSP 
56000/56001 
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Figure 14. A0766 to OSP5600010SP56001 

VOUT 

OIGITAL-TO-ANALOG CONVERTERS 2-157 



2-158 OIGITAL-TO-ANALOG CONVERTERS 



11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Complete 12-Bit D/A Function 

On-Chip Output Amplifier 
High Stability Buried Zener Reference 

Fast 40ns Write Pulse 
0.3" Skinny DIP and PLCC Packages 
Single Chip Construction 
Monotonicity Guaranteed Over Temperature 
Settling TIme: 3fU1 max to 1/2LSB 
Guaranteed for Operation with :!: 12V or :!: 15V 

Supplies 
TTLI5V CMOS Compatible Logic Inputs 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD767 is a complete voltage output l2-bit digital-to-analog 
converter including a high stability buried Zener reference and 
input latch on a single chip. The converter uses 12 precision 
high-speed bipolar current steering switches and a laser-trimmed 
thin-fllm resistor network to provide high accuracy. 

Microprocessor compatibility is achieved by the on-chip latch. 
The design of the input latch allows direct interface to 12-bit 
buses. The latch responds to strobe pulses as short as 4Ons, 
allowing use with the fastest available microprocessors. 

The functional completeness and high performance of the AD767 
result from a combination of advanced switch design, high-speed 
bipolar manufacturing process, and the proven laser wafer
trimming (LWT) technology. 

The subsurface (buried) Zener diode on the chip provides a 
low-noise voltage reference which has long-term stability and 
temperature drift characteristics comparable to the best discrete 
reference diodes. The laser trimming process which provides the 
excellent linearity is also used to trim the absolute value of the 
reference as well as its temperature coefficient. The AD767 is 
thus well suited for wide temperature range performance with 
:!: 1I2LSB maximum linearity error and guaranteed monotonicity 
over the full temperature range. Typical full-scale gain T.C. is 
5ppmfOC. 

*Protectecl by Patent Numbers 3,803,590; 3,890,611; 3,932,863; 3,978,473; 
4,020,486; aDd others peadiDg. 
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12-Bit D/A Converter 

AD767* I 
FUNCTIONAL BLOCK DIAGRAM 
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PRODUCT IDGHLIGHTS 
1. The AD767 is a complete voltage output DAC with voltage 

reference and digital latches on a single IC chip. 
2. The input latch responds to write pulse widths as short as 

40ns assuring direct interface with the industry's fastest 
microprocessors. 

3. The internal buried Zener reference is laser-trimmed to 10.00 
volts with a ± 1% maximum error. The reference voltage is 
also available for external application. 

4. The gain setting and bipolar offset resistors are matched to 
the internal ladder network to guarantee a low gain temperature 
coefficient and are laser trimmed for minimum full-scale and 
bipolar offset errors. 

5. The precision high-speed current steering switches and 
on-board high-speed output amplifier settle within 1I2LSB 
for a lOY full-scale transition in 3.0 .... s when properly 
compensated. 

6. The AD767 is available in versions compliant with MIL~STD-
883. Refer to the Analog Devices Military Products Databook 
or current AD767/883B data sheet for detailed specifications. 
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AD767 -SPECIFICATIONS (T -+25°& +15 volt power supplies Unipolar Mode unless otherwise noted) - , , , 

Model AD767J/AIS' AD767KIB AD767 A· Chips 

Mia Tn> Mal< Mia Tn> Mal< Mia Tn> Mal< 

DIGITAL INPUTS 
Resolution 12 12 12 

Logic Level. (TTL Compatible, T mm - T.,.,.)' 
V'H (Logic "I ") +2.0 +5.5 +2.0 +5.5 +2.0 +5.5 

V'L(Logi~."O")J, K,A,B 0 +0.8 0 +0.8 0 +0.8 

V'L (Logic "0") S 0 +0.7 

I'H (VIR = 5.5V) 3 10 3 10 3 10 

I'L(V'L=0.8V) I 5 I 5 I 5 

TRANSFERCHARACfERISTICS 
ACCURACY 

Linearity Error@ + 25"C ±1/2 ±I ± 118 ±112 ± 112 ±l 

TA= Tminto Tnw: ± 112 ±I ±1I4 ±112 ±112 ±I 
Differential Linesrity Error@ + 25"C ±1I2 ±I ±1/4 ±I ±112 ±I 

TA= Tminto Tmax Monotonicity Guaranteed MODotonicity Guaranteed Monotonicity Guaranteed 

Gain Error4 ±O.I ±0.2 ±O.I ±0.2 ±O.I ±0.2 

Unipolar Offset Error' ±I ±2 ±I ±2 ±I ±2 

Bipolar Zero Error' ±0.05 ±O.I ±0.05 ±O.I ±0.05 ±O.I 

DRIFT 
GainTA = 25°C to Tmin or Tmax ±5 ±30 ±5 ±15 ±5 ±30 

Unipolar Offset T A = 2SOC to T min orT max ±I ±3 ±I ±3 ±I ±3 

Bipolar Zero T A = 25"C to T min or T...,. ±5 ±IO ±IO ±5 ±IO 

CONVERSION SPEED 
Settling Time to ±O.OI%ofFSRfor 

FSR change (2k.OII500pF load) 
with lOill Feedback 3 4 3 4 3 4 

with 5k.O Feedback 2 3 2 3 2 3 
For LSB Change I I I 

Slew Rate 10 10 10 

ANALOG OUTPUT 
Ranges" ::t2.5, :tS, ::i:lO, ±2.S, ±5, ± 10, :t2.5, ::t5, ::tIO, 

+5, +10 +5, +10 +5, +10 

Output Current ±5 ±5 ±5 
Output Impedance (de) 0.05 0.05 0.05 
Short-Circuit Current 40 40 

REFERENCE OUTPUT 9.90 10.00 18.10 9.90 10.00 10.10 9.90 10.00 
External Current 0.1 1.0 0.1 1.0 0.1 1.0 

POWER SUPPLY SENSITIVITY 
Vee = + I 1.4 to + 16.5V de 5 10 5 10 5 
VEE = -11.4to -16.5Vdc 5 10 5 10 5 

POWER SUPPLY REQUIREMENTS 
Rated Voltages ±12, ::tIS ::t12, ::tIS ±12, ±IS 
Range" ±1l.4 ±16.5 ±1l.4 ±16.5 ±1l.4 
Supply Current 

+ 11.4 to + 16.5Vde 9 13 9 13 9 
-11.4to· -16.5Vde 18 23 18 23 18 

Total Power Consumption 400 600 400 600 400 

TEMPERATURE RANGE 
JIK 0 +70 0 +70 
AlB -25 +85 -25 +85 -25 

S -55 +125 -55 +125 
Operating -55 + 125 -55 +125 
Storage (AU Grades) -65 + 125 -65 +125 -65 

NOTES 
IAD767 "S" specifICations shown for information only. Consult Analog Devices Military Databook or contact factory for a controlled 
specifICation sheet. 

z AD767 A Chipa specifICations are tested at + 25"C and, when in boldface, at + 85"C. They are typical at - 25"C. 
'The digital input specifications are 100% tested at + 25"C, and guaranteed but not tested over the full temperature nmge. 
4 Adjustable to zero. 
'FSR means "Full-Scale Range" and is lOV for ± IOV nmge and IOV for the .± SV range. 
"A minimum power supply of ± 12.5V is required for a ± 10V full-scale output and ± ll.4V is required for all other voltage ranges. 
Specifications subject to change without notice. 

SpecifICations shown in boldface are tested on all production units at final 
e1ectrical teat (except per Notes I and 2). Results from those tests are used to 
calculate oul8Oins quality levels. AU min and max specifICations are guaranteed, 
although only those shown in boldface are tested on all production units. 
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ABSOLUTE MAXIMUMRATINGS* 
Vex; to Power Ground . . . . 
VEE to Power Ground . . . . 
Digital Inputs (Pins 11, 13-24) 

to Power Ground . . . . . 
Ref In to Reference Ground . 
Bipolar Offset to Reference Ground . 
10V Span R to Reference Ground. 
20V Span R to Reference Ground . 

TIMING SPECIFICATIONS 
(All Models, TA = 25°C, Vex; = + 12Vor + 15V, 
VEE = -12Vor -15V) 

OV to +18V 
OV to -18V 

-l.OVto +7.0V 
±12V 
±12V 
±12V 
±24V 

AD767 
Ref Out, V mIT (Pins 6, 9) .. Indefinite short to power ground 

Momentary Short to Vex; 
Power Dissipation ................... lOOOmW 

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

Symbol Parameter Min Typ Max 

tDs Data Valid to EndofCS 40 - - ns 
( - 25°C to + 85°C) 60 - - ns 
( - 55°C to + 125OC) 90 - - ns 

tDH Data Hold Time 10 - - ns 
( - 25°C to + 85°C) 10 - - ns 
( - 55°C to + 125°C) 20 - - ns 

les CS Pulse Width 40 - - ns 
( - 25°C to + 85°C) 60 - - ns 
( - 55°C to + 125°C) 90 - - ns 

tSETT Output Voltage Settling Time* - 2 4 .... s 

"tSETT is measured referenced to the leading edge of les. If IeS>tDS, then 
toETT i. measured referenced to the beginning of Data Valid. 

PIN CONFIGURATION 

REV. A 

Modell 

AD767JN 
AD767JP 
AD767KN 
AD767KP 
AD767AD 
AD767BD 
AD767SDI 

883B 
AD767A 

Chips 

NOTES 

DIP PLCC 

BIPOFF 5 2S 088 

ORDERING GUIDE 

Package Temperature 
Option2 Range°C 

PIasticDIP(N-24) Oto +70 
PLCC(P-28A) Oto +70 
Plastic DIP (N-24) Oto +70 
PLCC(P-28A) Oto +70 
Ceramic DIP (D-24A) -25to +85 
Ceramic DIP (D-24A) -25to +85 

Ceramic DIP (D-24A) -55 to + 125 

N/A -25to +85 

"OUT " 

Linearity 
Error Max 

ADm 
TOP VIEW 

(Not to Sa.tel 

GainT.C. 
T...u.-Tmax MaxppmI"C 

±ILSB 30 
±ILSB 30 
±1I2LSB 15 
±1/2LSB 15 
±ILSB 30 
±1I2LSB 15 

Note 2 Note 2 

±ILSB 30 

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

'For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the 
Analog Devices Military Products Databook or current AD767/883B data sheet. 
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AD767 - Analog Circuit Details 
THE AD767 OFFERS TRUE 12-BIT PERFORMANCE 
OVER THE FULL TEMPERATURE RANGE 

LINEARITY ERROR: Analog Devices defines linearity error 
as the maximum deviation of the actual, adjusted DAC output 
from the ideal analog output (a straight line drawn from 0 to 
F.S. - lLSB) for any bit combination. This is also referred to 
as relative accurac:y. The AD767 is 1aser trimmed to typically 
maintain linearity errors at less than :!: 1/8LSB for the K and B 
versions and :!: 112LSB for the J, A and S versions. Linearity 
over temperature is also held to :!: 1I2LSB (KID) or :!: lLSB 
G/AlS). 

MONOTONICITY: A DAC is said to be monotonic if the 
output either increases or remains constant for increasing digitsl 
inputs such that the output will always be a nondecreasing 
function of input. All versions of the AD767 are monotonic over 
their full operating temperature range. 

DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requires that the differential linearity error be less than lLSB 
both at + 2S"C as well as over the temperature range of interest. 
Differential nonlinearity is the measure of the variation in analog 
value, normalized to full scale, associated with a lLSB chanse 
in digitsl input code. For example, for a 10 volt full-scale outpUt, 
a chanse of lLSB in digitsl input code should result in a 2.44mV 
chanse in the analog outpUt (ILSB= 10Vx 1I4096=2.44mV). 
If in actual use, however, a lLSB chanse in the input code 
results in a chanse of only 0.61mV (1I4LSB) in analog output, 
the differential nonlinearity error would be -1.83mV, or 
-3/4LSB. 

GAIN ERROR: DAC gain error is a measure of the difference 
between an ideal DAC and the actua1 device's output span. All 
grades of the AD767 have a maximum gain error of 0.2% FS. 
However, if this is not sufficient, the error can easily be adjusted 
to zero (see Figures 2 and 3). 

UNIPOLAR OFFSET ERROR: Unipolar offset error is a com
bination of the offset errors of the voltage-mode DAC and the 
output amplifier and is measured when the AD767 is configured 
for unipolar outputs. It is present for all codes and is measured 
with all "Os" in the DAC latches. This is easily adjustable to 
zero when required. 

BIPOLAR ZERO ERROR: Bipolar zero errors result from 
errors produced by the DAC and outpUt amplifier when the 
AD767 is configured for bipolar outpUt. Again, as with unipolar 
offset and gain errors, this is easily adjusted to zero when 
required. 

ANALOG CIRCUIT CONNECTIONS 
Internal scaling resistors provided in the AD767 may be connected 
to produce bipolar output voltage ranges of :!: 10, :!: S or :!: 2.5V 
or unipolar output voltage ranges of 0 to + SV or 0 to + 10V. 

Output Digital Connect Connect 
Range Input Codes Pin 9 to Pinlto 

:!:IOV Offset Binary I 9 
:!:SV Offset Binary 1 and 2 2 and 9 
:!:2.SV Offset Binary 2 3 
Oto+IOV Straight Binary 1 and 2 2 and 9 
Oto +SV Straight Binary 2 3 

Gain and offset drift are minimized in the AD767 because of the 
thermal tracking of the scaling resistors with other device com
ponents. Connections for various output voltage ranges are 
shown in Table I. 

r-_________ 9~.~~k~n------~4 g~~R 

SUMMING 
JUNCTION 10V SPAN 

~AGND 

FROM WEIGHTED 

~~~~: .... _--+~WY--------'\Iv.----i 
' .... 

Figure 1. Output Amplifier Voltage Range Scaling Circuit 

UNIPOLAR CONFIGURATION (Figure 2) 
This configuration will provide a unipolar 0 to + 10 volt output 
range. In this mode, the bipolar offset terminal, Pin 4, should 
be grounded if not used for trimming. 

STEP I ... ZERO ADJUST 
Turn all bits OFF and adjust zero trimmer Rl, until the output 
reads 0.000 volts (ILSB=2.44mV). In most cases this trim is 
not needed, and Pin 4 should be connected to Pin S. 

STEP II ... GAIN ADJUST 
Turn all bits ON and adjust 1000 gain trimmer R2 until the 
output is 9.9976 volts. (Full scale is adjusted to lLSB less than 
nominal full scale of 10.000 volts.) 

+Vcc 

Figure 2. 0 to + 10V Unipolar Voltage Output 

Connect Connect 
Pin2to Pin4to 

NC 6 (through SOO fIXed or l000trim resistor) 
I and 9 6 (through SOO fixed or 1000trim resistor) 
9 6 (through SOO fixed or lOOOtrim resistor) 
I and 9 S (or optional trim - See Figure 2) 
9 S (or optional trim - See Figure 2) 

Table I. Output Voltage Range Connections 
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BIPOLAR CONFIGURATION (Figure 3) 
This configuration· will provide a bipolar output voltage from 
- 5.000 to + 4.9976 volts, with positive full scale occurring with 
all bits ON (all Is). 

STEP I ... OFFSET ADJUST 
Turn OFF all bits. Adjust lOOn trimmer Rl to give - 5.000 
volts output. 

STEP II ... GAIN ADJUST 
Turn ON all bits. Adjust lOOn gain trimmer R2 to give a reading 
of + 4.9976 volts. 

STEP III ... BIPOLAR ZERO ADJUST (Optional) 
In applications where an accurate zero output is required, set 
the MSB ON, all other bits OFF, and readjust Rl for zero volts 
output. 

Figure 3. ± 5V Bipolar Voltage Output 

INTERNAL/EXTERNAL REFERENCE USE 
The AD767 has an internal low-noise buried Zener diode reference 
which is trimmed for absolute accuracy and temperature coeffi
cient. This reference is buffered and optimized for use in a 
high-speed DAC and will give long-term stability equal or superior 
to the best discrete Zener reference diodes. The performance of 
the AD767 is specified with the internal reference driving the 
DAC since all trimming and testing (especially for full-scale 
error and bipolar offset) is done in this configuration. 

The internal reference has sufficient buffering to drive external 
circuitry in addition to the reference currents required for the 
DAC (typically O.5mA to Ref In and 1.0mA to Bipolar Offset). 
A minimum of O.lmA is available for driving external loads. 

AD767 
The AD767 reference output should be buffered with an external 
op amp if it is required to supply more than O.lmA output 
current. The reference is typically trimmed to ± 0.2%, then 
tested and guaranteed to ± 1.0% max error. The temperature 
coefficient is comparable to that of the full-scale TC for a particular 
grade. 

If an external reference is used (lO.OOOV, for example), additional 
trim range must be provided, since the internal reference has a 
tolerance of ± 1%, and the AD767 full-scale and bipolar offset 
are both trimmed with the internal reference. The gain and • 
offset trim resistors give about ± 0.25% adjustment range, 
which is sufficient for the AD767 when used with the internal 
reference. 

It is also possible to use external references other than 10 volts. 
The recommended range of reference voltage is from + 8 to 
+ 10.5 volts, which allows both 8.l92V and 10.24V ranges to be 
used. The AD767 is optimized for fixed-reference applications. 
If the reference voltage is expected to vary over a wide range in 
a particular application, a CMOS multiplying DAC is a better 
choice. 

Reduced values of reference voltage will also permit the ± 12 
volt ± 5% power supply requirement to be relaxed to ± 12 volts 
±Hl%. 

It is not recommended that the AD767 be used with external 
feedback resistors to modify the scale factor. The internal resistors 
are trimmed to ratio-match and temperature-track the other 
resistors on the chip, even though their absolute tolerances are 
± 20%, and absolute temperature coefficients are approximately 
- 50ppmI"C. If external resistors are used, a wide trim range 
( ± 20%) will be needed and temperature drift will be increased 
to reflect the mismatch between the temperature coefficients of 
the internal and external resistors. 

Small resistors may be added to the feedback resistors in order 
to accomplish small modifications in the scaling. For example, if 
a 10.24V full scale is desired, a l40n 1% low-TC metal-fIlm 
resistor can be added in series with the internal (nominal) 5k 
feedback resistor, and the gain trim potentiometer (between 
Pins 6 and 7) should be increased to 2000. In the bipolar mode, 
increase the value of the bipolar offset trim potentiometer also 
to 200n. 

+Vcc 
cs I:;~) ____________ _ (LSa) 

OBO 

1Fi .... n +Vcc 

50kn 

.DOn 

-VEE 

20pF 
81.90 

OUTPUT 

GND 

Figure 4. Using the AD767 with the AD588 High Precision Reference 
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AD767 
USING THE AD767 WITH THE ADS88 HIGH PRECISION 
VOLTAGE llEF'EllENCE 
The AD767 is specified for gain drift from ISppmf'C to 30ppmfC 
(depending on grade) using its internal 10 volt reference. Since 
the internal reference contributes the majority of this drift, an 
external high-precision voltage reference will greatly improve 
performance over temperature. As shown in Figure 4, the 10 
volt output from the ADS88 is used as the reference. With a 
1.Sppmrc output voltage drift the ADS88 contributes less than 
1I2LSB gain drift when used with the AD767 over the industrial 
temperature range. Using this combination may result in apparent 
increases in full-scale error due to the differences between the 
internal reference by which the device is laser trimmed and the 
external reference with which the device is actually applied. The 
AD767 internal reference is specified to be 10 volts ± lOOmV 
whereas the ADS88 is specified as 10 volts ± 1m V. This may 
result in up to 101mV of apparent full-scale error beyond the 
±25mV specified AD767 gain error. The soon potentiometer 
in series with the reference input allows adequate trim range to 
null this error. 

GROUNDING RULES 
The AD767 brings out separate analog and power grounds to 
allow optimum connections for low noise and high-speed per
formance. These grounds should be tied together at one point, 
usually the device power ground. The separate ground returns 
are provided to minimize current flow in low-level signal paths. 

The analog ground at Pin 5 is the ground point for the output 
amplifier and is thus the "high quality" ground for the AD767; 
it should be connected directly to the analog reference point of 
the system. The power ground at Pin 12 can be connected to 
the most convenient ground point; analog power return is pre
ferred. If power ground contains high frequency noise beyond 
200m V, this noise may feed through the converter, thus some 
caution will be required in applying these grounds. 

It is also important to apply decoupling capacitors properly on 
the power supplies for the AD767. The correct method for 
decoupling is to connect a capacitor from each power supply pin 
of the AD767 to the analog ground pin of the AD767. Any load 
driven by the output amplifier should also be referred to the 
analog ground pin. 

OPTIMIZING SETTLING TIME 
The dynamic performance of the AD767's output amplifier can 
be optimized by adding a small (2OpF) capacitor across the 
feedback resistor. Figure 5 shows the improvement in both 
1arge-signal and small-signal settling for the 10V range. In Figure 
Sa, the top trace shows the data inputs (DBll-DBO tied together), 
the second trace shows the CS pulse, and the lower two traces 
show the analog outputs for Cp = 0 and 20pF respectively. 

Figure 5a. Large Scale Settling 
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Figures Sb and Sc show the settling time for the trausition from 
all bits on to all bits off. Note that the settling time to ± 1I2LSB 
for the lOY step is improved from 2.4 microseconds to 1.6 
microseconds by the addition of the 20pF capacitor. 

0811_0BO 

VouT.1LSBIDIV 

VouT.5V/DIV 

Figure 5b. Fine-Scale Settling, CF=OpF 

081,-DBO 

VouT.1LSB/DIV 

___ iiiiiiiiiiiiiiiiiiiii __ iiiiiiiiiiiiiiiiiiiiiiiii" VoUT.5V/DIV 

Figure 5c. Fine-Scale Settling, CF=20pF 

Figures 5d and Se show the settling time for the transition from 
all bits off to all bits on. The improvement in settling time 
gained by adding Cc=20pF is similar. 

0811-080 

VOUT. lLSB/DIV 

VOUT. 5VIDIV 

Figure 5d. Fine-Scale Settling, CF=OpF 

'2m 'I 
- --

1_l_11 , __ 

t 

I T ~ \ I 

, -"- t f- , c" -

,5V " 'I 5Ci)On 

0811-080 

YOUT, lLSB/DIV 

VOUT• 5V/DIV 

Figure 5e. Fine-Scale Settling, CF=20pF 
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DIGITAL INPUT CONSIDERATIONS 
The threshold of the digital input circuitry is set at 1.4 volts 
and does not change with supply voltage. Thus the AD767 
digital interface may be driven with any of the populat types of 
5 volt logic. 

A good engineering practice is to connect unused inputs to 
power ground to improve noise immunity. Unconnected data 
and control inputs will float to logic 0 if left open. 

The low digital input current of the AD767 eliminates the need 
for buffer/drivers required by many monolithic converters using 
bipolar technology. A single low-power Schottky gate, for example, 
will drive several AD767s when connected to a common bus. 

INPUT CODING 
The AD767 uses positive-true binary input coding. Logic "I" is 
represented by an input voltage greater than 2.0V, and logic 
"0" is defined as an input voltage less than 0.8V. 

Unipolar coding is straight binary, where all zeroes (OOOW on 
the data inputs yields a zero analog output and all ones (FFFs) 
yields an analog output ILSB below full scale. 

Bipolar coding is offset binary, where an input code of ~ 
yields a minus full-scale output, an input of FFFH yields an 
output ILSB below positive full scale, and zero occurs for an 
input code with only the MSB on (BOOs). 

The AD767 can be used with twos complement input coding if 
an inverter is used on the MSB (DB11). 

MICROPROCESSOR INTERFACE 
The AD767, with its 40ns minimum CS pulse width, may be 
easily interfaced to any of today's high-speed microprocessors. 
The 12-bit single buffered input register will accept 12-bit parallel 
data from processors such as the 68000, 8086, TMS320 series, 
and the Analog Devices ADSP-2100. Several illustrative examples 
follow. 

68000 - AD767 INTERFACE 
Figure 6 illustrates the AD767 interface to a 68000 microprocessor. 
An active low decoded address is OR'ed with the processor's 
RiW signal to provide CS and latch data into the AD767. Later 
in the bus cycle the processor issues the upper (UDS) and lower 
(LDS) data strobes which are gated with the decoded address to 
provide DTACK and terminate the bus cycle. As shown, this 
interface will suppon a 12.5MHz 68000 system. 

68000 

A1-AZ3 ADDRESS BUS 

RlIN I---====--W 
LDSI---r-..... 

UDSr-------L~ 

DTACK ,--- ,'---~-...J 

AD767· 

00-015 DATA BUS OBO-DB" 

r--------t..-~ 
*L1NEAR CIRCUITRY 
OMITTED FOR CLARITY 

Figure 6. 68000 - AD767 Interface 

8086 - AD767 INTERFACE 
Interfacing the AD767 to the 8086 16-bit microprocessor requires 
a minimal amount of extemal components. A 10MHz 8086, for 
example, generates a 165ns low write pulse which may be gated 
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Applications-AD767 
with a decoded address to provide CS for the AD767. As WR 
returns high valid data is latched into the DAC. See Figure 7. 

8086 AD167· 

ALE 

ADO-A015 080-DB11 

~---------~ 
"'LlNEAR CIRCUITRY 
OMITTED FOR CLARITY 

Figure 7. 8086 - AD767 Interface 

TMS32010 - AD767 INTERFACE 
The high-speed digital interface of the AD767 facilitates its use 
with the TMS32010 microprocessor at speeds up to 20MHz. In 
the three multip1exed LSBs of the address bus, PAl - PAO are 
decoded as a pan address and OR'ed with the low write enable 
to generate CS for the DAC. A simple OUT xx,y instruction 
will output the data word stored in memory location xx to any 
one of eight pan locations y. 

DATA BUS DBD-DB11 

TMS32010 A2-AO AD761* 
PAl-PAO 

PORT 
ADDRESS 
DECODER 

(74LS138) r-r=u- co 
WE 

Figure 8. TMS32010 - AD767 Interface 

TMS32020 - AD767 INTERFACE 
Interfacing the AD767 to the TMS32020 microprocessor is 
easily achieved by using the TMS32020 110 pon capability. The 
IS signal distinguishes the 110 address space from the local 
program/data memory space and is used to enable a 74LS138 
decoder. The decoded pon address is then gated with the RiW 
and STRB signals to provide the AD767 CS. 

+5V 

TMS32020 

is 

A3 

A2 

A1 

AD 

R!W 
STiii 

READY 

D'!I-Do 

G1 Y7 

G2A Y6 

G2B 

(74LS138) 

Y1 

A YO 

ItLlNEAR CIRCUITRY 
OMITTED FOR CLARITY 

AD767* 

DBO-DB11 

Figure 9. TMS32020 - AD767 Interface 
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AD767 
ADSP·21GO - AD767 INTERFACE 
The ADSP·2100 single chip DSP processor may be interfaced to 
the AD767 as shown in Figure 10. With a c1oc:k frequency of 
32MHz, and instruction execution in a single 125ns cycle, the 
processor will suppon the AD767 interface with a single wait 
state. 

DMA'3-0 ADDRESS BUS 
1---...., 

D~~----------~ 
DMACK 

ADSP·2100 

CLKallT I-'---~ 

·UNEAR ClRCUITRV 
OMITTED FOR CLARITY 

DATA BUS 

AD767* 

DBrOB" 

Figure 10. ADSP-2100 - AD767 Interface 

At the beginning of the data memory access cycle the processor 
provides a 14-bit address on the DMA bus. The DMS signal is 
then asserted ensbling a LOW address decode. Valid data is 
DOW plac:ed on the data bus and DMWR is issued. DMWR is 
OR'ed with the LOW address decode to generate the AD767 
CS. 

The LOW decoded address is also gated with the Q output of a 
D flip-flop to hold DMACK (Data Memory Acknowledge) 
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LOW. This forces the processor into a wait state and extends 
the AD767 CS by 1 clock cycle. The rising edge of CLKOUT 
latches Q HIGH bringing DMACK HIGH. The cycle is now 
complete. 

TMS320C2S - AD767 INTERFACE 
Figure 11 illustrates the AD767 interface to a TMS320C25 
digital signal processor. Due to the high-speed capability of the 
processor (40MHz), a single wait state is required and is easily 
generated using MSC. A 20MHz TMS320C25 however, does 
not require wait states and should be interfaced using the circuit 
shown in Figure 9. 

+5V 

TMS320C26 

is 
A3 

A3 
A1 
AO 

RiW 
STAB 

READY 

MSC 

01 
G2A 
028 

(74LS138) 

C 

• 
A 

·LINEAR CIRCUITRY 
OMITTED FOR CLARITY 

co 

AD767* 

DIIO-DBtt 

Figure ". TMS320C25 - AD767 Interface 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
18-Bit Resolution 
Low Nonlinearity 

Differential: ± 1/2LSB max 
Integral: ± 1/2LSB max 

High Stability 
Differential TC: ± 1ppm?C max 
Integral TC: ± 1/2ppm?C max 
Gain TC (with Reference): ±4ppml"C max 

Fast Settling 
Full Scale: 4O .... s to ±O.00019% 
LSB: 6 .... s to ±O.00019% 

Small Hermetic 32-Lead Triple DIP Package 
Low Cost 

APPLICATIONS 
Automatic Test Equipment 
Scientific Instrumentation 
Beam Positioners 
Digital Audio 

GENERAL DESCRIPTION 
The ADI139 is the first DAC offering 18-bit resolution (l part 
in 262,144) and true 18-bit accuracy in a component size hybrid 
package. A proprietary bit switching technique provides high 
accuracy, speed and stability without compromising small size 
or low cost. 

The ADI139 is a complete DAC with precision internal reference, 
latched data inputs and a quality output voltage amplifier. The 
analog output voltage ranges are pin programmable to +SV, 
+ IOV, ± 5V and ± lOY. Current output is also provided for 
use with external amplifiers. The internal precision -IOV refer
ence has a low ± 3ppmJ°C maximum temperature coefficient 
and is available for ratiometric applications. 

The ADI139K is a true 18-bit accurate DAC with ± 1I2LSB 
maximum differential and integral nonlinearity. The differential 
and integral nonlinearity temperature stability is guaranteed at 
± Ippml"C maximum and ± 1/2ppml"C maximum, respectively. 

The ADI139 settles to within ± 1I2LSB at 18 bits (±O.OOOI9%) 
in 4OI'-s for a full-scale step (IOV). The glitch energy is a low 
400m V x sOOns for a major carry, and wideband output noise is 
only IS .... V. 

The AD 1139 operates from ± 15V dc and + SV dc power supplies. 
Digital inputs are SV CMOS compatible with binary input 
coding for unipolar output ranges and offset binary coding for 
bipolar ranges. 

REV. A 

High Accuracy, l8-Bit 
Digital-to-Analog Converter 

ADl139 I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. Eighteen-bit resolution with ± 1I2LSB maximum differential 

and integral nonlinearity in a hertnetic 32-lead triple DIP 
package. 

2. Complete DAC with internal reference, stable low-noise 
output amplifier, latched DAC inputs, reference output and 
internal application resistors for programmable output voltage 
ranges. 

3. Temperature compensated internal precision reference with 
±O.I% maximum initial accuracy and ±3ppmJ°C maximum 
tempco. 

4. Four pin programmable output voltage ranges ( + SV, + IOV, 
± SV, ± IOV) and current output available (-ImA, 
±O.SmA). 

5. The 18-bit parallel input latch assists in microprocessor 
interface. 

6. Accurate measurements of the DAC's output are unusually 
simple since the ADI139 does not suffer from code dependent 
ground current errors. 

7. True analog output remote sense capability. 

DIGITAL-TO-ANALOGCONVERTERS 2-167 



ADl139 -SPECIFICATIONS (typical @ +25°C and rated supplies unless otherwise speCified.) 

Model 

RESOLUTION 

ACCURACY 
Differential Nonlinearity 

Integral Nonlinearity 

Monotonicity(18Bits) 
InitialErron' 

Unipolar Gain Error 
BipolarGain Error 
Offset Error 
Bi OffsetError 

STABILITY (ppm FSR'/,'C) 
Differential Nonlinearity' 
Integral Nonlinearity' 
Gain (lnc1udins VREF) 
Offset 

Unipolar Mode 
Bi IarMode 

STABILITY (Lons Term,p)DD FSR'/IOOO hour) 
Differential Nonlinearity4 
Gain (Including VR") 
Offset 
BipolarOffset 
Reference Output Voltage 

WARMUP TIME (MINIMUM) 

REFERENCE VOLTAGE (VREF) 
OutputVoltage(@5mAmax) 
Noise(BW = O.I-IOHz) 
Noise(BW = 100kHz) 
Tempco 

DYNAMIC PERFORMANCE 
Settling Time to 112LSB (@ 18 Bits)' 

Voltsge 
Unipolar(lOV Step) 
Bipolar (20V Step) 
Unipolar (LSB Step) 
Bipolar (LSB Step) . 
Slew Rate 

Current' 
Full-Scale Step 
LSBStep 

Glitch Energy (Major Carry 

ADU39J 

18 Bits 

±lLSBmax 
(= ",0.OOO38%max) 
",ILSBmax 
(= '" 0.OOO38%max) 
Guaranteed 

"'0.01% 
±0.02% 
",0.01% 
±0.01% 

±lmax. 
±O.Smax 
±4max 

±lmax 
+lmax 

±O.5 
±lS 
",I 
",2 
±lS 

lSmmutes 

-IOV(±O.I%max) 
20,..Vpk-pk 
SO",Vrms 
3ppml"Cmax 

ADU39K 

±1I2LSBmax 
(= ",O.OOOI9%max) 
±1I2LSBmax 
(= ±O.OOOI9%max) · 

±O.Styp, ± 1 max · 

IO,..Vpk·pk · 

OUTLINE DIMENSIONS 
Dimensions shoWn in inches and (mm). 

::::::::s~: -1 ~s::::~ Ilb 0.03510.811 

1~. DOTWOK:ATES 1 
~.- I 

1.707(43.411 

~I. I 
I--- ,.01ll127""-------I I 1.101121.971 I-L 

L ) ~:::l~~: 
::~:::::-~ tr! 

I.---..... 122.45' I 
~---r 

0.105(2.671 

WARNING! 0 
~~EDEVICE 

CAUTION: OBSERVE PROPER PLUG·IN POLARITY TO 
PREVENT DAMAGE TO CONVERTER 

@ 20MHz Bandwidth O-to-IOV Range) 400mV (SOOn. Duration) 
PIN DESIGNATIONS 

DIGITAL INPUTS (5V CMOS Compatible) 
V,L 
VIH 
Unipolar Code 
Bipolar Code 

ANALOGOUTPUT 
Current" 

"0.8V 
;.3.SV 
Binary (BIN) 
Offset Binary (OBN) 

-lmA, ±O.5mA 

PIN DESCRIPTION 

1 SIGNALGND 
2 BIPOLAR OFFSET 
3 lOUT 

4 AMP IN 
Voltsge(Pin Programmable) 
Noise(IncludesVREF) 

+SV, + IOV, ±SV, ± lOY 5 20VSPAN 
6 10VSPAN 

BW = O.I·IOHz(,..Vpk·pk) 
BW = IOOkHz(Unipolar) 
BW = IOOkHz(Bipolar) 

2xFSR IxFSR 
7 AMP OUT 

VOLTAGE COMPLIANCE 
Source Resistance 

Unipolar 
Bipolar 

Source Capacitance 

POWER SUPPLY REQUIREMENTS 
+5Vdc("'S%) 
'" 15Vdc(",S%) 

POWER SUPPLY REJECTION 
(± ISVdc) 

Gain 
Offset 
Reference Output 

(+SVdc) 
DiffCI'CDtial N 

TEMPERATURE RANGE 
Operatlns(Rated Performance) 
St 

NOTES 
·SpecificatioDssameasADI139J. 

ISf,LVrms 
45f.LVrms 

±IOmV 

3.3kll 
U5kll 
IOpF 

IOO,..A 
+ 25mA, -3OmA 

'" 2.5p)lJlll% 
"'0.3p)lJlll% 
"'2.Sppm/% 

+O.IS 

010 +7O"C 
-4O"Cto +8S'C 

'IDitial &ron are adjusubJe to zero riaeuemal poIeDtiometers (Ke Fipre 1). 
2PSIl meaDS FuIl-Sade l\aDp:. 

8 DB17 (MSB) 
9 DB16 

10 DB15 
11 DB14 
12 DB13 
13 DB12 
14 DB11 
15 DB10 
16 DB9 

'SeeF ..... 7fOc .................. __ ... _.AJoo,_rho 
BURN-INICCtioaDllp.p6forc:autioa ... ~.".tbe1llCl'. 

'Fio=9 ............... LSBadfid1.«oloooaliq_ .. 1riIIIID li2LSB 
at 12-to18-bitraohHioaa. 

PIN 

32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 

IT'emperature stabilityofliaeuity is paraD1CCd. toal% AQL, Level n IIIDPIiaapIaD per 
MJL-STD-IOS. 

'CumotOutpU,Opendoa __ fOc;.., .. Ibe __ or .. lII1IIIIifiu. -_ ......... -.,--
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DESCRIPTION 

GAIN TRIM 
REF OUT 
-15V 
+15V 
+5V 
POWERGND 
WR 
DBO(LSB) 
DB1 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 
DB8 
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AD1139 Functional Block Diagram 

ANALOG OUTPUT RANGE 
The ADI139 is pin programmable to provide a variety of analog 
outputs, either current or voltage. A unipolar output current of 
o to -imA is available at Pin 3 and can be offset by O.SmA 
(connect Pin 2 to Pin 3) for a biolar output of :!: O.5mA. Output 
voltage ranges ( + SV, + IOV, :!: SV and :!: IOV) are available at 
Pin 7 by connecting the current output (Pin 3) to the amplifier 
input (Pin 4) and the appropriate internal feedback resistors to 
the amplifier output (Pin 7) as shown in Figure 1. 

>}--+----~ 

D}---""",""'-1IiV 

","=LATCH 

, ..... 
GROUND 

"0" .. TRANSPARfNT 

WR" } =f=I'. 2tilf~1 = {""~ ~D'" 
+1OV OPERATtQN 

Nems 
ALLAESISTORS ARE MElALFILM ANSi Oft EQUIVALENT. 
AllCAPAClTORSARE POLAAIZ£D TANTALUM. 

r 

1 :,:w-
POWER AD". 

GROUND 
+5VOPERATION

-AU.OTHER PWCONN£CTIONS ARE THE SAME ASSHOWN 
fORUNIPOLAAOTO + 10VOPERATION. 

VOlTAGE 
OUTPUT 

POWER AD11. 
GtIOUND 

±5VOPERAnON-

Figure 1. Output Voltags and Trim Configuration 
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ADl139 
OFFSET & GAIN CALIBRATION 
Initial offset and gain errors can be adjusted to zero by poten
tiometers as shown in Figure 1. The offset adjust range is plus 
0.03% to minus 0.02% of full scale range (wiper of potentiometer 
to REF OUT equals plus 0.03%). The gain adjust range is plus 
0.06% to minus 0.08% of full scale range (wiper to REF OUT 
equals plus 0.06%). Measurement instruments used should be 
capable of resolving 1 /LV at plus full scale for the chosen output 
range and within I f.L V of zero. 

Procedure: 

UNIPOLAR MODE 
1. Apply a digital input of all "Os." 

2. Adjust the offset potentiometer until a O.OOOOOOV output is 
obtained. 

3. Apply a digital input of all "Is." 

4. Adjust the gain potentiometer until plus full-scale output is 
obtained (see Table I for exact value). 

BIPOLAR MODE 
l. Apply a digital input of 100 ..... 000. 

2. Adjust the offset potentiometer until a O.OOOOOOV output is 
obtained. 

3. Apply a digital input of all "Is." 

4. Adjust the gain potentiometer until plus full-scale output is 
obtained (see Table I for exact value). 

Code 000 •••• 00 Code 111 •.. 11 

Unipolar +sv O.OOOOOOV +4.99998IV 
+IOV O.OOOOOOV +9.999962V 

Code 100 •••• 00 Code Ill •••• 11 CodeOOO •.•• 00 
Bipolar ±SV O.OOOOOOV +4.999962V - 5.000000V 

±IOV O.OOOOOOV +9.999924V -1O.000000V 

Tablsl. Full-Scals and Offset Calibration Voltages 

Symbol Parameter Requirement 

tos Data Setup Time 160nsmin 
tDH Data Hold Time 120nsmin 
tWR Write Pulse Width 200nsmin 

Table II. Timing Requirements 

TIMING DIAGRAM & LATCH CONTROL 
Timing requirements for the ADI139 are shown in Table II. 
The timing diagram is shown in Figure 2. The WRite line controls 
an IS-bit wide data input latch. This latch is transparent when 
the WRite line is LOW, allowing all bits to be accessed directly. 
When the WRite line is activated HIGH, the data present at the 
inputs is held in the latch and the appropriate analog voltage is 
seen at the output. 

DBO-DB17 ~ OATAVAUD x=::= 
~t"--J"H~ 

WR\ I 
~ .... ==::.j 

Figure 2. AD1139 Timing Diagram 
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AD1139 
GROUNDING & GUARDING 
The current from measurement ground (Pin 1) is small and 
independent of the digital input code to the DAC. This greatly 
simplifies making error free analog measurements. Connect this 
high quality ground to the system's or application's high quality 
ground. Connect the DAC's power ground (Pin 27) to the system 
return, also connect the system's high quality ground to the 
system retum. It is most important that the measurement ground 
(Pin 1) and power ground (Pin 27) be connected externally for 
proper circuit operation. 

The current output pin (lour, Pin 3) is sensitive to external 
noise sources, such as digital input lines. This pin and any 
components connected to this pin should be surrounded by a 
grounded guard as shown in Figure 3. 

INTERNAl AMPLIFIER 
(BIPOlARAANGEI 

PIN 1 & 
PlN2 Il1'O 

PIN3 10 

PINe AMPIN 

EXTERNALAMPUREA 
(UNIPOlAR RANGEl 

Figure 3. Guarding Recommendations 

REMOTE SENSE APPUCATION 
The AD 1139's remote sense capability allows driving heavy 
loads or long cables without the usual, accompanying gain errors. 
By sensing at the load, as described in Figure 4, the load current 
will pass through the amplifier's output and the power ground, 
but not through the sense lines. The potential gain errors that 
would be induced by this load current are therefore minimized. 
The load should not exceed ± IOmA or 2 nanofarads to insure 
proper operation of the ADI139's internal output amplifier. 

Figure 4. Remote Sensing 

"IBM is a trademark of lotemationa! Business Machines Corp. 
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RATIOMETRIC DAC TESTING APPLICATION 
The ADI139's highly stable reference output can be conveniently 
used in the testing of other high resolution DACs. Figure S 
describes how the REF OUT (Pin 31) is used as the external 
reference input to a device-under-test. The gain of the device
under-test will now accurately track the ADl139's gain and 
eliminate reference contribution to gain error. 

When used as a reference DAC to test the integral and differential 
linearity of 14- and 16-bit DACs, the ADI139 provides a meas
urement capability with just 1I16LSB of uncertainty at 14 bits. 

Gain and offset errors of the device-under-test (D. U. T.) may be 
accounted for in software. Once zeroed, the integral linearity 
error can be measured as the difference between the reference 
DAC (ADI139) and the D.U.T. as seen at the digital voltmeter. 

The differential linearity error is then determined by incrementing 
or decrementing the D.U.T. digital input by lLSB, and comparing 
the new output at the DVM with the previous output. The 
difference between these two measurements should be exactly 
one ideal LSB. The amount of disagreement from one ideal 
LSB is the differential linearity error. 

Figure 5. Ratiometric DAC Testing 

mM* PC INTERFACE 
Figure 6 illustrates a typical IBM personal computer interface 
which uses three 8-bit external latches and two decoder chips. 
The three HCT374 latches are connected to the data bus (DO 
through D7). The HCT138 decoder chip decodes the address 
bus and enables each latch, including the AD1139's internal 
DAC latch, to see the appropriate digital word. The HCT688 
chip and the HCT138 decoder defme the 110 address space 
where the four latches will reside. In the Figure 6 example, they 
reside in the address space as shown in Table III. 

110 Address Selected Latch Data Bits 

380H Low Byte OBO-OB7 
381H Mid Byte DBS-DBlS 
382H High Byte OBI6,DBI7 
383H AD 1139 Latch OBO-OB17 

Table III. IBM Interface Address Locations 
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ADl139 
,_ CONNECTTO 

CONNECTTOTHE THEAD1139'S 
• PC'S +SVSUPPLy,-1 

+SVSUPPLY' 

LOW 
20 

BUS PIN# 
BYTE 2 

07 (AZI 

D6 (A3) 

OS (A4) 

D4 (AS) 
13 HCT374 12 

D3 (A6) 
14 

D2 (A7) 
17 

D1 (A8) 

DO (A9) 18 

11 

+SV 
I 

8 

I ADl139 
16 

WR (B131 1S I DB1S 

AO (A31) 14 4 

(A30) 
13 I A1 

8 9 

13 HCT374 12 
14 DBl1 

14 15 
15 DB10 

17 16 
+SV 16 DB9 

18 19 
17 DBB 

11 10 

4 I 
+SV 

18 19 

A3 (A28) 

A4 (A27) 

AS (A261 
16 

3 8 
A6 (A2S) 

(A24) 11 HCT688 5 13 HCT374 12 
A7 

13 14 1S 
A8 (A23) 

15 17 
A9 (A2ZI 

18 17 18 
A10 (A21) 

10 11 

AEN (All) 

NOTE I 
'THE PC'S + SV de LOGIC SUPPLIES SHOULD BE KEPT SEPARATE 
FROMTHEAD1139 +5VdeSUPPLY, TO KEEP LOGIC 
INDUCED NOISE TOA MINIMUM. 

Figure 6. AD1139 to IBM PC Compatible Interface 

LONG·TERM STABILITY VS. TEMPERATURE 
Adjusting the linearity of any DAC after it is installed in the 
application is often difficult or impossible. It is preferable to 
maintain some specified accuracy over the useful working life of 
the product (commouly 5 to 10 years). Stable linearity performance 
over time can, therefore, be a very important parameter for the 
DAC. 

Accelerated testing to determine the expected linearity stability 
over time can be accomplished by two different methods. Linearity 
is ftrst measured at + 25°C. The DAC is then operated at a 
fIXed elevated temperature for an extended period of time. The 
DAC is then retested at + 25°C, and the change in linearity 
error vs. time is calculated. The ARRHENIUS EQUATION 
(used in reliability calculations) can be used to determine what 
the acceleration factor is from + 25°C to the elevated test tem-
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perature. Knowing the acceleration factor and the linearity error 
vs. time at the elevated temperature, one could calculate the 
expected long·term stability of linearity at nominal 
temperatures. 

A second test method determines how long it will take for the 
linearity to shift by a speciftc error band (we chose ± 2ppm for 
our example) at any specifted temperature. The ftrst step is to 
measure the linearity at a moderately elevated temperature (e.g., 
+ 85°C) and then monitor how long it takes at this temperature 
to reach the error band limit. The second step is to perform the 
same test at a much higher elevated temperature (e.g., + 125°C). 
The two resulting time vs. temperature points are then plotted 
on semilog paper. A line drawn through the two points allows 
extrapolation to the length of time expected to reach the error 
band (± 2ppm) at other temperatures, including + 25°C. 
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AD1139 
Figure 7 shows how long it would take for the AD 1139's linearity 
to drift ± 2ppm (1I2LSB) at any operating temperature. The 
uppermost plot shows stability under storage conditions (no 
power), and the lower plot shows the ADI139's operating stability 
(under power). The operating 'liS. storage difference is due to the 
10°C temperature rise when the ADI139 is powered. 
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NOTE: MAX OPERATING TEMPERATURE IS +7UOC 

Figure 7. Nonlinearity VB. TimefTemperature 

BURN-IN 
All ADI139s undergo a 168 hour, powered burn-in @125°C, 
prior to laser trimming. This burn-in produces the optimum 
stability for the resistor network and eliminates infancy defects. 

As shown in Figure 7, exposure to elevated temperatures produces 
an acceleration of the normal aging process. Preconditioning/burn
in employed by the user will lead to premature linearity shifts 
outside of the initial guaranteed specifications. The ADI warranty 
will not cover DACs that exhibit this type of forced premature 
specification degradation. 

EXTERNAL AMPLIFIER FOR HIGH SPEED OR HIGH 
OUTPUT CURRENT 
The AD 1139's internal output amplifier is optimized for very 
low noise, dc stable applications with moderate settling time. 
Applications requiring higher speed or more output current can 
use an external amplifier, such as shown in Figure 8. The AD711 
settles to within 16 bits in only 6,..,s for a unipolar full scale 
step. Other amplifiers may be chosen for differing tradeoffs. 
The noise gain seen by the output amplifier, depends on the 
output voltage range selected (see Table IV). The amplifier 
selected must be stable at the noise gain corresponding to the 
output range. 
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+15V 

-15V 

(l)-4--~t--*,-~I---o MEASUREMENT 
GROUND 

Figure 8. External Amplifier for High Speed 

OutputVoltageRange NoiseGain 

Oto +5V 2 
Oto + lOY 3 
±5V 4 
±10V 7 

TablelV. Noise Gain vs. Output Voltage Range 

SETTLING TIME 
The LSB step and full-scale step typical settling times, to within 
± 1I2LSB at 18 bits, are shown in the Specification Table. 
Figure 9 graphically presents the typical settling times to within 
± 1I2LSB at resolutions from 12 to 18 bits. 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
110 dB SNR 
Fast Settling Permits 16x Oversampling 
±3 V Output 
Optional Trim Allows Super-Linear Performance 
±5 V Operation 
16-Pin Plastic DIP and SOIC Packages 
Pin-Compatible with AD1856 & AD1860 Audio DACs 
2s Complement, Serial Input 

APPLICATIONS 
High-End Compact Disc Players 
Digital Audio Amplifiers 
OAT Recorders and Players 
Synthesizers and Keyboards 

PRODUCT DESCRIPTION 
The AD1851/AD1861 is a monolithic PCM audio DAC. The 
AD1851 is a 16-bit device, while the ADI861 is an 18-bit 
device. Each device provides a voltage output amplifier, DAC, 
serial-to-parallel register and voltage reference. The digital 
portion of the AD18511AD1861 is fabricated with CMOS logic 
elements that are provided by Analog Devices' 2 fLm ABCMOS 
process. The analog portion of the AD18511AD1861 is fabri
cated with bipolar and MOS devices as well as thin-film 
resistors. 

This combination of circuit elements, as well as careful design 
and layout techniques, results in high performance audio play
back. Laser-trimming of the linearity error affords low total har
monic distortion. An optional linearity trim pin is provided to 
allow residual differential linearity error at midscale to be elimi
nated. This feature is particularly valuable for low distortion 
reproductions of low amplitude signals. Output glitch is also 
small, contributing to the overall high level of performance. The 
output amplifier achieves fast settling and high slew rates, pro
viding a full ±3 V signal at load currents up to 8 rnA. When 
used in current output mode, the ADl8511ADl861 provides a 
± 1 rnA output signal. The output amplifier is short circuit pro
tected and can withstand indefinite shorts to ground. 

The serial input interface consists of the clock, data and latch 
enable pins. The serial 2s complement data word is clocked into 
the DAC, MSB first, by the external clock. The latch enable 
signal transfers the input word from the internal serial input 
register to the parallel DAC input register. The ADl851 input 
clock can support a 12.5 MHz data rate, while the ADl861 in
put clock can support a 13.5 MHz data rate. This serial input 
port is compatible with second generation digital filter chips 
used in consumer audio products. These filters operate at over
sampling rates of 2X, 4x, 8x and 16x sampling frequencies. 

The critical specifications of THD+ Nand signal-to-noise ratio 
are 100% tested for all devices. 
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16-Bit/18-Bit, 16 x F s 
PCM Audio OACs 

A01851/A01861 I 

FUNCTIONAL BLOCK DIAGRAM 

NC =NO CONNECT 

The ADl8511ADl861 operates with ±5 V power supplies, mak
ing it suitable for home use markets. The digital supply, Vu 
can be separated from the analog supplies, V sand - V s, for re
duced digital crosstalk. Separate analog and digital ground pins 
are also provided. Power dissipation is 100 mW typical. 

The ADl8511ADl861 is available in either a 16-pin plastic DIP 
or a 16-pin plastic SOIC package. Both packages incorporate the 
industry standard pinout found on the ADl856 and ADI860 
PCM audio DACs. As a result, the ADl851/ADl861 is a drop
in replacement for designs where ± 5 V supplies have been used 
with the AD1856/AD1860. Operation is guaranteed over the 
temperature range of - 25DC to + 70DC and over the voltage sup
ply range of ±4.75 V to ±5.25 V. 

PRODUCT HIGHLIGHTS 
1. ADl851 16-bit resolution provides 96 dB dynamic range. 

AD1861 18-bit resolution provides 108 dB dynamic range. 

2. No external components are required. 

3. Operates with ±5 V supplies. 

4. Space saving 16-pin SOIC and plastic DIP packages. 

5. 100 mW power dissipation. 

6. High input clock data rates and 1.5 ,,"s settling time permits 
2x, 4x, 8x and 16x oversampling. 

7. ±3 V or ±l rnA output capability. 

8. THD + Noise and SNR are 100% tested. 

9. Pin-compatible with AD1856 & ADl860 PCM audio DACs. 
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AD1851/AD1861-SPECIFICATIONS (TA @ +25°C and ±5 V supplies, unless otherwise noted) 

Min Typ Max Units 

DIGITAL INPUTS 
VIR 2.0 +VL V 
V,L 0.8 V 
I'H' V,H = VL 1.0 J.LA 
I'L> V,L = 0.4 -10 J.LA 

ACCURACY 
Gain Error ±1 % 
Midscale Output Voltage ±10 mV 

DRIFT (O'C to + 70'C) 
Total Drift ±25 ppm of FSRf'C 
Bipolar Zero Drift ±4 ppm of FSRf'C 

SETTLING TIME (To ±0.0015% of FSR) 
Voltage Output 

6 V Step 1.5 J.Ls 
I LSB Step 1.0 J.LS 
Slew Rate 9 V/J.LS 

Current Output 
I rnA Step 10 n to 100 n Load 350 ns 
1 kn Load 350 ns 

OUTPUT 
Voltage Output Configuration 

Bipolar Range ±2.88 ±3.0 ±3.12 V 
Output Current ±8 rnA 
Output Impedance 0.1 n 
Short Circuit Duration Indefmite to Common 

Current Output Configuration 
Bipolar Range (±30%) ±1.0 rnA 
Output Impedance (±30%) 1.7 kn 

POWER SUPPLY 
Voltage 

+VL and +Vs 4.75 5.25 V 
-Vs -5.25 -4.75 V 

TEMPERATURE RANGE 
Specification 0 +25 +70 'C 
Operation -25 +70 'C 
Storage -60 +100 'C 

WARMUP TIME 1 min 
SpecIficatIons subJect to change WIthout nouce. 

NC=NO CONNECT NC = NO CONNECT 

AD1851 Functional Block Diagram AD1861 Functional Block Diagram 
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AD1851 

RESOLUTION 

TOTAL HARMONIC DISTORTION + NOISE 
o dB, 990.5 Hz 

AD1851N-J, R-J 
ADl851N, R 

- 20 dB, 990.5 Hz 
ADl851N-J, R-J 
ADI851N, R 

-60 dB, 990.5 Hz 
ADI851N-J, R-J 
ADl851N, R 

D-RANGE* (With A-Weight Filter) 
-60 dB, 990.5 Hz ADl851N, R 

ADI8SIN-J, R-J 

SIGNAL-TO-NOISE RATIO 

MAXIMUM CLOCK INPUT FREQUENCY 

ACCURACY 
Differential Linearity Error 

MONOTONICITY 

POWER SUPPLY 
Current 

+1 
-I 

Power Dissipation 

AD1861 

RESOLUTION 

TOTAL HARMONIC DISTORTION + NOISE 
o dB, 990.5 Hz 

ADI861N-J, R-J 
ADI861N, R 

-20 dB, 990.5 Hz 
ADI861N-J, R-J 
ADI861N, R 

-60 dB, 990.5 Hz 
ADI861N-J, R-J 
ADI861N, R 

D-RANGE* (With A-Weight Filter) 
-60 dB, 990.5 Hz ADI861N, R 

ADl86IN-J, R-J 

SIGNAL-TO-NOISE RATIO 

MAXIMUM CLOCK INPUT FREQUENCY 

ACCURACY 
Differential Linearity Error 

MONOTONICITY 

POWER SUPPLY 
Current 

+1 
-I 

Power Dissipation 

"Tested in accordance with EIAJ Test Standard CP-307. 
Specifications subject to change without notice. 
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AD1851/AD1861 

Min Typ Max Units 

16 Bits 

0.003 0.004 % 
0.004 0.008 % 

0.009 0.016 % 
0.009 0.040 % 

0.9 1.6 % 
0.9 4.0 % 

88 dB 
96 dB 

107 llO dB 

12.5 MHz 

±0.001 %ofFSR 

14 Bits 

10.0 13.0 rnA 
-10.0 -15.0 rnA 
100 mW 

Min Typ Max Units 

18 Bits 

0.003 0.004 % 
0.004 0.008 % 

0.009 0.016 % 
0.009 0.040 % 

0.9 1.6 % 
0.9 4.0 % 

88 dB 
96 dB 

107 llO dB 

13.5 MHz 

±0.001 %ofFSR 

15 Bits 

10.0 13.0 rnA 
-10.0 -15.0 rnA 
100 mW 
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AD1851/AD1861 
ABSOLUTE MAXIMUM RATINGS* PIN ASSIGNMENTS 

VL to DGND ....................... 0 V to 6.50 V 
V s to AGND ....................... 0 V to 6.50 V 

1 -Vs ANALOG NEGATIVE POWER SUPPLY 
2 DGND LOGIC GROUND 

-Vs to AGND ..................... -6.50 V to 0 V 
Digital Inputs to DGND ................ -0.3 V to VL 

AGND to DGND ........................ ±0.3 V 

3 VL LOGIC POSITIVE POWER SUPPLY 
4 NC NO CONNECTION 
5 CLK CLOCK INPUT 
6 LE LATCH ENABLE INPUT 

Short Circuit ............... Indefinite Short to Ground 7 DATA SERIAL DATA INPUT 
Soldering ......................... + 300°C, 10 sec 8 NC NO INTERNAL CONNECTION" 

Storage Temperature ................ -60°C to + 100°C 9 VOUT VOLTAGE OUTPUT 
10 RF FEEDBACK RESISTOR 
11 SJ SUMMING JUNCTION 
12 AGND ANALOG GROUND 
13 lOUT CURRENT OUTPUT 
14 MSBADJ MSB ADJUSTMENT TERMINAL 

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

15 TRIM MSB TRIMMING POTENTIOMETER TERMINAL 
16 Vs ANALOG POSITIVE POWER SUPPLY 

'PIN 8 HAS NO INTERNAL CONNECTION; -v, FROM ADI856 OR ADI860 
SOCKET CAN BE SAFELY APPUED. 

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

ORDERING GUIDE 

Package 
Model Resolution THD+N Option* 

ADl851N 16 Bits 0.008% N-16 
ADl851N-J 16 Bits 0.004% N-16 
ADl851R 16 Bits 0.008% R-I6A 
ADl851R-J 16 Bits 0.004% R-I6A 
AD1861N 18 Bits 0.008% N-16 
ADl861N-J 18 Bits 0.004% N-16 
ADl861R 18 Bits 0.008% R-I6A 
ADl861R-J 18 Bits 0.004% R-I6A 

*N = Plastic DIP Package; R = Small Outline (SOle) Package. 
For outline information see Pawge Information section. 

Typical Performance 
10 
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TOTAL HARMONIC DISTORTION 
Total harmonic distortion plus noise (THD+ N) is defined as 
the ratio of the square root of the sum of the squares of the val· 
ues of the first 19 harmonics and noise to the value of the fun· 
damental input frequency. It is usually expressed in percent 
(%). 

THD+ N is a measure of the magnitude and distribution of lin· 
earity error, differential linearity error, quantization error and 
noise. The distribution of these errors may be different, depend· 
ing on the amplitude of the output signal. Therefore, to be most 
useful, THD+ N should be specified for both large (0 dB) and 
small signal amplitudes (-20 dB and -60 dB). 

The THD+ N figure of an audio DAC represents the amount of 
undesirable signal produced during reconstruction and playback 
of an audio waveform. This specification, therefore, provides a 
direct method to classify and choose an audio DAC for a desired 
level of performance. 

SETTLING TIME 
Settling time is the time required for the output of the DAC to 
reach and remain within a specified error band about its fmal 
value, measured from the digital input transition. It is a primary 
measure of dynamic performance. 

MIDSCALE ERROR 
Midscale error, or bipolar zero error, is the deviation of the ac· 
tual analog output from the ideal output (0 V) when the 2s com· 
plement input code representing half scale is loaded in the input 
register. 

D·RANGE DISTORTION 
D·range distortion is equal to the value of the total hannonic 
distortion + noise (THD+N) plus 60 dB when a signal level of 
-60 dB below full scale is reproduced. D·range is tested with a 
I kHz input sine wave. This is measured with a standard A· 
weight filter as specified by EIAJ Standard CP·307. 

SIGNAL·TO·NOISE RATIO 
The signal·to·noise ratio (SNR) is defined as the ratio of the am· 
plitude of the output when a full·scale output is present to the 
amplitude of the output with no signal present. This is mea· 
sured with a standard A·weight filter as specified by EIAJ 
Standard CP·307. 
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SERIAL·lO·PARALLEL 
CONVERSION 

AD1851/AD1861 

Figure 1. AD18511AD1861 Functional Block Diagram 

FUNCTIONAL DESCRIPTION 
The AD1851/AD1861 is a complete monolithic PCM audio 
DAC. No additional external components are required for oper· 
ation. As shown in Figure 1 above, each chip contains a voltage 
reference, an output amplifier, a DAC, an input latch and a par· 
allel input register. 

The voltage reference consists of a bandgap circuit and buffer 
amplifier. This combination of elements produces a reference 
voltage that is unaffected by changes in temperature and age. 
The DAC output voltage, which is derived from the reference 
voltage, is also unaffected by these environmental changes. 

The output amplifier uses both MOS and bipolar devices to pro· 
duce low offset, high slew rate and optimum settling time. 
When combined with the on·chip feedback resistor, the output 
op amp converts the output current of the AD 18511 AD 1861 to a 
voltage output. 

The DAC uses a combination of segmented decoder and R·2R 
architecture to achieve consistent linearity and differential 
linearity. The resistors which form the ladder structure are fab· 
ricated with silicon chromium thin film. Laser·trimming of 
these resistors further reduces linearity error, resulting in low 
output distortion. 

The input register and serial·to·parallel converter are fabri· 
cated with CMOS logic gates. These gates allow the achievement 
of fast switching speeds and low power consumption. This 
contributes to the overall low power dissipation of the 
ADl8511ADl861. 

DIGITAL· TO·ANALOG CONVERTERS 2-177 



AD1851/AD1861 

Analog Circuit Considerations 
GROUNDING RECOMMENDATIONS 
The AD18511AD1861 has two ground pins, designated Analog 
and Digital ground. The analog ground pin is the "high qual
ity" ground reference point for the device. The analog ground 
pin should be connected to the analog common point in the 
system. The output load should also be connected to that same 
point. 

The digital ground pin returns ground current from the digital 
logic portions of the AD1851/AD1861 circuitry. This pin should 
be connected to the digital common point in the system. 

As illustrated in Figure 2, the analog and digital grounds should 
be connected together at one point in the system. 

+5V +5V 

-5V 

Figure 2. Recommended Circuit Schematic 

POWER SUPPLIES AND DECOUPLING 
The AD18511ADl861 has three power supply input pins. The 
± V s supplies provide the supply voltages to operate the linear 
portions of the DAC including the voltage reference, output am
plifier and control amplifier. The ± V s supplies are designed to 
operate at ± 5 V .. 

The + V L supply operates the digital portions of the chip includ
ing the input shift register and the input latching circuitry. The 
+VL supply is designed to operate at +5 V. 

Decoupling capacitors should be used on all power supply pins. 
Furthermore, good engineering practice suggests that these ca
pacitors be placed as close as possible to the package pins as 
well as to the common points. The logic supply, +VLo should 
be decoupled to digital common, while the analog supplies, 
± V s, should be decoupled to analog common. 

The use of three separate power supplies will reduce feed
through from the digital portion of the system to the linear por
tion of the system, thus contributing to improved performance. 
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However, three separate voltage supplies are not necessary for 
good circuit performance. For example, Figure 3 illustrates a 
system where only a single positive and a single negative supply 
are available. 

In this example, the positive logic and positive analog supplies 
must both be connected to + 5 V, while the negative analog sup
ply will be connected to - 5 V. Performance would benefit from 
a measure of isolation between the supplies introduced by using 
simple low pass filters in the individual power supply leads. 

Figure 3. Alternate Recommended Schematic 

As with most linear circuits, changes in the power supplies will 
affect the output of the DAC. Analog Devices recommends that 
well regulated power supplies with less than 1 % ripple be incor
porated into the design of any system using the AD18511 
ADl861. 

OPTIONAL MSB ADJUSTMENT 
Use of an optional adjustment circuit allows residual differential 
linearity error around midscale to be eliminated. This error is 
especially important when low amplitude signals are being re
produced. In those cases, as the signal amplitude decreases, the 
ratio of the midscale differential linearity error to the signal am
plitude increases, thereby increasing THD. 

Therefore, for best performance at low output levels, the op
tional MSB adjust circuitry shown in Figure 4 may be used to 
improve performance. The adjustment should be made with a 
sma11 signal input (-20 dB or -60 dB). 

T~ 
e------J 
MSB 

ADJUST 

Figure 4. Optional THD Adjust Circuit 
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AD1851 DIGITAL CIRCUIT CONSIDERATIONS 
AD1851 Input Data 
Data is transmitted to the AD 1851 in a bit stream composed of 
l6-bit words with a serial, MSB first format. Three signals must 
be present to achieve proper operation. They are the Data, 
Clock and Latch Enable (LE) signals. Input data bits are 
clocked into the input register on the rising edge of the Clock 
signal. The LSB is clocked in on the 16th clock pulse. When all 
data bits are loaded, a low-going Latch Enable pulse updates the 
DAC input. Figure 5 illustrates the general signal requirements 
for data transfer to the AD 1851. 

CLOCK 

DATA_"cn'..J',J' 

LATCH~r 

Figure 5. Signal Requirements for AD1851 

Figure 6 illustrates the specific timing requirements that must 
be met in order for the data transfer to be accomplished prop
erly. The input pins of the AD185l are both TTL and 5 V 
CMOS compatible. The input requirements illustrated in Fig
ures 5 and 6 are compatible with data outputs provided by pop
ular DSP ftIter chips used in digital audio playback systems. 
The AD1851 input clock can run at a 12.5 MHz rate. This 
clock rate will allow data transfer rates for 2 x, 4 x or 8 x or 
16 x oversampling reconstrUctions. 

Figure 6. Timing Relationships of AD1851 Input Signals 
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AD18511AD1861 
AD1861 DIGITAL CIRCUIT CONSIDERATIONS 
ADl861 Input Data 
Data is transmitted to the AD1861 in a bit stream composed of 
l8-bit words with a serial, MSB first format. Three signals must 
be present to achieve proper operation. They are the Data, 
Clock and Latch Enable (LE) signals. Input data bits are 
clocked into the input register on the rising edge of the Clock 
signal. The LSB is clocked in on the 18th clock pulse. When all 
data bits are loaded, a low-going Latch Enable pulse updates the 
DAC input. Figure 7 illustrates the general signal requirements 
for data transfer to the AD 1861. 

CLOCK 

DATA 

LATCH~r 

Figure 7. Signal Requirements for AD1861 

Figure 8 illustrates the specific timing requirements that must 
be met in order for the data transfer to be accomplished prop
erly. The input pins of the AD1861 are both TTL and 5 V 
CMOS compatible. The input requirements illustrated in Fig
ures 7 and 8 are compatible with data outputs provided by pop
ular DSP ftIter chips used in digital audio playback systems. 
The AD1861 input clock can run at a 13.5 MHz rate. This 
clock rate will allow data transfer rates for 2 x, 4 x or 8 x or 
16 x oversampling reconstructions. 

Figure 8. Timing Relationships of AD1861 Input Signals 
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AD18511AD1861 
APPLICATIONS 
Figures 9 through 12 Show connectiOn diagrams for the AD1851 
and AD1861 and the Yamaha YM3434 and the NPC ' 
SM5813AP/APT digital ftIter chips. 

X1 ST 16118 

YM3434 

ClK 

r-II--o LATCH 

OlO O--tHr-.--o DATA 

BCOo--+ .... 

WCO 

ORO D--I-f";,,,-oOATA 

L...lf--o lATCH 

ClK 

AD1851 

AD1851 

Figure 9. AD1851 with Yamaha YM3434 Digital Filter 

+5V 
ClK 

LATCH 
X1 ST AD1861 OlO DATA 

BCO 

YM3434 wco 

ORO DATA 

LATCH 

ClK AD1861 

Figure 10. AD1861 with Yamaha YM3434 Digital Filter 
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+5V 
CLK 

LATCH 

Xl COB '6W2ii AD1851 DOL DATA 

BCKO 

SM5813AP/APT 
WCKO 

Oviii DOR DATA 

LATCH 

CLK AD1851 

Figure 11. AD1851 with NPC SM5813APIAPT Digital Filter 

+5V 

SM5813AP/APT 

CLK 

...-11-<) LATCH 

DOL Q--IHf--o DATA 

BCKOo--+", 

WCKO 

DOR 0--1-1-<) DATA 

I.......jl--QLATCH 

CLK 

AD1861 

AD1861 

Figure 12. AD1861 with NPC SM5813APIAPT Digital Filter 

AD18511AD1861 
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r'IIIANALOG 
WDEVICES 

FEATURES 
0.0025% THO 
Fast Settling Permits 2x. 4x or 8x Oversampling 
±3V Output 
Optional Trim Allows Superlinear Performance 
±5V to ±12V Operation 
16-Pin Plastic DIP or SOIC Package 
Serial Input 

APPLICATIONS 
Compact Disc Players 
Digital Audio Amplifiers 
OAT Recorders and Players 
Synthesizers and Keyboards 

PRODUCT DESCRIPTION 
The ADI856 is a monolithic Iii-bit PCM Audio DAC. Each de
vice provides a voltage output amplifier, 16-bit DAC, 16-bit 
serial-to-parallel input register and voltage reference. The digital 
portion of the ADI856 is fabricated with CMOS logic elements 
that are provided by Analog Devices' BiMOS II process. The 
analog portion of the AD 1856 is fabricated with bipolar and 
MOS devices as well as thin film resistors. 

This combination of circuit elements, as well as careful design 
and layout techniques, results in high performance audio play
back. Laser trimming of the linearity error affords extremely 
low total harmonic distortion. An optional linearity trim pin is 
provided to allow residual differential linearity error at midscale 
to be eliminated. This feature is particularly valuable for low 
distortion reconstructions of low amplitude signals. Output 
glitch is also small contributing to the overall high level of per
formance. The output amplifier achieves fast settling and high 
slew rates, providing a full ± 3V signal at load currents up to 
8mA. The output amplifier is short circuit protected and can 
withstand indefinite shorts to ground. 

The serial input interface consists of the clock, data and latch 
enable pins. The serial 2s complement data word is clocked into 
the DAC, MSB first, by the external data clock. The latch en
able signal transfers the input word from the internal serial in
put register to the parallel DAC input register. The input clock 
can support a lOMHz clock rate. This serial input port is com
patible with popular digital filter chips used in consumer audio 
products. These filters operate at oversampling rates of 2 x, 4 x 
and 8x sampling frequency. 
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16-Bit 
PCM Audio OAC 

A01856 I 
BLOCK DIAGRAM 

The ADI856 can operate with ±5V to ±12V power supplies 
making it suitable for both the portable and home-use markets. 
The digital supplies, V L and - V L> can be separated from the 
analog supplies, V s and -V s, for reduced digital crosstalk. Sep
arate analog and digital ground pins are also provided. 

Power dissipation is 1l0mW typical with ±5V supplies and is a 
typical 300mW when ± 12V supplies are used. 

The ADI856 is packaged in a 16'pin plastic DIP or SOlC pack
age and incorporates the industry-standard pinout. Operation is 
guaranteed over the temperature range of - 25°C to + 70°C and 
over the voltage supply range of ±4.75 to ± 13.2V. 

PRODUCT HIGHLIGHTS 
1. Total harmonic distortion is 100% tested. 

2. MSB trim feature allows superlinear operation. 
3. The ADI856 operates with ±5V to ± 12V supplies. 
4. Serial interface is compatible with digital filter chips. 
5. 1. 5 J.l.s settling time permits 2 x, 4 x and S x oversampling. 

6. No external components are required. 
7. 96dB dynamic range. 

S. ±3Vor ± lmA output capability. 
9. 16-bit resolution. 

10. 2s complement serial input words. 

II. Low cost. 
12. 16-pin plastic DIP or SOlC package. 
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AD1856 -SPECIFICATIONS (typical atTA = +25OC and ±5V supplies unless otherwise noted) 

Min Typ Max Unit$ 

RESOLUTION 16 Bits 

DIGITAL INPUTS VIH 2.4 VL V 
VIL 0 O.S V 
IIH,VIH=VL 1.0 ... A 
IIL,VIL =0.4 -10 .,.A 

Clock Input Frequency 10 MHz 

ACCURACY 
Gain Error ±2.0 % 
Bipolar Zero Error ±30 mV 
Differential Linearity Error ±O.OOI %ofFSR 
Noise (rms, 20Hz to 20kHz) @ Bipolar Zero 6 ... V 

TOTAL HARMONIC DISTORTION 
OdD, 990.5Hz ADlS56N-K, R-K 0.002 0.0025 % 

ADlS56N-J, R-J 0.002 0.004 % 
ADlS56N, R 0.002 0.008 % 

- 20dB, 99O.5Hz ADlS56N-K, R-K O.OIS 0.020 % 
ADlS56N-J, R-J O.OIS 0.040 % 
ADlS56N, R O.OIS 0.040 % 

-6OdB, 990.5Hz ADlS56N-K, R-K I.S 2.0 % 
ADIS56N-J, R-J I.S 4.0 % 
ADlS56N, R I.S 4.0 % 

MONOTONICITY IS Bits 

DRIFT (0 to + 700c) 
Total Drift ±25 ppm of FSRI"C 
Bipolar Zero Drift ±4 ppm of FSRI"C 

SETTLING TIME (to ±0.006% of FSR) 
Voltage Output 6V Step 1.5 ... s 

ILSB Step 1.0 ... s 
Slew Rate 9 V/ ... s 

Current Output lmA Step 100 to 1000 Load 350 ns 
IkG Load 350 ns 

WARM-UP TIME I min 

OUTPUT 
Voltage Output ConfIgUration 

Bipolar Range ±3 V 
Output Current ±S mA 
Output Impedance 0.1 0 
Short Circuit Duration Indefinite to Common 

Current Output ConfIgUration 
Bipolar Range (±30%) 1.0 mA 
Output Impedance (±30%) 1.7 kG 

POWER SUPPLY 
Voltage, +VL and +Vs 4.75 5 13.2 V 
Voltage, -VL and -Vs -13.2 -5 -4.75 V 
Current, +1, VL and Vs = +5V, IOMHz Clock 10 15 mA 
Current, -I, -VL and -Vs = -5V, 10MHz Clock -12 -15 mA 
Current, +I, VLand Vs = +12V, 10MHzClock 12 mA 
Current, -I, -VL and -Vs = -12V, 10MHz Clock -IS mA 

POWER DISSIPATION 
Vs and VL = ±5V, 10MHz Clock 110 150 mW 
Vs and VL = ±12V, 10MHz Clock 135 mW 

TEMPERATURE RANGE 
Specification 0 +70 ·C 
Operation -25 +70 ·C 
Storage -60 +100 ·C 

Specifications subject to change without notice. 
Specifications shown in boldface are tested on all production units at final test. 
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ABSOLUTE MAXIMUM RATINGS· 

VL to DGND ......................... 0 to 13.2V 
V s to AGND .......................... 0 to 13.2V 
-VL to DGND ....................... -13.2 to OV 
-VstoAGND ....................... -13.2toOV 
Digital Inputs to DGND ................. -0.3 to VL 
AGND to DGND ......................... ±O.3V 
Short Circuit Protection ......... Indefmite Short to Ground 

CONNECTION DIAGRAM 

v. 

TRIM 

MSB ADJ 

lOUT 

AGND 

SJ 

RF 

VOUT 

AD185S 
Soldering .......................... + 300"C, !Osec 
Storage Temperature ................ -60°C to + 100°C 

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

PIN DESIGNATIONS 

Pin Function Description 

I -Vs Analog Negative Power Supply 
2 DGND Digital Ground 
3 VL Logic Positive Power Supply 
4 NC No Connection 
S CLK Data Clock Input 
6 LE Latch Enable Input 
7 DATA Serial Data Input 
8 -VL Logic Negative Power Supply 
9 VOUT Voltage Output 

10 RF Feedback Resistor 
11 SJ Summing Junction 
12 AGND Analog Ground 
13 lOUT Current Output 
14 MSB ADJ MSB Adjustment Terminal 
IS TRIM MSB Trimming Potentiometer Terminal 
16 Vs Analog Positive Power Supply 

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

WARNING! LJ 

Definition of Specifications 
TOTAL HARMONIC DISTORTION 
Total Harmonic Distortion (THD) is defmed as the ratio of the 
square root of the sum of the squares of the values of the har
monics to the value of the fundamental input frequency. It is 
expressed in percent (%) or decibels (dB). 

THD is a measure of the magnitude and distribution of linearity 
error and differential linearity error. The distribution of these 
errors may be different, depending on the amplitude of the out
put signal. Therefore, to be most useful, THD should be speci
fied for both large and small signal amplitudes. 

SETTLING TIME 
Settling Time is the time required for the output to reach and 
remain within a specified error band about its final value, meas
ured from the digital input transition. It is the primary measure 
of dynamic performance. 

DYNAMIC RANGE 
Dynamic Range is the specification that indicates the ratio of the 
smallest signal the converter can resolve to the largest signal it is 
able to produce. As a ratio, it is usually expressed in decibels 
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(dB). The theoretical dynamic range of an n-bit converter is ap
proximately (6xn) dB. In the case of the 16-bit ADI8S6, that is 
96dB. The actual dynamic range of a converter is less than the 
theoretical value due to limitations imposed by noise and quanti
zation and other errors. 

BIPOLAR ZERO ERROR 
Bipolar Zero Error is the deviation in the actual analog output 
from the ideal output (OV) when the 2s complement input code 
representing half scale (all Os) is loaded in the input register. 

DIFFERENTIAL LINEARITY ERROR 
Differential Linearity Error is the measure of the variation in 
analog value, normalized to full scale, associated with a ILSB 
change in the digital input. Monotonic behavior requires that 
the differential linearity error not exceed lLSB in the negative 
direction. 

MONOTONICITY 
A DI A converter is monotonic if the output either increases or 
remains constant as the digital input increases. 
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AD1856 
FUNCTIONAL DESCRIPTION 
TheAD1856. is a complete, monolithic 16-bit PCM audio DAC. 
No additional external components are required for operation. 
As shown in the block diagram, each chip contains a voltage 
reference, an output amplifier, a 16-bit DAC, a l6-bit input 
latch and a 16-bit serial-to-parallel input register. 

The voltage reference consists of a bandgap circuit and buffer 
amplifier. This circuitry produces an output voltage that is 
stable over time and temperature changes. 

The 16-bit D/A converter uses a combination of segmented de
coder and R-2R architectures to achieve consistent linearity and 
differential linearity . The resistors which form the ladder struc
ture are fabricated with silicon-chromium thin film. Laser trim
ming of these resistors further reduces linearity error 
resulting in low output distortion. 

The output amplifier uses both MOS and bipolar devices to 
produce low offset, high slew-rate and optimum settling time. 
When combined with the on-board feedback resistor, the output 
op amp can convert the output current of the AD1856 to a volt
age output. 

ANALOG CIRCUIT CONSIDERATIONS 
GROUNDING RECOMMENDATIONS 
The AD1856 has two ground pins, designated ANALOG and 
DIGITAL ground. The analog ground pin is the "high quality" 
ground reference point for the device. The analog ground pin 
should be connected to the analog common point in the system. 
The output load should also be connected to that same point. 

The digital ground pin returns ground current from the digital 
logic portions of the ADl856 circuitry. This pin should be con
nected to the digital common point in the system. 

As illusU'ated in FigUre I, the analog and digital grounds should 
be connected together at one point in the system. 

Figure 1. Recommended Circuit Schematic 

POWER SUPPLmS AND DECOUPLING 
The AD1856 has four power supply input pins. ±Vs provide· 
the supply voltages to operate the linear .portions of the DAC 
including the voltage reference, output amplifier and control 
amplifier. The ±Vs supplies are designed to operate from ±5V 
to ±12V. 

The ± V L supplies operate the digital portions of the chip in
cluding the input shift register and the input latching circuitry. 
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The ± V L supplies are also designed to operate from ± 5V to 
±12V subject only to the limitation that ':"Vi. may not be more 
negative than - V s. 

Decoupling capacitors should be used on all power supply pins. 
Furthermore, good engineering practice suggests that these ca
pacitors be placed as close as possible to the package pins as 
well as the common points. The logic supplies, ± V L> should be 
decoupled to digital common; and the analog supplies, ±Vs, 
should be decoupled to analog common. 

The use of four separate power supplies will reduce feedthrough 
from the digital portion of the system to the linear portions of 
the system, thus contributing to good performance. However, 

+5V 

Figure 2. Alternate Recommended Schematic 

four separate voltage supplies are not necessary for good circuit 
performance. For example, Figure 2 illustrates a system where 
only a single positive and a single negative supply are available. 
Given that these two supplies are within the range of ± 5V to 
± 12V, they may be used to power the AD 1856. In this case, the 
positive logic and positive analog supplies may both be con
nected to the single positive supply. The negative logic and 
negative analog supplies may both be connected to the single 
negative supply. Performance would benefit from a measure of 
isolation between the supplies introduced by using simple low
pass filters in the individual power supply leads. 

A~ with most linear circuits, changes in the power supplies will 
affect the output of the DAC. Analog Devices recommends that 
well regulated power supplies with less than 1 % ripple be incor
porated into the design of any system using these devices. 

TOTAL HARMONIC DISTORTION 
The THD figure of an audio DAC represents the amount of 
undesirable signal produced during reconstruction and playback 
of an audio waveform. The THD specification, therefore, pro
vides a direct method to classify and choose an audio DAC for a 
desired level of performance. 

Analog Devices tests and grades all AD1856s on the basis ·of 
THD performance. A block diagram of the test setup is shown 
in Figure 3. In this test setup, a digital data stream, represent
ing a Odb, -20dB or -6OdB sine wave is sent to the device un
der test. The frequency of this waveform is 990.5Hz. Input data 
is sent to the AD1856 at a 4xFs rate (l76.4kHz). The AD1856 
under test produces an analog output signal with the on-board 
op amp. 
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AD1856 

4xFs I--23 CYCLES --l 
DATA 

AD18S6 f\j\ .. N\ :03V RATE 
16-BIT DATA 

DIGITAL LATCH VOUT 
WAVEFORM 
GENERATOR CLOCK I 990.5Hz -~ 1 0 o 0 1 

NOTCH LOW PASS 
0 
1 1 1 1 1 
1 1 0 1 0 

4096 PT. L too FFT .--. ;\-1 U 
ANALYZER 

1 1 0 o 1 
1 o 1 o 1 
0 o 1 1 1 

L-....... 4096 ---1 r-- SAMPLES ~ 

Figure 3. Block Diagram of Distortion Test Circuit 

The automatic test equipment digitizes 4096 samples of the out
put test waveform, incorporating 23 complete cycles of the sine 
wave. A 4096 point FFT is performed on the results of the test. 
Based on the first 9 harmonics of the fundamental 990.5Hz out
put wave, the total harmonic distortion of the device is calcu
lated. Neither a deglitcher nor an MSB trim is used during the 
THD test. 

The circuit design, layout and manufacturing techniques em
ployed in the production of the AD 1856 result in excellent 
THD performance. Figure 4 shows the typical unadjusted THD 
performance of the AD1856 for various amplitudes of a 1kHz 
output signal. As can be seen, the AD1856 offers excellent per
formance, even at amplitudes as low as -6OdB. Figure 5 illus
trates the typical THD vs. frequency performance. 
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Figure 4. Typical Unadjusted THD vs. Amplitude 
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Figure 5. Typical THO vs. Frequency 

OPTIONAL MSB ADJUSTMENT 
Use of an optioflaI adjustment circuit allows residual differential 
linearity errors around midscale to be eliminated. These errors 
are especially important when low amplitude signals are being 
reproduced. In those cases, as the signal amplitude decreases, 
the ratio of the midscale differential linearity error to the signal 
amplitude increases and THD increases. 

Therefore, for best performance at low output levels, the op
tional MSB adjust circuitry shown in Figure 6 may be used. 
This circuit allows the differential linearity error at midscale to 

be zeroed out. However, no adjustments are required to meet 
data sheet specifications. 

. T \!/ 
TRIM ~s '!..70 ........ ~_r---'.oo\llk't'n~_~"I •• \I\ • .nr-__ '" -v. 

Msa ADJ .4 f-----'. 

Figure 6. Optional THO Adjust Circuit 
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AD1856 
DIGITAL CIRCUIT CONSIDERATIONS 
Input Data 
Data is transmitted to the AD 1856 in a bit stream composed of 
16-bit words with a serial, MSB first format. Three signals must 
be present to achieve proper operation: the Data, Clock and 
Latch Enable signals. Input data bits are clocked into the input 
register on the rising edge of the Clock signal. The LSB is 
clocked in on the 16th clock pulse. When all data bits are 
loaded, a low-going LatCh Enable pulse updates the DAC input. 
Figure 7 illustrates the general signal requirements for data 
transfer for the AD1856. 

DATA 

LATCH_I 
Figure 7. Signal Requirements of AD 1856 

Figure 8 provides the specific timing requirements that must be 
met in order for the data transfer to be accomplished properly. 

Figure 8. Timing Relationships of Input Signals 

The input pins of the ADI856 are both TTL and 5V CMOS 
compatible, independent of power supply voltages used. 

The input requirements illustrated in Figures 7 and 8 are com
patible with the data outputs provided by popular DSP fIlter 
chips used in digital audio playback systems. The ADI856 input 
clock can run at a 10MHz rate. This clock rate will allow data 
transfer rates for 2X, 4x or 8x oversamp!ing reconstruction. 
The application section of this data sheet contains additional 
guides for using the ADI856 with various DSP fIlter chips avail
able from Sony, NPC and Yamaha. 

APPLICATIONS OF THE AD1856PCM AUDIO DAC 
The ADI856 is a versatile digitallto~imaJ.og converter designed 
for applications in consumer digital audio equipment. Portable, 
car and home compact disc player, digital audio-amplifier and 
DAT systems can all use the AD1856. Various circuit architec
tures are popular in these systems. They include stereo playback 
sections featuring one DAC per system, one DAC per audio 
channel (left/right) or even multiple DACs per channel. Further
more, these architectures use different output reconstruction 
rates to accomplish these functions including reproduction at the 
sample rate Fs (Ix), at twice the sample rate (2xFs), at four 
times the sample rate (4 x F s) and even at eight times the sample 
rate (8xFs). Fs is 44.lkHz for CD and 48kHz for DAT 
applications. 
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One DAC per System 
Figure 9 shows a circuit using one AD 18515 per system to repro
duce both stereo channels of a typical first generation digital 

~ ------t-----' 

~----------..... 

LEFT 
OUTPUT 

RIGHT 
OUll'UT 

Figure 9., AD1856 in a One DAC per System Architecture 

audio system. The input data is fed to the AD 1856 in a format 
which alternates between left channel data and right channel 
data. The output of the ADI856 is switched between the left 
channel and right channel output sample/hold amplifiers 
(SHAs). The SHAs demultiplex and deglitch the output of the 
AD1856. The timing diagram for the control signals for this cir
cuit is shown in Figure 10. 

The architecture illustrated in Figure 9 is suitable for low-end 
home or portable systems. However, its usefulness in mid- or 
high-end digital audio reproduction is limited by the phase delay 
which is introduced in the multiplexed output. This phase delay 
is due to the fact that the information contained in the input bit 
stream represents left and right channel audio sampled simulta
neously but reconstructed alternately. One obvious solution to 
this problem may be arrived at by incorporating a third, nonin
verting SHA to delay the output of one channel to "catch up 
to" the other channel. This eliminates the phase shift by restor
ing simultaneous reproduction. This solution is illustrated in 
Figure 11. 

CLOCK 

DATA 

I---- ,LEFT WORD .1. RIGHT WORO---I 

LATCH1~~r 

g~ l_"+i _"5_ .. _m_;n __ J~'.5.' min 

~R~ ~r-----+I-------
SAMPLE 

LEFT 

Figure 10. Control Signals for One DAC Circuit 
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Figure ". Third SHA Eliminates Phase Delay 
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Figure 12. One DAC per Channel Architecture 

One DAC per Channel 

LEFT 
OUTPlJT 

RIGHT 
OUTPUT 

Another approach used to eliminate phase delay between left 
and right channels employs one DAC per channel. In this archi
tecture, the input data bit streams for the left channel and the 
right channel are simultaneously sent and latched into each 
DAC. This "second generation" approach, shown in Figure 12, 
is suitable for higher performance digital-audio playback units. 

Two DACs per Channel (Four DAC System) 
Another architecture uses two DACs per channel. In this 
scheme, shown in Figure 13, each DAC reproduces one half of 
the output waveform. The advantage obtained is that midscale 
differential linearity error no longer effects the zero-crossing 
points of the waveforms. Its effects are shifted to the points 
where the output waveform crosses ± 3/4 full scale. The result is 
that THD performance for low amplitude signals is greatly 
improved. Not shown in Figure 13 is a VLSI circuit required to 
separate the incoming data into the appropriate form required 
by each DAC. 

AD1856 
When a 44. 1kHz reconstruction frequency is used, the actual 
frequency band of interest is 20Hz to 20kHz, and the band of 
unwanted "image" frequency components extends from 
44.1kHz to approximately 24kHz and from 44. 1kHz to 64kHz. 
These unwanted components must be removed with a low-pass 
filter of very high order. First generation digital audio systems 
often use low-pass filters of 9, II and even 13 poles. Linear 
implementations of these ftlters are expensive, difficult to manu
facture and can produce distortion due to varying group delay 
characteristics. 

When a 2x reconstruction frequency (88.2kHz) is used, the 
lowest unwanted frequency components now.extend down.to 
approximately 68kHz. A 4x rate (l76.4kHz) has unwanted 
components extending down to approximately 156kHz. The ftl
ter response needed to remove these frequency components can 
now be less steep. This means that a lower order ftlter may be 
used resulting in less distortion at lower cost. Linear ftlters with 
3 or 5 poles are adequate to do the job and are quite common in 
digital audio products employing oversampling techniques. 

Oversampling techniques require that the serial input data 
stream run at the same integral multiple of the original data 
rate. So, while the constraints on the output low-pass ftlter are 
eased, the constraints on the serial digital input port and the 
settling time of the output stage are not. 

The actual oversampling operation takes place in the digital ftl
ter chip which is located "upstream" from the DAC. The digital 
ftlter accepts data from the media and adds the additional recon
struction points according to the algorithm and coefficients 
stored in the ftlter chip. Since the digital filters actua1ly interpo
late these additional reconstruction points, they have earned the 
name "interpolation ftlters." 

The AD1856 is compatible with popular digital ftlter chips used 
in digital audio products such as the NPC SM5807, NPC 

~Ji..UT SM5805, Yamaha YM3414, and Sony CXD1l36. 

RIGHT 
OUTPlJT 

Figure 13. Two DACs per Channel Eliminate Midscale 
Distortion from the Zero-Crossing Points 

DIGITAL FILTERING AND OVERSAMPLING 
Oversampling is a term which refers to playback techniques in 
which the reconstruction frequency used is an integral (2 or 
more) multiple of the original quantized data rate. For example, 
in compact disc stereo digital audio playback units, the original 
quantized data sample rate is 44. 1kHz. Popular oversampling 
rates are 2x or 4x Fs yielding reconstruction rates of 88.2 and 
176.4kHz, respectively. 

Oversampling is used to ease the performance constraints of the 
low-pass ftlters which usually follow the reconstruction DAC. In 
any signal reconstructed from sampled data, unwanted 
frequency components are introduced in the output spectrum; 
these components are centered at the reconstruction frequency. 
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DUAL DAC, 4x Fs OVERSAMPLING ARCHITECTURE 
Figure 14 illustrates the use of an NPC digital filter chip with 
two AD1856 audio DACs. This scheme achieves four times 
oversampling reconstruction with a dedicated DAC per channel. 
In this example of a typical compact disc player application, the 
digital filter chip accepts serial input words from the digital 
decoder/processor at a 44. 1kHz sample rate. Through the use of 
oversampling, the SM5807 transmits data to the two DACs at a 
176.4kHz rate. The serial DAC input data is sent out of the 
DOUT pin to the serial inputs of the DACs. Left channel and 
right channel data are sent alternately down the same wire. The 
LeftlRight Channel Output signal, LRCO and two logic gates 
demultiplex the data clock signals from BCKO. In this example, 
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AD1856 
the BCKO rate is 192xFs ' However, a 196xFs clock can 'be 
used if SCSL is wired to a logic zero.' Finally, left and right 
channel deglitching signals are provided. At the user's option, 
these signals may be used to control external sample-hold ampli
fiers in order to obtain optimal performance. ' 

ters of the DACs through dedicated left and right channel out
put pins on the YM34l4. As before, optional samplelhold 
signals are provided. 

ACHIEVING 8x Fs OVERS¥lPLING WITH AD1856S 
AND YAMAHA YM3414 

LEFT 
OUTPUT 

RIGHT 
OUTPUT 

Figure IS illustrates the combination of a Yamaha YM3414 digi
tal filter chip and two ADI856 audio DACs. In this scheme, the 
use of a 16.9344MHz clock allows an 8 times oversamp!ing rate 
for extremely high performance. In addition, a lower-order low
pass filter may be used without sacrificing performance. The 
DAC input data is simultaneously transmitted to the input regis- Figure 15. Yamaha YM3414 and AD 1856 Interface 

ORDERING GUIDE 

Model 

AD1856N, R 
ADl856N-J, R-J 
ADl856N-K, R-K 

THD@FS 

0.008% 
0.004% 
0.0025% 

Package Option* 

N-16, R-16A 
N-16, R-I6A 
N-16, R-I6A 

*N = Plastic DIP; R = Small Outline Ie. For outline information see 
Package Information section. 
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FEATURES 
0.002% THO + Noise 
Fast Settling Permits 8x Oversampling 
±3V Output 
Optional Trim Allows Superlinear Performance 
±5V to ±12V Operation 
16-Pin Plastic DIP and SOIC Packages 
Industry Standard Pinout 
2s Complement. Serial Input 

APPLICATIONS 
High End Compact Disc Players 
Digital Audio Amplifiers 
OAT Recorders and Players 
Synthesizers and Keyboards 

PRODUCT DESCRIPTION 
The ADl860 is a monolithic 18-bit PCM Audio DAC. Each de
vice provides a voltage output amplifier, 18-bit DAC, 18-bit se
rial to parallel input register and voltage reference. The digital 
portion of the ADl860 is fabricated with CMOS logic elements 
that are provided by Analog Devices' BiMOS II process. The 
analog portion of the ADl860 is fabricated with bipolar and 
MOS devices as well as thin film resistors. 

This combination of circuit elements, as well as careful design 
and layout techniques, results in high performance audio play
back. Laser trimming of the linearity error affords extremely 
low total harmonic distortion. An optional linearity trim pin is 
provided to allow residual differential linearity error at midscale 
to be eliminated. This feature is particularly valuable for low 
distortion reproductions of low amplitude signals. Output glitch 
is also small contributing to the overall high level of perfor
mance. The output amplifier achieves fast settling and high slew 
rates, providing a full ± 3V signal at load currents up to 8mA. 
When used in current output mode, the ADl860 provides a 
± ImA output signal. The output amplifier is short circuit pro
tected and can withstand indefinite shorts to ground. 

The serial input interface consists of the clock, data and latch 
enable pins. The serial 2s complement data word is clocked into 
the DAC, MSB first, by the external data clock. The latch en
able signal transfers the input word from the internal serial in
put register to the parallel DAC input register. The input clock 
can support a 12.5MHz data rate. This serial input port is com
patible with second generation digital filter chips used in con
sumer audio products. These filters operate at oversampling 
rates of 2x, 4x and 8x sampling frequencies. 
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FUNCTIONAL BLOCK DIAGRAM 

The ADl860 can operate with ±5V to ±12V power supplies 
making it suitable for both the portable and home use markets. 
The digital supplies, V L and - V L> can be separated from the 
analog supplies, V s and - V s, for reduced digital crosstalk. 
Separate analog and digital ground pins are also provided. 

Power dissipation is llOmW typical with ±5V supplies and is 
225mW typical when +5v/-12V supplies are used. 

The ADl860 is available in either a 16-pin plastic DIP or a 16-
pin plastic SOIC surface mount package. Operation is guaran
teed over the temperarure range of - 25°C to + 70°C and over 
the voltage supply range of ±4.75 to ±13.2V. 

PRODUCT HIGHLIGHTS 
1. 18-bit resolution provides 108dB dynamic range. 

2. No external components are required. 

3. Operates with ±5V to ± 12V supplies. 

4. 16-pin DIP or space saving SOlC package. 

5. llOmW power dissipation. 

6. 1.5 .... s settling time permits 2x, 4x and 8x oversampling. 

7. ±3V or ±lmA output capability. 

8. THD + Noise is 100% tested. 
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AD1860 -SPECIFICATIONS (TA at +25°C and ±5V supplies unless otherwise noted) 

. Min Typ Max Units 

RESOLUTION 18 Bits 

DIGITAL INPUTS Vm 2.0 +VL V 
VIL O.S V 
1m , Vm=VL 1.0 .... A 
IlL' VIL =0.4 -10 .... A 

Oock Input Frequency 12.5 MHz 

ACCURACY 
Gain Error ±2.0 % 
Midscale Output Voltage ±30 mV 
Differential Linearity Error ±O.OOI % ofFSR 

TOTAL HARMONIC DISTORTION. + NOISE 
0dB, 99O.5Hz ADlS60N-K, R-K 0.002 0.0025 % 

ADlS60N-J, R-J 0.002 0.004 % 
ADlS60N, R 0.004 O.OOS % 

- 20dB, 99O.5Hz ADlS60N-K, R-K 0.006 0.020 % 
ADlS60N-J, R-J 0.010 0.020 % 
ADlS60N, R 0.010 0.040 % 

-6OdB, 990.5Hz ADlS60N-K, R-K 0.9 2.0 % 
ADlS60N-J, R-J 0.9 2.0 % 
ADIS60N, R 0.9 4.0 % 

SIGNAL TO NOISE RATIO (A-Weight Filter) 102 lOS dB 

DRIFT (0 to +70~C) 
Total Drift ±25 PPIDofFSRrC 
Bipolar Zero Drift ±4 ppm of FSRI"C 

SETTLING TIME (to ±1J.0015% of FSR) 
Voltage Output, 6V Step 1.5 .... s 

ILSB Step 1.0 .... s 
Slew Rate 9 VI .... s 

Current Output IrnA Step Ion to lOon Load 350 ns 
Ikn Load 350 ns 

MONOTONICITY 15 Bits 

OUTPUT 
Voltage Output Configuration 

Bipolar Range :1:2.88 ±3.0 :1:3.12 V 
Output Current ±8 rnA 
Output Impedance 0.1 n 
Short Circuit Duration Indefmite to Common 

Current Output Configuration 
Bipolar Range (±30%) ±1.0 mA 
Output Impedance (±30%) 1.7 kn 

POWER SUPPLY 
Voltage VL and Vs 4.75 13.2 V 
Voltage -VL and -Vs -13.2 -4.75 V 
Current +1, VL and Vs=5V, lOMHz Clock 10.0 13.0 rnA 

-I, -VLand -Vs =-5V, 10MHzClock 12.0 -15.0 rnA 
Current +1, VL and Vs = 12V, lOMHz Clock 10.5 rnA 

-I, -VL and -Vs= -12V, 10MHz Clock 13.5 mA 
Current +1, VL and +Vs= +5V, 10MHz Clock 10 mA 

-I, -VL and -Vs =-12V, 10MHz Clock 14 mA 

POWER DISSIPATION 
Vs and VL = ±5V, lOMHz Clock 110 mW 
Vs and VL = ±12V, lOMHz Clock 288 mW 
Vs and VL = +5V, -Vs and -VL = -12V, 10MHz Clock 31S mW 
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TEMPERATURE RANGE 
Specification 
Operation 
Storage 

WARMUP TIME 
Specifications subject to change without nonce. 

ABSOLUTE MAXIMUM RATINGS· 
VL to DGND .......................... 0 to 13.2V 
Vs to AGND .......................... 0 to 13.2V 
-VL to DGND ....................... -13.2 to OV 
-Vs to AGND ....................... -13.2 to OV 
Digital Inputs to DGND .................. -0.3 to V L 
AGND to DGND ......................... ± O.3V 
Short Circuit ............... .Indefmite Short to Ground 
Soldering .......................... + 300°C, 10sec 
Storage Temperature ................ -60°C to + 100°C 

Note 
·Stresses greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and func
tional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 
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AD1860 
CAUTION ____________________________ ~ ________________ ___ 

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

WARNING! cJ 
~~EDEVICE 

PIN ASSIGNMENTS 
v. 

1 -Vs Analog Negative Power Supply 
TRIM 2 DGND Logic Ground 

3 VL Logic Positive Power Supply 
MSB ADJ 4 NC No Connection 

lOUT 
5 CLK Data Clock Input 
6 LE Latch Enable Input 

AGND 7 DATA Serial Data Input 
8 -VL Logic Negative Power Supply 

SJ 9 VOUT Voltage Output 
10 Rp Feedback Resistor 

R, 11 SJ Summing Junction 

-Vl 
12 AGND Analog Ground 
13 lOUT Current Output 
14 MSBADJ MSB Adjustment Terminal 

Functional Block Diagram 15 TRIM MSB Trimming Potentiometer Terminal 

Model 

ADl860N 
ADl860R 
ADl860N·J 
ADl860R·J 
ADl860N·K 
AD1860R·K 

16 

ORDERING GUIDE 

THD@FS 

0.008% 
0.008% 
0.004% 
0.004% 
0.0025% 
0.0025% 

Vs Analog Positive Power Supply 

Package Option* 

N·16 
R·l6A 
N·16 
R·l6A 
N·16 
R·l6A 

*N = Plastic DIP; R = Small Outline Ie (Surface Mount Package). For out· 
line information see Package Information section. 
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TOTAL HARMONIC DISTORTION + NOISE 
Total Harmonic Distortion plus Noise (THD+ N) is defined as 
the ratio of the square root of the sum of the squares of the val
ues of the harmonics and noise to the value of the fundamental 
input frequency. It is usually expressed in percent (0/0). 

THD+ N is a measure of the magnitude and distribution of lin
earity error, differential linearity error, quantization error and 
noise. The distribution of these errors may be different, depend
ing on the amplitude of the output signal. Therefore, to be most 
useful, THD+ N should be specified for both large and small 
signal amplitudes. 

SETTUNG TIME 
Settling Time is the time required for the output to reach and 
remain within a specified error band about its final value, mea
sured from the digital input transition. It is a primary measure 
of dynamic performance. 

DYNAMIC RANGE 
Dynamic Range is the specification that indicates the ratio of the 
smallest signal the converter can resolve to the largest signal it is 
able to produce. As a ratio, it is usually expressed in decibels 
(dBs). The theoretical dynamic range of an n-bit converter is 
(6xn) dB. In the case of the IS-bit AD1860, that is 108dB. 
The actual dynamic range of a converter is less than the theoret
ica� value due to limitations imposed by noise and other errors. 

MIDSCALE ERROR 
Midscale Error, or bipolar zero error, is the deviation of the ac
tual analog output from the ideal output (OV) when the 2s com
plement input code representing half scale is loaded in the input 
register. 

DIFFERENTIAL UNEARITY ERROR 
Differential Linearity Error is the measure of the variation in 
analog value, normalized to full scale, associated with a ILSB 
change in the digital input. Monotonic behavior requires that 
the differential linearity error not exceed ILSB in the negative 
direction. 

MONOTONICITY 
A D/A converter is monotonic if the output either increases or 
remains constant as the digital input increases. 

SIGNAL-TO-NOISE RATIO 
The Signal-to-Noise Ratio is defmed as the ratio of the ampli
tude of the output with a full-scale output present to the ampli
tude of the output when no signal is present. This is measured 
with a standard A-Weight filter. 
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la-BIT SERIAL-TO-PARALLEL 
CONVERSION 

CLOCK LE DATA 

AD1860 Block Diagram 

FUNCTIONAL DESCRIPTION 
The ADI860 is a complete monolithic 18-bit PCM Audio DAC. 
No additional external components are required for operation. 
As shown in the block diagram, each chip contains a voltage 
reference, an output amplifier, an 18-bit DAC, an 18-bit input 
latch and an 18-bit serial to parallel input register. 

The voltage reference consists of a bandgap circuit and buffer 
amplifier. This combination of elements produces a reference 
voltage that is unaffected by changes in temperature and age. 
The DAC output voltage, which is derived from the reference 
voltage, is also unaffected by these environmental changes. 

The output amplifier uses both MOS and bipolar devices to pro
duce low offset, high slew rate and optimum settling time. 
When combined with the on chip feedback resistor, the output 
op amp converts the output current of the ADI860 to a voltage 
output. 

The 18-bit DI A converter uses a combination of segmented de
coder and R-2R architecture to achieve consistent linearity and 
differential linearity. The resistors which form the ladder struc
ture are fabricated with silicon chromium thin film. Laser trim
ming of these resistors further reduces linearity error resulting 
in low output distortion. 

The input register and serial to parallel converter are fabricated 
with CMOS logic gates. These gates allow the achievement of 
fast switching speeds and low power consumption. This contrib
utes to the overall low power dissipation of the ADI860. 
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AD1860 ~.Analog.Circuit Considerations 
GROUNDING RECOMMENDATIONS 
The ADI860 has two ground pins, designated Analog and Digi
tal ground. The analog ground pin is the "high quality" ground 
reference point for the device. The analog ground pin should be 
connected to the analog common point in the system. The out
put load should also be connected.to that same.point. 

The digital ground pin returns ground current from the digital 
logic portions of the ADI860 circuitry. This pin should be con
nected to the digital common point in the system. 

As illustrated in Figure I, the analog and digital grounds should 
be connected together at one point in the system. 

+5V 

AD1860 

-5V -5V 

+5V 

ANALOG 
COMMON 

Figure 7. Recommended Circuit Schematic 

POWER SUPPLIES AND DECOUPLING 
The ADl860 has four power supply input pins. ±Vs provide 
the supply voltages to operate the linear portions of the DAC 
including the voltage reference, output amplifier and control 
amplifier. The ±Vs supplies are designed to operate from ±5V 
to ±12V. 

The ± V L supplies operate the digital portions of the chip in
cluding the input shift register and the input latching circuitry. 
The ±VL supplies are also designed to be operated from ±5V to 
± 12 V subject only to the limitation that - V L may not be more 
negative than -V s. 

Decoupling capacitors should be used on all power supply pins. 
Furthermore, good engineering practice suggests that these ca
pacitors be placed as close as possible to the package pins as 
well as the common points. The logic supplies, ±Vu should be 
decoupled to digital common; and the analog supplies, ±Vs, 
should be decoupled to analog common. 

The use of four separate power supplies will reduce feedthrough 
from the digital portion of the system to the linear portion of 
the system, thus contributing to good performance. However, 
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four separate voltage supplies are not necessary for good circuit 
performance. For example, Figure 2 illustrates a·system where 
only a single positive and a single negative supply are available. 

DIGITAL 
COMMON 

-5V 

+5V 

Figure 2. Typical Power Supply Sensitivity 

Given that these two supplies are within the range of ± 5V to 
±12V, they may be used to power the AD1860. In this case, 
the positive logic and positive analog supplies may both be con
nected to the single positive supply. The negative logic and 
negative analog supplies may both be connected to the single 
negative supply. Performance would benefit from a measure of 
isolation between the supplies introduced by using simple low 
pass filters in the individual power supply leads. 

As with most linear circuits, changes in the power supplies will 
affect the output of the DAC. Analog Devices recommends that 
well regulated power supplies with less than I % ripple be incor
porated into the design of any system using these devices. 

TOTAL HARMONIC DISTORTION + NOISE 
The THD figure of an audio DAC represents the amount of 
undesirable signal produced during reconstruction and playback 
of an audio waveform. The THD specification, therefore, pro
vides a direct method to classify and choose an audio DAC for a 
desired level of performance. 

By combining noise measurement with THD measurement, a 
THD+ N specification is produced. This specification measures 
all undesirable signal produced by the DAC, including harmonic 
products of the test tone as well as noise. 

Analog Devices tests and grades all AD 1860s on the basis of 
THD+ N performance. A block diagram of the test setup is 
shown in Figure 3. In this. test setup, a digital data stream 
representing a OdB, - 20dB or -60dB sinewave is sent to the 
device under test. The frequency of this waveform in 990.5 Hz. 
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Analog Circuit Details-AD1860 

4xFs I-- 23 CYCLES --l 
DATA 

AD1860 'V\ 001\/\ ±3V RATE 
l8-BIT 

DIGITAL 
WAVEFORM 
GENERATOR 

OUTPUT 

.. 
I I I 

DATA 

LATCH VOUT 

CLOCK 

0 1 0 0 0 
1 1 1 1 1 
1 1 0 1 0 

4096 PT. 
FFT .--. 

ANALYZER 

1 1 0 0 1 
1 0 1 0 1 
0 0 1 1 1 

L.- 4096 ----l r- - SAMPLES -"I 

30kHz 
f--LOW PASS 

1 
0 
1 

990.5Hz 
DIGITIZER --- NOTCH f--

0 
1 
0 

Figure 3. Block Diagram of Distortion Test Circuit 

Input data is sent to the AD1860 at a 4XFs rate (176.4kHz). 
The AD1860 under test produces an output signal with its 
onboard op amp. The automatic test equipment digitizes 4096 
samples of the output test waveform, incorporating 23 complete 
cycles of the sinewave. A 4096 point FFT is performed on the 
results of the test. Based on the harmonics of the fundamental 
990.5Hz test tone and the noise components, the total harmonic 
distortion + noise of the device is calculated. Neither a de
glitcher nor an MSB trim is used during this test. 
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Figure 4. Typical THO vs Frequency 

The circuit design, layout and manufacturing techniques em
ployed in the production of the AD 1860 result in excellent 
THD performance. Figure 4 shows the typical unadjusted THD 
performance of the AD1860 for various amplitudes and frequen
cies of output signals. As can be seen, the AD 1860 offers excel
lent performance, even at low amplitudes. 

OPTIONAL MSB ADJUSTMENT 
Use of an optional adjust circuitry allows residual differential 
linearity error around midscale to be eliminated. This error is 
especially important when low amplitude signals are being re
produced. In those cases, as the signal amplitude decreases, the 
ratio of the midscale differential linearity error to the signal am
plitude increases, thereby increasing THD. 

Therefore, for best performance at low output levels, the op
tional MSB adjust circuitry shown in Figure 5 may be used to 
improve performance. 

470kfi 100kfi 200kU 
TRIM 15}-..... M--W ....... -_IVY----{, -Vs 

MSB AD.I @f------' 

Figure 5. Optional THO Adjust Circuit 
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AD1860 

CLOCK 

DATA 

LATCH I 
Figure 6. Signal Requirements for AD 1860 

DIGITAL CIRCUIT CONSIDERATIONS 
Input Data 
Data is transmitted to the ADl860 in a bit stream composed of 
l8-bit words with a serial, MSB first format. Three signals must 
be present to achieve proper operation. They are the Data, 
Clock and Latch Enable signals. Input data bits are clocked into 
the input register on the rising edge of the Clock signal. The 
LSB is clocked in on the 18th clock pulse. When all data bits 
are loaded, a low-going Latch Enable pulse updates the DAC 
input. Figure 6 illustrates the general signal requirements for 
data transfer for the AD1860. 

ClK 

>80"5 -----., 
>30n5 >30n5 

LATCH ENABLE (lEl 

>40"s 

Timing 
Figure 7 illustrates the specific timing requirements that must 
be met in order for the data transfer to be accomplished prop
erly. The input pins of the ADl860 are both TTL and SV 
CMOS compatible, independent of the power supplies used. 
The input requirements illustrated in Figures 6 and 7 are com
patible with the data outputs provided by popular DSP filter 
chips used in digital audio playback systems. The ADl860 input 
clock can run at a l2.5MHz rate. This clock rate will allow data 
transfer rates for 2x, 4x or 8x oversampling reconstruction. 
The application section of this datasheet contains additional 
guides for using the ADl860 with various DSP filter chips avail
able from Sony, NPC and Yamaha. 

>60ns >15n5 

>400s >40n5 

INTERNAL DAC INPUT REGISTER • 
UPDATED WITH 18 MOST RECENT BITS ..--/ 

DATA 

Figure 7. Timing Relationships of Input Signals 
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APPLICATIONS OF THE ADl860 PCM AUDIO DAC 
The ADl860 is a versatile digital-to-analog converter designed 
for applications in consumer digital audio equipment. Portable, 
car and home compact disc player, digital audio amplifier and 
DAT schemes can all use the AD1860. Various circuit architec
tures are popular in these systems. They include stereo playback 
sections featuring one DAC per system, one DAC per audio 

DATA 
CLOCK OUT 

LATCH AD1860 

SAMPLE _-=====:::::"'+ ___ .....J 
LEFT 

AD1860 
channel (left/right) or multiple DACs per channel. Furthermore, 
these architectures use different output reconstruction rates to 
accomplish these functions including reproduction at the sample 
rate Fs (Ix), at twice the sample rate (2xFs), at four times 
the sample rate (4 x F s) and even at eight times the sample rate 
(8xFs). Fs is 44. 1kHz for CD and 48kHz for DATapplications. 

NONINVERTING 
SHA 

(OPTIONAL) 

LEFT 
OUTPUT 

RIGHT 
OUTPUT 

S~~:~~ ____________ ~~_~ __ ~~~ _______ ~ 
Figure 8. AD1860 in a One DAC per System Architecture 

One DAC per System 
Figure 8 shows a circuit using one ADl860 per system to repro
duce both channels of a typical first generation stereo digital 
audio system. The input data is fed to the ADl860 in a format 
which alternates between left channel data and right channel 
data. The output of the AD 1860 is switched between the left 
channel and right channel output sampleJhold amplifiers 
(SHAs). The SHAs demultiplex and deglitch the output of the 
AD1860. The tinting diagram for the control signals for this cir
cuit are shown in Figure 9. 

However, when only two SHAs are used, the actual system per
formance is limited by the phase delay introduced by the demul
tiplexed format. This undesirable phase delay is caused by the 
fact that the data words presented to the inputs of the DAC rep
resent samples taken at precisely the same point in time. But 

CLOCK 

DATA 

I--- LEFT WORO-_-!4--RlGIfT WORD---i 

LATCH1~~1 
g~ tj 1.5,..min ~'.5,.smin 

U~LE ----, I----------~r-------------RIGIfT L---l 

UMJ~ ~r------

Figure 9. Control Signals for One DAC Circuit 
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when reconstructed and demultiplexed by a single DAC, these 
same outputs occur at slightly different times. 

By incorporating a noninverting SHA into the circuit, the phase 
delay can be eliminated. In Figure 8, the optional SHA ensures 
that the left channel output appears at the same time as the 
right channel output. This minor .change to the circuit elimi
nates the artificially induced phase delay by restoring simulta
neous outputs. 

Following the outputs of the SHAs are low pass filters. These 
filters are required in any sampled data system to remove un
wanted aliased components introduced by the sample and recon
struction operations. 

One DAC per Channel 
A second approach used tl) eliminate phase delay between left 
and right channels employs one DAC per- channel. In this archi
tecture, the input data bitstream for each channel is transmitted 
and then latched into the input register of each DAC. This "sec
ond generation" approach is illustrated in Figure 10. A standard 
implementation of a low pass filter is shown at the output of 
each DAC. An optional sampleJhold amplifier could be con
nected between the DACs and the LPFs to deglitch the outputs. 
This is not required, however, to achieve the specified perfor
mance. 

Two DACs per Channel 
Another architecture uses two DACs per channel. In this 
scheme each DAC reproduces one half of the output waveform. 
The advantage obtained with this structure is that midscale dif
ferential linearity error no longer affects the zero crossing points 
of the waveforms. Its effects are shifted to the points where the 
output waveform crosses 112 ± 114 full scale. The result is that 
THD performance for low amplitude signals is greatly im
proved. 
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AD1860 

DIGITAL 
FILTER 
CHIP 

L ____ _ 
LOW PASS FILTER SECTION OUTPUT SECTION 

WITH MUTE CONTROL 

Figure 10. One DAC per Channel Architecture with LPF 

DIGITAL FILTERING AND OVERSAMPLING 
Oversampling is a term which refers to playback techniques in 
which the reconstruction frequency used is an integral (2 or 
more) multiple of the original quantized data rate. For example, 
in compact disc stereo digital audio playback units, the original 
quantized data sample rate is 44.1kHz. Popular oversampling 
rates are 2x or 4xFs, yielding reconstruction rates of 88.2 and 
176.4kHz, respectively. 

Oversampling is used to ease the performance constraints of the 
low pass filters which follow the reconstruction DAC. In any 
signal reconstructed from sampled data, unwanted frequency 
components are introduced in the output spectrum; these com
ponents are centered at the reconstruction frequency. When a 
44. 1kHz reconstruction frequency is used, the actual frequency 
band of interest is 20Hz to 20kHz, and the band of unwanted 
"image" frequency components extends from 44. 1kHz to 
approximately 24kHz. These unwanted components must be 
removed with a low-pass filter of very high order. First genera
tion digital audio systems often used low-pass filters of 9, II and 
even 13 poles. Linear implementations of these filters are expen
sive, difficult to manufacture and can produce distortion due to 
varying group delay characteristics. 

When a 2 X reconstruction frequency (88.2kHz) is used, the low
est frequency components now' extend down to approximately 
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68kHz. A 4xrate (176.4kHz) has unwanted components extend
ing down to approximately 156kHz. The filter response needed 
to remove these frequency components can now be less steep. 
This means that a lower order filter may be used resulting in 
less distortion at lower cost. Linear filters with 3 or 5 poles, as 
shown in Figure 10, are adequate to do the job and are quite 
common in digital audio products employing oversampling 
techniques. 

Oversampling techniques require the serial input data stream to 
run at the same integral multiple of the original data rate. So, 
while the constraints on the output low-pass filter are eased, the 
constraints on the serial digital input port and the settling time 
of the output stage are not. 

The actual oversampling operation takes place in the digital fil
ter chip (DSP) which is located "upstream" from the DAC. The 

digital filter accepts data from the media and adds the additional 
reconstruction points according to the algorithm and coefficients 
stored in the filter chip. Since the digital filters actually interpo
late these additional reconstruction points, they have earned the 
name "interpolation filters". 

The AD 1860 is compatible with popular digital filter chips 
used in digital audio products such as the Sony CXD I 088, the 
Yamaha YM3434 and the NPC SM5813. 
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AD1860 
Figure II illustrates the combination of a second generation 
digital filter chip, the Sony CXD1088, and the ADI860 audio 

DAC. The digital filter chip provides 18-bit data words to the 
DACs at 4xFs. Very high performance can be achieved. 
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Figure 11. 4xFs with the CXD1088Q 
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AD1860 
Figure 12 illustrates the combination of a Yamaha YM3434 digi
tal filter chip and two ADI860 audio DACs. This combination 
of components results in 8 x F s oversampling reconstruction 
rates. This rate allows the use of lower order output low pass 
filters than would be required with lower oversampling rates, 
without sacrificing performance. In this high performance CD 
player application, the DAC input data is simultaneously trans
mitted to the input registers of the DACs through dedicated left 

and right channel output pins on the YM3434. This implemen
tation does not require any external components to achieve the 
full I08dB dynamic range afforded by the 18-bit ADI860 audio 
DAC. As before, optional sample/hold signals are provided. 

Figure 13 shows the schematic for 8xFs when two ADI860s are 
used with an NPC SM5813AP/APT digital filter chip. As can be 
seen, this application is very similar to the one shown in Figure 
12. See Figure 10 for an example of a typical LPF. 

+5V 

CLOCK 

LATCH 

XI 5T 16/18 DLO r---11--<t..!D!!A~T:!A~.!!!!.!!~:,.. 
BCO 0-----+ .... 

YM3434 
wcoo----.... 

5HL 5HR ORO (j----++-O DATA 
LATCH 

CLOCK 

L.. _______________ 5tH TO OPTIONAL 

DEGLITCH 
CIRCUIT 

Figure 12. YM3434 and AD 1860 Achieve 8xFs 
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rll---o LATCH 
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OW18 DGL DOR o-----t-t--Q DATA 
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Figure 13. SM5813APIAPT and AD1860 Achieve 8xFs 
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FEATURES 
119 dB Signal-to-Noise Ratio 
102 dB D-Range Performance 
±1 dB Gain Linearity 
±1 mA Output Current 
16-Pin DIP Package 
0.0012% THO + N 

APPLICATIONS 
High-Performance Compact Disc Players 
Digital Audio Amplifiers 
Synthesizer Keyboards 
Digital Mixing Consoles 
High-Resolution Signal Processing 

PRODUCT DESCRIPTION 
The AD1862 is a monolithic 20-bit digital audio DAC. Each 
device provides a 20-bit DAC, 20-bit serial-to-parallel input 
register and voltage reference. The digital portion of the 
AD1862 is fabricated with CMOS logic elements that are pro
vided by Analog Devices' BiMOS II process. The analog portion 
of the AD1862 is fabricated with bipolar and MOS devices as 
well as thin-film resistors. 

New design, layout and packaging techniques all combine to 
produce extremely high-performance audio playback. The de
sign of the AD 1862 incorporates a digital offset circuit which 
improves low-level distortion performance. Low-stress packaging 
techniques are used to minimize stress-induced parametric 
shifts. Stress-sensitive circuit elements are located in die areas 
which are least affected by packaging stress. Laser-trimming of 
initial linearity error affords extremely low total harmonic distor
tion. Output glitch is also small, contributing to the overall high 
level of performance. 

The noise performance of the AD1862 is excellent. When used 
with the recommended two external noise-reduction capacitors, 
it achieves 119 dB signal-to-noise ratio. 

The serial input port consists of the clock, data and latch enable 
pins. A serial 20-bit, 2s complement data word is clocked into 
the DAC, MSB first, by the external data clock. A latch-enable 
signal transfers the input word from the internal serial input 

"Protected by U.S. Patents Numbers: 4,349,811; 4,857,862; 4,855,618; 
3,961,326; 4,141,004; 4,902,959. 
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register to the DAC input register. The data clock can function 
at 17 MHz, allowing 16 x Fs operation. The serial input port is 
compatible with second-generation digital filter chips for con
sumer audio products such as the NPC SM5813 and SM5818. 

The AD1862 operates with ±5 V to ±12 V supplies for the dig
ital power supplies and ± 12 V supplies for the analog supplies. 
The digital and analog supplies can be separated for reduced 
digital crosstalk. Separate analog and digital common pins are 
also provided. The AD1862 typically dissipates less than 
300 mW. 

The AD1862 is packaged in a 16-pin plastic DIP. The operating 
range is guaranteed to be - 25°C to + 70°C. 

PRODUCT HIGHLIGHTS 
1. 119 dB signal-to-noise ratio (typical) 

2. 102 dB D-Range performance (minimum) 

3. ± I dB gain linearity @ -90 dB amplitude 

4. 20-bit resolution provides 120 dB of dynamic range 

5. 16xFs operation 

6. 0.0012% THD+N @ 0 dB signal amplitude (typical) 

7. Space saving 16-pin DIP package 

8. ± 1 rnA output current 
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AD186.2 -,-SPECIFICATIONS (TA at +25°C and ±12 V supplies, see Figure 1.0 for test circu'1.s~hematic) 
Min Typ Max Units 

RESOLUTION ..... : .. 20 Bits 

DIGITAL INPUTS VIH 2.0 4.0 V 
V1L 0.4 0.8 V 
li~ @ VIH = 4.0 V 1.0 f1A 
IlL @VIL= 0.4 V -10 f1A 

Maximum Clock Input Frequency 17 MHz 

ACCURACY 
Gain Error ±2 % 
Midscale Output Error ±2 ±5 itA 

TOTAL HARMONIC DISTORTION + NOISE (EIAJ/ 
o dB, 990.5 Hz AD 1 862N-J -98 (0.0012) -96 (0.0016) dB (%) 

ADI862N -94 (0.0019) -92 (0.0025) dB (%) 
-20 dB, 990.5 Hz AD18!?2N, N-J -84 (0.0063) -SO (0.01) dB (%) 
-60 dB, 990.5 Hz AD1862N, N-J -45 (0.56) -42 (0.8) dB (%) 
D-Range, -60 dB, A-Weight Filter 102 dB 

SIGNAL-TO-NOISE RATI02 (ElAJ)' 
A-Weight Filter AD1862N-J 113 119 dB 

AD1862N 110 119 dB 

GAIN LINEARITY 
@ -90 dB AD1862N-J ±1 dB 

AD1862N ±1 dB 

OUTPUT CURRENT 
Bipolar Range ±I mA 
Tolerance ±I ±2 % 
Output Impedance (±30%) 2.1 kO 
Settling Time 350 ns 

FEEDBACK RESISTOR 
Value 3 kO 
Tolerance ±I ±2 % 

POWER SUPPLY 
Voltage VL and -Vi. 4.75 12.0 13.2 ±V 
Voltage Vs and -Vs 10.8 12.0 13.2 ±V 
Current +I, VL and Vs = 12 V, 17 MHz Clock 11 15 mA 

-I, -VL and -Vs = -12 V, 17 MHz Clock 13 16 mA 

POWER DISSIPATION 
VL and Vs = 12 V, -Vi and -Vs= -12 V, 17 MHz Clock 288 372 mW 

TEMPERATURE RANGE 
Specification +25 ·C 
Operation -25 +70 ·C 
Stomge -60 +100 ·C 

NOTE 
'Test Method complies with ErAJ Standard CP-307. 
'The signal-to·noise measurement includes noise contributed by the SE5534A op amp used in the test fIXture but does not include the noise contributed by the 
low pass filter used in the test fixrore. 

Specifications in boldface are tested. on all production units at final electrical test. 
Specifications subject to ciIange without notice. 
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AD1862 
ABSOLUTE MAXIMUM RATINGS· 
VL to DGND ..•..........•.......... 0 to +13.2 V 
-VL to DGND ........................ -Vs to 0 V 
Vs to AGND ...................••... 0 to +13.2 V 
-VS to AGND •.....•................ -13.2 to 0 V 
AGND to DGND ......•............ -0.3 to +0.3 V 
Digital Inputs to DGND ..•......•.•...... -0.3 to VL 
Soldering ......................... +3000<:, 10 sec 
Storage Temperature ...•...•........ -60·C to + lOO·C 

NOTE 
·Stresses greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any othet conditions above those 
indicated in the operational section of this specification is not implied. Exp0-
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 

CAUTION ______________________________________________ ___ 

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

WARNING! c8 
~~EDEVICE 

PIN CONFIGURATION PIN DESIGNATIONS 

-Vs • +Vs 
Pin Function Description 

I -Vs Bias Capacitor 
-Vs NR2 2 -Vs Analog Negative Supply 

TRIM 
AD1862 

ADJ 3 TRIM Trim Pot Connection 

+VL NRI 
4 +VL Positive Logic Supply 

TOP VIEW 5 CLK External Clock Input 
elK (Not to Scale) AGND 6 LE Latch Enable Input 

lE lOUT 7 D Data Input 
8 -VL Negative Logic Supply 

D RF 9 DGND Digital Ground 

-VL DGND 10 RF Feedback Resistor 
11 lOUT Output Current 

12 AGND Analog Ground 
13 NR, Reference Capacitor 
14 ADJ Midscale Adjust 
15 NR2 Bias Capacitor 
16 +Vs Positive Analog Supply 

ORDERING GUIDE 

Operating 
Temperature Package 

Model Range THD+N@FS SNR Option· 

ADI862N - 250C to + 70·C -92 dB, 0.0025% 110 dB N-16 
ADl862N-J - 250C to + 700C -96 dB, 0.0016% 113 dB N-16 

*N = Plastic DIP. For outline information see Package Information section. 
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TOTAL HARMONIC DISTORTION + NOISE 
Total Harmonic Distortion plus Noise (THD+ N) is defined as 
the ratio of the square root of the sum of the squares of the val
ues of the harmonics and noise' to the value of the fundamental 
input frequency. It is usually expressed in percent (%) or deci
bels (dB). 

D-RANGE DISTORTION 
D-Range Distortion is the ratio of the signal amplitude to the 
distortion plus noise at - 60 dB. In this case, an A-Weight filter 
is used. The value specified for D-Range performance is the ra
tio measured plus 60 dB. 

SETTLING TIME 
Settling Time is the time required for the output to reach and 
remain within ± 112 LSB about its final value, measured from 
the digital input transition. It is a primary measure of dynamic 
performance and is usually expressed in nanoseconds (ns). 

SIGNAL-TO-NOISE RATIO 
The Signal-to-Noise Ratio is defined as the ratio of the ampli
tude of the output with full-scale present to the amplitude of the 
output when no signal is present. It is expressed in decibels (dB) 
and measured using an A-Weight filter. 

GAIN LINEARITY 
Gain Linearity is a measure of the deviation of the actual output 
amplitude from the ideal output amplitude. It is determined by 
measuring the amplitude of the output signal as the amplitude 
of that output signal is digitally reduced to a low level. A perfect 
DI A converter exhibits no difference between the ideal and ac
tual amplitudes. Gain linearity is expressed in decibels (dB). 

MIDSCALE ERROR 
Midscale Error, or bipolar zero error, is the deviation of the ac
tual analog output from the ideal output when the 25 comple
ment input code representing midscale is loaded in the input 
register. The ADl862 is a current output D/A converter. There
fore, this error is expressed in ,..,A. 
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FUNCTIONAL DESCRIPTION 
The ADl862 is a high performance, monolithic 20-bit audio 
DAC. Each device includes a voltage reference, a 20-bit DAC, 
20-bit input latch and a 20-bit serial-to-parallel input register. A 
special digital offset circuit, combined with segmentation cir
cuitry, produces excellent THD+N and D-range performance. 

Extensive noise-reduction features are utilized to make the noise 
performance of the ADl862 as high as possible. For example, 
the voltage reference circuit is a low-noise, 9 volt bandgap cell. 
This cell supplies the reference voltage to the bipolar offset cir
cuit and the DAC. An external noise-reduction capacitor is con
nected to NRI to form a low-pass filter network. 

Additional noise-reduction techniques are used in the control 
amplifier of the DAC. By connecting an external noise-reduction 
capacitor to NR2 output noise contributions from the control 
portion of the DAC are similarly reduced. The noise-reduction 
efforts result in a signal-to-noise ratio of 119 dB. 

The design of the ADl862 uses a combination of segmented de
coder, R-2R topology and digital offset to produce low distor
tion at all signal amplitudes. The digital offset technique shifts 
the midscale output voltage (0 V) away from the MSB transition 
of the device. Therefore, small amplitude signals are not af
fected by an MSB change. An extra DAC cell is included to 
avoid clipping the output at full scale. 

The DAC supplies a ± 1 rnA output current to an external 
I-to-V converter. An on-board 3 kO feedback resistor is also 
supplied. Both the output current and feedback resistor are 
laser-trimmed to ±2% tolerance, simplifying the selection of 
external filter and/or deemphasis network components. The in
put register and serial-to-parallel converter are fabricated with 
CMOS logic gates. These gates allow the achievement of fast 
switching speeds and low power consumption. Internal TTL
to-CMOS converters are used to insure TTL and 5 V CMOS 
compatibility . 
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AD1862 

Analog Circuit Considerations 
GROUNDING RECOMMENDATIONS 
The ADI862 has two ground pins, designated analog ground 
(AGND) and digital ground (DGND). The analog ground pin is 
the "high-quality" ground reference for the device. The analog 
ground pin should be connected to the analog common point in 
the system. The reference bypass capacitor, the noninverting 
terminal of the current-to-voltage conversion op amp, and any 
output loads should be connected to this point. The digital 
ground pin returns ground current from the digital logic por
tions of the AD 1862 circuitry. This pin should be connected to 
the digital common point in the system. 

As illustrated in Figure 7, AGND and DGND should be con
nected together at one point in the system. 

Figure 7. Grounding and Bypassing Recommendations 

POWER SUPPLIES AND DECOUPLING 
The AD1862 has four power supply input pins. ±Vs provide 
the supply voltages which operate the linear portions of the 
DAC including the voltage reference and control amplifier. The 
± V s supplies are designed to operate with ± 12 volts. 

The ± V L supplies operate the digital portions of the chip in
cluding the input shift register, the input latching circuitry and 
the TTL-to-CMOS level shifters. The ± V L supplies are de
signed to be operated from ±5 V to ± 12 V supplies subject only 
to the limitation that -V L may not be more negative than -V s' 

Decoupling capacitors should be used on all power supply input 
pins. Good engineering practice suggests that these capacitors be 
placed as close as possible to the package pins and the common 
points. The logic supplies, ± V L' should be decoupled to 
DGND and the analog supplies, ± V s, should be decoupled to 
AGND. 
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EXTERNAL NOISE REDUCTION COMPONENTS 
Two external capacitors are required to achieve low-noise opera
tion. Their correct connection is illustrated in Figure 8. Capaci
tor C I is connected between the pin labeled NR I and analog 
common. CI forms a low-pass filter element which reduces noise 
contributed by the voltage reference circuitry. The proper 
choice for this capacitor is a tantalum type with value of 10 I1F 
or more. This capacitor should be connected to the package pins 
as closely as possible. This will minimize the effects 
of parasitic inductance of the leads and connections circuit 
connections. 

-12V 
ANALOG 
SUPPLY 

NOTE: 
PIN 1 IS "HIGH QUALITY" RETURN 
FOR BIAS CAP. 

C2 

Cl 

Figure 8. Noise Reduction Capacitors 

Capacitor C2 is connected between the pin labeled NR2 and the 
negative analog supply, -V s. This capacitor reduces the portion 
of output noise contributed by the control amplifier circuitry. 
C2 should be chosen to be a tantalum capacitor with a value of 
about I I1F. Again, the connections between the ADI862 and 
C2 should be made as short as possibl~. 

The recommended values for CI and C2 are 10 I1F and 1 I1F, 
respectively. The ratio between CI and C2 should be approxi
mately 10. Additional noise reduction can be gained by choosing 
slightly higher values for CI and C2 such as 22 I1F and 2.2 I1F. 
Figure 2 illustrates the noise performance of the ADI862 with 
10 I1F and I I1F. 

EXTERNAL AMPLIFIER CONNECTIONS 
The ADI862 is a current-output D/A converter. Therefore, an 
external amplifier, in combination with the on-board feedback 
resistor, is required to derive an output voltage. Figure 9 
illustrates the proper connections for an external operational am
plifier. The output of the ADI862 is intended to drive the sum
ming junction of an external current-to-voltage conversion op 
amp. Therefore, the voltage on the output current pin of the 
ADI862 should be approximately the same as that on the 
AGND pin of the device. 
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The on-board 3 kG feedback resistor and the ± I mA output 
current typically have ± I % tolerance or less. This makes the 
choice of external components very simple and eliminates addi
tional trimming. For example, if a user wishes to derive an out
put voltage higher than the ± 3 V swing offered by the output 
current and feedback resistor combination, all that is required is 
to combine a standard value resistor with the feedback resistor 
to achieve the appropriate output voltage swing. This technique 
can be extended to include the choice of elements in the deem
phasis network, etc. 

TOTAL HARMONIC DISTORTION + NOISE 
The THD figure of an audio DAC represents the amount of 
undesirable signal produced during reconstruction and playback 
of an audio waveform. The THD specillcation, therefore, pro
vides a direct method to classify and choose an audio DAC for a 
desired level of performance. 

By combining noise measurement with the THD measurement, 
a THD+ N specification is realized. This specillcation indicates 
all of the undesirable signal produced by the DAC, including 
harmonic products of the test tone as well as noise. 

Analog Devices tests all ADI862s on the basis ofTHD+N per
formance. In this test procedure, a digital data stream represent
ing a 0 dB, -20 dB or -60 dB sine wave is sent to the device 
under test. The frequency of the waveform is 990.5 Hz. Input 
data is sent to the ADl862 at an 8 x Fs rate (352.8 kHz). The 
AD1862 under test produces an output current which is con
verted to an output voltage by an external amplifier. Figure 10 
illustrates the recommended test circuit. Deglitchers and trims 
are not used during this test procedure. The automatic test 
equipment digitizes 4096 samples of the output test waveform, 
incorporating 23 complete cycles of the sine wave. A 4096 point 
FFT is performed on the test data. 

-12V-_I----1 

12V---.., 

17MHz ruLMIl1lJUl --+--'---1 

3S2.8kHz ---'L--IL --+----; 
ruLMIl1lJUl --'-+---1 

-12V-+-.;....J 

AD1862 

TOP VIEW 
5 (Not to Scale) 

Testing the AD1862 

I----t--VOUT • 

Figure 9. External Amplifier Connections 

Based upon the harmonics of the fundamental 990.5 Hz test 
tone, and the noise components in the audio band, the total har
monic distortion + noise of the device is calculated. The 
AD1862 is available in two performance grades. The ADI862N 
produces a maximum of 0.0025% THD+N at 0 dB signal lev
els. The higher performance ADI862N-J produces a maximum 
of 0.0016% THD+N at 0 dB signal levels. 

SIGNAL-TO-NOISE RATIO 
The Signal-to-Noise Ratio (SNR) of the ADI862 is tested in the 
following manner. The amplitude of a 0 dB signal is measured. 
The device under test is then set to midscale output voltage (0 
volts). The amplitude of all noise present to 30 kHz is mea
sured. The SNR is the ratio of these two measurements. The 
SNR figure for the AD 1862 includes the output noise contrib
uted by the NE5534 op amp used in the test fIXtUre but does 
not include the noise contributed by the low-pass filter used in 
the test fIXture. 

The ADI862N has a minimum SNR of 110 dB. The higher per
formance AD1862N-J has a minimum SNR of 113 dB. 

12V 

OUTPUT 
VOLTAGE 

Figure 10. Recommended Test Circuit 
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Testing the AD1862 
OPTIONAL TRIM ADJUSTMENT 
The ADI862 includes an external midscale adjust feature. 
Should an application require improved distortion performance 
under small and very small sign8l amplitudes (-60 dB and 
lower), an adjustment is possible •. Two resistors and one potenti
ometer form the adjustment network. Figure II illustrates the 
correct configuration of the external components. Analog De
vices recommends that this adjustment be performed with 
-60 dB sign8l amplitudes or lower. Minor performance im
provement is achieved with latger sign8l amplitudes such as 
-20 dB. Almost no improvement is possible when this adjust
ment is performed with 0 dB signal amplitudes. 

DIGITAL CIRCUIT CO~SIDERATIONS 
INPUT DATA 
Data is transmitted to the ADI862 in a bit stream composed of 
20-bit words with a serial, 2scomplement, MSB first format. 
Three signals must be present to achieve proper operation. They 
are the data, clock and latch enable sign8ls. Input data bits are 

r------""------~~-_+-- -12V 

470kQ 

lookQ 

470kQ 

Figure ". External Midscale Adjust. 

clocked into the input register on the rising edge of the clock 
sign8l (CLK). The LSB is clocked in on the 20th clock pulse. 
When all data bits are loaded, a low going latch enable (LE) 
pulse updates the DAC input. Figure 12a illustrates the general 
sign8l requirements for data transfer {or the AD1862. 

MSB __ WORD n+1 __ 

MSB ~ .. _---------- WORD n -------1 ..... LSB 

DATA 

CLOCK 

LATCH 
ENABLE 

Figure 12a. Input Data 

TIMING 
Figure 12b illustrates the specific timing requirements that must 
be met in order for the data transfer to be accomplished suc
cessfully. The input pins of the ADI862 are both TTL and 5 V 
CMOS compatible, independent of the power supplies used in 
the application. The input requirements illustrated in Fig-

" )0 ,.u;ns 

CLK 

LATCH ENABLE (LE) 

ure 12b are compatible with the data outputs provided by popu
lar digital interpolation ruter chips used in digital audio play
back systems. The ADI862 input clock will run at 17 MHz 
alloWing data to be transferred at a rate of 16 x Fs. Of course, 
it will also function at slower rates such as 2 x, 4 x or 8 x Fs. 

Figure 12b. Timing Requirements 
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The AD1862 is an extremely high performance DAC designed 
for high-end consumer and professional digital audio applica
tions. Compact disc players, digital preamplifiers, digital musical 
instruments and sound processors benefit from the extended 
dynamic range, low THD+ Noise and high signal-to-noise ratio. 
For the first time, the D/A converter is no longer the basic limi
tation in the performance of a CD player. 

The performance of professional audio gear, such as mixing con
soles, digital tape recorders and multivoice synthesizers can uti
lize the wide dynamic range and signal-to-noise ratio to achieve 
greater performance. And, the AD 1862's space saving 16-pin 
package contributes to compact system design. This permits a 
system designer to incorporate more voices in multivoice synthe
sizers, more tracks in multitrack tape recorders and more chan
nels in multichannel mixing consoles. 

AD1862 
Furthermore, high-resolution signal processing and waveform 
generation applications are equally well served by the AD1862. 

HIGH PERFORMANCE CD PLAYER 
Figure 13 illustrates the application of AD1862s in a high per
formance CD player. Two AD1862s are used, one for the left 
channel and one for the right channel. The CXDllXX chip de
codes the digital data coming from the read electronics and 
sends it to the SM5813. Input data is sent to each AD1862 by 
the SM5813 digital interpolating filter. This device operates at 
8 times oversampling. The NE5534 op amps are chosen for 
current-to-voltage converters due to their low distortion and 
low noise. The output filters are 5-pole designs. For the pur
pose of clarity, all bypass capacitors have been omitted from 
the schematic. 

LEFT 
CHANNEL 
OUTPUT 

-5V DIGITAL -------.-+-++++--1 
SUPPLY -,L-___ ......r-

-12V ~~~~~~ __________ +++++-. 
5VDIGITAL 

SUPPLY 

SONY 
CXD1125 

1130 
1135 

XTAI 

LRCK 

DATA 

C210 

LRCI BCKO 
SM5813 

DIN WCKO 

BCKI DOR 

AD1862 

RIGHT 
CHANNEL 
OUTPUT 

Figure 13. High Performance 20-8it 8 x Oversampling CD Player Application 
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AD1862 
HIGH-RESOLUTION SIGNAL PROCESSING 
Figure l4i1lustrates the AD1862 combined with the DSPS6000. 
In high-resolution applications, the combination of the 24-bit 
architecture of the DSPS6000 and the low noise and high resolu
tion of the AD1862 can produce a high-resolution, .low-noise 
system. 

As shown in Figure 14, the clock signal supplied by the DSP 
processor must be inverted to be compatible with the input of 
the AD1862. The exact architecture of the output low-pass ftIter 

5V 
DIGITAL 
SUPPLY 

Vee 

DSP56001 

-12V 
ANALOG 
SUPPLY 

SCK 

SC2~----------~--~ 

STD~----------~--~ 

-5V 
DIGITAL _-+ __ --' 
SUPPLY 

depends on the sample rate of the output data. In general, the 
higher the oversampling rate, the fewer number of ftIter poles 
are required to prevent aliasing. 

The 20-bit resolution is particularly suitable for professional au
dio, mixing or equalization equipment. Its resolution alIows 
24 dB of equalization to be performed on 16-bit input words 
without signal truncation. Furthermore, up to sixteen l6-bit in
put words can be mixed and output directly to the AD1862. In 
this case, no loss of signal information would be encountered. 

12V 
ANALOG 
SUPPLY 

OUTPUT 
VOLTAGE 

VDD~------------'---------------------~ 
DIGITAL 

.". COMMON 

Figure 14. DSP56001 and AD 1862 Produces High Resolution Signal Processing System 
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~ANALOG 
WDEVICES 

FEATURES 
Dual Serial Input. Voltage Output DACs 
No External Components Required 
Operates at 8 x Oversampling per Channel 
::!:5 Volt to ::!:12 Volt Operation 
Cophased Outputs 
115 dB Channel Separation 
::!:0.3% Interchannel Gain Matching 
0.0017% THD+N 

APPLICATIONS 
Multichannel Audio Applications: 

Compact Disc Players 
Multi-Voice Keyboard Instruments 
OAT Players and Recorders 
Digital Mixing Consoles 
Multimedia Workstations 

PRODUCT DESCRIPTION 
The ADI864 is a complete dual 18-bit DAC offering excellent 
THD+N, while requiring no external components. Two com
plete signal channels are included. This results in cophased volt
"age or current output signals and eliminates the need for output 
demultiplexing circuitry. The monolithic ADl864 chip includes 
CMOS logic elements, bipolar and MOS linear elements and 
laser-trimmed thin-film resistor elements, all fabricated on Ana
log Devices BiMOS II process. 

The DACs on the ADI864 chip employ a partially-segmented 
architecture. The first four MSBs of each DAC are segmented 
into IS elements. The 14 LSBs are produced using standard 
R-2R techniques. Segment and R-2R resistors are laser-trimmed 
to provide extremely low total harmonic distortion. This archi
tecture minimizes errors at major code transitions resulting in 
low output glitch and eliminating the need for an external 
deglitcher. When used in the current output mode, the ADI864 
provides two cophased ± I rnA output signals. 

Each channel is equipped with a high performance output am
plifier. These amplifiers achieve fast settling and high slew rate, 
producing ±3 V signals at load currents up to 8 rnA. Each out
put amplifier is short-circuit protected and can withstand indefi
nite short circuits to ground. 

The AD 1864 was designed to balance two sets of opposing re
quirements, channel separation and DAC matching. High chan
nel separation is the result of careful layout techniques. At the 
same time, both channels of the ADI864 have been designed to 
ensure matched gain and linearity as well as tracking over time 
and temperature. This assures optimum performance when used 
in stereo and multi-DAC per channel applications. 

'Covered by U.S. Patents Nos: RE 30,586; 3,961,326; 4,141,004; 
4,349,811; 4,855,618; 4,857,862 
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Complete Dual 
l8-Bit Audio DAC 

AD1864* I 

AD1864 DIP BLOCK DIAGRAM 

R. 

Your 

-YL 

DR DL 

LR LL 

CLK DGND 

A versatile digital interface allows the ADI864 to be directly 
connected to standard digital filter chips. This interface employs 
five signals: Data Left (DL), Data Right (DR), Latch Left 
(LL), Latch Right (LR) and Clock (CLK). DL and DR are the 
serial input pins for the left and right DAC input registers. In
put data bits are clocked into the input register on the rising 
edge of CLK. A low-going latch edge updates the respective 
DAC output. For systems using only a single latch signal, LL 
and LR may be connected together. For systems using only one 
DATA signal, DR and DL may be connected together. 

The ADI864 operates from ±5 V to ±12 V power supplies. 
The digital supplies, VL and -Vu can be separated from the 
analog supplies, V sand - V s, for reduced digital feedthrough. 
Separate analog and digital ground pins are also provided. The 
AD1864 typically dissipates only 225 mW, with a maximum 
power dissipation of 265 mW. 

The ADI864 is packaged in both a 24-pin plastic DIP and a 
28-pin PLCC. Operation is guaranteed over the temperature 
range of - 25°C to + 70°C and over the voltage supply range of 
±4.75 V to ± 13.2 V. 

PRODUCT HIGHLIGHTS 
1. The ADI864 is a complete dual18-bit audio DAC. 

2. 108 dB signal-to-noise ratio for low noise operation. 

3. THD+N is typically 0.0017%. 

4. Interchannel gain and midscale matching. 

5. Output voltages and currents are cophased. 

6. Low glitch for improved sound quality. 

7. Both channels are 100% tested at 8 x Fs. 

8. Low Power - only 225 mW typ, 265 mW max. 

9. 5-wire interface for individual DAC control. 
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AD1864-SPECIFICATIONS ITA = +25°C, :l:Vl = :l:VS = :1:5 V, Fs =352.8 kHz, without MSB adjusbnant) 
Min Typ 

RESOLUTION IS 

DIGITAL INPUTS 
VIR 2.0 
VIL 
IIH' VIR = +VL 
IlL> VIL = 0.4 V 

Clock Input Frequency 12.7 

ACCURACY 
Gain Error 0.4 
Interchannel Gain Matching 0.3 
Midscale Error 4 
Interchannel Midscale Matching 5 
Gain Linearity Error (0 dB to - 90 dB) <2 

DRIFT (O°C to + 70°C) 
Gain Drift ±25 
Midscale Drift ±4 

TOTAL HARMONIC DISTORTION + NOISE* 
o dB, 990.5 Hz ADlS64N,P 0.004 

AD1S64N-J, P-] 0.003 
ADlS64N-K 0.0017 

-20 dB, 990.5 Hz ADlS64N, P 0.010 
ADlS64N-], p-J 0.010 
ADlS64N-K 0.010 

-60 dB, 990.5 Hz ADlS64N, P 1.0 
ADlS64N-], p-J 1.0 
ADlS64N-K 1.0 

CHANNEL SEPARATION* 
o dB, 990.5 Hz 110 115 

SIGNAL-TO-NOISE RATIO* 
(20 Hz to 30 kHz) N, N-], N-K 102 lOS 

P, p-J 95 108 

D-RANGE* (WITH A-WEIGHT FILTER) 
-60 dB, 990.5 Hz ADlS64N, P 88 100 

ADl864N-J, p-J 94 100 
ADlS64N-K 94 100 

OUTPUT 
Voltage Output Configuration 

Output Range (±3%) ±2.88 ±3.0 
Output Impedance 0.1 
Load Current ±8 
Short-Circuit Duration Indefinite to Common 

Current Output Configuration 
Bipolar Output Range (±30%) ±1 
Output Impedance (±30%) 1.7 

POWER SUPPLY 
+VL and +Vs 4.75 5.0 
-VL and -Vs -13.2 -5.0 
+1, (+VL and +Vs = +5 V) 22 
-I, (-VL and -V~ = -5 V) -23 

POWER DISSIPATION, ±VL = ±Vs = ±5 V 225 

TEMPERATURE RANGE 
Specification 0 +25 
Operation -25 
Storage -60 

WARMUP TIME 1 

NOTE 
SpecifICations shown in boldface are tested on production units at fmal test without optional MSB adjustment. 
*Tested in accordance with EIAJ Test Standard CP-307 with IS-bit data. 
Specifications subject to change without notice. 
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Max Units 

Bits 

+VL V 
O.S V 
1.0 !IA 
-10 !IA 

MHz 

1.0 % ofFSR 
O.S %ofFSR 

mV 
mV 
dB 

ppmofFSRrC 
ppmofFSRrC 

0.006 % 
0.004 % 
0.0025 % 

0.040 % 
0.020 % 
0.020 % 

4.0 % 
2.0 % 
2.0 % 

dB 

dB 

dB 
dB 
dB 

±3.12 V 
n 
rnA 

rnA 
k!l 

13.2 V 
-4.75 V 
25 rnA 
-28 rnA 

265 mW 

+70 °C 
+70 'C 
+100 °C 

min 
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Figure 1. THD+N vs. Frequency 
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Figure 3. THD+N vs. Temperature 
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Figure 5. THD+N VS. Load Resistance 
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Figure 2. Channel Separation vs. Frequency 
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Figure 4. Power Dissipation vs. Supply Voltage 
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Figure 6. Gain Linearity Error, vs. Input Amplitude 
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AD1864 
ABSOLUTE MAXIMUM RATINGS· 
VL to DGND ....................... 0 V to 13.2 V 
Vs to AGND ....................... 0 V to 13.2 V 
-VL to DGND ..................... -13.2 V to 0 V 
-Vs to AGND ..................... -13.2 V to 0 V 
AGND to DGND ........................ ±0.3 V 
Digital Inputs to DGND ................ -0.3 V to VL 
Short-Circuit Protection ........ Indefinite Short to Ground 
Soldering (10 sec) . . . . . . . . . . . . . . . . . . . . . . . . . + 300°C 

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

CAU110N ______________________________________________ ___ 

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

PIN CONFIGURATIONS 

DIP Package 

PIN DESIGNATIONS 

SIGNAL DESCRIPTION 

Negative Analog Supply 

RIGHT MSB 3 

CHANNEL lOUT 4 
LEFT 
CHANNEL 

-Vs 
TRIM 
MSB 
lOUT 

AGND 
SJ 

Right Channel Trim Network Connection 
Right Channel Trim Potentiometer Connection 
Right Channel Output Current 

PLCC Package ., 1!! VI >VI 
1!! ., .. II: 'l' u II: .. 

:II ... z + ... :II 

3 2 1 28 27 26 

lOUT 5 U 25 lOUT 

AGND 6 24 AGND 

SJ 7 > AD1864 23 SJ 

NC8 TOP VIEW 22 NC 

RF 9 > (Not to Scale) 
21 RF 

VOUT 10 20 VOUT 

+VL 11 > 19 -VL 

" 12 13 14 15 16 17 18 
II: II: "" U <> ... ... 
<> ... u z z ... <> 

g 
NC = NO CONNECT 
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Rp 
VOUT 

+VL 
DR 
LR 
CLK 
DGND 
LL 
DL 
-VL 
VOUT 

RF 
SJ 
AGND 
lOUT 

MSB 
TRIM 
+Vs 

Right Channel Analog Common Pin 
Right Channel Amplifier Summing Junction 
Right Channel Feedback Resistor 
Right Channel Output Voltage 
Positive Digital Supply 
Right Channel Data Input Pin 
Right Channel Latch Pin 
Clock Input Pin 
Digital Common Pin 
Left Channel Latch Pin 
Left Channel Data Input Pin 
Negative Digital Supply 
Left Channel Output Voltage 
Left Channel Feedback Resistor 
Left Channel Amplifier Summing Junction 
Left Channel Analog Common Pin 
Left Channel Output Current 
Left Channel Trim Potentiometer Wiper Connection 
Left Channel Trim Network Connection 
Positive Analog Supply 

ORDERING GUIDE 

THD+N Package 
Model @FS Option· 

ADl864N 0.006% N-24 
ADl864N-J 0.004% N-24 
ADl864N-K 0.0025% N-24 
ADl864P 0.006% P-28A 
ADl864P-J 0.004% P-28A 

*N = Plastic DIP; P = Plastic Leaded 
Chip Carrier. For outline information see 
Package Infotmation section. 
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TOTAL HARMONIC DISTORTION + NOISE 
Total Harmonic Distortion plus Noise (THD+N) is defined as 
the ratio of the square root of the sum of the squares of the 
amplitudes of the harmonics and noise to the value of the funda
mental input frequency. It is usually expressed in percent. 

THD+ N is a measure of the magnitude and distribution of lin
earity error, differential linearity error, quantization error and 
noise. The distribution of these errors may be different, depend
ing on the amplitude of the output signal. Therefore, to be most 
useful, THD+ N should be specified for both large (0 dB) and 
small (-20 dB, -60 dB) signal amplitudes. THD+ N measure
ments for the AD 1864 are made using the first 19 harmonics 
and noise out to 30 kHz. 

SIGNAL-TO-NOISE RATIO 
The Signal-to-Noise Ratio is defined as the ratio of the ampli
tude of the output when cide midscale is entered to the ampli
tude of the output when a cide full scale is entered. It is 
measured using a standard A-Weight filter. SNR for the 
AD1864 is measured for noise components up to 30 kHz. 

CHANNEL SEPARATION 
Channel separation is defined as the ratio of the amplitude of a 
full-scale signal appearing on one channel to the amplitude of 
that same signal which couples onto the adjacent channel. It is 
usually expressed in dB. For the ADI864 channel separation is 
measured in accordance with EIAJ Standard CP-307, Section 5.5. 

D-RANGE DISTORTION 
D-Range distortion is equal to the value of the total harmonic 
distortion + noise (THD+ N) plus 60 dB when a signal level of 
60 dB below full-scale is reproduced. D-Range is tested with a 
1 kHz input sine wave. This is measured with a standard 
A-Weight filter as specified by EIAJ Standard CP-307. 

GAIN ERROR 
The gain error specification indicates how closely the output of a 
given channel matches the ideal output for given input data. It 
is expressed in % of FSR and is measured with a full-scale out
put signal. 

INTERCHANNEL GAIN MATCHING 
The gain matching specification indicates how closely the ampli
tudes of the output signals match when producing identical in
put data. It is expressed in % of FSR (Full-Scale Range = 6 V 
for the AD1864) and is measured with full-scale output signals. 

MIDSCALE ERROR 
Midscale error is the deviation of the actual analog output of a 
given channel from the ideal output (0 V) when the 2s comple
ment input code representing half scale is loaded into the input 
register of the DAC. It is expressed in m V. 
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Definition of Specifications- AD1864 
INTERCHANNEL MIDSCALE MATCHING 
The midscale matching specification indicates how closely the 
amplitudes of the output signals of the two channels match 
when the 2s complement input code representing half scale is 
loaded into the input register of both channels. It is expressed in 
m V and is measured with half-scale output signals. 

TRIM 

MSB 

lOUT 

AGNO 

R, 

VOUT 

-VL 

DR Ol 

lR II 

elK OGNO 

AD1864 DIP Block Diagram 

FUNCTIONAL DESCRIPTION 
The AD1864 is a complete, monolithic, dual 18-bit audio DAC. 
No external components are required for operation. As shown in 
the block diagram, each chip contains two voltage references, 
two output amplifiers, two 18-bit serial input registers and two 
18-bit DACs. 

The voltage reference section provides a reference voltage for 
each DAC circuit. These voltages are produced by low-noise 
bandgap circuits. Buffer amplifiers are also included. This com
bination of elements produces reference voltages that are unaf
fected by changes in temperature and time. 

The output amplifiers use both MOS and bipolar devices and 
incorporate an all NPN output stage. This design technique pro
duces higher slew rate and lower distortion than previous tech
niques. Frequency response is also improved. When combined 
with the appropriate on-chip feedback resistor, the output op 
amps convert the output current to output voltages. 

The 18-bit D/A converters use a combination of segmented de
coder and R-2R architecture to achieve consistent linearity and 
differential linearity . The resistors which form the ladder struc
ture are fabricated with silicon chromium thin film. Laser trim
ming of these resistors further reduces linearity errors resulting 
in low output distortion. 

The input registers are fabricated with CMOS logic gates. These 
gates allow the achievement of fast switching speeds and low 
power consumption, contributing to the low glitch and low 
power dissipation of the AD1864. 
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AD1864-Analog Circuit Considerations 

GROUNDING RE<;OMMENDATIONS 
The ADI864 ha~ three ground pin~, two labeled AGND and 
one labeled DGND. AGND, the analog gtound pins, are. the 
"high quality" gtound references for the device. To minimize 
distortion and reduce crosstalk between channels, the analog 
ground pins should be connected together only at the analog 
common point in the system. As shown in Figure 7, the AGND 
pins should not be connected at the chip. 

VOUT---+-! 

DIGITAL -_---I 
SUPPLY· 

~---VOUT 

1--..-- -DIGITAL 
SUPPLY 

DIGITAL 
-=- COMMON 

Figure 7. Recommended DIP Circuit Schematic 

The digital gtound pin returns ground current from the digital 
logic portions of the ADI864 circuitry. This pin should be con
nected to the digital common pin in the system. Other digital 
logic chips should also be referred to that point. The analog and 
digital grounds should be connected together at one point in the 
system, preferably at the power supply. 

POWER SUPPLIES AND DECOUPLING 
The AD1864 has four power supply pins. ±Vs provide the sup
ply voltages which operate the analog portions of the DAC in
cluding the voltage references, output amplifiers and control 
amplifiers. The ± V s supplies are designed to operate from 
±5 V to ±12 V. These supplies should be decoupled to analog 
common using 0.1 I1F capacitors. Good engineering practice 
suggests that the bypass capacitors be placed as close as possible 
to the pac.kage pins. This minimizes the parasitic inductive ef
fects of printed circuit board traces. 

The ± V L supplies operate the digital portions of the chip in
cluding the input shift registers and the input latching circuitry. 
These supplies should be bypassed to digital common using 
O.II1F capacitors. ±VL operates with ±5 V to ±12 V supplies. 
In order to assure proper operation of the AD1864, -Vs must 
be the. most negative power supply voltage at all times. 
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Though separate positive and negative power supply pins are 
provided for the analog and digital portions of the AD 1864, it is 
also possible to use the AD 1864 in systems featuring a single 
positive and a single negative power supply. In this case, the 
+ V s and + V L input pins should be connected to the positive 
power supply. -Vs and -VL shquld be connected to the single 
negative supply. This feature allows reduction of the cost and 
complexity of the system power supply. 

As with most linear circuits, changes in the power supplies will 
affect the output of the DAC. Analog Devices recommends that 
well-regulated power supplies with less than 1% ripple be incor
porated into the design of an audio system. 

DISTORTION PERFORMANCE AND TESTING 
The THD+ N figure of an audio DAC represents the amount of 
undesirable signal produced during reconstruction and playback 
of an audio waveform. The THD+ N specification, therefore, 
provides a direct method to classify and choose an audio DAC 
for a desired level of performance. Figure I illustrates the typi
cal THD+N performance of the ADI864 versus frequency. A 
load impedance of at least 1.5 k!1 is recommended for best 
THD+N performance. . 

Analog Devices tests and grades all AD 1864s on the basis of 
THD+ N performance. During the distortion test, a high-speed 
digital pattern generator transmits digital data to each channel of 
the device under test. Eighteen-bit data is latched into the DAC 
at 352.8 kHz (8 x Fs). The test waveform is a 990.5 kHz sine 
wave with 0 dB, -20 dB and -60 dB amplitudes. A 4096 point 
FFT calculates total harmonic distortion + noise, signal-to-noise 
ratio, D-Range and channel separation. No deglitchers or MSB 
trims are used. 

OPTIONAL MSB ADJUSTMENT 
Use of optional adjust circuitry allows residual distortion error 
to be eliminated. This distortion is especially important when 
low-amplitude signals are being reproduced. The MSB-adjust 
circuitry is shown in Figure 8. The trim pot should be adjusted 
to produce the lowest distortion using an input signal with a 
-60 dB amplitude. 

Figure 8. Optional DIP THD+N Adjust Circuitry 
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CURRENT OUTPUT MODE 
One or both channels of the AD 1864 can be operated in current 
output mode. lOUT can be used to directly drive an external 
current-to-voltage (I-V) converter. The internal feedback resis
tor, Rp, can still be used in the feedback path of the external 
I-V converter, thus assuring that Rp tracks the DAC over time 
and temperature. 

Of course, the ADI864 can also be used in voltage output mode 
utilizing the on board I-V converter. 

elK 

Dl 

DR 

Digital Circuit Considerations - AD1864 
VOLTAGE OUTPUT MODES 
As shown in the AD1864 block diagram, each channel of the 
AD1864 is complete with an I-V converter and a feedback resis
tor. These can be connected externally to provide direct voltage 
output from one or both AD1864 channels. Figure 7 shows 
these connections. lOUT is connected to the summing junction, 
SJ. VOUT is connected to the feedback resistor, Rp. This imple
mentation results in the lowest possible component count and 
achieves the performance shown on the specifications page while 
operating at 8 x Fs. 

II I 
lR I 

Figure 9. AD1864 Control Signals 

INPUT DATA 
Data is transmitted to the AD1864 in a bit stream composed of 
18-bit words with a serial, 2s complement, MSB first format. 
Data Left (DL) and Data Right (DR) are the serial inputs for 
the left and right DACs, respectively. Similarly, Latch Left 
(LL) and Latch Right (LR) update the left and right DACs. 
The falling edges of LL and LR cause the last 18 bits which 
were clocked into the Serial Registers to be shifted into the 
DACs, thereby updating the DAC outputs. Left and Right 
channels share the Clock (CLK) signal. Data is clocked into the 
input registers on the rising edge of CLK. 

Figure 9 illustrates the general signal requirements for data 
transfer for the AD1864. 

TIMING 
Figure 10 illustrates the specific timing requirements that must 
be met in order for the data transfer to be accomplished prop
erly. The input pins of the AD1864 are both TTL and 5 V 
CMOS compatible. 

The minimum clock rate of the AD1864 is at least 12.7 MHz. 
This clock rate allows data transfer rates of 2 x, 4 x, 8 x and 
16xFs (where Fs equals 44.1 kHz). The applications section of 
this datasheet contains additional guidelines for using the 
ADl864. 

Figure 10. AD1864 Timing Diagram 
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AD1864 

-5V ANALOG SUPPLY 

.SV DIGITAL SUPPLY 

.SV ANALOG SUPPLY 

-5V DIGITAL SUPPLY 

LEFT 
r-------------~~----~-CHANNEL 

OUTPUT 

RIGHT 
..---+-- CHANNEL 

OUTPUT 

Figure 11. Complete 8 x Fs 18-8it CD Player 

IS·BIT CD PLAYER DESIGN 
Figure 11 illustrates an 18-bit CD player design incorporating an 
ADl864 D/A converter, an AD712 or NE5532 dual op amp and 
the SM5813 digital ftlter chip manufactured by NPC. In this 
design, the SM5813 ftlter transmits left and right digital data to 
both channels of the AD1864. The left and right latch signals, 
LL and LR, are both provided by the word clock signal 
(WCKO) of the digital ftlter. The digital ftlter supplies data at 
an 8 x F s oversample rate to each channel. 

The digital data is converted to analog output voltages by the 
output amplifiers on the AD1864. Note that no external compo
nents are required by the AD1864. Also, no deglitching cir
cuitry is required. 
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An AD712 or NE5532 dual op amp is used to provide the out
put antialias filters required for adequate image rejection. One 
2-pole ftlter section is provided for each channel. An additional 
pole is created from the combination of the internal feedback 
resistors (Rp) and the external capacitors CI and C2. For exam
ple, the nominal 3 kO Rp with a 360 pF capacitor for CI and 
C2 will place a pole at approximately 147 kHz, effectively elimi
nating all high frequency noise components. 

Close matching of the ac characteristics of the amplifiers on the 
AD712 as well as their low distortion make it an ideal choice for 
the task. 

Low distortion, superior channel separation, low power con
sumption and a low component count are all realized by this 
simple design. 
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OUTPUT OUTPUT 
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OUTPUT OUTPUT 

Applications - AD 1864 

VOICE 6 
OUTPUT 
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ANALOG 
COMMON 

VOICE 1 LOAD 

VOICE 2 LOAD --W-l----=====~..j..J 

VOICE 6 LOAD 

W---=====:"--1--l-1- VOICE 5 LOAD 
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Figure 12. Cascaded AD 1864s in a Multichannel Keyboard 
Instrument 

MULTICHANNEL DIGITAL KEYBOARD DESIGN 
Figure 12 illustrates how to cascade ADI864s to add multiple 
voices to an electronic musical instrument. In this example, the 
data and clock signals are shared between all six DACs. As the 
data representing an output for a specific voice is loaded, the 
appropriate DAC is updated. For example, after the 18 bits rep
resenting the next output value for Voice #4 is clocked out on 
the data line, then "Voice 4 Load" is pulled low. This produces 
a new output for Voice 4. Furthermore, all voices can be re
turned to the same output by pulling all six load signals low. 

In this application, the advantages of choosing the ADI864 are 
clear. Its flexible digital interface allows the clock and data to be 
shared among all DACs. This reduces printed circuit board area 
requirements and also simplifies the actual layout of the board. 
The low power requirement of the ADl864 (typically 215 mW) 
is an advantage in a multiple DAC system where its power ad
vantage is multiplied by the number of DACs used. The 

REV. A 

ADI864 requires no external components, simplifying the de
sign, reducing the total number of components required and 
enhancing reliability. 

ADDITIONAL APPLICATIONS 
Figures 13 through 16 show connection diagrams for the 
ADI864 and a number of standard digital fIlter chips from Ya
maha, NPC and Sony. Figure 13 shows the SM5814AP operat
ing with pipelined data. Cophase operation is not available with 
the SM5814AP in 18-bit mode. Figures 14 through 16 are all 
examples of cophase operation. Each application operates at 
8 x Fs for each channel. The 2-pole Rauch low pass fIlters 
shown in Figure II can be used with all of the applications 
shown in this data sheet. The AD7l1 single op amp can also be 
used in these applications in order to ensure maximum channel 
separation. 
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AD1864 

Vss 

Sc5Mi51 
Si5Mo2 

V •• 

BCKO 
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DOR 
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DGL 

-5VANALOG 
SUPPLY 

+5VDIGITAL 
SUPPLY 
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SUPPLY 

-5V DIGITAL 
SUPPLY 

Figure 13. AD1864 with NPC SM5814AP Digital Filter 
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Figure 14. AD1864 with Yamaha YM3434 Digital Filter 
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Applications - AD1864 
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Figure 15. AD1864 with Sony CXD1244S Digital Filter 
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Figure 16. AD1864 with NPC SM5818AP Digital Filter 
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WDEVICES 

FEATURES 
Dual Serial Input, Voltage Output DACs 
No External Components Required 
110 dB SNR 
0.003% THD+N 
Operates at 16 x Oversampling per Channel 
±5 Volt Operation 
Cophased Outputs 
116 dB Channel Separation 
Pin Compatible with AD1864 
DIP or SOIC Packaging 
APPLICATIONS 
Multichannel Audio Applications: 
Compact Disc Players 
Multivoice Keyboard Instruments 
DAT Player!; and Recorders 
Digital Mixing Consoles 
Multimedia Workstations 

PRODUCT DESCRIPTION 
The AD1865 is a complete, dual 18-bit DAC offering excellent 
THD+ Nand SNR while requiring no external components. 
Two complete signal channels are included. This results in 
cophased voltage or current output signals and eliminates the 
need for output demuitiplexing circuitry. The monolithic 
AD1865 chip includes CMOS logic elements, bipolar and MOS 
linear elements and laser-trimmed thin-film resistor elements, all 
fabricated on Analog Devices' ABCMOS process. 

The DACs on the ADI865 chip employ a partially segmented 
architecture. The first four MSBs of each DAC are segmented 
into 15 elements. The 14 LSBs are produced using standard 
R-2R techniques. Segment and R-2R resistors are laser trimmed 
to provide extremely low total harmonic distortion. This archi
tecture minimizes errors at major code transitions resulting in 
low output glitch and eliminating the need for an external 
deglitcher. When used in the current output mode, the AD1865 
provides two ± I rnA output signals. 

Each channel is equipped with a high performance output am
plifier. These amplifiers achieve fast settling and high slew rate, 
producing ±3 V signals at load currents up to 8 rnA. Each out
put amplifier is short-circuit protected and can withstand indefi
nite short circuits to ground. 

The AD 1865 was designed to balance two sets of opposing re
quirements, channel separation and DAC matching. High chan
nel separation is the result of careful layout. At the same time, 
both channels of the AD 1865 have been designed to ensure 
matched gain and linearity as well as tracking over time and 
temperature. This assures optimum performance when used in 
stereo and multi-DAC per channel applications. 

"Protected by U.S. Patents Nos.: RE 30,586; 3,961,326; 4,141,004; 
4,349,811; 4,855,618. 4,857,862 • 
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Complete Oual18-Bit 
16 x Fs Audio OAC 

A01865* I 
FUNCTIONAL BLOCK DIAGRAM 

(DIP Package) 

.vs 
TRIM 

MSB 

lOUT 

AGND 

SJ 

RF 

VOUT 

NC 

DR Dl 

lR II 

ClK DGND 

NC = NO CONNECT 

A versatile digital interface allows the AD 1865 to be directly 
connected to standard digital filter chips. This interface employs 
five signals: Data Left (DL), Data Right (DR), Latch Left . 
(LL), Latch Right (LR) and Clock (CLK). DL and DR are the 
serial input pins for the left and right DAC input registers. In
put data bits are clocked into the input register on the rising 
edge of CLK. A low-going latch edge updates the respective 
DAC output. For systems using only a single latch signal, LL 
and LR may be connected together. For systems using only one 
DATA signal, DR and DL may be connected together. 

TheAD1865 operates with ±5 V power supplies. The digital sup
ply, Vu can be separated from the analog supplies, Vs and -Vs, 
for reduced digital feedthrough. Separate analog and digital 
ground pins are also provided. The AD1865 typically dissipates 
only 225 m W, with a maximum power dissipation of 260 m W. 

The AD1865 is packaged in both a 24-pin plastic DIP and a 
28-pin SOIC package. Operation is guaranteed over the temper
ature range of - 25°C to + 70°C and over the voltage supply 
range of ±4.75 V to ±5.25 V. 

PRODUCT HIGHLIGHTS 
1. The AD1865 is a Complete Dual 18-Bit Audio DAC. 
2. 110 dB Signal-To-Noise Ratio for low noise operation. 
3. THD+ N is typically 0.003%. 

4. Interchannel gain and midscale matching. 
5. Output voltages and currents are cophased. 
6. Low glitch for improved sound quality. 

7. Both channels are 100% tested at 16 x F s. 
8. Low Power-only 225 mW typ, 260 mW max. 

9. Five-wire interface for individual DAC control. 
10. 24-pin DIP or 28-pin SOlC packages available. 
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AD1865 SPECIFICATIONS (TA. = + 25°C, +V~ = +Vs = +5 V and -Vs = -5 V, Fs = 105.6 kHz, no MSB 
. - . . adjustment or deglltcher) 

Parameter Min Typ 

RESOLUTION IS 

DIGITAL INPUTS VIH 2.0 
V,L 
IIH' VIH = +VL 
I'L> V,L = 0.4 V 

Clock Input Frequency 13.5 

ACCURACY 
Gain Error 0.2 
Interchannel Gain Matching 0.3 
Midscale Error 4 
Interchannel Midscale Matching 5 
Gain Linearity (0 dB to -90 dB) <2 

DRIFT (O°C to + 70°C) 
Gain Drift ±25 
Midscale Drift ±4 

TOTAL HARMONIC DISTORTION + NOISE* 
o dB, 990.5 Hz ADlS65N, R 0.004 

ADlS65N-J, R-J 0.003 
-20 dB, 990.5 Hz ADlS65N, R 0.010 

ADlS65N-J, R-J 0.010 
-60 dB, 990.5 Hz ADlS65N, R 1.0 

ADlS65N-J, R-J 1.0 

CHANNEL SEPARATION* 
o dB, 990.5 Hz no 116 

SIGNAL-TO-NOISE RATIO* (20 Hz to 30 kHz) 107 110 

D-RANGE* (with A-Weight Filter) 
-60 dB, 990.5 Hz ADlS65N, R 88 100 

ADlS65N-J, R-J 94 100 

OUTPUT 
Voltage Output Configuration 

Output Range (±1%) :t:2.94 ±3.0 
Output Impedance 0.1 
Load Current ±S 
Short Circuit Duration Indefinite to Common 

Current Output Configuration 
Bipolar Output Range (±30%) ±1 
Output Impedance (±30%) 1.7 

POWER SUPPLY 
+VL and +Vs 4.75 5.0 
-Vs -5.25 -5.0 
+1, +VL and +Vs = +5 V 22 
-I, -Vs = -5 V -23 

POWER DISSIPATION, +VL = +Vs = +5 V, -Vs = -5 V 225 

TEMPERATURE RANGE 
Specification 0 +25 
Operation -25 
Storage -60 

WARMUP TIME I 

Specifications shown in boldface are tested on production units at final test without optional MSB adjustment. 
"Tested in accordance with EIAJ Test Standard CP-307 with 18-bit data. 
Specifications subject to change without notice. 
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Max Unit 

. Bits 

+VL V 
O.S V 
1.0 fLA 
-10 fLA 

MHz 

1.0 % ofFSR 
0.8 % ofFSR 

mV 
mV 
dB 

ppm of FSRrC 
ppm of FSRrC 

0.006 % 
0.004 % 
0.040 % 
0.020 % 
4.0 % 
2.0 % 

dB 

dB 

dB 
dB 

:t:3.06 V 
0 
rnA 

rnA 
kO 

5.25 V 
-4.75 V 
26 rnA 
-26 rnA 

260 mW 

+70 °C 
+70 °C 
+100 °C 

min 
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ABSOLUTE MAXIMUM RATINGS· 
VL to DGND ......................... 0 to 6.0 V 
Vs to AGND .......................... 0 to 6.0 V 
-Vs to AGND ....................... -6.0 to 0 V 
AGND to DGND ........................ ±0.3 V 
Digital Inputs to DGND ................. -0.3 to VL 
Short Circuit Protection ........ Indefmite Short to Ground 
Soldering .......................... 300°C, 10 sec 

AD1865 
·Stresses greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum raring conditions for extended periods may 
affect device reliability. 

CAUTION ________________________________________________ _ 

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

WARNING! ~ 

~~EDEVICE 
ORDERING GUIDE 

Temperature Package 
Model Range THD+N@FS Option· 

AD1865N - 25°C to + 70°C 0.006% N-24 
AD1865N-J -25°C to +70°C 0.004% N-24 
AD1865R - 25°C to + 70°C 0.006% R-28 
AD 1865R-J - 25°C to + 70°C 0.004% R-28 

*N = Plastic DIP, R = Small Outline Ie Package, For outline information 
see Package Information section. 

PIN DESIGNATIONS 

DIPSOIC 

1 22 -Vs Negative Analog Supply 
2 23 TRIM Right Channel Trim Network Connection 
3 24 MSB Right Channel Trim Potentiometer 

Wiper Connection 
4 26 lOUT Right Channel Output Current 
5 28 AGND Analog Common Pin 
6 1 SJ Right Channel Amplifier Summing Junction 
7 2 Rp Right Channel Feedback Resistor 
8 3 VOUT Right Channel Output Voltage 
9 4 +VL Positive Digital Supply 

10 5 DR Right Channel Data Input Pin 
11 6 LR Right Channel Latch Pin 
12 7 CLK Clock Input Pin 
13 8 DGND Digital Common Pin 
14 9 LL Left Channel Latch Pin 
15 10 DL Left Channel Data Input Pin 
16 11, 16, 18 NC No Internal Connection· 

25,27 
17 12 VOUT Left Channel Output Voltage 
18 13 Rp Left Channel Feedback Resistor 
19 14 SJ Left Channel Amplifier Summing Junction 
20 15 AGND Analog Common Pin 
21 17 lOUT Left Channel Output Current 
22 19 MSB Left Channel Trim Potentiometer 

Wiper Connection 
23 20 TRIM Left Channel Trim Network Connection 
24 21 +Vs Positive Analog Supply 

*Pin 16 has no internal connection; -VL from ADl864 DIP socket can be safely applied. 
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(28-Pin SOIC Package) 
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LR 

CLK 

DGND 

LL 

SJ 
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AD1865 - Definition of Specifications 
TOTAL HARMONIC DISTORTION + NOISE 
Total harmonic distortion plus Doise (THD+N) is defined as 
the ratio of the square root of the spm of the squares of the am
plitudes of the harmonics and noise ,,' the value of the funda
mental input frequency. It is usually expressed in percent. 

THD+ N is a measure of the magnitude and distribution of lin
earity error, differential linearity error, quantization error and 
noise. The distribution of these errors may be different, depend
ing on the amplitude of the output signal. Therefore, to be most 
useful, THD+ N should be specified for both large (0 dB) and 
small (-20 dB, -60 dB) signal amplitudes. THD+N measure
ments for the AD 1865 are made using the first 19 harmonics 
and noise out to 30 kHz. 

SIGNAL-TO-NOISE RATIO 
The signal-to-noise ratio is defmed as the ratio of the amplitude 
of the output when a full-scale code is entered to the amplitude 
of the output when a midscale code is entered. It is measured 
using a standard A-Weight filter. SNR for the ADI865 is mea
sured for noise components out to 30 kHz. 

CHANNEL SEPARATION 
Channel separation is defined as the ratio of the amplitude of a 
full-scale signal appearing on one channel to the amplitude of 
that same signal which couples onto the adjacent channel. It is 
usually expressed in dB. For the ADI865 channel separation 
is measured in accordance with EIAJ Standard CP-307, Section 
5.5. 

D-RANGE DISTORTION 
D-Range distortion is equal to the value of the total harmonic 
distortion + noise (THD+ N) plus 60 dB when a signal level of 
-60 dB below full scale is reproduced. D-Range is tested with a 
I kHz input sine wave. This is measured with a standard 
A-Weight filter as specified by EIAJ Standard CP-307. 

GAIN ERROR 
The gain error specification indicates how closely the output of a 
given channel matches the ideal output for given input data. It 
is expressed in % of FSR and is measured with a full-scale out
put signal. 

INTERCHANNEL GAIN MATCHING 
The gain matching specification indicates how closely the ampli
tudes of the output signals match when producing identical in
put data. It is expressed in % of FSR (Full-Scale Range = 6 V 
for the AD1865) and is measured with full-scale output signals. 

MIDSCALE ERROR 
Midscale error is the deviation of the actual analog output of a 
given channel from the ideal output (0 V) when the twos com
plement input code representing half scale is loaded into the in
put register of the DAC. It is expressed in mV and is measured 
with half-scale output signals. 
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INTERCHANNEL MIDSCALE MATCHING 
The .midscale matching specification indicates how closely the 
amplitUdes of the output signals of the two channels match 
when the twos complement input code representing half scale is 
loaded into the input register of both channels. It is expressed in 
mV and is measured with half-scale output signals. 

FUNCTIONAL DESCRIPTION 
The ADI865 is a complete, monolithic, dual18-bit audio DAC. 
No external components are required for operation. As shown in 
the block diagram, each chip contains two voltage references, 
two output amplifiers, two IS-bit serial input registers and two 
18-bit DACs. 

The voltage reference section provides a reference voltage for 
each DAC circuit. These voltages are produced by low-noise 
bandgap circuits. Buffer amplifiers are also included. This com
bination of elements produces reference voltages that are unaf
fected by changes in temperature and age. 

The output amplifiers use both MOS and bipolar devices and 
incorporate an all NPN output stage. This design technique pro
duces higher slew rate and lower distortion than previous tech
niques. Frequency response is also improved. When combined 
with the appropriate on-chip feedback resistor, the output op 
amps convert the OInput current to output voltages. 

The 18-bit D/A converters use a combination of segmented de
coder and R-2R architecture to achieve consistent linearity and 
differential linearity . The resistors which form the ladder struc
ture are fabricated with silicon chromium thin film. Laser trim
ming of these resistors further reduces linearity errors resulting 
in low output distortion. 

The input registers are fabricated with CMOS logic gates. These 
gates allow the achievement of fast switching speeds and low 
power consumption, contributing to the low glitch and low 
power dissipation of the AD1865. 
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AD1865 Block Diagram (DIP Package) 
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AD1865-Analog Circuit Consideration 
GROUNDING RECOMMENDATIONS 
The ADl865 has three ground pins, two labeled AGND and 
one labeled DGND.AGND, the analog ground pins, are the 
"high quality" ground references for the device. To minimize 
distortion and reduce crosstalk between channels, the analog 
ground pins should be connected together only at the analog 
common point in the system. As shown in Figure 6, the AGND 
pins should not be connected at the chip. 

vouT----1 ~-----VOUT 

DIGITAL -~~-l 
SUPPLY 

DIGITAL 
COMMON 

Figure 6. Recommended Circuit Schematic 

The digital ground pin returns ground current from the digital 
logic portions of the ADl865 circuitry. This pin should be con
nected to the digital common pin in the system. Other digital 
logic chips should also be referred to that point. The analog and 
digital grounds should be connected together at one point in the 
system, preferably at the power supply. 

POWER SUPPLIES AND DECOUPLING 
The ADl865 has three power supply input pins. ±Vs provides 
the supply voltages which operate the analog portions of the 
DAC including the voltage references, output amplifiers and 
control amplifiers. The ± V s supplies are designed to operate 
from ±5 V supplies. Each supply should be decoupled to analog 
common using a 0.1 I1F capacitor in parallel with a 10 I1F ca
pacitor. Good engineering practice suggests that the bypass ca
pacitors be placed as close as possible to the package pins. This 
minimizes the parasitic inductive effects of printed circuit board 
traces. 

The + V L supply operates the digital portions of the chip in
cluding the input shift registers and the input latching circuitry. 
This supply should be bypassed to digital common using a 
O.II1F capacitor in parallel with a 10 I1F capacitor. +VL oper
ates with a + 5 V supply. In order to assure proper operation of 
the AD1865, -Vs must be the most negative power supply volt
age at all times. 

Though separate positive power supply pins are provided for 
the analog and digital portions of the AD 1865, it is also possible 
to use the AD 1865 in systems featuring a single + 5 V power 
supply. In this case, both the +Vs and +VL input pins should 
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be connected to the single + 5 V power supply. This feature al
lows reduction of the cost and complexity of the system power 
supply. 

As with most linear circuits, changes in the power supplies will 
affect the output" of the DAC. Analog Devices recommends that 
well regulated power supplies with less than 1 % ripple be incor
porated into the design of an audio system. 

DISTORTION PERFORMANCE AND TESTING 
The THD + N figure of an audio DAC represents the amount of 
undesirable signal produced during reconstruction and playback 
of an audio waveform. The THD+ N specification, therefore, 
provides a direct method to classify and choose an audio DAC 
for a desired level of performance. Figure 1 illustrates the typi
cal THD+N performance of the ADl865 versus frequency. A 
load impedance of at least 1.5 kO is recommended for best 
THD+ N performance. 

Analog Devices tests and grades all AD 1865s on the basis of 
THD+ N performance. During the distortion test, a high-speed 
digital pattern generator transmits digital data to each channel of 
the device under test. Eighteen-bit data is transmitted at 
705.6 kHz (16 x Fsl. The test waveform is a 990.5 Hz sine 
wave with 0 dB, -20 dB and -60 dB amplitudes. A 4096 point 
FFT calculates total harmonic distortion + noise, signal-to-noise 
ratio, D-Range and channel separation. No deglitchers or MSB 
trims are used in the testing of the AD1865. 

OPTIONAL MSB ADJUSTMENT 
Use of optional adjust circuitry allows residual distortion error 
to be eliminated. This distortion is especially important when 
low amplitude signals are being reproduced. The MSB adjust 
circuitry is shown in Figure 7. The trim potentiometer should 
be adjusted to produce the lowest distortion using an input sig
nal with a -60 dB amplitude. 

Figure 7. Optional THD+N Adjust Circuitry 
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CURRENT OUTPUT MODE 
One or both channels of the ADl865 can be operated in current 
output mode. lOUT can be used to directly drive an external 
current -to-voltage (I-V) converter. The internal feedback resis
tor, RF , can still be used in the feedback path of the external 
I-V converter, thus assuring that RF tracks the DAC over time 
and temperature. 

Of course, the AD1865 can also be used in voltage output mode 
in order to utilize the onboard I-V converter. 

elK 

Dl 

DR 

II 

lR 

Digital Circuit Considerations - AD 1865 
VOLTAGE OUTPUT MODES 
As shown on the block diagram, each channel of the AD1865 is 
complete with an I-V converter and a feedback resistor. These 
can be connected externally to provide direct voltage output 
from one or both AD1865 channels. Figure 6 shows these con
nections. lOUT is connected to the Summing Junction, SJ. 
VOUT is connected to the feedback resistor, RF. This implemen
tation results in the lowest possible component count and 
achieves the specifications shown on the Specifications page 
while operating at 16 x Fs. 

Figure 8. AD1865 Control Signals 

INPUT DATA 
Data is transmitted to the AD1865 in a bit stream composed of 
18-bit words with a serial, twos complement, MSB first format. 
Data Left (DL) and Data Right (DR) are the serial inputs for 
the left and right DACs, respectively. Similarly, Latch Left 
(LL) and Latch Right (LR) update the left and right DACs. 
The falling edge of LL and LR cause the last 18 bits which 
were clocked into the Serial Registers to be shifted into the 
DACs, thereby updating the DAC outputs. Left and Right 
channels share the Clock (CLK) signal. Data is clocked into the 
input registers on the rising edge of CLK. 

Figure 8 illustrates the general signal requirements for data 
transfer for the AD 1865. 

>74.1ns 

elK 

TIMING 
Figure 9 illustrates the specific timing requirements that must 
be met in order for the data transfer to be accomplished prop
erly. The input pins of the AD1865 are both TTL and 5 V 
CMOS compatible. 

The minimum clock rate of the AD1865 is at least 13.5 MHz. 
This clock rate allows data transfer rates of 2 x, 4 x, 8 x and 
16 x Fs (where Fs equals 44.1 kHz). 

LLllR ------t--;-----+----{f-'-'j.L.J..JI 

OllDR 

Figure 9. AD1865 Timing Diagram 
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AD1865 

-5V ANALOG SUPPLY 

.5V OIGIT AL SUPPLY 

.5V ANALOG SUPPL V 

LEFT ,.-______ + __ +_ g~~~~~L 

RIGHT 
,.--1-- CHANNEL 

OUTPUT 

Figure 10. Complete 8 x Fs 18-8it CD Player 

IS-BIT CD PLAYER DESIGN 
Figure 10 illustrates an 18-bit CD player design incorporating an 
ADl86S D/A converter, an NESS32 dual op amp and the 
SMS813 digital filter chip manufactured by NPC. In this design, 
the SMS813 filter transmits left and right digital data to both 
channels of the ADI86S. The left and right latch signals, LL 
and LR, are both provided by the word clock signal (WCKO) of 
the digital filter. The digital filter supplies data at an 8 x Fs 
oversample rate to each channel. 

The digital data is converted to analog output voltages by the 
output amplifiers on the ADI86S. Note that no external compo
nents are required by the ADI86S. Also, no deglitching cir
cuitry is required. 
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An NESS32 dual op amp is used to provide the output antialias 
filters required for adequate image rejection. One 2-pole filter 
section is provided for each channel. An additional pole is cre
ated from the combination of the internal feedback resistors 
(Rp) and the external capacitors Cl and C2. For example, the 
nominal 3 kO Rp with a 360 pF capacitor for Cl and C2 will 
place a pole at approximately 147 kHz, effectively eliminating all 
high frequency noise components. 

Low distortion, superior channel separation, low power con
sumption and a low parts count are all realized by this simple 
design. 
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MULTICHANNEL DIGITAL KEYBOARD DESIGN 
Figure 11 illustrates how to cascade ADIS65's to add multiple 
voices to an electronic musical instrument. In this example, the 
data and clock signals are shared between all six DACs. As the 
data representing an output for a specific voice is loaded, the 
appropriate DAC is updated. For example, after the IS·bits rep· 
resenting the next output value for Voice 4 is clocked out on the 
data line, then "Voice 4 Load" is pulled low. This produces a 
new output for Voice 4. Furthermore, all voices can be returned 
to the same output by pulling all six load signals low. 

VOICE 1 
OUTPUT 

VOICE 2 VOICE 3 
OUTPUT OUTPUT 

AD18S5 
In this application, the advantages of choosing the ADIS65 are 
clear. Its flexible digital interface allows the clock and data to be 
shared among all DACs. This reduces PC board area require· 
ments and also simplifies the actual layout of the board. The 
low power requirements of the ADIS65 (approximately 
225 mW) is an advantage in a multiple DAC system where any 
power advantage is multiplied by the number of DACs used. 
The ADIS65 requires no external components, simplifying the 
design, reducing the total number of components required and 
enhancing reliability. 

VOICE 4 VOICE 5 
OUTPUT OUTPUT 

VOICE 6 
OUTPUT 

+5V~~~~~~-+------------------~+-----4----------------1~-----+----------------' 

-5V~~~~~~-+ __ -' ______________ ~+-----~~------------_i-+-----+' 

ANALOG 
COMMON 

VOICE 1 LOAD VOICE 6 LOAD 

VOICE 2 LOAD --W-+---=====~-W L.j.---'=====~_l_+_-- VOICE 5 LOAD 
L-++--+---------------+4--- VOICE 4 LOAD VOICE 3 LOAD -t-I-+--------------~--_++_' 

DATA-~~--------------~---4~~r_------------_i----~--+_--------------~ 

CLOCK--+-~--------------~----~~~------------_i----_i~ 
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Figure ". Cascaded AD 1865s in a Multichannel Keyboard 
Instrument 
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AD1865 
ADDITIONAL APPLICATIONS 
Figures 12 through 14 show connection diagrams for the 
AD1865 and standard digital filter chips from Yamaha, NPC 
and Sony. Each figure is an example of cophase operation oper
ating at 8 x Fs for each channel. The 2-pole Rauch low pass 
filters shown in Figure 10 can be used with all of the applica
tions shown in this data sheet. 

+5V DIGITAL SUPPLY 

Figure 13. AD1865 with Sony CXDI244s Digital Filter 
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Figure 12. AD1865 with Yamaha YM3434 Digital Filter 
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Figure 14. AD1865 with NPC SM5818AP Digital Filter 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Dual Serial Input, Voltage Output DACs 
Single +5 Volt Supply 
0.005% THD+N 
Low Power-45 mW 
115 dB Channel Separation 
Operates at ax Oversampling 
16-Pin Plastic DIP or SOIC Package 

APPLICATIONS 
Multimedia Workstations 
PC Audio Add-In Boards 
Portable CD and OAT Players 
Automotive CD and OAT Players 
Noise Cancellation 

PRODUCT DESCRIPTION 
The AD1866 is a complete duall6-bit DAC 
performance while requiring a single + 5 
fabricated on Analog Devices' 
cess. The monolithic chip inclu 
bipolar and MOS linear elements ser 
resistor elements. Careful design and layou 
resulted in low distortion, low noise, high ch 
and low power dissipation. 

The DACs on the ADI866 chip employ a partially segmented 
architecture. The first three MSBs of each DAC are segmented 
into 7 elements. The 13 LSBs are produced using standard 
R-2R techniques. The segments and R-2R resistors are laser 
trimmed to provide extremely low total harmonic distortion. 
The ADI866 requires no deglitcher or trimming circuitry. 

Each DAC is equipped with a high performance output ampli
fier. These amplifiers achieve fast settling and high slew rate, 
producing ± 1 V signals at load currents up to ± I mAo The 
buffered output signal range is 1.5 V to 3.5 V. The 2.5 V refer
ence voltages eliminate the need for "false ground" networks. 

A versatile digital interface allows the AD1866 to be directly 
connected to all digital ftIter chips. Fast CMOS logic elements 
allow for an input clock rate of up to 16 MHz. This allows for 
operation at 2 x, 4 x, 8 x, or 16 x the sampling frequency 
(where F s = 44.1 kHz) for each channel. The digital input pins 
of the ADI866 are TTL and +5 V CMOS compatible. 

"Protected by U.S. Patent Nos: 3,961,326,4,141,004; 4,349,811; 4,857,862; 
and patents pending. 

Single Supply 
Dual 16-Bit Audio DAC 

AD1866* I 
FUNCTIONAL BLOCK DIAGRAM 

Vs 

NRL 

AGND 

NRR 

operates on +5 V power supplies. The digital sup
L' can be separated from the analog supply, Vs, for 

uced digital feedthrough. Separate analog and digital ground 
pins are also provided. In systems employing a single + 5 volt 
power supply, VL and Vs should be connected together. In bat
tery operated systems, operation will continue even with 
reduced supply voltage. Typically, the AD1866 dissipates 
45mW. 

The ADI866 is packaged in either a 16-pin plastic DIP or a 
16-pin plastic SOIC package. Operation is guaranteed over the 
temperature range of -35°e to +85°e and over the voltage sup
ply range of 4.75 V to 5.25 V. 

PRODUCT IDGHLIGHTS 
1. Single supply operation @ + 5 V. 

2. 45 mW power dissipation. 

3. THD+N is 0.005% (typical). 

4. Signal-to-Noise Ratio is 95 dB (typical). 

5. ll5 dB channel separation (typical). 

6. Compatible with all digital ftIter chips. 

7. l6-pin DIP and 16-pin sOle packages. 

8. No deglitcher required. 

9. No external adjustments required. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD 1866 - SPECIFICATIONS (TA = 25°C and +5 V supplies unless otherwise noted) 

Min Typ Max Unit 
RESo.LUTIo.N 16 Bits 

DIGITAL INPUTS Vm 2.4 V 
VIL 0.8 V 
1m , Vm = VL 1.0 JJA 
IlL' VIi. = DGND -10.0 JJA 

Maximum Clock Input Frequency 13.5 MHz 

ACCURACY 
Gain Error ±3 % ofFSR 
Gain Matching ±3 % ofFSR 
Miscale Error ±30 mV 
Midscale Error Matching ±IO mV 
Gain Linearity Error ±3 dB 

DRIFT (OOC to 700c) 
Gain Drift ±IOO ppmt'C 
Midscale Drift -130 ".vrc 

To.TAL HARMo.NIC DISTo.RTIo.N + NOISE 
o dB, 990.5 Hz ADl866N 0.01 % 

ADl866R 0.01 % 
-20 dB, 990.5IHz ADI866N % 

ADl866R % 
-60 dB, 990.5 Hz ADl866N % 

ADl866R % 

CHANNEL SEPARATIo.N I kHz, 0 dB dB 

SIGNAL-To.-NOISE RATIO. (with A-W . dB 

D-RANGE (with A-Weight Filter) dB 

o.UTPUT 
Voltage Output Pins (VOL' Vo,.) 

Output Range (±3%) V 
Output Impedance 0 
Load Current ±I mA 

Bias Voltage Pins CVBL' VBR) 
OutpUt Range +2.5 V 
Output Impedance 350 0 

POWER SUPPLY 
Specification, V L and V s 4.75 5 5.25 V 
Operation, V L and V s 3.5 5.25 V 
+I, VL and Vs = 5 V 9 13 mA 

POWER DISSIPATIo.N 45 65 mW 

TEMPERATURE RANGE 
Qperation -35 85 ·C 
Storage -60 100 ·C 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed 10 in writing. 
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FEATURES 
Dual Serial Input. Voltage Output DACs 
Single +5 V Supply 
0.004% THD+N (typical) 
Low Power: 50 mW (typical) 
>115 dB Channel Separation (typical) 
Operates at 8x Oversampling 
16-Pin Plastic DIP or SOIC Package 

APPUCATIONS 
Portable Compact Disc Players 
Portable OAT Players and Recorders 
Automotive Compact Disc Playars 
Automotive OAT Playars 
Multimedia Workstations 

PRODUCT DESCRIPTION 
The AD1868 is a complete dual 18-bit DAC offering excellent 
performance while requiring a single +5 V power supply. It is 
fabricated on Analog Devices' ABCMOS wafer fabrication pro
cess. The monolithic chip includes CMOS logic elements, bipo
lar and MOS linear elements, and laser-trimmed thin-film 
resistor elements. Careful design and layout techniques have 
resulted in low distortion, low noise, high channel separation, 
and low power dissipation. 

The DACs on the AD1868 chip employ a partially segmented 
architecture. The ftrst three MSBs of each DAC are segmented 
into seven elements. The IS LSBs are produced using standard 
R-2R techniques. The segments and R-2R resistors are laser
trimmed to provide extremely low total harmonic distortion. 
The AD 1868 requires no deglitcher or trimming circuitry. 

Each DAC is equipped with a high performance output ampli
fter. These amplifIers achieve fast settling and high slew rate, 
producing ± 1 V signals at load currents up to ± 1 mAo The 
buffered output signal range is 1.5 V to 3.5 V. Reference volt
ages of 2.5 V are provided, eliminating the need for "False 
Ground" networks. 

A versatile digital interface allows the AD 1868 to be directly 
connected to all digital ftIter chips. Fast CMOS logic elements 
allow for an input clock rate of up to 13.5 MHz. This allows for 
operation at 2x, 4x, 8x, or 16x the sampling frequency 
(where F s equals 44.1 kHz) for each channel. The digital input 
pins of the AD1868 are TTL and +5 V CMOS compatible. 

'Protected by U.S. Patents Nwnben: 3,961,326; 4,141,004; 4,349,811; 
4,857,862; and patents pending. 
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Single Supply 
Oual18-Bit Audio OAC 

A01868* I 
FUNCTIONAL BLOCK DIAGRAM 

The AD1868 operates on +5 V power supplies. The digital sup
ply, VL> can be separated from the analog supply, Vs, for 
reduced digital feedthrough. Separate analog and digital ground 
pins are also provided. In systems employing a single + 5 volt 
power supply, VL and Vs should be connected together. In 
battery-operated systems, operation will continue even with 
reduced supply voltage. Typically, the AD1868 dissipates 
SOmW. 

The AD1868 is packaged in either a 16-pin plastic DIP or a 
16-pin plastic SOlC package. Operation is guaranteed over the 
temperature range of -35°C to +8SOC and over the voltage sup
ply range of 4.75 V to 5.25 V. 

PRODUCT HIGHLIGHTS 
1. Single-supply operation @ +5 V 

2. SO mW power dissipation (typical) 

3. THD+N is 0.004% (typical) 

4. Signal-to-Noise Ratio is 97.5 dB (typical) 

S. > llS dB channel separation (typical) 

6. Compatible with all digital ftIter chips 

7. l6-pin DIP and 16-pin SOlC packages 

8. No deglitcher required 

9. No external adjustments required 
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AD1868 -SPECIFICATIONS ITA = +25°C and +5 V supplies unless otherwise noted) 

RESOLUTION :. 

DIGITAL INPUTS Vrn 
VIL 

IIR' Vrn = VL 

IlL> VIL = DGND 
Maximum Clock Input Frequency 

ACCURACY 
Gain Error 
Gain Matching 
Midscale Error 
Midscale Error Matching 
Gain Linearity Error 

DRIFT (oec to + 700c) 
Gain Drift 
Midscale Drift 

TOTAL HARMONIC DISTORTION + NOISE 
o dB, 990.5 Hz ADl86SN, R 

ADlS6SN-J, R-J 

- 20 dB, 990.5 Hz ADlS6SN, R 
ADlS6SN-J, R-J 

-60 dB, 990.5 Hz ADlS6SN, R 
ADlS6SN-J, R-J 

CHANNEL SEPARATION 1 kHz, 0 dB 

SIGNAL-TO-NOISE RATIO (with A-Weight Filter) 

D-RANGE (with A-Weight Filter) 

OUTPUT 
Voltage Output Pins (VoL, VoR) 

Output Range (±3%) 
Output Impedance 
Load Current 

Bias Voltage Pins (VBL, VBR) 
Output Voltage 
Output Impedance 

POWER SUPPLY 
Specification, V L and V s 
Operation, VL and Vs 
+1, VL and Vs = 5 V 

POWER DISSIPATION 

TEMPERATURE RANGE 
Operation 
Storage 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
VL to DGND ...........•............... 0 to 6 V 
V s to AGND ..•..............•......... 0 to 6 V 
AGND to DGND ....••.................. ±0.3 V 
Digital Inputs to DGND ...•............. -0.3 to VL 

Soldering .......................... 3000C, 10 sec 

Min Typ Max Units 

IS Bits 

2.4 V 
0.8 V 

1.0 !LA 
1.0 !LA 

13.5 MHz 

±1 %.ofFSR 
±1 %ofFSR 
±15 mV 
±10 mV 
±3 dB 

±100 ppmJ"C 
±100 fJ-vrc 

0.004 0.008 % 
0.004 0.006 % 

0.020 0.08 % 
0.020 0.08 % 

2.0 5.0 % 
2.0 5.0 % 

108 >115 dB 

95 97.5 dB 

86 92 dB 

±1 V 
0.1 0 
±1 rnA 

+2.5 V 
350 0 

4.75 5 5.25 V 
3.5 5.25 V 

10 14 rnA 
50 70 mW 

-35 85 OC 
-60 100 ec 

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

CA~ON ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent dantage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 
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Typical Performance of the AD1868 
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Figure 1. THD+N vs. Frequency 
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AD1868 
PIN CONFIGURATIONS 

AD1868 

TOPVlEW 
(Not To Scale) 

PIN DESIGNATIONS 

I 
2 
3 
4 
5 
6 
7 

VL 

LL 
DL 
CK 
DR 
LR 
DGND 

S VBR 
9 Vs 

10 VoR 
11 NRR 
12 AGND 
l3 NRL 
14 VoL 
IS Vs 
16 VBL 

Digital Supply ( + 5 Volts) 
Left Channel Latch Enable 
Left Channel Data Input 
Clock Input 
RIGHT Channel Data Input 
RIGHT Channel Latch Enable 
Digital Common 
Right Channel Bias 
Analog Supply (+5 Volts) 
Right Channel Output 
Right Channel Noise Reduction 
Analog Common 
Left Channel Noise Reduction 
Left Channel OutpUt 
Analog Supply (+5 Volts) 
Left Channel Bias 

DEFINITION OF SPECIFICATIONS 

Total Harmonic Distortion + Noise 
Total harmonic distortion plus noise (THD+ N) is defined as 
the ratio of the square root of the sum of the squares of the 
amplitudes of the harmonics and noise to the amplitude of the 
fundamental input frequency. It is usually expressed in percent 
(%) or decibels (dB). 

D-RBIIge Distortion 
D-range distortion is the ratio of the amplitude of the signal at 
an amplitude of -60 dB to the amplitude of the distortion plus 
noise. In this case, an A-weight filter is used. The value speci
fied for D-range performance is the ratio measured plus 60 dB. 

Signal-to-Noise Ratio 
The signal-to-noise ratio is defmed as the ratio of the amplitude 
of the output when a full-scale output is present to the ampli
tude of the outpUt with no signal present. It is expressed in 
decibels (dB) and measured using an A-weight filter. 

Gain Linearity 
Gain linearity is a measure of the deviation of the actual output 
amplitude from the ideal output amplitude. It is determined by 
measuring the amplitude of the output signal as the amplitude 
of that output signal is digitally reduced to a lower level. A per
fect DI A converter exhibits no difference between the ideal and 
actual amplitudes. Gain linearity is expressed in decibels (dB). 
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Midscale Error 
Midscale error is the difference between the analog output and 
the bias when the twos complement input code representing 
midscale is loaded in the input register. Midscale error is 
expressed in m V. 

FUNCTIONAL DESCRIPTION 
The ADIS6S is a complete, voltage output dual IS-bit digital 
audio DAC which operates with a single +5 volt supply. As 
shown in the block diagram, each channel contains a voltage 
reference IS-bit, serial-ta-parallel input register, IS-bit input
latch, IS-bit DAC, and an output amplifier. 

The voltage reference section provides a reference voltage and a 
false ground voltage fOr each channel. The low noise bandgap 
circuits produce reference voltages that are unaffected by 
changes in temperature, time, and power supply. 

The outpUt amplifier uses both MOS and bipolar devices and 
incorporates an NPN c1ass-A output stage. It is designed to pro
duce high slew rate, low noise, low distortion, and optimal fre
quency response. 

Each IS-bit DAC uses a combination of segmented decoder and 
R-2R architecture to achieve good integral and differential lin
earity. The resistors which form the ladder structure are fabri
cated with silicon-chromium thin fUm. Laser-trimming of these 
resistors further reduces linearity error, resulting in low output 
distortion. 

The input registers are fabricated with CMOS logic gates. These 
gates allow fast switching speeds and low power consumption, 
contributing to the fast digital tiniing, low glitch, and low power 
dissipation of the ADlS6S. 

AD1868 Functional Block Diagram 
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ANALOG CIRCUIT CONSIDERATIONS 
GROUNDING RECOMMENDATIONS 
The ADl868 has two ground pins, designated as AGND (Pin 
12) and DGND (Pin 7). The analog ground, AGND, serves as 
the "high quality" reference ground for analog signals and as a 
return path for the supply current from the analog portion of 
the device. The system analog common should be located as 
cloSe as possible to Pin 12 to minimize any voltage drop which 
may develop between these two points, although the interna1 
circuit is designed to minimize signal dependence of the analog 
return current. 

The digital ground, DGND, returns ground current from the 
digital logic portion of the device. This pin should be connected 
to the digital common node in the system. As shown in Fig-
ure 7, the analog and digital grounds should be joined at one 
point in the system. When these two grounds are remotely con
nected such as at the power supply ground, care should be 
taken to minimize the voltage difference between the DGND 
and AGND pins in order to ensure the specified performance. 

POWER SUPPLIES AND DECOUPLING 
The ADl868 has three power supply input pins. V s (Pins 9 and 
IS) provide the supply voltages which operate the analog portion 
of the device including the 18-bit DACs, the voltage references, 
and the output amplifiers. The V s supplies are designed to oper
ate with a + 5 V supply. These pins should be decoupled to ana
log common using a 0.1 .. F capacitor. Good engineeringpractice 
suggests that the bypass capacitors be placed as close as possible 
to the package pins. This minimizes the inherent inductive 
effects of printed circuit board traces. 

V L (Pin I) operates the digital portions of the chip including the 
input shift registers and the input latching circuitry. V L is also 
designed to operate with a +5 V supply. This pin should be 
bypassed to digital common using a 0.1 .. F capacitor, again 
placed as close as possible to the package pin. Figure 7 illus
trates the correct connection of the digital and analog supply 
bypass capacitors. 

An important feature of the ADI868 audio DAC is its ability to 
operate at reduced power supply voltages. This feature is very 
important in portable battery-operated systems. As the batteries 
discharge, the supply voltage drops. Unlike any other audio 
DAC, the ADl868 can continue to function at supply voltages 
as low as 3.5 V. Because of its unique design, the power 
requirements of the AD 1868 diminish as the battery voltage 
drops, further extending the operating time of the system. 
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Circuit Considerations-AD1868 

POWER 
SUPPLY 

Figure 7. Recommended Circuit Schematic 

NOISE REDUCTION CAPACITORS 
The AD1868 has two noise-reduction pins designated as NRL 
(Pin 13) and NRR (Pin ll). It is recommended that externa1 
noise-reduction capacitors be connected from these pins to 
AGND to reduce the output noise contributed by the voltage 
reference circuitry. As shown in Figure 7, each of these pins 
should be bypassed to AGND with a 4.7 ~ or larger capacitor. 
The connections between the capacitors, package pins and 
AGND should be as short as possible to achieve the lowest 
noise. 

USING VBL AND VBR 
The ADI868 has two bias voltage reference pins, designated as 
VBR (Pin 8) and VBL (Pin 16). These pins supply a dc refer
ence voltage equal to the center of the output voltage swing. 
These bias voltages replace "False Ground" networks previously 
required in single-supply audio systems. At the same time, they 
allow dc-coupled systems, improving audio performance. 

Figure Sa illustrates the traditional approach used to generate 
False Ground voltages in single-supply audio systems. This cir
cuit requires additional power and circuit board space. 

Figure 8a. Schematic Using False Ground 
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AD1868 ' 

"oL 

"oR 

Figure 8b. Circuitry Using Voltage Biases 

The ADI868 eliminates the need for "False Ground" circuitry. 
V sR and V sL generate the required bias voltages previously 
generated by the "False Ground." As shown in Figure 8b, VsR 
and V sL may be used as the reference point in each output 
channel. This permits a dc-coupled output signaIpath. This 
eIiminates ac-coupling capacitors and improves low frequency 
performance. It should be noted that these bias outputs have 
relatively high output impedance and will not drive output 
currents 1arger than 100 jiA without degrading the specified 
performance. 

DISTORTION PERFORMANCE AND TESTING 
The THD+ N figure of ali audio DAC represents the amount of 
undesirable signal produced during reconstruction and playback 
of an audio waveform. Therefore, the THD+N specification 
provides a direct method to classify and choose an audio DAC 
furad~l~dmperf~ce. 

elK 

Dl 

DR 

Figure 1 illustrates the typical THD+ N versus frequency per
formance of the ADI868. It is evident that the THD+N perfor
mance of the ADl868 remains stable at all three l~ds through a 
wide range of frequencies. A load impedance of at least 2 kO is 
recommended for best THD+ N performance. 

Analog Devices tests and grades all ADI868s on the basis of 
THD+ N performance. During the distortion test, a high speed 
digital pattern generator transmits digital data to each channd m 
the device under test. Eighteen-bit data is latched into the DAC 
at 352.8 kHz (8x Fs). The test waveform is a 990.5 Hz sine 
wave with 0 dB, -20 dB, and -60 dB amplitudes. A 4096-point 
FFT calculates total harmonic distortion + noise, signal-ta-noise 
ratio, and D-range. No deglitchers or external adjustments are 
used. 

DIGITAL CIRCUIT CONSIDERATIONS 
INPUT DATA 
The ADl868 digital input port employs five signals: Data Left 
(DL), Data Right (DR), Latch Left (LL), Latch Right (LR) 
and Clock (CLK). DL and DR are the seriaI inputs for the left 
and right DACs, respectively. Input data bits are clocked into 
the input register on the rising edge of CLK. The falling edges 
of LL and LR cause the last 18 bits which were clocked into the 
seriaI registers to be shifted into the DACs, thereby updating 
the respective DAC outputs. For systems using only a single 
latch signal, LL and LR may be connected 'together. For sys
tems using only one DATA signal, DR and DL may be con
nected together. Data is transmitted to the AD 1868 in a bit 
stream composed of I8-bit words with a seriaI, twos comple
ment, MSB first format. Left and right channds share the 
Clock (CLK) signaI. 

Figure 9 illustrates the general signal requirements for data 
transfer for the ADI868. 

~-i ______________________________________________ ~ LC 
~~ __________ ~~~ ______ ~ILC 

Figure 9. AD1868 Control Signals 
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TIMING 
Figure 10 illustrates the specific timing requirements that must 
be met in order for the data transfer to be accomplished prop
erly. The input pins of the AD1868 are TIL and 5 V CMOS 
compatible. 

The maximum clock rate of the AD1868 is specified to be at 
least 13.5 MHz. This clock rate allows data transfer rates of 2x, 
4x, 8x, and 16x Fs (where Fs equals 44.1 kHz). The applica
tions section of this data sheet contains additional guidelines for 
using the ADl868. 

Figure 10. AD 1868 Input Signal Timing 

APPUCATIONS OF THE AD1868 
The ADl868 is a high performance audio DAC specifically 
designed for portable and automotive digital audio applications. 
These market segments have technical requirements fundamen
tally different than those found in the high end or home-use 
market segments. Portable equipment must rely on components 
which require low amounts of power to offer reasonable playing 
times. Also, battery voltages drop as the end of the discharge 
cycle is approached. The AD 1868's ability to operate from a 
single + 5 V supply makes it a good choice for battery-operated 
gear. As the battery voltage drops, the power dissipation of the 

+IVPOWER 
SUPPLY 

Applications - AD1868 
AD 1868 drops. This extends the usable battery life. Finally, as 
the battery supply voltage drops, the bias voltages and signal 
swings also drop, preventing signal clipping and abrupt degrada
tion of distortion. Figure 3 illustrates that THD+ N perfor
mance of the AD1868 remains constant through a wide range of 
supply voltages. 

Automotive equipment rely on components which are able to 
consistently perform in a wide range of temperatures. In addi
tion, due to the limited space available in automotive applica
tions, small size is essential. The AD1868 is able to satisfy both 
of these requirements. The device has guaranteed operation 
between -35°C and +85°C, and the 16-pin DIP or 16-pin SOIC 
package is particularly attractive where overall size is 
important. 

Since the AD 1868 provides dc bias voltages, the entire signal 
chain can be dc-coupled. This eliminate ac-coupling capacitors 
from the signal path, improving low frequency performance and 
lowering system cost and size. 

In summary, the AD1868 is an excellent choice for battery
operated portable or automotive digital audio systems. In the 
following sections, some examples of high performance audio 
applications featuring the AD 1868 are described. 

AD1868 with Sony CXD2550P Digital Filter 
Figure 11 illustrates an 18-bit CD player design incorporating an 
ADl868 DAC, a Sony CXD2550P digital fllter and 2-pole anti
alias fllters. This high performance, single-supply design oper
ates at 8 x F s and is suitable for portable and automotive 
applications. In this design, the CXD2550P fllter transmits left 
and right channel digital data to the AD1868. The left and right 
latch signals, LL and LR, are both provided by the word clock 
signal (LRCKO) of the digital fllter. The digital data is con
verted to low distortion output voltages by the output amplifiers 
on the AD1868. Also, no deglitching circuitry or external 
adjustments are required. Bypass capacitors, noise-reduction 
capacitors and the antialias fllter details are omitted for clarity. 

f----~:::;~::::::======::t_------------u~ CHANNEL 
OutPUT 
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Figure 11. AD1868 with Sony CXD2550P Digital Filter 

RIGHT .... ------4-- CHANNEL 
OutPUT 
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Applications ---AD1868 
ADDITIONAL APPLIcATIONS 
In addition to CD player designs, the AD1868 is suitable for 
similar applications such ~s DA T, portable musical instruments, 
Laptop and Notebook personal computers, and PC audio I/O 
boards. The circuit techniques illustrated are directly applicable 
in those applications. 

SM5813 

+SV 
POWER 
SUPPLY 

Figures 12, 13, and 14 show connection diagrams for the 
AD1868 with popular digital ftIter chips from NPC and 
Yamaha. Each application operates at 8x Fs operation. Please 
refer to the appropriate sections of this data sheet for· additional 
information. 

AD1868 
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Figure 12. AD1868 with NPC SM5813 Digital Filter 
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Figure 13. AD1868 with NPC SM5818AP Digital Filter 
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YM3434 
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AD1868 

Figure 14. AD1868 with Yamaha YM3434 Digital Filter 

ORDERING GUIDE 

THD+N Package 
Model @Fs SNR Option* 

AD1868N 0.008% 95 dB N-16 
AD1868R 0.008% 95 dB R-16 
AD1868N-J 0.006% 95 dB N-16 
AD1868R-J 0.006% 95 dB R-16 
*N = Plastic DIP; R = sOle. For outline 
information see Package Information section. 

LOW 
PASS 

FILTER 

LOW 
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FILTER 

AD18S8 

LEFT 
CHANNEL 
OUTPUT 

RIGHT 
CHANNEL 
OUTPUT 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Dynamic Range: 88.5dB 
Resolution: O.375dB 
OnoChip Data Latches 
Full ±25V Input Range Multiplying DAC 
Low Distortion 
Single +5V Supply 
Latch-Up Free (No Protection Schottky Required) 

APPLICATIONS 
Digitally Controlled AGC Systems 
Audio Attenuators 
Wide Dynamic Range AID Converters 
Sonar Systems 
Function Generators 

GENERAL DESCRIPTION 
The LOGDACTM AD7111 is a CMOS multiplying D/A con
verter which can attenuate an analog input signal over the 
range 0 to -88.SdB in O.37SdB steps. 

The degree of attenuation is derennined by an 8-bit data word 
which is latched into on-chip data latches using microproces
sor compatible control signals CS and WR. Operating frequen
cy range of the device is from dc to several hundred kHz. 

The device is available in a standard 16-pin DIP and in a 
20-terminal surface mount package. 

·U.S. Pa_ No. 4521764 
LOGDAC i •• trademark of Analog Device. Inc. 

REV. A 

LOGOAC 
CMOS Logarithmic Of A Converter 

A07111* I 
FUNCTIONAL BLOCK DIAGRAM 

Model 

AD711lKN 
AD7l1lBQ 
AD7l1lTQ 
AD7l1lLN 
AD711lCQ 
AD711lUQ 
AD711lTEl883B 

07 06 D5 D4 D3 02 01 DO 
IMSB) DATA INPUTS (LSB) 

ORDERING GUIDE 

Specified 
Temperature Accuracy 
Range Range 

O·Cto +70·C OdBto6OdB 
- 2S·C to + 8S·C OdBto60dB 
- SS·C to + 12S"C OdBto60dB 
O·Cto +70"C 0dB to 72dB 
- 2S"C to + 8S·C OdBto72dB 
-S5·Cto + 125·C OdBto72dB 
-55·Cto + 125·C OdBto6OdB 

Package 
Option· 

N-16 
Q-16 
Q-16 
N-16 
Q-16 
Q-16 
E-20A 

*E = Leadless Ceramic Chip Carrier; N = Plastic DIP; Q = Cerdip. 
For outline information see Package Information section. 
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AD7111 -SPECIFICA'JIONS (VDD = +5V, VI. = -IOV dc, IDur = AGND = DGND = OV, 
" output amplifier AD544 except where stated) . 

ParaDaetICr: 

NOMINAL RESOLUTION 

ACCURACY RELATIVE TO OdD ATTENUATION 
0;375dB Steps, 

A«utaq <:to.17dB 
Monotonic 

0.75dB Steps, 
Accuracy < to.35d8 
Monotonic 

1.5dB Step" 
Accuracy '" to,7dB 
Monotonic 

3.0dBSteps, 
Accuracy <: ±l.4d8 
Monotonic: 

6.OdB Steps, 
Accuraq <: U.7dB 
Monotonic 

GAIN ERROR 

VIN INPUT RESISTANCE 
(PIN 15) 

RpS INPUT RESISTANCE 
(PIN 16) 

DIGITAL INPUTS 
VIH (Input High Voltage) 
VIL (Input Low Voltage) 
Input Leakage Current 

SWITCHING CHARACTERISTICS' 

tes 
teH 
twR 
'os 
tOH 
tRFSH 

POWER SUPPLY 
Voo 
IDD 

NOTE 
I Sample telfed at +2SoC to ensure compliance. 
Spcc:ificatiODS subject to chanae without Datice. 

AD7111UCIU GRADES 
TA· •• 2"C TA ·~aaln,T ..... · 

0.375 0.375 

Oto 36 Oro 36 
Oro 54 Oro 54 

Oro48 Oro 42 
Oro 72 Oro 66 

Oro 54 Oro 48 
Full Range Oro 78 

Oro 66 Oro 54 
Full Range Full Range 

Oto 72 Ot060 
Full Ran .. Full Range 

to.l to.lS 

9111115 9111llS 

9.3111.5115.7 19.3111.5115.7 

2.4 2.4 
0.8 0.8 
±1 tl0 

0 0 
0 0 
350 500 
175 250 
10 10 
3 4.5 

.5 .5 
1 4 
500 1000 

. AD7111K1Btr GRADES 
TA"·+2'oC TA • TlDlrlt Tma 

0.375 0.37S' 

Oro 30 Oto 30 
Ota 48 Ota 48 

o to 42 Oto 36 
Ot072 Oro6O 

Oro48 Oro 42 
Oro 85.S Oro 72 

Ota 60 o ro48 
Full Range Full Rans. 

Ot060 Oto48 
Full Range Full Range 

to.15 ±0.20 

7111118 7111118 

.7.3111.5118.8 '7.3111.5118.8 

2.4 2.4 
0.8 0.8 
tl tl0 

0 0 
0 0 
ISO 500 
175 250 
10 10 
3 4.5 

.5 .5 
1 4 
500 1000 

AC PERFORMANCE CHARACTERISTICS 
These characteristics are included COl' design guidance only and are not subject to test. 
V DD = + SV, V IN = -lOY de except where stated, lOUT = AGND "'" DGND = OV J output amplifier ADS44except where stated. 

AD7111UCIU GRADES AD7111K1Btr GRADES 

Parameter TA'" uOe TA. Tmla , T ..... T~'" +2SoC TA -T.mintTmax. 

DC Supply Rejection. 6Gain/6. VDn 0.001 0.005 0.001 0.005 
Propagation Delay 3.0 4.5 3.0 4.5 

Digital-fo-Analog Glitch Impulse 100 - 100 -

Output Capacitance, Pin 1 185 185 185 185 
Input Capacitance, Pin 15 and Pin 16 7 7 7 7 
Feedthrough at 1kHz -94 -72 -92 -68 
Total Harmonic Distortion -91 -91 -91 -91 
Output Noise Voltage Density 70 70 70 70 
Digital Input Capacitance 7 7 7 7 

SpcaficatiOlillUbJcct to mange without notice. 

2-248 DIGITAL-TO-ANALDG CONVERTERS 

Units ConditionliCommenu: 

dB 

dB min G~arantced attenuation ranges 
dB min for specified step sizes 

dB min 
dB min 

dB min 
dB min Full Range is from 0 to 88.Sd8 

dB min 

dB min 

dB max 

kG min/typ/max 

kO min/typ/max 

V min 
V max 
/lAmax Digital Inputs = VDD 

nsmin Chip Select to Write Setup Time 
nsmin Chip Select to Write Hold Time 
nsmin ·Write Pulse Width 
nsmin Data Valid to Write: Setup Time 
nsmin Data Valid to Write Hold Time 
IBmin Refresh Time 

V 
mAmax Digital Inputs = VJH or VIL 
/lA max Di~talln~ts '" OV or VDD_ See Figure 7. 

unitt CcmditionslCommentl 

dB per '" max tNDD '" ±10%, Input Code = OOOOOOOO 
",max Full Scale Change Measured from 

Wit going high. B" = OV. 
nV secs typ Measured with ADLHOO32CG as Output 

Amplifier for Input Code Transition 
10000000 to 00000000. 
Cl of Figure 1 is OpF 

pFmax 
pFmax 
dBmn Feedtbrough is also dctennined by cin::uit 

dB& layout (sec Figure 4). 
nV Hzmax VIN = 6V nns at 1kHz 
pFmax Includes ADS44 Amplifier Noise 

REV. A 



ABSOLUTE MAXIMUM RATINGS· 
(T" = +2S"Cunlessotherwisenoted) 

Voo (to DGND) ...... . 
VIN (to AGND) .....•.. 
Digital Input Voltage to DGND 
lOUT to AGND . 
VIN to AGND .. 
AGNDtoDGND 
DGNDtoAGND 
Power Dissipation (Any Package) 

To +75°C ...... . 
Derates above + 75"C by 

CAUTION 

. ......... +7V 

. ........ +35V 
-O.3V to Voo +O.3V 

-O.3V to Voo 
.. ±35V 
.0 to Voo 
.0 to Voo 

450mW 
6mWrc 

Operating Temperature Range 
Commercial (K, L Versions) 
Industrial (B, eVersions) 
Extended (T, U Versions) 

Storage Temperature .... 
Lead Temperature (Soldering, 10secs) 

AD7111 

o to +700c 
- 25°C to + 85°C 

- 55"C to + 125"C 
-65"C to + 1500C 
. • • •. +300"C 

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

ESD (electrostatic discharge) sensltlve device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! g 
~~EDEvtCE 

TERMINOLOGY 
RESOLUTION: Nominal change in attenuation when moving 
between two adjacent codes. 

MONOTONICITY: The device is monotonic if the analog out
put decreases (or remains constant) as the digital code increases. 

FEEDTHROUGH ERROR: That portion of the input signal 
which reaches the output when all digital inputs are high. See 
section on Applications. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
the loUT terminal with all digital inputs high. 

TOTAL HARMONIC DISTORTION: A measure of the har
monics introduced by the circuit when a pure sinusoid is ap
plied to the input. It is expressed as the harmonic energy 
divided by the fundamental energy at the output. 

ACCURACY: The difference (measured in dB) between the 
ideal transfer function as listed in Table I and the actual trans
fer function as measured with the device. 

OUTPUT CAPACITANCE: Capacitance from loUT to ground. 

DIGITAL-TO-ANALOG GLITCH IMPULSE: The amount of 
charge injected from the digital inputs to the analog output 
when the inputs change state. This is normally specified as 
the area of the glitch in either pA-Secs or nY-Sees depending 
upon whether the glitch is measured as a current or voltage 
signal. Glitch impulse is measured with YIN = AGND. 

PROPAGATION DELAY: This is a measure of the internal 
delays of the circuit and is defined as the time from a digital 
input change to the analog output current reaching 90% of its 
final value. 

WRITE CYCLE TIMING DIAGRAM 
NOTES: 
1. ALL INPUT SIGNAL RISE AND fALL TIMES 

MEASURED FROM 10% TO 90% OF "00. Voo 
= +5V, t,-t, " 2C)m. 

2. TIMING MEASUREMENT REFERENCE LEVEL 

ISVIH ;Y1L • 

PIN CONFIGURATIONS 

DIP LCCC 
Q 
Z j co " J J " Z 

R~ 
3 2 1 20 19 

Vw 

" Voo OGND 4 " '8 VDD ,. 
Wi! D7IMSB) 5 17 WR 

os NC. 
AD7111 

TOP VIEW 16 Ne 

DOILSB) 
06 7 INot m Scale) 15 CS 
05. 14 DOfLSB) 

01 

9 ,. 11 12 13 

i:!i a " 1l Q z 
NC "" NO CONNECT 
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AD7111 
CIRCUIT DESCRIPTION 
GENERAL CIRCUIT INFORMATION 
The AD7111 consists of a 17-bit R-2R CMOS mUltiplying 
DI A converter with extensive digital logic. The logic trans
lates the 8-bit binary input into a 17-bit word which is used 
to drive the D/A converter. Input data on the D7-DO bus is 
loaded into the input data latches using CS and WR control 
signals. The rising edge of WR latches the input data and in
itiatesthe internal. data transfer to the decoder. A minimum 
time tRFSH, the refresh time, is required for the data to pro
pagate through the decoder before a new data write is 
attempted. 

The transfer function for the circuit of Figure 1 is given by: 

Vo = -VIN 10 exp _ 0.375 N 
20 

" 0" 

I vol· or VIN .. dB = -0.375 N 

Where 0.375 is the step size (resolution) in dB and N is the 
input code in decimal for values 0 to 239. For 240~';;;;25S 
the output is zero. Table I gives the output attenuation 
relative to OdB for all possible input codes. 

that the attenuation step size at any point is consistent with 
the step size guaranteed for monotonic operation at that 
point. 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 2 shows a simplified circuit of the D/A converter 
section of the AD71!1 and Figure 3 gives an approximate 
equivalent circuit. 

The current source iLEAKAGE is composed of surface and 
junction leakages and as with most semiconductor devices, 
approximately doubles every 10°C-see Figure 11. The resistor 
Ro as shown in Figure 3 is the equivalent output resistance of 
the device which varies with input code (excluding all O's 
code) from 0.8R to 2R. R is typically 11M2. COUT is the 
capacitance due to the N channel switches and varies from 
about 60pF to 185pF depending upon the digital input. For 
further information on CMOS multiplying D/A converters 
refer to "Application Guide to CMOS Multiplying D/A con
verters" which is available from Analog Devices, Publica-
tion Number G479-15-8/78. 

The graphs on the last page give a pictorial representation of 
the specified accuracy and monotonic ranges for all grades of 
the AD7111. High attenuation levels are specified with less. 
accuracy than low attenuation levels. The range of monotonic 
behavior depends upon the attenuation step size used. For 
example, the AD7111 L is guaranteed monotonic .in 0.37 5dB 
steps from 0 to -54dB i!1clusive and in 0.7 5dB steps from 0 
to -72dB inclusive. To achieve monotonic operation over the 
entire 88.5dB range it is necessary to select input codes so 

"F. 
'-:-!-...,:+ .... 4-i ,......,+--+-.... --0 looT 

L-~ .... -;.~:r--;~-*-----oAGND 

SWITCH DRIVERS 

Figure 2. Simplified D/A Circuit of AD7111 

Figure 1. Typical Circuit Configuration 

...... 
D7-D4 0000 0001 0010 0011 0100 0101 0110 0111 

0000 0.0 0.375 0.75 1.125 1.5 1.875 2.25 2.625 
0001 6.0 6.375 6.75 7.125 7.5 7.875 8.25 8.625 
0010 12.0 12.375 12.75 13.125 13.5 13.875 14.25 14.625 
0011 18.0 18.375 18.75 19.125 19.5 19.875 20.25 20.625 

0100 24.0 24.375 24.75 25.125 25.5 25.875 26.25 26.625 
0101 30.0 30.375 30.75 31.125 31.5 31.875 32.25 32.625 
0110 36.0 36.375 36.75 37.125 37.5 37.875 38.25 38.625 
0111 42.0 42.375 42.75 43.125 43.5 43.875 44.25 44.625 

1000 48.0 48.375 48.75 49.125 49.5 49.875 50.25 50.625 
1001 54.0 54.375 54.75 55.125 55.5 55.875 56.25 56.625 
1010 60.0 60.375 60.75 61.125 61.5 61.875 62.25 62.625 
1011 66.0 66.375 66.75 67.125 67.5 67.875 68.25 68.625 

1100 72.0 72.375 72.75 73.125 73.5 73.875 74.25 74.625 
1101 78.0 78.375 78.75 79.125 79.5 79.875 80.25 80.625 
1110 84.0 84.375 84.75 85.125 85.5 85.875 86.25 86.625 
1111 MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE 

,.....-"-'-0 ... 

CoUT 

L----~---.... -__oAGND 
9(VIN. N) IS THE THEVENIN EQUIVALENT VOLTAGE GENERATOR 
DUE TO THE INPUT VOLTAGE VIN. THE BINARY ATTENUATION 
FACTOR N AND THE TRANSFeR FUNCTION OF THE R·2R LADDER. 

Figure 3. Equivalent Analog Output Circuit of AD71 1 1 

1000 1001 1010 1011 1100 1101 1110 1111 

3.0 3.375 3.75 4.125 4.5 4.875 5.25 5.625 
9.0 9.375 9.75 10.125 10.5 10.875 11.25 11.625 
15.0 15.375 15.75 16.125 16.5 16.875 17.25 17.625 
21.0 21.375 21.75 22.125 22.5 22.875 23.25 23.625 

27.0 27.375 27.75 28.125 28.5 28.875 29.75 29.625 
33.0 33.375 33.75 34.125 34.5 34.875 35.25 35.625 
39.0 39.375 39.75 40.125 40.5 40.875 41.25 41.625 
45.0 45.375 45.75 46.125 46.5 46.875 47.25 47.625 

51.0 51.375 51.75 52.125 52.5 52.875 53.25 53.625 
57.0 57.375 57.75 58.125 58.5 58.875 59.25 59.625 
63.0 63.375 63.75 64~125 64.5 64.875 65.25 65.625 
69.0 69.375 69.75 70.125 70.5 70.875 71.25 71.625 

75.0 75.375 75.75 76.125 76.5 76.875 77.25 77.625 
81.0 81.375 81.75 82.125 82.5 82.875 83.25 83.625 
87.0 87.375 87.75 88.125 88.5 88.875 89.25 89.625 
MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE 

Table I. Ideal Attenuation in dB lIS. Input Code 
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DYNAMIC PERFORMANCE 
The dynamic performance of the AD7111 will depend upon 
the gain and phase characteristics of the output amplifier, 
together with the optimum choice of PC board layout and 
decoupling components. Figure 4 shows a printed circuit lay
out which minimizes feedthrough from VIN to the output in 
multiplying applications. Circuit layout is most important if 
the optimum performance of the AD7111 is to be achieved. 
Most application problems stem from either poor layout, 
grounding errors, or inappropriate choice of amplifier. 

Vi jV. O .. AM. b 0 ........ PINl 

OUTPUT 

~ .. @::;-
INPUT____ AGND 

V'''TIOGNO - -_ _ DIGITAL 

INPUTS - -- -- -LAVOUT SHOWS COPPER SIDE Ii.'" BOTTOM VIEWI 
GAIN TRIM RESISTDRSRl AND R20F FIGURE 1 
ARE NOT INCLUDED. 

Figure 4. Suggested Layout for AD7111 and Op-Amp 

It is recommended that when using the AD7111 with a high 
speed amplifier, a capacitor (Cl) be connected in the feedback 
path as shown in Figure 1. This capacitor, which should be 
between 30pF and 50pF, compensates for the phase lag intro
duced by the output capacitance of the D/A converter. Figures 
5 and 6 show the performance of the AD7111 using the 
AD517, a fully compensated high gain superbeta amplifier, 
and the AD544, a fast FET input amplifier. The performance 
without Cl is shown in the middle trace and the response with 
Cl in circuit is shown in the bottom trace. 

Cl =OpF 

Your 

VOUT f : -r I 1- C1 = 47pF 

5v J I :2()~S-

DATA CHANGE FROM 80H to DOH 

Figure 5. Response of AD7111 with AD517 

Cl .. 0pF 

Cl = 47pf' 

DATA CHANGE FROM BOH TO DOH 

Figure 6. Response of AD7111 with AD544 

In conventional CMOS D/A converter design parasitic capaci
tance in the N-channel DI A converter switches can give rise to 
glitches on the D/A converter output. These glitches result 

REV. A 

Applications Information - AD7111 
from digital feedthrough. The AD7111 has been designed to 
minimize these glitches as much as possible. 

For operation beyond 250kHz, capacitor Cl may be reduced 
in value. This gives an increase in bandwidth at the expense of 
a poorer transient response as shown in Figures 6 and 12. In 
circuits where Cl is not included the high frequency roll-off 
point is primarily determined by the characteristics of the 
output amplifier and not the AD7111. 

Feedthrough and absolute accuracy are sensitive to output 2 
leakage current effects. F or this reason it is recommended that 
the operating temperature of the AD7111 be kept as close to 
25°C as is practically possible, particularly where the device's 
performance at high attenuation levels is importan t. A typical 
plot of leakage current vs. temperature is shown in Figure 11. 

Some solder fluxes and cleaning materials can form slightly 
conductive fihns which cause leakage effects between analog 
input and output. The user is cautioned to ensure that the 
manufacturing process for circuits using the AD7111 does not 
allow such fihns to form. Otherwise the feedthrough, accuracy 
and maximum usable range will be affected. 

STATIC ACCURACY PERFORMANCE 
The D/A converter section of the AD7111 consists of a 17-bit 
R-2R type converter. To obtain optimum static performance 
at this level of resolution it is necessary to pay great attention 
to amplifier selection, circuit grounding, etc. 

Amplifier input bias current results in a dc offset at the output 
of the amplifier due to the current flowing through the feed
back resistor R FB. It is recommended that an amplifier with 
an input bias current of less than 10nA be used (e.g., ADS 17 
or AD544) to minimize this offset. 

Another error arises from the output amplifier's input offset 
voltage. The amplifier is operated with a fixed feedback re
sistance, but the equivalent source impedance (the AD7111 
output impedance) varies as a function of attenuation level. 
This has the effect of varying the "noise" gain of the amplifier, 
thus creating a varying error due to amplifier offset voltage. 
It is recommended that an amplifier with less than 50p.V of 
input offset be used (such as the AD517 or AD OP-07) in 
dc applications. Amplifiers with higher offset voltage may 
cause audible "thumps" in ac applications due to dc output 
changes. 

The AD7111 accuracy is specified and tested using only the 
internal feedback resistor. Any Gain Error (i.e., mismatch of 
RFB to the R-2R ladder) that may exist in the AD7111 D/A 
converter circuit results in a constant attenuation error over 
the whole range. The AD7111 accuracy is specified relative 
to OdB attenuation, hence "Gain" trim resistors-R1 and R2 
in Figure I-can be used to adjust VOUT = VIN precisely (i.e., 
OdB attenuation) with input code 00000000. The accuracy 
and monotonic range specifications of the AD7111 are not 
affected in any way by this gain trim procedure. For the 
AD7111L/C/U grades, suitable values for Rl and R2 of 
Figure 1 are Rl = soon, R2 = 180n; for the K/B/T grades 
suitable values are R1 = 1000n, R2 = 270n. For additional 
information on gain error the reader is referred to Application 
Note "Gain Error and Gain Temperature Coefficient of CMOS 
Multiplying DACs" by Phil Burton available from Analog 
Devices Inc., Publication Number E630-10-6/81. 
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AD7111 -Typical Performance Characteristics 
o. 

L..v 
r",=+26"C 

0.1 

~ APPLIED TO ALL DATA INPUTS 
-WR-OV o. 

o. 

1 
" 0. 
j 

/ \ 
/ "-..... 

+2 +3 .. .. 
INPUT VOLTAGE - Volts 

Figure 7. Typical Supply Current VB. Logic Input Level 

o ":.!, 

VoD,"+!iV 
r ..... +25"c 

. ---- " ... 
-I( ~ __ ..! 

i 
~~~r-~---+---+---r--~--1---+---+---r-~H 
ffi 

~·r-~---+---+---r--~--1---+---+---r-~H 

15 21 30 
ATTENUATION -dB 

Figure 8. Typical Attenuation Error for 0.75d8 Steps 
, 
0 -~T+-1 ,- "",.I .. v N"" '" r ..... +25"c 

T ... "+70"C I'. ......... ./ 
,.-; "\ "-3 r ....... ,25"c \ ~ 

\ . 
1 

ATTENUATION - dB 

Figure 9. Typical Attenuation Error for 3dB Steps VB. 

Temperature 

MONOTONICITV FOR 1.SelI ATTENUATION STEPS 

O.711d8 ATTENUATION STEPS 

0,375o:1B ATTENUATION STEPS 

--
.... 

~ .... H---\--+---\--+---jJ-'=:1_=:I--~r-~--I-+--I-+--H-l i +o.l~"_""'.~ __ +-_M_o!-._"'_+-_~.+."_", ___________ _ 
III .O.,7H_+>-I_ ..... -I_ .. "'-~ 

~ 

,. 24 30 J8 42 

ATTENUATION - dB 

.. 12 '18 8487 

Figure 10. Accuracy Specification for KI8fT Grade Devices 
at TA=+25'C 
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Figure 12. Frequency Response with AD544 and AD517 
Amplifiers 
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Figure 13. Distortion VB. Frequency Using AD544 
Amplifier 

MONOTONICITY FOR 1.6dB ATTENUATION STEPS 

O.75dB ATTENUATfON STEPS \.\' "-\\' \\\' 

f" o.37tid8 ATTENUATION &TEPS/, 

+1.5H--1---t--1-~I-+~I-~1-1-1o=li.:.o!---r--r--H-j 

"'H---+--+-+-+--t-±=l=:ll-i""""-+--+-+-+--t-H-l 
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ATTENUATION - dB 

Figure 14. Accuracy Specification for LlC/u Grade Devices 
at TA = +2!tc . 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Dynamic Range 85.5dB 
Resolution 1.5dB 
Full ±25V Input Range Multiplying DAC 
Full Military Tllmperature Range -55°C to +125°C 
Low Distortion 
Low Power Consumption 
Latch Proof Operation (Schottky Diodes Not Requirlld) 
Single 5V to 15V Supply 

APPLICATIONS 
Digitally Controlled AGC Systems 
Audio Attenuators 
Wide Dynamic Range AID Converters 
Sonar Systems 
Function Generators 

GENERAL DESCRIPTION 
The LOGDAC'" AD71IS is a CMOS multiplying D/A con· 
verter which attenuates an analog input signal over the range 
o to -8S.SdB in l.SdB steps. The analog output is determined 
by a six·bit attenuation code applied to the digital inputs. Oper· 
ating frequency range of the device is from dc to several 
hundred kHz. 

The device is manufactured using an advanced monolithic sili· 
con gate thin·fllm on CMOS process and is packaged in a 14·pin 
dual·in·line package. 

ORDERING GUIDE 

Specified 
Temperature Accuracy 

Model Range Range 

AD711SKN o to +70°C o to 42dB 
AD71ISLN o to +70°C o to 4SdB 
AD7 11 8BQ -2SoC to +SsoC o to 42dB 
AD711SCQ - 2SOC to + 8SOC o to 48dB 
AD71ISTQ2 - SsoC to + 12SoC o to 42dB 
AD711 8UQ2 - SsoC to + l2SoC o to 4SdB 

NOTES 
IN = Plastic DIP; Q = Cerdip. For outline information 
see Package Information section. 

'To order MIL·STD·883, Class B processed parts, add 
1883B to part number. 

'Protected by U.S. Patent No. 4521,764. 
LOGDAC i. a trademark of Analog Devices, Inc. 
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Package 
Option' 

N·16 
N·16 
Q·16 
Q·16 
Q·16 
Q·16 

LOGDAC 
CMOS Logarithmic D/A Converter 

AD7118* I 
FUNCTIONAL DIAGRAM 

Vo 

PIN CONFIGURATION (Not to Scale) 
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AD7118 -SPECIFICA'TIONS (Voo = +5Y or +15Y, YIN = -lOY dc, lOUT = AGND = DGND = OY, output 
It amplifier AD544 except where stated) 

TA _+2S0 C TA =Tmia, TIIl&X TEST CONDITIONSI 
PARAMETER VDD. +5V VDD s; +15V VDD. +SV VnD -+15V UNITS COMMENTS 

NOMINAL RESOLUTION 1.5 I.S I.S I.S dB 

ACCURACY RELATIVE TO VIN 
AD711SL/C/U 

o to-30dB ±0.3S ±O.3S ±0.4 ±0.4 dB max Accuracy is measured using 
-31.5 to -42dB ±0.7 ±O.S ±O.S ±O.7 dB max circuit of Figure, 1 and includes 
-43.5 to -48dB ±I.O ±O.7 ±1.3 ±I:O dB max any effects due to mismatch 

AD711SKlBIT between Rps and the R-2R 
o to -3OdB ±O.S ±o.s ±O.S ±O.S dB max ladder circuit. 
-31.5 to -42dB ±O.7S ±0.7S ±I.O ±O.S dB max 

MONOTONIC RANGE 
Nominall.SdB Steps L/CIUGrad. Monotonic Over Full o to-72 o to-72 dB Digital Inputs 000000 to 110000 

KlBITGrade Code Range o to-66 o to-66 dB Digital Inputs 000000 to 101100 
Nominal 3dB Steps All Grades Monotonic Over Full Code Range 

VIN INPUT RESISTANCE All Grades 9 9 9 9 k!1min 
(PIN 12) L/C/UGrade 17 17 17 17 k!1max 

KlBITGrade 21 21 21 21 k!1max 

RFB INPUT RESISTANCE AU Grades 9.45 9.45 9.45 9.45 Idl min 
(PIN 13) L/C/UGrade IS IS IS IS knmax 

KIBITGrade 22 22 22 22 k!1max 

DIGITAL INPUTS 
Input High Voltage Requirements VIH 3.0 13.5 3.0 13.5 V min 
Input Low Voltage Requirements VIL O.S 1.5 O.S 1.5 V max 
Input Leakage Current ±l ±I ±10 ±10 pAmax Digital Inputs = VDD 

POWER SUPPLY 
VDD for Specified Accuracy 5 - 5 - V miD 

- IS - IS V max 
IDD 0.5 1 1 2 mAmax Digital Inputs = OV or VDD 

(See Figure 7) 

Specifications subject to change without nOti". 

AC PERFORMANCE CHARACTERISTICS 

These characteristics are include4 for design guidance only and are not subject to test. 

Voo = +5Vor + lSV, V1N = -IOV except where stated, lour = AGND = DGND = OV, output amplifier ADS44 except where stated. 

TA =+2SoC 

PARAMETER VDD=+SV VDD =+I'V 

DC Supply Rejection, lIGain/AVDD 0.01 0.005 

Propagation Delay I.S 0.4 
Digital to Analog Glitch Impulse 225 1200 

Output Capacitance (Pin 14) 100 100 
Input Capacitance Pin 12 and Pin 13 7 7 
Feedthrough at 1kHz L/C/UGrade -86 -S6 

K/BITGrade -SO -80 
Total Hannonic Distortion -85 -SS 
Intermodulation Distortion -79 -79 
Output Noise Voltage Density 70 70 
Digital Input Capacitance 7 7 

SpeClficanons subject to chanse WIthout Douce. 

., .. ,...-,--,--,r--,-,-,-,:-.-.-,-, 

-1.01--+--+--+--+--+-+--fl~ f---+--+--+--I 

-1.&1-.....,i-.....,--t--t--t--t--"f--j---j---j---j 

u ~ M ~ • G • M ~ " 
ATTENUATION - dB 

Accuracy Specification for K/Bff Grade Devices at 
TA =+2~C 
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TA -= Tam, 'l;..ax. 

VDU,,"+SV 

0.01 

2.2 
-

100 
7 
-68 
-63 
-85 
-79 
70 
7 

Voo ""+ISV UNITS 

0.005 dB per % max AVDD=±10'l6, 
Input code = 100000 

0.5 /.Is max Full Scale Change 
- nV sec:s typ Measured with ADLH0032CG 

as output amplifier for input 
code transition 100000 to 000000. 
Cl of Figure I is OpF. 

100 pFmax 
7 pFmax 
-6S dB max Feedthrough is also deter-
-63 dB max mined by circuit layout 
-85 dB typ VIN=6V rms 
-79 dB~ per DIN 45403 Blatt 4 
70 nV Hz max Includes AD544 amplifier noise 
7 pFmax 

·,··,...-r--r--,--,--,r-,-,-.. ..-....,.-....,.-, 
Voo-~'v , ... J 

.,.01--f--!~...,.:::-::::::l--t--It-~"""..,.--+--+--=-'-( 
'Voo/,+5V.+1&V ~~*''"I-.. ___ VoD-+1I5V 

.. ··~$~~F$~· !II r'" 
~ 0 -- -- --- -- --

~.. ~--+--+--+---t 
ffi r9~~t;;1. 

-~ ----, 
-1.01---1f--t--+-+-+-t--il~".,..'"J'7i.~--t--t---1 

-1 .• 1--+--f--f-~f--tf--t--t--7.f:;--t--t--1 

U 18 • • • a _ M H • 

ATTENUATION - dB 

Accuracy Specification for LlC/u Grade Devices at 
TA =+2~C 
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ABSOLUTE MAXIMUM RATINGS· 
(T A = + 2S"C unless otherwise noted) 

Voo (to DGND) .......................... + 17V 
VIN (to AGND) ........................... ±35V 
Digital Input Voltage to DGND ...... -0.3V to Voo +0.3V 
lOUT to AGND ..................... -0.3V to Voo 
AGND to DGND ....................... 0 to Voo 
DGND to AGND ....................... 0 to V 00 

Power Dissipation (Any Package) 
To +75°C ........................... 450 mW 
Derates Above +75°C by .................. 6mWrC 

Applications Information-AD7118 

Operating Temperature Range 
Commercial (K, L Versions) .............. 0 to +70°C 
Industrial (B, eVersions) ............ -25°C to +85OC 
Extended (T, U Versions) ........... -55°C to + 1250C 

Storage Temperature ................ -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ........... +300°C 

·Stresses above those listed under "Absolute Maximum Ratings may cause 
permanent damage 10 the device. This is a slress rating only and functional 
operalion of the device al these or any other conditions above those indicaled 
in the operational sections of this specification is not implied. Exposure to 
absolule maximum raling condilions for exlended periodsmay affecl device 
reliability. 

CAUTION ______________________________________________ ___ 

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

WARNING! (2J 
~~EDEVICE 

TERMINOLOGY 
RESOLUTION. Nominal change in attenuation when moving 
between two adjacent binary codes. 

MONOTONICITY. The device is monotonic if the analog out
put decreases (or remains constant) as the digital code increases. 

FEEDTHROUGH ERROR. That portion of the input signal 
which reaches the output when all digital inputs are high. See 
section on Applications. 

OUTPUT LEAKAGE CURRENT. Current which appears on 
the loUT terminal with all digital inputs high. 

TOTAL HARMONIC DISTORTION. Is a measure of the har
monics introduced by the circuit when a pure sinusoid is ap
plied to the input. It is expressed as the harmonic energy 
divided by the fundamental energy at the output. 

ACCURACY. Is the difference (measured in dB) between the 
ideal transfer function as listed in Table 1 and the actual trans
fer function as measured with the device. 

REV. A 

OUTPUT CAPAOTANCE. Capacitance from loUT to ground. 

DIGITAL·TO·ANALOG GLITCH IMPULSE: The amount 
of charge injected from the digital inputs to the analog output 
when the inputs change state. This is normally specified as the 
area of the glitch in either pA-Secs or nY-Sees depending upon 
whether the glitch is measured as a current or voltage signal. 
Digital charge injection is measured with VIN = AGND. 

PROPAGATION DELAY. This is a measure of the internal 
delays of the circuit and is defined as the time from a digital 
input change to the analog output current reaching 90% of its 
final value. 

INTERMODULATION DISTORTION. Is a measure of the 
interaction which takes place within the circuit between two 
sinusoids applied simultaneously to the input. 

The reader is referred to Hewlett Packard Application Note 
192 for further information. 
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AD7118 
CIRCUIT DESCRIPTION 
GENERAL CIRCUIT INFORMATION 
The AD711S consists of a 17-bit R-2R CMOS multiplying D/A 
converter with extensive digital input logic. The logic trans
latesthe 6-bit binary input into a l7-bit word which.is used 
to drive the 01 A converter. Table I gives the nominal output 
voli:ages (and levels relative to OdB = lOV) for all possible in
put codes. The transfer function for the circuit of Figure 1 is 
given by: 

Vo = -VIN 10 exp - { l:i~1II } 

or l..!.Q..vV I = -1.5N 
IN dB 

where N is the binary input for values 0 to 57. For 60<:N<:63 
the output is zero. See note 3 at bottom of Table 1. 

Va. 

,,-
Vo 

DIGITAL INPUT 
OIl - 00 IPiNS 2-7) 

.0. • 33pF TVPICAL 

Figure 1. Typical Circuit Configuration 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 2 shows a simplified circuit of the 01 A converter section 
of the AD711S and Figure 3 gives an approximate equivalent 
circuit. 

Digital Input Attenuation 
N D5 DO dB VOUT 

0 000000 0.0 10.00 
1 000001 1.5 8.414 
2 000010 3.0 7.079 
3 000011 4.5 5.957 
4 00 0100 6.0 5.012 
5 00 01 01 7.5 4.217 
6 00 0110 9.0 3.548 
7 000111 10.5 2.985 
8 001000 12.0 2.512 
9 001001 13.5 2.113 

10 00 10 10 15.0 1.778 
11 00 10 11 16.5 1.496 
12 00 11 00 18.0 1.259 
13 001101 19.5 1.059 
14 00 11 10 21.0 0.891 
15 001111 22.5 0.750 
16 010000 24.0 0.631 
17 010001 25.5 0.531 
18 010010 27.0 0.447 
19 010011 28.5 0.376 
20 010100 30.0 0.316 
21 010101 31.5 0.266 
22 0101 10 33.0 0.224 
23 0101 11 34.5 0.188 
24 011000 36.0 0.158 
25 01 1001 37.5 0.133 
26 011010 39.0 0.112 

I 

27 011011 40.5 0.0944 
28 011100 42.0 0.0794 
29 01 11 01 43.5 0.0668 
30 01 11 10 45.0 0.0562 

NOTES 
I VIN' -IOV de 
2 X = 1 or O. Output is fully muted for N:>60 
I Monotonic operation is not guaranteed for N = 58. S9 

The current source ILEAKAGE is composed of surface and 
junction leakages and as with most semiconductor devices, 
roughly doubles every lOoC-see Figure 10. The resistQr Ro 
as shown in Figure 3 is the equivalent output resistance of the 
device which varies with input code (excluding all O's code) 
from O.SR to 2R. R is typically 12kO. COUT is the capaci~ 
tailce due to the N channel switches and varies from about 
50pF to SOpF depending upon the digital input. For further 
information on CMOS multiplying O/A converters refer to 
"Application Guide to CMOS Multiplying D/A Converters" 
which is available from Analog Devices, Publication Number 
G479-15-S/7S. 

_Fa 

L;-If-.o~-~ __ ..:..1-4 ...... --o .. "T 
'-.....;..'--;+-ofJ--;+-+----GAOND 

I 

SWITCH DRIVERS I 
Figure 2. Simplified D/A Circuit of AD7118 

"'-
louT 

CoUT 

AGND 

glVw. NI IS THE THEVENIN EQUIVALENT VOLTAGE GENERATOR 

~~JrRT:!~~¥JE~k~--:FEE~I1=~~J:A':fv-t.r:~~~~~ER. 

Figure 3. Equivalent Analog Output Circuit of AD7118 

N 

31 
32 48.0 0.0398 
33 49.5 0.0335 
34 51.0 0.0282 
3S 52.5 0.0237 
36 100100 54.0 0.0200 
37 100101 55.5 0.0168 
38 100110 57.0 0.0141 
39 1001 11 58.5 0.0119 
40 101000 60.0 0.0100 
41 101001 61.5 0.00841 
42 101010 63.0 0.00708 
43 101011 64.5 0.00596 
44 101100 66.0 0.00501 
45 101101 67.5 0.00422 
46 10 11 10 69.0 0.00355 
47 101111 70.5 0.00299 
48 11 00 00 72.0 0.00251 
49 11 0001 73.5 0.00211 
50 11 00 10 75.0 0.00178 
51 110011 76.5 0.00150 
52 11 01 00 78.0 0.00126 
53 11 01 01 79.5 0.00106 
54 11 0110 81.0 0.000891 
55 11 0111 82.5 0.000750 
56 11 10 00 84.0 0.000631 
57 11 1001 85.5 0.000531 

Table I. Ideal Attenuation lIS. Input Code 
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DYNAMIC PERFORMANCE 
The dynamic performance of the AD7118 will depend upon 
the gain and phase characteristics of the output amplifier, 
together with the optimum choice of PC board layout and 
decoupling components. Figure 4 shows a printed circuit lay
out which minimizes feedthrough from VJN to the output in 
multiplying applications. Circuit layout is most important if 
the optimum performance of the AD7118 is to be achieved. 
Most application problems stem from either poor layout, 
grounding errors, or inappropriate choice of amplifier. 

o ~AMPPIN' 

V+ f@ -0 ADm. PIN I 

. ~:::~~}~~ND 
0-- DIGITAL 

NOTE INPUT SCREEN 0 0--- INPUTS 
TO REDUCE FEEDTHROUGH 0 0--

DGND 0--
LAYOUT SHOWS COPPER SIDE (i.e., BOTTOM VIEW) 

Figure 4. Suggested Layout for AD7118 and Op Amp 

It is recommended tha~ when using the AD7118 with a high 
speed amplifier, a capacitor Cl be connected in the feedback 
path as shown in Figure 1. This capacitor, which should be 
between 30pF and SOpF, compensates for the phase lag intro
duced by the output capacitance of the DI A converter. Figures 
5 and 6 show the performance of the AD7118 using the 
ADS17, a fully compensated high gain superbeta amplifier, 
and the ADS44, a fast FET input amplifier. The performance 
without Cl is shown in the middle trace and the response with 
Cl in circuit is shown in the bottom trace. 

DIGITAL 
INPUTS 

Vo 

Vo 

Figure 5. Response of AD7118 with AD517L 

Figure 6. Responllie of AD7118 with AD544S 

In conventional CMOS DI A converter design parasitic capaci
tance in the N-channel D/A converter switches can give rise to 
glitches on the D/A converter output. These glitches result 
from digital feedthrough. The AD7118 has been designed to 
minimize these glitches as much as possible. It is recommended 
that for minimum glitch energy the AD7118 be operated with 
VDD = 5V. This will reduce the available energy for coupling 

REV. A 

Applications Information-AD7118 
across the parasitic capacitance. I t should be noted that the 
accuracy of the AD7118 improves as VDD is increased (see 
Figure 8) but the device maintains monotonic behavior to at 
least -66dB in the range S ';;VDD .;; 1 S volts. 

For operation beyond 250kHz, capacitor Cl may be reduced 
in value. This gives an increase in bandwidth at the expense of 
a poorer transient response as shown in Figures 6 and 11. In 
circuits where C 1 is not included the high frequency roll-off 
point is primarily determined by the characteristics of the 
output amplifier and n?t the AD7118. 

Feedthrough and absolute accuracy for attenuation levels 
beyond 42dB are sensitive to output leakage current effects . 
For this reason it is recommended that the operating tempera
ture of the AD7118 be kept as close to 2So C as is practically 
possible, particularly where the device's performance at high 
attenuation levels is important. A typical plot of leakage cur
rent vs. temperature is shown in Figure 10. 

Some solder fluxes and cleaning materials can form slightly 
conductive films which cause leakage effects between analog 
input and output. The user is cautioned to ensure that the 
manufacturing process for circuits using the AD7118 does not 
allow such films to form. Othetwise the feedthrough, accuracy 
and maximum usable range will be affected. 

STATIC ACCURACY PERFORMANCE 
The D/A converter section of the AD7118 consists of a 17-bit 
R-2R type converter. To obtain optimum static performance 
at this level of resolution it is necessary to pay great attention 
to amplifier selection, circuit grounding, etc. 

Amplifier input bias current results in a dc offset at the output 
of the amplifier due to the current flowing through the feed
back resistor RFB. It is recommended that an amplifier with 
an input bias current of less than 10nA be used (e.g., ADS 17 
or AD544) to minimize this offset. 
Another error arises from the output amplifier's input offset 
voltage. The amplifier is operated with a fixed feedback re
sistance, but the equivalent source impedance (the AD7118 
output impedance) varies as a function of attenuation leveL 
This has the effect of varying the "noise" gain of the amplifier, 
thus creating a varying error due to amplifier offset voltage. To 
achieve an output offset error less than one half the smallest 
step size, it is recommended that an amplifier with less 
than SOIlV of input offset be used (such as the AD517 or 
AD OP-07). 

If dc accuracy is not critical in the application, it should be 
noted that amplifiers with offset voltage up to approximately 
2 millivolts can be used. Amplifiers with higher offset voltage 
may cause audible "thumps" due to dc output changes. 

The AD7118 accuracy is specified and tested using only the 
internal feedback resistor. It is not recommended that "gain" 
trim resistors be used with the AD7118 because the internal 
logic of the circuit executes a proprietary algorithm which 
approximates a logarithmic curve with a binary 01 A converter: 
as a result no single point on the attenuator transfer function 
can be guaranteed to lie exactly on the theoretical curve. Any 
"gain-error" (i.e., mismatch of RFB to the R-2R ladder) that 
may exist in the AD7118 D/A converter circuit results in a 
constant attenuation error over the whole range. Since the 
gain-error of CMOS multiplying D/A converters is normally 
less than 1%, the accuracy error contribution due to "gain
error" effects is normally less than O.09dB. 
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AD7118 - Typical Performance Characteristics 
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Figure 7. Digital Threshold & Power Supply Current vs 
Power Supply 

Figure 10. Output Leakage Current vs Temperature at VDD; 
5, 10and 15 Volts 
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Figure 9. DC Attenuation Error VB. Attenuation & 
Temperature 
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Figure 12. Distortion vs. Frequency USing AD544 Amplifier 
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~ANALOG 
WDEVICES 

FEATURES 
8-Bit CMOS DAC with Output Amplifier 
Operates with Single or Dual Supplies 
Low Total Unadjusted Error: 

Less than 1 LSB Over Temperature 
Extended Temperature Range Operation 
ILP-Compatible with Double Buffered Input 
Standard 18-Pin DiPs and 20-Terminal Surface 

Mount Package and SOIC Package 

GENERAL DESCRIPTION 
The AD7224 is a precision 8-bit, voltage-output, digital-to-analog 
converter with output amplifier and double buffered interface 
logic on a monolithic CMOS chip. No external trims are required 
to achieve full specified performance for the part. 

The double buffered interface logic consists of two 8-bit registers
an input register and a DAC register. Only the data held in the 
DAC register determines the analog output of the converter. 
The double buffering allows simultaneous update in a system 
containing multiple AD7224's. Both registers may be made 
transparent under control of three external lines, CS, WR and 
LDAC. With both registers transparent, the RESET line functions 
like a zero override; a useful function for system calibration 
cycles. All logic inputs are TTL and CMOS (5V) level compatible 
and the control logic is speed compatible with most 8-bit 
microprocessors. 

Specified performance is guaranteed for input reference voltages 
from +2V to + 12.5V when using dual supplies. The part is 
also specified for single supply operation using a reference of 
+ lOY. The output amplifier is capable of developing + IOV 
across a 2kO load. 

The AD7224 is fabricated in an all ion-implanted high speed 
Linear Compatible CMOS (LC2MOS) process which has been 
specifically developed to allow high speed digital logic circuits 
and precision analog circuits to be integrated on the same chip. 

REV. A 

LC2MOS 
a-Bit OAC With Output Amplifier 

AD7224 I 
FUNCTIONAL BLOCK DIAGRAM 

MSB 

LS8 

a 
Wii 

UiiC 

iiESfi V~~--... 

PRODUCT HIGHLIGHTS 

v .. 

1. DAC and Amplifier on CMOS Chip 

v •• 

VOUT 

AGND DONO 

The single-chip design of the 8-bit DAC and output amplifier 
is inherendy more reliable than multi-chip designs. CMOS 
fabrication means low pDwer consumption (35mW typical 
with single supply). 

2. Low Total Unadjusted Error 
The fabrication of the AD7224 on Analog Devices Linear 
Compatible CMOS (LC2MOS) process, coupled with a novel 
DAC switch-pair arrangement, enables an excellent total 
unadjusted error of less than I LSB over the full operating 
temperature range. 

3. Single or Dual Supply Operation 
The voltage-mode configuration of the AD7224 allows operation 
from a single power supply rail. The part can also be operated 
with dual supplies giving enhanced performance for some 
parameters. 

4. Versatile Interface Logic 
The high speed logic allows direct interfacing to most micro
processors. Additionally, the double buffered interface enables 
simultaneous update of the AD7224 in multiple DAC systems. 
The part also features a zero override function. 
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AD7224-SPECIFICATIONS 
DUAL SUPPLY (YOD = l1.4V to 16.5V, Vss=-5V ± 10%; AGND = DGND = OV; VRU +2V to (YDD -4V)'.unless othalWisutated. 

All spacifications Tmlnto T .... unless otharwise noted.) 

Parameter ... 

STATIC PERFORMANCE 
Resolution 
Total Unadjusted Error 
Relative Accuracy 
Differential Nonlinearity 
Full Scale Error 
Full Scale Temperature Coefficient 
Zero Code Error 
Zero Code Error Temperature Coefficient 

REFERENCE INPUT 
Voltage Range 
Input Resistance 
Input Capacitance' 

I;>IGITAL INPUTS 
Input High Voltage, VINH 
Input Low Voltage, VINL 

Input Leskage Current 
Input Capacitance' 
Input Coding 

OYNAMICPERFORMANCE 
Voltage Output Slew Rate' 
Voltage Output Settling Time' 
PoutiveFullScaleC~ 
Negative Full Scale ~ 

Digital Feedthrough 
Minimum Load Resistance 

POWER SUPPLIES 
VooRarige 
VssRange 
100 

@25OC 
Troin to Tmax 

Iss 
@25OC 
T_toT .... 

SWITCHINGCHARACTBRISTICS' 
tl 

@25OC 
T_toT .... 

tz 
@25OC 
T_toT .... 

t, 
@25OC 
T_toT""" 

I< 
@25OC 
T_toT ... 

ts 
@25OC 
T_toT ... 

to 
@25OC 
T_toT ... 

NOTES 
1 Maximum possible reference voltage. 
2Tcmperature ranges are as follows: 

K, L Versions: -.woe to + 8S"C 
B, eVersions: -40"<: to +8SoC 
T. U Versions: - 55°C to + 125°C 

K,B,T 
Veniousz 

8 
±2 
±I 
±I 
±3/2 
±20 
±30 
±50 

2to(Voo -4) 
8 
100 

2.4 
0.8 
±I 
8 
Binsry 

2.5 

5 
7 
50 
2 

11.4116.5 
4.515.5 

4 
6 

3 
5 

ISO 
200 

ISO 
200 

0 
0 

0 
0 

90 
100 

10 
10 

~Sample Tested at 25"C by Product Assurance to ensure compliance. 
·Swirching characteristics apply for single and dual supply operation. 

Specifications subject to change without notice. 
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L,C,U 
Versions Units Coadltions/Commeats 

8 Bits 
±I LSBmax Voo = + 15V ± 5%, VREP = + 10V 
±1/2 LSBIIIIUO 
±I LSBmax Guaranteed MonotoDic 
±I LSBmax 
±20 ppmrcmax Voo = 14Vto 16.5V, VREP = + 10V 
±20 mVmax 
±30 ... VI"Ctyp 

2to(Voo-4) V_toV .... 
8 kOmin 
100 pFmax Occurs when OAC is loaded with all I ' •. 

2.4 V min 
0.8 V max 
±I IIoAmax VIN = OVorVOD 
8 pFmax 
Binsry 

2.5 VI .... min 

5 .... max V REP = + IOV; Settling Time to ± 1I2LSB 
7 .... max VREP = + 10V; Settling Time to ± II2LSB 
50 nVsecstyp VREP=OV 
2 kOmin Vour = + IOV 

11.4116.5 VmmN_ For Specified PettonnuKe 
4.515.5 VmmN .... For Specified Pmormsnce 

4 mAmax Outputs Unloaded; VIN = VINL or VINH 
6 mAmax Outputs Unloaded; VIN = VINL or VINH 

3 mAmax Outputs Unloaded; VIN = VINL or VINH 
5 mAmax Output. Unloaded; VIN = VINL or VINH 

ISO nsmin Chip SelectlLoad OAC Pulse Width 
200 nsmin 

ISO nsmin WritelReset Pulse Width 
200 nsmin 

0 DSmin Chip SelectlLoad OAC to Write Setup Time 
0 nsmin 

0 Dsmm Chip SelectlLoad OAC to Write Hold Time 
0 DSmin 

90 nsmin Oata Valid to Write Setup Time 
100 nsmin 

10 nsmin Oata Valid to Write Hold Time 
10 DSmin 
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SINGLE SUPPLY (VDD = +15Y ± 5%; Yss.= AGND = DGND = OY; YREF = +10yl unless otherwise stated. All specifications 
T.IN to TMAX unless othelWlse noted.) 

Parameter 

STATIC PERFORMANCE 
Resolution 
Total Unadjusted Error3 

Differential Nonlinearitr 

REFERENCE INPUT 
Input Resistance 
Input Capacitance' 

DIGITAL INPUTS 
Input High Voltage, VINH 

Input Low Voltage, VINL 
Input Leakage Current 
Input Capacitance' 
Input Coding 

DYNAMIC PERFORMANCE 
Voltage Output Slew Rate' 
Voltage Output Settling Time' 

Positive Full Scale Change 
Negative Full Scale Change 

Digital Feedthrough' 
Minimum Load Resis18Dce 

POWER SUPPLIES 
VnnRange 
Inn 

@25"C 
T_toT ... 

SWITCHING CHARACTERISTICS' 
tl 

@25"C 
T_toT .... 

t2 
@25"C 
T_toT .... 

t, 
@25"C 
T_toT .... .. 
@25"C 
T_toT .... 

ts 
@25"C 
T_toT .... 

t,; 
@2S"C 
T_toT .... 

NOTES 
IMaximum possible reference voltage. 
2Tempe:rature ranges are as follows: 

K, L Versions: - 4O"C to + 8S"C 
B, eVersions: - 4O"C to + SSG(: 
T, U Versions: - 5SOC to + 125"C 

K,B,T 
Versions' 

8 
±2 
±I 

8 
100 

2.4 
0.8 
±I 
8 
Binary 

2 

5 
20 
50 
2 

14.25115.75 

4 
6 

150 
200 

150 
200 

0 
0 

0 
0 

90 
100 

10 
10 

3Sample Tested. at 2SOC by Product Assurance to ensure compliance. 
'Switching characteristics apply for single and dual supply operation. 

Specifications subject to change without notice. 

REV. A 

L,C,U 
Versions Units ConclitionsiComm..-

8 Bits 
±2 LSBmax 
±I LSBmax Guaranteed Monotonic 

8 kOmin 
100 pFmax Occurs when DACis lnaded withalil's. 

2.4 V min 
0.8 V max 
±I .,A max VIN ~ OVorVnn 
8 pFmax 
Binary 

2 V/."smin 

5 .".max Settling Time to ± II2LSB 
20 .".max Settling Time to ± II2LSB 
50 nVsecsryp VREF~ OV 
2 kOmin Vour~ +IOV 

14.25115.75 VmmIV_ For Specified Performance 

4 mAmax Outputs Unloaded; VIN~ VINL or VINH 

6 mAmax Outputs Unloaded; V IN ~ V INL or V INH 

150 nsmin Chip Select/Load DAC Pulse Width 
200 nsmin 

ISO nsmin WritelReset Pulse Width 
200 nsmin 

0 DSmin Chip Select/Load DAC to Write Setup Time 
0 nsmin 

0 nsmin Chip SelectlLoad DAC to Write Hold Time 
0 nsmin 

90 nsmin Data Valid to Write Setup Time 
100 nsmin 

10 nsmin Data Valid to Write Hold Time 
10 nsmin 
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ABSOLUTE MAXIMUM RATINGS* 

VootoAGND 
VootoDGND . 
Voo to Vss ... 
AGNDto DGND 
Digital Input Voltage to DGND 
VRBF to AGND ........ . 
VOUT to AGND1 •••••••• 

Power Dissipation (Any Package) to + 75°C 
Derates above 75°C by ... 

Operating Temperature 
Commerical (K, L Versions) 
Industrial (B, C Versions) 
Extended CT, U Versions) 

Storage Temperature ..•. 
Lead Temperature (Soldering, lOsecs) 

NOTES 

· -O.3V, + l7V 
· -O.3V, + 17V 
· -O.3V, +24V 

-O.3V, Voo 
-O.3V, VDO +O.3V 

-O.3V, Vm:. 
Vss, Voo 

450mW 
.6mWrC 

- 4O·C to + 85°C 
-40OC to +85OC 

- 550C to + l250C 
-65OC to + I500C 
..... +300OC 

IThe outputs may be shorted to AGND provided that the power dissipation 
of the package is not exceeded. Typically short circuit current to AGND 
is6OmA. 

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

CAUTION 

ORDERING GUIDE 

Total 
Temperature Unadjusted Package 

Modell Range Error (LSB) Option2 

AD7224KN -40°C to + 85°C ±2max N-IS 
AD7224LN -40°C to + 85°C ±lmax N-IS 
AD7224KP - 400C to + 85°C ±2max P-20A 
AD7224LP -40OCto + 85°C ±Imax P-20A 
AD7224KR-l -40OCto +S5°C ±2max R-20 
AD7224LR-l - 40°C to + S5°C ±lmax R-20 
AD7224BQ -40°C to +S5°C ±2max Q-I8 
AD7224CQ -40°C to + 85°C ±lmax Q-lS 
AD7224TQ - 55°C to + 125°C ±2max Q-IS 
AD7224UQ - 55°C to + 125°C ±lmax Q-lS 
AD7224TE - 55°C to + 125°C ±2max E-20A 
AD7224UE - 55°C to + 125°C ±lmax E-20A 

NOTES 
ITo order MIL·STD·883 processed parts, add 1883B to part number. 
Contact your local sales office for military data sheet. 

'E = Leadless Ceramic Chip Cartier; N = Plastic DIP; P = Plastic Lesded; 
Q = Cerdip; R = SOIC. For outline information see Package Information 
section. 

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

WARNING! g 
~~EDEVICE 

PIN CONFIGURATIONS 

DIP 

Voo 

IDAC 

Wi! 

co 
DRO (LSB) 

DB. 

DBa 

VAEF 4 

AGND 5 

DGND 6 

DB7(MSBI 7 

DBS B 

Lcee 

L~~JII 
a 2 • .. I. 

00 

U 

A07224 
TOPYIEW 

(Not to Soale) 

9 10 " 12 13 

j ~ Ii! i 8 
NC = NO CONNECT 
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'8 i.DAC 
17 WR 

l' Cs 
15 DBD (lsa) 

14 DB1 

sOle 

PLee 

3 2 I 20 19 

o 

AD7224 
TOPYIEW 

(Not to Scarel 

9 10 " 12 13 

NC = NO CONNECT ~ ~ ~ i ~ 

WAC 

Wi! 

co 
DBO (LSB) 

DB. 
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TERMINOLOGY 

TOTAL UNADJUSTED ERROR 
Total Unadjusted Error is a comprehensive specification which 
includes full scale error, relative accuracy and zero code error. 
Maximum output voltage is VREF -ILSB (ideal) where lLSB 
(ideal) is VRl!P256. The LSB size will vary over the VREF range. 
Hence the zero code error .. relative to LSB size, will increase as 
V REF decreases. Accordingly, the total unadjusted error, which 
includes the zero code error, will also vary in terms of LSB's 
over the V REF range. As a result, total unadjusted error is specified 
for a fixed reference voltage of + 1 OV. 

RELATIVE ACCURACY 
Relative Accuracy or end-point nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
end-points of the DAC transfer function. It is measured after 

CIRCUIT INFORMATION 

D/ASECTION 
The AD7224 contains an 8-bit voltage-mode digital-to-analog 
converter. The output voltage from the converter has the same 
polarity as the reference voltage allowing single supply operation. 
A novel DAC switch pair arrangement on the AD7224 allows a 
reference voltage range from + 2V to + 12.5V. 

The DAC consists of a highly stable, thin-film, R-2R ladder and 
eight high speed NMOS single pole, double-throw switches. 
The simplified circuit diagram for this DAC is shown in 
Figure 1. 

VOUT 

SHOWN FOR ALL "SONDAC 

Figure 1. DIA Simplified Circuit Diagram 

The input impedance at the VREF pin is code dependent and 
can vary from 8kn minimum to infinity. The lowest input 
impedance occUrs when the DAC is loaded with the digital code 
01010101. Therefore, it is important that the reference presents 
a low output impedance under changing load conditions. The 
nodal capacitance at the reference terminal is also code dependent 
and typically varies from 25pF to 50pF. 

The VOUT pin can be considered as a digitally programmable 
voltage source with an output voltage of: 

VOUT = D . VREF 

where D is a fractional representation of the digital input 
code and can vary from 0 to 255/256. 

OP-AMP SECTION 
The voltage-mode D/A converter output is buffered by a unity 
gain non-inverting CMOS amplifier. This buffer amplifier is 
capable of developing + 10V across a 2kn load and can drive 
capacitive loads of 3300pF. 
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AD7224 
allowing for zero code error and full scale error and is normally 
expressed in LSB's or as a percentage of full scale reading. 

DIFFERENTIAL NONLJNEARITY 
Differential Nonlinearity is the difference between the measured 
change and the ideal lLSB change between any two adjacent 
codes. A specified differential nonlinearity of :!: ILSB max over 
the operating temperature range ensures monotonicity. 

DIGITAL FEEDTHROUGH 
Digital Feedthrough is the glitch impulse transferred to the 
output due to a change in the digital input code. It is specified 
in nV sees and is measured at VREF = OV. 

FULL SCALE ERROR 
Full Scale Error is defined as: 
Measured Value - Zero Code Error - Ideal Value 

... ( vu+v 
(.. --Jov 

300 

'l. 
j Vgo'" +15V 

l",=ZS'C 

200 

100 

0 
10 

VOI,IT-Volts 

Figure 2. Variation of ISINK with VOUT 

The AD7224 can be operated single or dual supply resulting in 
different performance in some parameters from the output am
plifier. In single supply operation (Vss = OV = AGND) the 
sink capability of the amplifier, which is normally 4OO,..A, is 
reduced as the output voltage nears AGND. The full sink capability 
of 4OO,..A is maintained over the full output voltage range by 
tying Vss to - 5V. This is indicated in Figure 2. 

Settling-time for negative-going output signals approaching 
AGND is similarly affected by V ss. Negative-going settling-time 
for single supply operation is longer than for dual supply operation. 
Positive-going settling-time is not affected by V ss. 

Additionally, the negative V ss gives more head-room to the 
output amplifier which results in better zero code performance 
and improved slew-rate at the output, than can be obtained in 
the single supply mode. 

DIGITAL SECTION 
The AD7224 digital inputs are compatible with either TTL or 
5V CMOS levels. All logic inputs are static-protected MOS 
gates with typical input currents of less than InA. Internal 
input protection is achieved by an on-chip distributed diode 
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AD7224· 
between DGND and each MOS gate. To minimize power supply 
currents, it is recommended that the digital input voltages be 
driven as close to the supply rails 0100 and DGND) as practically 
possible. 

INTERFACE LOGIC INFORMATION 
Table I shows the truth table for AD7224 operation. The part 
contains two registers, an input register and a DAC register. CS 
and WR control the loading of the input register while LDAC 
and WR control the transfer of information from the input 
register to the DAC register. Only the data held in the DAC 
register will determine the analog output of the converter. 

RESET LDAC WR CS Function 

H L L L Both Registers are Transparent 

H X H X Both Registers are Latched 

H H X H Both Registers are Latched 

H H L L Input Register Transparent 

H H S L Input Register Latched 

H L L H DACRegisterTranspareot 

H L S H DAC Register Latched 

L X X X Both Registers Loaded 
With All Zeros 

J H H H Both Register Latched With 
All Zeros and Output Remains 
at Zero 

I L L L Both Registers are Transparent 
and Output Follows Input Data 

H = High State, L = Low State, X = Don't Care. 
All control inputs are level triggered. 

Table I. AD7224 Truth Table 

All control signals are level-triggered and therefore either or 
both registers may be made transparent; the input register by 
keeping CS and WR "LOW", the DAC register by keeping 
LDAC and WR "LOW". Input data is latched on the rising 
edgeofWR. 

The contents of both registers are reset by a low level on the 
RESET line. With both registers transparent, the RESET line 
functions like a zero override with the output brought to OV for 
the duration of the RESET pulse. If both registers are latched, 
a "LOW" pulse on RESET will latch all O's into the registers 
and the output remains at OV after the RESET line has returned 
"HIGH". The RESET line can be used to ensure power-up to 
OV on the AD7224 output and is also useful, when used as a 
zero override, in system calibration cycles. Figure 3 shows the 
input control logic for the AD7224. 

cs------z_, 

RESET -------' 

INPUT DATA 

Figure 3. Input Control Logic 
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~ 
DATA~ 

IN VALID 

NOTES 
1. ALL INPUT SIGNAL RISE AND FAU nMES 

MEASURED FROM 10% TO 90% of Yoo. 
t. = t, = 20n5 OVER VDD RANGE 

2. TIMING MEASUREMENT REFERENCE LEVEL IS 

VINH + VIN!. 
~ 

Figure 4. Write Cycle Timing Diagram 

SPECIFICATION RANGES 
For the DAC to maintain specified accuracy, the reference voltage 
must be at least 4V below the Voo power supply voltage. This 
voltage differential is required for correct generation of bias 
voltages for the DAC switches. 

With dual supply operation, the AD7224 has an extended VDD 

range from + 12V ±5% to + ISV' ± 10% (i.e., from + 11.4V to 
+ 16.5V). Operation is also specified for a single V DD power 
supply of + 15V ± 5%. 

Performance is specified over a wide range of reference voltages 
from 2V to 0100 -4V) with dual supplies. This allows a range 
of standard reference generators to be used such as the AD580, 
a +2.5V bandgap reference and the AD584, a precision + 10V 
reference. Note that in order to achieve an output voltage range 
of OV to + lOY, a nominal + 15V ± 5% power supply voltage is 
required by the AD7224. 

GROUND MANAGEMENT 
AC or transient voltages between AGND and DGND can cause 
noise at the analog. output. This is especially true in microprocessor 
systems where digital noise is prevalent. The simplest method of 
ensuring that voltages at AGND and DGND are equal is to tie 
AGND and DGND together at the AD7224. In more complex 
systerDS where the AGND and DGND intertie is on the backplane, 
it is recommended that twO diodes be connected in inverse 
parallel between the AD7224 AGND and DGND pins (IN914 
or equivalent). 

Applying the 7224 
UNIPOLAR OUTPUT OPERATION 
This is the basic mode of operation for the AD7224, with the 
output voltage having the same positive polarity as VRBF• The 
AD7224 can be operated single supply 0Iss = AGND) or with 
positive/negative supplies (see op-amp section which outlines the 
advantages of having negative V ss). Connections for the unipolar 
output operation are shown in Figure 5. The voltage at VRBF 

must never be negative with respect to DGND. Failure to observe 
this precaution may cause parasitic transistor action and possible 
device destruction. The code table for unipolar output operation 
is shown in Table II. 
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Figure 5. Unipolar Output Circuit 

DACJleajetueoa-.. 
MSB LSB ~ Oatpat. Vour 

1 1 1 1 11 1 1 (255 ) 
+VREF 256 

1000 0001 (129 ) +VUF 256 

1000 0000 ( 128 ) VREF 
+ VREF 256 = + -2-

01 11 1 1 1 1 (127 ) +VREF 256 

0000 0001 +VREF ( 2~6) 
0000 0000 OV 

Note: lLSB = (VREFXi") = VREF( 2~ ) 
Table II. Unipolar Code Table 

BIPOLAR OUTPUT OPERATION 
The AD7224 can be configured to provide bipolar output operation 
using one extemal amplifier and two resistors. Figure 6 shows a 
cifC1Jit used to implement offset binary coding. In this case 

Vo = (I + ~). (D VREF) - (~). (VREF) 

With RI = R2 
Vo = (2D -I)· VREF 

where D is a fractional representation 
of the digital word in the DAC register. 

Mismatch between RI and R2 causes gain and offset errors; 
therefore, these resistors must match and track over temperature . 

. Once again, the AD7224 can be operated in single supply or 
from positive/negative supplies. Table III shows the digital code 
versus output voltage relationship for the circuit of Figure 6 
with RI = R2. 
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Figure 6. Bipolar Output Circuit 

DAC .... terCoateats 
MSB LSB ~OuIpUt,Vo 

1 1 1 1 1 1 1 1 ( 127 ) 
+VREF 128 

1000 0001 +VREF ( 1~8 ) 

1000 0000 OV 

011 1 1 1 1 1 -VREF ( 1~8) 
0000 0001 ( 127 ) 

-VREF 128 

0000 0000 (128 ) -VREF 128 = -VREF 

Table III. Bipolar (Offset Binary) Code Table 

AGNDBIAS 
The AD7224 AGND pin can be biased above system GND 
(AD7224 DGND) to provide an offset "zero" analog output 
voltage level. Figure 7 shows a circuit configuration to achieve 
this. The output voltage, VOUT, is expressed as: 

VOUT = VBIAS + D • (VIN) 

where D is a fractional representation of the digital word 
in the DAC register and can vary from 0 to 2551256. 

For a given VIN, increasing AGND above system GND will 
reduce the effective Voo-VREF which must be at least 4V to 
ensure specilled operation. Note that Voo and V 55 for the AD7224 
must be referenced to DGND. 

Figure 7. AGND Bias Circuit 
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AD7224--Microprocessor Interface 
AI. 

A5i-----, 

-8088 

WiiI-----1 

ALE 

AD71-----' 

ADDRESS8US 

A~~ _________________ J 

'-__ ..I *UNEAR CIRCUITRY OMInED fOR CLARITY 

Figure B. AD7224 to BOB5A1B08B Interface 

AI. 

) ADDRESS BUS 

•• J ~ 
Z·BO 

I 
Cli ADDRESS [ DECODE 
LDAC 

AD1224' 
Wii WR 

~ DB7 

I r DB
• 

D7 
DATA BUS ~ D. 

"LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 10. AD7224 to Z-BO Interface 
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AIS 
ADDRESS BUS S A. 
J L 6809 

6502 
J. ADDRESS [ RiW 

os 1 EN DECODE LDAC 

f----i; 
AD7224' 

EOA .2 WR 

r I:: 
D7 

~ DATA BUS 
DO 

"LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 9. AD7224 to 680916502 Interface 

02' ) ADDRESS BUS 
AI J l.,. 

68008 I Cli ADDRESS 
h.~ DECODE 

t6AC 
1 AD1224' 

RiW WR 

iii'iCi 

r r:: 
D7 

DATA BUS 1 
DO 

·LlNEAR CIRCUITRY OMITTED FOR CLARITY 

Figure ". AD7224 to 6800B Interface 
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WDEVICES 

FEATURES 
• Internal Output Amplifier 
• Double-Buffered Data Inputs 
• Microprocessor Compatible 
• Adjustment Free (±1/2 LSB Total Error) 
• Guaranteed Monotonicity 
• Single or Dual Supply Operation 
• Space Saving 0.3" Wide 18-Pin DIP 
• TTU5V CMOS Compatible 
• Fast Data Load, tWR = 90ns (All Temperatures) 
• Single Specification Table for Both Dual and Single 

Power Supply Operation 
• Available In Ole Form 

APPLICATIONS 
• Process/Industrial Controls 
• Automatic Test EqUipment 
• Op Amp Offset Adjust 
• Gain Adjust 
• Attenuation 
• Medical Equipment 

ORDERING INFORMATION t 

TOTAL 
UNADJUSTED MILITARY· 

ERROR TEMPERATURE 
±1I2LSB 
±1 LSB 
±1 LSB 
±1LSB 
±1 LSB 

PM7224AX 
PM7224BX 
PM7224BRCJ883 

PACKAGE 

EXTENDED 
INDUSTRIAL 

TEMPERATURE 
PM7224EX 
PM7224FX 
PM7224FS 
PM7224FPC 
PM7224FP 

COMMERCIAL 
TEMPERATURE 

PM7224GP 

For devices processed in total compliance to MIL-STD-883, add 1883 after part 
number. Consultlactory for 883 data sheet. 
Burn-In is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

FUNCTIONAL BLOCK DIAGRAM 

B-BIT 
CAe 

a-Bit CMOS D/A Converter 
with Voltage Output 

PM-7224 I 
CROSS REFERENCE 

PMI ADI TEMPERATURE RANGE 

PM7224AX AD7224UO 
PM7224BX AD7224TO MIL 

PM7224EX AD7224CO 
IND PM7224FX AD7224BO 

PM7224GP AD7224LN 
PM7224FPC AD7224KP COM 
PM7224FP AD7224KN 

GENERAL DESCRIPTION 

The PM-7224 is an improved version of the AD7224, which is an 
S-bit, double-buffered, voltage output, CMOS digital-to-analog 
converter. It consists of a CMOS output amplifier, two S-bit 
registers, interface control logic, and an R-2R resistor ladder 
network on a single monolithic chip. 

PIN CONNECTIONS 

(MSBl08 7 & 

0" 7 

""EF 
AGHD 

DGND 
(MS8) DB,. 

0" 

. , 
~ 
~ 
~ 
Po 

1 .,,, 

'11'011"11'211'3 

voo 

18 

17 

" 15 

14 

iliAC 
WR 
Cii 
ORe (LSB) 

Da, 

18-PIN CERDIP 
(X-Suffix) 

18-PIN EPOXY DIP 
(P-Suffix) 

18-PINSOL 
(S-Suffix) 

20-CONTACT LCC 
(RC-Sufflx) 

20-CONTACT PLCC 
(PC-Suffix) 

MSB 
(S-BIT 

DATA..aUS) ! 
lSB REGISTER L-__ " 
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cs 
WR 

LDAC 

RESET 
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PM-7224 

PC board-space ~nd costs are greatly reduced by eliminating 
the need for an external amplifier and associated trim circuitry. 

Excellent zero code error is achieved for both single and dual 
supply operation by laser trimming the offset during manufac
turing. The internal amplifier can deliver up to 5mA into a 2kO 
load and can drive a 3300pF capacitive load. 

A reset pin simplifies system power-up and/or calibration 
cycles. It allows the DAC to momentarily be reset to OV and 
function like a zero-override when both registers are trans
parent; however, the DAC output will remain at OV when both 
registers are latched. 

The PM-7224 can be operated with either a single or dual 
supply; however, zero code error can be improved using dual 
supplies. 

PMI's advanced oxide-isolated, silicon-gate, CMOS process 
allows the PM-7224's analog and digital circuitry to be manu
factured on the same chip. This, coupled with PMI's highly
stable thin-film R-2R resistor ladder, aids in the PM-1224's 
excellent full-scale and zero-code error temperature coef
ficients. It also results in an inherently reliable DAC and output 
amplifier. 

The PM-7224 is a CMOS monolithic chip that fits into a space 
saving 18-pin, 0.3" wide, DIP package. With faster AC timing 
and tighter single and dual supply operation specifications, it is 
an improved replacement for the AD7224. 

ABSOLUTE MAXIMUM RATINGS (TA = +25°C, unless 
otherwise noted) 
V 00 to AGND or DGND ........................................ -a.3V, + 17V 
Vss to AGND or DGND .............................................. -7V, Voo 

Voo to Vss ........................................................ -0.3V, +24V 
AGND to DGND ......................................................... -0.3, Voo 
Digital Input Voltage to DGND ............................... -0.3V, V 00 

VREF to AGND ........................................................ -a.3V, VOD 
VOUT toAGND (Note 1) ............................................. Vss' VDO 
Operating Temperature 

Military, AX/BX ........................................... -55°C to +125°C 
Extended Industrial, EX/FX/FP/FPC/FS ..... -40°Cto +85°C 
Commercial, GP ............................................... O°C to +70°C 

Junction Temperature ................................................... + 150°C 
Storage Temperature .................................... -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ........................ +300°C 

PACKAGE TYPE elA (NoteS) e lc UNITS 

18·Pin Hermetic DIP (X) 84 IS 'CIW 

18·Pin Plastic DIP (P) 75 33 'CIW 

20·Contact LCC (RC) 98 38 'CIW 

18-Pin SOL (S) 89 27 'CIW 

20·Contact PLCC (PC) 76 36 'CIW 

NOTES: 
I. Outputs may be shorted to AGND provided the package power dissipation is 

not exceeded. Typical output short circuit current to AGND is 50mA. 
2. The digital inputs are diode·protected; however. permanent damage may 

occur on unconnected inputs from high·energy electrostatic fields. Keep de· 
vice in conductive foam at all times until ready for use. 

3. Use proper anti·static handling procedures. 
4. Stresses above those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. This Is a stress rating only and functional 
operation at or above this specification is not implied. Exposure to above 
maximum ratings conditions for extended periods may affect device reliability. 

5. alA is specified for worst case mounting conditions, i.e., e'A is specified for 
device in socket for CerDIP, P·DIP, and LCC packages; e:A is specified for 
device soldered to printed circuit board for SOL and PLCC packages, 

Specifications apply for DUAL or SINGLE SUPPLY, unless otherwise specified. 
ELECTRICAL CHARACTERISTICS: DUAL SUPPLY: VDD =+ 11.4Vto+ 16.5V;VSS =--5V±1 0%; AGND = DGND = OV; VREF=+2V 
to (VDD - 4V); or SINGLE SUPPLY: VDD = + 15V ±5%; VSS = AGND = DGND = OV; VREF = +1 OV; TA = --55°C to + 125°C apply for 
PM-7224AXlBX; T A ~ -40°C to +85°C apply for PM-7224EXlFXlFP/FPC/FS; T A = O·Cto +70·C for PM-7224GP, unless otherwise noted. 

PM-7224 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

STATIC ACCURACY 

Resolution N 8 Bits 

Total Unadjusted Error 
TUE PM· 7224A1E1G ±1I2 LSB (Note I) PM-7224B1F ±I 

Relative Accuracy INL 
PM-7224A/E/G ±1I2 

LSB PM-7224B1F ±I 

Differential NonlinearilY DNL PM-7224A1E/G ±112 LSB (Note 2) PM-7224B1F ±I 

Full-Scale Error GFSE 
PM-7224A1E/G ±1/2 

LSB PM-7224BIF ±I 

Full-Scale 
Temperature Coefficient TCGFS ±I ±20 ppm/'C 
(Note 3) 

DUAL SUPPLY: 
PM· 7224A1E/G ±5 
PM-7224B1F ±20 

Zero Error Code VZSE SINGLE SUPPLY: mV 

PM-7224A1E/G ±IO 
PM·7224B1F ±20 

Zero Error Code 
Temperature Coefficient TCVzs ±IO JLV/'C 
(Note 3) 
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Specifications apply for DUAL or SINGLE SUPPL V, unless otherwise specified. 
ELECTRICAL CHARACTERISTICS: DUAL SUPPLY: Voo = +11.4Vto +16.5V; Vss =-5V ±10%; AGND = DGND = OV; V AEF = 

+2Vto (Voo -4V); or SINGLE SUPPLY: Voo = +15V ±5%;Vss =AGND = DGND = OV; V AEF = +10V;TA =-55°Cto +125°C apply for 

PM-7224AXJBX; TA = -40°C to +85°C apply for PM-7224EX/FX/FP/FPC/FS; TA = O°C to +70°C for PM-7224GP, unless otherwise 

noted. Continued 

PARAMETER SYMBOL CONDITIONS 

REFERENCE INPUT 

Voltage Aange 
OUAL SUPPLY ONLY 

(Note 4) 

Input Resistance A'N 

Input Capacitance 
C'N Digital Inputs = all l's 

(Note 3) 

DIGITAL INPUTS 

Digital Input High V'NH 

Digital Input Low V1NL 

Input Current I'N V'N = OV or Voo 

Input Capacitance 
C'N (Note 3) 

Input Coding 

POWER SUPPLIES 

Power Supply 
PSAA 

Aejection Aatio 

Positive Supply Current 
100 

TA = +25°C 
(NoteS) TA = Full Temp Range 

Negative Supply Current 
DUAL SUPPLY ONLY 

(NoteS) Iss TA = +25°C 
TA = Full Temp Aange 

DYNAMIC PERFORMANCE 

VOUT Slew Aate 
SR 

(Note 3) 

VOUT Settling Time 
Positive or Negative ts 
(Note 3, 6) 

Digital Feedthrough 
Q 

(Note 3) 

Minimum Load 
AL(M'NI VOUT = +10V 

Resistance 

SWITCHING CHARACTERISTICS (Note 3) 

Chip SelecVLoad 
t, 

OAC Pulse-Width 

Write/Reset 
t2 Pulse-Width 

Chip SelecVLoad 
t3 DAC to Write Setup Time 

Chip SelecVLoad 
t. DAC to Write Hold Time 

Data Valid to 
Write Setup Time ts 

Data Valid to 
Write Hold Time Is 

NOTES: 
1. Includes Full Scale Error. Relative Accuracy. and Zero Code Error. 
2. All devices guaranteed monotonic over the full operating temperature 

range. 
3. Guaranteed by design and not subject to production lest. 

REV. A 

PM-7224 
MIN TYP MAX UNITS 

2 (Voo -4) V 

8 kO 

100 pF 

2.4 V 

0.8 V 

±1 ~A 

8 pF 

BINARY 

0.005% %/% 

4 
mA 

6 

3 
mA 

5 

2.5 V!~S 

pS 

10 nVs 

kO 

90 ns 

90 ns 

0 ns 

0 ns 

90 ns 

10 ns 

4. Voo - 4 volts Is the maximum reference voltage for Ihe above specifications. 
5. V'N = V'NL or V'NH; outputs unloaded. 
6. VREF = +10V; to where oulpul settles to 112 LSB. 
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DICE CHARACTERISTICS 

DIE SIZE 0.094 X 0.099 Inch, 9306 sq. mils 
(2.39 X 2.52 mm, 6.0 sq. mm) 

1. Vss 
2. VOUT 
3. VREF 

4. AGND 
5. DGND 
6. DB7(MSB) 
7. DB6 
8. DBS 
9. DB4 

10. DB3 
11. DB2 
12. DB1 
13. DBO(LSB) 
14. CS 
15. WR 
16. LDAC 
17. RESET 
18. Voo 

Specifications apply for DUAL or SINGLE SUPPLY, unless otherwise specified. 

WAFER TEST LIMITS: DUAL SUPPLY: VDD = +11.4V to +16.5V; Vss = -5V ±10%; AGND = DGND = OV; VREF= +2Vto (VDD -4V). 
SINGLE SUPPLY: VDD = +15V ±5%; Vss = AGND = DGND = OV; VREF = +10V; unless otherwise noted. 

PARAMETER 

STATIC ACCURACY 

Resolution 

Total Unadjusted Error 
(Note 1) 

Relative Accuracy 

Differential Nonlinearity 

(Note 2) 

Full Scale Error 

Zero Code Error 

REFERENCE INPUT 

Voltage Range 

(Note 3) 

Reference Input 

Resistance 

DIGITAL INPUTS 

Digital Inputs High 

Digital Inputs Low 

Input Current 

Input Coding 

POWER SUPPLIES 

Positive Supply Current 

(Note 4) 

Negative Supply Current 

(Note 4) 

NOTES: 

SYMBOL CONDITIONS 

N 

TUE 

INL 

DNL 

G FSE 

VZSE 

DUAL SUPPLY ONLY 

V'N = OV or Voo 

100 

DUAL SUPPLY ONLY 

1. Includes Full Scale Error. Relative Accuracy. and Zero Code Error. 
2. All dice guaranteed monotonic over the full operating temperature range. 

PM-7224GBC 
LIMIT 

B 

±1 

±1 

±1 

±1 

±20 

2 to (Voo - 4V) 

2.4 

O.B 

±1 

BINARY 

4 

3 

UNITS 

Bits 

LSBMAX 

LSBMAX 

LSBMAX 

LSBMAX 

mVMAX 

V 

k!l MIN 

VMIN 

V MAX 

p.A MAX 

mAMAX 

mAMAX 

3. Voo - 4 volts is the maximum reference voltage for the above specifications. 
4. V'N = V'NL or V'NH; output unloaded. 

Electrical tests are performed at wafer probe to the limits shown. Dueto variations in assembly methods and normal yield loss. yield after packaging is notguaranteed 
for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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\l a: 
:> 

" \l 
w 
~ 

~ 
a: 

iii 
~ 

~ a: 
:> 

~ 
~ 

~ 
a: 

RELATIVE ACCURACY VI VREF 
1.0 

0.8 Vss ~-5V 
TA" +25DC 

1.0 

o.S 0.' 

0.' 

0.2 

..... r-..... 
...... 

-0.2 , 
-0.4 

-<> .• 

VDD " +12V 
-0.6 -1.0 

VDD =+5V VDD = 
-0.8 +1SV f-
-1.0 I -1.5 

DIFFERENTIAL NONLINEARITY 
VI VREF 

Vss~ -.V 
r-TA = +2S"C 

.... , 
""'- 1 

1 
1 

[ \1 

1 , 
V90 = +5V VOO - +12V VOO =+15V 

[ 

1.00 

0.75 

! 0.50 

ti 0.25 

§ 
~ 
~ -0.25 

5 
~ -0.50 

-0.75 

-1.00 

RELATIVE ACCURACY 
WITH SINGLE +5V SUPPLY 

VDD = +5V 

I-Yss=OY 
VREF = +lV 
TA=+2S°C 

.l!II I..do 

fIIr...... ~ ~ 
,..,.. fIIfIo 

0 10 12 I. o 10 12 14 o U M .. m ~ m ~ ~ 
DIGITAL INPUT CODe (DECIMAL) 

1.00 

0.75 

0.50 

US 

-0.25 

-0.50 

-0.75 

-1.00 

YREF (VOLTS) 

RELATIVE ACCURACY VI CODE 
AT TA = -55·C, +25·C, +125·C 

(ALL SUPERIMPOSED) 

YOD =+15V 
VSS" -Sv 
VREF= +lOV 

..,. r- -~ ~ . ..... 

o n M H m ~ m ~ ~ 
DIGITAL INPUT coDe (DECIMAL) 

1.00 

VAEF (VOL T5) 

TOTAL UNADJUSTED ERROR 
VI CODE AT TA = -55·C, +25·C, 
+125·C (ALL SUPERIMPOSED) 

VDO = +15V 

0.75 Vas = -SV --t--If--+--+--+-; 
YREF = +lOV ! - O~0r--+-+-~--r-r--+-+-~ 

~ 
f5 0.25 f---+-+---1-+-+--+-+--I 
c 

~ 
a 
~ -0.25 

~ -0.50 1--+-+---1-+-+--+-+--1 
~ 

-0.75 +--+-+---1-+-+--+-+--1 

-1.00 oL--n:':-----LM-....I .. --I28'--, .. '--,J..92-~-'-----'2S6 

DIGITAL INPUT CODe (DECIMAL) 

10 

o 
o 

POSITIVE SUPPLY 
CURRENT (IDD) VI 

LOGIC LEVEL 

TA!.25ob -
VDD= +1SY -
Yss--5Y -
VREF= +1OV= 

VIN - DIGITAL INPUT (VOLTS) 

ZERO CODE ERROR POWER SUPPLY CURRENT 
VI TEMPERATURE vs TEMPERATURE 

3.0 

Yoo =+16.5V 
2.5 Vss = -S.5V 

VREF = +12.SY 

:; 2.0 

S 
a: 1.5 
0 a: 
ffi 1.0 w 
C 
0 

" 0.5 

m . 
-0.5 ...... 
-1.0 -5 L--I.._'---I.._'---'-_'---'----' 

-75 -so -25 25 .. 75 100 125 150 -75 -50 -25 25 50 75 100 125 
TEMPERATURE (DC) TEMPERATURE (Oe) 

REV. A DIGITAL-TO-ANALOG CONVERTERS 2-271 



PM-7224 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT VOLTAGE NOISE 
.DENSITY ( .... ) va FREQUENCY 

BURN-IN CIRCUIT 

,0 

, 

0.01 , 

o,DY -$V 

r.. 

'0 '00 'k 10k 100k 

FREQUENCY (Hz) 

,..-,....,..---_-oo,.V 

'OIl 

v .. Voo 'I 

Your iiEiEf 17 

VA., 

AGND 

DGND 

DB. 

DBI 

DBS 

DIM 

PARAMETER DEFINITIONS 
TOTAL UNADJUSTED ERROR 

'i:DAC 18 

\Vii 15 

Ci 14 

DBO 13 

DB' 
,. 

DB. " 
DBa '0 

100Il 

.. n 

5kC 

5kC 

,oon 

This specification includes Full-Scale-Error, Relative Accuracy, 
and Zero-Code-Error. Ideal full scale output is VREF - 1 LSB, 
and 1 LSB is VREF X (2-"). 

DIGITAL FEEDTHROUGH 
Digital feedthrough are the switching transients coupled to the 
output of the DAC due to a change in digital input .code. It is 
expressed in nano-Volt-seconds and measured with VREF = av. 
Refer to PMI 1986 Data Book Section 11 for additional digital
to-analog converter definitions. 
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BROADBAND NOISE 

TIME (1ms/DIV) 

GENERAL CIRCUIT DESCRIPTION 
CONVERTER SECTION 
The PM-7224 contains an output buffer amplifier, a highly
stable, thin-film, R-2R resistor ladder network, B-bit input and 
DAC registers, and interface control logic. Also included are 
eight single-pole double-throw NMOS transistor switches. 
These transistors were designed to switch between VREF and 
AGND and are controlled by the digital input code. 

A simplified circuit of the R-2R resistor ladder and output is 
illustrated in Figure 1. The ladder is shown connected to the 
amplifier in the voltage-mode configuration. The advantages 
gained in operating the ladder in the voltage mode are two-fold: 
it allows the DAC to be operated with a single supply, and the 
ladder resistance/capacitance modulation encountered in the 
current mode configuration are eliminated. The modulation 
(caused by the varying digital code) is now presented to the 
low-impedance reference voltage source (most voltage ref
erence output-impedances are low enough so that its output 
voltage will not be affected by the varying digital code). The 

FIGURE 1: Simplified DAC Circuit Configuration. (Switches are 
shown for all "1's" on the digital inputs.) 

VOUT 
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amplifier's input terminal now "sees" a constant resistance/ 
capacitance and thus, the output offset voltage modulation is 
eliminated. Also, digital glitches fed through the switch capaci
tance to the output will be greatly reduced; it will be absorbed 
by the low output-impedance of the external reference resulting 
in a "cleaner" output voltage. 

Figure 1 also shows the amplifier configured to operate as a 
buffer amplifier resulting in no signal inversion from input to 
output (VREFtO VOUT)' Also, note that analog ground (AGND) is 
accessible and can be biased above digital ground (DGND) for 
some applications; more on this in the applications section 
under AGND biasing. 

For proper operation, maximum VREF should be limited to Voo 
minus 4 volts. This means that in order to operate the DAC with 
+10V atthe reference inputterminal, Voo must beat least +14V. 

The voltage output equation is given by: 

VOUT = VREF X 01256 

where 0 is the digital input code integer number that is between 
Oand 255. 

BUFFER AMPLIFIER SECTION 
The R-2R resistor ladder network has a typical resistance of 
10kfl; a 100kfl load would cause a 23 LSB gain error. Therefore, 
in order to drive a 2kfl load, the R-2R ladder was terminated 
with a stable CMOS buffer amplifier. The amplifier can drive 10 
volts across a 2kfl load delivering 5mA, and can easily drive a 
3300pF capacitive load. The PM-7224's output can also with
stand an indefinite short-circuit to AGND to typically 50mA. 
The output may also be shorted to any voltage between Voo 
and Vss; however, care must be taken to not exceed the device 
maximum power disSipation. 

The amplifier's output stage is an intrinsic NPN bipolar tran
sistor. It is derived from the P- well and the substrate. This 
transistor provides a low-impedance high-output current ca
pability using only a small part of the chip area. The emitter of 
this NPN transistor is loaded with a 4OOI'A NMOS current
source referenced to Vss. This current is sunk into the negative 
supply allowing the amplifier's output to go directly to ground. 

A simplified schematic of the output amplifier is shown in 
Figure 2. It shows the current-source connection between the 
NPN output transistor's emitter and Vss. Figure 3 depicts a 
typical plot for the dual and single supply current sink capability 
of the DAC versus output voltage. Let's take a closer look at 
what I:lappens to its behavior by referring to Figures 2 and 3. 

It can be seen that with dual supplies the current-source is still 
in its high impedance (saturation) state when the output 
reaches 0 volts. This is due to the 5 volts (Vss) across the 
current-source that is sinking the 4OOl'amps. When Vss = 0 
volts, however, the current sink capability is reduced as the 
output voltage approaches 0 volts; the current-source is coming 
out of its saturation region and starts appearing resistive. 

The amplifier's current-limiting and buffering abilities are 
achieved with an NMOS transistor and a series resistor, see 
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PM-7224 
Figure 2. The transistor operates as a source follower driving 
the resistor and output transistor. 

The amplifier's internal gain stages were designed so that they 
maintain sufficient gain over its common mode range; this 
results in good offset performance over the specified voltage 
range. In addition, the amplifier's offset voltage is laser-trimmed 
during the manufacturing process; this eliminates offset trim
ming by the user in most applications. The amplifier's offset is 
included in the data sheet under "total unadjusted error" 
specification. 

FIGURE 2: Amplifier Output Stage 

INPUT 0--1 

FIGURE 3: DAC Output Current Sink 
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DIGITAL SECTION 
The digital inputs are CMOS inverters. They were designed to 
convert TTL and 5V CMOS input logic levels into CMOS levels 
to drive the internal circuitry. A simple internal 5V regulator is 
used to ensure the high speed timing requirements. 
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The PM-7224's digital inputs are TTL and CMOS .(5V) com
patible between the Voo range of +11.4Vto +16.5V. As shown in 
Figure 4, these !nputs are protected from electrostatic-di$charge 
and build-up With two internal distributed-diodes; they are 
connected between Voo and DGND. Each input has a typical 
Input current of tess than 1 nA. 

Figure 4 also shows the equivalent logic circuit for the digital 
data input register structure. This circuit drives the DAC 
register. The digital controls <I> and ;j, shown are controlled by 
the external WR, and CS signals. 

FIGURE 4: Input Register Structure· 

D~AO~~~~~~-o~~~ ____ ~i)~TODAC 
INPUT I REGISTER 

INPUT STATIC I 
PROTECTIONL. __ 

DONO 

INTERFACE CONTROL LOGIC SECTION 
Figure 5 shows the PM-7224's inputcontrollogic structure with 
its input register and DAC register; also shown is the equivalent 
logic circuitry. The WR signal is required when loading data into 
either register and is used in conjunction with either CS or 
LDAC. CS loads data into the input register, and LDAC loads 
data into the DAC register. Data is latched in the input register 
on the rising edge of the WR pulse. The DAC's analog output 
voltage is determined by the data contained in the DAC register. 
See Table 1. 

TABLE 1 

RESET LDAC WR CS FUNCTION 

H L L L Both Registers are Transparent 
H X H X Both Registers are Latched 
H H X H Both Registers are Latched 
H H L L Input Register is Transparent 
H H S L I nput Reg ister is Latched 
H L L H DAC Registeris Transparent 
H L S H DAC Register is Latched 
L X X X Both Reg isters Loaded with all 

Zeros 
.f H H H Both Registers Loaded with all 

Zeros and the Output Remains 
at Zero 

S L L L Both Registers are Transparent 
(output follows the Input) 

H = High State; L = Low State; X = Oon't Care 

Table 1 shows that the DAC is transparent when WR, CS, and 
LDAC are low, and the input register is transparent when WR 
and CS only are low. Also shown is the data being latched into 
the input register on the rising edge of the WR signal. 

Also provided with the PM-7224 is a RESET pin as shown in 
Figure 5. A low RESET signal will reset both registers to zero. If 
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the DAC is in the transparent mode, the DAC output will go to OV 
for as long as the reset line remains low. If the CAC is in the 
latched mode, the output will go to OV (and remain there} on the 
rising edge of the· reset signal. 

Figure 6 shows the PM-7224 write timing diagram. 

FIGURE 5: Input Control Logic 

UMC-----l~~ __ ~~-------, 

WR 

CS---""'I._ 

RESET------..J 

INPUT DATA 

FIGURE 6: Write Timing Diagram 

NOTES: 
INPUT SIGNAL RISE AND FALL TIMES ARE MEASURED FROM 10% TO 90% OF YDO 
IR = IF = 2011_ OVER THE VDO RANGE. 
MEASUREMENT REFERENCE LEVEL IS: 

Y1NH +YtNL 

• 

APPLICATIONS INFORMATION 
POWER SUPPLY 
The PM-7224 data sheet is specified with a dual or single power 
supply condition. The dual supply specifications are specified 
with a positive supply (Voo) range of +11.4V to +16.5V and a 
negative supply (Vss) of -5V. The specified reference voltage 
(VREF) under these conditions range from +2V to Voo - 4V. For 
those applications requiring +10 volts at the output (VREF = 
+10V), Voo must be +14V minimum to meet data sheet limits. 

The specified VREF for the Single supply specifications is +10V. 
VREF voltage limitation of Voo - 4V for dual or single power 
supply applications must be observed. This willensure that the 
PM-7224's multiplying capabilities are preserved. 

Although the PM-7224 can operate well with either a Single or 
dual power supply, improved zero-code error can be achieved 
by using dual supplies. 
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DYNAMIC PERFORMANCE 
The PM-7224's settling time is limited by the internal amplifier's 
slew rate; however, it sports an impressive settling time of 5ps 
using a dual or single power supply. Settling time is not affected 
by the DAC's output voltage polarity, positive or negative. The 
PM-7224 also has minimum signal overshoot or ringing. 

AGND BIASING 
Some applications may require a DC offset voltage level at the 
DAC's output. This may be easily accomplished with the 
PM-7224; the desired DC offset voltage can be applied to the 
AGND pin as shown in Figure 7. The DAC's nUCMOS 
compatibility is not affected. Note that Voo and Vss must be 
referenced to DGND. 

The DAC's output voltage expression under this condition is: 

VOUT = AGND bias + VIN X D/256 

where AGND bias is the voltage level above DGND and D is the 
digital input code integer number that is between 0 and 255. 

FIGURE 7: AGND Biasing Scheme 

>+--¥--OVOUT 

MULTIPLYING OPERATION 
The PM-7224 has good multiplying capabilities if the reference 

. input signal level is kept within +2V and Voo - 4\1, with Voo of 
+16.5 V, the maximum input signal level is +12.5V; however, it is 
recommended that Voo = +15V ±5% and the AC voltage swing 
between +2V and Voo - 4V. The signal must be AC coupled and 
biased up with a voltage divider as shown in Figure 8. A buffer 
amplifier should be used to ensure that the DAC's VREF impe
dance does not load the resistor divider, R1 and R2. 

FIGURE 8: AC Signal Input Scheme 
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The VREF small-signal frequency response (-3dB bandwidth) 
for the PM-7224 is typically 1.5MHz. Its small-signal harmonic 
distortion is less than -57dB at 1kHz and -55dB at 100kHz. 

+5V SINGLE SUPPLY OPERATION 
Although a +5V performance specification table is not listed, the 
PM-7224 can operate well with only a single +5V supply (see 
Figure 9). This will then limitthe reference input voltage level to a 
maximum of +1V; the Voo - 4V limitation must still be observed. 

FIGURE 9: Relative Accuracy With Single +5V Operation • 
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GENERAL GROUND MANAGEMENT 
Digital transient voltages between AGND and DGND can appear 
as noise at the PM-7224's output. It is, therefore, recommended 
that AGND and DGND be tied together at the device socket; 
each ground is then brought out separately to their respective 
common ground pOints. A word of caution is worth mentioning 
here: ground loops can be created if both grounds are tied 
together at more than one location, i.e., at the device socket and 
back at the power supplies, or at any other location. These 
ground loops can cause noisy digital ground currents to flow 
through the analog ground paths and destroy its integrity. 
Analog ground should be maintained as a high quality ground. 

If system requirements dictate the use of one common return 
line for each ground, then the DAC should be placed as close to 
the power supplies as possible. Also, for those systems that 
require both grounds be separated, two Schottky diodes should 
be tied in inverse parallel between AGND and DGND at the 
device socket. 

POWER SUPPLY DECOUPLING 
Power supply decoupling capaCitors are important to suppress 
oscillations and noise transients from entering the system and 
causing system errors. Noise transients are generated from 
digital switching or switching power supplies; and oscillations 
on the power supply lines are caused by lead inductances 
combined with stray capacitance. 

High and low frequency decoupling capacitors at the device 
socket is strongly recommended; a O.01pF ceramic in parallel 
with a 1 to 10pF tantalum decoupling capacitors should be 
used. 
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BASIC APPLICATIONS 
UNIPOLAR OPERATION 
Figure 10 shows the PM-7224 configured to operate in the 
unipolar mode; the analog output voltage is of a single positive 
polarity only. Table 2 shows the code forthis mode of operation. 

FIGURE 10: Unipolar Operation 

VDD 

18 

PM-7224 

>--e-r=--<l VOUT 

TABLE 2: Unipolar Code Table (Refer to Figure 10) 

DAC DATA INPUT 
ANALOG OUTPUT 

MSB LSB 

C25 ) +VREF 256 

0 0 0 0 0 0 C29 ) +VREF 256 

0 0 0 0 0 0 0 C28 ) +VREF 
+VREF 256 = -2-

0 C27 ) +VREF 256 

0 0 0 0 0 0 0 +VREF C~6) 
0 0 0 0 0 0 0 0 OV 

It shows no signal inversion between +VREF and VOUT. Also 
note that the analog output voltage is equal to VREF multiplied 
by the digital input code, hence, multiplying DAC. 

The expression for 1 LSB and VOUT is: 

1 LSB = VREF X 2-8, or VREF X 1/256 

and 

VOUT = VREF X D/256 

where D is the digital input integer between 0 and 255. 

BIPOLAR OPERATION 
Figure 11 illustrates the bipolar mode of operation for the 
PM-7224. This mode allows the output voltage to swing plus or 
minus and is determined by the digital input code; see Table 3 
for R1 = R2. This configuration requires an external amplifier 
and two resistors. 
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The output voltage expression is given by: 

VOUT = «1 + R2/R1) X D/256 X VREF) - (R2/R1 X VREF) 

where D is the digital input code integer between 0 and 255. If 
R1 = R2, then VOUT becomes: 

VOUT = (2 X D/256 - 1) X VREF 

To keep gain and offset errors at a minimum, R1 and R2 should 
be matched to ±0.1% and track over the operating temperature 
range of interest. 

FIGURE 11: Bipolar Operation 

R1 

TABLE 3: Bipolar (Offset Binary) Code Table (Refer to 
Figure 11) 

DAC DATA INPUT 
ANALOG OUTPUT 

MSB LSB 

C27 ) +VREF 128 

0 0 0 0 0 0 +VREF (1~8) 
0 0 0 0 0 0 0 OV 

0 -VREF C~8) 
0 0 0 0 0 0 0 C27) -VREF 128 

0 0 0 0 0 0 0 0 C28 ) -VREF 128 = -VREF 

PROGRAMMABLE OP AMP OFFSET ADJUST 
The PM-7224 can be used for op amp offset trim adjustments 
under microprocessor control. Offsets caused by temperature 
drifts can also be trimmed by the microprocessor during a 
periodic calibration cycle. 

The PM-7224 uses the input offset voltage nulling pins normally 
provided on most amplifiers as shown in Figure 12. A fix~d bi.as 
current is provided to pin 5 of the op amps offset null pin with 
R2, and R1 (connected to the DAC's voltage output pin) 
provides the variable current to pin 1. 
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FIGURE 12: Op Amp Offset Adjust (See Text) 

VDD 

For a plus or minus (±) offset adjust control, the current 
through R1 must equal the current through R2 when the PM-
7224 is at half scale, binary code = 10000000. 

The resistor values R1 and R2 should be chosen to give the 
required offset adjustment range desired. Lower values provide 
a larger range; however, resolution will be sacrificed. Reversing 
the op amp connections, pin 1 and 5, will reverse the offset 
adjustment direction. 

Some op amps are not provided with offset adjustment pins. In 
these cases, the circuit configuration of Figure 13 can be used. 
Again, the current through resistor R4 must equal the current 
through R3 with the PM-7224 at half scale, digital code = 
10000000. With the circuit components shown, the maximum 
adjustment range is ±5mV. Incremental adjustment resolution 
is 39"V per bit. 

MICROPROCESSOR INTERFACING 
Interfacing the PM-7224 to a microprocessor is simplified by 
virtue of its loading structure simplicity. Data from the processor 
is loaded into the DAC by use of only two control lines, the write 
strobe (WR) and chip select (CS). The data is then output with 

FIGURE 13: Alternate Offset Adjust (See Text) 

PM-7224 
the WR and LDAC signal. Figures 14 through 17 show various 
popular microprocessor interface configurations. 

FIGURE 14: PM-7224 to 8085A Interface (Only digital interface 
portion of PM-7224 shown for clarity.) 

A151---------------, 

AI 

.... AI8088 
(a-aITpP) 

WR 

ALE 

D71AD1 

ADDRESS BUS 

ADDRESS/DATA BUS 

DWADDI--------------~ 

FIGURE 15: PM-7224 to Z-80 Interface (Only digital interface 
portion of PM-7224 shown for clarity.) 

A15 
ADDRESS BUS \ 

AD 

Ll. I ADDRESS r cs 

Z-BO DECODE LDAC 
(8-BITpI') .... 7224 

Wii ViR 

.J\ DB7 

II' DBD 

D7 
DATA BUS \ 

DD 

R 
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PM-7224 

FIGURE 16: PM-722,4 to 6809 Interface (Only digital interface 
portion of PM-7224 shown for clarity.) 
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FIGURE 17: PM-7224to 68008 Microprocessor (Only digital 
interface portion of PM-7224 shown for clarity.) 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Four 8-BIt DACs with Output Amplifien 
Separate Reference Input for Each DAC 
.... p Compatible with Double-Buffered Inputs 
Simultaneous Update of All Four Outputs 
Operates with Single or Dual Supplies 
Extended Tempereture Range Operation 
No User Trims Required 
Skinny 24-Pin DIP. SOIC and 28-Terminal Surface 

Mount Packages 

GENERAL DESCRIPTION 
The AD7225 contains four 8-bit voltage output digital-ta-analog 
converters, with output buffer amplifiers and interface logic on 
a single monolithic chip. Each DI A converter has a separate 
reference input terminal. No external trims are required to 
achieve full specified performance for the part. 

The double-buffered interface logic consists of two 8-bit registers 
per channel-an input register and a DAC register. Control inputs 
AO and Al determine which input register is loaded when WR 
goes low. Only the data held in the DAC registers determines 
the analog outputs of the converters. The double-buffering 
allows simultaneous update of all four outputs under control of 
LDAC. AU logic inputs are TIL and CMOS (5V) level compatible 
and the control logic is speed compatible with most 8-bit 
microprocessors. 

Specified performance is guaranteed for input reference voltages 
from + 2V to + 12.5V when using dual supplies. The part is 
also specified for single supply operation using a reference of 
+ lOY. Each output buffer amplifier is capable of developing 
+ lOY across a 2kO load. 

The AD7225 is fabricated on an all ion-implanted high-speed 
Linear Compatible CMOS (LC2MOS) process which has been 
specifically developed to integrate high-speed digital logic circuits 
and precision analog circuitry on the same chip. 
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LC2MOS 
Quad 8-Bit OAC 

with Separate Reference Inputs 
A07225 I 

FUNCTIONAL BLOCK DIAGRAM 

VfIE,B Y,.,D 

Vour.B 

LDAC v.. AGND DQND 

PRODUCT IBGHUGHTS 
1. DACs and Amplifiers on CMOS Chip 

The single-chip design of four 8-bit DACs and amplifiers 
allows a dramatic reduction in board space requirements and 
offers increased reliability in systems using multiple converters. 
Its pinout is aimed at optimizing board layout with all analog 
inputs and outputs at one end of the package and all digital 
inputs at the other. 

2. Single or Dual Supply Operation 
The voltage-mode configuration of the AD7225 allows single 
supply operation. The part can also be operated with dual 
supplies giving enhanced performance for some parameters. 

3. Versatile Interface Logic 
The AD7225 has a common 8-bit data bus with individual 
DAC latches, providing a versatile control architecture for 
simple interface to microprocessors. The double-buffered 
interface allows simultaneous update of the four outputs. 

4. Separate Reference Input for Each DAC 
The AD7225 offers great flexibility in dealing with input 
signals with a separate reference input provided for each 
DAC and each reference having variable input voltage 
capability. 
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AD7225-SPECIFICATIONS 
DUAL SUPPLY (Y~D = 11.4Y to 1&.5Y, Yss = -5Y z 10%; AIIND = DIIND = OY; YREF +2Y to (YDD-4y)1 unless otIIenris8sta18d. 

,I All specifications T mi. to T _ unless otIIerwise noted.) 

K,B L,C 
Parameter Venloas' VenioDS1 TVenioa VVenion VailS CoaditionaiCommenIS 

STATIC PERFORMANCE 
Resolution 8 Bits 
Total Unadjusted Error ±2 ±I ±2 ±I LSBmax Voo = +15V ± 5%, VREF .. +IOV 
Re\otive Ac:curoc:y ±I ±1/2 ±I ±1/2 LSBmax 
Differential Nonlinearity ±I ±I ±I ±I LSBmax Guaranteed Monotonic 
FuU Seal. Error ±I ±1/2 ±I ±1I2 LSBmax 
FuU Seale Temp. Coeff. ±5 ±5 ±5 ±5 ppm/"Ctyp Voo= 14Vto16.5V,VREF= +IOV 
Zero Code Error@ 25"C ±25 ±15 '±25 ±15 mVmax 

T miD to T nwr. ±30 ±20 ±30 ±20 mVmax 
Zero Code Error Teme Coeff. ±30 ±30 ±30 ±30 ~Vl"Ctyp 

REFERENCE INPUT 
Voltage Range 2to(Voo -4) 2to(Voo -4) 2to(Voo -4) 2to(Voo -4) Vmin to Vmax 
Input Resistance 11 11 11 11 kOmin 
Input Capacitance' 100 100 100 100 pFmax Occurs when each DAC is lo.d .. hrithaU I's. 
CbanncI-to-Cbsnnellsolation' 60 60 60 60 dB min VREP = 10Vp-pSineWave@IOkHz 
AC Feedtbrougb' -70 -70 -70 -70 dB max VREF = 10Vp-pSineWave@IOkHz 

DIGITAL INPUTS 
InputHigb Voltage, VINH 2.4 2.4 2.4 2.4 V min 
Inpul Low Voltage, VINL 0.8 0.8 0.8 0.8 V max 
Input Lealtage Current ±I ±I ±I ±I ~mox VIN = OVor Voo 
Input Capacitance' 8 8 8 8 pFmax 
Inpul Coding Binary Binary Binary Binary 

DYNAMIC PERFORMANCE 
Voltage Output Slew Rate' 2.5 2.5 2.5 2.5 VI.,., min 
Voltage Output Settling Time' 

Positive Full ScaJe Change 5 5 5 5 .... max VREF = + 10V; Settling Time to ± 1I2LSB 
Negative Full Scali: Change 5 5 5 5 .... max VREP = + 10V; Settling Time to ± 1/2LSB 

Digital Feedthrougb' 50 50 50 50 nVsecatyp Code transition all O's to alll 's. 
Digital Crosstalk' 50 50 50 50 nVsecatyp Code transition aU 0'. to aU I's. 
Minimum Lnad Resistance 2 2 2 2 kOmin VOIlT = + 10V 

POWERSUPPLIIlS 
VooRange 11.4116.5 11.4116.5 11.4116.5 11.4116.5 V,.;,/V_ For Specifted Performonce' 
100 10 10 12 12 mAmax Outputs Unloaded; V IN = VINL or VINH 
I .. 9 9 10 10 mAmax OutputsUaloaded;VIN=VINLorVINH 

SWITCHING CHARACTERISTICS'" 
t, 

@25"C 95 95 95 95 DSmin Write Pulse Width 
Tmm 10 Tmax 120 120 150 150 nsmin 

t, 
@25'C 0 0 0 0 nsmin Address to Write Setup Time 
Tmin,toTmu 0 0 0 0 nsmin 

t, 
@25"C 0 0 0 0 nsmin Add ..... to Write Ho14 Time 
Tmia to Tmax 0 0 0 0 Dsmm 

... 
@25"C 70 70 70 70 nsmin Data Valid to Write Setup Time 
T .... toT .... 90 90 90 90 nsmin 

ts 
@25"C 10 10 10 10 nsmin Data Valid to Write Hold Time 
TmintoTmu: 10 10 10 10 nsmin 

to 
@25"C 95 9S 95 95 Dsmm Lnad DAC Pulse Width 
Tmia,toT.- 120 120 150 150 nsmin 

NOTES 
'Maximum ~bIc .-........ 
I>fempenrure nnps are as follows: 

K, LV ....... : -4O'C 10 +8S'C 
B, C V ....... : - 4O'C 10 + 8S'C 
T, U Venioas: - SS'C 10 + 12S'C 

'Sunple Tested "' 2S'C 10 ...... compIUuxe. 
'SwitclWla dwlcrerilticl oppIy for iii. IIId dual ouppIy open ..... 
SpecifICations subie<t 10 -.. without notice. 
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AD7225 
SINGLE SUPPLY (YDD = +15V ± 5%; Vss.= AGND = DGND = DV; VREF = +lDV1 unless otlJerwise stated. All specifications 

Tmi• to T .... unless otherwise noted.) 

K,B L,C 
Parameter VeniolllZ VenioasZ TV.rsion UVenion Units CoaditioDOiCommeDla 
STATIC PERFORMANCE 

Resolution Bits 
TOlal Unadjusted Error' :!:2 :!:I :!:2 :!:I LSBmax 
Differential Nonlinearity3 +1 +1 +1 +1 LSBmax Guaranteed Monotonic 

REFERENCE INPUT 
Inpul Resistance 11 11 11 11 kOmin 
Input Capacitance4 100 100 100 100 pFmax OccurswheneachDACisloadedwilhaill's .• 
Chsnnel.lo-Channellsolation3,4 60 60 60 60 dB min VREF ~ 10Vp-pSineWa.e@IOkHz 
AC Feedthrough"" -70 -70 -70 -70 dB max VRE• ~ IOVp-pSineWa.e@ 10kHz 

DIGITAL INPUTS 
Inpul High Voltage, VINH 2.4 2.4 2.4 2.4 Vrnin 
InpulLowVoltage, V1NL 0.8 0.8 0.8 0.8 V max 
Inpul Leakage Currenl :!:I :!:I :!:I :!:I ..,Amax VIN = OVorVDD 
Input Capacitance4 8 8 ~ 8 pFmax 
Inpul Coding Binary Binary Binary Bina!): 

DYNAMIC PERFORMANCE 
VoltageOulpul Slew Rate" 
Vollage OUIPUI Settling Time" 

V/JLsmin 

Posilive Full Scale Change 5 5 5 5 fJ.smax Seltling Time 10 :!: 1I2LSB 
Negative Full Scale Change 7 7 7 7 ,,"smax Settling Time 10 :!: 1I2LSB 

Digilal Feedthrough"" 50 50 50 50 nVsecstyp CodetransitionallO'stoalll's. 
Digital Crosstalk'·" 50 50 50 50 nVsecstyp CodetransitionaUO'stoalll's. 
Minimum Load Resistance 2 2 2 kOmin VOUT~ +IOV 

POWER SUPPLIES 
VooRange 14.25/15.75 14.25/15.75 14.25/15.75 14.25/15.75 Vmm/V ...... For Specified Performance 
100 10 10 12 12 mAmax Oulputs Unloaded; VIN~ VlNLor VINH 

SWITCHING CHARACTERISTICS' 
I, 

@25'C 95 95 95 95 DSmin Wrile Pulse Width 
Tmin to T_ 120 120 150 150 nsmin 

I, 
@2S'C 0 0 0 0 nsmin Address 10 Write Setup Time 
Tmin, to T_ 0 0 0 0 nsmin 

I, 
@2S'C 0 0 0 0 nsmin Address 10 Write Hold Time 
TmintoTmax 0 0 0 0 nsmin .. 
@2S·C 70 70 70 70 nsmin Data Valid 10 Wrile Setup Time 
TmintoTaw: 90 90 90 90 nsmin 

I, 
@2S·C 10 10 10 10 nsmin Data Valid 10 Write Hold Time 
TmintoTmax 10 10 10 10 nsmin .. 
@2S'C 95 95 95 95 nsmin Load DAC Pulse Width 
TmintoTmax 120 120 ISO 150 nsmin 

NOTES 
I Maximum possible refeJenc:c voltage. 3Sample Tested at 2S"C 10 ensure compliance. 
zTemperature ranp:s are as foUows: ·Switchiq characteristia 1pp1y for Bingle and dual supply operation. 

K, L Venions: - 4O"C to + 8S"C SpecifK:ltions subject to cbmge without DOtic:e. 
B, eVersions: - 4O"C to + 8S"C 
T, U Venioqs: - SSOC to + 12S"C 

ORDERING GUIDE 

Total 
Temperature Unadjusted Package 

Modell Raaae Error Option2 

AD722SKN - 4O"C to + 85°C ±2LSB N-24 
AD722SLN - 4O"C to + 8S"C ±lLSB N-24 
AD722SKP - 4O"C, to + 85°C ±2LSB P-28A 
AD722SLP - 4O"C to + 8S"C ±lLSB P-28A 
AD722SKR -40"Cto +8S"C ±2LSB R-24 
AD722SLR - 4O"C to + 85°C ±lLSB R-24 

NOTES 
ITo order MIL-STD-883 processed parts, add 1883B to part number. 
Contact your local sales ofiice for military data sheet. 

'REV. A 

Total 
Temperature Uaacljusted Pac:bp 

Modell Raaae Error Option2 

AD722SBQ - 4O"C to + 8S"C ±2LSB Q-24 
AD722SCQ - 4O"C to + 8S"C ±lLSB Q-24 
AD722STQ - SS"C to + 12S"C ±2LSB Q-24 
AD722SUQ - SS"C to + 12S"C ±lLSB Q-24 
AD722STE - SS"C to + 12S"C ±2LSB E-28A 
AD722SUE - SS"C to + 12S"C ±lLSB E-28A 

2E ~ LeadI .. s Ceramic Chip Carrier; N ~ Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = sole. For outline information see Package 
Inlormation section. 
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,AD1225 
ABSOLUTE MAXIMUM RATINGS* 
Vooto AGND 
VootoDGND . 
Voo to Vss ... 
AGNDtoDGND 
Digital Input Voltage to DGND 
VREF to AGND ......•.. 
VOU'!' to AGND1 •••••••• 

Power Dissipation (Any Package) to +75°C 
Derates above 75°C by . . . 

Operating Temperature 
Conimercial (K, L Versions) 

CAUTION 

· -0.3V, + l7V 
· -O.3V, + l7V 
• -O.3V, +24V 

-O.3V,Voo 
-O.3V,Voo 
-O.3V, Voo 

Vss, Voo 
. 500mW 
2.0mW/C 

- 40°C to + 850C 

Industrial (B, C Versions) 
Extended (T, U Versions) 

Storage Temperature .... 
Lead Temperature (Soldering, lOsecs) 
NOTES 

- 40°C to + 85°C 
- 55°C,to + l25°C 
- 650C to + l50°C 
..... +300OC 

'Outputs may be shorted to any voltage in the range Y ss 10 V DD provided 
that the power dissipation of the package is not exceeded. Typical shon 
circuit =t for a short 10 AGND or V ss is SOmA. 

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

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, pemlanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! LJ 
~~EDEVICE 

PIN CONFIGURATIONS 
DIP and SOIC LCCC PLCC 

; J J u § j g 
V OUTB VOUTC Z > > 

~ I ~ I § u J ~, g 
vou", > > > z J> 

VOO . ' • 2 1 28 27 26 

V"'''' 
VAEFB 5 tJ 
VREFA • AO 
AGND 7 

AD7225 Al Ne 8 TOP VIEW 

Wli DGND • (Not to Scale) 

DBO{LSB) LDAC 10 

DBl IMSB)·087 1, 

DB2 ""( 
12 ,. 

" 15 16 17 
DB. ~ 

~ ~ u 
Ne = NO CONNECT ~ Q Z 

TERMINOLOGY 

TOTAL UNADJUSTED ERROR 
Total Unadjusted Error is a comprehensive specification 
which includes full scale error, relative accuracy, and zero 
code error. Maximum output voltage is VREF -ILSB (ideal), 
where 1 LSB (ideal) is VREF/256. The LSB size will vary 
over the V REF range. Hence the zero code error will, relative 
to the LSB size, increase as VREF decreases. Accordingly, the 
total unadjusted error, which includes the zero code error, 
will also vary in terms of LSB's over the VREF range. As a 
result, total unadjusted error is specified for a fixed reference 
voltage of + lOV. 

RELATivE ACCURACY 
Relative Accuracy or end-point nonlinearity is a measure of 
the maximum deviation from a straight line passing through 
the end-points of the DAC transfer function. It is measured 
after allowing for zero code error and full scale error and is 
normally expressed in' LSB's or as a percentage of full'scale 
reading. 

DIFFERENTIAL NONLINEARITY 
Differential Nonlinearity is the difference between the 
measured change and "the ideal lLSB change between any 
two adjacent codes. A specified differential nonlinearity of 

2-282 DIGITAL-TO-ANALOG CONVERTERS 

ill ~ 
Q Q 

VAEFC 

25 VREFC VAEfD 

24 VREfD 
AD7225 AO 

23 AO TOP VIEW Ne (Not to Scale) 
22 Ne 

21 Al 
LDAC Wli 

20 WR 
DBO(LSBI 

19 DBO/LSD) 

,. 
., 8 ::: ~ u 

~ ~ a; 
Q NC = NO CONNECT Q Q Z Q Q 

± lLSB max over the operating temperature range ensures 
monotonicity. 

DIGITAL FEEDTHROUGH 
Digital Peedthrough is the glitch impulse transferred to the 
output of the DAC due to a change in its digital input code. 
It is specified in n V secs and is measured at V REF = OV. 

DIGITAL CROSSTALK 
Digital Crosstalk is the glitch impulse transferred to the 
output of one converter (not addressed) due to a change in 
the digital input code to another addressed converter. It is 
specified in n V secs and is measured at V REF = OV. 

AC FEEDTHROUGH 
AC Peedthrough is the proportion of reference input signal 
which appears at the output of a converter when that DAC is 
loaded with all O's. ' 

CHANNEL-TO·CHANNEL ISOLATION 
Channel-to-channel isolation is the proportion 'Of input signal 
from the reference of one DAC (loaded with all 1's) which 
appears at the output of one of the other three DACs (loaded 
with all O's). The figure given is the worst case for the three 
other 'outputs and is expressed as a ratio in dBs. 

FULL SCALE ERROR 
Full Scale Error is defined as: 

Measured Value - Zero Code Error - Ideal Value 
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Typical Performance Characteristics - AD7225 
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Figure 1. Channel-to-Channel Matching 

Figure 3. Differential Nonlinearity vs. VREF 
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TA = 25"1:, Voo = + 15V, Vss = - 5V unless otherwise stated. 

Figure 2. Relative Accuracy vs. VREF 
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AD7225 
CIRCUIT INFORMATION 

D/ASECTION 
The AD7225 contains four, identical, 8-bit voltage-mode digital-to
analog converters. Each DI A converter has a separate reference 
input. The output voltages from the converters have the same 
polarity as the reference voltages, allowing single supply operation. 
A novel DAC switch pair arrangement on the AD722S allows a 
reference voltage range from + 2V to + 12.5V on each reference 
input. 

Each DAC consists of a highly stable, thin-film, R-2R ladder 
and eight high~speed NMOS, single-pole, double-throw switches. 
The simplified circuit diagrBm for channel A is shown in 
Figure 7. Note that AGND (Pin 6) is common to all four 
DACs. 

SHOWN FOR ALL t'SON DAC 

Figure 7. DlA Simplified Circuit Diagram 

VourA 

The input impedance at any of the reference inputs is code 
dependent and can vary from llkO minimum to infmity. The 
lowest input impedance at any reference input occurs when that 
DAC is loaded with the digital code 01010101. Therefore, it is 
imponant that the reference presents a low output impedance 
under changing load conditions. The nodal capacitance at the 
reference terminals is also code dependent and typically varies 
from 15pF to 35pF. 

Each Your pin can be considered as a digitally programmable 
voltage source with an output voltage of: 

Vourx = Ox· VIU!FX 

where Ox is fractional representation of the digital 
input code and can vary from 0 to 2551256. 

The output impedance is that of the output buffer amplifier. 

or-AMP SECTION 
Each voltage mode D/A converter output is buffered by a unity 
gain noninverting CMOS amplifier. This buffer amplifier is 
capable of developing ... 10V across a 2kO load and can drive 
capacitive loads of 33OOpF. 

The AD722S can be operated single Or dual supply; operating 
with dual supplies results in enhanced performance in some 
parameters which cannot be achieved with single supply operation. 
In single supply operadOn (Vss = OV = AGND) the sink capability 
of the amplifier, which is noriDally 4OO1IA, is reduced as the 
output voltage nears AGND.The fUll sink capability of 4OO11A 
is maintained over the full output voltage range by tying V SS to 
-5V. This is indicated in Figure 8. 

Settling-time for negative-going output signals approaching 
AGND is similarly affected by V ss. Negstive-going settling-time 
for single supply. operation is longer than for dual supply operation. 
Positive-going settling-lime is not affected by V ss. 

2..,.284 DIGITAL-TO-ANALOG CONVERTERS 

500 

( 
v .. J.v 

?- ---. Vas =ov 

... 

... 
Voo= +15V 
T,,=25"C 

20D 

, .. 

• ,. 
VDUT- Valli 

Figure 8. Variation of ISINK with Vour 

Additionally, the negative V ss gives more headroom to the 
output amplifiers which results in better zero code performance 
and improved slew-rate at the output, than can be obtained in 
the single supply mode. 

DIGITAL SECTION 
The AD722S digital inputs are compatible with either TIL or 
SV CMOS levels. All logic inputs are static-protected MOS 
gates with typical input currents of less than InA. Internsl 
input protection is achieved by an on-chip distributed diode 
between DGND and each MOS gate. To minimize power supply 
currents, it is recommended that the digital input voltages be 
driven as close to the supply rails (V DD and DGND) as practically 
possible. 

INTERFACE LOGIC INFORMATION 
The AD722S contains two registers per DAC, an input register 
and a DAC register. Addreas lines AO and Al select which 
input register will accept data from the input pon. When the 
WR signal is LOW, the input latches of the selected DAC are 
transparent. The data is latched into the addreased input register 
on the rising edge of WR. Table I shows the addressing for the 
input registers on the AD7225. 

Only the data held in the DAC register determines the analog 
output of the converter. The LDAC signal is common to all 
four DACs and controls the· transfer of infonnation from the 
input registers to the DAC registers. Data is latched into all 
four DAC registers simultaneously on the rising edge of LDAC. 
The LDAC signal is level triggered and therefore the DAC 
registers may be made transparent by tying LDAC LOW (in 

Al AO Selected Input Register 

L L DAC A Input Register 
L H DACB Input Register 
H L DAC C Input Register 
H H DAC D Input Register 

Table I. AD7225 Addressing 

REV. A 



this case the outputs of the conveners will respond to the dats 
held in their respective input latches). LDAC is sn ssynchronous 
signal snd is independent of WR. This is useful in many appli
cations. However, in systems where the asynchronous LDAC 
em occur during a write cycle (or vice versa) care must be taken 
to ensure that incorrect dats is not latched through to the output. 
In other words, if LDAC is activated prior to the rising edge of 
WR (or WR occurs during LDAC), then LDAC must stay 
LOW for t" or longer after WR goes HIGH to ensure correct 
dats is latched through to the output. Table II shows the truth 
tsble for AD722S operation. Figure 9 shows the input control 
logic for the part and the write cycle timing diagram is given in 
Figure 10. 

WR LDAC 

H H 
L H 

f H 
H L 

H f 
L L 

Function 

No Operation. Device not selected 
Input Register of Selected DAC Transparent 
Input Register of Selected DAC Latched 
All Four DAC Registers Trsnsparent 
(i.e. Outputs respond to data held in 
respective input registers) 
Input Registers are Latched 
All Four DAC Registers Latched 
DAC Registers snd Selected Input Register 
Trsnsparent 
Output follows Input Dats for Selected Chsnnel. 

Table II. AD7225 Truth Table 

GROUND MANAGEMENT AND LAYOUT 
Since the AD7225 contsins four reference inputs which csn be 
driven from ac sources (see AC REFERENCE SIGNAL section) 
careful layout snd grounding is importsnt to minimize analog 
crosstalk between the four chsnnels. The dynamic performance 
of the four DACs depends upon the optimum choice of board 

-8 • 
-7 • .. 

~-60 

~ 
5 -. 
~ 

• 
-40 

-3 • 
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I 
fA = +25"C 
Voo = +15V 

I-- Vss = -5V 

t--. 

~ 
VREF: 1.24V pop "'" 

2 •• 50. 100k 200k 500k 1M 
INPUT FREQUENCY _ Hz 

Figure. 11. Channel-to-Channellsolation 

AD7225 

Figure 9. Input Control Logic 

I I 5V 

ADDRESS ==X~::' X'-___________ _ 

~4-"l~" .. 
LDAC ~ t, t Cr-sv 
D~;rA :v 

NOTES 
1. ALL INPUT SIGNAL RISE AND FAll TIMES 

MEASURED FROM 10% TO 90% of +5V 
t, "" 11 "" 20n$ OVER VOD RANGE 

2. TIMING MEASUREMENT REFERENCE lEVEL IS 
V1NH + V'Nl ---.-

3. IF LDAC IS ACTIVATED PRIOR TO THE RISING eQm: Of WR THEN 
IT MUST STAV LOW FOR tt; OR LONGER AFTER WR GOES HIGH. 

Figure 10. Write Cycle Timing Diagram 

SYSTEM 

( GND 
PIN 1 

VOUT B 0------0-- -0-----0 V OUT C 

VOUT A <>---<>- -0-----0 VOUT D 

V,, 0----0- ~VDD 

V REF B 0----0- -0-----0 VREF C 

VREFA 0----0- -0-----0 VREF D 

AGND . -0-----0 -DGND -0-----0 - .... 
-0- -0-- -MSB -0- -0- LSB .... .... 
-0- -0-.... --0- -0-.... --0- -0-

Figure 12. Suggested PCB Layout for AD7225. Layout 
Shows Component Side (Top View) 

layout. Figure II shows the relationship between input frequency 
snd channel-to-chsnnel isolation. Figure 12 shows a printed 
circuit board layout which is aimed at minimizing crosstalk snd 
feedthrough. The four input signals are screened by AGND. 
VIWI' wss limited to between 2V snd 3.24V to avoid slew rate 
limiting effects from the output amplifier during messurements. 
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AD7225 
SPECIFICATION RANGES 
For the AD722S to operate to rated specifications, its input 
reference voltage must be at least 4V below the VDD power 
supply voltage. This voltage differential is the overhead voltage 
required by the output amplifiers. 

The AD722S is spec:iticd to operate over a V DD range from 
+ 12V :tS% to + ISV :t 10% (i.e., from + 1l.4V to + 16.SV) 
with a V ss of - SV ± 10%. Operation is also specified for a 
single + 15V ± S% VDD supply. Applying a Vss of - 5V results 

UNIPOLAR OUTPUT OPERATION 
This is the basic mode of operation for each channel of the 
AD722S, with the output Voltage having the same positive polarity 
as VRBP• The AD7225 can be operated single supply (VSS = 
AGND) or with positive/negative supplies (see op-amp section 
which outlines the advantages of having negative V ss). Connections 
for the unipolar output operation are shown in Figure 13. The 
voltage at any of the reference inputs must never be negative 
with respect to DGND. Failure to observe this precaution may 
cause parasitic transistor action and possible device destruction. 
The code tsble for unipolar output operation is shown in 
Table III. 

VouTA 

VOUT B 

VOUTC 

VOUT D 

Figure 13. Unipolar Output Circuit 
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in improved zero code error, improved output sink capability 
with outputs near AGND and improved negative going settling 
time. 

Performance is spec:iticd over a wide range of reference voltages 
from 2V to (VDD - 4V) with dual supplies. This allows a range 
of stsndard reference generators to be used such as the ADS80, 
a +2.SV bandgap reference and the AD584, a precision + lOY 
reference. Note that an output voltage range of OV to + lOY 
requires a nominal + ISV ± 5% power supply voltage. 

DAC Latch Contents 
MSB LSB AnaiolOutput 

1 1 1 1 1 1 I I (2SS ) 
+VREF 256 

1000 0001 (129 ) 
+VREF 256 

1000 0000 ( 128 ) VREF 
+ VREF 2S6 = + -2-

01 1 1 1 I 1 1 +V (127) 
REF 256 

0000 0001 ( 1 ) 
+ VREF ~ 256 

0000 0000 OV 

Tab/el/l. Unipo/arCode Table 

BIPOLAR OUTPUT OPERATION 
Each of the DACs of the AD7225 can be individually configured 
to provide bipolar output operation. This is possible using one 
external amplifler and two resistors per channd. Figure 14 
shows a circuit used to implement offset binary coding (bipolar 
operation) with DAC A of the AD7225. In this case 

VOUT = (1 + ~). (D" VREF) - (~). (VREF) 

With RI = R2 
Your = (2D ... -I)· VRBP 

where D ... is a fractional representation of the 
digital word in latch A. (0 ",. D ... ",. 255/256) 

Mismatch between RI and R2 causes gain and offset errors and, 
therefore, these resistors must match and track over temperature. 
Once again the AD7225 can be operated in single supply or 
from positive/negative supplies. Table IV shows the digital code 
versus output voltage relationship for the circuit of Figure 14 
with RI = R2. 
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VAEfo---_------------, 
R, 

R1, R2 = 10kU :!: 0, 1% 

-DIGITAL INPUTS OMITTED 
FOR CLARITY 

Figure 14. AD7225 Bipolar Output Circuit 

DAC Late:h Contents 
MSB LSB Analog Output 

1 I 1 1 I 1 I I ( 127 ) 
+ VREF 128 

1000 0001 +VREF (1~8 ) 

1000 0000 OV 

01 I 1 1 1 1 1 -VREF (1~8 ) 

0000 0001 ( 127 ) 
- VREF 128 

0000 0000 ( 128 ) - VREF 128 = - VREF 

Table ,V. Bipolar (Offset Binary) Code Table 

AGNDBIAS 
The AD7225 AGND pin can be biased above system GND 
(AD7225 DGND) to provide an offset "zero" analog output 
voltage level. Figure 15 shows a circuit confJgUnltion to achieve 
this for channel A of the AD7225. The output voltage, Your A, 
can be expressed as: 

Your A = VBlAS + DA (VIN) 

where DAis a fractional representation of the digital word 
in DAC latch A. (0 .. DA .. 2551256). 

For a given VIN, increasing AGND above system GND will 
reduce the effective V 017"" V REF which must be at least 4V to 
ensure specified operation. Note that because the AGND pin is 
common to all four DACs, this method biases up the output 

Figure 15. AGNO Bias Circuit 
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AD7225 
voltages of all the DACs in the AD7225. Note that VDD and 
Vss of the AD7225 should be referenced to DGND. 

AC REFERENCE SIGNAL 
In some applications it may be desirable to have ac reference 
sigDa.ls. The AD7225 has multiplying capability within the upper 
(VDD - 4V) and lower (2V) limits of reference voltage when 
operated with dual supplies. Therefore ae: sigDa.ls need to be ac 
coupled and biased up before being applied to the reference 
inputs. Figure 16 shows a sine wave signal applied to VREF A. 
For input sigDa.l frequencies up to 50kHz the output distortion 
typically remains less than 0.1%. The typical3dB bandwidth 
figure for sma1I sigDa.l inputs is 800kHz. 

'5V 

+4V 15k 

REFERENCE f\ ""---.J 1--+ ___ + 
INPUT - V-----------' 

-4V , .. 

-DIG1TAL INPUTS OMmED 
FOR ClARfTY 

Figure 16. Applying an AC Signal to the AD7225 

APPLICATIONS 

PROGRAMMABLE TRANSVERSAL FILTER 

V OUT ;" 

A discrete-time flIter may be described by either multiplication 
in the frequency domain or convolution in the time domain i.e. 

N 

Y(IIl) = H(IIl)X(IIl) or y. = I hkX.-k+l 

k=l 

The convolution sum may be implemented using the special 
structure known as the transversal flIter (Figure 17). Basically, 
it consists of an N-stage delay line with N taps weighted by N 
coefficients, the resulting products being accumulated to form 
the output. The tap weights or coefficients ht are actua1ly the 
non-zero elements of the impulse response and therefore determine 
the flIter transfer function. A particular flIter frequency· response 
is realized by setting the coefficients to the appropriate values. 
This property 1eads to the implementation of transversal flIters 
whose frequency response is programmable. 

FILTER 
i/P 

y(n) = t hk Xn-k+1 
k=1 

Figure 17. Transversal Filter 
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AD7225 

FILTER 
j/P 0-- AD7820 

ADC 

SAMPLES SAMPLES 

AD584 

REF 

GAIN SET 

....---------, VOUT A 

h, 

AD7225 

QUADDAC 

h, 

VOUT A VOUT B VOUT C VOUT 0 

AD7226 

QUAD DAC 

TAP WEIGHTS 

ACCUMULATOR 

OIP 

+ 
) 

Figure 18. Programmable Transversal Filter 

A 4-tap programmable transversal filter may be implemented 
using the AD7225 (Figure 18). The input signal is first sampled 
and converted to allow the tapped delay line function to be 
provided by the Am29520. The multiplication of delayed input 
samples by fixed, programmable tap weights is accomplished by 
the AD7225, the four coefficients or reference inputs being set 
by the digital codes stored in the AD7226. The resultant products 
are accumulated to yield the convolution sum output sample 
which is held by the AD585. 

-10 

-20 

-30 

-40 
'Ii 
I -50 

z 
~ -60 

-7 0 

-8 0 

-9 0 

-100 

-I"- r-;.. 

h, = 0.117 
hz = 0.417 
h3 = 0.417 
h. = 0.117 

f"'-.", 
~ 

["\. 

~ 

Low pass, bandpass and highpass filters may be synthesized 
using this arrangement. The particular tap weights needed for 
any desired transfer function may be obtained using the standard 
Remez Exchange Algorithm. Figure 19 shows the theoretical 
low pass frequency response produced by a 4-tap transversal 
filter with the coefficients indicated. Although the theoretical 
prediction does not take into acCount the quantization of the 
input samples and the truncation of the coefficients, nevertheless, 
there exists a good correlation with the actual performance of 
the transversal filter (Figure 20). 

o 0.05 0.' 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
NORMALIZED FREQUENCV - flfs 
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Figure 19. Predicted (Theoretical) Response 

FREQUENCY - fils 

Figure 20. Actual Response 

AD7226 CODES: 

h, (DAC AI = 00011110 
h2 (DAC BI = 01101011 
h, (DAC CI = 01101011 
h. (DAC DI = 00011110 
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DIGITAL WORD MULTIPUCATION 
Since each DAC of the AD7225 has a separate reference input, 
the output of one DAC can be used as the reference input for 
another. This means that multiplication of digital words can be 
performed (with the result given in analog form). For example, 
if the output from DACA is applied to VREF B then the output 
from DACB, VOlIT B, can be expressed as: 

VOlIT B = DA • Du . VREF A 

where D A and Du are the fractional representations of the 
digital words in DAC latches A and B respectively. 

If DA = DB = D then the result is D2 • VREF A 

In this manner, the four DACs can be used on their own or in 
conjunction with an external summing amplifier to generate 
complex waveforms. Figure 21 shows one such application. In 
this case the output waveform, Y, is represented by: 

Y = _(x· + 2x3 + 3x2 + 2x + 4)·VIN 

where x is the digital code which is applied to all 
four DAC latches. 

MICROPROCESSOR INTERFACE 

BOSSA! 
8088 

A15 
A. 

ALE 

AD7 

AD' 
"LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 22. AD7225 to 8085A/8088 Interface, Double
Buffered Mode 

A15 

A.f--------, 

z-.. 

WRf-------------i-/ 

D7f-----------~ 
DATA BUS 

D. 
"LINEAR CIRCUrrRY OMITTED FOR CLARITY 

Figure 24. AlJ7225 to Z-80 Interface Double-Buffered 
Mode 
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v," 

Applications-AD7225 

-DIGITAL INPUTS OMITTED FOR CLARITV 

Figure 21. Complex Waveform Generation 

6809 
6502 

A15 

A, 

EOR.!.21----------LJ 

DO 
"LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 23. AD7225 to 680916502 Interface, Single-Buffered 
Mode 

AZ3r----------------~ 

68008 

AS~~:n Rwl--
~~----------~ 

D71---------~ 

DO 
"LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 25. AD7225 to 68008 Interface, Single-Buffered 
Mode 
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AD7225 
Vss GENERATION 
Operating the AD722S from dual supplies results in enhanced 
performance over single supply operation on a number of pa
rameters as previously outlined. Some applications may require 
this enhanced performance, but may only have a single power 
supply rail available. The circuit of Figure 26 shows a method 
of generating a negative voltqe using one CD4049, operated 
from a VDD of + ISV. Two inverters of the hex inverter chip 
an: used as an oscillator. The other four inverters an: in parallel 
and used as buffers for higher output current. The square-wave 
output is level translated to a negative-going signal, then rectified 
and filtered. The circuit configuration shown will provide an 
output voltqe of - S.IV for current loadings in the range O.SmA 
to 9mA. This will satisfy the AD722S Iss requirement over the 
commercial operating temperature range. 
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1'6 CD4049AE 

Figure 26. Vss Generation Circuit 
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r.ANALOG 
WDEVICES 

FEATURES 
Four 8-Bit DACs with Output Amplifiers 
Skinny 20-Pln DIP, SOIC and 2D-Terminal 

Surface Mount Packages 
Microprocessor Compatible 
TTUCMOS Compatible 
No User Trims 
Extended Temperature Range Operation 
Single Supply Operation Possible 

APPLICATIONS 
Process Control 
Automatic Test Equipment 
Automatic Calibration of Large System Parameters, 

e.g., Gain/Offset 

GENERAL DESCRIPTION 
The AD7226 contains four 8-bit voltage-output digital-to-analog 
converters, with output buffer amplifiers and interface logic on 
a single monolithic chip. No external trims are required to 
achieve full specified performance for the part. 

Separate on-chip latches are provided for each of the four D/ A 
converters. Data is transferred into one of these data latches 
through a common 8-bit TIUCMOS (SV) compatible input 
pon. Control inputs AO and Al determine which DAC is loaded 
when WR goes low. The control logic is speed-compatible with 
most 8-bit microprocessors. 

Each D/A convener includes an outpUt buffer amplifier capable 
of driving up to SmA of output current. The amplifiers' offsets 
are laser-trimmed during manufacture, thereby eliminating any 
requirement for offset nulling. 

Specified performance is guaranteed for input reference voltages 
from + 2V to + 12.SV with dual supplies. The part is also specified 
for single supply operation at a reference of + I OV. 

The AD7226 is fabricated in an all ion-implanted high speed 
Linear Compatible CMOS (LC2MOS) process which has been 
specifically developed to allow high speed digital logic circuits 
and precision analog circuits to be integrated on the same chip. 
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LC2MOS 
Quad 8-Bit DtA Converter 

AD7226 I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. DAC-to-DAC Matching 

Since all four DACs are fabricated on the same chip at the 
same time, precise matching and tracking between the DACs 
is inherent. 

2. Single Supply Operation 
The voltage mode configuration of the DACs allows the 
AD7226 to be operated from a single power supply rail. 

3. Microprocessor Compatibility 
The AD7226 has a common 8-bit data bus with individual 
DAC latches, providing a versatile control architecture for 
simple interface to microprocessors. All latch enable signals 
are level triggered. 

4. Small Si2e 
Combining four DACs and four op-amps plus interface logic 
into 2D-pin DIP or sOle or a 20-terminal surface mount 
package allows a dramatic reduction in board space require
ments and offers increased reliability in systems using multiple 
conveners. Its pinout is aimed at optimizing board layout 
with all the analog inputs and outputs at one end of the 
package and all the digital inputs at the other. 
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AD7226 - SPECIFICATIONS 
O I S Iy (VIII = 11 . .4V ID 18.5Y; Vss = -5Y :1:111%; AGND = DGND = BY; VREF = '/!lID (VIII -4Y)1 IIIIass oIh8nIise .... ua UPP AI speciIicaIions T_ ID T_ IIIIess oIhenIIse noted.) . 

Parameter 

STATIC PERFORMANCE 
Resolution 
Total Unadjusted Error 
Relative Accuracy 
Differential Nonlinearity 
Full Scale Error 
Full Scale Temperature Coefficient 
Zero Code Error 
ZeroCode Error TemperatureCoefficient 

REFERENCE INPUT 
Voltage Range 
Input Resistance 
Input Capacitsnce3 

DIGITAL INPUTS 
Input High Voltage, VINH 

Input Low Voltage, VINL 

Input Leakage Current 
Input Capacitance 
Input Coding 

DYNAMIC PERFORMANCE 
Voltage Output Slew Rate' 
Voltage Output Settling Time4 

PositiveFullScaleC~ 
NegativeFullScale~ 

Digital Crosstalk 
Minimum Load Resistance 

POWER SUPPLIES 
VooRange 
100 

Iss 

SWITCHlNGCHARACTERISTICS4•5 

Address to Write Setup Time, tAS 
@25"C 
T MIN to T MAX 

Address to Write Hold Time, tAB 
@25"C 
TMiNtoTMAX 

Dats Valid to Write Setup Time, tos 
@25"C 
T MIN to T MAX 

Dats Valid to Write Hold Time, tOH 
@25"C 
T MIN to T MAX 

Write Pulse Width, tWR 
@2S"C 
T MIN to T MAX 

NOTES 
1 Maximum possible reference voltage. 
'Temperature nmses are IS follows: 

K Version: - 4O'C to +8S"C 
B Version: -4O'C to +8S"C 
T Version: - SS"C to + 125"C 

'Guaranteed by cIesign. Not prodw:tion tested. 
'Sample Tested at 25"C to _ compliaDce. 

K,B, TVersions2 

8 
±2 
±I 
±1 
±1112 
±20 
±30 
±SO 

2to(Voo -4) 
2 
65 
300 

2.4 
0.8 
±1 
8 
Binary 

2.5 

S 
7 
50 
2 

11.4116.5 
13 
11 

o 
o 

10 
10 

90 
100 

10 
10 

ISO 
200 

'SwitcbiDg Cbarac:teristics apply for both siDgle and dual supply operation. 

SpecitkatiODS subject to c:Iwtsc without notice. 
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Uaits 

Bits 
LSBmax 
LSBmax 
LSBmax 
LSBmax 
ppmr<:typ 
mVmax 
J.LVfCtyp 

V MINto V MAX 
kOmin 
pFmin 
pFmax 

V min 
V max 
J.LAmax 
pFmax 

V/J.Lsmin 

J.Lsmax 
J.Lsmax 
nVsecstyp 
kOmin 

V~MAX 
mAmax 
mAmax 

nsmin 
nsmin 

nsmin 
nsmin 

nsmin 
nsmin 

nsmin 
nsmin 

nsmin 
DSmin 

Conditioll8lComments 

Voo = + ISV ± S%, VREP = + 10V 

Guaranteed Monotonic 

Voo = 14Vto 16.SV, VREP = + 10V 

Occurs whenesch DAC losded with all O's. 
Occurs when esch DAC loaded with alii's. 

VIN = OVorVoo 

VREP = + 10V; Settling Time to ± 112LSB 
VREP = + 10V; Settling Time to ± 1/2LSB 

VOUT= +10V 

For Specified Performance 
OutputsUnlosded;VIN = VINLorVINH• 

OutputsUnlosded;VIN = VlNLorVINH• 
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S. I S Iy (v •• = +15V ± 5%; Vss = AGND = DGND = OV; VREI +IOV1 unless otherwise stated. 
ani e UPP All specifications TMIM to TMAX unless otherwise noted.) 

AD7226 

Parameter 

STATIC PERFORMANCE 
Resolution 
Total Unadjusted Error 
Differential Nonlinearity 

REFERENCE INPUT 
Input Resistance 
Input Capacitance3 

DIGITAL INPUTS 
Input High Voltage, VINH 
Input Low Voltage, VINL 
Input Leakage Current 
Input Capacitance 
Input Coding 

DYNAMIC PERFORMANCE 
Voltage Output Slew Rate4 

Voltage Output Settling Time4 

Positive Full Scale Change 
Negative Full Seale Change 

Digital Crosstalk 
Minimum Load Resistance 

POWER SUPPLIES 
VooRange 
100 

NOTES 
'Maximum possible ref""""", vol •. 
2Temperature ranges are as foUows: 

K Version: -4O'C to +8S"C 
B Version: -4O'C to +8S"C 
T Version: - SS"C to +l2S"C 

'Guaranteed by design. Not production tested. 
'Sample Tested at 2S"C to ensure compliance. 

K,B, TVersions' 

8 
±2 
±1 

2 
65 
300 

2.4 
0.8 
±1 
8 
Binary 

2 

5 
20 
50 
2 

14.25 to 15.75 
13 

'Switching Chancteristics apply for both single and dual supply operation. 

Specifications subject to cbange without notice. 

ABSOLUTE MAXIMUM RATINGS· 

Voo to AGND . -0.3V, + l7V 
Voo to DGND . -0.3V, + 17V 
Vss to AGND . -7V, Vnn 
Vss to DGND . -7V, Vnn 
Vnn to Vss .....••..••....•... -0.3V, +24V 
AGND to DGND . . . . . . . . . . . . . . .. -O.3V, Vnn 
Digital Input Voltage to DGND .... -0.3V, Vnn +O.3V 
VREF to AGND • . . . . . • . . . . . . . . .. -0.3V, Vnn 
Your to AGND1 •••••••••••••••••• V ss, Vno 
Power Dissipation (Any Package) to + 75°C . 500mW 

Derates above 750C by . . . . . 2.OmWrc 
Operating Temperature 

Commerieal (K Version) -4O"C to +85OC 

CAUTION 

Units 

Bits 
LSBmax 
LSBmax 

kOmin 
pFmin 
pFmax 

V min 
V max 
",A max 
pFmax 

vi",smin 

",smax. 
",smax 
nVsecstyp 
kOmin 

VMINNMAX 

mAmax 

Conditions/Comments 

Guaranteed Monotonic 

Occurs when each DAC loaded with all O's. 
Occurs when each DAC loaded with alii's. 

VIN = OVorVoo 

Settling Time to ± 1I2LSB 
Settling Time to ± 1I2LSB 

Your = +10V 

For Specified Performance 
Outputs Unloaded; V IN = VINL or VINH 

Industrial (B Version) . 
Extended (T Version) . 

-40°C to +85OC 
- 550C to + 1250C 

Storage Temperature .. - 65°C to + 1500C 
Lead Temperature (Soldering, 10000s) ..... +3000C 

NOTES 
'OutpUts may be sborted to AGND provided that the power dissipation of the 
package is not exceeded. TypicaUy sbort circuit current to AGND is 6OtnA. 

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

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, pern\anent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 
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AD7226 

TERMINOLOGY 

ORDERING GUIDE 

Total 
Temperature Unadjusted Package 

Modell Range Error Option2 

AD7226KN - 4O°C to + 85°C :!:2LSB N-20 
AD7226KP - 4O"C to + 85°C :!:2LSB P-20A 
AD7226KR - 4O"C to + 85°C :!:2LSB R-20 
AD7226BQ - 4O"C to + 85°C :!:2LSB Q-20 
AD7226TQ - 55°C to + 125°C :!:2LSB Q-20 
AD7226TE - 55°C to + 125°C :!:2LSB E-20A 
NOTES 
ITo order MIL-STD-883, Class B processed ports, add 1883B to port number. 
Contaetyour local saIes office for military datasheet. For U.S. Standard 
Military Drawing (SMD), see DESC drawing #S962-l17802. 

2E = LeadIessCeramicChipCarrier;N = PIastic DIP; P = PIasticLeaded 
Chip Carrier; Q = Cerdip; R = SOIC. For outline information see 
Package Information section. 

TOTAL UNADJUSTED ERROR DIFFERENTIAL NONLINEARITY 
This is a comprehensive specification which includes full-scale 
error, relative accuracy and zero code error. Maximum output 
voltage is VREF -I LSB (ideal), where I LSB (ideal) is V REF/256. 
The LSB size will vary over the V REF range. Hence the zero 
code error will, relative to the LSB size, increase as V REF decreases. 
Accordingly, the total unadjusted error, which includes the zero 
code error, will also vary in terms of LSB's over the V REF range. 
As a result, total unadjusted error is specified for a fIXed reference 
voltage of + IOV. 

Differential Nonlinearity is the difference between the measured 
change and the ideallLSB change between any two adjacent 
codes. A specified differential nonlinearity of :!: ILSB max over 
the operating temperature range ensures monotonicity. 

DIGITAL CROSSTALK 
The glitch impulse transferred to the output of one convener 
due to a change in the digital input code to another of the con
veners. It is specified in nV secs and is measured at VREP=OV. 

RELATIVE ACCURACY 
FULL-SCALE ERROR 
Full-Scale Error is defmed as: 

Relative Accuracy or end-point nonlinearity, is a measure of the 
maximum deviation from a straiglu line passing through the 
end-points of the DAC transfer function. It is measured after 
allowing for zero and full-scale error and is normally expressed 
in LSB's .or as a percentage of full-scale reading. 

Measured Value - Zero Code Error - Ideal Value. 

DIP, SOIC 

V"",B v""'c 

A. 

AI 

Wii 

DB.ILSB, 
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PIN CONFIGURATIONS 
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CIRCUIT INFORMATION 
D/A SECTION 
The AD7226 contains four, identical, 8-bit, voltage-mode digital
to-analog converters. The output voltages from the converters 
have the same polarity as the reference voltage allowing single 
supply operation. A novel DAC switch pair arrangement on the 
AD7226 allows a reference voltage range from + 2V to + 12.5V. 

Each DAC consists of a highly stable, thin-film, R-2R ladder 
and eight high speed NMOS, single-pole, double-throw switches. 
The simplified circuit diagram for one channel is shown in 
Figure 1. Note that VREF (pin 4) and AGND (pin 5) are common 
to all four DACs. 

VOUT 

2R 

AGNDo-~----~~'~--~---4~--~ 
SHOWN FOR ALL "SONDAC 

Figure 1. DIA Simplified Circuit Diagram 

.The input impedance at the VREF pin of the AD7226 is the 
parallel combination of the four individual DAC reference input 
impedances. It is code dependent and can vary from 2kfl to 
infinity. The lowest input impedance (i.e., 2kn) occurs when all 
four DACs are loaded with the digital code 01010101. Therefore, 
it is important that the reference presents a low output impedance 
under changing load conditions. The nodal capacitance at the 
reference terminal is also code dependent and typically varies 
from l00pF to 2S0pF. 

Each VOUT pin can be considered as a digitally programmable 
voltage source with an output voltage of: 

Vourx = Dx VREF 

where Dx is a fractional representation of the digital 
input code and can vary from 0 to 255/256. 

The source impedance is the output resistance of the buffer 
amplifier. 

OP-AMP SECTION 
Each voltage-mode D/A converter output is buffered by a unity 
gain, noninverting CMOS amplifier. This buffer amplifier is 
capable of deVeloping + 10V across a 2kfl load and can drive 
capacitive loads of 3300pF. The output stage of this amplifier 
consists of a bipolar transistor from the V DD line and a current 
load to V ss, the negative supply for the output amplifiers. This 
output stage is shown·in Figure 2. 

VP~ 

Figure 2. Amplifier Output Stage 

REV. A 

AD7226 
The NPN transistor supplies the required output current drive 
(up to 5mA). The current load consists of NMOS transistors 
which normally act as a constant current sink of 400ILA to V ss, 
giving each output a current sink capability of approximately 
400ILA if required. 

The AD7226 can be operated single supply or dual supply resulting 
in different performance in some parameters from the output 
amplifiers. 

In single supply operation (V ss = OV = AGND), with the output 
approaching AGND (i.e., digital code approaching all O's) the 
current load ceases to act as a current sink and begins to act as 
a resistive load of approximately 2kfl to AGND. This occurs as 
the NMOS transistors come out of saturation. This means that, 
in single supply operation, the sink capability of the amplifiers 
is reduced when the output voltage is at or near AGND. A 
typical plot of the variation of current sink capability with output 
voltage is shown in Figure 3 . 

•• • 

... 

3 •• 

200 

'00 

• • 

( 
( 

I 
Va = -5V 

r-v .... v 

VDD = +15V 

,. 
Figure 3. Variation of ISINK with VOUT 

If the full sink capability is required with output voltages at or 
near AGND (=OV), then Vss can be brought below OV by 5V 
and thereby maintain the 4001LA current sink as indicated in 
Figure 3. Biasing V ss below OV also gives additional headroom 
in the output amplifier which allows for better zero code error 
performance on each output. Also improved is the slew-rate and 
the negative-going settling-time of the amplifiers (discussed 
later). 

Each amplifier offset is laser trimmed during manufacture to 
eliminate any requirement for offset nulling. 

DIGITAL SECTION 
The digital inputs of the AD7226 are both TTL and CMOS 
(5V) compatible from VDD = + 11.4V to + 16.5V. All logic 
inputs are static protected MOS gates with typical input currents 
of less than InA. Internal input protection is achieved by an on
chip distributed diode from DGND to each MOS gate. To 
tninimize power supply currents, it is recommended that the 
digital input voltages be driven as close to the supply rails (V DD 

and DGND) as practically possible. 
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AD7226 
INTERFACE LOGIC INFORMATION 
Address lines AO and Al select which DAC will accept data 
from the input port. Table I shows the selection table for the 
four DACs with Figure 4 sh!>wing the input control logic. When 
the WR signal is LOW, the input latches of the selected DAC 
are transparent and its output responds to activity on the data 
bus. The data is latched into the addressed DAC latch on the 
rising edge of WR. While WR is high the analog outputs remain 
at the value corresponding to the data held in their respective 
latches. 

AD7226 Control Inputs AD7226 
WR Al AO Operation 

H X X No Operation 
Device Not Selected 

L L L DAC A Transparent 

S- L L DACALatched 

L L H DAC B Transparent 

S L H DAC B Latched 

L H L DAC C Transparent 

S H L DACCLatched 

L H H DAC D Transparent 

S H H DAC D Latched 

L = Low State, H = High State, X = Don't Care 

Table I. AD7226 Truth Table 

TO LATCH A 

TO LATCH B 

TOLATCHC 

TO LATCH D 

Figure 4. Input Control Logie 

DATA ______ -Jx::~ tDS He: 
~ 

~ III V-.
I 

Vo·· ADDRESS ___ -J~ • "-

I I 

Wii -----....... *--...: .... =--tr----v .. 
NOTES 
1. ALL INPUT SIGNAL RISE AND FALL TIMES 

MEASURED FROM 10% TO M% 01 VDD• 

t, = " = 20na OVER Voo RANGE 
2, nMING MEASUREMENT REFERENCE LEVEL IS 

V ..... + V ... 
-y-

3: SELECTED INPUT LATCH IS TRANSPARENT WHILE Wi IS 
LOW, THUS INVALID DATA DURING THIS TIME CAN CAUSE 
SPURIOUS OUTPUTS. 

Figure 5. Write Cycle Timing Diagram 

2-296 DIGITAL-TO-ANALOG CONVERTERS 

Typical Performance Characteristics 
CrA=25"C. Voo= + 15V. Vss= -5V) 
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INPUT CODE - DECIMAL EQUIVALENT 

Figure 6. Channel-to-Channel Matching 
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Figure 7. Relative Accuracy vs. VREF 
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Figure 8. Differential Nonlinearity vs. VREF 
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Figure 9. Zero Code Error vs. Temperature 

SPECIFICATION RANGES 
In order for the DACs to operate to their specifications, the 
reference voltage must be at least 4V below the VDD power 
supply voltage. This voltage differential is required for correct 
generation of bias voltages for the DAC switches. 

The AD7226 is specified to operate over a V DD range from 
+ 12V ± 5% to + lSV ± 10% (i.e., from 11.4V to + 16.SV) 
with a V ss of - SV ± l()%. Operation is also specified for a 
single + lSV ± 5% VDD supply. Applying a Vss of - SV results 
in improved zero code error, improved output sink capability 
with outputs near AGND, and improved negative-going sett1ing
time. 

Performance is specified over a wide range of reference voltages 
from 2V to (VDD -4V) with dual supplies. This allows a range 
of standard reference generators to be used such as the ADS80, 
a + 2.SV bandgap reference and the ADS84, a precision + 10V 
reference. Note that in order to achieve an output voltage range 

AD7226 
of OV to + lOV, a nominal + ISV ± 5% power supply voltage is 
required by the AD7226. 

SETTLING TIME 
The output stage of the buffer amplifiers consists of a bipolar 
NPN transistor from the VDD line and a constant current load 
to V ss. V ss is the negative power supply for the output buffer 
amplifiers. As mentioned in the op-amp section, in single supply 
operation the NMOS transistor will come out of saturation as 
the output voltage approaches AGND and will act as a resistive 
load of approximately 2kO to AGND, As a result, the settling-time 
for negative-going signals approaching AGND in single supply 
operation will be longer than for dual supply operation where 
the current load of 4OO1lA is maintained all the way down to 
AGND. Positive-going settling-time is not affected by Vss. 

The settling-time for the AD7226 is limited by the slew-rate of 
the output buffer amplifiers. This can be seen from Figure 10 
which shows the dynamic response for the AD7226 for a full 
scale change. Figures lla and lIb show expanded settling-time 
photographs with the output waveforms derived from a differential 
input to an oscilloscope. Figure 11a shows the settling-time for 
a positive-going step and Figure lIb shows the settling-time for 
a negative-going output step. 

GROUND MANAGEMENT 
AC or transient voltages between AGND and DGND can cause 
noise at the analog output. This is especially true in microprocessor 
systems where digital noise is prevalent. The simplest method of 
ensuring that voltages at AGND and DGND are equal is to tie 
AGND and DGND together at the AD7226. In more complex 
systems where the AGND and DGND intertie is on the backplane, 
it is recommended that two diodes be connected in inverse 
parallel between the AD7226 AGND and DGND pins (IN914 
or equivalent). 

Figure 10. Dynamic Response (VSS = -5V) 

+1/2LSB +1I2LSB 

-1f2LSB -1I2LSB 

Figure 11a, Positive-Step Settling-Time (Vss = -5V) Figure 11b. Negative-Step Settling-Time (Vss = -5V) 
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Applying the AD7226 
Unipolar Output Operation 
This is the basic mode of operation for. each channel of the 
AD7226, with the output voltages having ·the same positive 
polarity as + VREF• The AD7226 can be operated single supply 
(V55 = AGND) or with positive/negative supplies (see op-amp 
section which outlines the advantages of having negative V 55). 

The code table for unipolar output operation is shown in Table 
II. Note that the voltage at VREF must never be negative with 
respect to DGND in order to prevent parasitic transistor turn-on. 
Connections for the unipolar output operation are shown in 
Figure 12. 

Figure 12. Unipolar Output Circuit 

DAC Latch Contents 
MSB LSB Analog Output 

1 1 1 1 1 1 1 1 (255 ) 
+ VREF 256 

1000 0001 ( 129 ) 
+ VREF 256 

1000 0000 ( 128 ) VREF 
+VREF 256 = +-2-

o 1 1 1 1 1 1 1 ( 127 ) 
+ VREF 256 

0000 0001 +VREF (2~6 ) 

0000 0000 OV 

Note: ILSB:= (VREF)(2-8) = VREF ( 2~6 ) 

Table II. Unipolar Code Table 

Bipolar Output Operation 
Each of the DACs of the AD7226 can be individually configured 
to provide bipolar output operation. This is possible using one 
external amplifier and two resistors per channel. Figure 13 
shows a circuit used to implement offset binary coding (bipolar 
operation) with DAC A of .the .AD7226. In this case 

VOUT = (1 + ~). (DA VREF) - (~). (VREF) 

2-298 DIGITAL-TO-ANALOG CONVERTERS 

With RI = R2 
VOUT = (2DA -1) • VREF 

where DAis a fractional representation 
of the digital word in latch A .. 

Mismatch between Rl and R2 causes gain and offset errors and 
therefore these resistors must match and track over temperature. 
Once again the AD7226 can be operated in single supply or 
from positiVe/negative supplies. Table III shows the digital code 
versus output voltage relationship for the circuit of Figure 13 
with Rl = R2. 

VREFo---..... -----------, ... 

R' 

VOUT 

R1, R2,.. 10kU ±O.1% 

*DIGITAL INPUTS OMlnED 
FOR CLARITY 

Figure 13. AD7226 Bipolar Output Circuit 

DAC Latch Contents 
MSB LSB Analog Output 

1 1 1 1 1 1 1 1 ( 127 ) 
+ VREF 128 

1000 0001 +VREF (1~8 ) 

1000 0000 OV 

o 1 1 1 1 1 1 1 -VREF (1~8 ) 

0000 0001 ( 127 ) 
- VREF 128 

0000 0000 ( 128 ) - VREF 128 = - VREF 

Table III. Bipolar (Offset Binary) Code Table 

AGND BIAS 
The AD7226 AGND pin can be biased above system GND 
(AD7226 DGND) to provide an offset "zero" analog output 
voltage level. Figure 14 shows a circuit configuration to achieve 

Figure 14. AGND Bias Circuit 
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this for channel A of the AD7226. The output voltage, VOUTA, 
can be expressed as: 

VOUTA = VBIAS + DA (VIN) 

where DAis a fractional representation of the digital input 
word (OsDs255/256). 

For a given VIN, increasing AGND above system GND will 
reduce the effective VOo-VREF which must be at least 4V to 
ensure specified operation. Note that because the AGND pin is 
common to all four DACs, this method biases up the output 
voltages of all the DACs in the AD7226. Note that Voo and 
Vss for the AD7226 should be referenced to DGND. 

3-PHASE SINE WAVE 
The circuit of Figure 15 shows an application of the AD7226 in 
the generation of 3-phase sine waves which can be used to control 
small 3-phase motors. The proper codes for synthesising a full 
sine wave are stored in EPROM, with the required phase-shift 
of 120° between the three DI A converter outputs being generated 
in software. 

Data is loaded into the three DI A converters from the sine 
EPROM via the microprocessor or control logic. Three loops 
are generated in software with each DI A converter being loaded 
from a separate loop. The loops run through the look-up table 
producing successive triads of sinusoidal values with 120° sep
aration which are loaded to the DI A converters producing 3 sine 
wave voltages 120° apart. A complete sine wave cycle is generated 
by stepping through the full look-up table. If a 256-element sine 

MICROPROCESSOR 
OR 

CONTROL LOGIC 

Applications-AD7226 
wave table is used then the resolution of the circuit will be 1.4° 
(360°/256). Figure 17 shows typical resulting waveforms. The 
sine waves can be smoothed by filtering the D/A converter out
puts. 

The fourth D/A converter of the AD7226, DAC D, may be 
used in a feedback configuration to provide a programmable 
reference voltage for itself and the other three converters. This 
configuration is shown in Figure 15. The relationship of V REF 
to VIN is dependent upon digital code and upon the ratio of RF 
to R and is given by the formula 

(1 + G) 
VREF = (1 + G.Do)·VIN 

where G = RF/R 

and Do is a fractional representation of the 
digital word in latch D. 

Alternatively, for a given V IN and resistance ratio, the required 
value of Do for a given value of VREF can be determined from 
the expression 

Figure 16 shows typical plots of VREF versus digital code for 
three different values of RF. With VIN = + 2.5V and RF = 3R 
the peak-to-peak sine wave voltage from the converter outputs 
will vary between + 2.5V and + IOV over the digital input code 
range of 0 to 255. 

Figure 15. 3-Phase Sine Wave Generation Circuit 

\ ~:LJlv- I-- -

\ 
\ 1\ VRF =3R 

" J RF = 2R 

" " ~ / RF :: R 

"- L 
....... ....... I' , ~ r--. - t::-.. 

1.SVIN --r- :::::: f=:::: t=:::.. .... Figure 17. 3-Phase Sine Wave Output 
v,. 
OHH"M~H~~~~m~mm~~ 

DIGITAl CODE - DECIMAL EQUIVALENT 

Figure 16. Variation of VREF with Feedback Configuration 
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AD7226 
Vn:ST 
FROM O.U.T. 

____ +--WINDOW 1 

-JVVIr-+--WINDOW 2 

-'Io'VV--t-- WINDOW 3 

....... 'VV--t-- WINDOW 4 

........ _-+-- WINDOW 5 

Figure 18a. Logic Level Measurement 

VAEF -----"T""-
WINDOW 1 

V OUTA -----+-
WINDOW 2 

VOUTS -----+--
WINDOW 3 

V OUTC -----+--
WINDOW 4 

VOUU> -----+--
WINDOWS 

AGND-----~-

Figure 18b. Window Structure 

STAIRCASE WINDOW COMPARATOR 
In many test systems, it is important to be able to determine 
whether some parameter lies within defined limits. The staircase 
window comparator of Figure 18a is a circuit which can be 
used, for example,'to'measure the VOH and VOL thresholds of a 
TTL device under test. Upper and lower limits on both VOH 
and VOL can be prograDunably set using the AD7226. Each 
adjacent pair of comparators forms a window of programmable 
size. If VTEST lies Within a window then the output for that 
window will be high. With Ii ,reference ,of 2.S6V applied to the 
VREF input, the minim\lIll window size is 10mV. 

The circuit can easily be adapted to allow for overlapping of 
windows as shown in Figure 19a. If the ihree outputs from this 
circuit are decoded then five different ilonoverlapping program
mable windows tim again be defm~. 
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+4V 

V,,'" 
FROMD.U.T. 

~w.+-- WINDOW'· 

_M<-t--WINDOW 2 

-'lNY--t-- WINDOW 3 

Figure 19a. Overlapping Windows 

v .. , 

V OUTS 

v""' • 

V OUTD 

VOUTC 

AGND 

WINDOW 

WINDOW 2 

WINDOW 

Figure 19b. Window Structure 

15V 

15k 

f'lvC>--lI--+---i 
-4V 

10k 

*DIGITAL INPUTS OMITTED 
FDA CLARITY 

Figure 20. Varying Reference Signal 

VARYING REFERENCE SIGNAL 

VOUTA 

In some applications, it may be desirable to have a varying 
signal applied to the reference input of the AD7226. The AD7226 
has multiplying capability within upper and lower limits of 
reference voltage when operated with dual supplies. The upper 
and lower limits are those required by the AD7226 to achieve 
its linearity specification. Figure 20 shows a sine wave signal 
applied to the reference input of the AD7226. For input signal 
frequencies up to 50kHz the output distortion typically remains 
less than 0.1%. Typical3dB bandwidth figure is 700kHz. 
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OFFSET ADJUST 
Figure 21 shows how the AD7226 can be used to provide prog
rammable input offs.:t voltage adjustment for the AD544 op 
amp. Each output of the AD7226 can be used to trim the input 
offset voltage on one AD544. The 620kO resistor tied to + lOY 
provides a fixed bias current to one offset node. For symmetrical 
adjustment, this bias current should equal the current in the 
other offset node with the half-full scale code (i.e. 10000000) on 
the DAC. Changing the code on the DAC varies the bias current 
and hence provides offset adjust for the AD544. For example, 
the input offset voltage on the AD544J, which has a maximum 
of ±2mV, can be programmably trimmed to ± IOILV. 

Microprocessor Interface 

8085A A'5t-----------------"'7' 
ADDRESS BUS 

AS 

*L1NEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 22. AD7226 to 8085A Interface 

8502 A'S 

AOt--------, 

D7t-----------~ 

~r-----------------J 
-LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 24. AD7226 to 6502 Interface 

REV. A 

.... 

Z·80 

AD7226 
+10V 

+15V 

620kO 

-1SV 

-DIGITAL INPUTS OMrTTED FOR CLARITY 

Figure 21. Offset Adjust for AD544 

A'5r------------------~ 

AOr------, 

D7r-----------J 
~r-----------------J 

·LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 23. AD7226 to 6809 Interface 

A'5 
AOr--------, 

Wiit-----I 

OOr---------~ 

-LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 25. AD7226 to Z-80 Interface 
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~ANALOG 
WDEVICES 

FEATURES 

• No Adjustments Required, Total Error ±1/2 LSB Max 
Over Temperature 

• Four Voltage Output DACs on a Single Chip 
• Single (+SVto +1SV) or Dual Supply 
• Improved PM·7226AVerslon Provides 

~ Faster SOns Write Time, All Temperatures 
- Tested SV Specifications 
- Reduced Reference Input Transition Current 
- Epi·CMOS Processing for Improved Latch·up 

Resistance 

APPLICATIONS 

• Automatic Test Equipment 
• Process and Industrial Control 
• Scientific Instrumentation 
• Medlcallnstrumentatlon 
• Multichannel Microprocessor Controlled 

- System Calibration 
- Op Amp Offset and Gain Adjust 
- Level and Threshold Setting 

GENERAL DESCRIPTION 

The PM-7226 contains four a-bit voltage output CMOS digital
to-analog converters in a single chip. Also incorporated into this 
chip are four input latches and interface control logic. 

The four latches are under control of one write and two address 
signals and are fed from a common a-bit data bus. It allows the 
PM-7226 to be packaged into a narrow space-saving 20-pin, 

FUNCTIONAL DIAGRAM 

MSB 
DATA BUS 

LSB 

WR 
I. 

A, CONTROL 
17 LOGIC 

Au 

REV.D 

Quad 8-Bit CMOS D/A Converters 
With Voltage Output 

PM-7226A1PM-7226 I 
300 mil DIP. All digital inputs are TTUCMOS (SV) compatible. 
Also, each DAC's input latch is addressable for easy micro
processor interface. The on-board output amplifier can each drive 
up to SmA from either a single or dual supply. Continued 

ORDERING INFORMATION t 
TOTAL 

UNADJUSTED 
ERROR 

±1I2lSB 
±1lSB 
±1lSB 
±1lSB 
±1lSB 
±1lSB 
±1lSB 

EXTENDED 
MILITARY INDUSTRIAL COMMERCIAL 

TEMPERATURE TEMPERATURE TEMPERATURE 

PM7226AR 
PM7226BR 
PM7226BRC1883 

PM7226ER 
PM7226FR 
PM7226FPC 
PM7226FS 
PM7226FP 
PM7226AFR 
PM7226AFP 

PM7226GP 

For devices processed in IIltal compliance III Mll-STD·883. add 1883 after part 
number. Consult factory for 883 data sheel. 
Burn-in is available on commercial and industrial temperature range parts in 
CarDIP and plastic DIP packages. 

tt For availability and burn-in information on SO packages. contact your tocal 
sales office. 

CROSS REFERENCE 
PMI ADI TEMPERATURE RANGE 

PM7226AR 
PM7226BR AD7226TO Mil 

PM7226ER 
IND PM7226FR AD7226BO 

PM7226GP 
PM7226FPC AD7226KP COM 
PM7226FP AD7226KN 

VourA 

vourB 

20 V()U1C 

19 VourO 
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PM-7226A1PM-7226 
PIN CONNECTIONS 

20-PIN HERMETlCDIP 
(R-Sufflx) 

VourS 
VoVrA 2 

Ves 3 
VREF 

AGND 
DGND 6 

D~(MSB) 7 

20-PIN EPOXY DIP 
(P-Sufflx) 

20-PINSOL 
(S-Sufflx) 

VREF 
AGND 
DGND 

D~(MSB) 

DBa 

~ 3J12JI'I~11II[ 

~ 
~ 6 

~ 8 

• 11 12 1 

~ ¥. 
~ 
~ •• 

VDD 
1.0 

DBa 8 
DBS 

PM-7226FPC 
20-CONTACT PLCC 

(PC-Suffix) 

A. PM-7226BRC/883C 
WR 20·CONTACT LCC 
DBo (LSB) (RC-Sufflx) 

GENERAL DESCRIPllON Continued 

The PM-7226's compact size,low power, and economical cost 
perchannel, make it attractive for applications requiring multiple 
D/A converters without sacrificing circuit board space. System 
reliability is also increased due to reduced part count. For higher 
channel output systems the PM-7226A can be connected with 
the DAC-8426 to provide a complete eight or higher channel 
output D/A system with an internal + 1 OV reference in only two IC 
packages. 

PMl's advanced oxide-isolated, silicon-gate, CMOS process 
allows the PM-7226's analog and digital circuitry to be 
manufactured on the same chip. This, coupled with PMl's highly 
stable thin-film R-2R resistor ladder, aids in matching and 
temperature tracking between DACs. 

The PM-7226 and the PM-7226A are improved replacements for 
theAD7226. 

For military temperature range PM-7226A, contact factory for 883 
data sheet. 

Specifications apply for DUAL or SINGLE SUPPLY, unless otherwise specified. 
ELECTRICAL CHARACTERISTICS: DUAL SUPPLY: V =+11.4Vto+16.5V;Vss .. -5V±10%;AGND-DGND .. OV;VREF =+2V 
to (VDD -4V). SINGLE SUPPLY: VDD = +15V±5%; Vss" AG~D = DGND = OV; VREF =+10V; unless otherwise specified. TA =-55'C 
to + 125'C apply for PM-7226ARlBR; T" .. -40'C to +85'C apply for PM-7226ERlFRlFP/FPC/FS/AFR/AFP; T A = O'C to +70'C apply 
for PM-7226GP. All specifications apply for DACs A, B, C, and D. 

PM-7226A1PM-7226 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNrrs 
STATIC ACCURACY 
Resolution N 8 Bits 
T olal Unadjusted Error TUE PM-7226A1E1G (Note 7) 

±1/2 
(Note 1) PM· 7226B1FIHIAF ±1 

LSB 

Relative Accuracy INL PM· 7226A1E1G ±112 
PM· 7226B1FIHIAF ±1 

LSB 

Differential Nonlinearity DNL PM· 7226A1E1G ±112 
(Note 2) PM· 7226BIFIH/AF ±1 

LSB 

Full·Scale E"ot GFSE 
PM· 7226A1E1G ±1/2 
PM-7226B1FIHIAF ±1 

LSB 

Full·Scale Temperature Coefficient TCGFS ±20 (Note 4) ppml"C 

DUAL SUPPLY 
PM-7226AIE/G ±5 
PM·7226B1F/HlAF ±20 

ZeroCodeE_ VZSE SINGLE SUPPLY 
mV 

PM-7226AIE/G ±10 
PM-7226BIF/HlAF ±20 

Zero Code Error 
Temperature CoeffICient 
(Nole4) 

TCVzs DUAL SUPPLY ONLY ±10 !,VI"C 
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PM-7226A1PM-7226 
Specifications apply for DUAL or SINGLE SUPPLY, unless otherwise specified. 
ELECTRICALCHARACTERISTICS:DUALSUPPLY:Volb,"+11.4VtO+16.SV;Vss .. -5V±10%;AGND-DGND-OV;VREF -+2V 
to (Voo -4V). SINGLE SUPPLY: V -+1SV±S%; Vss =AGN =DGND ,"OV; V =+10V; unless otherwise specified. TA =-55·C 
to + 12S0C apply for PM.7226ARlBW; Trv" -40·C to +8S·C apply for PM.7226ERI~FP/FPC/FS/AFR/AFP; TA = O·C to +70·C apply 
for PM·7226GP. All specifications app y for DACs A, B, C, and D. Continued 

PM-7226A1PM· 7226 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

REFERENCE INPUT 

Input Voltage Range (Note 3) VREF 2 (Voo-4V) V 

Input Resistance RREF 2 4 kn 

Input Capacitance 
CREF 

Digital Inputs = aliOs 65 
pF 

(Note 4) Digital Inputs _ all 1 s 300 

DIGITAL INPUTS 

Digital Inputs High V'NH 2.4 V 

Digital Inputs Low V'NL 0.8 V 

Digital Input Current I'N V'N-OVorVoo 0.1 ±1 jIA 

Digital Input Capacitance (Note 4) C'N 4 8 pF 

Input Coding BINARY 

POWER SUPPUES 

Positive Supply Current 
100 6 12 mA 

(Note 6) 

Negative Supply Current 
Iss OlJALSUPPLY ONLY, Vss=-SV 4 10 mA 

(Note 6) 

Power Dissipation po,s. Voo=+12V. Vss·OV 72 144 mW 

Power SUpply Sensitivity Pss 4Voo=±5% 0.01 %/% 

DYNAMIC PERFORMANCE 

VourSlew Rate (Note 4) SR 2.5 4 Vips 

V OUT SetHing Time 
(Posltlw or Negative) t. 3 5 ps 
(Notes 4,5) 

Digital Crosstalk (Note 4) Q 10 nVs 

Minimum Load Resistance RL(M'N) VOUT=+10V 2 kn 

SWITCHING CHARACTERISTICS (Note 4) 

Address to Write Set-Up Time tAS 0 ns 

Address to Write Hold Time tAH 0 ns 

Data Valid to Write Set-Up Time 
PM-7226 go 

los PM-7226A 70 
ns 

Data Vand to Write Hold Time tOH 10 ns 

Write Pulse Width IwR 
PM-7226 90 
PM-7226A 50 

ns 

NOTES: 
1. Includes FUll-Scale Error. Relative Accuracy. and Zero Code Error. 

5. VREF -+10V; to where output settles to 112 LSB. 2. All devices guaranteed monotonic over the full operating temperature range. 
3. V DO -4V Is !he maximum reference wltage for the above specifications. 6. V'N = V'NL or V'NH; outputs unloaded. 

4. Guaranteed by design and not subject to production tesl. 7. Voo -+15Vonly. 
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PM"7226A1PM-7226 
ELECTRICAL CHARACTERISTICS: +5V Supply Opefcition at VDD = +5V±5%. Vss - 0 or-5V. AGND - DGND - OV. VR F. 
: 1.25V. unless otherwise noted. TA - -40·C to +85·C applies for PM-7226AFRlFP. All speoificatio(ls apply for DACs A, B, C, ana D. 

PM-7226A ONLY 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Resolution N 8 Bits 

Differential Nonlinearity DNL Applies to Codes 2 through 255 :tl LSB 

Full-Scale Error GFSE :t4 LSB 

Zero Code Error VZSE 30 mV 

Reference Input 
VREF V OUT < (V DO -3.5V) 1.2 1.25 1.3 V 

Voitege Range 

Reference Input Resistance RREF Digilallnputs alils 2 kG 

Reference Input Capacitance CREF Digital inputs alllS 300 pF 

DIGITAL INPUTS (All specifications the same as for V DO _ +12V supplies) 

DYNAMIC PERFORMANCE (Ali specifications are the same as lor V DO = + 12V suppHes.) 

Positive Supply Current 100 3.5 12 mA 

Negative Supply Current Iss Vss =-5Vonly 3.5 10 mA 

Power Dissipation POISS Vss=OV 17.5 60 mW 

SWITCHING CHARACTERISTICS 

Address-to-Wrlte Sewp Time tAS 0 ns 

Address-to-Wrlte Hold Time tAM 20 ns 

Data Valid-to-Write Sewp Time 'os 180 ns 

Data Valid-to-Write Hold Time tDS 20 ns 

Write Pulse Width 'wR 120 ns 
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DICE CHARACTERISTICS 

DIE SIZE 0.129 x 0.152 Inch. 19.608 sq. mils 
(3.28 x 3.86 mm.12.65 sq. mm) 

1. 
2. 
3. 
4. 
5. 
6. DGND 
7. DB7 (MSB) 
8. DB. 
9. DBs 

10. DB4 

PM-7226A1PM-7226 

11. DB3 
12. DB2 
13. DBl 
14. DBo(LSB) 

15. WR 
16. Al 
17. AD 
18. Voo 
19. VOUTD 
20. VOUTC 

Substrate (die backside) is Internally connected to V 00' 

Speclflcatlons apply for DUAL or SINGLE SUPPLY, unless otherwise specified. 
WAFER TEST LIMITS: DUAL SUPPLY: Voo =+11.4Vto +16.5V; Vss =-5V±10%;AGND = DGND = OV; VREF =+2Vto (Voo -4V). 
SINGLE SUPPLY: Voo= +15V±5%; Vss = AGND = DGND = OV; VREF =+10V; unless otherwise specified. TA =+2SoC. All specifi
cations apply for DACs A. B. C. D. 

PM-7226BGC 
PARAMETER SYMBOL CONOITIONS LIMITS UNITS 

Total Unadjusted Error TUE ±1 LSBMAX 

Relative Accuracy INL ±1 LSBMAX 

Differential Nonlinearity DNL ±1 LSBMAX 

FUll-Scale Error GFse ±1 LSBMAX 

Zero Code Error Vzse ±20 mVMSX 

Reference Input 
VReF Voltage Range 

2 to (Voo -4V) V 

Reference Input 
RIN Resistance 

2 kOMIN 

Digital Inputs High VINH 2.4 V MIN 

Digital Inputs Low VINL 0.8 V MAX 

Digital Input Current liN ±1 pAMAX 

Positive Supply Current 100 12 mAMAX 

Negative Supply Current Iss VIN = VINL or IINH' V SS = -5V 10 mAMAX 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield aiter packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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PM-7226A1PM-7226 
ABSOLUTE MAXIMUM RATINGS (TA -+2S·C, unless 
otherwise noted) 
VootoAGNDorDGND ......................................... -O.3V, +17V 
VsstoAGNDorDGND ............................................... -7V, Voo 
Vo.oto Vss.. ............................................................ -O.3V, +24V 
AGNDor DGND ...................................................... -O.3V, Voo 
Digital Input Voltage to DGND ...•.....•....•...... -O.3V, V DO + O.3V 
VREF to AGND ......................................................... -O.3V, Voo 
V OUT to AGND (Note 1) 
Operating Temperatun~ 

ARtBR Versions .......................................... -5S·C to + 12S·C 
ER/FR/FPIFPC/FS/AFRtAFP Versions ••...••. -40·Cto +SS·C 
GP Version ......................................................... O·C to +70·C 

Junction Temperature .................................................. + 1S0·C 
Storage Temperature .................................... -6S·Cto +1S0·C 
Lead Temperature (Soldering, 10 sec) .•••••.•............•••. +300·C 

BURN-IN CIRCUIT 

VourS 

2 VourA 

Vss 

4 
+10Vo---P--.... ---¥.~-1---....::.-I VREF 

AGNO 

OGNO 
100kn 7 OB,(MSB) 

B OBe 

9 Oils 

10 DB. 

2-308 DIGITAL-TO-ANALOG CONVERTERS 

PACKAGE TYPE 8JA(NoteS) 8,., UNrrs 

2Q.Pin Hermetic DIP (R) 76 11 'c/w 
2o.Pln Plastic DIP (P) 69 27 'C/W 

2Q.Contact lCC (RC, TC) 88 33 "CiW 
2Q.Pln SOL (5)· 88 25 "CiW 
2Q.Contact PlCC (PC) 73 33 'c/w 

NOTES: 
1. Outputs may be shortened 10 any terminal provided the package power dlssi· 

pation Is no!.exceeded. Typical output short·clrcult current 10 AGND Is SOmA. 
2. The digital Inputs are diode-protected; however, permanent damage may occur 

on unconnected Inputs from hlgh·energy electrostatic fields. Keep device in 
conductive loam at all times until ready for use. 

3. Use proper antistatic handling procedures. 
4. Stresses above those listed under -Absolute Maximum Ratings· may cause 

permanent damage to the device. this is a stress ra~ng only and functional 
oparation at or above this specification Is not implied. Exposure 10 above 
maximum rating conditions for extended periods may affect device reliability. 

5. 8JAlsspecifiedforworstcaaemountingcondltions.l.e.,8v.lsspecifiedfordevice 
In sockat for CerDIP, P·DIP, and lCC packages; 8jA IS specified for device 
soldered to prlnted circuit board for SOL and PlCC packages. 

+15V 

01 

0.01"" 

100 
V~ 20 4.7I1f 

VoutI> 19 

5k1l 
.". 

Veo 18 +10V 

Ao 17 1000 

'-1 16 5k1l 

WR 15 1000 

OBo(LSB) 14 1000 

Olij 13 5kn 

OSt 12 

De, 11 

.... 
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PM-7226A1PM-7226 
TYPICAL PERFORMANCE CHARACTERISTICS 
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PM-7226A1PM-7226 
PARAMETER DEFINITIONS 

TOTAL UNADJUSTED ERROR 
This specification includes full-scale error, relative accuracy, and 
zero code error. Ideal full-scale output is V REF -1 LSB, and 1 LSB 
is V REF X (~). 

DIGITAL CROSSTALK 

Digital crosstalk is the signal coupled to the output of one DAC 
dueto a change in digital input code from other DACs. It is speci
fied in nano-volt-seconds .and measured with VREF = OV. 

Refer to PMl's Data Book, Section 11, for additional digital-to
analog converter definitions. 

GENERAL CIRCUIT DESCRIPTION 

CONVERTER SECTION 
The PM-7226 contains four output amplifiers, four highly stable 
thin-film, R-2R resistor ladder networks, four input data latches, 
and interface control logic. Also included are 32 NMOS single
pole, double-throw switches. These switches select either VREF 
or AGND and are controlled by the digital input code. 

Figure 1 shows a simplified circuit for the R-2R ladder network. 
It is shown employed in the voltage mode configuration and 
connected to an amplifier. The advantages gained in operating 
the ladder in the voltage mode are twofold: it allows the DAC to 
be operated with a. single supply, and the ladder resistance/ 
capacitance modulation encountered in the current mode con
figuration are eliminated. The modulation (caused by the vary
ing digital code) is now presented to the low impedance refer
ence voltage source (most voltage reference output impedances 
are low enough so that its output voltage will not be affected by 
the varying digital code). The amplifier's input terminal now"sees" 
a constant resistance/capacitance, thus the output offset voltage 
modulation is eliminated. Also, digital glitches will not feed 
through the switch capacitance to the output; instead; it will be 
absorbed by the low output impedance of the external reference 
source, thus, resulting in a "cleaner" output voltage. 

FIGURE 1: Simplified circuit configuration for one DAC. 
(Switches are shown for all"t s" on the digital inputs.) 
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VOUT 

Note in Figure 1 that the amplifier is configured to operate as a 
buffer amplifier; no signal inversion takes place from input to 
output (VREF to Your). Also note that analog ground (AGND) is 
accessible and can be biased above digital ground (DGND) for 
some applications; more on this in the application section on 
AGND Biasing. 

For proper operation, VREF maximum should be limited to Vpo 
minus 4 volts. This means that in order to operate the DAC With 
+ 1 OVatthe reference inputterminal, V DO must be at least + 14V. 

The PM-7226's reference input terminal is common to the four 
DACs. This puts each R-2R ladder resistance in parallel and its 
resistance can range from 2kn to infinity; the value depends on 
the digital input code. The capacitance at this node also varies 
from 65pF to 300pF, and is code dependent. The typical per
formance characteristic curves show the variation in reference 
input resistance (IREF @ V REF = 5V) and CREF versus code. The 
PM-7226A offers improved transient IREF current as shown in 
Figure 2 which minimizes loading on the external reference 
circuitry. 

The voltage output equation for each DAC is given by: 

Vour = V REF x 0/256 

where 0 is the digital input code integer number that is between 
Oand255. 

BUFFER AMPLIFIER SECTION 
Each R-2R resistor ladder network has a typical resistance of 
1 Okn; a 1 OOkn load would cause the gain errorto rise to 23 LSB. 
Therefore, in order to drive a 2kn load, the R-2R ladder was 
buffered with a stable CMOS amplifier configured to operate in 
the unity-gain mode. The amplifier can drive 10 volts across a 
2k!l load delivering 5mA, and can easily drive a 3300pF capaci
tive load. The PM-7226's output can also withstand an indefinite 
short circuit to AGND (typical short-circuit current to AGND is 
50mA). The output may also be shorted to any voltage between 
Voo and Vss; however, care must be taken to not exceed the 
device maximum power dissipation. 

AIAEF 
(20mAlOIV) 

PM-7226 

PM-7226A 

50nsJDIV 

FIGURE 2: Switching Transient Input Reference Current 
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The amplifier's output stage uses an intrinsic NPN bipolar tran
sistor. This transistor provides a low impedance, high output 
current capability using a small part of the chip area. The tran
sistor is derived from the P-well and the substrate. The emitter 
of this NPN transistor is loaded with a 4501lA NMOS current 
source referenced to Vss' This allows 4S01lA to be sunk to the 
negative supply allowing the amplifier's output to go directly to 
ground. 

A simplified circuit of the output amplifier is shown in Figure 3. 
Note how the current source is connected between the parasitic 
NPN output transistor's emitter and V ss. Figure 4 shows a typi
cal plot of the DAC's current sink capability versus output volt
age; note that it is for a dual and single supply operation. Let's 
take a closer look at what happens to its behavior by referring to 
Figure 4. 

INPUTo--j 

FIGURE 3: Amplifier Output Stage 

TA-+25"C 

~600 VrO-(Y 

~ 
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G 

i 

5DD Vss--5V 
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3DD 

2DD 

100 

0 0 1 2 3 4 5 6 7 

VOUT (VOLTS) 

FIGURE 4: DAC Output Current Sink 
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PM-7226A1PM-7226 
With a dual supply, the current source is still in its high imped
ance (saturation) state when the output is at OV. Therefore, the 
current source has SV of bias in dual supply operation. When 
V ss = OV, however, the current sink capability is reduced as the 
output voltage approaches OV; the current source is coming out 
of its saturation region and starts appearing resistive. 

The amplifier's current limiting and buffering abilities are achieved 
by using an NMOS transistor and a series resistor. The transis
tor is configured as a source follower and is driving the resistor 
and NPN output transistor. This is also shown in Figure 3. 

Figure 5 displays the combined amplifier source and sink capa
bility to the point of current limiting. This plot was made with the 
digital inputs set at zero code. Note that the maximum source 
current available is dependent on the Voo supply voltage. 
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~ I L .... 

~+5V f--

SINKING 
CURRENT 

tSpUR?E 
r--

-2 -1 0 1 2 

vour - OUTPUT VOLTAGE (VOLTS) 

FIGURE 5: Output Sink-Source Current vs. Voltage 

The amplifier's internal gain stages were designed so that they 
maintain good gain over its common-mode range; the objective 
was to maintain good offset performance over the specified volt
age range. The amplifier's offset voltage is laser-trimmed during 
the manufacturing process; this eliminatesoffseUrimming by the 
user in most applications. The effect of amplifier offset is included 
in the data sheet under "total unadjusted error" specification . 

DIGITAL SECTION 
Thedigital inputs are CMOS inverters. They were designed such 
that TTL and CMOS (SV) input levels are converted into internal 
CMOS logic levels; they are used to drive the internal circuitry. A 
simple SV regulator is used to ensure the high-speed timing. 
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PM-7226A1PM-7226 
The PM-7226's digital inputs are TTL and CMOS (SV) compat
ible between the V DO range of + 11.4V to + 16.SV. The inputs are 
protected from electrostatic discharge and build-up with two in
ternal distributed diodes;they are connected from V DO and DGND 
to each CMOS input gate. Each input has a typical input current 
of less than 1 nA. A simplified input protection scheme is shown 
in Figure 6. 

'--
INPUT ST"llC 
PROTECllON DGND 

• 

LATCH 

FIGURE 6: One Digital Input Structure 

TOAGND 
SWITCH 

Figure 6 also shows an equivalent logic circuit for one digital in
put structure. This logic circuit drives the ladder switches shown 
in Figure 7; it also drives the control logic circuitry. The digital 
controls" and i" shown are internally generated from the exter
nal WR, A!, and Ao signals. The logic combination of Ao and AI 
decide which DAC is selected. 

TO BUFFER I\MPUFIER 

R-2RLADDER 

VREF 

"GND 0------' 

FIGURE 7: Simplified N-Channel Voltage Steering Switches 

INTERFACE CONTROL LOGIC SECTION 
Figure 8 shows the PM-7226's input control logic, and Table 1 
the DAC control table. The address lines Ao and AI determines 
which DAC will accept the input data, The WR input determines 
whether the selected DAC is transparent (output follows the in
put), latched, or no operation. 

Figure 9 shows the PM-7226's write tim in!l£!!.ag ram. It shows that 
the selected DAC is transparent when the WR signal is low. Some 
bus systems do not always have data valid for the entire period 
during which the WR signal is low. This allows invalid data to 
briefly appear at the DAC's digital inputs and cause unwanted 
glitches at the output. Retiming the write pulse (WR) so that it 
only occurs when data is valid will eliminate this problem. 
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FIGURE 8: Input Control Logic 

TABLE 1: DAC Control Table 

LOGIC CONTROL 
WR AI Ao 

H X X 

L L L 

S L L 

L L H 

S L H 

L H L 

S H L 

L H H 

S H H 

L _ Low State. H _ High Stale, X _ Don~ Care 

DATA 

ADDRESS 

NOTES: 

TO LATCH A 

TO LATCH B 

TOLATCHC 

TO LATCH 0 

PM-7226 
OPERATION 

No Operation 
Device Not Selected 

DAC A Transparent 

DAC A Latched 

DAC B Transparent 

DAC B Latched 

DAC C Transparent 

DAC C Latched 

DAC D Transparent 

DAC D Latched 

Veo 

0 
IAH 

VOO 

0 

,..----voo 
o 

I. ALL INPUT SIGNAl. RISE AND FALL llMES ARE MEASURED FROM 
THE 10% TO 90% OF VOl). (I,. ~- 2Dns OVER THE Voo RANGE) 

2. llMING REFERENCE LEVELIS FROM: 
VINH+Vn«. 
--2-

FIGURE 9: Simplified circuit configuration for one DAC. 
(Switches are shown for all "1 s" on the digital inputs.) 
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APPLICATIONS INFORMATION 

POWER SUPPLY 
The PM-7226 data sheet is specified with dual and single power 
supply conditions. The dual supply specifications are specified 
with a positive supply (V Dol range of + 11.4V to + 16.5V, and a 
negative supply (Vss) of -5V. The specified reference voltage 
(VREF) under these conditions range from +2V to Vss -4V. For 
those applications requiring +10V at the output (VREF = +10V), 
V DO must be + 14V minimum to meet data sheet limits. 

The specified V REF for the single supply specifications is + 1 OV. 
The VREF voltage range for both dual and single power supply 
applications must be observed if the PM-7226's multiplying ca
pabilities are to be preserved. 

a) LARGE SIGNAL 

TIME (2iWDIV) 
Vss~-5V 

b) SETTLING TIME RESPONSE (NEGATIVE TRANSITION) 

TIME (11'81D1VJ 
vss=-5V 

c) SETTLING TIME RESPONSE (POSITIVE TRANSITION) 

FIGURE 10: Dynamic Response 
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PM-7226A1PM-7226 
Although the PM-7226 can operate with either a single or dual 
power supply, improved zero-code error can be obtained by using 
dual supplies. 

DYNAMIC PERFORMANCE 
The PM-7226's settling time is limited by the internal amplifier's 
slew rate as shown in Figure 10. Depicted is the dynamic re
sponse for a positive full-scale output voltage swing. Figure 10c 
shows the expanded view with no evidence of signal overshoot 
or ringing; note that the typical settling time is 1.85I1S. An ex
panded view of the negative full-scale output voltage swing is 
shown in Figure 1 Ob.lt also shows overshoot at a minimum, and 
the typical settling time is 2.6115. 

TIME (2iWDIV) 
vss=ov 

TIME (11'81D1VJ 
vss~ov 

TEST CONDITIONS. ALL PHOTOS: 
Voo -+15V 
VREF -+10V 
RL=2kn 
DIGITAL INPUT SeQUENCE 0,255. 0 
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AGND BIASING 
Some applications may require the DAC's output voltage level 
to be offset above ground. This is easily accomplished with the 
PM-7226; the desired DC offset voltage can be applied to the 
AGND pin. Raising AGND above DGND affects all four DACs 
because AGND is common to them. The digital input voltage 
levels are not affected. Figure 11 shows the circuit configuration 
and Figure 12 shows the relative accuracy with AGND biased at 
OV, +2V, and+5V. The graph shows both adualandsingle supply 
operation with V DO at + 15V.lt is importantto rememberthat other 
parameters degrade more pronouncedlythan relative accuracy. 
Note, Voo and Vss must be referenced to DGND. 

The DAC's output voltage expression under this condition is: 
V OUT = AGND bias + VIN x 01256 

where AGND bias is the voltage level above DGND and 0 is the 
digital input code integer number that is between 0 and 255. 

1/4 PM·7226 

FIGURE 11: AGND Biasing Scheme 

0.40 

0.36 

~ 0.32 

;: 0.26 

~ 0.24 

::> 0.20 

~ 
~ 0.16 

~ 0.12 

II! 0.06 

0.04 

o 

TA~+26'C 
Voo -+15V 

- vss·Ov AGNo_OV 

- vss=~v I- - AGNo=+2V-

- 1-, 
- I-vss=ov iIIIII!- AGNo=+~ 

vss=~ 

Vss·O~ss.~v 

o 1 2 3 4 5 6 7 8 9 10 

VREF (VOLTS) 

FIGURE12: Re/ativeAccuracyvs. VREF(AGND=OV.+2V,+5V) 
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MULTIPLYING OPERATION 
Good multiplying capabilities are realized with the PM-7226 if 
the reference signal level is kept within +2V and Voo -4V. The 
maximum input signal level is + 12.5V for a V DO supply voltage of 
+16.5V; however, it is recommended that Vo = +15V±50/0 and 
the AC voltage swing vary from +2Vto +11 V. ¥hesignal must be 
AC coupled and biased up with a voltage divider as shown in 
Figure 13. A buffer amplifier should be used to ensure that the 
DAC's V REF impedance (the R-2R ladder input resistance varies 
from 2kn to infinity) does not load the resistor divider. 

The VREFsmall-signalfrequency response (-3dB bandwidth) for 
the PM-7226 is typically 1.5MHz. Its small-signal harmonic 
distortion is less than -57dB at 1 kHz and -55dB at 100kHz. 

+1SV 

AC 
REFERENCE 

INPUT 
SIGNAL 

o-J AGND DGND 

5 6 

FIGURE 13: AC Signallnput Scheme 

1.0 

0.75 
iii 
~ 0.50 

TA=+25°C 
Voo=+5V 
Vss=ov 
VREF-+1V 

~ 0.25 
::> 

~ 0 

~ ~.25 

~ ~.50 w 

~ ~ 
'!"'. 

' ... ...... . .,J 
101""" 14"" 

II: 
~.75 

-1.0 
o 32 64 96 128 160 192 224 256 

DIGITAL INPUT CODE (DECIMAL) 

VOllT 

FIGURE 14: Relative Accuracy with Single +5V Operation 
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+5V SINGLE SUPPLY OPERATION 
Operation of the improved PM-7226A at a +5V Voo is guaran
teed in the separate specification table. Linearity performance 
specified by ONUs still maintained within±l LSB maximum. DNL 
and offset performance is improved with a-5V supply, see graph 
in Typical Performance Characteristics section. Input reference 
voltages must be limited to 1.3V maximum with Voo = 5V. Micro
processor interface timing is slower, but guaranteed to the values 
provided. 

GENERAL GROUND MANAGEMENT 
Ground management implies the placement of a system's ana
log and digital ground currents. Analog and digital ground returns 
are a source of system errors and must be addressed. Re
member, the analog signal is only as good as the integrity of its 
analog ground. 

Different ground management techniques are used depending 
on the size and type of the overall system. Proper grounding 
techniques require tying the analog and digital grounds together 
at the DAC's socket, and each ground return line be brought out 
separately to their respective power supply grounds. Tying the 
grounds together at the device socket and at the power supplies, 
or at more than one location, can create ground loops. This 
causes noisy digital ground currents to flow through the analog 
ground paths destroying the analog's ground integrity. Voltage 
differences of millivolts (and hundreds of millivolts in some sys
tems) can be found in these ground paths. 

Other sources of system errors can be introduced by the prod
uctof ground noise currents and ground bus impedances. Using 
large conductors or ground planes between the converter and 
power supplies will minimize the ground impedances and thus, 
reduce system errors. 

If system requirements dictate the use of common return lines to 
the power supplies for both the analog and digital grounds, the 
converter should then be placed as close to the power supplies 
as possible. 

POWER SUPPLY DECOUPLING 
Power supply decoupling capacitors are important to suppress 
oscillations and noise transients from entering the system. Noise 
transients are generated from digital switching orswitching power 
supplies; and oscillations on the power supply lines are caused 
by lead inductances combined with stray capacitance. These 
transients and oscillations can also cause system errors. 

Bypassing the PM-7226 at the socket with only high frequency 
decoupling capacitors may not remove these oscillations. An LC 
tank circuit can be formed by the stray power lead inductance 
and capacitance. These reactive components can allowoscilla
tions to occur during a digital current step. It is necessary, then, 
to remove or lower the tank's resonant frequency. The easiest 
method is to parallel the high frequency decoupling capacitor with 
a low frequency capacitor. 

The high frequency decoupling capacitors should be ceramic and 
in the range of O.Olj.LF; the low frequency decoupling capacitors 
should be tantalum and between lto 1 OJ.LF as close as possible 
to the device socket. 
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BASIC APPLICATIONS 

UNIPOLAR OPERATION 
Figure 15 shows the PM-7226 configured in the unipolar mode 
of operation; the analog output voltage is of a single positive 
polarity only. Table 2 shows the code for this mode of operation. 

7 OB7 
(MSB) 

0110 
14 (LSB) 

15 
WR 

16 
AI 

17 100 

4 18 

FIGURE 15: UnipoiarOperation 

PM-7226 

/"~_2_-o VOlJTA 

><*--0 VourB 

20 vou,.c 

19 
VourD 

TABLE 2: Unipolar Code Table (Refer to Figure 15) 

DAC DATA INPUT ANALOG OUTPUT 
MSB LSB (DAC A, B, C, or D) 

(255) 1 1 1 1 1 1 1 1 +VREF --
256 

C29) 1 000 000 1 +VREF -
256 

1 000 0 000 
V C28) +VREF + REF -- =--

256 2 

C27) o 1 1 1 1 1 1 1 +VREF -
256 

0 0 0 0 0 0 0 +VREF(_l_) 
256 

0 0 0 0 0 0 0 0 OV 
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The table shows thatthere is no signal inversion between + V REF 
and Vour Note that the analog output voltage is equal toVREF 
multiplied by the digital input code (hence, multiplying DAC). 

The expression for 1 LSB and V OUT is: 

1 LSB-VREFxz-a, or VREF x 11256 

and 

V OUT = V REF x D1256, 
where D is the digital input integer between 0 and 255. 

VAS' Voo 

FIGURE 16: BipofarOperation 
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TABLE 3: Bipolar Code Table (Refer to Figure 16) 

DAC DATA INPUT ANALOG OUTPUT 
MSB LSB (DAC A, B, C, or D) 

1 1 1 1 1 1 1 1 +VREF(127} 
128 

0 0 0 0 0 0 +VREF(_1 } 
128 

0 0 0 0 0 0 0 OV 

0 -VREF(_1_} 
128 

0 0 0 0 0 0 0 -VREF -C27} 
128 

0 0 0 0 0 0 0 0 -VREF - = -VREF (128) 
128 

BIPOLAR OPERATION 
Figure 16 illustrates the PM-7226 in the bipolar mode of opera
tion. This mode allows the output voltage to swing plus or minus 
and is determined by the digital input code; this can be seen in 
Table 3. This configuration requires an external amplifier and two 
resistors for each channel requiring bipolar operation. 

The output voltage expression is given by: 

VOUT - (1 + f\/R,) x D1256 x VREF) - (RiR, x VREF) 

where D is the digital input code integer between 0 and 255. If R, 
= R2, then VOUT becomes: 

VOUT= (2 x DI256-1) x VREF 
To keep gain and offset errors at a minimum. R, and R2 should 
be matched to ±O.1 % and track over the operating temperature 
range of interest. 
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VOUTA(+) 2 

VourB{-) 

NOTES: VIN VOUTA- VOUTB 
1. ±IOUT = Res • Res 

2. VOUTA >VOUTB • POSITIVE OUTPUT CURRENT 
3. VOUTA <VOUTB = NEGATIVE OUTPUT CURRENT 

PM-7226A1PM-7226 

.----------t--+-------_.±IOUT 

-15V 

Res 
1000 

FIGURE 17: High-Compliance, Digitally-Controlled Current Source 

+10V +15V 

FIGURE 18: Op Amp Offset Adjust (Se9 Text) 
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HIGH-COMPLIANCE BIPOLAR PRECISION CURRENT· 
SOURCE 
Figure 17 shows the PM-7226 controlling a high-compliance, 
bipolar precision current source using PMI's AMP-OS instru
mentation amplifier. The AMP-aS's reference and sense pins 
become differential inputs, and the "old" inputs now monitor the 
voltage across a precision current sense resistor, Rcs in Figure 
17. Voltage gain is set at unity, so the transfer function is simply: 
lOUT = (V ourA - V ourB)lRcs· Using a loon resistor for Rcs limits 
the output current to ±1 OmA with a ±1 V input. 

Potentiometer R1 trims the output current to zero with the two 
inputs at OV. Fine gain adjustment may be accomplished by 
trimming ~ or ~. 

PROGRAMMABLE OP AMP OFFSET ADJUST 
The PM-7226 can be used for op amp offset trimming adjust
ments under microprocessor control. Offset caused by tem
perature drifts can be trimmed by the microprocessor during a 
periodic calibration cycle. 

The PM-7226 uses the input offset voltage nulling pins normally 
provided on most amplifiers as shown in Figure 18. A fixed bias 
current is provided to pin 5 of the op amps offset null pins with 
R2, and R1 (connected to the DAC's voltage output pin) provid
ing the variable current to pin 1. 
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+10V +15V 

7 DB7 
(MBB) 

DBo 
14 (LSB) 

15 WR 
16 '-1 
17 Ao 

4 18 

FIGURE 19: Alternate Offset Adjust (See Text) 

In order to have a plus or minus (±) offset adjust control, the cur
rentthrough R1 must equal the currentthrough R2 when the PM-
7226 is at half scale, binary code = 1000 0000. 

The resistor values (R1, R2) should be chosen to give the re
quired offset adjustment range desired. Lower values provide a 
larger range; however, resolution will be sacrificed. Reversing 
connections at pins 1 and 5 (of the op amp) will reverse the off
set adjustment direction. 
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V0UT1 

L...:,---OW--!--...... -+-o-15V 

VOlJT. 

'-",---Ow--f--...... --i--o -15V 

VOlJT> 

'-"'--,ow--'--...... -+--o -15V 

'-----Jw---...... ---o -15V 

°R1 = 5OOkn; Ro = 1 kn; Ra = 330kn; R4 = 1 Mil 

Some op amps are not provided with offset adjustment pins, 
in these cases, the circuit configuration of Figure 19 can be 
used. Again, the current through resistor R4 must equal the 
currentthrough f\ with the PM-7226 at half scale, digital code = 
10000000. 

With the circuit components shown, the maximum adjustment 
range is ±SmV. Incremental adjustment resolution is 39!LV per 
bit. 
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4 

VREF 

7 DB7 
(MOO) 

D80 
14 (!.SB) 

15 WR 
16 Aj 
17 Ao 

VaurD 

FIGURE 20: Non-Overlapping Window Comparator 

STAIRCASE WINDOW COMPARATOR 
Many applications need to determine whether voltage levels 
are within predetermined limits. Some requirements are for non
overlapping windows and others for overlapping windows. 
Both circuit configurations are shown in Figures 20 and 21, 
respectively. 

The non-overlapping circuit uses one PM-7226 and ten com
parators; this allows for five voltage windows. These windows 
range between VRI'F and analog ground. Figure 20 shows that 
the first window is between V REF and VouTA. V ourA is also the 
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PM-7226A1PM-7226 

~+-------~OWlNDOW1 

R 

WINDOW 2 

R 
V+ 

WINDOW 3 

V+ 

WINDOW 4 

R 
V+ 

j,12~~;-1 
I 

WINDOWS 

R 
V+ 

upper limit of window 2, the lower limit being V oUTB, etc. These 
limits (window size) can be microprocessor controlled. The rela
tionship VREF > VTEST > AGND apply. 

More versatility can be obtained by connecting the output of DAC 
D (VoUTD) to V REF; this allows V REF (which is common to all four 
DACs) to be under microprocessor control (see Programmable 
DAC Reference Voltage section). This, however, reduces the 
windows to four. Overlapping windows (Figure 21) will reduce 
the windows to three. 
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YnisT r--' v+ 
CMP-404, 

r-------+-----------~~+ 

OBo 
14 (lS8) 

15 ViR 
16 A, 

17 Ao 

FIGURE 21: Overlapping Window Comparator 

PROGRAMMABLE DAC REFERENCE VOLTAGE 

18 

With the PM-7226's flexibility, one of the internal DACs can be 
used to control VREF for all of the DACs, and under micropro
cessor control. 

The circuit configuration is shown in Figure 22. The relationship 
of V REF to VIN is dependent upon the digital code and the ratio of 
R, and 1\, and is given by: 

V REF = [(1 + R)/(R x DI256)] x VIN 

where R = RiR, (Figure 22) 

D = Digital Input Code 

Table 4 shows V REF for various ratios of R, and 1\. 

TABLE 4: VREF vs. R" R2 (see Figure 22) 

R"R2 DIGITAL INPUT CODE 

R, =R2 0000 0000 (01256) 

R,-R2 1000 0000 (128/256) 

R,=R2 1111 1111 (255/256) 

R2 =3R, 0000 0000 (0/256) 

R2 =3R, 10000000 (128/256) 

R2=3R, 1111 1111 (2551256) 
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VREF 

2VIN 

1.3VIN 

VIN 

4V)N 

1.6VIN 

VIN 

'5_ 
WR 

16 A1 

'7 Ao 

WINDOW 2 

WINOOW3 

18 

20 

'9 

FIGURE 22: Programmable DAC Reference 

TO OTHER 
COMPONENTS 
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COUNTER 011---\1.10 PROM 
CLOCK IN ClJ( a" At (SINE Wf~tiFK.UP 

6E 

...---------...... WFI L-. ______ --+ 

Q Ao 

EDGE~~RED 0 A, 
FLIP-FLOP a 

a 

FIGURE 23: 3-Phase Sine Wave Generator Circuit (Using Counter) 

A18I-----------------. 
ADDRESS BUS 

"01---, 

MICROPROCESSOR 

~I-------------~ 
DATA BUS 

DBo 

Rz 
IOkn 

SINE WAVE 
OUTPUTS 

FIGURE 24: 3-Phase Sine Wave Generator Circuit (Under Microprocessor Control) 

This application works best with dual supplies. This is due to the 
DAC's output-current sink capability as V OUT approaches OV. 

3-PHASE SINE WAVE GENERATION 
The PM-7226 is well suited for 3-phase sine wave generation 
and with amplitude control. These sine waves can be used to 
control ashaft's rotational angle in small3-phase synchro motors; 
some applications are antennas, robotics, and process controls. 
Other waveforms (such as triangular) may also be generated. 
The concept revolves around a PROM, counter, and a clock (or 
a microprocessor). 

The sine wave codes are stored in a PROM in sets of three. Each 
set is 120° apart and has a 1.4° resolution (360°/256). These 

REV.D 

codes will use 768 memory address spaces (256 x 3). 

Figure 23 shows the circuit using acounter, flip-flop, and a PROM; 
note that a clock is used to control the circuit. The countercounts 
through the PROM's addresses until the counter has stepped 
through the PROM's full look-up table; this completes a full cycle. 
The counter then resets and begins the cycle again when the 
last address data has been loaded into the PM-7226. 

Sine wave generation can also be under microprocessor con
trol; see Figure 24. The processor's software runs 3 phases to 
three DACs. Each phase is drawn from the PROM's look-uptable. 
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A'5 
ADDRESS BUS ? 

Ae H ADDRESS r WR WR DECODE 
LOGIC 

PM-7226 
8085A18088 Ao (8-BITI'I') 

A7 lAo -'1 

H 8212 I O~ ALE ADDRESS 
LATCH DBo 

I DrJAD7 
1" 
DATA BUSIADDRESS I 

Do'ADo 

FIGURE 25: PM-7226 to 8085A INTERFACE (Simplified 
circuit. only lines of interest are shown.) 

A'5 
ADDRESS BUS j Ao ln L Z-80 Ao 

(8-BITI'I') 
A, --I ADDRESS l PM-7226 

WR DECODE r WR 

I L 

O~ 

DBo 

07 
DATA BUS I Do 

FIGURE 26: PM-7226 to Z-80 INTERFACE (Simplified circuit. 
only lines of interest are shown.) 

A,51--------------... 

6809 
(8·BITI'I') PM·7226 

r----"\IOB7 

.-----.'1 OBo 

0871------..... 
DATA BUS 

DBoI-------------~ 
1..-__ .... 

FIGURE 27:PM-7226 to 6809 INTERFACE (Simplified 
circuit. only lines of interest are shown.) 
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A'5 

Ao 
ADDRESS BUS J n l Ao 

85D2 
(8-81TI'I') A, PM-7226 

ANi ~ ADDRESS L WR 
.2 DECODE I 

J l 
D~ 

DBo 

D~ 
DATA BUS J DBo 

FIGURE 28: PM-7226 to 6502 INTERFACE (Simplified 
circuit. only lines of interest are shown.) 

A'5 

I ADDRESS BUS 
Ao 

~ l Ao 

68000 HADDRESS ~ A, 
(l8-BITIlP) DECODE PM-7226 

ANi _/ J WR 

i5i'ACK 

I L 

OB7 

DBo 

DS,5 

J DATA BUS 
DBo 

FIGURE 29: PM-7226 to 68000 INTERFACE (Simplified 
circuit. only lines of interest are shown.) 

Anycombination of wave shapes may be simultaneously gener
ated. It only requires the functions to be programmed into the 
PROM on an interlace basis. The output amplitudes can also be 
microprocessor controlled; see previous section on Program
mable DAC Reference Voltage. 

MICROPROCESSOR INTERFACING 
Interfacing the PM-7226to a microprocessor is simplified by virtue 
of its loading structure simplicity. Data is loaded into the DAC by 
use of only three control lines. the write strobe (WR) and two DAC 
selection control signals (Aoo A,). 

Figures 25 through 29 show various popular microprocessor 
interface configurations. 
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FEATURES 
Eight 8-Bit DACe with Output Amplifiers 
Operates with Single or Dual Supplies 
IJ.P Compatible (95ns WR Pulse) 
No User Trims Required 
Extended Temperature Range Operation 
Skinny 24-Pln DIP, sOle and 28-Terminal 

Surface Mount Packages 

GENERAL DESCRIPTION 
The AD7228 contains eight 8-bit voltage-mode digital-ta-analog 
converters, with output buffer amplifiers and interface logic on 
a single monolithic chip. No external trims are required to 
achieve full specified performance for the part. 

Separate on-chip latches are provided for each of the eight D/A 
converters. Data is transferred into the data latches through a 
common 8-bit TTUCMOS (SV) compatible input port. Address 
inputs AO, Al and A2 determine which latch is loaded when 
WR goes low. The control logic is speed compatible with most 
8-bit microprocessors. 

Specified performance is guaranteed for input reference voltages 
from + 2 to + lOY when using dual supplies. The part is also 
specified for single supply operation using a reference of + I OV. 
Each output buffer amplifier is capable of developing + IOV 
across a 2kO load. 

The AD7228 is fabricated on an all ion-implanted, high-speed, 
Linear Compatible CMOS (LC2MOS) process which has been 
specifically developed to integrate high-speed digital logic circuits 
and precision analog circuits on the same chip. 
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LC2MOS 
Octal 8-Bit DAC 

AD7228 I 

FUNCTIONAL BLOCK DIAGRAM 

MSB 

DATA: 
IllUll. 

LSB 

A2 

Al 

AO 

PRODUCT HIGHLIGHTS 

Vss GND 

1. Eight DACs and Amplifiers in Small Package 

Voun 

v""" 

Voun 

Voun 

The single-chip design of eight 8-bit DACs and amplifiers 
allows a dramatic reduction in board space requirements and 
offers increased reliability in systems using multiple converters. 
Its DIP and SOIC pinout is aimed at optimizing board layout 
with all analog inputs and outputs at one side of the package. 
and all digital inputs at the other. 

2. Single or Dual Supply Operation 
The voltage-mode configuration of the DACs allows single 
supply operation of the AD7228. The part can also be operated 
with dual supplies giving enhanced performance for some 
parameters. 

3. Microprocessor Compatibility 
The AD7228 has a common 8-bit data bus with individual 
DAC latches, providing a versatile control architecture for 
simple interface to microprocessors. All latch enable signals 
are level triggered and speed compatible with most high
performance 8-bit microprocessors. 
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AD7228 -SPECIFICATIONS 
DUAL SUPPLY (VIII = 1D.8Y to 18.5Y; Vss = -5Y ±111%; GND = ov; v. = +2V to + lOV;1 . ' .. " . ,= 2110, c.. = l00pF unless otIIerwise sIaIId.) All specifications T .. to T ... unless otIIerwise noI8d. 

K,B L,C 
Parameter venicms' Versions TVersion VVenion VailS CondlIionsICommenI8 

STATICPERFO~CE 
Resolution 8 8 8 8 Bits 
Total Unadjusted Error' ±2 ±I ±2 ±I LSBmax Voo = +I5V ± 10%, VREF = + 10V 
Relative Accuracy . ±I ±112 ±I ±112 LSBmax 
DifferentialNon1inearity ±I ±I ±I ±I LSBmax Guaranteed Monotonic 
Full-Scale Error' ±I ±112 ±I ±1/2 LSBmax Typicaltempcois5ppml'CwithVREP= + lOY 
Zero Code Error 

@25"C ±25 ±15 ±25 ±15 mVmax Typical tempco is 30", VI"C 
TraiDtoTma ±30 ±20 ±30 ±20 mVmax 

Minimum Lnad Reslstan<e 2 2 2 2 kOntin VOUT=+IOV 

REFERENCE INPUT 
VoltageRsnge' 2tol0 2toi0 2tol0 2toi0 Vmin to Vmu; 
Input Resistsnce 2 2 2 2 kOntin 
Input Capacitsru:e' 500 500 500 500 pFmax Occurs when each DAC is loaded with allis. 
ACFeedthtuugh -70 -70 -70 -70 dBtyp VREP=8Vp-pSineWave@10kHz! 

DIGITAL INPUTS 
Input High Voltage; V INH 2.4 2.4 2.4 2.4 Vntin 
Input Low Voltage, VINL 0.8 0.8 0.8 0.8 V max 
Input Leakage Current ±I ±I ±I ±I ~max Y,N = OVorVDD 

Input Capacitance' 8 8 8 8 pFmax 
Input Coding Binary Binary Binary Binary 

DYNAMIC PERFORMANCE' 
Voltage Output Slew Rate 2 2 2 2 VI",sntin 
Voltage Output SettlingTime 

Positive Full-Scale Change 5 5 5 5 ",smax VREF = + 10V; Settling Time to ± 1/2LSB 
Nesative Full-Scale Change 5 5 5 5 ... max VREF = + 10V; Settling Time to ± II2LSB 

Digital Feedthrough 50 50 50 50 nVsecstyp Code transition all Os to allis. V IU!F = OV; WR = V DD 

Digital Crosstalk" 50 50 50 50 nVsecstyp Code traosition aliOs to all Is. VRE.= + 10V; WR=OV 

POWER SUPPLIES . 
VooRaoge 10.8/16.5 10.8116.5 10.8116.5 10.8/\6.5 Vmm/V_ For Specified Performance 
VssRsnge -4.5/-5.5 -4.5/-5.5 -4.5/-5.5 -4.5/-5.5 Vmm/V_ For Specified Performance 
IOD OutputsUoIoaded;VIN=VINLorV,NH 

@25"C 16 16 16 16 mAmax 
Tmin to Tmax 20 20 22 22 mAmax 

Iss Outputs Uolnaded; VIN= VINLorVINH 
@25"C 14 14 14 14 mAmax 
Tmm to Tmu: 18 18 20 20 mAmax 

SINGLE SUPPLy7 (VIII = + 15Y ± 10%, Vss = GND = OY; V. = + lOY; "" = 2110, c.. = lDDpF 
. unless o1haIwise s1aI8d.)AlI speciIications Tmin to T ... unless IIIhfllWise notad. 

STATIC PERFORMANCE 
Resolution 8 8 8 8 Bits 
Total UnadjustedError' ±2 ±I ±2 ±I LSBmax 
Differential Nonlinearity ±\ ±I ±I ±I LSBmax Guaranteed Monotonic 
Minimum Lnad Resistsru:e 2 2 2 2 kOntin VOUT=+IOV 

REFERENCE INPUT 
Input Resistance 2 2 2 2 kOmio 
Input Capacitance' 500 500 500 500 pFmax Occurs when each DAC is loaded with allis. 

DIGITAL INPUTS As per Dual Supply Specifications 

DYNAMIC PERFORMANCE' 
Voltage Output Slew Rate 2 2 2 2 VI .. sntin 
Voltage Output Settling Time 

Positive Full-Scale Change , 5 5 5 5 .. smax SettliogTimeto ± 1I2LSB 
Nesative Full-Scale Change 7 7 7 7 .. smax Settling Time to ± 1I2LSB 

Digital Feedthrough 
Digital Crosstalk" ' 

50 50 50 50 nVsecstyp Code traosition all Os to all Is. V ••• = OV; WR = V DD 

50 50 

POWER SUPPLIES 
VooRaoge 13.5116.5 13.5116.5 
100 

@25"C 16 16 
TmiD,toTmax 20 20 

NOTES 
IVQUT must be less than VDn by 3.SV to ensure correct operatioo. 
~cmpen.~ ranges arc as follows: 

K.LV"""': -4O'Cto +85"<: 
B, eVersions: - 4O"C to + IS"C 
T, U Versions: - ss"C to + 12SOC 

50 

13.5/16.5 

16 
22 

'Total Unadjusted l!mJr includes zero code error. relative a<cWaCY ond fuU«IIe emJI'. 
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50 nVsecstyp Code traosition all Os to all Is. VREP= + 10V;WR=OV. 

13.5/16.5 Vmm/V_ For Specified Performance 
Outputs Uolnaded; VIN = VlNLor VINH 

16 mAmax 
22 mAmax 

~tcd after zero code CITOI' has beeD adjusted out. 
'Sample rated at 25"<: to ....... oompIiarKc. 
'Tbe ,6tch impulse lrIIISfemd to the output of .............. (not addressed) 
due to • cbaqe in the c:fiaitaI input code to another addressed converter. 
's. + 5V operation is oIso poaible wilb dqraded perf ......... ( ... F' ...... 14). 
Spcci/icaIicms oubjcct to cbaqe without .. lice. 
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SWITCHING CHARACTERISTICS1, 2 (SeefIgU11IS1,2;Voo = +lD.8Vto + 16.5V;Vss = OVar -5Y ±10%) 

Limit at 2S"C Limit at T miD, T max Limit at T miD, T....,. 
Parameters All Grades (K,L,B,CGrades) (T, U Grades) Units Conditions/Comments 

tl 0 0 0 nsmin Address to WR Setup Time 
t2 0 0 0 nsmin Address to WR Hold Time 
t3 70 90 100 nsmin Data Valid to WR Setup Time 
f.4 10 10 10 nsmin Data Valid to WR Hold Time 
ts 95 120 150 nsmin Write Pulse Width 

NOTES 
I Sample tested at 2S·C to ensure compliance. All input rise and fall times measured from 10% to 90% of + SV, tR = tF = Sns. 
'Timing measurement reference level is Y'N" + V,NL 

2 

INTERFACE LOGIC INFORMATION 
Address lines AO, Al and A2 select which DAC accepts data 
from the input port. Table I shows the selection table for the 
eight DACs with Figure I showing the input control logic. 
When the WRsignaI is low, the input latch of the selected 
DAC is transparent, and its output responds to activity on the 
data bus. The data is latched into the addressed DAC latch on 
the rising edge of WR. While WR is high, the analog outputs 
remain at the value corresponding to the data held in their 
respective latches. 

AD1l28 Control Inputs AD7218 

WI[ Al Al AO Operation 

H X X X No Operation 
Device Not Selected 

L L L L DAC I Traosparent 
L L L DAC I Latched 

L L L H DAC 2 Traosparent 
L L H L DAC 3 Transparent 
L L H H DAC 4 Transparent 
L H L L DAC S Transparent 
L H L H DAC 6 Transparent 
L H H L DAC 7 Transparent 
L H H H DAC 8 Transparent 

H=HighState L==LowState X=Don'tCare 

Table I. AD7228 Truth Table 

TO OAC 1 LATCH 

AO---" TO DAC2 LATCH 

TO DAC 3 LATCH 

A1---01 TO DAC4 LATCH 

TO DACS LATCH 

A2---01 TO DAca LATCH 

TO DAC 7 LATCH 

TODAe.LATCH 

Figure 1. InputControlLogic 

CAUTION: 

-I 1, I- -I t, I-
ADDRESS~ I I V- 6V 
~ J Il'--ov -,,-_ ---"'\J V-- SV 

WR "------" 
Joe- t3--: J.-t.. OV 

DATA VIN" I ~' 5V 

______ I V1NL : I ov 

NOTE: 
THE SELECTED INPUT LATCH IS TRANSPARENTWHILEWihs lOW, 
THUS INVALID DATA DURING THIS TIMECANCAUSESPUR!OUSOUTPUTS 

Figure 2. Write Cycle Timing Diagram 

ABSOLUTE MAXIMUM RATINGS* 
VDDtoGND .•......• 
VDD to Vss ......... . 
Digital Input Voltage to GND 
VREFto GND .•....... 
VoUTtoGND1 ••••••••• 

. ... -0.3V, + 17V 

.... ,-0.3V, +24V 
-0.3V, VDD +0.3V 
-0.3V, VDD +0.3V 

Power Dissipation (Any Package) to + 75°C 
Derates above 75°C by 

Vss, VDD 
.1000mW 
2.0mWrC 

Operating Temperature 
Commercial 
Industrial . . . . . 
Extended ..... 

Storage Temperature 
Lead Temperature (Soldering, 10000s) 

NOTE 

-40°C to +85°C 
- 4O"C to + 85°C 

- 55°C to + 125°C 
-65°C to + 150°C 
..... +300°C 

'Outputs may be shorted to any voltage in the range V ss to V DD provided 
that the power dissipation of the package is not exceeded. Typical short 
circuit current for a short to GND or V ss is SOmA. 

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

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

WARNING! ~ 

~~EDEVICE 
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AD7228 
PIN CONFIGURATIONS 

DIPANDSOIC 

v ..... 

V""" • 

VOI1I'oI 7 

NO • 

V""" • 

Voun 10 

LCCC 

JL~ rn:C:l 
4321282728 

u 

AD7228 
TOP VIEW 

(Not to SctIe) 

26M .. -
Z3 081 

22 NO 

21 D82 

20.83 

Voun 11 ~::~::::~::~) 11 ... 

Modell 

AD7228KN 
AD7228LN 
AD7228KP 
AD7228LP 
AD7228KR 
AD7228LR 
AD7228BQ 
AD7228CQ 
AD7228TQ 
AD7228UQ 
AD7228TE 
AD7228UE 

NOTES 

12 13 14 11 1& 17 ,. 

:q Pl!!l m i 
NC = NOCONNECT 

o 

ADn28 
TOP VIEW 

INotto .... l 

VOUTI 11 

121141&1"718 

,!IJpliimi 
NC=NO CONNECT 

ORDERING GUIDE 

Total 
Temperature Unadjusted 
Range Error 

-4O"Cto + 85°C ±2LSB 
-40OCto +85OC ±ILSB 
-40°Cto + 85°C ±2LSB 
- 40°C to + 85°C ±ILSB 
- 400C to + 850C ±2LSB 
- 4O"C to + 850C ±ILSB 
- 400C to + 85°C ±2LSB 
- 400C to + 85°C ±ILSB 
- 55°C to + 125°C ±2LSB 
-' 550C to + 1250C ±ILSB 
- 550C to + 1250C ±2LSB 
- 55°C to +12SoC ±ILSB 

Package 
Option2 

N-24 
N-24 
P-28A 
P-28A 
R-24 
R-24 
Q-24 
Q-24 
Q-24 
Q-24 
E-28A 
E-28A 

'To order MIL-STD-883, Class B proc:essCd partS, add 1883B to part 
number. Contact your local sal .. office for military data sheet. For 
U.S. Standard Military Drawing (SMD), see DESC Drawing #5962-88663. 

'E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic 
Leaded Chip Carrier; Q = Cerdip; R = sole. For outline information 
see Package Information sectioni 
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CIRCUIT INFORMATION 
D/A SECTION . 
The AD7228 contains eight identical, 8-bit, voltage-mode digital
to-analog converters. The output voltages from the converters 
have the same polarity as the reference voltage, allowing single 
supply op:ration. A novel DAC switch pair arrangement on the 
AD7228 allows a reference voltage range from +2V to + lOY. 
Each DAC consists of a highly stable, thin-film, R-2R ladder 
and eight high-speed NMOS switches. The simplified circuit 
diagram for one channel is shown in Figure 3. Note that VREF 

and GND are common to all eight DACs. 

Vom Mh" :~ 
v... _+-...... +--' GND . ~~ ___ -' 

SHOWN FOR ALL ls0NDAC 

Figure 3. OIA Simplified Circuit Diagram 

The input impedance at the VREF pin of the AD7228 is the 
parallel combination of the eight individual DAC reference 
input inlpedances. It is code dependent and can vary from 2kn 
to infinity. The lowest input inlpedance occurs when all eight 
DACs are loaded with digital code 01010101. Therefore, it is 
inlportant that the external reference source presents a low 
output inlpedance to the V REF terminal of the AD7228 under 
changing load conditions. Due to transient currents at the reference 
input during digital code changes a O.IILF (or greater) decoupling 
capacitor is recommended on the V REF input for dc applications. 
The nodal capacitance at the reference terminal is also code 
dependent and typically varies from 120pF to 350pF. 

Each Vour pin can be considered as a digitally prograD1M8ble 
voltage source with an output voltage: 

VOUTN=DN. VREF 

where DN is a fractional representation of the digital 
input code and can vary from 0 to 2551256. 

The output inlpedance is that of the output buffer amplifier as 
described in the following section. 

OP AMP SECTION 
Each voltage-mode D/A converter output is buffered by a unity 
gain noninverting CMOS amplifier. This buffer amplifier is 
tested with a 2kfl and lOOpF load but will typically drive a 2kn 
and 500pF load. 

The AD7228 can be operated single or dual supply. Operating 
the part from single or dual supplies has no effect on the positive
going settling time. However, the negative-going settling time tp 
voltages near OV in single supply will be slightly longer than the 
settling time for dual supply operation. Additionally, to ensure 
that the output voltage can go to OV in single supply, a transistor 
on the output acts as a passive pull-down as the output voltage 
nears OV. As a result, the sink capability of the amplifier is 
reduced as the output voltage nears OV in single supply. In dual 
supply operation, the fuli sink capability of 4OO,...A at 250C is 
maintained over the entire output voltage range. The single 
supply output sink capability is shown in Figure 4. The negative 
V ss also gives inlproved output amplifier performance .uowing 
an extended input reference voltage range and giving inlproved 
slew rate at the output. 



BOO 

T ... =~55"C .... ,...- 11 T .. = +25"C 

r; , ...... 1125'1: 

i~ VDI)=+1SV _ 

VDj"V I 2GO 

'OG 

3 5 " OUTPUT VOL TAGE- VOLTS 

Figure 4. SingleSupplySinkCurrent 

The output broadband noise from the amplifier is 300J.t. V peak-to
peak. Figure 5 shows a plot of noise spectral density versus 
frequency . 

.,.. 
1\ 
\ vool=+Jlv 

1\ 
v .. = -sv I--
T ... =25"C 

... 

... 

f\ 
1\ 

zoo 

f'.-
l-t--

'OG 

• 50 100 200 500 llc 211' 5JI 10k 2OJr; 50Jc 1001c 200k SOOt 
FREQUENCY _ Hz 

Figure 5. Noise Spectral Density vs. Frequency 

DIGITAL INPUTS 
The AD7228 digital inputs are compatible with either TTL or 
5V CMOS levels. All logic inputs are static-protected MOS 
gates with typical input currents of less than InA. Internal 
input protection is achieved by on-chip distributed diodes. 

SUPPLY CURRENT 
The AD7228 has a maximum IDD specification of 22mA and a 
maximum Iss of 20mA over the - 55"C to + 125°C temperature 
range. This maximum current specification is actually determined 
by the current at - 55°C. Figure 6 shows a typical plot of power 
supply current versus temperature. ,. ,. 

" ,. 
1 • 
~ . 
II! 4 

li • 
i · ~ -2 

r: 
-I 

I ... 
I'-.. 

r....... ... 

i,....--

VI;JD,,}+1SV r--
V.I = -5V r--

r- -... 

l,..- i'" -
-'" ...- ... 
-12 

/ -,. 
-60 -40 -20' 20 40 80 10 100 12D 140 

TEMPERATURE - "C 

Figure 6. PowerSupplyCurrentvs. Temperature 

REV. A 

AD7228 
APPLYING THE AD7228 
UNIPOLAR OUTPUT OPERATION 
This is the basic mode of operation for each channel of the 
AD7228, with the output voltage having the same positive polarity 
as VREP' Connections for unipolar output operation are shown 
in Figure 7. The AD7228 can be operated from single or dual 
supplies as outlined earlier. The voltage at the reference input 
must never be negative with respect to GND. Failure to observe 
this precaution may cause parasitic transistor action and possible 
device destruction. The code table for unipolar output operation 
is shown in Table II. 

+12VTO +1SV 

Figure 7. Unipolar Output Circuit 

DAC Latch Contents 
MSB LSB Analog Output 

1111 I I I I (255 ) 
+VREF 256 

1000 0001 ( 129 ) 
+VREF 256 

1000 0000 ( 128 ) VREF 
+VREF 2S6 = +-2-

o I I I I I I I ( 127 ) 
+VREF 256 

0000 0001 +VREF ( 2~6) 
0000 0000 OV 

Table II. Unipolar Code Table 
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·AD7228 
BIPOLAR OUTPUT OPERATION 
Each of the DACs on the AD7228 caD. be individually configured 
for bipolar output operation. This is possible using one external 
amplifier and two resistora per chann,el. Figure 8 shows a circuit 
used to implement offset binary coding (bipolar operation) with 
DAC I of the AD7228. In this case 

VOUT = (I + ~) . (D1 • VREP) - (~). (VREF) 

WithRI = R2 
VOUT = (2D1 - I)' (VRBF) 

where D1 is a fractional representation of the digital word in 
latch I of the AD7228. (0 E; D1 E; 255/256). 

Mismatch between RI and R2 causes gain and offset errors, and 
therefore, these resistors must match and track over temperature. 
Once again, the AD7228 can be operated from single supply or 
from dual supplies. Table III shows the digital code versus 
output voltage relationship for the circuit of Figure 8 with 
Rl=R2. 

V~,o---~~--------------; 

G)~y-.. -- R1. R2=10kU :1:0.1% 

·ADDITIONAL PINS OMITTED 
FOR CLARITY 

Figure 8. Bipolar Output Circuit 

DACLatcb Contents 
MSD LSD Analog Output 

1111 1111 ( 127 ) 
+VREF 128 

1000 0001 +VREF ( li8) 

1000 0000 OV 

0111 1111 -vREF Ci8 ) 

0000 0001 ( 127 ) 
- V REF 128 

0000 0000 ( 128 ) 
- V REF 128 = - V REF 

Table III. BipolarCode Table 

AC REFERENCE SIGNAL 
In some applications it may be desirable to have an ac signal 
applied as the reference input to the AD7228. The AD7228 has 
multiplying capability within the upper (+IOV) and lower ( + 2V) 
limits of reference voltage when operated with dual supplies. 
Therefore, ac signals need to be ac coupled and biased up before 
being applied to the reference input. Figure 9 shows a sine-wave 
signal applied to the reference input of the AD7228. For input 
frequencies up to 50kHz, the output distortion typically remains 
less than 0.1%. The typical3dB bandwidth for small signal 
inputs is 800kHz. 
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+15V 

+4V '5k 

R ... RENCE f\ .--J t-~--I 
INPUT V~ 

-4V , .. 

·ADDITIONAl PINS OMITIED 
FOR CLARITY 

Figure 9. Applying a AC Signal to the AD7228 

TIMING DESKEW 

Vout , 

A common problem in ATE applications is the slowing or 
"rounding-off" of signal edges by the time they reach the pin-driver 
circuitry. ThiE problem can easily be overcome by "squaring-up" 
the edge at the pin-driver. However, since esch edge will not 
have been "rounded-off" by the same extent, this "squaring-up" 
couJd lead to incorrect timing relationship between signals. This 
effect is shown in Figure lOa. 

The circuit of Figure lOb shows how two DACs of the AD7228 
can help in overcoming this problem. The same two signals are 
applied to this circuit as were applied in Figure lOb. The output 
of each DAC is applied to one input of a high-speed comparator, 
and the signals are applied to the other inputs. Varying the 
output voltage of the DAC effectively varies the trigger point at 
which the comparator flips. Thus the timing relationship between 
the two signals can be programmably corrected (or deskewed) 
by varying the code to the DAC of the AD7228. In a typical 
application, the code is loaded to the DACs for correct timing 
relationships during the calibration cycle of the instrument. 

Figure 70a. Time Skewing Due to Slowing of Edges 

POSITION OF THIS EDGE 

~PROGRAMM':.VCOD'TDDA~ 

HIGH-SPEED 

~ : COMPAAAT=-r 

POSInON OFTHISEDGE 
PROGRAMMED BVCODE TO OAC2 

*ADDITIONALPINS OMITTED 
FOR CLARITY 

Figure 70b. AD7228 Timing DeskewCircuit 
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COARSEIFINE ADJUST 
The DACs on the AD7228 can be paired together to form a 
coarseIfme adjust function as indicated in Figure II. The function 
is achieved using one external op amp and a few resistors per 
pair of DACs. 

DACI is the most significant or coarse DAC. Data is fust loaded 
to this DAC to coarsely set the output voltage. DAC2 is then 
used to fine tune this output voltage. Varying the ratio of RI to 
R2 varies the relative effect of the coarse and fine DACs on the 
output voltage. For the resistor values shown, DAC2 has a 
resolution of ISO .... V in a IOV output range. Since each DAC on 
the AD7228 is guaranteed monotonic, the coarse adjustment 
and fine adjustment are each monotonic. One application for 
this is as a set-point controller (see "Circuit Applications of the 
AD7226 Quad CMOS DAC" available from Analog Devices, 
Publication Number E873-IS-1lI84). 

Figure ". Coarse/Fine Adjust Circuit 

SELF-PROGRAMMABLE REFERENCE 
The circuit of Figure 12 shows how one DAC of the AD7228, 
in this case DACI, may be used in a feedback configuration to 
provide a programmable reference for itself and the other seven 
converters. The relationship of VREF to VIN is expressed by 

(I+G) 
VREF = (I +G' D,) . VIN where G = R2IRI 

HZ 

*ADDITIONAL PINS 
OMmED FOR CLARITY 

Figure 12. Self-Programmable Reference 

Figure 13 shows typical plots of V REF versus digital code, Db 
for three different values ofG. With VIN=2.SV and G=3 the 
voltage at the output varies between 2.SV and IOV giving an 
effective IO-bit dynamic range to the other seven converters. 
For correct operation of the circuit, V ss should be - SV and RI 
greater than 6.8kO. 
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Applications-AD7228 
4 VIN 

3.5V1N 
l~ 

Voo= + 15V 
Vss= -5V 

3 VIN 
f\ 

1\ 1\ "7 3R' 
R2=2R1 

2.5 VIN 

2 VIN 

1.5 VIN 

I' " 1/ =R1 

r-... '.>c / 
............. 

r-. " ~ ~ r--. b-
l-t-- -F=:: b.. 

VON 
o~n~M~H=m~~mmm~~~ 

DIGITAL CODE - DECIMAL EQUIVALENT 

Figure 13. Variation ofVREFwith Feedback Configuration 

5V SINGLE SUPPLY OPERATION 
The AD7228 can be operated from a single + SV power supply 
resulting in only slightly degraded accuracy performance from 
the part. Figure 14 shows a typical plot of relative accuracy for 
the part with SV V DO and a reference voltage of + 1.23V. One 
important parameter which retains its specified performance is 
differential nonlinearity which remains within ± I LSB ensuring 
that the DACs on the AD7228 remain monotonic over the output 
voltage range. 

The output transfer function sits on top of the amplifier offset 
voltage. Since the reference voltage is reduced, the offset voltage 
amounts to a few LSBs. For parts with a true negative offset 
(when V ss = - SV), the transfer function does not move off the 
bottom rail for the first few LSBs of code. After this the transfer 
function will continue as normal. The relative accuracy plot of 
Figure 14 is for a part with a true positive offset. 

The required overhead voltage of 3.SV must be maintained 
between V DO and the reference voltage which limits the reference 
voltage range. However, operating the part from a single +SV 
supply gives a considerable reduction in power dissipation (to 
typically sOmW). The digital input threshold levels and digital 
input currents are not affected by operating the part from the 
single + SV supply. 

1 -------------------

T,,=25OC 
0.5 _____________ ~:~:vIV --

~ V"EF=+1.23V 

-0.5 ------------------

_,L-______________________________ __ 

o m ~ 
INPUT CODE 

Figure 14. RelativeAccuracyat +5VVoo 
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NUCROPROCESSORINTERFAC~G 

.,.1----------------. 
.. 1-----. ...... , 

ZIG -i'llIL-=====~ 
071-_______ ...1 

ool--.-~~---L"-N-S~~~~~-.-~--~----J 
" FOR 8085A DATA BUS NEEDS TO BE DEMULnpLEXEO 
2. mONlV 

Figure 15. AD7228to8085A1Z80lnterface 

ool--------~ 

DO 1---: •• -=DD=m .... O-.. -L .... -'NS ... O..:.M.:.rrm>=-'O-.-CLA-.-,TY--.-J 

Figure 16. AD7228to6809165021nterface 
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.ur----------------o ., 
..... 

AS 

RMi I----====--=C 
~~-----------~ 

ool-------~ 
DATA BUS 

oo~---------------J 4 ADOfTtONAL PINS OMITTED FORCLARfTV 

Figure 17. AD7228to68008lnterface 

~~D.7 
*ADDITIONAL PINS OMmED FOR ClARITY 

Figure 18. AD7228to MCS-51 Interface 
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FEATURES 
Eight 8-Bit DACs with Output Amplifiers 
Operates with Single or Dual Supplies 
ILP Compatible (95na WR Pulse) 
No User Trims Required 
Skinny 24-Pin DIPs, SOIC, and 28-Terminal Surface 

Mount Packages 

GENERAL DESCRIPTION 
The AD7228A contains eight 8-bit voltage-mode digital-to-analog 
converters, with output buffer amplifiers and interface logic on 
a single monolithic chip. No external trims are required to 
achieve full specified performance for the part. 

Separate on-chip latches are provided for each of the eight DI A 
converters. Data is transferred into the data latches through a 
common 8-bit TTllCMOS (SV) compatible input port. Address 
inputs AO, Al and A2 determine which latch is loaded when 
WR goes low. The control logic is speed compatible with most 
8-bit microprocessors. 

Specified performance is guaranteed for input reference voltages 
from + 2 to + lOY when using dual supplies. The part is also 
specified for single supply + ISV operation using a reference of 
+ lOY and single supply + SV operation using a reference of 
+ 1.23V. Each output buffer amplifier is capable of developing 
+ lOY across a 2kO load. 

The AD7228A is fabricated on an all ion-implanted, high-speed, 
Linear Compatible CMOS (LC2MOS) process which has been 
specifically developed to integrate high-speed digital logic circuits 
and precision analog circuits on the same chip. 

REV. 0 

LC2MOS 
Octal 8-Bit OAC 

A07228A I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
I. Eight DACs and Amplifiers in Small Package 

The single-chip design of. eight 8-bit DACs and amplifiers 
allows a dramatic reduction in board space requirements and 
offers increased reliability in systems using multiple converters. 
Its pinout is aimed at optimizing board layout with all analog 
inputs and outputs at one side of the package and all digital 
inputs at the other. 

2. Single or Dual Supply Operation 
The voltage-mode configuration of the DACs"allows single 
supply operation of the AD7228A. The part can also be 
operated with dual supplies giving enhanced performance for 
some parameters. 

3. Microprocessor Compatibility 
The AD7228A has a common 8-bit data bus with individual 
DAC latches, providing a versatile control architecture for 
simple interface to microprocessors. All latch enable signals 
are level triggered and speed compatible with most high
performance 8-bit microprocessors. 
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AD7228A-SPECIFICATIONS 
DUAL SUPPLY (VIII = lD.av 10 l6.5V; Vss = -5V ±.lU%; GNU = OY; ~REF := +2V 10 +lOY'; . . 

"" = 2kO. Ct = l00pF unless othlllWlSll sIaIId.1 All specifications Tmin 10 T ... unless otheIWise noflId. 

AB AC AT AU 
Parameter Version2 Version VeniOD Venion UDit& CcmditionsiCamments 

STATICPBRFORMANCE 
ResoJutioD 8 8 8 8 Bits 
Total Unadjusted Error' :t2 :tl :t2 :tl LSBmax Voo = + 15V :t 10%, VlUlF = + 10V 
Relative Accuracy :tl :t 112 :tl :t 112 LSBmax 
Differential Noolinearity :tl :tl :tl :tl LSBmax Guaranteed Monotonic 
Full-Scale Error' :tl :t 112 :tl :t 112 LSBmax Typical tempco is 5ppmfOC with VRBP = + 10V 
Zero Code Error 
@25"C :t25 :tIS :t25 :t IS mVmax Typical tempcois3Op.V/"C 

TmiD to Tmu; :t3O :t20 :t30 :t20 mVmax 
MiDimum Load Resistance 2 2 2 2 ldlmin VOUT= +IOV 

REFERENCE INPUT 
Voltage Raugel 2toi0 2toi0 2toi0 2toi0 Vmin 10 Vmax 
Input Resistsnce 2 2 2 2 ldlmin 
Input Capacitance' 500 SOO 500 500 pFmax Occur. when esch DAC is lnaded with allis. 
AC Feedthl'Ough -70 -70 -70 -70 dBtyp VREF = 8V POp Sine Wave@ 10kHz! 

DIGITAL INPUTS 
Input High Voltage, VINH 2.4 2.4 2.4 2.4 V min 
Input Low Voltage, VINL 0.8 0.8 0.8 0.8 V max 
Input Lealtage Current :tl :tl :tl :tl p.Amax V1N == OVorVOD 

Input Capacitance' 8 8 8 8 pFmax 
Input Coding Binary Binary Binary Binary 

DYNAMIC PBRFORMANCE' 
Voltage Output Slew Rate 2 2 2 2 V/p.smin 
Voltage Output Settlins Time 

Positive FuU-Scale Change 5 5 5 5 p.smax VREF = + 10V; Settlins Time to :t 112LSB 
Negative FuU-Seale Chauge 5 5 5 5 p.smax VREF = + 10V; Settlins Time to :t 112LSB 

Digital Feedthrough 50 50 50 50 nVsecstyp Code transition all Ostoallis. V REF = OV; WR = V DO 

Digital Crosstalk" 50 SO SO SO nVsecstyp Code transition all Os to all Is. VRBP = + 10V;WR=OV 

POWER SUPPLIES 
VooRanse 10.8/16.5 10.8/16.5 10.8/16.5 10.8/16.5 VminNftW[ For Specified Performance 
VssRauge -4.51-5.5 -4.5/-5.5 -4.5/-5.5 -4.5/-5.5 V .. .N_ For Specified Performance 
100 Outputs Unloaded; VIN = VINLor VINH 

@25"C 16 16 16 16 mAmax 
TmintoTmax 20 20 22 22 mAmax 

Iss Outputs Unloaded; V IN = V INL or V INH 
@25"C 14 14 14 14 mAmax 
TmiD to Tmu 18 18 20 20 mAmax 

SINGLE SUPPLy7 (VIII = +. l5V ± 10%. Vss = GNO = OY; VREF = + lOY; "" = 2110. Ct. = l00pF 
IIIIess otherwise staIId.1 All specifications TIIin 10 T ... unless otherwise noIIId. 

STATIC PERFORMANCE 
Resolution 8 8 8 8 Bits 
Total Unadjusted Error' :t2 :tl :t2 :tl LSBmax 
Differential Noolinearity :tl :tl :tl :tl LSBmax Guaranteed Monotonic 
MiDimum Load Resistance 2· 2 2 2 ldlmin VOUT=+IOV 

REFERENCE INPUT 
Input Resistsnce 2 2 2 2 ldlmin 
Input Capacitance' 500 500 500 500 pFmax Occurs when esch DAC is lnaded witli allis. 

DIGITALINPUTS As per Dual Supply Specifications 

DYNAMlCPERFORMANCE' 
Voltage Output Slew Rate 2 2 2 2 Vip.smin 
Voltage Output SettlinsTime 

Positive FuU-SealeClumge 5 5 5 5 p.smax Settling Time to :t 112LSB 
Negative FuU-SealeChange 7 7 7 7 p.smax Settlins Time to :t 1/2LSB 

Digital Feedthrough 50 50 50 50 nVsecstyp Code transition aU Os to aU Is. V REF = OV; WR = V DO 

Digital Crosstalk" 50 50 

POWER SUPPLIES 
VooRange 13.5/16.5 13.5/16.5 
IDD 

@25"C 16 16 
TmintoTmax 20 20 

NOTES 
IVOVT mUit be las than v»o by 3.5V to enmre correct operation. 
t-rempcntuce fBIIICI are as foDowa: 

AS, C Vcraiona; -4QOC to +85"C 
AT, UVcnions; -5'OCto +1250(; 

50 

13.5116.5 

16 
22 

'ToW Unadjumd Error iodudes zero code mor, relative scauacy and fuU·1<Ile error. 
'CokuIa,"" ofter zuo code cnor bas been adjumd out. 

2-332 DIGITAL-TO-ANALOG CONVERTERS 

50 nVsecstyp Code traositioD aU Os to aU Is. V REP = + 10V; WR = OV. 

13.5/16.5 Vrnm,N_ For Specified Performance 
Outputs Unloaded; V IN= V INL or V INH 

16 mAmax 
22 mAmax 

'Sample tested at 2S"e '" ...... compliance. 
'The glitch impulac transferred to the output of one COllverter (not addressed) 
due "' a cbaqe in the digital input code to another addressed converter. 

'Sinsle + 5V operation ;. abo possible with dqraded performance (ICC Fiaure 14). 
SpecifICations sub;cct to change widlout notice. 
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AD 7228A 

+ 5V SUPPLY OPEDA'TION<VIII = +5V:t 5%, Vss = DID -~:t lB, GND = OV, V. = .+1.25V,R.. = 2kO.Ct =111pF 
I\ft IIIIass oIh8IWisa sIatad.) AI speciIicatioIlS TIIIn ID To. unless oIIIIIWise naIId. 

I'IIrametv AD7Zl8A11 AD7228AC AD7228AT AD7228AV Vaits CoadiliollalCommeats 

STATIC PERFORMANCE 
Resolution 8 8 8 8 Bits 
Relative Accuracy :!:2 :!:2 :!:2 :!:2 LSBmu 
DilJezential Nonlineority :!:I :!:I :!:I :!:I LSBmu Guaranteed Monotonic 
FnIl·Scale !!nor :!:4 :!:2 :!:4 :!:2 LSBmax 
ZeroCodc !!nor 

@2S"C ±30 ±-20 ±30 ±2O mVmu 
T_toT_ :!:40 :!:30 :!:40 ±30 mVmu 

REFERENCE INPUT 
RdcreDc:c Input RaDae 1.2 1.2 1.2 1.2 Valin 

1.3 1.3 1.3 1.3 V max 
Rderenc:e InputRaisrance 2 2 2 2 Idlalin 
Rderenc:e InpurCapac:itaDCe 500 500 500 500 pFmu 

POWllRREQUlREMBNTS 
Pooiti.., Supply RaDae 4.75/5.25 4.75/5.25 4.75/5.25 4.75/5.25 VminlVmax For Specified Performance 
Positi.., SuppiyCurrent 

@2S"C 16 16 16 16 JJAmu 
TmintoT .. 20 20 22 22 JJAmax 

Nepti..,SuppiyCurrent 
@2S"C 14 14 14 14 JJAmu 
T ... toT_ 18 18 20 20 ..,Amu 

NOTES 
AD oduor opociIicatioos. per DuoI Supply Spoc:i&ca ............. for....,..;.e fuIHcole oettWoa·dmc ...... V .. - OV. 
Speci/icoIiaas oubject 10 ...... --.......,,;. 

SWITCHING CHARACTERISTICS1, 2(SaaFWansl,2;VIII = +5V:t 5%ar +10.8V1D + 16.5V; Vss = OVar -5V :tl0%) 

Limit1ll25"C LimitIllT_, T_ Limit.tT .... , T_ 
Parameten AUGndea (K,L,B,CGrade.) (T, v Grades) Vaita CcmdiIioasIComm 

t, 0 0 0 malin Address to WR Setup Time 
tz 0 0 0 nsmin Address to WIt Hold Time 
t, 70 90 100 nsalin nata Valid to WR Setup Time .. 10 10 10 nsalin nata Valid to WIt Hold Time 
ts 95 120 ISO malin Write Pulse Width 

NOTES 
ISampJe tested at 25'"C to enI1IIe complianc:e. AD input rile IDd faD timca IIlCIIUml from 10% to 90% of + SV. ta = IF = Sas. 
zrtmiq meuurement refereac:e level is VINH + VINL 

--2-

INTERFACE LOGIC INFORMATION 
Address lines AO, Al and A2 select which DAC accepts data 
from the input port. Table I shows the selection table for the 
eight DACs with Figure I showing the input control logic. 
When the WR signal is low, the input latch of the selected 
DAC is transparent, and its output responds to activity on the 
data bus. The data is latched into the addressed DAC latch on 
the rising edge of WR. While WR is high, the analog outputs 
remain at the value corresponding to the data held in their 
respective latches. 

AD7228A Coatrollaputs AD7228A 

WI A2 AI AO Operatin 

H X X X No Operation 
Device Not Selec:ted 

L L L L DAC I T1'II1'pareDt 
l L L L DAC I Latched 
L L L H DAC2 T1'II1SpareDt 
L L H L DAC3 T1'II1SpareDt 
L L H H DAC4 T1'II1Spsrent 
L H L L DAC 5 T1'II1SpareDt 
L H L H DAC 6 T1'II1SpareDt 
L H H L DAC 7 T1'II1SpareDt 
L H H H DAC8T1'II1SpareDt 

Table I. AD722BA Truth Table 
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TO DAC 1 LATCH .. TODAC2LATCH 

TODAC3LATCH 

•• TODAC4LATCH 

TODACSLATCH .. TO DAClLATCH 

T00AC1LATCH 

TODAClLATCH 

IiiIiI 

Figure 1. Input Control Logic 

-oj ~ I- -oj "I-
ADDRESS =x ! ! K:: _ .. -

Wi IV 

I--t.--f ~t. IV 

OAT. ~: 
NOTE: 
THEIEl.ECTEDINPUTLATCHIITRANlPARENTWHlLEWlIlLDW. 
THUIINVAUDDATADURlNGTllllIMECANCAUIESPUlHDUSOUTPUTS 

Figure 2. Write Cycle Timing Diagrem 
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AD7228A 
ABSOLUTE MAXIMUM RATINGS· 
VootoOND ..•.•... ' ••••.. 
Voo to Vss ..•....•......• 
Digital Input Voltage to GND ..... . 
VREPtoGND ...•.......•.•.. 

· . ':':'0.3V, + 17V 
· . -0.3V, +24V 

-0.3V, Voo 
-0.3V, Voo 

Vour to GNDI .•...•........••. .. Vss, Voo 
.1OOOmW 

· ... 2.OmWI"C 
Power Dissipation (Any Package) to + 7S"C 

Derates above 7S"C by 
Operating Temperature 

Commercial 
Industrial 
Extended . 

CAUTION: 

-4O"C to + 8S"C 
- 4O"C to + 85"C 

- 55"C to + 125"C 

Storage Temperature •.•..•... 
Lead Temperature (Soldering, 10secs) 

NOTE 

-65"C to + ISO"(; 
• . . .. +300"C 

'OutpUts may be shorted to any voltage in the range Vss to VDD provided 
that the power dissipation of the packase is not =eeded. Typic:aJ short 
circuit current for a short to GND or V ss is SOmA. 

·Stresaes above tbose listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a streas' ratina ooIy and 
functional operation of the devic:e at these or any otber amditioos above 
those indicated in the operationAl sections of this Specif'lC8tioo, is not 
implied. Exposure to absolute maximum ratina conditions for extended 
periods may affect devic:e reliability. 

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

WARNING! c8 
~~EDEVICE 

PIN CONFIGURATIONS 

DIP AND SOIC PLCC 

Jbnn 
.. 3 :I 128 27 21 

VOUR II IS WI 

AD722IA 
_VIEW _ ........ 

Vaun 11 ,. DIM 

12 1 14 t " 17 l' 
,!JPi!1 

NC=NOCONNECT . 

ORDERING GUIDE 

Total 
Temperature Unadjusted Package 

Modell Range Error (LSB) Option2 

AD7228ABN - 40"C to + 85°C ±2max N-24 
AD7228ACN - 40"C to + 85°C ±lmax N-24 
AD7228ABP - 40°C to + 85°C ±2max P-28A 
AD7228ACP - 40°C to + 85°C ±lmax P-28A 
AD7228ABR -40°Cto + 85°C ±2max R-24 
AD7228ACR -40°Cto + 85°C ±lmax R-24 
AD7228ABQ -40°Cto + 85°C ±2max Q-24 
AD7228ACQ -40°Cto + 85°C ±lmax Q-24 
AD7228ATQ3 - 55°C to -+ 125°C ±2max Q-24 
AD7228AUQ3 - 5S"C to + 125°C ±lmax Q-24 

NOTES 
'To order MIL-STD-883, Class B processed parts, 8Iid 1883B to part 
number. Contact your local.a1es office for military data sbeet and 
availability. 

'N = Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); 
Q = Cerdip; R = Small Outline IC (SOIC). For outline infonnation see 
Package Information section. 

'These grades will be available to 1883B processing ooIy. 
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CIRCUIT INFORMATION 
D/ASECTION 
The AD7228A contains eight identical, 8-bit, voltage-mode 
digital-ta-analog converters. The output voltages from the con
verters have the same polarity as the reference voltage, allowing 
single supply operation. A novel DAC switch pair arrangement 
on the AD7228A allows a reference voltage range from + 2V to 
+ lOY. Each DAC consists of a highly stable, thin-flim, R-2R 
ladder and eight high-speed NMOS switches. The simplified 
circuit diagram for one channel is shown in Figure 3. Note that 
VREF (Pin 11) and GND (Pin 12) are common to all eight 
DACs. 

JIR ::: 

v." _+-...... +...J 
GND _4.-__ - .... 

Figure 3. DIA Simplified Circuit Diagram 

The input impedance at the VREF pin of the AD7228A is the 
parallel combination of the eight individual DAC reference 
input impedances. It is code dependent and can vary from 2kO 
to infinity. The lowest input impedance occurs when all eight 
DACs are loaded with digital code 01010101. Therefore, it is 
important that the external reference source presents a low 
output impedance to the VREP terminal of the AD7228A under 
changing load conditions. Due to transient currents at the reference 
input during digital code changes a O.lfJoF (or greater) decoupling 
capacitor is recommended on the VREF input for dc applications. 
The nodal capacitance at the reference terminal is also code 
dependent and typically varies from 120pF to 35OpF. 

Each Vour pin can be considered as a digitally programmable 
voltage source with an output voltage: 

VOUTN=DN'VREP 

where l>N is a fractional representation of the digital 
input code and can vary from 0 to 255/256. 

The output impedance is that of the output buffer amplifier as 
described in the following section. 
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OP AMP SECTION 
Each voltage-mode D/A converter output is buffered by a unity 
gain noninverting CMOS amplifier. This buffer amplifier is 
tested with a 2kO and l00pF load but will typically drive a 2kO 
and 500pF load. 

The AD7228A can be operated single or dual supply. Operating 
the part from single or dual supplies has no effect on the positive
going settling time. However, the negative-going settling time to 
voltages near OV in single supply will be slightly longer than the 
settling time for dual supply operation. Additionally, to ensure 
that the output voltage can go to OV in single supply, a transistor 
on the output acts as a passive pull-down as the output voltage 
nears OV. As a result, the sink capability of the amplifier is 
reduced as the output voltage nears OV in single supply. In dual 
supply operation, the full sink capability of 4OO11A at 25°C is 
maintained over the entire output voltage range. The single 
supply output sink capability is shown in Figure 4. The negative 
V ss also gives improved output amplifier performance allowing 
an extended input reference voltage range and giving improved 
slew rate at the output. 

.00 

... 
IV'" 

f/~ 

200 
'I .... 

100 

T.='-55'C 

JI T.= 125'C 

~ 
TA ", }'25OC 

7 

OUTPUT VOLTAGE- VOLTS 

VoD ",,+15V 

VArV 1-

,. 

Figure 4. Single Supply Sink Current 

The output broadband noise from the amplifier is 300,... V peak-to
peak. Figure 5 shows a plot of noise spectral density versus 
frequency. 

... 

... 
~ ... 
;; 
" ... 

200 

100 

• 

\ 
\ 

\ 
~ 
~ 

I t 
VDD -+15V 
Vss"..,-5V '--
T ... :::25"C 

"" l"""-I--. 

so 100 200 500 1k 2k 51!: 1011: 201r: 5CNr lOOk 200k SDOk 

FREQUENCY - Hz 

Figure 5. Noise Spectral Density vs. Frequency 

DIGITAL INPUTS 
The AD7228A digital inputs are compatible with either TTL or 
5V CMOS levels. All logic inputs are static-protected MOS 
gates with typical input currents of less than InA. Internal 
input protection is achieved by on-chip distributed diodes. 
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AD7228A 
SUPPLY CURRENT 
The AD7228A has a maximum IDD specification of 22mA and a 
maximum Iss of 20mA over the - 55°C to + 125°C temperature 
range. This maximum current specification is actually determined 
by the current at - 55°C. Figure 6 shows a typical plot of power 
supply current versus temperature. 

,. ,. 
12 

-1. 
-12 

-1' 

I ..... 
to-.. 

-.....-

.......... 100 

-I .. 
I 

vOD:=I.,5V -
Vss= -5V -

r- --
1-----

-60 -40 -20 20 40 60 10 100 120 140 
TEMPERATURE _ "C 

Figure 6. PowerSupplyCurrentvs. Temperature 

APPLYING THE AD7228A 
UNIPOLAR OUTPUT OPERATION 
This is the basic mode of operation for each channel of the 
AD7228A, with the output voltage having the same positive 
polarity as V REF' Connections for unipolar output operation are 
shown in Figure 7. The AD7228A can be operated from single 
or dual supplies as outlined earlier. The voltage at the reference 
input must never be negative with respect to GND. Failure to 
observe this precaution may cause parasitic transistor action and 
possible device destruction. The code table for unipolar output 
operation is shown in Table II. 

+12VTO +15V 

Figure 7. Unipolar Output Circuit 
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AD7228A-Applications 
DAC Latch Coateata 
MSB LSB ADalagOutput 

1111 1111 (2SS ) 
+v ... 2S6 

1000 0001 +VREF(~ ) 
1000 0000 (128) v_ 

+VREF 2S6 = +-2-

o I I I 1111 (127 ) 
+VR .. 2S6 

0000 0001 +VREF (2~) 
0000 0000 OV 

Note: ILSB = (V_Xl') = VR .. ( ~ ) 

Tab'e". UnipolarCode Table 

BIPOLAR OUTPUT OPERATION 
Each of the DACs on the AD7228A can be individually configured 
for bipolar output operation. This is possible using one external 
amplifier and two resistors per channel. Figure 8 shows a circuit 
used to implement offset binary coding (bipolar operation) with 
DAC I of the AD7228A. In this case 

VOUT = (1 + ~). (D,· VREF) - (~). (VREP) 

With RI = R2 
VOUT = (2D, - 1)· (VREP) 

where D, is a fractional representation of the digital word in 
latch I of the AD7228A. (0 ... D, ... 255/256) 

Mismatch between RI and R2 causes gain and offset errors, and 
therefore, these resistors must match and track over temperature. 

VREF 0--"""1---------. 

2-336 

R1. R2=10kU :1::0.'''' 

*ADDmONAL PINS OMrnED 
FORCUAtTV 

Figure8. BipolarOutputCircuit 

DAC Latch Coateata 
MSB LSB AaaIoIOutput 

1111 1111 ( 127 ) 
+V_ 128 

1000 0001 +VR.F(I~8) 
1000 0000 OV 

0111 1111 -V ... L~8 ) 

0000 0001 (I27 ) -VREF 128 

0000 0000 (128 ) -V ... 128 = -VREF 

Table III. BlpolarCode Table 

DIGITAL-TO-ANALOG CONVERTERS 

Once again, the AD7228A can be operated from single supply 
or from dual supplies. Table III shows the digital code versus 
output voltage relationship for the circuit of Figure 8 with 
RI=R2. 

AC REFERENCE SIGNAL 
In some applications it may be desirable to have an ac aigna1 
applied as the reference input to the AD7228A. The AD7228A 
has multiplying capability within the upper ( + 10V) and lower 
( + 2V) limits of reference voltage when operated with dual 
supplies. Therefore, ac aigna1s need to be ac coupled and biased 
up before being applied to the reference input. Figure 9 shows a 
sine-wave aigna1 applied to the reference input of the AD7228A. 
For input frequencies up to 50kHz, the output distortion typically 
remains less than 0.1%. The typical3dB bandwidth for small 
aigna1 inputs is 800kHz. 

+15V 

+4V 15k 

REF": rv-tl-+---I 
-4V '" 

·ADDITIONAL PINS OMlnED 
FOR CLARITY ~o " Vss . GND 

-IV 

Figure 9. Applying a AC Signal to the AD7228A 

TIMING DESKEW 
A common problem in ATE applications is the slowing or 
"rounding-off" of aigna1 edges by the time they reach the pin-driver 
circuitry. This problem can easily De overcome by "squaring-up" 
the edge at the pin-driver. However, since each edge will not 
have been "rounded-off" by the same extent, this "squaring-up" 
could lead to incorrect timing relationship between aigna1s. This 
effect is shown in Figure lOa. 

The circuit of Figure lOb shows how two DACs of the AD7228A 
can help in overcoming this problem. The same two signals are 
applied to this circuit as were applied in Figure lOb. The output 
of each DAC is applied to one input of a high-speed comparator. 
and the signals are applied to the other inputs. Varying the 
output voltage of the DAC effectively varies the trigger point at 
which the comparator flips. Thus the timing relationship between 
the two aigna1s can be programmably corrected (or deskewed) 
by varying the code to the DAC of the AD7228A. In a typical 
application, the code is loaded to the DACs for correct timing 
relationships during the calibration cycle of the instrument. 

Figure 10a. Time Skewing Due to Slowing of Edges 
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POsmONOFTHlSEDGE 

~ MOGRAM~:.VCODETOD]-

· =-=-r 
POSmONOFTHIS EDGE 
PROGRAMMED aVCODE TO DACZ 

·ADDITIONALPINSOMmED 
FOR CLARITY 

Figure 10b. AD7228A Timing Deskew Circuit 

COARSEIFINE ADJUST 
The DACs on the AD7228A can be paired together to form a 
coarseIfine adjust function as indicated in Figure II. The function 
is achieved using one external op amp and a few resistors per 
pair of DACs. 

DACI is the most significant or coarse DAC. Data is first loaded 
to this DAC to coarsely set the output voltage. DAC2 is then 
used to fine tune this output voltage. Varying the ratio of RI to 
R2 varies the relative effect of the coarse and fme DACs on the 
output voltage. For the resistor values shown, DAC2 has a 
resolution of ISO .... V in a IOV output range. Since each DAC on 
the AD7228A is guaranteed monotonic, the coarse adjustment 
and fme adjustment are each monotonic. One application for 
this is as a set-point controller (see "Circuit Applications of the 
AD7226 Quad CMOS DAC" available from Analog Devices, 
Publication Number E873-IS-1lI84). 

51.2"1 200n 

Figure 11. CoarseiFineAdjustCircuit 

SELF-PROGRAMMABLE REFERENCE 
The circuit of Figure 12 shows how one DAC of the AD7228A, 
in this case DACI, may be used in a feedback configuration to 
provide a programmable reference for itself and the other seven 
converters. The relationship of VREF to VIN is expressed by 

(1+ G) 
VREF = (l +G • D 1) • VIN where G = R2IRI 

REV. 0 

.. 
• ADDITIONAl. PINS 
OMI'ITED FOR CLARITY 

Figure 12. Self-Programmable Reference 

AD7228A 
Figure 13 shows typical plots of VREF versus digital code, Dh 
for three different values of G. With VIN=2.SV and G=3 the 
voltage at the output varies between 2.SV and lOY giving an 
effective 100bit dynamic range to the other seven conVerters. 
For correct operation of the circuit, V ss should be - SV and RI 
greater than 6.8kO. 

J 

4V1N 

3.5 V .. 
~ Voo "" +15V 

V .. =-SY 

3Vw 

Z.5VIN 

2 V .. 

1.5 V .. 

1\ 
1\ ~ 

R2=3R1 

~ .. -OR' 
I' '\ ~l/ AZ=R1 

" 1/ 
r--. r--. I'--

1 ...... 1"-~~ ,... r;:::: 

v .. 
onn.Mn.m~~_~m~~~~ 

DIGITAL CODE - DECIMAL EQUNALENT 

Figure 13. Variation ofVREFwith Feedback Configuration 

5V SINGLE SUPPLY OPERATION 
The AD7228A can be operated from a single + SV power supply 
resulting in only slightly degraded accuracy performance from 
the part. Figure 14 shows a typical plot of relative accuracy for 
the part with SV Voo and a reference voltage of + 1.23V. One 
important parameter which retains its specified performance is 
differential nonlinearity which remains within ± ILSB ensuring 
that the DACs on the AD7228A remain monotonic over the 
output voltage range. 

The output transfer function sits on top of the amplifier offset 
voltage. Since the reference voltage is reduced, the offset voltage 
amounts to a few LSBs. For parts with a true negative offset 
(when V ss = - SV), the transfer function does not move off the 
bottom rail for the first few LSBs of code. After this the transfer 
function will continue as normal. The relative accuracy plot of 
Figure 14 is for a part with a true positive offset. 

The required overhead voltage of 3.SV must be maintained 
between Von and the reference voltage which limits the reference 
voltage range. However, operating the part from a single + SV 
supply gives a considerable reduction in power dissipation (to 
typically SOmW). The digital input threshold levels and digital 
input currents are not affected by operating the part from the 
single + SV supply. 

1 -------------------

T ... ""25-C 

0.5 -------------~:=O~5V __ 
~ -=+~ 

-0.5 --------.,----------

-·~O---------------=.H~------------~H6 
INPUT CODE 

Figure 14. Relative Accuracy at +5VVoo 

DIGITAL-TO-ANALOG CONVERTERS 2-337 

• 



AD7228A 
MICROPROCESSOR INTERFACING 

015 1-..... ---------.-----, 
081----., 

808SA'1 
Z80 

WRI----------L--' 

D71------__ ~ 

AD7228A* 

DO 1---::*O-=DD::ITJO=N-OL~P--'NS--DMlTTE="'D-F--D-.-CLAR-IT-y--J 
1. FOR 8085A DATA BUS NEEDS TO BE DEMULTIPLEXED 
2. lao ONLV 

Figure 15. AD7228A to 8085A1Z80 Interface 

0'.1---------------, 

.... , 
65 .. 

E OR"IZ ~---------I 

~r------------------------" 
0,1-----. 

..... 
AS 

RJW~====--::~ 
Ofireir---------:::::~ 

D7r--------------J 
DO 

*ADDITIONAlPINSOMITTEDFORCl.ARfTY 

Figure 17. AD7228A to 68008 Interface 

Pl.O WIi ... ,1-------------------.... 00 
Pl.2 A1 
Pl.3 A2 

8061 AD7228A * 

lji' .. ~D" P1.1 DB1 
P1.2 082 
P1.3 083 
P1.4 D84 
P1.5 D8I 
P1.. OBI 
,1.1 DB7 '--____ ..J 

07 *ADOITtONAL PINS OMInED FOR ClARITY 

DO 
-ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 16. AD722BA to 680916502Interface Figure 18. AD7228A to MCS-51 Interface 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
12-Bit CMOS DAC with 

On-Chip Voltage Reference 
Output Amplifier 
-5 V to +5 V Output Range 

Serial Interface 
300 kHz DAC Update Rate 
Small Size : a-Pin Mini-DIP 
Nonlinearity: ±1/2 LSB Tmin to Tmax 
Low Power Dissipation: 100 mW typical 

APPLICATIONS 
Process Control 
Industrial Automation 
Digital Signal Processing Systems 
Input/Output Ports 

GENERAL DESCRIPTION 
The AD7233 is a complete 12-bit, voltage-output, digital-to
analog converter with output amplifier and Zener voltage refer
ence all in an g-pin package. No external trims are required to 
achieve full specified performance. The data format is 2s com
plement, and the output range is -5 V to +5 V. 

The AD7233 features a fast, versatile serial interface which al
lows easy connection to both microcomputers and 16-bit digital 
signal processors with seria1 ports. When the SYNC input is 
taken low, data on the SDIN pin is clocked into the input shift 
register on each falling edge of SCLK. On completion of the 
16-bit data transfer, bringing LDAC low updates the DAC latch 
with the lower 12 bits of data and updates the output. Alterna
tively, LDAC can be tied permanently low, and in this case the 
DAC register is automatically updated with the contents of the 
shift register when all sixteen data bits have been clocked in. 
The serial data may be applied at rates up to 5 MHz allowing a 
DAC update rate of 300 kHz. 

For applications which require greater flexibility and unipolar 
output ranges with single supply operation, please refer to the 
AD7243 data sheet. 

The AD7233 is fabricated on Linear Compatible CMOS 
(LC2MOS), an advanced, mixed-technology process. It is pack
aged in an g-pin DIP package. 

DACPORT is a trademark of Analog Devices, Inc. 
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LC2MOS 
12-Bit Serial Mini-DIP DACPORT 

AD7233 I 
FUNCTIONAL BLOCK DIAGRAM 

2R 2R 

GNO 

SOIN SCLK SYNC LOAC 

PRODUCT HIGHLIGHTS 
1. Complete 12-Bit DACPORT'· 

The AD7233 is a complete, voltage output, 12-bit DAC on a 
single chip. This single-chip design is inherently more reli
able than multichip designs. 

2. Simple 3-Wire Interface to Most Microcontrollers and DSP 
Processors. 

3. DAC Update Rate-300 kHz. 

4. Space Saving g-Pin Package. 
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AD7233 -SPECIFICATIONS1 (Voo = +12 V to +15 V,2 Vss = -12 V to -15 V,2 GND= 0 V, RL = 2 kG, 
CL = 100 pF to GND. All specifications Tmln to Tmax unless otherwise noted.) 

Parameter A B Uuits 

STATIC PERFORMANCE 
Resolution 12 12 Bits 
Relative Accuracr ±1 ±112 LSB max 
Differential N onlinearitr ±0.9 ±0.9 LSB max 
Bipolar Zero Erro~ ±6 ±6 LSB max 
Full-Scale Error' ±8 ±8 LSB max 
Full-Scale Temperature Coefficient ±30 ±30 ppm of FSRI"C typ 

DIGITAL INPUTS 
Input High Voltage, VINH 2.4 2.4 V min 
Input Low Voltage, VINL 0.8 0.8 V max 
Input Current 

lIN ±1 ±1 I.IA max 
Input Capacitance' 8 8 pFmax 

ANALOG OUTPUTS 
Output Voltage Range ±s ±S V 
DC Output Impedance 0.5 0.5 Otyp 

AC CHARACTERISTICS' 
Voltage OutpUt Settling Time 

Positive Full-Scale Change 10 10 IJ-smax 
Negative Full-Scale Change 10 10 IJ-smax 

Digital-to-Analog Glitch ImpuJse3 30 30 nV sees typ 
Digital Feedthrough3 10 10 nV sees typ 

POWER REQUIREMENTS 
Von Range + 10.81+ 16.5 +11.41+15.75 VminlVmax 
Vss Range -10.8/-16.5 -11.41-15.75 VminlVmax 

100 10 10 mAmax 

Iss 4 4 mAmax 

NOTES 
'Temperature Ranges are as follows: A, B Versions: -4O'C to +8S'C. 
'Power Supply Tolerance: A Version: ± 10%; B Version: ±S%. 
'See Terminology. 
'Sample tested @ 25'C to ensure compliance. 
Specifications subject to change without notice. 

Model 

AD7233AN 

ORDERING GUIDE 

Temperature Relative 
Range Accuracy 

-40°C to +SsoC ±1 LSB 

Test Conditions/Comments 

Guaranteed Monotonic 
DAC Latch Contents 0000 0000 0000 

VIN = OVtoVoo 

Settling Time to Within ± 112 LSB of Final Value 
Typically 3 IJ-s; DAC Latch 100 ... 000 to OIl. .. 111 
Typically 5 IJ-S; DAC Latch 011 ... 111 to 100 ... 000 
DAC Latch Contents Toggled Between All Os and allIs 
LDAC = High 

For Specified Performance Unless Otherwise Stated 
For Specified Performance Unless Otherwise State\! 
Output Unloaded; Typically 7 mA 
Output Unloaded; Typically 2 mA 

Package 
Option* 

N-S 
AD7233BN -40°C to +SsoC ±1I2 LSB N-S 

*N = Plastic DIP. For outline information see Package 
Information section. 
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AD7233 

G C C S cs1, 2 (Voo = +10.8 V to +16.5 V, Vss = -10.8 V to -16.5 V, GND = 0 V, RL =2 kG, 
TIMIN HARA TERI TI CL =100 pF. All Specifications 1m;. to 1ma. unless otherwise noted.) 

Limit at 25°C Limit at T mia' T max 

Parameter (All Versions) (All Versions) Units Conditions/Comments 

t/ 200 200 ns min SCLK Cycle Time 
t2 50 50 nsmin SYNC to SCLK Falling Edge Setup Time 
t3 120 190 nsmin SYNC to SCLK Hold Time 
t4 10 10 nsmin Datu Setup Time 
t5 100 100 nsmin Data Hold Time 
to 0 0 nsmin SYNC High to LDAC Low 
t7 50 50 nsmin LDAC Pulse Width 
t. 0 0 nsmin LDAC High to SYNC Low 

NOTES 
'Sample te1!ted at 2S"C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
'See Figure 3. 
'SCLK Mark/Space Ratio range is 40160 to 60/40. 

ABSOLUTE MAXIMUM RATINGS· 
(TA = +25°C unless otherwise noted) 
VDDtoGND ............. _ ....... -O.3Vto +17V 
VsstoGND ..................... +O.3Vto -17V 
VOUT' to GND ................. -6 V to VDD +0.3 V 
Digital Inputs to GND ........... -0.3 V to VDD +0.3 V 
Operating Temperature Range 
Industrial (A, B Versions) ............. -40OC to +85OC 
Storage Temperature Range ........... -65°C to + 1500C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation to +75°C ................. 450 mW 
Derates above +75°C by .................. 10 mWrC 

NOTE 
'The output may be shorted to voltages in this range provided the power dis
sipation of the package is not exceeded. Short circuit current is typically 
soma. 

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

CAUTION ______________________________________________ ___ 

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

TERMINOLOGY 
RELATIVE ACCURACY (LINEARITy) 
Relative accuracy, or endpoint linearity, is a measure of the 
maximum deviation of the DAC transfer function from a 
straight line passing through the endpoints of the transfer func
tion. It is measured after allowing for zero and full-scale errors 
and is expressed in LSBs or as a percentage of full-scale reading. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the measured 
change and the ideal I LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± I LSB or less 
over the operating temperature range ensures monotonicity. 

BIPOLAR ZERO ERROR 
Bipolar zero error is the voltage measured at V OUT when the 
DAC is loaded with all Os. It is due to a combination of offset 
errors in the DAC, amplifier and mismatch between the internal 
gain resistors around the amplifier. 

REV. 0 

FULL-SCALE ERROR 
Full-scale error is a measure of the output error when the ampli
fier output is at full scale (full scale is either positive or negative 
full scale). 

DIGITAL-TO-ANALOG GLITCH IMPULSE 
This is the voltage spike that appears at the output of the DAC 
when the digital code in the DAC latch changes before the out
put settles to its final value. The energy in the glitch is specified 
in n V sees, and is measured for an all codes change (0000 0000 
0000 to llli Illi IllI). 

DIGITAL FEEDTHROUGH 
This is a measure of the voltage spike that appears on V OUT as a 
result of feedthrough from the digital inputs on the AD7233. It 
is measured with LDAC held high. 
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AD7233 

Pin Mnemonic 

VDD 

2 SCLK 
3 SDIN 
4 SYNC 

5 LDAC 

6 GND 

7 VOUT 
8 Vss 

PIN FUNCTION DESCRIPTION 

Description 

Positive Supply (+ 12 V to + IS V). 

Serial Clock, Logic Input. Data is clocked into the input register on each falling SCLK edge. 
Serial Data In, Logic Input. The 16-bit seria1 data word is applied to this input. 

Data Synchronization Pulse, Logic Input. Taking this input low initializes the interna1logic in readiness for 
a new data word. 
Load DAC, Logic Input. Updates the DAC output. The DAC output is updated on the falling edge of this 
signal, or alternatively if this line in permanently low, an automatic update mode is selected whereby the 
DAC is updated on the 16th falling SCLK pulse. 

Ground pin = 0 V. 
Analog Output Voltage. This is the buffered DAC output voltage (-5 V to +5 V). 

Negative Supply (-12 V to -IS V). 

AD7233 

TOP VIEW 
(Nollo Scale) 

CIRCUIT INFORMATION 

D/A Section 

DIGITAL INTERFACE 
The AD7233 contains an input seria1 to parallel shift register 
and a DAC latch. A simplified diagram of the input loading cir
cuitry is shown in Figure 2. Serial data on the SDIN input is 
loaded to the input register under control of SYNC and SCLK. 
When a complete word is held in the shift register it may then 
be loaded into the DAC latch under control of LDAC. Ouly the 
data in the DAC latch determines the analog output on the 
AD7233. 

The AD7233 contains a 12-bit voltage-mode D/A converter con
sisting of highly stable thin-film resistors and high speed NMOS 
single-pole, double-throw switches. 

Op Amp Section 
The output of the voltage-mode D/A converter is buffered by a 
noninverting CMOS amplifier. The buffer amplifier is capable 
of developing ±5 V across a 2 k!lload to GND. 

INTERNAL 
REFERENCE 

2R 

sv~:t:j~:t~::::jt~t::j~~ GND 

Figure 1. Simplified DIA Converter 
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A low SYNC input provides the frame synchronization signa1 
which tells the AD7233 that valid seria1 data on the SDIN input 
will be avai1able for the next 16 falling edges of SCLK. An in
terna1 counter/decoder circuit provides a low gating signal so 
that only 16 data bits are clocked into the input shift register. 
After 16 SCLK pulses the internal gating signa1 goes inactive 
(high) thus locking out any further clock pulses. Therefore ei
ther a continuous clock or a burst clock source may be used to 
clock in the data. 

The SYNC input should be taken high after the complete 16-bit 
word is loaded in. 

Although 16 bits of data are clocked into the input register, only 
the latter 12 bits get transferred into the DAC latch. The first 4 
bits in the 16 bit stream are don't cares since their value does 
not affect the DAC latch data. Therefore the data format is 4 
don't cares followed by the 12-bit data word with the LSB as 
the last bit in the serial stream. 
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There are two ways in which the DAC latch and hence the ana
log output may be updated. The status of the LDAC input is 
examined after SYNC is taken low. Depending on its status, one 
of two update modes is selected. 

If LDAC = 0 then the automatic update mode is selected. In 
this mode the DAC latch and analog output are updated auto
matically when the last bit in the serial data stream is clocked 
in. The update thus takes place on the sixteenth falling SCLK 
edge. 

AD7233 
If LDAC = 1 then the automatic update is disabled and the 
DAC latch is updated by taking LDAC low any time after the 
16-bit data transfer is complete. The update now occurs on the 
fa1ling edge of LDAC. This facility is useful for simultaneous 
update in multi-DAC systems. Note that the LDAC input 
must be taken back high again before the next data transfer is 
initiated. 

r-------------------------------------

SCLK 

SYNC 

SDIN 

LDAC 
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SYNC o-~-1-----__, 

SCLK o-i----{_"'" 

RESET 
+16 

COUNTERI 
DECODER 

LJ 
GATING 
SIGNAL 

SDIN~--------------------t_--------~~LJ-1JLLJ-1JLLJ~JL1-LJ 

DAC LATCH (12 BITS) 
LDAC o-~-------------__,L../ 

I ______ -------------------------------~ 

Figure 2. AD7233 Simplified Loading Structure 

ufLf)t?-

-----------------------------------R--------~_,I 

Figure 3. AD7233 Timing Diagram 
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AD7233~Typical Performance Graphs 
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APPLYING THE ADn33 

Bipolar (::1:5 V) Configuration MSB LSB Analog Output, VOUT 

The AD7233 provides an output voltage range from - 5 V to 
+5 V without any external components. This configuration is 
shown in Figure 4. The data format is 2s complement. The out
put code table is shown in Table I. If offset binary coding is 
required, then this can be done by inverting the MSB in soft
ware before the data is loaded to the AD7233. 

.12VTO+15V 

VDD 

2R 2R 

Figure 4. Circuit Configuration 

Power Supply DecoupliDg 
To achieve optimum performance when using the AD7233, the 
V DD and V ss lines should each be decoupled to GND using 
0.1 ,...F capacitors. In very noisy environments it is recommended 
that 10 ,...F capacitors be connected in parallel with the 0.1 ,...F 
capacitors. 

2-344 DIGITAL-TO-ANALOG CONVERTERS 

+5 V • (2047/2048) 
+5 V • (112048) 
OV 
-5 V • (112048) 
-5 V • (2047/2048) 

XXXX 0111 1111 1111 
XXXX 0000 0000 0001 
XXXX 0000 0000 0000 
XXXX 1111 1111 1111 
XXXX 1000 0000 0001 
XXXX 1000 0000 0000 -5 V • (204812048) = -5 V 

x = Don't Care 
Note: 1 LSD = 5 V/2048 - 2.4 mV 

Table I. AD7233 Bipolar Code Table 
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NUCROPROCESSORINTERFACING 
Microprocessor interfacing to the AD7233 is via a serial bus 
which uses standard protocol compatible with DSP processors 
and microcontrollers. The communications channel requires a 
three-wire interface consisting of a clock signal, a data signal 
and a synchronization signal. The AD7233 requires a 16-bit data 
word with data valid on the falling edge of SCLK. For all of the 
interfaces, the DAC update may be done automatically when all 
the data is clocked in or it may done under control of LDAC. 

Figures 5 to 8 show the AD7233 configured for interfacing to a 
number of popular DSP processors and microcontrollers. 

AD7233-ADSp·2101/ADSp·2102 Interface 
Figure 5 shows a serial interface between the AD7233 and the 
ADSP-2101lADSP-2102 DSP processor. The ADSP-2101l 
ADSP-2102 contains two serial ports, and either port may be 
used in the interface. The data transfer is initiated by TFS 
going low. Data from the ADSP-2101/ADSP-2102 is clocked 
into the AD7233 on the falling edge of SCLK. When the data 
transfer is complete TFS is taken high. In the interface shown 
the DAC is updated using an external timer which generates 
an LDAC pulse. This could also be done using a control or de
coded address line from the processor. Alternatively, the LDAC 
input could be hardwired low, and in this case the automatic 
update mode is selected whereby the DAC update takes place 
automatically on the 16th falling edge of SCLK. 

y 
LDAC 

ADSp·21 01/ 
ADSP-21 02* AD7233* 

TFS SYNC 

SCLK SCLK 

DT SDIN 

• ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 5. AD7233 to ADSP-2101IADSP-2102 Interface 

AD7233-DSP56000 Interface 
A serial interface between the AD7233 and the DSP56000 is 
shown in Figure 6. The DSP56000 is configured for Nortnal 
Mode Asynchronous operation with Gated Clock. It is also set 
up for a 16-bit word with SCK and SC2 as outputs and the 
FSL control bit set to a O. SCK is internally generated on the 
DSP56000 and applied to the AD7233 SCLK input. Data from 
the DSP56000 is valid on the falling edge of SCK. The SC2 out
put provides the framing pulse for valid data. This line must 
be inverted before being applied to the SYNC input of the 
AD7233. 

The LDAC input of the AD7233 is connected to GND so the 
update of the DAC latch takes place automatically on the 16th 
falling edge of SCLK. An external timer could also be used as 
in the previous interface if an external update is required. 
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AD7233 

--

~ 
LDAC 

DSP56000 
AD7233* 

SCK SCLK 

STD SDIN 

SC2 SYNC 

• ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 6. AD7233 to DSP56000 Interface 

AD7233-87CSl Interface 
A serial interface between the AD7233 and the 87CSI microcon
troller is shown in Figure 7. TXD of the 87CSI drives SCLK of 
the AD7233 while RXD drives the serial data line of the part. 
The SYNC signal is derived from the port line P3.3. 

The 87CSI provides the LSB of its SBUF register as the first bit 
in the serial data stream. Therefore, the user will have to ensure 
that the data in the SBUF register is arranged correctly so that 
the don't care bits are the first to be transmitted to the AD7233 
and the last bit to be sent is the LSB of the word to be loaded 
to the AD7233. When data is to be transmitted to the part, P3.3 
is taken low. Data on RXD is valid on the falling edge of TXD. 
The 87CSI transmits its serial data in 8-bit bytes with only eight 
falling clock edges occurring in the transmit cycle. To load data 
to the AD7233, P3.3 is kept low after the fIrst eight bits are 
transferred and a second byte of data is then transferred serially 
to the AD7233. When the second serial transfer is complete, the 
P3.3 line is taken high. 

Figure 7 shows the LDAC input of the AD7233 hardwired low. 
As a result, the DAC latch and the analog output will be up
dated on the sixteenth falling edge of TXD after the SYNC sig
nal for the DAC has gone low. Alternatively, the scheme used in 
previous interfaces, whereby the LDAC input is driven from a 
timer, can be used . 

--

~ 
LDAC 

87C51* AD7233* 

P3.3 SYNC 

TXD SCLK 

RXD SDIN 

• ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 7. AD7233 to 87C51 Interface 
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AD 7233 
AD7233-68HCll Interface 
Figure 8 shows a serial interface between the AD7233 and the 
68HCll microcontroller. SCK of the 68HCll drives SCLK of 
the AD7233 while the MOSI output drives the serial data line. 
The SYNC signal is derived from a port line (pc7 shown). 

For correct operation of this interface, the 68HCII should be 
configured such that its CPO L bit is a 0 and its CPHA bit is a 
1. When data is to be transmitted to the part, PC7 is taken low. 
When the 68HCll is configured like this, data on MOSI is valid 
on the falling edge of SCK. The 68HCll transmits its serial 
data in 8-bit bytes with only eight falling clock edges occurring 
in the transmit cycle. To load data to the AD7233, PC7 is kept 
low after the first eight bits are transferred and a second byte of 
data is then transferred serially to the AD7233. When the sec
ond serial transfer is complete, the PC7 line is taken high. Fig
ure 8 shows the LDAC input of the AD7233 hardwired low. As 
a result, the DAC latch and the analog output of the DAC will 
be updated on the sixteenth falling edge of SCK after the re
spective SYNC signal has gone low. Alternatively, the scheme 
used in previous interfaces, whereby the LDAC input is driven 
from a timer, can be used. 
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~ 
LDAC 

68HC11* AD7233* 

PC7 SYNC 

SCK SCLK 

MOSI SDIN 

• ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 8. AD7233 to 68HC11 Interface 
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~ANALOG 
WDEVICES 

FEATURES 
Complete Dual 12-Bit DAC Comprising 

Two 12-Bit CMOS DACs 
On-Chip Voltage Reference 
Output Amplifiers 
Reference Buffer Amplifiers 

Parallel Loading Structure: AD7247 
(8+4) Loading Structure: AD7237 
Single or Dual Supply Operation 
Low Power -165 mW typ in Single Supply 

GENERAL DESCRIPTION 
The AD7237/AD7247 is a complete, dual, l2-bit, voltage output 
digital-to-analog converter with output amplifiers and Zener 
voltage reference on a monolithic CMOS chip. No external user 
trims are required to achieve full specified performance. 

Both parts are microprocessor compatible, with high speed data 
latches and interface logic. The AD7247 accepts 12-bit parallel 
data which is loaded into the respective DAC latch using the 
WR input and a separate Chip Select input for each DAC. The 
AD7237 has a double buffered interface structure and an 8-bit 
wide data bus with data loaded to the respective input latch in 
two write operations. An asynchronous LDAC signal on the 
AD7237 updates the DAC latches and analog outputs. 

A REF OUTIREF IN function is provided which allows either 
the on-chip 5 V reference or an external reference to be used as 
a reference voltage for the part. For single supply operation, two 
output ranges of 0 to + 5 V and 0 to + 10 V are available, while 
these two ranges plus an additional ± 5 V range are available 
with dual supplies. The output amplifiers are capable of devel
oping + 10 V across a 2 kO load to GND. 

The AD7237/AD7247 is fabricated in Linear Compatible CMOS 
(LC2MOS), an advanced, mixed technology process that com
bines precision bipolar circuits with low power CMOS logic. 
Both parts are available in a 24-pin, 0.3" wide plastic and her
metic dual-in-line package (DIP) and are also packaged in a 24-
lead small outline (SOIC) package. 

DACPORT i. a trademark of Analog Devices, Inc. 
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REF 
OUT 

REF 
INA 

REF 
INB 

aBO 

DB' 

LDAC 
os 

Wii 
AO 

AI 

REF 
OUT 

AfFIN 

LC2MOS 
Dual 12-Bit DACPORTs 

AD7237/AD7247 I 
FUNCTIONAL BLOCK DIAGRAMS 

DGND 

v •• 

DBO Q-____ ......J 

D811 0-----......, 
Wii 

CSA 

CSi 

PRODUCT HIGHLIGHTS 

AD7247 

GND VIIS 

I. The AD7237/AD7247 is a duall2-bit DACPORT™ on a 
single chip. This single chip design and small package si2e 
offer considerable space saving and increased reliability over 
multichip designs. 

2. Between them, the AD7237 and AD7247 offer a versatile 
interface arrangement to either 8-bit or l6-bit data bus 
structures. 
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AD7237 /AD7247 SPECIFICATIONS (VDD = +15 V1 ±5%, Vss = 0 Vor -15 V1 ±5%, AGND = ... .. I Ii. - DGND = 0 V [AD7237], GND = 0 V [AD7247], REF IN = +5 V, 
RL = 2 kG, CL = 100 pF. All specifications 1ml• to 1ma. unless otherwise noted.) 

Parameter j,A, S' K,B,T Units Test Conditions/Comments 

STATIC PERFORMANCE 
Resolution 12 12 Bits 
Relative Accuracy' ±I ±1I2 LSBmax 
Differential Nonlinearity' ±0.9 ±0.9 LSB max Guaranteed Monotonic 
Unipolar Offset Error' ±3 ±3 LSB max Vss =0 Vor -IS V. DAC Latch Contents All Os 
Bipolar Zero Error' ±4 ±4 LSB max Vss = -IS V. DAC Latch Contents 

1000 0000 0000 
Full-Scale Error" , ±5 ±5 LSB max 
Full-Scale Mismatch' ±1 ±I LSB typ 

REFERENCE OUTPUT 
REF OUT 

J, K, A, B Versions 4.97/S.03 4.97/S.03 VminlVmax 
S, T Versions 4.9S/S.0S 4.9S/S.0S VminIVmax 

Reference Ten>perature Coefficient ±2S ±2S ppmI"C typ 
Reference Load Change 
(~REF OUT vs. ~I) -1 -I mVmax Reference Load Current Change (0-100 floA) 

REFERENCE INPUT 
Reference Input Range 4.9S/S.0S 4.9S/S.0S VminNmax SV ± 1% 
Input Current' ±S ±S ~max 

DIGITAL INPUTS 
Input High Voltage, V INH 2.4 2.4 V min 
Input Low Voltage, VINL 0.8 0.8 V max 
Input Current 

lIN (Data Inputs) ±IO ±IO floAmax VIN = 0 V to Voo 
IINH (Control Inputs)" ±IO ±IO floAmax VIN = Voo 
IlNL (Control Inputs)" -ISO -ISO floAmax VIN = OV 

Input Capacitance' 16 16 pFmax 

ANALOG OUTPUTS 
Output Range Resistors IS/30 IS/30 k!l minlkn max 
Output Voltage Ranges +5, +10 +5, +10 V V ss = 0 V. Pin Strappable 
Output Voltage Ranges +S, +10, +S, +10, 

±S ±S V Vss = -IS V. Pin Strappable 
DC Output Impedance O.S O.S n typ 

AC CHARACTERISTICS' 
Voltage Output Settling Time Settling Time to Within ± 1/2 LSB of Final Value 

Full-Scale Change Voo = +15 V, Vss = -IS V 
J, K, A, B Versions 10 10 flos max 
S, T Versions 12 12 flosmax 

Digital-ta-Analog Glitch Impulse' 30 30 nVsecstyp 
Digital Feedthrongh' 10 10 nV sees typ 
Digital Crosstalk' 30 30 nVsecstyp 

POWER REQUIREMENTS 
Voo +15 +IS V nom ±5% for Specified Performance Unless Otherwise Stated 
Vss -IS -IS V nom ±S% for Specified Performance Unless Otherwise Stated 
100 IS IS rnA max Output Unloaded. Typically 11 rnA 
Iss (Dual Supplies) S S rnA max Output Unloaded. Typically 3 rnA 

NOTES 
·Parts are functional at V OD = + 12 V ± 10% and V ss = 0 V or -12 V ± 10%. See typical performance graphs. 
'Ten>perature ranges are as follows: J, K Versions, -40"(; to +85"(;; A, B Versions, -40"(; to +85'C; S, T Versions, -55'C to + 125'C. 
'See Terntioology. 
'Measured with respect to REF IN and includes unipolarlbipolar offset error. 
'Sample rested @+25"(; to ensure compliance. 
"Control inputs are AD, AI, CS, WR and LDAC for the AD7237 and CSA, CSB and WR for the AD7247. 
Specifications subject to change without notice. 
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AD7237 IAD724 7 

TIMING CHARACTERISTICS1, 2 ~V,jD : ;!5[:D~:~; Vss = 0 V or -15 V ±5%. AGND = DGND = 0 V [AD72371. 

Limit at T min' T max Limit at T min' T max 

Parameter G, K, A, B Versions) (S, T Versions) Units Conditions/Comments 

t, 0 0 ns min CS to WR Setup Time 
t2 0 0 ns min CS to WR Hold Time 
t, 130 150 ns min WR Pulse Width 
t, 128 150 ns min Data Valid to WR Setup Time 
ts' 10 15 ns min Data Valid to WR Hold Time 
£,;4 0 0 ns min Address to WR Setup Time 
t,' 0 0 ns min Address to WR Hold Time 
ts' 100 100 ns min LDAC Pulse Width 

NOTES 
'Sample tested at +25"<: to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) 
and timed from a voltage level of 1.6 V. 

'See Figures 5 and 7. 
'If 0 ns<t,<10 ns, add t, to t,. Ift,'dO ns, add 10 ns to t,. 
4 AD7237 only. 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25°C unless odlerwise noted) 

Voo to GND (AD7247) .............. -0.3 V to +17 V 
VDO to AGND, DGND (AD7237) ....... -0.3 V to +17 V 
Voo to Vss ...................... -0.3 V to +34 V 
AGND to DGND (AD7237) ........ -0.3 V, Voo +0.3 V 
VOUTA', VOUTB ' to AGND (GND) 

..................... Vss -0.3 V to Voo +0.3 V 
REF OUT to AGND (GND) .............. 0 V to V 00 

REF IN to AGND (GND) ........ -0.3 V to Voo +0.3 V 
Digital Inputs to DGND (GND) .... -0.3 V to Voo +0.3 V 
Operating Temperature Range 

Commercial (], K Versions) ........... -40°C to +85°C 
Industrial (A, B Versions) ............ -40°C to +85°C 
Extended (S, T Versions) ............ -55°C to + 125°C 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to +75°C ....... 1000 mW 
Derates above +75°C by .................. 10 mW/oC 

NOTE 
'Short-circuit current is typically 80mA. The outputs may be shorted to 
voltages in this range provided the power dissipation of the package is not 
exceeded. 

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

ORDERING GUIDE 

Relative 
Temperature Accuracy Package 

Modell Range (LSB) Option2 

AD7237JN -40°C to +8SoC ±Imax N-24 
AD7237KN -40°C to +85°C ±112 max N-24 
AD7237JR -40°C to +85°C ±1 max R-24 
AD7237KR -40°C to +85°C ±112 max R-24 
AD7237AQ -40°C to +85°C ±1 max Q-24 
AD7237BQ -40°C to +8SoC ±112 max Q-24 
AD7237SQ - 55°C to + 125°C ±1 max Q-24 
AD7237TQ - 55°C to + 125°C ±112 max Q-24 

AD7247JN -40°C to +85°C ±1 max N-24 
AD7247KN -40°C to +85°C ±112 max N-24 
AD7247JR -40°C to +85°C ±1 max R-24 
AD7247KR -40°C to +85°C ±112 max R-24 
AD7247AQ -40°C to +85°C ±1 max Q-24 
AD7247BQ -40°C to +8SoC ±112 max Q-24 
AD7247SQ - 55°C to + 125°C ±1 max Q-24 
AD7247TQ -55°C to + 125°C ±112 max Q-24 

'To order MIL-STD-883, Class B processed parts, add 1883B to part num· 
ber. Contact local sales office for military data sheet and availability. 

'N = Plastic DIP; Q = Cerdip; R = Small Outline (SOIC). For outline in
formation see Package Information section. 

CAUTION ________________________________________________ _ 

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

WARNING! c:2J 
~~EDEvrcE 
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AD7237/AD7247 
AD7237 PIN FUNCTION DESCRIPTION (DIP PIN NUMBERS) 

Pin Mnemonic 

REF INA 

2 REF OUT 

3 REF INB 

4 RoFSB 

S VOUTB 

6 AGND 

7 DB7 

8-10 DB6-DB4 

11 DB3 

12 DGND 

13 DB2 

14 DBI 

IS DBO 

16 AO 

17 Al 

18 CS 

19 WR 

20 LDAC 

21 VDD 

22 VOUTA 

23 Vss 

24 RoFSA 

Description 

Voltage Reference Input for DAC A. The reference voltage for DAC A is applied to this pin. It is internally 
buffered before being applied to the DAC. The nominal reference voltage for correct operation of the AD7237 
is S V. 

Voltage Reference Output. The internal S V analog reference is provided at this pin. To operate the part with 
internal reference, REF OUT should be connected to REF INA, REF INB. 

Voltage Reference Input for DAC B. The reference voltage for DAC B is applied to this pin. It is internally 
buffered before being applied to the DAC. The nominal reference voltage for correct operation of the AD7237 
is S V. 

Output Offset Resistor for DAC B. This input configures the output ranges for DAC B. It is connected to 
VOUTB for the +S V range, to AGND for the + 10 V range and to REF INB for the ±S V range. 

Analog Output Voltage from DAC B. This is the buffer amplifier output voltage. Three different output 
voltage ranges can be chosen: 0 to +S V, 0 to + 10 V and ±S V. The amplifier is capable of deVeloping + 10 V 
across a 2 kG resistor to GND. 

Analog Ground. Ground reference for DACs, reference and output buffer amplifiers. 

Data Bit 7. 

Data Bit 6 to Data Bit 4. 

Data Bit 3IData Bit 11 (MSB). 

Digital Ground. Ground reference for digital circuitry. 

Data Bit 2IData Bit 10. 

Data Bit lIData Bit 9. 

Data Bit 0 (LSB)lData Bit 8. 

Address Input. Least significant address input for input latches. AO and A 1 select which of the four input 
latches data is written to (see Table II). 

Address Input. Most significant address input for input latches. 

Chip Select. Active low logic input. The device is selected when this input is active. 

Write Input. WR is an active low logic input which is used in conjunction with CS, AO and Al to write data 
to the input latches. 

Load DAC. Logic input. A new word is lo~ded into the DAC latches from the respective input latches on the 
falling edge of this signal. 

Positive Supply, + IS V. 

Analog Output Voltage from DAC A. This is the buffer amplifier output voltage. Three different output 
voltage ranges can be chosen: 0 to +S V, 0 to + 10 V and ±S V. The amplifier is capable of developing + 10 V 
across a 2 kG resistor to GND. 

Negative Supply, -15 V. 

Output Offset Resistor for DAC A. This input configures the output ranges for DAC A. It is connected to 
VOUTA for the +S V range, to AGND for the + 10 V range and to REF INA for the ±S V range. 
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AD7247 PIN FUNCTION DESCRIPTION (DIP PIN NUMBERS) 

Pin Mnemonic 

REF OUT 

2 RoFsB 

3 VOUTB 

4 DBll 

5 DBI0 

6 GND 

7-15 DB9-DBI 

16 DBO 

17 CSB 

18 CSA 

19 WR 

20 VDD 

21 VOUTA 

22 Vss 

23 RoFsA 

24 REF IN 

Description 

Voltage Reference Output. The internalS V analog reference is provided at this pin. To operate the part with 
internal reference, REF OUT should be connected to REF IN. 

Output Offset Resistor for DAC B. This input configures the output ranges for DAC B. It is connected to 
V OUTB for the + 5 V range, to GND for the + 10 V range and to REF IN for the ± 5 V range. 

Analog Output Voltage from DAC B. This is the buffer amplifier output voltage. Three different output 
voltage ranges can be chosen: 0 to +5 V, 0 to + 10 V and ± 5 V. The amplifier is capable of developing 
+ 10 V across a 2 kG resistor to GND. 

Data Bit 11 (MSB). 

Data Bit 10. 

Ground. Ground reference for all on-chip circuitry. 

Data Bit 9 to Data Bit I. 

Data Bit 0 (LSB). 

Chip Select Input for DAC B. Active low logic input. DAC B is selected when this input is active. 

Chip Select Input for DAC A. Active low logic input. DAC A is selected when this input is active. 

Write Input. WR is an active low logic input which is used in conjunction with CSA and CSB to write data to 
the DAC latches. 

Positive Supply, + 15 V. 

Analog Output Voltage from DAC A. This is the buffer amplifier output voltage. Three different output 
voltage ranges can be chosen: 0 to + 5 V, 0 to + 10 V and ± 5 V. The amplifier is capable of developing + 10 V 
across a 2 kG resistor to GND. 

Negative Supply, -15 V. 

Output Offset Resistor for DAC A. This input configures the output ranges for DAC A. It is connected to 
VOUTA for the + 5 V range, to GND for the + 10 V range and to REF IN for the ± 5 V range. 

Voltage Reference Input. The common reference voltage for both DACs is applied to this pin. It is internally 
buffered before being applied to both DACs. The nominal reference voltage for correct operation of the 
AD7247 is 5 V. 

AD7237 PIN CONFIGURATIONS AD7247 PIN CONFIGURATIONS 

DIP and SOiC DIP and SOiC 

• 110 ... • REF IN 

v •• ROFSA 

VOUTA V •• 

v •• VOUTA 

LDAC V .. 

AD7237 WR AD7247 i'iiii 
TOP VIEW TOP VIEW 

(Not to Scale) CS fNot to Scale) CSA 

AI CSB 

AO DBO 

DBO DBI 

DBI DB2 

DB2 DB3 
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AD7237/AD7247, 
TERNUNOLOGY . 
RELATIVE ACCURACY (LINEARITY) 
Relative Accuracy, or endpoint linearity, is a measure of the 
maximum deviation of the DAC transfer function from a 
straight line passing through the endpoints of the transfer func
tion. It is measured after allowing for zero and full-scale errors 
and is expressed in LSBs or as a percentage of full-scale reading. 

DIFFERENTIAL NONLINEARITY 
Differential Nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± 1 LSB or less 
over the operating temperature range ensures monotonicity. 

SINGLE SUPPLY LINEARITY AND GAIN ERROR 
The output amplifiers of the AD7237/AD7247 can have true 
negative offsets even when the part is operated from a single 
+ 15 V supply. However, because the negative supply rail (Vss) 
is'O V, the output cannot actually go negative. Instead, when 
the output offset voltage is negative, the output voltage sits at 
o V, resulting in the transfer function shown in Figure 1. This 
"knee" is an offset effect, not a linearity error, and the transfer 
function would have followed the dotted line if the output volt
age could have gone negative. 

OUTPUT 
VOLTAGE 

OV~~~~ __________________ ~ 

DACCODE NEGATIVE { • 
OFFSET 

Figure 1. Effect of Negative Offset (Single Supply) 
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Normally, linearity is measured between zero (aliOs input code) 
and full scale (all Is input code) after offset and full scale have 
been adjusted oUt or allowed for, but this is not possible in sin
gle supply operation if the offset is negative, due to the knee in 
the transfer function. Instead, linearity of the AD7237/AD7247 
in the unipolar mode is measured between full scale and the 
lowest code which is guaranteed to produce a positive output 
voltage. This code is calculated from the maximum specification 
for negative offset, i.e., linearity is measured between Codes 3 
and 4095. 

UNIPOLAR OFFSET ERROR 
Unipolar Offset Error is the measured output voltage from 
V OUTA or VOUTB with all zeros loaded into the DAC latches 
when the DACs are configured for unipolar output. It is a com
bination of the offset errors of the DAC and output amplifier. 

BIPOLAR ZERO ERROR 
Bipolar Zero Error is the voltage measured at V OUT A or V OUTB 

when the DAC is connected in the bipolar mode and loaded 
with code 2048. It is due to a combination of offset errors in the 
DAC, amplifier offset and mismatch in the application resistors 
around the amplifier. 

FULL-SCALE ERROR 
Full-Scale Error is a measure of the output error when the am
plifier output is at full scale (for the bipolar output range full 
scale is either positive or negative full scale). It is measured with 
respect to the reference input voltage arid includes the offset 
errors. 

DIGITAL FEEDTHROUGH 
Digital Feedthrough is the glitch impulse injected for the digital 
inputs to the analog output when the data inputs change state, 
but the data in the DAC latches is not changed. 

For the AD7237 it is measured with LDAC held high. For the 
AD7247 it is measured with CSA and CSB held high. 

DIGITAL CROSSTALK 
Digital crosstalk is the glitch impulse transferred to the output 
of one converter due to a change in digital code to the DAC 
latch of the other converter. It is specified in n V secs. 

DIGITAL-TO-ANALOG GLITCH IMPULSE 
This is the voltage spike that appears at the output of the DAC 
when the digital code changes before the output settles to its 
f:nal value. The energy in the glitch is specified in n V secs and 
is measured for a 1 LSB change around the major carry transi
tion (Olll 1111 llli to 100000000000). 
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Typical Performance Graphs-AD7237/AD7247 
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AD7237/AD7247 
CIRCUIT INFORMATION 
D/A Section 
The AD7237/AD7247 contains two 12-bit voltage-mode D/A 
converters consisting of highly stable thin fIlm resistors and high 
speed NMOS single-pole, double-throw switches. The output 
voltage from the converters has the same polarity as the refer
ence voltage, REF IN, allowing single supply operation. The 
simplified circuit diagram for one of the DI A converters is 
shown in Figure 2. 

The REF IN voltage is internally buffered by a unity gain 
amplifier before being applied to the D/A converters. The D/A 
converters are configured and scaled for a 5 V reference and the 
device is tested with 5 V applied to REF IN. 

R R R R 

2ft 2R 2R ZR 2R 2R 

080 081 DB9 DB'O DB" 

REF IN" -t-t ..... +..--c .... - ... --ir-+-t .... SHOWN FOR ALL 18 ON DAt 

AGND 
IGND. AD72471 

"BUFFERED REF IN VOLTAGE 

Figure 2. DIA Simplified Circuit Diagram 

Internal Reference 
The AD7237/AD7247 has an on-chip temperature compensated 
buried Zener reference (see Figure 3) which is factory trimmed 
to 5 V ±30 mV (±50 mV for S, T Versions). The reference 
voltage is provided at the REF OUT pin. This reference can be 
used to provide the reference voltage for the DI A converter (by 
connecting the REF OUT pin to the REF IN pin) and the off
set voltage for bipolar outputs (by connecting REF OUT to 

RoFS)· 

The reference voltage can also be used as a reference for other 
components and is capable of providing up to 500 !1A to an 
external load. The maximum recommended capacitance on REF 
OUT for nortnal operation is 50 pF. If the reference is required 
for external use, it should be decoupled to AGND (GND) with 
a 200 0 resistor in series with parallel combination of a 10 fLF 
tantalum capacitor and a 0.1 fLF ceramic capacitor. 

AGNDIGNDI REF OUT 

Ie IS TEMPERATURE COMPENSATION CURRENT 

Figure 3. Internal Reference 
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External Reference 
In some applications, the user may require a system reference or 
some other external reference to drive the AD7237/AD7247 
reference input. References such as the AD586 5 V reference 
provide the ideal external reference source for the AD72371 
AD7247 (see Figure 9). 

Op Amp Section 
The output of the voltage-mode D/A converter is buffered by a 
noninverting CMOS amplifier. The RoFS input allows different 
output voltage ranges to be selected. The buffer amplifier is 
capable of developing + 10 V across a 2 kO load to GND. The 
output amplifier can be operated from a single + IS V supply by 
tying Vss=O V. The amplifier can also be operated from dual 
supplies (± IS V) to allow a bipolar output range of - 5 V to 
+ 5 V. The advantages of having dual supplies for the unipolar 
output ranges are faster settling time to voltages near 0 V, full 
sink capability of 2.5 mA maintained over the entire output 
range and the elimination of the effects of negative offsets on the 
transfer characteristic (outlined previously). A plot of the single 
supply output sink capability of the amplifier is shown in the 
Typical Perfortnance Graphs section. 

INTERFACE LOGIC INFORMATION - AD7247 
Table I shows the truth table for AD7247 operation. The part 
contains a single, parallel 12-bit latch for each DAC. It can be 
treated as two independent DACs, each with its own CS input 
and a common WR input. CSA and WR control the loading of 
data to the DAC A latch while CSB and WR control the loading 
of the DAC B latch. If CSA and CSB are both low, with WR 
low, the same data will be written to both DAC latches. All con
trol signals are level triggered and therefore either or both 
latches can be made transparent. Input data is latched to the 
respective latch on the rising edge of WR. Figure 4 shows tile 
input control logic for the AD724 7, while the write cycle timing 
diagram for the part is shown in Figure 5. 

CSA -------\ 

WR ----4....----/ 

CSB -------/ 

DACA LATCH 

DAC B LATCH 

Figure 4. AD7247 Input Control Logic 

t, --l 1--" ---1-,1--_" __ _ , r 
DATA 

1-- .. =+1 1-- .. _____ ...,1 --J 1,...--____ _ 

_____ .... ~ ~~~ X~ ____ _ 
Figure 5. AD7247 Write Cycle Timing Diagram 

REV. A 



AD7237/AD7247 

~--------------------~-q 
Ci '---r--.::--' 

WIi 

AO 

A1 

DB7 DBO 

Figure 6. AD7237 Input Control Logic 

CSA CSB WR Function 

X X I No Data Transfer 
I I X No Data Transfer 
0 I 0 DACA Latch Transparent 
I 0 0 DACB Latch Transparent 
0 0 0 Both DAC Latches Transparent 

X=Don'[ Care 

Table I. AD7247 Truth Table 

INTERFACE LOGIC INFORMATION - AD7137 
The input loading structure on the AD7237 is configured for 
interfacing to microprocessors with an 8-bit-wide data bus. The 
part contains two 12-bit latches per DAC - an input latch and a 
DAC latch. Each input latch is further subdivided into a least 
significant 8-bit latch and a most significant 4-bit latch. Only 
the data held in the DAC latches determines the outputs from 
the part. The input control logic for the AD7237 is shown in 
Figure 6, while the write cycle timing diagram is shown in 
Figure 7. 

CS, WR, AO and Al control the loading of data to the input 
latches. The eight data inputs accept right-justified data. Data 
can be loaded to the input latches in any sequence. Provided 
that LDAC is held high, there is no analog output change as a 
result of loading data to the input latches. Address lines AO and 
Al determine which latch data is loaded to when CS and WR 
are low. The selection of the input latches is shown in the truth 
table for AD7237 operation in Table II. 

The LDAC input controls the transfer of 12-bit data from the 
input latches to the DAC latches. Both DAC latches, and hence 
both analog outputs, are updated at the same time. The LDAC 
signal is level triggered and data is latched into the DAC latch 
on the rising edge of LDAC. The LDAC input is asynchronous 
and independent of WR. This is useful in many applications 
especially in the simultaneous updating of multiple AD7237s. 

REV. A 

cs WR Al AO LDAC Function 

I X X X I No Data Transfer 
X I X X I No Data Transfer 
0 0 0 0 I DAC A LS Input Latch Transparent 
0 0 0 I I DAC A MS Input Latch Transparent 
0 0 I 0 I DAC B LS Input Latch Transparent 
0 0 I I I DAC B MS Input Latch Transparent 
I I X X 0 DACA and DACB DAC Latches 

Updated Simultaneously from the 
Respective Input Latches 

x = Don'[ Care. 

Table II. AD7237 Truth Table 

However, care must be taken while exercising LDAC during a 
write cycle. If an LDAC operation overlaps a CS and WR oper
ation, there is a possibility of invalid data being latched to the 
output. To avoid this, LDAC must remain low after CS or WR 
return high for a period equal to or greater than [8' the mini
mum LDAC pulse width. 

AO/A1 __ --'~ ADDRESS VALID X'--________ _ 
.. ---I t- -j r""'--· ...;...t, __ _ 

~I :1 
t,~ ~ .. _,~~--.. ------__ -

\ I 
1-'-::= ~ .. 

DATA -----..... t ~~~: Xr=;.....;;--------

Figure 7. AD7237 Write Cycle Timing Diagram 
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AD7237/AD7247 
APPLYING THE AD1237iAD7241 
The internal scaling resistors provided on the AD72371AD7247 
allow several output voltage ranges. The part can produce uni
polar output ranges of 0 V to +5 Vor 0 V to + 10 V and a 
bipolar output range of ± 5 V. Connections for the various 
ranges are oudined below. Since ,each DAC has its own Rops 

input the two DACs on each part can be set up for different 
output ranges. 

Unipolar (0 V to + 10 V) CoDfiguration 
The first of the configurations provides an output voltage range 
of 0 V to + 10 V. This is achieved by connecting the output off
set resistor, RoPSA> or RoPSB' to AGND (GND for AD7247). 
In this configuration, the AD7237/AD7247 can be operated 
from single or dual supplies. Figure 8 shows the connection dia
gram for unipolar operation for DAC A of the AD7237, while 
the table for output voltage versus digital code in the DAC latch 
is shown in Table III. Similar connc;ctions apply to the AD7247. 

+1SV' 

DGND 

Figure 8. Unipolar (0 to + 10 V) Configuration 

DAC Latch Contents 
MSB LSB 

1111 llll 1111 
1000 0000 000 I 
1000 0000 0000 
OlIlllIlIlll 
0000 0000 0001 
0000 0000 0000 

Analog Output, V OUT 
+2 . REF IN. (4095/4096) 
+ 2 . REF IN" (2049/4096) 
+2· REF IN· (204814096) = +REF IN 
+2· REF IN· (2047/4096) 
+2 . REF IN . (114096) 
OV 

Note: I LSB = REF INI2048. 

Table III. Unipolar Code, Table (O,to + 10 V Range) 
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uDipolar (0 V to +5 V) Configuration 
The 0 V to + 5 V output voltage range is achieved by tying 
RoPSA or RoPSB to VOUTAor VOUTB' Once again, the 
AD7237/AD7247 can be operated single supply or from dual 
supplies. The table Jor output voltage versus digital code is as in 
Table III, with 2 . REF IN replaced by REF IN. Note, for this 
range, I LSB = REF IN· (2-1Z) = (REF IN/4096). 

, Bipolar CoDfiguration 
The bipolar configuration for the AD7237/AD7247, which gives 
an output range of -5 V to +5 V, is achieved by connecting 
RoPSA' or RoPSB' to REF IN. The AD7237/AD7247 must be 
opetated from dual supplies to achieve this output voltage range. 
Figure 9 shoWs the connection diagram for bipolar operation for 
DAC A of the AD7247. ,An AD586 provides the reference volt
age for the DAC but this could be provided by the on-chip ref
erence by connecting REF OUT to REF IN. The code table for 
bipolar operation is shown in Table IV. Similar connections 
apply for the AD7237. 

+15V 

Figure 9. Bipolar Configuration 

DAC Latch Contents 
MSB LSB Analog Output, VOUT 

+ REF IN . (2047/2048) 
+ REF IN . (1/2048) 
OV 
- REF IN . (1/2048) 
-REF IN . (2047/2048) 

-1SV 

11Il 1111 1111 
1000 0000 0001 
1000 0000 0000 
01Il 1Il1 llli 
0000 0000 0001 
0000 0000 0000 - REF IN . (2048/2048) = -REF IN 

Note: I LSB = REF IN/2048. 

Table IV. Bipolar Code Table 
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MICROPROCESSOR INTERFACING - AD7247 
Figures 10 to 12 show interfaces between the AD7247 and the 
ADSP-2101 DSP processor and the 8086 and 68000 16-bit 
microprocessors. In all three interfaces, the AD7247 is memory
mapped with a separate memory address for each DAC. 

AD7247 - ADSP-2101 Interface 
Figure 10 shows an interface between the AD7247 and the 
ADSP-2101. The 12-bit word is written to the selected DAC 
latch of the AD7247 in a single instruction, and the analog out
put responds immediately. Depending on the clock frequency of 
the ADSP-2101, either one or two wait states will have to be 
programmed into the data memory wait state control register of 
the ADSP-2101. 
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Figure 10. AD7247 to ADSP-2101lnterface 

AD7247 - 8086 Interface 
Figure 11 shows an interface between the AD7247 and the 8086 
microprocessor. The 12-bit word is written to the selected DAC 
latch of the AD7247 in a single MOV instruction, and the ana
log output responds immediately. 
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Figure 11. AD7247 to 8086 Interface 
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AD7237/AD7247 
AD7247 - MC68000 Interface 
Interfacing between the AD7247 and the MC68000 microproces
sor is achieved using the circuit of Figure 12. Once again, the 
l2-bit word is written to the selected DAC latch of the AD7247 
in a single MOVE instruction. CSA and CSB have to be AND
gated to provide a DTACK signal for the MC68000 when either 
DAC latch is selected. 

MC68000 

Li5ii \-----.:," 
.1iN \------,L/ 

0 •• 1---..... 
DO 

*ADDmONAL PINS OMITTED FOR CLARITY 

Figure 12. AD7247 to MC68000 Interface 

MICROPROCESSOR INTERFACING - AD7237 
Figures 13 to 15 show the AD7237 cOnfigured for interfacing to 
microprocessors with 8-bit databus systems. In all cases, data is 
right-justified, and the AD7237 is memory-mapped with the two 
lowest address lines of the microprocessor address bus driving 
the AO and Al inputs of the converter. 

AD7237 - 808SAI8088 Interface 
Figure 13 shows the connection diagram for interfacing the 
AD7237 to both the 8085A and the 8088. This scheme is also 
suited to the Z80 microprocessor, but the Z80 addressldatabus 
does not have to be demultiplexed. The AD7237 requires five 
separate memory addresses, one for the each MS latch and one 
for each LS latch and one for the common LDAC input. Data is 
written to the respective input latch in two write operations. 
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Figure 13. AD7237 to 8085A/8088 Interface 
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AD7237/AD7247 • 
Either high byte or low byte data can be written first to the 
input latch. A write to the AD7237 DAC Latch address tranS
fers the data from the input latches to the respective DAC 
latches and updates both analog outputs. Alternatively, the 
LDAC input can be asynChronOus or can be common to a num
ber of AD7237s for Sfrnultantous updating of a number of volt
age channels. 

AD7237 - 68008 Interface 
An interface between the AD7237 and the 68008 is shown in 
Figure 14. In the diagram shown, the LDAC is derived from an 
asynchronous LDAC signal, but this can be derived from the 
address decoder as in the previous interface diagram. 

.__--_De7 

071-----
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Figure 14. AD7237 to 68008 Interlace 
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AD7137 - 650216809 Interface 
Figure 15 shows an interface between the AD7237 and the 6502 
or 6809 microprocessor. The procedure for writing data to the 
AD7237 is as outlined for the 80SSA/8088 interface. For the 
6502 microprocessor, the <1>2 clock is used to generate the WR., 
while for the 6809 the E signal is used. 

A07237* 
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'-------" "ADDITIONAL PINS OMITTt!O FOR CLA!IITY 

Figure 15. AD7237 to 650216809 Interlace 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Two 12-BitI14-Bit DACs with Output Amplifiers 

AD7242: 12-Bit Resolution 
AD7244: 14-Bit Resolution 

On-Chip Voltage Reference 
Fast Settling Time 

AD7242: 3 Jl.S to ±112 LSB 
AD7244: 4 Jl.s to ±112 LSB 

High Speed Serial Interface 
Operates from ±5 V Supplies 
Low Power - 130 mW typ 

GENERAL DESCRIPTION 
The AD7242/AD7244 is a fast, complete, dual 12-bitlI4-bit volt
age output D/A converter. It consists of a l2-bitlI4-bit DAC, 
3 V buried Zener reference, DAC output amplifiers and high 
speed serial interface logic. 

Interfacing to both DACs is serial, minimizing pin count and 
allowing a small package size. Standard control signals allow 
interfacing to most DSP processors and microcontrollers. Asyn
chronous control of DAC updating for both DACs is made pos
sible with a separate LDAC input for each DAC. 

The AD7242/AD7244 operates from ±S V power supplies, pro
viding an analog output range of ±3 V. A REF OUT/REF IN 
function allows the DACs to be driven from the on-chip 3 V 
reference or from an external reference source. 

The AD7242/AD7244 is fabricated in Linear Compatible CMOS 
(LC2MOS), an advanced mixed technology process that com
bines precision bipolar circuits with low power CMOS logic. 
Both parts are available in a 24-pin, 0.3 inch wide, plastic or 
hermetic dual-in-line package (DIP) and in a 28-pin, plastic 
small outline (SOlC) package. The AD7242 and AD7244 are 
available in the same pinout to allow easy upgrade from l2-bit 
to 14-bit performance. 
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LC2MOS Dual, Complete, 
12-Bitl14-Bit Serial DACs 

AD72421AD7244 I 
FUNCTIONAL BLOCK DIAGRAM 

Vss Vss 

REF INA 

ffiA b----.r-;;;,;;~..., 
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ffii O----... -;;~:;_..., 
TClKB 0------1 
DTBQ-------~ __ ~~~ 

TP1 TP2 TP3 

REF OUT 

'>---..---.flIloUT• 

REFINB 

AGND AGND DGND DGND 

PRODUCT HIGHLIGHTS 
1. Complete, Dual l2-BitlI4-Bit DACs 

The AD7242/AD7244 provides the complete function for 
generating voltages to 12-bitlI4-bit resolution. The part fea
tures an on-chip reference, output buffer amplifiers and two 
l2-bitll4-bit D/A converters. 

2. High Speed Serial Interface 
The AD7242/AD7244 provides a high speed, easy-to-use, 
serial interface allowing direct interfacing to DSP processors 
and microcontrollers. A separate serial port is provided for 
each DAC. 

3. Small Package Size 
The AD7242/AD7244 is available in a 24-pin DIP and a 28-
pin SOIC package offering considerable space saving over 
comparable solutions. 
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AD724,) /AD7244 SPECIFICA'IIONS (Voo = +5 V ± 5%, Vss = -5V ± 5%, AIIND = DIIND = 
. . 101ft -. ft 0 V. REF INA = REF INB :i: +3 V. VDUTA' VDUTB load to AGND: RL' 

:i:: 2 kG. CL =100 pF. All Specifications Tmln to Tmax unless otherwise noted.) 

AD7242 
Parameter J, A Venions' K, B Versions' Units 

DC ACCURACY 
Resolution 12 12 Bits 
Integral Nonlinearity ±I ±112 LSB max 
Differential Nonlinearity ±I ±I LSB max 
Bipolar Zero Error ±5 ±5 LSBmax 
Positive Full-Scale Error ±5 ±5 LSB max 
Negative Full·Scale Error ±5 ±5 LSBmax 

REFERENCE OUTPUT' 
REF OUT@ +25'C 2.99/3.01 2.99/3.01 V miDIV max 

Tmin to Tmax 2.98/3.02 2.98/3.02 VmiDlVmax 
REF OUT Tempco 35 35 ppmf'C typ 
Reference Load Change 

(AREF OUT vs. AI) -I -I mVmax 

REFERENCE INPUTS 
REF INA, REF INB Input Range 2.85/3.15 2.85/3.15 VmiDlVmax 
Input Current I 1 pA max 

LOGIC INPUTS 
(LDACA, LDACB, TFSA, TFSB, 
TCLKA,TCLKB,DTA,DTB) 

Input High Voltage, V INH 2.4 2.4 V min 
Input Low Voltage, V INL 0.8 0.8 V max 
Input Current, lIN ±1O ±1O ILAmax 
Input Capacitance, CIN 

4 10 10 pFmax 

ANALOG OUTPUTS 
(VOUTA> VOUTB) 

Output Voltage Range ±3 ±3 V nom 
DC Output Impedance 0.1 0.1 n typ 
Short Circuit Current 20 20 mAtyp 

AC CHARACTERISTICS' 
Voltage Output Settling Time 

Positive Full-Scale Change 3 3 ILsmax 
Negative Full-Scale Change 3 3 ILsmax 

Digital-tn-Analog Glitch Impulse 10 10 nV sees typ 
Digital Feedthrough 2 2 nV sees typ 
Channel-to-Channel Isolation llO llO dB typ 

POWER REQUIREMENTS 
VDD +5 +5 V nom 

Vss -5 -5 V nom 

IDD 27 27 mAmax 

Iss 12 12 mAmax 
Total Power Dissipation 195 195 mWmax 

NOTES 
'Temperature ranges are as follows: J, K Versions: O'C to +7O'C; A, B Versions: -4O'C to +85'C. 
2 Measured with respect to REF IN and includes bipolar offset error. 
3Por capacitive loads greater than SO pF a series resistor is required (see Internal Reference section). 
'Sample tested @ + 25"C to ensure compliance. 

Specifications subject to change without notice. 

AD7242 ORDERING GUIDE 

Temperature Integral 
Model Range Nonlinearity 

AD7242JN O°C to +70°C ±1 LSB max 
AD7242KN O°C to +70°C ±lf2 LSB max 
AD7242JR O°C to +70°C ±1 LSB max 
AD7242KR O°C to + 70"C ±lf2 LSB max 
AD7242AQ -40°C to +85°C ±1 LSB max 
AD7242BQ -40°C to +85°C ±lf2 LSB max 

Test ConditionslComments 

Guaranteed Monotonic 

Reference Load Current Change (0-500 pA) 

3V ± 5% 

VDD = 5 V ± 5% 
VDD = 5 V ± 5% 
VIN = OVtOVDD 

Settling Time to Within ± 112 LSB of Fitlal Value 
Typically 2 ILS 
Typically 2 ILS 
DAC Code Change All Is to All Os 

VOUT = 10 kHz Sine Wave 

±5% for Specified Performance 
±5% for Specified Performance 
Cumulative Current from the Two V DD Pins 
Cumulative CUrrent from the Two V ss Pitls 
Typically 130 m W 

Package 
Option* 

N-24 
N-24 
R-28 
R-28 
Q-24 
Q-24 

*N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For 
outline information see Package Information section. 
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AD72421AD7244 
AD7244 

Parameter J/A Versions' S Version' Units Test Conditions/Comments 

DC ACCURACY 
Resolution 14 14 Bits 
Integral Nonlinearity ±2 ±2 LSB max 
Differential Nonlinearity ±I ±I LSB max Guaranteed Monotonic 
Bipolar Zero Error ±IO ±IO LSB max 
Positive Full-Scale Error ±IO ±IO LSB max 
Negative Full-Scale Error ±10 ±IO LSBmax 

REFERENCE OUTPUT' 
REF OUT@ +25'C 2.99/3.01 2.99/3.01 VminIV max 

Tmin to Tmax 2.98/3.02 2.98/3.02 VminIV max 
REF OUT Tempco 35 35 ppmI'C typ 
Reference Load Change 

(AREF OUT vs. AI) -1 -I mVmax Reference Load Current Change (G-500 !LA) 
REFERENCE INPUTS 

REF INA, REF INB Input Range 2.85/3.15 2.85/3.15 VminIV max 3V ± 5% 
Input Current 1 1 !LA max 

LOGIC INPUTS 
(LDACA, LDACB, TFSA, TFSB, 
TCLKA, TCLKB, DTA, DTB) 

Input High Voltage, V INH 2.4 2.4 V min Voo = 5 V ± 5% 
Input Low Voltage, V'NL 0.8 0.8 V max Voo = 5 V ± 5% 
Input Current, lIN ±IO ±IO ILAmax VIN = OVtoVoo 
Input Capacitance, CIN' 10 10 pFmax 

ANALOG OUTPUTS 
(VOUTA> YOUTH) 

Output Voltsge Range ±3 ±3 V nom 
DC Output Impedance 0.1 0.1 o typ 
Short Circuit Current 20 20 mAtyp 

AC CHARACTERISTICS' 
Voltage Output Settling Time Settling Time to Within ± 1/2 LSB of Final Value 

Positive Full-Scale Change 4 4 ILS max Typically 2.5 .. s 
Negative Full-Scale Change 4 4 .. smax Typically 2.5 .. s 

Digital-to-Analog Glitch Impulse 10 10 nV sees typ DAC Code Change All Is to All Os 
Digital Feedtbrough 2 2 nV sees typ 
Channel-ta-Channel Isolation 110 110 dB typ VOUT = 10 kHz Sine Wave 

POWER REQUIREMENTS 
Voo +5 +5 V nom ±5% for Specified Performance 

Vss -5 -5 V nom ±5% for Specified Performance 

100 27 28 mAmax Cumulative Current from the Two V 00 Pins 

Iss 12 13 mAmax Cumulative Current from the Two V ss Pins 
Total Power Dissipation 195 205 mWmax Typically 130 mW 

NOTES 
'Temperature ranges are as follows: J Version: O'C to +70'C; A Version: -4O'C to +85"C; S Version: -55'C to + 125'C. 
'Measured with respect to REF IN and includes bipolar offset error. 
'For capacitive loads greater than 50 pF a series resistor is required (see Internal Reference section). 
'Sample tested @ +25"C to ensure compliance. 
Specifications subject to change without notice. 

REV. 0 

AD7244 ORDERING GUIDE 

Temperature Integral Package 
Modell Range Nonlinearity Option2 

AD7244JN O°C to +70°C ±2 LSB max N-24 
AD7244JR O°C to +70°C ±2 LSB max R-28 
AD7244AQ -40°C to +8SoC ±2 LSB max Q-24 
AD7244SQ3 -55°C to + 125°C ±2 LSB max Q-24 

NOTES 
'To order MIL-STD-883, Class B, processed parts, add 1883B to part num
ber. Contact local sales office for military data sheet and availability. 

'N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline 
information see Package Information section. 

'This grade will be available to 1883B processing only. 
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AD72421AD7244 

TIMING CHARACTERISTICS1, 2 (Yuu = +5 V ± 5%, Vss = -5 V ± 5%, ASND = DSND = 0 V) 

Limit at T ",0., T max Limit at T,..;", Tmax 
Parameter G, K, A, B Versions) (S Version) Units Conditions/Comments 

t1 50 50 nsmin TFS to TCLK Falling Edge 
t2 75 100 nsmin TCLK Falling Edge to rn 
t/ ISO 200 nsmin TCLK Cycle Time 
t. 30 40 nsmin Data Valid to TCLK Setup Time 
t5 75 100 nsmin Data Valid to TCLK Hold Time 
~ 40 40 nsmin LDAC Pulse Width 

NOTES 
'Timing specifications are sample tested at + 2S'C to ensure compliance. All input signals are specified with tr ~ tf ~ S ns (10% to 90% of S V) and tinted from 
a voltage level·of 1.6 V. 

2See Figure 6. 
'TCLK Mark/Space ratio is 40/60 to 60140. 

ABSOLUTE MAXIMUM RATINGS· 
(T A ~ + 25'C unless othetWise noted) 

Voo toAGND ..... ; ......•....... -0.3 V to +7 V 
Vss to AGND ..................... +0.3 V to -7 V 
AGND to DGND ............. -0.3 V to Voo + 0.3 V 
VOUT to AGND •...................... Vss to Voo 
REF OUT to AGND ........... -0.3 V to Voo + 0.3 V 
REF INA, REF INB to AGND .... -0.3 V to Voo + 0.3 V 
Digital Inputs to DGND ......... -0.3 V to Voo + 0.3 V 
Operating Temperature Range 

}, K Versions ...................... O°C to +70°C 
A, B Versions ...........•........ -40°C to + 85°C . 
S Version .........•.•.......... -55°C to + 125°C 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... +300OC 
Power Dissipation (Any Package) to +75°C ..•.... 550 mW 
Derates above +75°C by ................... 6 mWrC 

·Stresses above those 1isted under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

CAUTION ______________________________________________ ___ 

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

DIP 

VDD 

TP3 

DGND 

TClKB 

DTB 

TFSB 

LDACB 
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DIP 
Pin No. Mnemonic 

LDACA 

2 TFSA 

3 DTA 

4 TCLKA 

5 DGND 

6 TPI 

7 Voo 

8 AGND 

9 VOUTB 

10 Vss 

11 TP2 

12 REF INB 

13 LDACB 

14 TFSB 

15 DTB 

16 TCLKB 

17 DGND 

18 TP3 

19 Voo 

20 AGND 

21 VOUTA 

22 Vss 

23 REF OUT 

24 REF INA 
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AD72421AD7244 
AD7242JAD7244 PIN FUNCTION DESCRIPTION 

Description 

Load DAC, Logic Input. A new word is transferred into DAC Latch A from input Latch A on the falling 
edge of this signal. If LDACA is hard-wired low, data is transferred from input Latch A to DAC Latch A 
on the sixteenth falling edge of TCLKA after TFSA goes low. 

Transmit Frame Synchronization, Logic Input. This is a frame or synchronization signal for DACA data 
with serial data expected after the falling edge of this signal.· 

Transmit Data, Logic Input. This is the data input which is used in conjunction with TFSA and TCLKA 
to transfer serial data' to input Latch A. 

Transmit Clock, Logic Input. Serial data bits for DACA are latched on the falling edge of TCLKA when 
TFSAis low. 

Digital Ground. Both DGND pins for the device must be tied together at the device. 

Test Pin 1. Used when testing the device. Do not connect anything to this pin. 

Positive Power Supply, 5 V ± 5%. Both V 00 pins for the device must be tied together at the device. 

Analog Ground. Both AGND pins for the device must be tied together at the device. 

Analog Output Voltage from DACB. This output comes from a buffer amplifier. The range is bipolar, 
±3 V with REF INB = +3 V. 

Negative Power Supply, -5 V ± .5%. Both Vss pins for the device must be tied together at the device. 

Test Pin 2. Used when testing the device. Do not connect anything to this pin. 

DACB Voltage Reference Input. The voltage reference for DACB is applied to this pin. It is internally 
buffered before being applied to DACB. The nominal reference voltage for correct operation of the 
AD7242/AD7244 is 3 V. 

Load DAC, Logic Input; A new word is transferred into DAC Latch B from input Latch B on the falling 
edge of this signal. If LDACB is hard-wired low, data is transferred from input Latch B to DAC Latch B 
on the sixteenth falling edge of TCLKB after TFSB goes low. 

Transmit Frame Synchronization, Logic Input. This is a frame or synchronization signal for DACB data 
with serial data expected after the falling edge of this signal. 

Transmit Data, Logic Input. This is the data input which is used in conjunction with TFSB and TCLKB 
to transfer serial data to input Latch B. 

Transmit Clock, Logic Input. Serial data bits for DACB are latched on the falling edge of TCLKB when 
TFSB is low. 

Digital Ground. Both DGND pins for the device must be tied together at the device. 

Test Pin 3. Used when testing the device. Do not connect anything to this pin. 

Positive Power Supply,S V ± 5%. Both Voo pins for the device must be tied together at the device. 

Analog Ground. Both AGND pins for the device must be tied together at the device. 

Analog Output Voltage from DACA. This output comes from a buffer amplifier. The range is bipolar, 
±3 V with REF INA = +3 V. 

Negative Power Supply, -5 V ± 5%. Both Vss pins for the device must be tied together at the device. 

Voltage Reference Output. To operate the DACs with this internal reference, REF OUT should be 
connected to both REF INA and REF INB. The external load capability of the reference is 500 f1A. 

DACA Voltage Reference Input. The voltage reference for DACA is applied to this pin. It is internally 
buffered before being applied to DACA. The nominal reference voltage for correct operation of the 
AD7242/AD7244 is 3 V. 
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AD72421AD7244 
CIRCUIT DESCRIPI'ION 
The AD7242/AD7244 contains two 12-bitlI4-bit D/A converters, 
each with an output buffer amplifier. The part also contains a 
reference input buffer amplifier for each DAC and an on-chip 
3 V reference. 

D/A Section 
The AD7242/AD7244 contains two 12-bitlI4-bit voltage-mode 
D/A converters, each consisting of highly stable thin flim resis
tors and high speed single-pole, double-throw switches. The 
simplified circuit diagram for the DAC section is shown in Fig
ure 1. The three MSBs of the data word are deCoded to drive 
the seven switches A-G. On the AD7242, the 9 LSBsswitch a 

AGND 
*BUFFERED REF IN VOLTAGE 

9-bit R-2R ladder structure while on the AD7244, the II LSBs 
switch an 11-bit R-2R ladder structure. The output voltage from 
this converter has the same polarity as the reference voltage, 
REF IN. 

The REF IN voltage is internally buffered by a unity gain am
plifier before being applied to the D/ A converters and the bipo
lar bias circuitry. The D/A converter is configured and scaled 
for a 3 V reference, and the device is tested with 3 V applied to 
REF IN. Operating the AD7242/AD7244 at reference voltages 
outside the ± 5% tolerance range may result in degraded perfor
mance from the part. 

Figure 1. DAC Ladder Structure 

Internal Reference 
The on-chip reference is a temperature-compensated buried Ze
ner reference which is factory trinuned for 3 V ± 10m V. The 
reference can be used to provide both the reference voltage for 
the two D/ A converters and the bipolar biasing circuitry. This is 
achieved by connecting REF OUT to REF INA and REF INB. 

The reference voltage can also be used for other components 
and is capable of providing up to 500 !LA to an external load. 
The maximum recommended capacitance on the reference out
put pin for normal operation is 50 pF. If the reference output is 
required to drive a capacitive load greater than 50 pF, then a 
200 n resistor should be placed in series with the capacitive 
load. Decoupling the REF OUT pin with a series 200 n resistor 
and a parallel combination of a 10 !LF tantalum capacitor and a 
0.1 !LF ceramic capacitor as in Figure 2 reduces the noise spec
tral density of the reference (see Figure 4). Using this decou
pIing scheme to generate the reference voltage for REF INA and 
REF INB gives a channel-to-channel isolation number of 110 dB 
(connecting REF OUT directly to REF INA and REF INB 
gives 80 dB). The channel-to-channel isolation is 110 dB using 
an external reference. 

External. Reference 
In some applications, the user may require a system reference or 
some other external reference to drive the AD7242/ AD7244 ref
erence inputs. Figure 3 shows how the AD586 reference can be 
conditioned to provide the 3 V reference required by the 
AD7242/AD7244 reference inputs. 
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REF OUT 

Figure 2. Circuit Connection for REF OUT with an External 
CapaCitive Load of Greater Than 50 pF 

+15V 

AD586 

3kn 
GND 

1kn 

5kU 

AD72421 AD7244* 

'ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 3. AD586 Driving AD72421AD7244 Reference Inputs 
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Output Amplifier 
The outputs from each of the voltage-mode DACs are buffered 
by a noninverting amplifier. The buffer amplifier is capable of 
developing ±3 V across a 2 kO and 100 pF load to ground and 
can produce 6 V peak-to-peak sine wave signals to a frequency 
of 20 kHz. The output is updated on the falling edge of the re
spective LDAC input. The output voltage settling time, to 
within 112 LSB of its fmal value, is typically less than 2 II-S for 
the AD7242 and 2.5 II-S for the AD7244. 

The small signal (200 mV p-p) bandwidth of the output buffer 
amplifier is typically 1 MHz. The output noise from the ampli
fier is low with a figure of 30 n V l\lHz at a frequency of I kHz. 
The broadband noise from the amplifier exhibits a typical peak
to-peak figure of 150 II-V for a I MHz output bandwidth. Figure 
4 shows a typical plot of noise spectral density versus frequency 
for the output buffer amplifier and for the on-chip reference 
(including and excluding the decoupling components). 

SOD 

I .J. 
T.., = +ZS-c 
VDO = +5V 

200 Vas =-5V 

I'"---. I'-. REF OUT 
I'\. 

100 

\ II 
'\. OUTPUT WITH ALL Os LOADED 

\ ~EF oir, ~EbJUp\'E6 AS ' 
20 SHOWN IN FIGURE 2 

10 I 
50 100 200 1k 2k 10k 20k lOOk 

FREQUENCY - Hz 

Figure 4. Noise Spectral Density vs. Frequency 

TRANSFER FUNCTION 
The basic circuit configuration for the AD7242/AD7244 is 
shown in Figure 5. Table I and Table II show the ideal input 
code to output voltage relationship for the AD7242 and AD7244 
respectively. Input coding for the AD72421AD7244 is 2s 
complement. 

.sv 
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Figure 5. Basic Connfjction Diagram 
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DAC Latch Contents 
MSB LSB 

01 11 1111 lIll 
01 11 Illl Ill0 
00 00 0000 0001 
00 00 0000 0000 
11 11 1111 llll 
1000 0000 0001 
10 00 0000 0000 

·Assuming REF IN = +3 V. 

AD72421AD7244 

Analog Output, VOUT* 

+2.998535 V 
+2.99707 V 
+0.001465 V 
OV 
-0.001465 V 
-2.998535 V 
-3 V 

Table I. AD7242 Ideal Input/Output Code Table Code 

DAC Latch Contents 
MSB LSB 

01 1111 1111 1111 
01 1111 1111 mo 
00 0000 0000 0001 
00 0000 0000 0000 
11 1111 1111 1111 
10 0000 0000 0001 
10 0000 0000 0000 

·Assuming REF IN = +3 V. 

Analog Output, VOUT* 

+2.999634 V 
+2.99268 V 
+0.000366 V 
OV 
-0.000366 V 
-2.999634 V 
-3 V 

Table II. AD7244 Ideal Input/Output Code Table Code 

For the AD7242, the output voltage can be expressed in terms 
of the input code, N, using the following relationship: 

2·N·REFIN 
VOUT = 4096 

where -2048 :s N :s +2047 

For the AD7244, the output voltage can be expressed in terms 
of the input code, N, using the following relationship: 

2·N·REF IN 
VOUT = 16384 

where -8192 :s N :s +8191 
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AD72421AD7244 
TIMING AND CONTROL 
Communication with the AD7242/AD7244 is via six serial logic 
inputs. These consist of separate serial clocks, word framing and 
data lines for each DAC. DAC updating is controlled by two 
digital inputs, LDACA for updating V OUTA and LDACB for 
updating VOUTB' These inputs can be asserted independently of 
the microprocessor by an external timer when precise updating 
intervals are required. Alternatively, the LDACA and LDACB 
inputs can be driven from a decoded address bus allowing the 
microprocessor control over DAC updating as well as data com
munication to the AD7242/AD7244 input latches. 

The AD7242/AD7244 contains rwo latches per DAC, an input 
latch and a DAC latch. Data must be loaded to the input latch 
under the control of TCLKA, TFSA and DT A for input Latch 
A and TCLKB, TFSB and DTB for input Latch B. Data is 
then transferred from input Latch A to DAC Latch A under 
the control of the LDACA signal while LDACB controls the 
loading of DAC Latch B from input Latch B. Only the data 
held in the DAC latches determines the analog outputs of the 
AD7242/AD7244. 

Data is loaded to the input latches under control of the respec
tive TCLK, TFS and DT signals. The AD7242/AD7244 expects 
a 16-bit stream of serial data on its DT inputs. Data must be 
valid on the falling edge of TCLK. The TFS input provides the 
frame synchronization signal which tells the AD7242/AD7244 
thilt valid serial data will be available on the DT input for the 

TCLK 

DT -----; 

NOTE 1: 

SEE 
NOTE 1 

next 16 falling edges of TCLK.Figure 6 shows the timing dia
gram for operation of either of the two serial input ports on the 
part. 

Although 16 bits of data are clocked into the input latch, only 
12 bits are transferred into the DAC latch for the AD7242 and 
14-bits are transferred for the AD7244. Therefore, 4 bits in the 
AD7242 data stream and 2 bits in the AD7244 data stream are 
don't cares since their value does not affect the DAC latch data. 
The bit positions are the don't cares followed by the DAC data 
starting with the MSB (see Figure 6). 

The respective LDAC signals control the transfer of data to the 
respective DAC latches. Normally, data is loaded to the DAC 
latch on the falling edge of LDAC. However, if LDAC is held 
low then serial data is loaded to the DAC latch on the sixteenth 
falli~g edge of TCLK. If LDAC goes low during the loading of 
serial data to the input latch, no DAC latch update takes place 
on the falling edge of LDAC. If LDAC stays low until the serial 
transfer is completed, then the update takes place. on the six
teenth falling edge of TCLK. If LDAC returns hIgh before the 
serial data transfer is completed, no DAC latch update takes 
place. ' 

If seventeen or more TCLK edges occur while TFS is low, the 
seventeenth (and beyond) clock edges are ignored, i.e., no fur
ther data is clocked into the input latch after the sixteenth 
TCLK edge following a falling edge on TFS. 

DBll 

DON'T CARE FOR AD7242; DB12 AND DB13 FOR THE AD7244 

Figure 6. AD72421AD7244 Timing Diagram 
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MICROPROCESSOR INTERFACING 
Microprocessor interfacing to the AD7242/AD7244 is via a serial 
bus which uses standard protocol compatible with DSP proces· 
sors and microcontrollers. The communication interface consists 
of a separate transmit section for each of the DACs. Each sec
tion has a clock signal, a data signal and a frame or strobe pulse. 

Figures 7 through 11 show the AD72421 AD7244 configured 
for interfacing to a number of popular DSP processors and 
microcontrollers. 

AD7242/AD7244 to ADSp-2101lADSp-2102 Interface 
Figure 7 shows a serial interface between the AD72421 AD7244 
and the ADSP-210IlADSP-2102 DSP processor. The ADSP-
2101lADSP-2102 has two serial ports and in the interface shown 
both serial ports are used, one for each DAC. Both serial ports 
do not have to be used; in the case where only one serial port is 
used, an extra line (DACAlDACB as shown in the other serial 
interfaces) would have to decode the one TFS line to provide 
TFSA and TFSB lines for the AD7242/AD7244. 

I TIMER I 
--
LDACA 

{ TFS 
TFSA 

SPORn SCLK TCLKA 

DT DTA 

E 
REF INA 

REF OUT AD72421 
ADSP-21011 AD7244' 
ADSP-2102· REFINB 

--
LDACB 

{ TFS 
TFSB 

SPORT2 SCLK TelKB 

DT DTB 

*ADDITIONAL PINS OMmED FOR CLARITY 

Figure 7. AD72421AD7244 to ADSp-2101IADSP-2102 
Interface 

The three serial lines of the first serial port, SPORT1, of the 
ADSP-2l0IlADSp-2l02 connect directly to the three serial in
put lines of DACA of the AD7242/AD7244. The three serial 
lines of SPORT2 connect directly to the three serial lines on the 
DACB serial input port. Data from the ADSP-21OIiADSP-2102 
is valid on the falling edge of SCLK. A common LDAC signal 
is used to drive the LDACA and LDACB inputs. This is shown 
to be generated from a timer or clock recovery circuit but an· 
other control or address line of the ADSp-21OIiADSp-2l02 
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could be used to drive these inputs. Alternatively, the LDACA 
and LDACB inputs of the AD7242/AD7244 could be hardwired 
low and in this case the update of the DAC latches and analog 
outputs takes place on the 16th falling edge of SCLK (after the 
respective TFS signal goes low). 

AD7242/AD7244 to DSP56000 Interface 
A serial interface between the AD7242/AD7244 and the 
DSP56000 is shown in Figure 8. The DSP56000 is configured 
for normal mode, asynchronous operation with gated clock. It is 
also set up for a l6-bit word with SCK and SC2 as outputs and 
the FSL control bit set to a O. SCK is internally generated on 
the DSP56000 and applied to both the TCLKA and TCLKB 
inputs of the AD7242/AD7244. Data from the DSPS6000 is 
valid on the falling edge of SCK. The serial data line, STD, is 
drives the DTA and DTB serial input data lines of the 
AD72421AD7244. 

The SC2 output provides the framing pulse for valid data. This 
is an active high output and is gated with a DACAIDACB con
trolline before being applied to the TFSA and TFSB inputs of 
the AD7242/AD7244. The DACAIDACB line determines which 
DAC serial data is to be transferred to, i.e., which TFS line is 
active when SC2 is active. 

As in the previous interface, a common LDAC input is shown 
driving the LDACA and LDACB inputs of the AD72421 
AD7244. Once again, these LDAC inputs could be hardwired 
low, in which case V OUTA or VOUTB will be updated on the six
teenth falling edge of SCK after the TFSA or TFSB input goes 
low. 

DACA/DACB 

lOACA 

SCK TCLKA 

STD DTA 

SC2 
TFSA AD72421 

LDACB AD7244' 

TelKS 
DSP56000' DTB 

TFSB 

*ADomONAL PINS OMITTED FOR CLARITY 

Figure 8. AD72421AD7244 toDSP56000 Interface 
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AD72421AD7244 
AD7242/AD7244 to TMS320C25 Interface 
Figure 9 shows a serial interface between the AD7242IAD7244 
and the TMS32OC25 DSP processor. In this interface, the 
CLKX and FSX signals of the TMS32OC25 are generated from 
the clock/timer circuitry. The FSX pin of the TMS32OC25 must 
be confIgured as an input. CLKX is used to provide both the 
TCLKA and TCLKB inputs of the AD7242/AD7244. DX of 
the TMS320C25 is also routed to the serial data line of each in
put port of the AD7242/AD7244. 

Data from the TMS32020 is valid on the falling edge of CLKX 
after FSX goes low. This FSX signal is gated with the DACAl 
DACB control line to detertnine whether TFSA or TFSB goes 
low when FSX goes low. 

The clock/timer circuitry also generates the LDAC signal for the 
AD72421AD7244 to synchronize the update of the outputs with 
the serial transmission. As in the previous interface diagrams, a 
common LDAC input is shown driving the LDACA and 
LDACB inputs of the AD72421AD7244. Once again, these 
LDAC inputs could be hardwired low, in which case VOUTA or 
VOUTB will be updated on the sixteenth faIling edge of CLKX 
after the TFSA or TFSB input goes low. 

DACA/DACB I CLOCKI I 
TIMER 

1 I L1)ACA 

CLKX TClKA 

ox oTA 

~ 
AD7242! 
AD7244' 

FSX 
TFSA 

TMS32OC2S' L.o LOACB 

----<0 TelKB 

----.. oTB .---
./ 

TFSB 

·ADDITIONAL PINS OMmED FOR CLARITY 

Figure 9. AD72421AD7244 to TMS320C25 Interface 

AD72421AD7244 to 87C51 Interface 
A serial interface between the AD72421 AD7244 and the 87C51 
microcontroller is shown in Figure 10. TXD of the 87C51 drives 
TCLKA and TCLKB of the AD72421 AD7244 while RXD 
drives the two serial data lines of the part. The TFSA and 
TFSB signals are derived from P3.2 and P3.3, respectively. 

The 87C51 provides the LSB of its SBUF register as the fIrst bit 
in the serial data stream. Therefore, the user will have to ensure 
that the data in the SBUF register is arranged correctly so that 
the don't care bits are the fIrst to be transmitted to the AD72421 
AD7244 and the last bit to be sent is the LSB of the word to be 
loaded to the AD72421AD7244. When data is to be transmitted 
to the part, P3.2 (for DACA) or P3.3 (for DACB) is taken low. 
Data on RXD is valid on the falling edge of TXD. The 87C51 
transmits its serial.data in 8-bit bytes with only eight falling 
clock edges occurring in the transmit cycle. To load data to the 
AD72421AD7244, P3.2 (for DACA) or P3.3 (for DACB) is left 
low after the ftrst eight bits are transferred and a second byte of 
data is then transferred serially to the AD7242/AD7244. When 
the second serial transfer is complete, the P3.2 line (for DACA) 
or the P3.3 line (for DACB) is taken high. 

Figure 10 shows both LDAC inputs of the AD72421AD7244 
hardwired low. As a resnlt, the DAC latch and the analog out
put of one of the DACs will be updated on sixteenth falling 
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edge of TXD after the respective TFS signal for that DAC has 
gone low. Alternatively, the scheme used in previous interfaces, 
whereby the LDAC inputs are driven from a timer, can be 
used. 

~ 
LDACA 

TXo lCLKA 

RXo oTA 

P3.2 TFSA 

~ 
LDACB AD7242! 

87CS1' AD7244' 

- TelKS 

oTB 

P3.3 TFsii 

"ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 10. AD72421AD7244 to 87C51 Interface 

AD7242/AD7244 to 68HCll Interface 
Figure 11 shows a serial interface between the AD7242/AD7244 
and the 68HCll microcontroller. SCK of the 68HCll drives 
TCLKA and TCLKB of the AD7242/AD7244 while the MOSI 
output drives the two serial data lines of the AD7242/AD7244. 
The TFSA and TFSB signals are derived from PC6 and PC7, 
respectively. 

For correct operation of this interface, the 68HC11 should be 
conftgured such that its CPOL bit is a 0 and its CPHA bit is a 
1. When data is to be transmitted to the part, PC6 (for DACA) 
or PC7 (for DACB) is taken low. When the 68HCll is confIg
ured like this, data on MOSI is valid on the falling edge of 
SCK. The 68HCli transmits its serial data in 8-bit bytes with 
only eight falling clock edges occurring in the transmit cycle. To 
load data to the AD7242/AD7244, PC6 (for DACA) or PC7 (for 
DACB) is left low after the fITst eight bits are transferred and a 
second byte of data is then transferred serially to the AD72421 
AD7244. When the second serial transfer is complete, the PC6 
line (for DACA) or the PC7 line (for DACB) is taken high. 

.s- loACA 

SCK lCLKA 

MOSI oTA 

PC6 TFSA 

.s- LDACB AD7242! 

68HC11' 
AD7244' 

'-------" lelKB 

oTB 

PC7 TFSB 

"ADOInONAL PINS OMiTIED FOR CLARJTY 

Figure 11. AD72421AD7244 to 68HC11 Interface 

Figure 11 shows both LDAC inputs of the AD7242/AD7244 
hardwired low. As a result, the DAC latch and the analog out
put of one of the DACs will be updated on the sixteenth falling 
edge of SCK after the respective TFS signal for that DAC has 
gone low. Alternatively, the scheme used in previous interfaces, 
whereby the LDAC inputs are driven from a timer, can be 
used. 
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APPLYING THE AD7242/AD7244 
Good printed circuit board layout is as important as the overall 
circuit design itself in achieving high speed converter perfor
mance. The AD7242 works on an LSB size of 1.465 mY, while 
the AD7244 works on an LSB size of 366 ,.. V. Therefore, the 
designer must be conscious of minimizing noise in both the·con
verter itself and in the surrounding circuitry. Switching mode 
power supplies are not recommended as the switching spikes can 
feed through to the on-chip amplifier. Other causes of concern 
are ground loops and digital feedthrough from microprocessors. 
These are factors which influence any high performance con
verter, and a proper PCB layout which minimizes these effects is 
essential for best performance. 

LAYOUT HINTS 
Ensure that the layout for the printed circuit board has the digi
tal and analog lines separated as much as possible. Take care not 
to run any digital track alongside an analog signal track. Estab
lish a single point analog ground (star ground) separate from the 
logic system ground. Place this star ground as close as possible 
to the AD72421 AD7244. Connect all analog grounds to this star 
ground and also connect the AD7242/AD7244 DGND pins to 
this ground. Do not connect any other digital grounds to this 
analog ground point. 

REV. 0 
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Low impedance analog and digital power supply common re
turns are essential to low noise operation of high performance 
converters. Therefore, the foil width for these tracks should be 
kept as wide as possible. The use of ground planes minimizes 
impedance paths and also guards the analog circuitry from 
digital noise. 

NOISE 
Keep the signal leads on the VOUTA and VOUTB signals and the 
signal return leads to AGND as short as possible to minimize 
noise coupling. In applications where this is not possible, use a 
shielded cable between the DAC outputs and their destination. 
Reduce the ground circuit impedance as much as possible since 
any potential difference in grounds between the DAC and its 
destination device appears as an error voltage in series with the 
DAC output. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
12-Bit CMOS DAC with 

On-Chip Voltage Reference 
Output Amplifier 

3 Selectable Output Ranges 
-5 V to +5 V. 0 to +5 V. 0 to +10 V 

Serial Interface 
300 kHz DAC Update Rate 
Small Size: 16-Pin DIP or SOIC 
Nonlinearity: ±1/2 LSB T min to T max 

Low Power Dissipation: 100 mW typical 

APPLICA nONS 
Process Control 
Industrial Automation 
Digital Signal Processing Systems 
Input/Output Ports 

GENERAL DESCRIPTION 
The AD7243 is a complete 12-bit, voltage output, digital-to
analog converter with output amplifier and Zener voltage refer
ence on a monolithic CMOS chip. No external trims are 
required to achieve full specified performance. 

The output amplifier is capable of developing + 10 V across a 
2 kll load. The output voltage ranges with single supply opera
tion are 0 to + 5 V or 0 to + 10 V, while an additional bipolar 
±5 V output range is available with dual supplies. The ranges 
are selected using the internal gain resistor. 

The data format is natural binary in both unipolar ranges, while 
either offset binary or 2s complement format may be selected in 
the bipolar range. A CLR function is provided which sets the 
output to 0 V in both unipolar ranges and in the 2s complement 
bipolar range, while with offset binary data format, the output is 
set to - REFIN. This function is useful as a power-on reset as it 
allows the output to be set to a known voltage level. 

The AD7243 features a fast versatile serial interface which al
lows easy connection to both microcomputers and 16-bit digital 
signal processors with serial ports. The serial data may be ap
plied at rates up to 5 MHz allowing a DAC update rate of 
300 kHz. A serial data output capability is also provided which 
allows daisy chaining in multi-DAC systems. This feature allows 
any number of DACs to be used in a system with a simple 
4-wire interface. All DACs may be updated simultaneously us
ingLDAC. 

DACPORT is a trademark of Analog Devices, Inc. 
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REFIN 

LC2MOS 
12-Bit Serial DACPORT 

AD7243 I 
FUNCTIONAL BLOCK DIAGRAM 

SOIN CLR BiNI SCLl( SYNC lDAC OCEN soo 
COMP 

The AD7243 is fabricated on Linear Compatible CMOS 
(LC2MOS), an advanced, mixed technology process. It is pack
aged in 16-pin DIP and 16-pin SOIC packages. 

PRODUCT HIGHLIGHTS 
1. Complete 12-Bit DACPORT'" 

The AD7243 is a complete, voltage output, 12-bit DAC on a 
single chip. The single chip design is inherently more reliable 
than multichip designs. 

2. Single or Dual Supply Operation. 

3. Minimum 3-wire interface to most DSP processors. 

4. DAC Update Rate-300 kHz. 

5. Serial Data Output allows easy daisy-chaining in multiple 
DAC systems. 
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NDD = +12 V to +15 V,I Vss = 0 V or -12 V to -15 V,I 

AD7243 SPECIFICA'TIONS AGND =. ~GN.D = 0 V, REFIN = +5 V, RL ~ 2 kG, CL = 100 pF to AGND. 
- "All Specifications 1ml• to 1ma. unless othelWlse noted.) 

Parlimeter A' B' 

STATIC PERFORMANCE 
Resolution 12 12 
Relative Accuracy' ±I ±1/2 
Differentisl Nonlinearity' ±0.9 ±0.9 
Unipolar Offset Erro'" ±4 ±4 

Bipolar Zero Error' ±S ±S 
Full-Scale Erro .... 4 ±6 ±6 
Full-Scale Temperature Coefficient ±S ±S 

REFERENCE OUTPUT 
REFOUT 4.95/5.05 4.95/5.05 
Reference Temperature Coefficient ±2S ±2S 
Reference Load Change 
(I1REFOUT vs. IL) -1 -I 

REFERENCE INPUT 
Reference Input Range, REFIN 4.95/5.05 4.95/5.05 
Input Current 5 5 

DIGITAL INPUTS 
Input High Voltage, V INH 2.4 2.4 
Input Low Voltage, V INL 0.8 0.8 
Input Current, lIN ±I ±I 
Input Capacitance' 8 8 

DIGITAL OUTPUT 
Serial Data Out (SDO) 
Output Low Voltage, VOL 0.4 0.4 
Output High Voltage, VOH 4.0 4.0 

ANALOG OUTPUT 
Output Range Resistor, Raps 15/30 15/30 
OutpUt Voltage Ranges" +5, +10 +5, +10 
Output Voltage Ranges" +5, +10, ±S +5, +10, ±5 
DC Output Impedance 0.5 0.5 

AC CHARACTERISTICS' 
Voltage Output Senling-Time 

Positive Full-Scale Change 10 10 
Negative Full-Scale Change 10 10 
Negative Full-Scale Change 10 10 

Digital-to-Analog Glitch Impulse' 30 30 

Digital Feedthrough' 10 10 

POWER REQUIREMENTS 
Voo Range + 10.8/+ 16.5 + 11.41+ 15.75 
V ss Range (Dual Supplies) -10.8/-16.5 -11.41-15.75 
100 10 10 
Iss (Dual Supplies) 4 4 

NOTES 
IPower Supply Tolerance A Version: ±1O%; B, S Versions: ±S%. 
'Temperature Ranges are as follows: A, B Versions: -40°C to +85"C; 
S Version: -55"C to + 125"C. 

'See terminology. 

s' Units Test Conditions/Comments 

12 Bits 
±I LSBmax 
±0.9 LSBmax Guaranteed Monotonic 
±s LSBmax Vss = 0 V or -12 V to -IS V;I DAC Latch 

Contents All Os 
±6 LSBmax V ss = -12 V to -IS VI; DAC Latch Contents All Os 
±7 LSBmax 
±S ppmofFSRI 

°C typ 

4.95/5.05 VminlVmax 
±30 ppmfOC typ 

-1 mVmax Reference Load Current (IL) Change (0-100 J.l.A) 

4.95/5.05 VminlVmax 5 V ± I % for Specified Performance 
5 JJ.A max 

2.4 V min 
0.8 V max 
±1 J.l.Amax VIN = OVtOVDD 

8 pFmax 

0.4 V max ISINK = 1.0mA 
4.0 V min ISOURCE = 400 JJ.A 

15/30 kOminimax 
+5, +10 V Single Supply; Vss = 0 V 
+5, +10, ±5 V Dual Supply; V ss = -12 V to -IS V 
0.5 Otyp 

Settling Time to Within ± 112 LSB of Final Value 
12 J.l.smax Typically 3 J.l.S 
10 J.l.S max Typically 5 J.l.S; Vss = -12 V to -IS Vi 
10 J.l.styp Vs• = 0 V 
30 nV secs typ DAC Latch Contents Toggled Between All Os 

and Allis 
10 nV secs typ LDAC = High 

+11.41+15.75 VminlVmax For Specified Performance Uuless Otherwise Stated 
-11.4/-15.75 V minIV max For Specified Performance Unless Otherwise Stated 
12 mAmax Output Uuloaded; Typically 7 mA 
4 mAmax Output Unloaded; Typically 2 mA 

ORDERING GUIDE 

Temperature Relative Package 
Model Range Accuracy Optionl 

'Measured with respect to REFIN and includes unipolarlbipolar offset error. 
'Sample tested @ +25"C to ensure compliance. 

AD7Z43AN 
AD7Z43BN 

-4Q°C to +8SoC 
-4Q°C to +8SoC 

±l LSB N-16 
±1I2 LSB N-16 

"0 to + 10 V output range is available only with V DD '" + 14.25 V. 

Specifications subject to change without notice. 
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AD7Z43AR -40°C to +8SoC ±1 LSB R-16 
AD7Z43BR -40°C to +8SOC ±1I2 LSB R-16 
AD7Z43AQ -4Q°C to +8SoC ±1 LSB Q-16 
AD7Z43BQ -4Q°C to +8SoC ±1I2 LSB Q-16 
AD7Z43SQ2 - 55°C to + 125°C ±1 LSB Q-16 
NOTES 
'N = Plastic DIP; R = SOle; Q = Cerdip. For outline information see Package 
Information section. 

'Available to 1883B processing only. Contact your local sal .. office for military 
dsta sheet. 
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AD7243 

G C C ST CSl 2 (VDD = +10.8 V to +16.5 V. Vss = 0 Vor -10.8 V to -16.5 V. AGHO = OGHO = 0 v. 
TIMIN HARA TERI I . Rl = 2kfi. Cl = 100 pF. All Specifications Tmin to Tma. unless otherwise noted.) 

Limit at + 2S'C Limit at T mm' T m"" 
Parameter (All Versions) (All Versions) Units Conditions/Comments 

t/ 200 200 ns min SCLK Cycle Time 
tz SO SO nsmin SYNC to SCLK Falling Edge Setup Time 
t3 120 190 nsmin SYNC to SCLK Hold Time 
t4 10 10 nsmin Datu Setup Time 
ts 100 100 nsmin Datu Hold Time 
t6 0 0 nsmin SYNC High to LDAC Low 
t7 SO SO nsmin LDAC Pulse Width 
t. 0 0 nsmin LDAC High to SYNC Low 
t9 7S 7S nsmin CLR Pulse Width 
t104 120 ISO nsmax SCLK Falling Edge to SDO Valid 

NOTES 
'Sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
'See Figures 7 & 8. 
'SCLK mark/space ratio range is 40/60 to 60140. 
·SOO load capacirance is no greater than 50 pF. 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25°C unless otherwise noted) 

VDD to AGND, DGND .............. -0.3 V to +17 V 
Vss to AGND, DGND .............. +0.3 V to -17 V 
AGND to DGND ............. -0.3 V to VDD + 0.3 V 
VOUT' to AGND ............... -6. V to VDD + 0.3 V 
REFOUT to AGND ................... 0 V to V DD 

REFIN to AGND ............. -0.3 V to VDD + 0.3 V 
Digital Inputs to DGND ......... -0.3 V to VDD + 0.3 V 
SDO to DGND ............... -0.3 V to VDD + 0.3 V 
Operating Temperature Range 

Industrial (A, B Versions) ............ -40'C to +SS'C 
Extended (S Version) .............. - SSOC to + 12S'C 

Storage Temperature Range .......•... -6S'C to + ISO'C 

Lead Temperature (Soldering, 10 secs) ........... + 300'C 
Power Dissipation (Any Package) to +7S'C ....... 4S0 mW 
Derates above +7S'C by ................... 6 mWrC 

NOTES 
'The outputs may be shorted to voltages in this range provided the power 
dissipation of the package is not exceeded. Short circuit CUrtent is typically 
80mA. 

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

CAUTION ________________ ~ ______________________________ ___ 

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

WARNING! cJ 
~~EDEVICE 

TERMINOLOGY 
Bipolar Zero Error 
Bipolar Zero Error is the voltage measured at VOUT when the 
DAC is configured for bipolar output and loaded with aliOs (2s 
Complement Coding) or with 1000 0000 0000 (Offset Binary 
Coding). It is due to a combination of offset errors in the DAC, 
amplifier and mismatch between the internal gain resistors 
around the amplifier. 

Full-Scale Error 
Full-Scale Error is a measure of the output error when the am
plifier output is at full scale (for the bipolar output range full 
scale is either positive or negative full scale). It is measured with 
respect to the reference input voltage and includes the offset 
errors. 
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DigitaI-to-Analaog Glitch Impulse 
This is the voltuge spike that appears at V OUT when the digital 
code in the DAC latch changes, before the output settles to its 
final value. The energy in the glitch is specified in n V secs, and 
is measured for an all codes change from 0000 0000 0000 to 
1111 11l11111. 

Digital Feedthrough 
This is a measure of the voltage spike that appears on V OUT as a 
result of feedthrough from the digital inputs on the AD7243. It 
is measured with LDAC held high. 
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AD7243 
TERMINOLOGY (CONTINUED) 
Relative Accuracy (Linearity) 

This "knee" is an offset effect, not a linearity error, and the 
transfer function would have followed the dotted line if the out
put voltage could have gone negative. Relative Accuracy, or endpoint linearity, is a measure ofthe 

maximum deviation of the DAC transfer function from a 
straight line passing through the endpoints of the transfer func
tion. It is measured after allowing for zero and full-scale errors 
and is expressed in LSBs or as a percentage of full-scale reading. 

Normally, linearity is measured between zero (all Os input code) 
and full scale (allis input code) after offset and full scale have 
been adjusted out or allowed for, but this is not possible in sinO, 
gle supply operation if the offset is negative, due to the knee in 
the transfer function. Instead, linearity of the AD7243 in the 
unipolar mode is measured between full scale and the lowest 
code which is guaranteed to produce a positive output voltage. 
This code is calculated from the maximum specification for neg
ative offset. For the A and B versions the linearity is measured 
between Codes 3 and 4095. For the S grade, linearity is mea
sured between Code 5 and Code 4095. 

Single Supply Linearity and Gain Error 
The output amplifier on the AD7243 can have true negative off
sets even when the part is operated from a single + IS V supply. 
However, because the negative supply rail (Vss) is 0 V, the out
put cannot actually go negative. Instead, when the output offset 
voltage is negative, the output voltage sits at 0 V, resulting in 
the transfer function shown in Figure I. 

OUTPUT 
VOLTAGE 

w~--~~ __ ~~--------~ 
NEGATIVE { .,-

OFFSET 

Differential Nonlinearity 
Differential Nonlinearity is the difference between the measured 
change and the ideal I LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± 1 LSB or less 
over the operating temperature range ensures monotonicity. 

Unipolar Offset Error 

Figure 1. Effect of Negative Offset (Single Supply) 

Unipolar Offset Error is, the measured output voltage from 
VOUT with all zeros loaded into the DAC latch when the DAC 
is configured for unipolar output. It is due to a combination of 
the offset errors in the DAC and output amplifier. 

Pin Mnemonic 

REFIN 

2 REFOUT 

3 CLR 

4 BIN/COMP 

5 SCLK 

6 SDIN 
7 SYNC 

8 DGND 

9 LDAC 

10 DCEN 

11 SDO 

12 AGND 

13 Raps 

14 VOUT 

15 Vss 

16 Voo 

PIN FUNCTION DESCRIPTION (DIP & SOiC PIN NUMBERS) 

Description 

Voltage Reference Input. It is internally buffered before being applied to the DAC. The nominal reference 
voltage for specified operation of the AD7243 is 5 V. 
Voltage Reference Output. The internal 5 V analog reference is provided at this pin. To operate the part 
using its internal reference, REFOUT should be connected to REFIN. 

Clear, Logic Input. Taking this input low setS VOUT to 0 V in both unipolar ranges and the 2s complement 
bipolar range and to - REFIN in the offset binary bipolar range. 

Logic Input . This input selects the data format to be either binary or 2s complement. In both unipolar ranges, 
natural binary format is selected by connecting this input to a logic "0." In the bipolar confIgUration, offset 
binary fonnat is selected with a logic "0" while a logic "1" selects 2s complement format. 
Serial Clock, Logic Input. Data is clocked into the input register on each falling SCLK edge. 
Serial Data In, Logic Input. The 16-bit serial data word is applied to this input. 

Data Synchronization Pulse, Logic Input. Taking this input low initializes the internal logic in readiness for 
a new data word. 
Digital Ground. Ground reference for all digital circuitry. 

Load DAC, Logic Input. Updates the DAC output. The DAC output is updated on the falling edge of this 
signal or alternatively if this line is pertnanently low, an automatic update mode is selected whereby the 
DAC is updated on the 16th falling SCLK pulse. 

Daisy-Chsin Enable, Logic Input. Connect this pin high if a daisy-chain interface is being used, otherwise 
this pin must be connected low. 
Serial Data Out, Logic Output. With DCEN at Logic "1" this output is enabled, and the serial data in the 
input shift register is clocked out on each falling SCLK edge. 

Analog Ground. Ground reference for all analog circuitry. 

Output Offset Resistor for the amplifier. It is connected to VOUT for the +5 V range, to AGND for the 
+ 10 V range and to REFIN for the -5 V to +5 V range. 

Analog Output Voltage. This is the buffer amplifier output voltage. Three different output voltage ranges 
can be chosen: 0 to +5 V, 0 to + 10 V and -5 V to +5 V. 
Negative Power Supply (used for the output amplifier only, may be connected to 0 V for single supply 
operation or to -12 V to -15 V for dual supplies). 

Positive Power Supply (+ 12 V to + IS V). 
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PIN CONFIGURATION 
DIP and SOIC 

CIRCUIT INFORMATION 
DfA Section 
The AD7243 contains a 12-bit voltage mode DfA converter 
consisting of highly stable thin film resistors and high speed 
NMOS single-pole, double-throw switches. The output voltage 
from the converter has the same polarity as the reference volt
age, REFIN, allowing single supply operation. 

2R 2R 

VOUT 

2R 

REFIN* +-+'--+ ....... -----l ..... -~-f_I SHOWN FOR ALL IS 

AGNOO+~~-+-----....... - ..... -~ ONOAC 

'BUFFEREO REFlN VOLTAGE 

Figure 2. DIA Simplified Circuit Diagram 

Internal Reference 
The AD7243 has an on-chip temperature compensated buried 
Zener reference which is factory trimmed to 5 V ± 50 m V: The 
reference voltage is provided at the REFOUT pin. This refer
ence can be used to provide the reference voltage for the Df A 
converter (by connecting the REFOUT pin to the REFIN pin.) 

The reference voltage can also be used as a reference for other 
components and is capable of providing up to 500 .... A to an ex
ternalload. The maximum recommended capacitance on 
REFOUT for normal operation is 50 pF. If the reference is re
quired for external use with capacitive loads greater than 50 pF 
then it should be decoupled to AGND with a 200 G resistor in 
series with a parallel combination of a 10 .... F tantalum capacitor 
and a 0.1 .... F ceramic capacitor. 

REV. 0 

EXT 
LOAO 

Figure 3. Reference Decoupling Scheme 

AD7243 
External Reference 
In some applications, the user may require a system reference or 
some other external reference to drive the AD7243. References 
such as the AD586 provide an ideal external reference source 
(see Figure 10). The REFIN voltage is internally buffered by a 
unity gain amplifier before being applied to the DI A converter. 
The DI A converter is scaled for a 5 V reference and the device 
is tested with 5 V applied to REFIN. Other reference voltages 
may be used with degraded performance. Figure 4 shows the 
typical degradation in linearity vs. REFIN. 
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Figure 4. Typical Linearity vs. REFIN Voltage 

Op Amp Section 
The output of the voltage mode Df A converter is buffered by a 
noninverting CMOS amplifier. The ROFS input allows three out
put voltage ranges to be selected. The buffer amplifier is capable 
of developing + 10 V across a 2 kG load to AGND. 

The output amplifier can be operated from a single + 12 V to 
+ 15 V supply by tying Vss = 0 V. 

The amplifier can also be operated from dual supplies to allow 
an additional bipolar output range of -5 V to. +5 V. Dual sup
plies are necessary for the bipolar output range but can also be 
used for the unipolar ranges to give faster settling time to volt
ages near 0 V, to allow full sink capability of 2.5 rnA over the 
entire output range and to eliminate the effects of negative off
sets on the transfer characteristic (outlined previously). A 
plot of the output sink capability of the amplifier is shown in 
Figure S. 
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Figure 5. Amplifier Sink Current 
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AD7243 
DIGITAL INTERFACE 
The AD7243 contains an input serial to parallel shift register 
and a DAC latch. A simplified diagram of the input loading cir
cuitry is shown in Figure 6. Serial data on the SDIN input is 
loaded to the input register under control of DCEN, SYNC and 
SCLK. When a complete word is held in the shift regist~ 
may then be loaded into the DAC latch under control of LDAC. 
Only the data in the DAC latch determines the analog output on 
theAD7243. 

The DCEN (daisy-chain enable) input is used to select either a 
stand-alone mode or a daisy-chain mode. The loading format is 
alightly different depending on which mode is selected. 

Serial Data Loading Format (Stand-Alone Mode) 
With DCEN at Logic 0 the stand-alone mode is selected. In this 
mode a low SYNC input provides the frame synchronization' 
signal which tells the AD7243 that valid serial data on the SDIN 
input will be available for the next 16 falling edges of SCLK. 
An internal counter/decoder circuit provides a low gating signa1 
so that only 16 data bits are clocked into the input shift register. 
After 16 SCLK pulses the internal gating signa1 goes inactive 
(high) thus locking out any further clock pulses. Therefore, 
either a continuous clock or a burst clock, source may be used to 
clock in the data. 

DCEN 

SYNC 

SCLl( v-.---...--, 

SDIN 

RESET iN 
+16 

C;OUNTERJ 
DECODER 

The SYNC input should be taken high after the complete 16-bit 
word is loaded in. 

Although 16 bits of data are clocked into the input register, only 
the latter 12 bits get transferred into the DAC latch. The fll'St 4 
bits in the 16 bit stream are don't cares since their value does 
not affect the DAC latch data. Therefore, the data format is 4 
don't cares followed by the 12-bit data word with the LSB as 
the last bit in the serial stream. 

There are two ways in which the DAC latch and hence the ana
log output may be updated. The status of the LDAC input is 
examined after SYNC is taken low. Depending on its status, one 
of two update modes is selected. 

If LDAC = 0, then the automatic update mode is selected. In 
this mode the DAC latch and analog output are updated auto
matically when the last bit in the serial data stream is clocked 
in. The update thus takes place on the sixteenth falling SCLK 
edge. 

If LDAC = 1, then the automatic update is disabled and the 
DAC latch is updated by taking LDAC low any time after the 
16-bit data transfer is complete. The update now occurs on the 
falling edge of LDAC. Note that the LDAC input must be 
taken back high again before the next data transfer is initiated. 

Figure 6. Simplified Loading Structure 

SCLl( 

SOIN 

to 

~--------------------~----------------~r--------~~ 

_______________ ~------M--
~ "u 

* = DON'T CARE Figure 7. Timing Diagram (Stand-Alone Mode) 
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Serial Data Loading Format (Daisy-Chain Mode) 
By connecting DCEN high the daisy-chain mode is enabled. 
This mode of operation is designed for multi-DAC systems 
where several AD7243s may be connected in cascade (see Fig
ure 16). In this mode the internal gating circuitrY on SCLK is 
disabled, and a serial data output facility is enabled. The inter
nal gating signal is permanently active (low) so that the SCLK 
signal is continuously applied to the input shift register when 
SYNC is low. The data is clocked into the register on each fall
ing SCLK edge after SYNC going low. If more than 16 clock 
pulses are applied, the data ripples out of the shift register and 
appears on the SDO line. By connecting this line to the SDIN 
input on the next AD7243 in the chain, a multi-DAC interface 
may be constructed. Sixteen SCLK pulses are required for each 
DAC in the system. Therefore, the total number of clock cycles 
must equal 16N where N is the total number of devices in the 
chain. When the serial transfer to all devices is complete, SYNC 
should be taken high. This prevents any further data being 
clocked into the input register. 

SCLl< __ ...JL--"L-...J 

SOIN 

soo 

AD7243 
A continuous SCLK source may be used if it can be arranged 
that SYNC is held low for the correct number of clock cycles. 
Alternatively, a burst clock containing the exact number of 
clock cycles may be used and SYNC taken high some time later. 

When the transfer to all input registers is complete, a common 
LDAC signal updates all DAC latches with the lower 12 bits of 
data in each input register. All analog outputs are therefore up
dated simultaneously on the falling edge of LDAC. 

Clear Function (CLR) 2 
The clear function bypasses the input shift register and loads the 
DAC Latch with all Os. It is activated by taking CLR low. In all 
ranges except the Offset Binary bipolar range ( - 5 V to + 5 V) 
the output voltage is reset to 0 V. In the offset binary bipolar 
range the output is set to - REFIN. The clear function is espe-
cially useful at power-up as it enables the output to be reset to a 
known state. 

LOAC-----------~~::::::--~--------~-----~---~~~~~ 

----------~~--------------~----~~----tJr 
* = DON'T CARE 

Figure 8. Timing Diagram (Daisy-Chain Mode) 
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AD7243 
APPLYING THE AD7243 

Power Supply Decoupling: 
To achieve optimum performance when using the AD7243, the 
VDD and Vss lines should each be decoupled to DGND using 
0.1 IloF capacitors. In noisy environments it is recommended 
that 10 IloF capacitors be connected in parallel with the O.lIloF 
capacitors. 

The internal scaling resistors provided on the AD7243 allow sev
eral output voltage ranges. The part can produce unipolar out
put ranges of 0 V to +S V or 0 V to + 10 V aM a bipolar 
output range of ± 5 V. Connections for the various ranges are 
outlined below. 

Unipolar (0 V to + 10 V) Configuration 
The first of the configurations provides an output voltage range 
of 0 V to + 10 V. This is achieved by connecting the output 
offset resistor Rops (Pin 13) to AGND. Natural Binary data for
mat is selected by connecting BIN/COMP (Pin 4) to DGND. In 
this configuration, the AD7243 can be operated using either 
single or dual supplies. Note that the V DD supply must be 
c + 14.25 V for this range in order to maintain sufficient ampli
fier headroom. Dual supplies may be used to improve settling 
time and give increased current sink capability for the ampliller. 
Figure 9 shows the connection diagram for unipolar operation of 
the AD7243. Table I shows the digital code vs. analog output 
for this configuration. 

'ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 9. Unipolar (0 to + 10 V) Configuration 

Input Data Word 
MSB LSB 

XXXX llll llli 1111 
XXXX 1000 0000 0001 
XXXX 1000 0000 0000 
XXXX Olll llli llli 
XXXX 0000 0000 0001 
XXXX 0000 0000 0000 

x = Don't Care. 
Note: I LSB = 2REFIN/4096. 

Analog Output, VOUT 

+2REFIN . (4095/4096) 
+ 2REFIN . (2049/4096) 
+ 2REFIN . (2048/40%) = + REFIN 
+2REFIN • (2047/4096) 
+2REFIN • (114096) 
OV 

Table I. Unipolar Code Table (0 to + 10 V Range) 
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Unipolar (0 V to +5 V) Configuration 
The 0 V to + S V output voltage range is achieved by connecting 
RaFS to V OUT' Once again, the AD7243 can be operated using 
either single or dual supplies. The table for output voltage vs. 
digital code is as in Table I, with 2REFIN replaced by REFIN. 
Note, for this range, 1 LSB = REFIN • (2-12) = (REFIN/4O%). 

Bipolar (±5 V) Configuration 
The bipolar configuration for the AD7243, which gives an out
put range of -S V to +S V, is achieved by connecting ROFS to 
REFIN. The AD7243 must be operated from dual supplies to 
achieve this output voltage range. Either offset binary or 2s 
complement data format may be selected. Figure 10 shows the 
connection diagram for bipolar operation. An ADS86 provides 
the reference voltage for the DAC but this could be provided by 
the on-chip reference by connecting REFOUT to REFIN. 

r -

AD586 

I GND 

'ADDITIONAL PINS ,OMITTED FOR CLARITY 

Figure 10. Bipolar Configuration with External Reference 

Bipolar Operation (2s Complement Data Format) 
The AD7243 is conflgured for 2s complement data format by 
connecting BIN/COMP (Pin 4) high. The analog output vs. dig
ital code is shown in Table II. 

Input Data Word 
MSB LSB Analog Output, VOUT 

+REFIN • (2047/2048) 
+ REFIN . (112048) 
OV 
- REFIN • (1/2048) 
-REFIN . (2047/2048) 

XXXX Olll llil 1111 
XXXX 0000 0000 0001 
XXXX 0000 0000 0000 
XXXX llli 1111 1111 
XXXX 1000 0000 0001 
XXXX 1000 0000 0000 -REFIN . (2048/2048)=-REFIN 

x = Don't Care. 
Note: I LSB = REFIN/2048. 

Table II. 25 Complement Bipolar Code Table 

Bipolar Operation (Offset Binary Data Format) 
The AD7243 is configured for Offset Binary data format by con
necting BIN/COMP (Pin 4) low. The analog output vs. digital 
code may be obtained by inverting the MSB in Table II. 
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MICROPROCESSOR INTERFACING 
Microprocessor interfacing to the AD7243 is via a serial bus 
which uses standard protocol compatible with DSP processors 
and microcontrollers. The communications channel requires a 
three-wire interface consisting of a clock signal, a data signal 
and a synchronization signal. The AD7243 requires a 16-bit data 
word with data valid on the falling edge of SCLK. For all the 
interfaces, the DAC update may be done automatically when all 
the data is clocked in or it may be done under control of 
LDAC. 

Figures II to 16 show the AD7243 configured for interfacing to 
a number of popular DSP processors and microcontrollers. 

AD7243-ADSP-2101/ADSP-2102 Interface 
Figure II shows a serial interface between the AD7243 and the 
ADSP-210l/ ADSP-2102 DSP processor. The ADSP-210l/ 
ADSP-2102 contains two serial ports, and either port may be 
used in the interface. The data transfer is initiated by TFS go
ing low. Data from the ADSP-ZIOllADSP-2102 is clocked into 
the AD7243 on the falling edge of SCLK. When the data trans
fer is complete, TFS is taken high. In the interface shown the 
DAC is updated using an external timer which generates an 
LDAC pulse. This could also be done using a control or de
coded address line from the processor. Alternatively, the LDAC 
input could be hard wired low and in this case the update takes 
place automatically on the sixteenth falling edge of SCLK. 

ADSP -2101/ 
ADSP -2102* 

TFS 

SCLl< 

DT 

*ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 11. AD7243-ADSP-2101IADSP-2102 

AD7243-DSP56000 Interface 
A serial interface between the AD7243 and the DSP56000 is 
shown in Figure 12. The DSPS6000 is configured for Normal 
Mode Asynchronous operation with Gated Clock. It is also set 
up for a 16-bit word with SCK and SC2 as outputs and the FSL 
control bit set to a "0." SCK is internally generated on the 
DSP56000 and applied to the AD7243 SCLK input. Data from 
the DSP56000 is valid on the falling edge of SCK. The SC2 
output provides the framing pulse for valid data. This line must 
be inverted before being applied to the SYNC input of the 
AD7243. 

REV. 0 

AD 7243 
The LDAC input of the AD7243 is connected to DGND so the 
update of the DAC latch takes place automatically on the six
teenth falling edge of SCLK. An external timer could also be 
used as in the previous interface if an external update is re
quired. 

DSP56ODO 
AD7243* 

SCK r---.j 

STD r---.j SDIN 

scz 

·ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 12. AD7243-DSP56000 Interlace 

AD7243-TMS32020 Interface 
Figure 13 shows a serial interface between the AD7243 and the 
TMS32020 DSP processor. In this interface, the CLKX and 
FSX signals for the TMS32020 should be generated using exter
nal clock/timer circuitry. The FSX pin of the TMS32020 must 
be configured as an input. Data from the TMS32020 is valid on 
the falling edge of CLKX. 

The clock/timer circuitry generates the LDAC signal for the 
AD7243 to synchronize the update of the output with the serial 
transmission. Alternatively, the automatic update mode may be 
selected by connecting LDAC to DGND. 

TMS32020 

AD7243* 

FSX j.--4-+-.j SYNC 

CLKX j.---4--.j SCLK 

L ___ D~X~---I1 SDIN 

·ADDmoNAL PINS OMITTED FOR CLARITY 

Figure 13. AD724~TMS32020 Interface 
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AD7243 
AD7243-87C51Interface 
A serial interface between the AD7243 and the 87CS I microcon
troller is shown in Figure 14. TXD of the 87CSI drives SCLK 
of the AD7243, while RXD drives the serial data line of the 
part. The SYNC signal is derived from the port line P3.3 

The 87CS I provides the LSB of its SBUF register as the first bit 
in the serial data stream. Therefore, the user will have to ensure 
that the data in the SBUF register is arranged correctly so that 
the don't care bits are the first to be transmitted to the AD7243 
and the last bit to be sent is the LSB of the word to be loaded 
to the AD7243. When data is to be transmitted to the part, P3.3 
is taken low. Data on RXD is valid on the falling edge of TXD. 
The 87CS 1 transmits its serial data in 8-bit bytes with only eight 
falling clock edges occurring in the transmit cycle. To load data 
to the AD7243, P3.3 is left low after the first eight bits are 
transferred and a second byte of data is then transferred serially 
to the AD7243. When the second serial transfer is complete, the 
P3.3 line is taken high. 

Figure 14 shows the LDAC input of the AD7243 hard wired 
low. As a result, the DAC latch and the analog output will be 
updated on the sixteenth falling edge of TXD after the SYNC 
signal for the DAC has gone low. Alternatively, the scheme used 
in previous interfaces, whereby the LDAC input is driven from 
a timer, can be used. 

v- lDAC 
87C51* 

AD7243* 

P3.3 SYNC 

TXD SClK 

RXD SDIN 

*ADDITIONAL PINS OMITTED FOR CLARJTY 

Figure 14. AD7243-87C51 Interface 

AD7243-68HCll Interface 
Figure IS shows a serial interface between the AD7243 and the 
68HCll microcontroller. SCK of the 68HCll drives SCLK of 
the AD7243 while the MOSI output drives the serial data line of 
the AD7243. The SYNC signal is derived from a port line (PC7 
shown). 

For correct operation of this interface, the 68HCli should be 
configured such that its CPOL bit is a 0 and its CPHA bit is a 
1. When data is to be transmitted to the part, PC7 is taken low. 
When the 68HCli is configured like this, data on MOSI is valid 
on the falling edge of SCK. The 68HCl1 transmits its serial 
data in 8-bit bytes with only eight falling clock edges occurring 
in the transmit cycle. To load data to the AD7243, PC7 is left 
low after the first eight bits are ,transferred and a second byte of 
data is then transferred serially to the AD7243. When the sec
ond serial transfer is complete, the PC7 line is taken high. 
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Figure 15 shows the LDAC input of the AD7243 hardwired 
low. As a result, the DAC latch and the analog output of.the 
DAC will be updated on the sixteenth falling edge of SCK after 
the respective SYNC signal has gone low. Alternatively, the 
scheme used in previous interfaces, whereby the LDAC input is 
driven from a timer, can be used. 

~ 
LDAC 

68HCll* 
AD7243* 

PC7 SYNC 

SCK SCLK 

MOSI SDIN 

*ADDmONAL PINS OMITTED FOR CLARITY 

Figure 15. AD7243-68HC11 Interface 

Multiple DAC Daisy-Chain Interface 
A multi-DAC serial interface is shown in Figure 16. This 
scheme may be used with all of the interfaces previously dis
cussed if more than one DAC is required in a system. To enable 
the facility the DCEN pin must be connected high on all de
vices, including the last device in the chain. 

PAO 

MICROCONTROllER SDIN 

AD7243* 

PAl SCLK 

PAZ 
--

~ SYNC 

PAl -- DCEN lDAC 
SDO 

SDIN 

AD7243* 

SClK 

f-- SYNC ~ -f-- -- DCEN LDAC 
SOO 

SDIN 

SYNC 

LiiAC DCEN 

*ADDmONAl PINS OMITTED FOR CLARITY SDO 

Figure 16. AD7243 Daisy-Chain Configuration 
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Common clock, data, and synchronization signals are applied to 
all DACs in the chain. The loading sequence starts by taking 
SYNC low. The data is then clocked into the input registers on 
the falling edge of SCLK. Sixteen clock pulses are required for 
each DAC in the chain. The data ripples through the input reg
isters with the first l6-bit word filling the last register in the 
chain after l6N clock pulses where N = the total number of 
DACs in the chain. 

When valid data has been loaded into all the registers, the 
SYNC input should be taken high and a common LDAC pulse 
used to update all the DACs simultaneously. 

APPLICATIONS 
OPTO·ISOLATED INTERFACE 
In many process control type applications it is necessary to pro
vide an isolation barrier between the controller and the unit be
ing controlled. Opto-isolators can provide voltage isolation in 
excess of 3 kV. The serial loading structure of the AD7243 
makes it ideal for opto-isolated interfaces as the number of inter
face lines is kept to a minimum. 

DATA OUT I-----ei,....-+--, 

CONTROLLER 

AD 7243 
Figure 17 shows a 4-channel isolated interface using the 
AD7243. The DCEN pin must be connected high to enable the 
daisy-chain facility. Four channels with 12-bit resolution are 
provided in the circuit shown, but this may be expanded to 
accommodate any number of DAC channels without any extra 
isolation circuitry. 

The sequence of events to program the output channels is as 
follows. 

1. Take the SYNC line low. 

2. Transmit the data as four 16-bit words. A total of 64 clock 
pulses is required to clock the data through the chain. 

3. Take the SYNC line high. 

4. Pulse the LDAC line low. This updates all output channels 
simultaneously on the falling edge of LDAC. 

To reduce the number of opto-couplers, the LDAC line could 
be driven from a one shot which is triggered by the rising edge 
on the SYNC line. A low level pulse of 50 ns duration or greater 
is all that is required to update the outputs. 

SDIN 

AD7243* 

CLOCK OUT f-----'.I--+-., ri-+-------------1-lSCLK 
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Figure 17. Four-Channel Opto-Isolated Interface 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
12-Bit CMOS DAC with Output Amplifier and 

Reference 
Parallel Loading Structure: AD7245 
(8+4) Loading Structure: AD7248 
Single or Dual Supply Operation 
Fast Digital Interface (80ns WR Pulse) 
Low Power (65mW typ) 
0.3". Skinny. 20- and 24-Pin DIP 
20- and 28-Terminal Surface Mount Packages 
NOTE: AD7245A1AD7248A IS RECOMMENDED FOR 

NEW DESIGNS 

GENERAL DESCRIPTION 
The AD7245/AD7248 is a complete 12-bit, voltage-output, 
digital-to-analog convener with output amplifier and Zener 
voltage reference on a monolithic CMOS chip. No external 
trims are required to achieve full specified performance for the 
part. 

The pan features double-buffered interface logic with a 12-bit 
input latch and 12-bit DAC latch. The data held in the DAC 
latch determines the analog output of the convener. The AD7245 
accepts 12-bit parallel data which is latched into the input latch 
on the rising edge of CS or WR. The AD7248 has an 8-bit-wide 
data bus, and data is loaded to the input latch in two write 
operations, an 8-bit LSB load and a 4-bit MSB load. The input 
data must be right justified. For both parts, an asynchronous 
LDAC signal transfers data from the input latch to the DAC 
latch. The AD7245 also has a CLR signal on the DAC latch 
which allows features such as power-on reset to be implemented. 
All logic inputs are level triggered and are TTL and CMOS 
(5V) level compatible, while the control logic is speed compatible 
with most microprocessors. 

The on-chip 5V buried Zener diode provides a low-noise, tem
perature compensated reference for the DAC. The gain setting 
resistors allow a number of ranges at the output: 0 to + 5V, 0 to 
+ IOV when using single supply and 0 to + 5V, - 5V to + 5V 
when operated in dual supplies. The output amplifier is capable 
of developing + IOV across a 2kO load to GND. 

The AD7245/AD7248 is fabricated in an all ion-implanted, 
high-speed linear, compatible CMOS (LC2MOS) process. The 
AD7245 is packaged in a small, O.3"-wide, 24-pin DIP and 28-
terminal surface mount packages. The AD7248 is available in a 
O.3"-wide, 20-pin DIP and 20-termina1 surface mount 
packages. 

DACPORT is • trademark of Aoalog Devic:es, Inc:. 

REV. A 

LC2MOS 
12-Bit DACPORTS 

AD7245/ AD7248 I 
FUNCTIONAL BLOCK DIAGRAMS 

Voo AEF OUT 

L...o.,.,.. ............ ,.,...-<JR" 

v .. 

RFa 

DGND 

PRODUCT HIGHLIGHTS 
I. Complete 12-Bit DACPORT™ 

The AD7245/AD7248 is a complete, voltage output, 12-bit 
DAC on one chip. This single-chip design of the DAC reference 
and output amplifier is inherently more reliable than multichip 
designs. 

2. Microprocessor Compatibility 
The parallel loading structure of the AD7245 allows connection 
to microprocessors with a 16-bit-wide data bus. The AD7248 
is aimed at microprocessors which have an 8-bit-wide data 
bus structure. The high-speed logic of both pans allows 
direct interfacing to most modem microprocessors. Addition
ally, the double buffered interface enables simultaneous 
update of the AD7245/AD7248 in multiple DAC systems. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
12-Bit CMOS DAC with Output Amplifier and 

Reference 
Improved AD7245/AD7248: 

12 V to 15 V Operation 
±112 LSB Linearity Grade 
Faster Interface-40 ns typ Data Setup Time 

Extended Plastic Temperature Range (-WC to +SS·C) 
Single or Dual Supply Operation 
Low Power-55 mW typ in Single Supply 
Parallel Loading Structure: AD7245A 
(8+4) Loading Structure: AD7248A 

GENERAL DESCRIPTION 
The AD7245A1AD7248A is an enhanced version of the industry 
standard AD7245/AD7248. Improvements include operation 
from 12 V to 15 V supplies, a ± 112 LSB linearity grade, faster 
interface times and better full scale and reference variations with 
V DD. Additional features include extended temperature range 
operation for commercial and industrial grades. 

The AD7245A1AD7248A is a complete, 12-bit, voltage output, 
digital-to-analog converter with output amplifier and Zener volt· 
age reference on a monolithic CMOS chip. No external user 
trims are required to achieve full specified performance. 

Both parts are microprocessor compatible, with high speed data 
latches and double-buffered interface logic. The AD7245A ac
cepts 12-bit parallel data which is loaded into the input latch on 
the rising edge of CS or WR. The AD7248A has an 8-bit wide 
data bus with data loaded to the input latch in two write opera
tions. For both parts, an asynchronous LDAC signal transfers 
data from the input latch to the DAC latch and updates the ana
log output. The AD7245A also has a CLR signal on the DAC 
latch which allows features such as power-on reset to be 
implemented. 

The on-chip 5 V buried Zener diode provides a low noise, tem
perature compensated reference for the DAC. For single supply 
operation, two output ranges of 0 to + 5 V and 0 to + 10 V are 
available, while these two ranges plus an additional ±5 V range 
are available with dual supplies. The output amplifiers are capa
ble of developing +- 10 V across a 2 k!lload to GND. 

The AD7245A1AD7248A is fabricated in linear compatible 
CMOS (LC2MOS), an advanced, mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 
The AD7245A is available in a small, 0.3" wide, 24-pin DIP and 
SOIC and in 28-terminal surface mount packages. The 
AD7248A is packaged in a small, 0.3" wide, 20-pin DIP and 
SOIC and in 20-terminal surface mount packages. 

DACPORT is a trademark of Analog Devices, Inc. 

REV. 0 

LC2MOS 
12-Bit DACPORTs 

AD1245A1AD1248A I 
AD7245A FUNCTIONAL BLOCK DIAGRAM 

Voe REF OUT ROFS 

DBO DB11 OGND 

AD7248A FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. The AD7245A/AD7248A is a 12-bit DACPORT'" on a single 

chip. This single chip design and small package size offer 
considerable space saving and increased reliability over multi
chip designs. 

2. The improved interface times on the part allows easy, direct 
interfacing to most modern microprocessors. 

3. The AD7245A/AD7248A features a wide power supply range 
allowing operation from 12 V supplies. 
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AD7245A1AD7248A-SPECIFICATIONS (VDD = +12Vto +15V,IVSS = ~Vor-12Vto -15 VI, 
AGNO = OGNO = 0 V, RL = 2 kG, CL = 100 pF. All specifications Tmin to Tmax unless otherwise noted.) 

A' 8' S' 
Parameter Version Version Version Unita 

STATIC PERFORMANCE 
Resolution lZ lZ lZ Bits 
Relative Accuracy' ±1 ±1I2 ±1 LSB max 
Differential Nonlinearity' ±I ±I ±I LSBmax 
Unipolar Offset Error at + Z5'C' ±3 ±3 ±3 LSB max 

Tmia to Tmax ±5 ±5 ±5 LSB max 
Bipolar Zero Error' ±3 ±3 ±3 LSBmax 

Tmin to Tmax ±5 ±5 ±5 LSB max 
DAC Gain Error" 6 ±Z ±Z ±Z LSB max 
Full-Scale Output Voltage Error' @ + Z5'C ±0.2 ±O.Z ±O.Z %ofFSRmax 
AFull Scale! A V 00 ±0.06 ±0.06 ±0.06 % ofFSRNmax 
AFull Scale! AV ss ±0.01 ±0.01 ±0.01 %ofFSRNmax 
Full-Scale Temperature Coefficient" ±30 ±30 ±40 ppm ofFSRI'C max 

REFERENCE OUTPUT 
REF OUT@ +25'C 4.99/.'i.Ol 4.99/5.01 4.99/5.01 V minIV max 
AREF OUT/AVoo 2 2 2 mVNmax 
Reference Temperature Coefficient ±Z5 ±25 ±35 ppmI'C typ 
Reference Load Change 

(AREF OUT vs. AI) -1 -1 -1 mVrnax 

DIGITAL INPUTS 
Input High Voltage, VINH 2.4 2.4 2.4 V min 
Input Low Voltage, VINL 0.8 0.8 0.8 V max 
Input Current, lIN ±1O ±1O ±1O .,.A max 
Input Capacitance' 8 8 8 pFmax 

ANALOG OUTPUTS 
Output Range Resistors 15/30 15/30 15/30 kO minlkO max 
Output Voltage Ranges'O +5, +10 +5, +10 +5, +10 V 
Output Voltage Ranges lO +5, +10, +5, +10, +5,+10, 

±5 ±5 ±5 V 
DC Output Impedance 0.5 0.5 0.5 o typ 

AC CHARACTERISTICS' 
Voltage Output Settling Time 

Positive Full-Scale Change 10 10 10 .,.S max 
Negative Full-Scale Change 10 10 10 .,.smax 

Digital Feedthrough' 10 10 10 nV-s typ 
Digital-ta-Analog Glitch Impulse 30 30 30 nV-s typ 

POWER REQUIREMENTS 
Voo + 10.81 +11.41 + 11.41 V mini 

+16.5 +15.75 +15.75 V max 
Vss -10.81 -1I.41 -11.41 V mini 

-16.5 -15.75 -15.75 V max 
100 12 12 IZ rnA max 
Iss (Dual Supplies) 3 3 5 rnA max 

NOTES 
'Power supply tolerance is ± 10% for A Version and ±S% for B and S Versions. 
'Temperature ranges are as follows: AlB Versions; -40'C to +8S'C; S Version; -SS'C to +12S'C. 
'See Terminology. 
'With appropriate power supply tolerances. 

Test Conditions/Commenta 

Guaranteed Monotonic 
V ss = 0 V or -IZ V to -15 V' 
Typical Tempco is ±3 ppm of FSR'I'C. 
RoFS connected to REF OUT; V ss = -IZ V to -IS V' 
Typical Tempco is ±3 ppm of FSR'I'C. 

Voo= +15V 
Voo = +12 V to +15 V' 
Vss = -12 V to -15 V' 
Voo= +15V 

Voo = +15 V 
Voo = +IZ V to +15 V' 

Reference Load Current Change (0-100 .,.A) 

VIN = OVtoVoo 

Vss = 0 V; Pin Strappable 
Vss =-12 V to -IS V;' Pin Strappable 

Settling Time to Within ± liZ LSB of Final Value 
DAC Latch All Os to All Is 
DACLatchAlilstoAllOs; Vss = -12 V to -IS V' 

For Specified Performance Unless Otherwise Stated 

For Specified Performance Unless Otherwise Stated 

OutPUt Unloaded; Typically 5 rnA 
Output Unloaded;Typically 2 rnA 

'FSR means Full-Scale Range and is S V for the 0 to +S V output range and 10 V for both the 0 to +10 V and ±S V output ranges. 
'This error is calculated with respect to the reference voltage and is measured after the offset error has been allowed for. 
'This error is calculated with respect to ao ideal 4.9988 V on the 0 to +S V aod ±S V ranges; it is calculated with respect to an ideal 9.9976 V on the 
o to + 10 V range. It includes the effects of internal voltage reference, gain and offset errors. 

'Full-Scale TC = AFS/AT, where AFS is the full-scale change from TA = +ZS'C to Tm;n or T_. 
9Sample tested at + 250C to ensure compliance. 

'00 to + 10 V output range is available only when V 00 '" + 14.2S V. 
Specifications subject to change without notice. 
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AD7245A1AD7248A 

SWITCHING CHARACTERISTICS1 (VDD = +12 V to +15 V;2 Vss = 0 V or -12 V to -15 V;2 See Figures 5 and 7.) 

Parameter A, B Versions S Version 

t, 
@ +25OC 55 55 
Tmin to Tmax 80 100 

t2 
@ +25°C 40 40 
Tmm to Tma. 80 100 

t, 
@ +25°C 0 0 
Tmin to Tmax 0 0 

t4 
@ +25°C 0 0 
T min to Tmax 0 0 

ts 
@ +25OC 40 40 
Tmin to Tmax 80 80 

t. 
@ +25OC 10 10 
Tmm to Tmax 10 10 

t7 
@ +25°C 40 40 
T min to Tmax 80 100 

t. 
@ +25OC 40 40 
Tmjn to Tmax 80 100 

NOTE 
'Sample tested at +25"<: to ensure compliance. 
2Power supply tolerance is ± 10% for A Version and =:5% for B and S Versions. 

ABSOLUTE MAXIMUM RATINGS· 
VDD to AGND .................... -0.3 V to +17 V 
VDD to DGND ................... -0.3 V to +17 V 
VDD to Vss ..................... -0.3 V to +34 V 
AGND to DGND .................... -0.3 V, VDD 

Digital Input Voltage to DGND ...... -0.3 V, VDD +0.3 V 
VOUT to AGND' ....................... Vss, VDD 

VOUT to Vss ' ........................ 0 V, +24 V 
VOUT to VDD1 .••••••••.••••••••.•.••• -32 V, 0 V 
REF OUT' to AGND .................... 0 V, VDD 

Power Dissipation (Any Package) to +75°C ....... 450 mW 
Derates above +75°C by .................. 6 mWrC 

Units Conditions 

ns typ Chip Select Pulse Width 
nsmin 

ns typ Write Pulse Width 
nsmin 

nsmin Chip Select to Write Setup Time 
nsmin 

nsmin Chip Select to Write Hold Time 
nsmin 

nstyp Data Valid to Write Setup Time 
nsmin 

nsmin Data Valid to Write Hold Time 
nsmin 

ns typ Load DAC Pulse Width 
nsmin 

ns typ Clear Pulse Width 
ns min 

Operating Temperature 
Commercial (A, B Versions) ........... -40°C to +85°C 
Extended (S Version) .............. -SsoC to + 12SoC 

Storage Temperature ................ -65"C to + ISO°C 
Lead Temperature (Soldering, 10 sees) ........... + 300°C 

NOTE 
IThe output may be shorted to voltages in [his range pro\'ided the power dis· 
sipation of the package is not exceeded. VOl"T short circuit current is typi· 
cally 80 rnA. 

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

CAUTION ______________________________________________ ___ 

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

WARNING! c:J 
~~EDEVICE 
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AD7245A1AD7248A 
AD724SA ORDERING GUIDE 

Temperature Relative Package 
Modell Range AccUracy Optionz 

AD7245AAN -40°C to +85OC ±1 LSB max N-24 
AD7245ABN -40°C to +85OC ± 1/2 LSB 11llIX N-24 
AD7245AAQ -40°C to +85OC ±1 LSB max Q-24 
AD7245ASQ3 -55OC to +l25OC ±1 LSB max Q-24 
AD7245AAP -40OC to +85OC ±1 LSB max P-28A 
AD7245AAR -4OOC to +85°C ±1 LSB max R-24 
AD7245ABR -40OC to +85OC ±1I2 LSB max R-24 
AD7245ASE3 -55°C to + 125°C ±1 LSB max E-28A 

NOTES 
ITo order MlL-STD-883, Class B, processed partS, add 1883B to part num
ber. Contact our local sales office for military data sheet and availability. 

'E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = sorC. For outline information see Package 
Information section. 

'This grade will be available to 1883B processing only. 

AD7248A ORDERING GUIDE 

Temperature Relative Package 
Modell Range Accnracy Optionz 

AD7248AAN -40°C to +85OC ±1 LSB max N-20 
AD7248ABN -40OC to +85OC ±1I2 LSB max N-20 
AD7248AAQ -4OOC to +85°C ±1 LSBmax Q-20 
AD7248ASQ3 - 55°C to + 1250C ±1 LSB max Q-20 
AD7248AAP -4OOC to +85°C ±1 LSB max P-20A 
AD7248AAR -4OOC to +85°C ±1 LSB max R-20 
AD7248ABR -40OC to +85OC ±1I2 LSB max R-20 

NOTES 
ITo order MIL-STD-883, Class B, processed partS, add 1883B to part num
ber. Contact our local sales office for military data sheet and availability. 

'N = P1astic DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = 
sorC. For outline information see Package Information section. 

'This grade will be available to 1883B proceasing only. 

TERMINOLOGY 

RELATIVE ACCURACY 
Relative Accuracy, or end-point nonlinearity, is a measure of the 
actual deviation from a straight line passing through the end
points of the DAC transfer function. It is measured after allow
ing for zero and full scale and is normally expressed in LSBs or 
as a percentage of full-scale reading. 

DIFFERENTIAL NONLINEARITY 
Differential Nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± I LSB max over 
the operating temperature range ensures monotonicity. 

DIGITAL FEEDTHROUGH· 
Digital Feedthrough is the glitch impulse injected from the digi
tal inputs to the analog output when the inputs change state. It 
is measured with LDAC high and is specified in nY-so 
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DAC GAIN ERROR 
DAC Gain Error is a measure of the output error between an 
ideal DAC and the actual device output with all Is loaded after 
offset error has been allowed for. It is, therefore defmed as: 

Measured Value-Offset-ldeal Value 

where the ideal value is calculated relative to the actual reference 
value. 

UNIPOLAR OFFSET ERROR 
Unipolar Offset Error is a combination of the offset errors of the 
voltage mode DAC and the output amplifier and is measured 
when the part is configured for unipolar outputs. It is present or 
all codes and is measured with all Os in the DAC register. 

BIPOLAR ZERO OFFSET ERROR 
Bipolar Zero Offset Error is measured when the part is config
ured for bipolar output and is a combination of errors from the 
DAC and output amplifier. It is present for all codes and is 
measured with a code of 2048 (decimal) in the DAC register. 

SINGLE SUPPLY LINEARITY AND GAIN ERROR 
The output amplifier of the AD7245NAD7248A can have a true 
negative offset even when the part is operated from a single pos
itive power supply. However, because the lower supply rail to 
the part is 0 V, the output voltage cannot actually go negative. 
Instead the output voltage sits on the lower rail and this results 
in the transfer function shown across. This is an offset effect 
and the transfer function would have followed the dotted line if 
the output voltage could have gone negative. Normally, linearity 
is measured after offset and full scale have been adjusted or al
lowed for. On the AD7245A/AD7248A the negative offset is 
allowed for by calculating the linearity from the code which the 
amplifier comes off the lower rail. This code is given by the 
negative offset specification. For example, the single supply lin
earity specification applies between Code 3 and Code 4095 for 
the 25°C specification and between Code 5 and Code 4095 over 
the T m;n to T max temperature range. Since gain error is also 
measured after offset has been allowed for, it is calculated be
tween the same codes as the linearity error. Bipolar linearity and 
gain error are measured between Code 0 and Code 4095 .. 

OUTPUT 
VOLTAGE 

NEGAT1V~V{ / 
OFFSET / 

DACCODE 
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Pin Mnemonic 

Vss 

2 RoFS 

3 REF OUT 

4 AGND 

5 DB11 

6-11 DBIO-DB5 

12 DGND 

13-16 DB4-DBI 

17 DBO 

18 CS 

REV. 0 

AD7245A1AD7248A 
AD7245A PIN FUNCTION DESCRIPTION 

(DIP PIN NUMBERS) 

Description Pin Mnemonic Description 

Negative Supply Voltage (0 V for single 19 WR Write Input (Active LOW). This is used in 
supply operation). conjunction with CS to write data into the 

Bipolar Offset Resistor. This provides input latch of the AD7245A. 

access to the on-chip application resistors 20 LDAC Load DAC Input (Active LOW). This is an 
and allows different output voltage ranges. asynchronous input which when active 

Reference Output. The on-chip reference is transfers data from the input latch to 

provided at this pin and is used when the DAC latch. 

configuring the part for bipolar outputs. 21 CLR Clear Input (Active LOW). When this input 

Analog Ground. is active the contents of the DAC latch are 
reset to all Os. 

Data Bit II. Most Significant Bit (MSB). 
22 Voo Positive Supply Voltage. 

Data Bit 10 to Data Bit 5. 
23 RFB Feedback Resistor. This allows access to 

Digital Ground. the amplifier's feedback loop. 
Data Bit 4 to Data Bit 1. 24 VOUT Output Voltage. Three different output 
Data Bit O. Least Significant Bit (LSB). voltage ranges can be chosen: 0 to + 5 V, 

Chip Select Input (Active LOW). The device o to + 10 V or -5 V to +5 V. 

is selected when this input is active. 

AD7245A PIN CONFIGURATIONS 

DIP and SOIC 

§ 
~ J 

PLCC 

J !!l J 

AD7245A 
TOPYIEW 

INot to Scalel 

! J .. 

! R I !!l ~ !!l !!l 
NC = NO CONNECT 

AGND 5 

0811 6 

D810 7 

NC 8 

DBI • 

DB8 10 

DB7" 

LCCC 

§ 
iJ::~JiJ 
432128212& 

, 
L~ 

AD7245A 
TOP VIEW 

INot to Scalel 

12 13 14 15 " 17 18 

! III ~ ~ ~ I !i " co 
" 

NC = NO CONNECT 

2S CLR 

24 LDAc 
23Wii 

22NC 

21 CS 
20 DBO 

19 DB' 
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AD7245A1AD7248A 

Pin Mnemonic 

Vss 

2 Reps 

3 REF OUT 

4 AGND 

5 DB7 

6 DB6 

7 DB5 

8 DB4 

9 DB3 

10 DGND 

11 DB2 

12 DBI 

13 DBO 

AD7248A PIN FUNCTION DESCRIPTION 
(ANY PACKAGE) 

Description Pin Mnemonic Description 

Negative Supply Voltllge (0 V for single 14 CSMSB Chip Select Input for MS Nibble. (Active 
supply operation). LOW). This selects the upper 4 bits of the 

Bipolar Offset Resistor. This provides input latch. Input data is right justified. 

access to the on-chip application resistors IS CSLSB Chip Select Input for LS byte. (Active 
and allows different output voltage ranges. LOW). This selects the lower 8 bits of the 

Reference Output. The on-chip reference is input latch. 

provided at ,this pin and is used when 16 WR Write Input This is used in conjunction 
configuring the part for bipolar outputs. with CSMSB and CSLSB to load data into 

Analog Ground. the input latch of the AD7248A. 

Data Bit 7. 17 LDAC Load DAC Input (Active LOW). This is 

Data Bit 6. 
an asynchronous input which when active 
transfers data from the input latch to the 

Data Bit 5. DAC latch. 

Data Bit 4. 18 Vnn Positive Supply Voltage. 

Data Bit 3/Data Bit 11 (MSB). 19 RpB Feedback Resistor. This allows access to 

Digital Ground. the amplifier's feedback loop. 

Data Bit 2/Data Bit 10. 20 VOUT Output Voltage. Three different output 
voltage ranges can be chosen: 0 to +5 V, 

Data Bit IlData Bit 9. o to + 10 V or -5 V to +5 V. 
Data Bit 0 (LSB)lData Bit 8. 

DIP and sOle 

AD7248A PIN CONFIGURATIONS 

Lcec PLCC 

§ 
~ J J j J 
3 2 , 20 ,. .. 

AOND4 LJ 
IMSBIDB7& 

A07248A 
D ... TOP VIEW 
DB& 7 INot ....... 1 

DB" 

.'0111213 

e I ! ii! 
~ 

,. VDD 
AGND 4 

17 mAC 
I. Wii 
1& CiLSi 
I.aMiIi 

o 

AD7248A 
TOP VIEW 

INot to 8a.I .. ' 

"."'213 
R I Hi! 

~ 
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AD7245A1AD7248A 
CIRCUIT INFORMATION 

D/ASECTION 
The AD7245A1AD7248A contains a 12-bit voltage mode digital
to-analog converter. The output voltage from the converter has 
the same positive polarity as the reference voltage allowing sin
gle supply operation. The reference voltage for the DAC is pro
vided by an on-chip buried Zener diode. 

The DAC consists of a highly stable, thin-fIlm, R-2R ladder 
and twelve high-speed NMOS single-pole, double-throw 
switches. The simplified circuit diagram for this DAC is shown 
in Figure 1. 

o--"",_"""JV'oil.---o R" 

VAEF -+-..... -+-.... ---+-~~r---..... ---+-..... +-..... 
AGNDo-+--..... - .... -~ ... --..... - ..... ----' 

Figure 1. DIA Simplified Circuit Diagram 

The input impedance oCthe DAC is code dependent and can 
vary from 8 kO to infinity. The input capacitance also varies 
with code, typically from 50 pF to 200 pF. 

OP AMP SECTION 
The output of the voltage mode DI A converter is buffered by a 
noninverting CMOS amplifier. The user has access to two gain 
setting resistors which can be connected to allow different out
put voltage ranges (discussed later). The buffer amplifier is ca
pable of developing up to 10 V across a 2 kO load to GND. 

The output amplifier can be operated from a single positive 
power supply by tying Vss = AGND = 0 V. The amplifier can 
also be operated from dual supplies to allow a bipolar output 
range of - 5 V to + 5 V. The advantages of having dual supplies 
for the unipolar output ranges are faster settling time to voltages 
near 0 V, full sink capability of 2.5 rnA maintained over the en
tire output range and elimination of the effects of negative offset 
on the transfer characteristic (outlined previously). Figure 2 
shows the sink capability of the amplifier for single supply 
operation. 

.. 
~ 3 

J j 

, I 
V TA = TMlN TO TMA ... 

I I 
'0 

OUTPUT VOLTAGE - Votta 

Figure 2. Typical Single Supply Sink Current VS. 

Output Voltage 
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The small signal (200 m V p-p) bandwidth of the output buffer 
amplifier is typically 1 MHz. The output noise from the ampli
fier is low with a figure of 25 nV/YHz at a frequency of 1 kHz. 
The broadband noise from the amplifier has a typical peak-to
peak figure of 150 ... V for a 1 MHz output bandwidth. There is 
no significant difference in the output noise between single and 
dual supply operation. 

VOLTAGE REFERENCE 
The AD7245A1AD7248A contains an internal low noise buried 
Zener diode reference which is trimmed for absolute accuracy 
and temperature coefficient. The reference is internally con
nected to the DAC. Since the DAC has a variable input imped
ance at its reference input the Zener diode reference is buffered. 
This buffered reference is available to the user to drive the cir
cuitry required for bipolar output ranges. It can be used as a 
reference for other parts in the system provided it is externally 
buffered. The reference will give long-term stability comparable 
with the best discrete Zener reference diodes. The performance 
of the AD7245A1AD7248A is specified with internal reference, 
and all the testing and trimming is done with this reference. 
The reference should be decoupled at the REF OUT pin and 
recommended decoupling components are 10 ... F and 0.1 ... F 
capacitors in series with a 10 0 resistor. A simplified schematic 
of the reference circuitry is shown in Figure 3. 

TO OAC 

REF OUT 

Ie IS TEMPERATURE 
COMPENSATION CURRENT 

Figure 3. Internal Reference 

DIGITAL SECTION 
The AD7245A1AD7248A digital inputs are compatible with 
either TTL or 5 V CMOS levels. All data inputs are static pro
tected MOS gates with typical input currents of less than 1 nA. 
The control inputs sink higher currents (150 ... A max) as a 
result of the fast digital interfacing. Internal input protection of 
all logic inputs is achieved by on-chip distributed diodes. 

The AD7245A1AD7248A features a very low digital feedthrough 
figure of 10 nV-s in a 5 V output range. This is due to the volt
age mode configuration of the DAC. Most of the impulse is ac
tually as a result of feedthrough across the package. 

INTERFACE LOGIC INFORMATION-AD724SA 
Table I shows the truth table for AD7245A operation. The part 
contains two 12-bit latches, an input latch and a DAC latch. CS 
and WR control the loading of the input latch while LDAC con
trols the transfer of information from the input latch to the 
DAC latch. All control signals are level triggered; and therefore, 
either or both latches may be made transparent, the input latch 
by keeping CS and WR "LOW", the DAC latch by keeping 
LDAC "LOW." Input data is latched on the rising edge of 
WR. 
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The data held in the DAC latch determines the analog output of 
the converter. Data is latched into the D AC latch on the rising 
edge of LDAC. This LDAC signal is an asynchronous signal 
and is independent of WR. This is useful in many applications. 
However, in systems where the asynchronous LDAC can occur 
during a write cycle (or vice versa) care must be taken to ensure 
that incorrect data is not latched through to the output. For ex
ample, if LDAC goes LOW while WR is "LOW", then the 
LDAC signal must stay LOW for t7 or longer after WR goes 
high to ensure correct data is latched through to the output. 

Table I. AD7245A Truth Table 

CLR LDAC WR CS Function 

H L L L Both Latches are Transparent 
H H H X Both Latches are Latched 
H H X H Both Latches are Latched 
H H L L Input Latches Transparent 
H H ~ L Input Latches Latched 
H L H H DAC Latches Transparent 
H ~ H H DAC Latches Latched 
L X X X DAC Latches Loaded with aliOs 
~ H H H DAC Latches Latched with All 

Os and Output Remains at 
o Vor -5 V 

~ L L L Both Latches are Transparent 
and Output Follows Input Data 

H = High State L = Low State X = Don't Care 

The contents of the DAC latch are reset to all Os by a low level 
on the CLR line. With both latches transparent, the CLR line 
functions like a zero override with the output brought to 0 V in 
the unipolar mode and -5 V in the bipolar mode for the dura
tion of the CLR pulse. If both latches are latched, a "LOW" 
pulse on the CLR input latches all Os into the DAC latch and 
the output remains at 0 V (or -5 V) after the CLR line has re
turned "HIGH." The CLR line can be used to ensure powerup 
to 0 V on the AD7245A output in unipolar operation and is also 
useful, when used as a zero override, in system calibration 
cycles. 

Figure 4 shows the input control logic for the AD7245A and the 
write cycle timing for the part is shown in Figure 5. 

CLR------' 

INPUT DATA 

Figure 4. AD7245A Input Control Logic 
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AD 7245A1AD7248A 

cs-L't--. -----:: 
_ -=-~,.-=l ___ I-.. __ sv 

~ ~ W 

sv 

LDAC ffi ov 

DATAW~/hHI:H li~~A';Co//h :: 
NOTES 
1. SEE TIMING SPECIFICATIONS. 
2. ALL INPUT RISE AND FALL TIMES MEASURED FROM 10% TO 

90% OF +5V. t, " t, = 5n5. 
3. TIMING MEASUREMENT REFERENCE LEVEL IS 

V.NH + V,NL ---.-
4. IF LOAC IS ACTIVATED WHILE Wii IS lOW THIt!LDAC 

MUST STAY LOW FOR t, OR LONGER AFTER WR GOES HIGH. 

Figure 5. AD7245A Write Cycle Timing Diagram 

INTERFACE LOGIC INFORMATION - AD7248A 
The input loading structure on the AD7248A is configured for 
interfacing to microprocessors with an 8-bit wide data bus. The 
part contains two 12-bit latches-an input latch and a DAC 
latch. Only the data held in the DAC latch determines the ana
log output from the converter. The truth table for AD7248A 
operation is shown in Table II, while the input control logic dia
gram is shown in Figure 6. 

LoAc --------~~~~D 

CsiiSB -_-'£-...... 

DB7-DBO 

Figure 6. AD7248A Input Control Logic 

CSMSB, CSLSB and WR control the loading of data from the 
external data bus to the input latch. The eight data inputs on 
the AD7248A accept right justified data. This data is loaded to 
the input latch in two separate write operations. CSLSB and 
WR control the loading of the lower 8-bits into the 12-bit wide 
latch. The loading of the upper 4-bit nibble is controlled by 
CSMSB and WR. All control inputs are level triggered, and 
input data for either the lower byte or upper 4-bit nibble is 
latched into the input latches on the rising edge of WR (or 
either CSMSB or CSLSB). The order in which the data is 
loaded to the input latch (i.e., lower byte or upper 4-bit nibble 
first) is not important. 

The LDAC input controls the transfer of l2-bit data from the 
input latch to the DAC latch. This LDAC signal is also level 
triggered, and data is latched into the DAC latch on the rising 
edge of LDAC. The LDAC input is asynchronous and indepen
dent of WR. This is useful in many applications especially in 
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AD7245A1AD7248A 
the simultaneous updating of multiple AD7248A outputs. How
ever, in systems where the asynchronous LDAC can occur dur
ing a write cycle (or vice versa) care must be taken to ensure 
that incorrect data is not latched through to the output. In other 
words, if LDAC goes low while WR and either CS input are 
low (or WR and either CS go low while LDAC is low), then the 
LDAC signal must stay low for t7 or longer after WR returns 
high to ensure correct data is latched through to the output. 
The write cycle timing diagram for the AD7248A is shown in 
Figure 7. 

/-"-1 
CSLSB l ,1.--------------- 5V 

i . r--"---l ov 

CSMs,~_I-I---..j-I--.. ---.1 '-1 -----:: 
I ,,--I foe- ~~ .. 

j.-"--t 1--"--1 
>VA I ! LJi-, -1---'-'---1-- :: 

1,,1-- 1,·1-- I r:: 
..j r" -/" r 

DfJA ~JI/ 1I/~'7"T'l/hTT7ra"T7C7Ifi""""'2:: 
Figure 7. AD7248A Write Cycle Timing Diagram 

An alternate scheme for writing data to the AD7248A is to tie 
the CSMSB and LDAC inputs together. In this case exercising 
CSLSB and WR latches the lower 8 bits into the input latch. 
The second write, which exercises CSMSB, WR and LDAC 
loads the upper 4-bit nibble to the input latch and at the same 
time transfers the l2-bit data to the DAC latch. This automatic 
transfer mode updates the output of the AD7248A in two write 
operations. This scheme works equally well for CSLSB and 
LDAC tied together provjded the upper 4-bit nibble is loaded 
to the input latch followed by a write to the lower 8 bits of the 
input latch. 

Table II. AD7248A Truth Table 

CSLSB CSMSB Wll LDAC Function 

L H L H Load LS Byte into Input Latch 
L H I H Latches LS Byte into Input Latch 

I H L H Latches LS Byte into Input Latch 
H L L H Loads MS Nibble into Input Latch 
H L I H Latches MS Nibble into Input Latch 
H I L H Latches MS Nibble into Input Latch 
H H H L Loads Input Latch into DAC Latch 
H H H I Latches Input Latch into DAC Latch 
H L L L Loads MS Nibble into Input Latch and 

Loads Input Latch into DAC Latch 
H H H H No Data Transfer Operation 

H = High State L = Low State 

APPLYING THE AD7245A1AD7248A 
The internal scaling resistors provided on the AD7245A1 
AD7248A allow several output voltage ranges. The part can pro
duce unipolar output ranges of 0 V to +5 Vor 0 V to +10 V 
and a bipolar output range of -5 V to +5 V. Connections for 
the various ranges are outlined below. 
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UNIPOLAR (0 V TO +10 V) CONFIGURATION 
The first of the configurations provides an output voltage range 
of 0 V to + 10 V. This is achieved by connecting the bipolar 
offset resistor, RoFS' to AGND and connecting RFBto VOUT' 
In this configuration the AD7245A1AD7248A can be operated 
single supply (V sS = 0 V = AGND). If dual supply perfor
mance is required, a V ss of -12 V to -15 V should be applied. 
Figure 8 shows the connection diagram for unipolar operation 
while the table for output voltage versus the digital code in the 
DAC latch is shown in Table III. 

1011 

10"F 

? REF OUT 

"DIGITAL CIRCUITRY 
OMITTED FOR CLARITY. 

AD7245A/AD7248A* 

Figure 8. Unipolar (0 to + 10 V) Configuration 

Table III. Unipolar Code Table (0 V to +10 V Range) 

DAC Latch Contents 
MSB LSB Analog Output, VOUT 

1 1 1 1 1 1 1 1 1 1 1 1 (4095) +2 VREF ' 4096 

1000 0000 0001 e049) +2 VREF ' 4096 

Vour 

1000 0000 0000 e048) +2 VREF ' 4096 = +VREF 

01 1 1 1 1 1 1 1 1 1 1 e047) +2 VREF ' 4096 

0000 0000 0001 +2 VREF • (4~) 
0000 0000 0000 OV 

UNIPOLAR (0 V TO +5 V) CONFIGURATION 
The 0 V to + 5 V output voltage range is achieved by tying 
RoFS' RFB and VOUT together. For this output range the 
AD7245A1AD7248A can be operated single supply (Vss = 0 V) 
or dual supply. The table for output voltage versus digital code 
is as in Table III, with 2 • V REF replaced by V REF' Note that 
for this range 

1 
1 LSB = VREP(2- 12) = VREF • 4096 . 
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BIPOLAR CONFIGURATION 
The bipolar configuration for the AD7245NAD7248A, which 
gives an output voltage range from - 5 V to + 5 V, is achieved 
by connecting the Rops" input to REF OUT and connecting 
RFB and VOUT- The AD724SNAD7248A must be operated 
from dual supplies to achieve this output voltage range. The 
code table for bipolar operation is shown in Table IV. 

Table IV. Bipolar Code Table 

DAC Latch Contents 
MSB LSB Analog Output, V OUT 

1 1 1 1 I 1 1 1 I I 1 1 +VREP ' C047) 2048 

1000 0000 000 I +VREP ' 
(2:48) 

1000 0000 0000 OV 

o 1 1 1 1 1 1 1 1 1 1 1 -VREP . 
(2:48) 

0000 0000 0001 -VREP ' C047) 
2048 

0000 0000 0000 C048) -VREP ' 2048 = -VREP 

NOTE: 1 LSB = 2 • VREP(Z-ll) = V REP (2:48) 

AGND BIAS 
The AD7245NAD7248A AGND pin can be biased above sys
tem GND (AD7245A/AD7248A DGND) to provide an offset 
"zero" analog output voltage level. With unity gain on the am
plifier (Rops = VOUT = RpB) the output voltage, VOUT is ex
pressed as: 

V OUT = V B1AS + D . V REP 

where D is a fractional representation of the digital word in the 
DAC latch and V BIAS is the voltage applied to the 
AD7245A/AD7248A AGND pin. 

Because the current flowing out of the AGND pin varies with 
digital code, the AGND pin should be driven from a low imped
ance source. A circuit configuration is outlined for AGND bias 
in Figure 9 using the AD589, a + 1.23 V bandgap reference. 

If a gain of 2 is used on the buffer amplifier the output voltage, 
V OUT is expressed as 

V OUT = 2(VBIAS + D' V REP) 

In this case care must be taken to ensure that the max-
imum output voltage is not greater than VDD -3 V. The 
VDD-VOUT overhead must be greater than 3 V to ensure cor
rect operation of the part. Note that V DD and V ss for the 
AD7245NAD7248A must be referenced to DGND (system 
GND). The entire circuit can be operated in single supply with 
the V ss pin of the AD7245NAD7248A connected to system 
GND. 

REV. 0 

AD7245A1AD7248A 

+1SV 

21kU 

-ValAs 

+ 

AGND 

AD589 

10n 

+ 
10 ... F 

~ REF OUT 

-DIGITAL CIRCUITRY 
OMITTED FOR CLARITY. 

voo 

2" 2R 

Figure 9. AGND Bias Circuit 

PROGRAMMABLE CURRENT SINK 

"" 

SYSTEM 
GND 

Figure 10 shows how the AD7245NAD7248A can be configured 
with a power MOSFET transistor, the VN0300M, to provide a 
programmable current sink from VDD or VSOURCE' The 
VN0300M is placed in the feedback of the AD7245NAD7248A 
amplifier. The entire circuit can be operated in single supply by 
tying the V ss of the AD7245NAD7248A to AGND. The sink 
current, IS INK> can be expressed as: 

10H 

+ 

D'VREF 
[SINK = --R-I-

10p.F 

~ REf OUT ROFS Voo 

"DIGITAL CIRCUITRY 
OMITTED fOR CLARITY, 

2" 

Vos 

"" 

Figure 10. Programmable Current Sink 

VSOURC£ 

T 
I 

~ LOAD 

f 

Using the VN0300M, the voltage drop across the load can typi
cally be as large as V SOURCE -6 V) with VOUT of the DAC at 
+5 V. Therefore, for a current of 50 rnA flowing in the Rl 
(with all Is in the DAC register) the maximum load is 200 n 
with V SOURCE = + 15 V. The VN0300M can actually handle 
currents up to 500 rnA and still function correctly in the circuit, 
but in practice the circuit must be used with larger values of 
V SOURCE otherwise it requires a very small load. 

Since the tolerance value on the reference voltage of the AD7245N 
AD7248A is ±0.2%, then the absolute value of ISINK can vary 
by ±0.2% from device to device for a fixed value of R1. 

Because the input bias current of the AD7245NAD7248A's op 
amp is only of the order of picoamps, its effect on the sink cur
rent is negligible. Tying the Raps input to RpB input reduces 
this effect even further and prevents noise pickup which could 
occur if the Rops pin was left unconnected. 
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AD7245A1AD7248A 
The circuit of Figure 10 can be modified to provide a program: 
mabie current source to AGND or -V SINK (for-V SINK' 

dual supplies are required on the AD7245A1AD7248A). The 
AD724SAlAD7248A is configured as before. The current 
through Rl is mirrored with a current mirror circuit to provide 
the programmable source current (see CMOS DAC Application 
Guide, Publication No. G872-30-10/84, for suitable current mir
ror circuit). As before the absolute value of the source current 
will be affected by the ±0.2% tolerance on V REF' In this case 
the performance of the current mirror will also affect the value 
of the source current. 

FUNCTION GENERATOR WITH PROGRAMMABLE 
FREQUENCY 
Figure 11 shows how the AD7245A1AD7248A with the AD537, 
voltage-to-frequency converter and the AD639, trigonometric 
function generator to provide a complete function generator with 
programmable frequency. The circuit provides square wave, tri
wave and sine wave outputs, each output of ± 10 V amplitude. 

The AD7245A1AD7248A provides a programmable voltage to 
the AD537 input. Since both the AD7245A/AD7248A and 
AD537 are guaranteed monotonic, the output frequency will 
always increase with increasing digital code. The AD537 pro
vides a square wave output which is conditioned for ± 10 V by 
amplifier AI. The AD537 also provides a differential triwave 
output. This is conditioned by amplifiers A2 and A3 to provide 
the ± 1.8 V triwave required at the. input of the AD639. The 
triwave is further scaled by amplifier A4 to provide a ± 10 V 
output. 

Adjusting the triwave applied to the AD639 adjust the distortion 
performance of the sine wave output, (+ 10 V in configuration 
shown). Amplitude, offset and symmetry of the triwave can af
fect the distortion. By adjusting these, via VRI and VR2, an 
output sine wave with harmonic distortion of better than - 50 
dB can be achieved at low and intermediate frequencies. 

Using the capacitor value shown in Figure 11 for CF (i.e., 
680 pF) the output frequency range is 0 to 100 kHz over the 
digital input code range. The step size for frequency increments 
is 25 Hz. The accuracy of the output frequency is limited to 8 
or 9 bits by the AD537, but is guaranteed monotonic to 12 bits. 

:t:10V 
SQUARe 
WAVE 

+16V 

.... = Va 
DGND 

AGND 

., + 
~~F Qr'O .... F 

+15V 

MICROPROCESSOR INTERFACING-AD7245A 

AD724SA-8086A INTERFACE 
Figure 12 shows the 8086 16-bit processor interfacing to the 
AD7245A. In the setup shown the double buffering feature 
of the DAC is not used and the LDAC input is tied LOW. 
ADO-ADll of the 16-bit data bus are connected to the 
AD7245A data bus (DBO-DBll). The 12-bit word is written to 
the AD7245A in one MOV instruction and the analog output 
responds immediately. In this example the DAC address is 
DOOO. A software routine for Figure 12 is given in Table V. 

.... 
ALE 

AD1S 

ADO~------~~~------------J 

*LlNEAR CIRCUITRY OMITTED FOR CLARITY. 

Figure 12. AD7245A to BOB61nterface 

Table V. Sample Program for Loading AD7245A from 8086 

ASSUME DS : DACLOAD, CS : DACLOAD 
DACLOAD SEGMENT AT 000 

00 8CC9 MOV CS, : DEFINE DATA SEGMENT 
CS REGISTER 

02 8ED9 MOV DS, : EQUAL TO CODE 
CX SEGMENT REGISTER 

04 BFOODO MOV 01, : LOAD 01 WITH DOOO 

07 C705 
"YZWX" 

OB EAOO 00 
OE 00 FF 

#DOOO 
MOV MEM, : DAC LOADED WITH WXYZ 
#YZWX 

: CONTROL IS RETURNED TO 
THE MONITOR PROGRAM 

>lOV 
TRlWAVE 

.IV 
SINE WAVE 

Figure 11. Programmable Function Generator 

2-396 DIGITAL-TO-ANALOGCONVERTERS REV. 0 



In a multiple DAC system the double buffering of the AD724sA 
allows the user to simultaneously update all DACs. In Figure 
13, a 12-bit word is loaded to the input latches of each of the 
DACs in sequence. Then, with one instruction to the appropri
ate address, CS4 (i.e., LDAC) is brought LOW, updating all 
the DACs simultaneously. 

.... 

"LINEAR CIRCUITRY 
OMmEDFOR 
ClARITY. 

AD7245A* 

AD7245A* 

AD7245A* 

Figure 13. AD7245A to 8086 Multiple DAC Interface 

AD724SA-MC68000 INTERFACE 
Interfacing between the MC68000 and the AD724sA is accom
plished using the circuit of Figure 14. Once again the AD724sA 
is used in the single buffered mode. A software routine for load
ing data to the AD724sA is given in Table VI. In this example 
the AD7245A is located at address EOOO, and the 12-bit word is 
written to the DAC in one MOVE instruction. 

ADDRESS BUS ~ MC68000 < ~ 
AS 

J ADDRESS L os 

I I DECODE r I .g LOAC 
DTACK AD7245A* 

1 Wii 
R/W 

Ii:::' 
015 

DATA BUS ~ 
00 

-LINEAR CIRCUITRY OMITTED FOR CLARITY. 

Figure 14. AD7245A to 68000 Interface 
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Table VI. Sample Routine for Loading AD724SA from 68000 

01000 MOVE.W #X,DO The desired DAC data, X, 
is loaded into Data Re-
gister o. X may be any 
value between 0 and 4094 
(decimal) or 0 and OFFF 
(hexadecimal) . 

MOVE.W DO,$EOOO The Data X is transferred 
between DO and the 
DAC Latch. 

MOVE.B #228,D7 Control is returned to the 
System Monitor Program 
using these two 

TRAP #14 instructions. 

MICROPROCESSOR INTERFACE-AD7248A 
Figure IS shows the connection diagram for interfacing the 
AD7248A to both the 808sA and 8088 microprocessors. This 
scheme is also suited to the Z80 microprocessor, but the Z80 
address/data bus does not have to be demultiplexed. Data to be 
loaded to the AD7248A is right justified. The AD7248A is 
memory mapped with a separate memory address for the input 
latch high byte, the input latch low byte and the DAC latch. 
Data is first written to the AD7248A input latch in two write 
operations. Either the high byte or the low byte data can be 
written first to the AD7248A input latch. A write to the 
AD7248A DAC latch address transfers the input latch data to 
the DAC latch and updates the output voltage. Alternatively, 
the LDAC input can be asynchronous or can be common to a 
number of AD7248As for simultaneous updating of a number of 
voltage channels. 

Figure 15. AD7248A to B085A18088 Interface 

A connection diagram for the interface between the AD7248A 
and 68008 microprocessor is shown in Figure 16. Once again the 
AD7248A acts as a memory mapped device and data is right 
justified. In this case the AD7248A is configured in the auto
matic transfer mode which means that the high byte of the input 
latch has the same address as the DAC latch. Data is written to 
the AD7248A by first writing data to the AD7248A low byte. 
Writing data to the high byte of the input latch also transfers 
the input latch contents to the DAC latch and updates the 
output. 

DIGITAL-TO-ANALOGCONVERTERS 2-397 



AD7245A1AD7248A 
• ,,1--------,--------, 
.01----, 

..... 
AD7248A* 

071-------' 

Figure 16. AD7248A to 68008 Interface 

An interface circuit for connections to the 6502 or 6809 micro· 
processors is shown in Figure 17. Once again, the AD7248A is 
memory mapped and data is right justified. The procedure for 
writing data to the AD7248A is as outlined for the 808SA/8088. 
For the 6502 microprocessor the <1>2 clock is used to generate 
the WR, while for the 6809 the E signal is used. 

AO-A1S ADDRESS,-B"'US'--_____ ..1 

<1>2 OR E 1----1 

Figure 17. AD7248A to 650216809 Interface 
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Figure 18 shows a connection diagram between the AD7248A . 
and the 8051 microprocessor. The AD7248A is port mapped in 
this interface and is configured in the automatic transfer mode. 
Data to be loaded to the input latch low byte is output to Port 
1. Output Line P3.0, which is connected to CSLSB of the 
AD7248A, is pulsed to load data into the low byte of the input 
latch. Pulsing the P3.1 line, after the high byte data has been 
set up on Port 1, updates the output of the AD7248A. The WR 
input of the AD7248A can be hardwired low in this application 
because spurious address strobes on CSLSB and CSMSB do not 
occur. 

.---
P3.0 CSlSB 

P3.1 CSMSB 

L... LDAC 
8051 

-Q \Wi 

P1.0 DBO 

P1.1 DB1 AD7248A' 
P1.2 DB. 

P1.3 DOl 

P1.4 DB. 

P1.5 DB. 

P1.6 DB6 

P1.1 DB7 

*ADDITIONAL PINS OMITTED FOR CLARITY. 

Figure 18. AD7248A to MCS·51 Interface 

REV. 0 



11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Microprocessor Compatible (6800.8085. zaO. etc.) 
TTLICMOS Compatible Inputs 
On-Chip Data Latches 
End Point Linearity 
Low Power Consumption 
Monotonicity Guaranteed (Full Temperature Range) 
Latch Free (No Protection Schottky Required) 

APPLICATIONS 
Microprocessor Controlled Gain Circuits 
Microprocessor Controlled Attenuator Circuits 
Microprocessor Controlled Function Generation 
Precision AGC Circuits 
Bus Structured Instruments 

GENERAL DESCRIPTION 
The AD7S24 is a low cost, 8-bit monolithic CMOS DAC 
designed for direct interface to most microprocessors. 

Basically an 8-bit DAC with input latches, the AD7S24's load 
cycle is similar to the "write" cycle of a random access mem
ory. Using an advanced thin-film on CMOS fabrication 
process, the AD7 5 24 provides accuracy to 1/8LSB with a 
typical power dissipation of less than 10 milliwatts. 

A newly improved design eliminates the protection Schottky 
previously required and guarantees TTL compatibility when 
using a + SV supply. Loading speed has been increased for 
compatibility with most microprocessors. 

Featuring operation from +5V to +lSV, the AD7S24 inter
faces directly to most microprocessor buses or output ports. 

Excellent multiplying characteristics (2- or 4-quadrant) make 
the AD7S24 an ideal choice for many microprocessor con
trolled gain setting and signal control applications. 
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CMOS 
8-Bit Buffered Multiplying OAC 

A07524 I 
FUNCTIONAL BLOCK DIAGRAM 

VDD 

DB7 DB6 085 
CMSBI 

DATA INPUTS 

ORDERING GUIDE 

Temperature Nonlinearity Package 
Modell Range (Vnn = +15V) Option' 

AD7524]N -40°C to +S5°C ±1I2LSB N-16 
AD7524KN -40°C to +S5°C ±1I4LSB N-16 
AD7524LN -40°C to +S5°C ±lISLSB N-16 
AD7524]P -40°C to +S5°C ±1I2LSB P-20A 
AD7524KP -40°C to +S5°C ±1I4LSB P-20A 
AD7524LP -40°C to +S5°C ±lISLSB pc20A 
AD7524]R -40°C to +S5°C ±1I2LSB R-l6A 
AD7524KR -40°C to +S5°C ±1I4LSB R-l6A 
AD7524LR -40°C to +S5°C ±lISLSB R-l6A 
AD7524AQ -40°C to +85°C ±1I2LSB Q-16 
AD7524BQ -40°C to +S5°C ±1I4LSB Q-16 
AD7524CQ -40°C to +S5°C ±lISLSB Q-16 
AD7524SQ -55°C to +125°C ±1I2LSB Q-16 
AD7524TQ - 55°C to + 125°C ±1I4LSB Q-16 
AD7524UQ - 55°C to + 125°C ±lISLSB Q-16 
AD7524SE -55°C to + 125°C ±1I2LSB E-20A 
AD7524TE -55°C to + 125°C ±1I4LSB E-20A 
AD7524UE -55°C to + 125·C ±lISLSB E-20A 

NOTES 
ITo order MIL-STD-883, Class B processed pam, addl883B to part number. 
Contact your local sales office for military data sheet. For U.S. Standard 
Military Drawing (SMD) see DESC drawing #5962-87700. 

'E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = sorC. For outline information see Package 
Information section. 
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AD7524-SPECIFICATIONS (VREF = + lOY, Youn = Youn = OY, unless othelWise noted) 

LIMIT, TA. +2'OC '. LIMO', TMIN, TMAl[ I 
PARAMETER VDD • +5V VDO· +15V VDo·5V VDD. +15V UNITS TEST CONDITIONSIOOMMENTS 

STATIC PERFORMANCE 
.Resolution Bits 
Relative Acc:uracy 

I,A,S Versions ±1/2 ±1I2 '112 ±1I2 LSD max 
K, B, T Versions ±1I2 ±1I4 '112 '114 LSB max 
L, C, U Versions :t1/2 'IIB '1/2 ±1I8 LSB max 

Monotonicitv guaranteed guaranteed guaranteed guaranteed 
Gain Error' ±21/2 '1 114 '3 112 ±1 1/2 LSB max 
Avens:c Gain TC' '40 '10 ±40 '10 ppmt'C Gain TC measured from +2SoC to 

Tmia or from +2SoC to Tnwc 
de Supply Rejection,' 6Gain/~VDD O.OB 0.02 0.16 0.04 % FSRI% max AVoo ='10% 

0.002 0.001 0.01 0.005 % FSRI% typ 
Output Lcaklle Olrrcnt 

lOUT. (Pin I) '50 '50 '400 '200 nAmax DBa-DB7=OV, Wit. CS=OV, V...,. = '10V 
IOUTZ (Pin 2) '50 "0 '400 t200 nAmu DBa-DB7= VOO' Wii.. CS=OV, VR •• "IOV 

DYNAMIC PERFORMANCE 
Output Current Senlingtime3 

OUTI Load = loon. CBXT .l3pF,WR.Cs= (to 112 LSB) 400 250 500 350 nsmax 
OV;BBG-OB7 = OV toVnD to ~V. 

ac: Fceddlrough' 
atOUTl 0.25 0.25 0.5 0.5 % FSRmax VRElL"" ~V. 100kHz sine wave; DB~DB7 ~ 
atOUT2 0.25 0.25 0.5 0.5 % FSRmax OV,WR. CS= OV 

REFERENCE INPUT 
RJN (pin 15 to GND)4 5 5 5 5 knmin 

20 20 20 20 knmax 

ANALOG OUTPUTS 
Output Capacitance' 

CoUT. (pin J) 120 120 120 120 pFmax 'DDo-DB1 '" VDD;WR,CS= OV 
CoUT2 (pin 2) 30 30 30 30 pFmax 
CoUT. (pin 1) 30 30 30 30 pFmax DBa-DB7 = OV, WR. CS = OV 
CoUTO (pin 2) 120 120 120 120 pFmax 

DIGiTAL INPUTS 
Input HIGH Voltage Requirement 

V ... +2.4 +13.5 +2.4 +13.5 V min 
Input LOW Voltage Requirement 

Vn. +O.B +1.5 +o.B +1.5 V max 
Input Current 

I .. <I '1 '10 tlO /'A max VIN = OV or ynn 
Input Capacitance' 

DBa-DB7 5 5 5 5 pFmax VJN sOV 

WR.Cs 20 20 20 20 pFmax V .. -OV 

SWITCHING CHARACTERISTICS 
Chip Select to Wri~ Setup Time' See timing eli....,. 

tcs twR = tcs 
AD7524). K. L. A. B. C 170 100 220 130 .. min 
AD7524S. T. U 170 100 240 ISO .. min 

Chip Select to Write Hold Time 
tcH 
AUGtades 0 0 0 nsmin 

Write Pulse Width 
twR tcs ;. twa. tcH ;. 0 
AD7524). K. L. A. B. C 170 100 220 130 DSmin 
AD7524S. T. U 170 100 240 150 nsmin 

Data Setup Time 
tos 
AD7524). K. L.A. B.C 135 60 170 80 nsmin 

AD1524S, T, U 135 60 170 .00 nsmin 

Data Hold Time 
tOH 
AU Grades 10 10 10 10 lUI min 

POWER SUPPLY 
100 I 2 2 2 mAmax All Digitollnputs Vn. or V," 

100 100 500 500 /'A max All Disitollnputs OY or Voo 

NOTES 
'TemPente rqes .. toUows: J. K. L ftnioId:' -4O"C to +85"C 

A. B. C venioaI: -4O"C 10 +85"C 
S, T. U 'fCfSioaI: -5S-C to +12S"C 

'Glisl mvr is mtasun:d IIIiDB int«DIII rcecu.ct raiIIor. Pull Sc:IIe Ranp (FRS) .. Van. 
~.llOItaIOd.. 
"DAC lhiD-Cdm rniI10r tcmpentUfC coefIicicm it ~ - 3OOppDI"C. 
'AC puIIDeW'. tampk teMed@ ZS"C to eDIUJe c:ouformaaa: to tpeCifjcatioas. 
Spec:ificatiom subject to chIqe without notice. 
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ABSOLUTE MAXIMUM RATINGS· 
(T A ~ + 2S'C, unless otherwise noted) 

Voo toGND 
VRFB toGND ........ . 
VREFtoGND ........ . 
Digital Input Voltage to GND 
OUTl, OUT2 to GND . . .. 
Power Dissipation (Any Package) 

To +75°C ..... . 
Derates above 75°C by . . . . 

CAUTION: 

-O.3V, + l7V 
.... ±25V 
.... ±25V 

-O.3V to Voo +O.3V 
-O.3V to Voo +O.3V 

450mW 
6mWrC 

Operating Temperature 
Commerical (J, K, L) . 
Industrial (A, B, C) . 
Extended (S, T, U) .. 

Storage Temperature .. 
Lead Temperature (Soldering, IOsecs) 

AD7524 

- 40°C to + 85°C 
- 40°C to + 85°C 

- 55°C to + 125°C 
-65°C to + 150°C 
..... +300°C 

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

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are Zener protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The foam 
should be discharged to the destination socket before devices are removed. 

WARNING! 0 
~~OEV1C[ 

TERMINOLOGY 

RELATIVE ACCURACY: A measure of the deviation from 
a straight line through the end points of the DAC transfer 
function. Normally expressed as a percentage of full scale 
range. For the AD7S24 DAC, this holds true over 
the entire VREF range. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of ;2-0) (VREF). A 
bipolar converter of n bits has a resolution of [2-(0-1)1 
[VREFI. Resolution in no way implies linearity. 

GAIN ERROR: Gain Error is a measure of the output error 
between an ideal DAC and the actual device output. It is 

measured with all Is in the DAC after offset error has been 
adjusted out and is expressed in LSBs. Gain Error is adjust
able to zero with an external potentiometer. 

FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from VREF to output with all switche.s OFF. 

OUTPUT CAPACITANCE: Capacity from OUTI and OUT2 
terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
OUTI terminal with all digital inputs LOW or on OUT2 
terminal when all inputs are HIGH. This is an error current 
which contributes an offset voltage at the amplifier output. 

PIN CONFIGURATIONS 

DIP, SOIC 

OUT' 

REV. A 

RFEEDBACK 

VDD 

Wii 

Ci 

~ 

" 0 

• 

DM, • 

• 
Ne- NO CONNECT 

;Ii 

" 

PLCC 

!i J i! J 0 

• , .. II 

0 

AD7524 
TOP VIEW 

INotto"" 

,. n 12 ,. 
Ii! i! Ii! Iii 

" " " 

LCCC 

5 § i! J J 0 

• • , 2011 

, , 
GND 4 tJ ,. VDD 

DB7 (MBBII 17;;;;; 
AD7524 

NCO TOP VIEW IINC 

DBa 7 INoIto ..... 1 '5 i!ii 
14 :oao (LSI) 

DB6 8 '4 DIG (LSI) 

9 '0 " ,. ,. 
NC- NO CONNECT ill e i! ~ ~ 
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AD7524 
CIRCUIT DESCRIYfION 

CIRCUIT INFORMATION 
The AD7S24, an 8-bit multiplying D/A converter, consists of 
a highly stable thin film R-2R ladder and eight N-channel 
current switches on a monolithic chip. Most applications re
quire the addition of only an output operational amplifier and 
a voltage or current reference. 

The simplified D/A circuit is shown in Figure 1. An inverted 
R-2R ladder structure is used - that is, the binarily weighted 
currents are switched between the OUTI and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg inde
pendent of the switch state. 

10k 10k 10k 

~~~--~~4:~~~------~oun 

'-T---..... i--..;-l,,...-..;--t---o OUTl 

DB7 (MSBI DB6 0B6 DBO (LSBI 

Figure t. AD7524 Functional Diagram 

EQUIVALENT CIRCUIT ANALYSIS 

IIfEEDBACK 

The equivalent circuit for all digital inputs LOW is shown in 
Figures 2. III Figure 2 with all digital inputs LOW, the refer
ence current is switched to OUT2. The current source 
ILEAKAGE is composed of surface and junction leakages to 
the substrate while the k current source represents a con
stant I-bit current drain through the termination resistor on 
the R-2R ladder. The "ON" capacitance of the output N-chan
nel switches is I20pF, as shown on the OUT2 terminal. The 
"OFF" switch capacitance is 30pF, as shown on the OUTI 
terminal. Analysis of the circuit for all digital inputs high is 
similar to Figure 2 however, the "ON" switches are now on 
terminal OUTI, hence the I20pF appears at that terminal. 

"'OF ~ 

R""UIt 

VRUO ___ .... ----.... ---.... ---

Figure.2. AD7524 DAC Equiyalent Circuit - All Digital 
Inputs Low 

INTERFACE WGIC INFORMATION 

MODE SELECTION 
AD7S24 mode selection is controlled by the CS and WR 
inputs. 

WRITE MODE 
When CS and WRare both LOW, the AD7S24 is in the WRITE 
mode, and the AD7S24 analog output responds to data activ-

2-402 DIGITAL-TO-ANALOG CONVERTERS 

ity atthe DBo-DB7 data bus inputs. In this mode, the AD7S24 
acts like a nonlatched input D/A converter. 

HOLD MODE 
When either CS or WR is HIGH, the AD7S24 is in the 
HOLD mode. The AD7524 analog output holds the value cor
res22,nding,!o the last digiral input present at DBo-DB7 prior 
to WR or CS assuming the HIGH state. 

MODE SELECTION TABLE 

,CS WR MODE DAC RESPONSE 

L L Write DAC responds to data bus 
(DBO - DB7) inputs 

H X Hold Data bus (DBO - DB7) is 
locked out; 

X H Hold DAC holds last data present 
when WR or CS asslimed 
HIGH state. 

L = Low State, H = High State, X = Don't Care. 

WRITE CYCLE TIMING DIAGRAM 

~' ___ '_C. ==="'I~" tc_H :"_,,-_110
0 

D 
CHIP SELECr ." /" 

,. _____ VOO 

WRITE '-______ -'.+-_________ 0 

~tDS~tDH 

------~ J~----~ ~---Voo 
DATA IN lOBO - oB71 

,. 
12 

~ 10 . 
Q 

~ 
1 
j 

2 

'-___ 0 

NOTES: 
1. All input signal rise and faU times me ... rad from 

10% 10 90% 01 VDO. VOD • +5V ... • If' 2On.; 
Voo = +15V. tr = It· 4Ons. 

2. Timing Measurement Reference lavel is Vi" ~ VIL 

3. tDS + tDH il approximately conltant at 146n. min 
at +25°C, Voo = +5V and twr '" 170nI min. The 
AD7524 ilspecified for a minimum tOtt of 101'1. 
however. in applications where tDH > 1OnI. tos 
may be reduced accordingly up to the limit tos = 
65n •• IOH • BO ... 

I I 

Vo~. +1SJ 

TA - +25°C 
ALL DIGITAL INPUTS 

TIED TOGETHER 

~ 
Voo -+5V \ 

\ 
V "-

/~ ~ "'-~ 
10 12 14 

1 .400 

1. 200 

1 

400 

zoo 

VIN. VOLTS 

Figure 3. Supply Current VB. Logic Level 

Typical plots of supply current,IDD. versus logic input volt
age, VIN, for VDD = +SV and VDD = +15V are shown above. 
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ANALOG CIRCUIT CONNECTIONS 

"OV 
VREF VPD 

DATA 
INPUTS 

NOTES: 
1, R1 AND RZ USED ONL V IF GAIN 

GND ADJUSTMENT IS REQUIRED. 
2. C1 PHASE COMPENSATION (1OpF-16pF) 

IS REQUIRED WHEN USING HIGH SPEED 
AMPLIFIERS TO PREVENT RINGING OR 
OSCILLATION. 

Figure 4. Unipolar Binary Operation 
(2-Quadrant Multiplication) 

DIGITAL INPUT 

MSB LSB ANALOG OUTPUT 

11111111 -VREF (255 ) 
256 

10000001 -VREF (129 ) 
256 

10000000 -VREF 
(128 ) __ VREF 

256 - 2 

01111111 -VREF (127 ) 
256 

00000001 -VREF (2~6 ) 
00000000 -VREF (2~6 )= 0 

Note: 1LSB = (2-8 )(VREF ) = 2~6 (VREF ) 

Table I. Unipolar Binary Code Table 

MICROPROCESSOR INTERFACE 

Figure 6. AD7524/B085A Interface 

REV. A 

±10V 
lac ordcl 

VREF VDD 

OND 

Applying the AD7524 

R620k 

OND 

NOTES, 
1. ADJUST R1 FOR VOUT .. OV AT CODE 10000000. 
2. C1 PHASE COMPENSATION (10 - 1SpF) MAY BE 

REQUIRED IF AllS A HIGH SPEED AMPLIFIER. 

Figure 5. Bipolar (4-Quadrant) Operation 

DIGITAL INPUT 

MSB LSB 

11111111 

10000001 

10000000 

01111111 

00000001 

00000000 

ANALOG OUTPUT 

+VREF G~~) 
+ VREF (1~8) 

o 

-VREF (1~8) 
-VREF (g~) 

128) 
-VREF 128 

Table II. Bipolar (Offset Binary) Code Table 

AO-A1S 

VMA 1---.------1 

6800 

DQ..D7 

Figure 7. AD7524/MC6800 Interface 
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AD7524 
POWER GENERATION 

OATACM"::::~=~ 

INPUT "0" cj.H-+== ..... 
cs 1>-1-1---._-" 
i'iiio-I-+ .... -I--.I 

2-404 DIGITAL-TO-ANALOG CONVERTERS 

Vt '" -(VREF) (01 

v, • +(VREF! (O'! 

V, 

V, 

Vo 

Vn'" -(VREF) (On). n an odd integer 

Vn '" +(VREFI (On), n an 8\len integer 

WHERE: 

Co: 0:'7+ 0:6+ ... -:0 

and 

DBn"'1orO 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• ±1/8 LSB Maximum Nonlinearity Over Temperature 
• ±O.002 LSB Maximum Zero-Scale Error (ILKG 10nA) 
• ±1 LSB Maximum Gain Error Over Temperature 
• Microprocessor Compatible 
• Improved Resistance to ESD 
• Latch-up Resistant; No Schottky Diodes Required 
• SmW @ +SV Maximum Po_r Consumption 
• Available in Die Form . 

APPLICATIONS 

• Microprocessor Controlled Circuits 
• Precision AGC Circuits 
• Bus Structured Instruments 
• Function Generators 
• Digitally Controlled Attenuators and P~r Supplies 

ORDERING INFORMATION t 
PACKAGE 

EXTENDED 
NON- MILITARY' INDUSTRIAL COMMERCIAL 

LINEARITY GAIN TEMPERATURE TEMPERATURE TEMPERATURE 
Voo ,,+15V ERROR -55'C to + 125"C -40"Cto +85'C O"Cto+70'C 

±1/8LSB ±1 LSB PM7524AO PM7524EO PM7524GP 
±1/4LSB ±1.5LSB PM7524BO PM7524FO 
±1/4LSB ±1.5LSB PM7524BRCi883 PM7524FPC 
±1/4LSB ±1.5LSB PM7524FS 
±1/4LSB ±1.5LSB PM7524FP 

For devices processed in total compliance to MIL-STD-883, add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 

The PM-7524 is an 8-bit monolithic multiplying digital-to
analog converter with input latches. It is compatible with all 
popular 8-bit microprocessors including the 6800, 8080, 8085, 
and Z80. Its load cycle is similar to that of a RAM's write cycle. 

PMl's tightly controlled thin-film resistor processing provides 
1/8 LSB linearity without laser trimming. The deSign incorpo
rates a matching MOS transistor switch in series with the R-2R 
ladder terminating resistor and output op amp's feedback 
resistor. This allows the DAC to achieve an excellent gain 
tempco and improved power supply rejection. 

The PM-7524 exhibits excellent performance on a Single +5V to 
+15V power supply. It is TTL compatible at +5V and diSSipates 
less than 50mW; using OV or VDD at the digital inputs, the device 
dissipates less than 50pW at +5V and 150pWat +15V. At +15V it 
is CMOS compatible. 

PMl's improved latch-up resistant design eliminates the need 
for external protective Schottky diodes. 

The PM-7524 is manufactured using thin-film resistors on an 
advanced oxide-isolated Silicon-gate CMOS process. 

REV.C 

CMOS a-Bit Buffered Multiplying 
D/A Converter 

CROSS REFERENCE 

PMI 

PM7524AO 
PM7524BO 
PM7524BO 

PM7524EO 
PM7524FO 
PM7524FO 

PM7524GP 
PM7524FP 
PM7524FPC 

PIN CONNECTIONS 

16-PIN EPOXY DIP 
(P-Sufflx) 

ADI 

AD7524UD 
AD7524TD 
AD7524SD 

AD7524CD 
AD7524BD 
AD7524AD 

AD7524LN 
AD7524KN 
AD7524KP 

16-PIN HERMETIC DIP 
(Q-Suffix) 
16-PIN SO 
(5-Suffix) 

FUNCTIONAL DIAGRAM 

PM-7524 I 

TEMPERATURE 
RANGE 

MIL 

IND 

COM 

2D-CONTACT PLCC 
(PC-Sufflx) 

20-CONTACT LCC 
(RC-Sufflx) 

10kn 10k!} 

'---+-r>--+~>-/I-+-I'-+---f-<>'oUT 2 

'-+----4>--+-_~: -~~---,~~-::,Ok"''':--+-OIOUT 1 
r--tc----I Wo,"I'v--+-oRFB 

DB7 (MSBI DBS DB' DBD (LSB) GND 

DATA INPUTS 
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PM~7524 

ABSOLUTE MAXIMUM RATINGS (T A = +25°C, unless 
otherwise noted) . 
VDD (to'GND) ..•• : .................................................... -O.3V, +17V 

VREF (to GND) ................................... , .............................. ±25V 

RF& (to GND) ....................................................... ,' ............ ±25V 
Digital Input Voltage to GND ............................... -O.3V to V DO 
Output Vottage (Pin 1, Pin 2) ............................... -O.3V to V DO 

Operating Temperature Range 
Military (AO, BO, BRC Versions) ............... -55°C to + 125°C 

Industrial (EO, FO, FP, FPC, FS Versions). -40°Cto +85°C 

Commercial (GP Version) ................................ O°C to +70°C 
Junction Temperature ................................................... +150°C 
Storage Temperature .................................... -65°C to + 150·C 

Lead Temperature (Soldering, 60 sec) ........................ +300·C 

PACKAGE TYPE 8 jA (Note I) 8 1D UNITS 

I 6-Pin Hermetic DIP (0) 100 IS 'CIW 

I S·Pin Plastic DIP (P) 82 39 'CIW 

20·Contact LCC (TC) 98 38 'CIW 

I 6-Pin SO (S) III 35 'e1W 
20·Contact PLCC (PC) 76 36 'CIW 

NOTE: 
1. 8 jA Is specified lor worst case mounting conditions, i.e., 8. A is specified for 

device in socket for CerDIP, P·DIP, and. LCC packages; 8'A Is specified for 
device soldered to printed circuit board for SO and PLCC p~ckages. 

CAUTION: 
1. Do not apply voltages higher than V 00 or less than GND potential on any ter· 

minal exceptVREF(Pin 15) and RFB (Pin 16). 
2. The digital control inputs are zener protected; however, permanent damage 

may occur on unconnected units Irom high energy electrostatic lields. Keep 
units in conductive foam at all times until ready to use. 

3. Use proper anti·static handling procedures. 
4. Absolute Maximum Ratings apply to both packaged devices and DICE. 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. 

ELECTRICAL CHARACTERISTICS at VDD = +5V and +15V; VREF = +10V; VOUT1 = VOUT2 = OV; Limits apply to the Full 

Temperature Range for each grade shown: TA =-55°C to +125·C apply for PM-7524AO/BO/ARC/BRC; TA = -40°C to +85°C apply 
for PM-75~4EO/FO/FP/FPC/FS; T A = O°C to + 70°C apply for PM-7524GP, unless otherwise noted. 

PM-7524 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

STATtC ACCURACY 

Resolution N 8 Bits 

Voo= +5V 
PM-7524A1E/G ±0.1 %FSR 

(±114) (LSB) 
PM-7524B/F ±0.2 %FSR 

Relative Accuracy (±1/2) (LSB) 
INL 

(Notes I, 2) Voo= +15V 
PM·7524A/E/G ±0.05 %FSR 

(±1IS) (LSB) 
PM-7524B/F ±0.1 %FSR 

(±114) (LSB) 

Voo= +5V 
PM-7524A/E/G ±OA %FSR 

(±1) (LSB) 
PM-7524B/F ±O.S %FSR 

Gain Error (±2) (LSB) 

(Note 3) 
GFSE 

Voo =+15V 
TA=+25'C ±OA %FSR 

(±1) (LSB) 
TA = Full Temp. Range ±O.S %FSR 

(±1.S) (LSB) 

GainT.C. 
TCGfS ±0.001 %FSR/'C , (Notes 4, 5) 

DC Power Supply Rejection 
(aGain/aVoo) PSR 0.002 0.01 %FSR/% 
(Notes 3, S) 

Output Leakage Current 
TA = +25'C. Voo= +5V, +15V 10 

(lOUT" IOUTV 
TA = Full Temp. Range 

(Notes 7, 8) ILKG Voo =+5V 200 nA 
VDD =+15V 100 

REFERENCE INPUT 

Input Resistance 
(Pin 15 to GND) R'N 7 II 15 kG 
(Note II) 
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PM-7524 
ELECTRICAL CHARACTERISTICS at Voo = +5V and +15V; VREF = +10V; VOUT1 = VOUT2 = OV; Limits apply to the Full 
Temperature Range for each grade shown: TA = -55°C to + 125°C apply for PM-7524AOtBO/ARC/BRC; TA = -40°C to +85°C apply 
for PM-7524EO/FO/FP/FPC/FS; TA = O°C to +70°C apply for PM-7524GP. unless otherwise noted. Continued 

PARAMETER 

POWER SUPPLY 

Supply Current 
(Digital Inputs = X) 

ANALOG OUTPUTS 

Output Capacitance 
(Note 4) 

DIGITAL INPUTS 

Digital Inputs 
High 

Digital Inputs 
Low 

Input Current 

(VIN = OV or Voo) 

Input Capacitance 

(VIN=OV) 
(Note 4) 

SWITCHING CHARACTERISTICS 
(Notes 4, 14) 

Chip Select 10 
Write Setup Time 

(tWR=tCS) 
(Nole 14) 

Chip Select to 
Write Hold Time 

Write Pulse Width 

(tCH ;" tWR' tCH ;" 0) 

REV.C 

SYMBOL 

100 

Co 

tcs 

CONDITIONS 

X =VIL orVIH 

X =OVorVoo 
TA = 25°C 
TA = Full Temp. Range 

DBo-DB7 = Voo (Note 12) 
Coun (Pin 1) 

COUT2 (Pin 2) 

DBO-DB7 = OV (Note 13) 

COUT1 

COUT2 

VoO =+5V 
Voo =+15V 

VoO =+5V 

Voo= +15V 

TA = 25°C 
TA = Full Temp. Range 

DBO-DB7 

WR,CS 

Voo =+5V 

TA=+25°C 
TA = Full Temp. Range 

PM-7524A1B 
PM-7524E1F/G 

Voo = +15V 
TA=+25°C 
TA = Full Temp. Range 

PM-7524A1B 
PM-7524E1F/G 

Voo =+5V 
TA =+25°C 
TA = Full Temp. Range 

PM-7524A1B 

PM-7524E1F/G 

Voo= +15V 
TA=+25°C 
TA = Full Temp. Range 

PM-7524A1B 
PM-7524E/F/G 

MIN 

+2.4 
+13.5 

170 

240 
220 

100 

150 
130 

o 

150 

220 

200 

100 

150 
130 

PM-7524 
TYP MAX UNITS 

mA 

10 "A 
25 

120 
30 

pF 

30 
120 

pF 

v 

+0.8 
+1.5 

v 

±1 

±10 "A 

5 
20 

pF 

nA 

nA 

ns 

ns 

ns 

DIGITAL-TO-ANALOG CONVERTERS 2-407 



PM-1524 
ELECTRICAL CHARACTERISTICS at Voo = +5V and +15Vj VREF = +10Vj Voun = VOUT2 = OVj Limits apply to the Full 
Temperature Range for each grade shown: TA =-55·C to +125·C apply for PM-7524AQ/BQ/ARC/BRCj TA = -40·C to +85·C apply 
for PM-7524EQ/FQ/FP/FPC/FSj TA = O·C to +70·C"apply for PM-7524GP. unless otherwise noted. Continued 

PARAMETER 

Data Setup Time 

Data Hold Time 

DYNAMIC PERFORMANCE 

Propagation Delay 

(From Digital Input 

to 90% of Final 
Analog Output Current) 

(Notes 4. 9) 

Output Current 
SetllingTime 
(To 1/2 LSB) 

(Notes 4. 9, 15) 

AC Feedthrough 

loun' IOUT2 
(Note 4) 

Digital Charge 
Injection 

(Note 16) 

NOTES: 

SYMBOL 

tos 

ts 

FT 

Q 

CONDITIONS 

VOO =+5V 

TA = +25°V 
TA = Full Temp. Range 

VOO =+15V 

TA =+25°C 
TA = Full Temp. Range 

PM-7524NB 

PM-7524E1F/G 

Voo= +5V 
TA =+25°C 
TA = Full Temp. Range 

PM-7524NB 

PM-7524E/F/G 

VOO =+15V 

TA = +25°C 
TA = Full Temp. Range 

PM-7524NB 

Voo= +5V 
TA =+25°C 
TA = Full Temp. Range 

VOO =+15V 

TA =+25°C 
TA = Full Temp. Range 

Voo= +5V 
TA =+25°C 

VOO= +15V 
TA =+25°C 

PM-7524 
MIN TVP. MAX UNITS 

135 ns 
170 

60 
ns 

100 

60 

10 ns 

150 

ns 
200 

175 

65 
ns 

90 

300 
350 

ns 

200 
250 

0.25 %FSR 

50 

nVls 

55 

1. Guaranteed monotonic overfull temperature range and at Voo = +5V and 9. loun load = 1000; CEXT = 13pF; WR = CS = OV; DBO-DB7 = OV to Voo or 
+15V. 

2. FSR (Full Scale Range) = VREF - 1 LSB. 
3. Using internal feedback resistor. 
4. Guaranteed by design and not production tested. 
5. Gain TC measured from +25°C to TMIN or from +25°C to TMAX. 
6. <l.VOO = ±10%. 
7. DBO-DB7 = OV; WR = CS = OV; VREF = ±10V. for lOUT" 
8. DBO-DB7 = VOO; WR = CS = OV; VREF = ±10V. for IOUT2' 

2-408 DIGITAL-TO-ANALOG CONVERTERS 

Voo toOV. 
10. VREF = ±10V. f = 100kHz; DBO-DB7 = OV; WR = CS = OV. 
11. Temperature coefficient approximately equals +5Oppm/oC. 
12. DBO-DB7 = Voo; WR = CS = OV. 
13. DBO-DB7 = OV; WR = CS = OV. 
14. See Timing Diagram. 
15. Extrapolated: Is (112 LSB) = tpo + 6.2T. where T = the measured first time 

constant of the final RC decay. 
16. VREF = OV; Digital Inputs = OV to Voo' 

REV.C 



DICE CHARACTERISTICS 

DIE SIZE 0.070 X 0.076 Inch, 5320 sq. mils 
(1.76 X 1.93 mm, 3.43 sq. mm) 

1. IOUT1 

2. loun 
3. GND 
4. DB7(MSB) 
5.DB6 
6.DB5 
7. DB4 
8.DB3 

PM-7524 

9.DB2 
10. DB1 
11. DBO (LSB) 
12. CS 
13. WR 
14. VDD 

15. VREF 

16. RF8 

WAFER TEST LIMITS at VDD = +5V and +15V; VREF = +10V; VOUTl = VOUT2 = OV; TA = +25°C. 

PARAMETER 

STATIC ACCURACY 

Resolution 

Relative Accuracy 

(Notes " 2) 

Gain Error 
(Note 3) 

DC Power Supply 
Rejection Ratio 
(aGain/aVoo) 
(Notes 3, 4) 

Output Leakage 
Current 

(Ioun, IOUT2) 
(Notes 5, 6) 

REFERENCE INPUT 

Input Resistance 

DIGITAL INPUTS 

Digital Inputs 
High 

DigitallnpulS 
Low 

Input Current 
(V,N = OV or Voo) 

POWER SUPPLY 

Supply Current 
(Digital Inputs = Xl 

NOTES: 

SYMBOL 

N 

INL 

PSRR 

100 

CONDITIONS 

Voo =+5V 

Voo= +15V 

Voo =+5V 

Voo= +15V 

(Note 7) 

Voo= +5V 
Voo = +15V 

Voo =+5V 
Voo =+15V 

X=OVorVOo 

1. Guaranteed monotonic overfull temperature range and at Voe = +5V and 
+15V. 

2. FSR (Full Scale Range) = VREF - 1 LSB. 
3. Using internal feedback resistor. 

4. avoo = ±10%. 

PM-7524G 
LIMIT 

8 

±o.2 
(±1/2) 

±0.1 
(±1I4) 

±0.8 
(±2) 

±0.4 
(±1) 

0.01 

10 

7/15 

+2.4 
+13.5 

+0.8 
+1.5 

±1 

10 

5. DBO-DB7 = OV; WR = CS = OV; VREF = ±10V, for lOUT" 
6. DBo-DB7 = Voo; WR = CS = OV; VREF = ±10V, for lOUT.' 

UNITS 

Bits MIN 

%FSR 
(LSB) 

%FSR 
(LSB) 

%FSR 
(LSB) 

%FSR 
(LSB) 

MAX 

MAX 

%FSR/%MAX 

nAMAX 

kOMIN/MAX 

VMIN 

V MAX 

p.A 

mA 

p.A 

7. Temperature coefficient approximately equals +50ppmI"C. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed 
for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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PM-7524 

TYPICAL PERFORMANCE CHARACTERISTICS 

±1.ooo 

±O.87S 

! ±O.750 

~ ±O.625 

~ ±O.500 

~ ±O.37S ,., 
~ ±O.25O 

±O.125 

o 

RELATIVE ACCURACY 
YS REFERENCE VOLTAGE 

T1=+is.e I 
I 

I-You 1>: +5Y AND +15V 

J 

-10-8-6-4 -20246810 

0.10 

0.00 

E 0.08 

~ 0.01 

~o ... 
~ 0.05 

r'" CD 0.03 
.:. 
~ 0.02 

0.01 

o 

VAEF (VOLTS) 

FULL-SCALE GAIN ERROR 
VI TEMPERATURE 

VDD = +sv ~ I-

ro- ~5V 
I""" 

( 
a: 
Ii! 
iii 

~ 

GAIN ERROR 
YS REFERENCE VOLTAGE 

±0.20 

TAI=+~e 

±O.1S 

±O.10 

Voo-+5V- :---

±O.DS 
I 

VoY+iv 

o 
4 -8 ~ ~ ~ 0 246 B W 

100 

0.1 

VR .. (VOLTS) 

OUTPUT LEAKAGE CURRENT 
YS TEMPERATURE 

VDD = +5v.I I 

~ P" 
--roo=tV 

0.500 

0.375 

! 0.250 i 0.1~ 
0 

~ -0.125 

~ II! -0.250 

-0.375 

-0.500 

0.01 

~ 
z 

§ 0.001 

'" Ul a: 
!:i .. .. 
iil ...... 
a: 

~ .. 
O.ooom 

RELATIVE ACCURACY 
YS DIGITAL INPUT CODE 

TA=+J50,C 
I-VDO''''' +5V AND +15V 

~EF=+10V 

I- f--,,--r-- -
o M 04 H m ~ m ~ ~ 

DIGITAL INPUT CODe (DECIMAL) 

POWER SUPPLY REJECTION 
YS TEMPERATURE 

v •• +4.5VTO+5.5V ;:::::: 

~ 

Voo = +13.5V TO +16.5V 

-75 -50 -25 25 50 75 100 125 ~ ~ ~ 0 ~ ~ H ~ ~ ~ ~ ~ ~ ~ H ~ ~ 
TEMPERATURE rC) 

Voo 

1 •. 1 

i 
~ ii 0.01 

0.001 

SUPPLY CURRENT 
YS TEMPERATURE 

+5V 

Y,N +2.4V 

V1N = +O.8V 

~ 

t,....--

-

I 

/ 

TEMPERATURE re) 

SUPPLY CURRENT 
YS TEMPERATURE 

Yoo = +15V 

:;( 
.! 0.1 

i 
I 0.G1 
i 

0"01 

"'- "'" 
+1.5V 

VIN -~13.5V 

TEMPERATURE rC) 

-75 -50 .... 25 50 75 100 125 -75 -SO -IS 25 60 75 100 125 

TEMPERATURE (OC) TEMPERATURE roC) 
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BURN-IN CIRCUIT 

R. 
VREF 

1 lOUT 1 RfB 16 

VREF " Rl 

Voo " 
R3 

WJi 13 DB7 (MSS) 
R. 

-= 5 DBS cs: 12 

6 DB5 (lSBj OBO 11 
R2 

7 DB4 DBt 10 

8 DB3 002 9 

NOTES: 
1. Cl '" C2 '" 4.7p.F TANTALUM 50V EVERV 10th DEVICE. 
2. C3 = C4 = O.OlJ.1F CERAMIC SOV EVERY 10th DEVICE. 

DEFINITIONS 

RESOLUTION 

C3 

+Clq 

The resolution of a DAC is the number of states (2n) that the 
full-scale range (FSR) is divided (or resolved) into, where n is 
equal to the number of bits. Resolution in no way implies 
linearity. 

RELATIVE ACCURACY 
Relative accuracy or end-point nonlinearity is a measure of 
the maximum deviation from a straight line passing through 
the end-points of the DAC transfer function. It is measured 
after adjusting for ideal zero and full-scale and is expressed 
in % or ppm of full-scale range or (sub) multiples of 1 LSB. 

PROPAGATION DELAY 
The time for the output current to reach 90% of its final value 
from a given digital input signal. 

SETTLING TIME 
Time required for the output function of the DAC to settle to 
within 1/2 LSB for a given digital input stimulus, i.e., zero to 
full scale. 

GAIN 
Ratio of the DAC's external operational amplifier output vol
tage to the VREF input voltage when using the DAC's internal 
feedback resistor. 

GAIN ERROR 
Gain error or full-scale error is a measure of the output error 
between an ideal DAC and the actual device output. Ideal 
output is equal to VREF - 1 LSB. 

FEEDTHROUGH ERROR 
Error caused by capacitive coupling from VREF to output with 
all switches off. 

REV.C 

PM-7524 
OUTPUT CAPACITANCE 
Capacitance from lOUT 1 and IOUT2 terminals to ground. 

OUTPUT LEAKAGE CURRENT 
Current which appears on lOUT 1 terminal with all digital 
inputs low or on lOUT 2 terminal when all inputs are high. 

CIRCUIT DESCRIPTION 

CIRCUIT INFORMATION 
The PM-7524 is an a-bit multiplying CMOS digital-to-analog 
converter with on-board data latches. It is fabricated using a 
highly stable thin-film R-2R resistor ladder network and eight 
N-channel current switches. A voltage or current reference 
and an operational amplifier are all that is required in the 
majority of applications. 

Figure 1 shows a simplified circuit of the PM-7524 converter. 
The R-2R ladder, current steering switches, and interface 
logic are shown. The switches are binarily weighted and 
switch the ladder current between lOUT 1 and lOUT 2 bus lines; 
this switching allows a constant current to be maintained in 
each resistor leg regardless of the switch state. 

The simplified circuit of Figure 1 also shows the matching 
switches in series with the ladder terminating and RFB (feed
back) resistors. These switches are designed to temperature
track the ladder current-steering switches and improve power 
supply rejection. Both switches are MOS transistors that have 
their gate turn-on voltage derived from Voo supply. This means 
the terminating and feedback resistors are open-circuit when 
Voo power is off. If RFB is used as part of an op amp's feedback 
element, and the op amp's supply comes on before the DAC, the 
op amp's output will go to the rails. It remains in this open-loop 
.condition until the DAC's Voo is applied. In applications where 
the op amp's supply must come on before the DAC, a voltage 
clamp or external feedback resistor may be necessary. 

FIGURE 1: PM-7524 Functional Diagram 

10kn 10kn 10"" 

20kn 20kn 20kn 

sa S7 S6 

'---!-+-'>--!-'1--< .... I'--+l,....-------O 'oun 
L-f---<H---<I-+-it-...... -t--....---''''Ok:;;n--<l 'oun 

I- - -.?~ - - ~ ~_O-""""v---O ·FB , , 

DB7 !MSBI DB6 DB. 
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PM-7524 
EQUIVALENT CIRCUIT ANALYSIS 
Figure 2 shows an equivalent circuit for the PM;.7524 with all 
digital inputs LOW. The lOUT 1 and lOUT 2 leakage current 
source is the combination of surface and junction leakages to 
the substrate. The 11256 current source represents the con
stant 1-bit currerit drain through the ladder termination resis
tor. The situation is reversed with all digital inputs HIGH, 
I.e., the current output is now switched to the lOUT 1 terminal. 
The output capacitance is dependent upon the digital input 
code, and is therefore modulated between the low and high 
values. 

FIGURE 2: PM-7524 Equivalent Circuit 
(All Digital Inputs LOW) 

RFS 

R~ 10kn 

r-----1'-----<> 'OUT 1 

'REF 

VREF ~.,.r-~~Il-,-/2-5.--t-~T-,L-E-AK-A-G-E --<~P-,-2Op-F----<OIOUT2 

INTERFACE LOGIC 

MODE SELECTION 
The mode selection is controlled by the CS and WR inputs. 

WRITE MODE 
The PM-7524 is in the WRITE mode when both the CS and WR 
are both LOW; the input hitches are transparent and the output 
immediately follows the data input logic. See the MODE 
SELECTION TABLE. 

MODE SELECTION TABLE 

CS WR MODE DAC RESPONSE 

OAC responds to data bus 
L L WRITE (OBO-OB7) inputs (trans-

parent) 

H X HOLD 
Data bus (OBO-OB7) is 
locked out 

OAC holds last data present 
X H HOLD when WR or CS assumes a 

HIGH state 

L = Low State, H = High State, X = Don't Care. 

2-412 DIGITAL-TO-ANALOGCONVERTERS 

HOLD MODE 
The MODE SELECTION TABLE shows the output results when 
either CS or WR is HIGH. The output holds the value corre
sponding to the last digital inputs prior to CS or WR assuming 
the HIGH state. 

WRITE CYCLE TIMING DIAGRAM 

~ --{'"-------,;..-~!....:...--
...... --- Voo 

DATA IN 
(OBO - 087) ____ ...J 

NOTES: 
1. ALL INPUT SIGNAL RISE AND FALL nMES 

MEASURED FROM lew. TO~OFVDD-VOP 
"+5Y, t,"'" = 2On1; Voo '" +1~ t,=" = 4On .. 

2. TIMING MEASUREMENTREFEFIENCELEVEL 
18 YIH+YIL 

• 
3.1os+IottISAPPAOXIMATELYCONSTANTAT 

148M MIN AT +25-C, YDD = +5V AND Iwr = 
l7On1 MIN. THE PM-7&24.S SPECIFIED FOR 
A MINIMUM toH OF 10na, HOWEVER, IN 
APPLICATIONS WHERE toH >10ns, Ina MAY 
BE REDUCED UP TO THE LIMIT los:: 8Sn .. 
1mt"'8OnL 

Voo 

Supply current (100) versus Logic input voltage (V1N) isshown in 
Figure 3. This plot shows the supply current for both Voo = +5V 
and Voo = +1511. 

FIGURE 3: Supply Current vs Logic Level 

14 1400 

TA '" +2S"C 
ALL DIGITAL INPUTS 
TIED TOGETHER 12 1200 

0 1000 _ 

I-Voo 
=+5V 

~ 
800" 

f 
I\:DO= +15V 

800 -a 

400 
j 

U ~ 200 

~ ....... 

"" o o 
o 10 12 1. 

VIN (VOLTS) 
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APPLICATIONS 

FIGURE 4: Unipolar Binary Operation 
(2-Quadrant Multiplication) 

GND 
NOTES: 
1. R1 AND R2 USED ONLY IF GAIN 

ADJUSTMENT IS REQUIRED. 
2. Cl PHASE COMPENSATION 110pF - 15pf) 

MAY BE REQUIRED WHEN USING HIGH 
SPEED AMPLIFIERS TO PREVENT 
RINGING OR OSCILLATION. 

TABLE 1: Unipolar Binary Code Table 

DIGITAL INPUT 
MSB LSB 

0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

NOTE: 

lLSB = (2-~ (VREF) 
1 

- 256 (VREF) 

ANALOG OUTPUT 

-VREF ( 255 ) 
256 

-VREF ( 129 ) 
256 

-VREF ( 128 ) 
256 

-VREF ( ~~) 
-V REF ( 2~6 ) 

-VREF ( 2~6 ) 

VREF 
- -2-

=0 

FIGURE 5: Bipolar (4-Quadrant) Operation 

±10V 
(ACOR DCI 

VREF VDD 

PM-7524 
TABLE 2: Bipolar (Offset Binary) Code Table 

DIGITAL INPUT 
MSB LSB ANALOG OUTPUT 

+VREF ( 1~8 ) 

o 

-V REF ( 1~8 ) 

o 0 0 0 0 0 0 0 ( 128 ) 
128 

NOTE: 

lLSB = (2-') (VREF) - 128 (VREF) 

FIGURE 6: PM-7524/8085A Interface 

R5 

MSS r--~--~~~BL~~R2~-. ______ --, 
Your 

REV.C 

DATA 
INPUTS LSB 

11 

CS 12 

WR 13 

GND 

GND 

NOTES: 
1. ADJUST R1 FOR Vour" OV AT CODE 10000000. 
2. Cl PHASE COMPENSATION (to - 15pFJ MAY BE 

REaUIRED IF A11SA HIGH SPEED AMPLIFIER. 

DIGITAL-TO-ANALOG CONVERTERS 2-413 
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PM-7524 
FIGURE 7: PM-7524/MC6800 Interface 

AO-A15 

VMAr-~------~ 

6800 

00-07 

FIGURE 8: Power Generation Connection 

DATA 9-..... --::c~~;,-OO-1 
INPUT "0" 6--+-,.----___ -1 

os 0-+-+---1 ........ 
WR 0-+-+--.-1 ___ -1 

CIRCUIT EQUATIONS 

Vl = - (VREFI (D) 
V2 = + (V"EF) (02) 
v" = - (VREF) (on), n AN 000 INTEGER 
V" = + (VREF) (on). n AN EVEN INTEGER 

WHERE: 

0= 0;7 + D2~6 + ... D2~O 

AND 

DBn = 1orO 

Vee 

2-414 DIGITAL-TO-ANALOG CONVERTERS 

V, 

FIGURE 9: Divider 
(Digitally Controlled Gain) 

'------Iy 

EQUATIONS 

-YIN 
VOUT = --0-

>---------<>------<lVOUT 

Av = -~~:T = - ~ WHERE: Av = VOLTAGE GAIN 

AND WHERE: 

0= D2~7 + 0;6 + ... D~O 

DBN = 1orO 

EXAMPLES 

o = 00000000, Av = - AOL (OP AMP) 
D = 00000001, Av = - 256 

o = 10000000, Av = - Wa = -2 

o "" 11111111. Av = -~ 
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11IIIIIIII ANALOG 
WOEVICES 

FEATURES 
On-Chip Latches for Both DACs 
+5V to +15V Operation 
DACs Matched to 1% 
Four Quadrant Multiplication 
TIUCMOS Compatible 
Latch Free (Protection Schottkys not Required) 

APPLICATIONS 
Digital Control of: 

Gain/Attenuation 
Filter Parameters 
Stereo Audio Circuits 
X-Y Graphics 

GENERAL DESCRIPTION 
The AD7528 is a monolithic dual 8-bit digital/analog converter 
featuring excellent DACoo-DAC matching. It is available in 
skinny 0.3" wide 20-pin DIPs and in 20-terminal surface mount 
packages. 

Separate on-chip latches are provided for each DAC to allow 
easy microprocessor interface. 

Data is transferred into either of the two DAC data latches via a 
common 8-bit TIUCMOS compatible input port. Control 
input DAC AlDAC B determines which DAC is to be loaded. 
The AD7528's load cycle is similar to the write cycle of a random 
access memory and the device is bus compatible with most 8-bit 
microprocessors, including 6800, SOSO, SOS5, ZSO. 

The device operates from a +5V to + l5V power supply, dis
sipating only 20mW of power. 

Both DACs offer excellent four quadrant multiplication charac
teristics with a separate reference input and feedback resistor for 
each DAC. 

REV. A 

CMOS DualS-Bit 
Buffered Multiplying DAC 

AD752S I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. DAC to DAC matching: since both of the AD752S DACs are 

fabricated at the same time on the same chip, precise matching 
and tracking between DAC A and DAC B is inherent.The 
AD752S's matched CMOS DACs make a whole new range of 
applications circuits possible, particu1arly in the audio, graphics 
and process control areas. 

2. Small package size: combining the inputs to the on-chip 
DAC latches into a common data bus and adding a DAC AI 
DAC B select line has allowed the AD752S to be packaged in 
either a small 20-pin DIP, SOIC, PLCC or LCCC. 

D/G/TAL-TO-ANALOG CONVERTERS 2-415 
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AD7528 -SPECIFICATIONS (VREf A = VREf B = +1OV; OUT A = OUT B == OV unless otherwise speclfi~d) 
VDI)" +sv vDD • +15V -. v_' TA - +2S'C T ... ,T_ TA- +JS-C T ... ,T_ u. T .. ~ 

STATlCPERFORMANCEl. -- AI. 8 BiD _ .. Aoauocy 
I ..... S •• •• •• •• LSB_ TbisilanEDdpoiDiLiDcaritySPodfic:aiou 
X,B,T "II .11 .11 • 11 LSB .... 
L,C,U .11 • 11 .11 .11 LSB .... 

~N ........... AU •• • • •• •• LSB .... AUGndosGtwuucod ........... o-
PlIII()pendqT ............ _ 

GtdnEnvr I ..... S .4 .6 •• ., LSB_ Mcuurtd UIiaaIlllCl'DllRFBAIIIldRFBB. 
K,B.T • 2 •• .2 .3 LSB .... Bodl DACLatcbell..oIded with 11 t 11111. 
L,C,V •• • 3 •• • • LSB .... GainEnoriiAdjU8lablc U .... Circuits 

ofFipm4aDdS. 
a.m Tc:mpcn;nueC0ef6cicnr4 

b.GaiDlATempCn~ AU ±0.007 ±O.OO7 ::1:0.0035 ::1:0.0035 'III"C .... 
OwputLakqeCumat 

OVT ... (PiIl2) "'U .,. . ..,. ±50 .200 ......... DAC Utcbes I..oMcd with OOOOOOOD 
OVTlI(PiIl20) "'u .,. . ..,. .,. .200 ........ 

IDputRcaiswH:c(VRuA. VRI!FB) All 8 8 8 8 kII .... .... '_TC - -300ppml'C, Typical 
15 15 15 15 kII .... Input RaiatIDce is IlkO 

VREFAlVUJl~InPU1RcsiItlDCC - AU •• •• •• •• % .... 

DlGrrAL INPUI'SJ 
InpUt Hiah VoIlqC 

V .. All 2.' 2.4 '13.5 13.5 V .... 
..... LowVoI .... 

V'L AI. 0.8 0.8 I.' I., V_ 
InputCunent 

I," AU •• ±10 •• ±IO ""- VIN "" OorVOD 

InpulCapacitancc 
DBO-DB7 AU .0 10 • 0 .0 pF .... 
Wi, CS, DAC""""AlDACB AU 15 15 15 15 pF ..... 

SWITCHINGCHARACTElUSTICS" 
SceT __ 

CbipSelecttoWriteSel:UpTime 

'" AU 200 230 60 80 nsmin 
CbipSelecttoWrileHoldTime 

leN AI. 20 30 '0 15 nsmill 
DACSdccttoWritcSctUpTime 

'" AU 200 230 60 80 nlmm 
DACSeJecIlO 'Write HoIdTimc 

IAN AU 20 30 .0 15 ...... 
DabiValidtoWriteSetUpTune 

'" AU 110 130 30 40 ...... 
DataVaiidtoWriteHoidTime 

'OIl All ...... 
Write Pulse Width. 

'''' All .80 200 60 80 ...... 
POWERSUPPL Y SccFiaure3 

100 AI. 2 2 2 2 ......... All Diaital Inputs V1Lor VtH 
AU .00 '00 . .00 500 "" .... AU DiaitliInpu.tsOVorVoo 

AC PERFORMANCE CHARACTERISTICS 5 (Measured Using Recommended 
P.C. Board Layout (F'1gIJI1I 7) and AIl644 as Output Amplifiers) 

VDD = +sv VDD = +ISV ........... Version' T,.=+25"C T .... ~T_ TA = +:zs-c T ... T_ IlmD TmColulhioaslCematt 

DCSUPPLYREJECTION (AGAIN/&VDD) AU 0.02 0.04 0,01 0.02 %per%mu: AVoD = ::!:S% 

CURRENTSETTLINGTIME1 AU 3" 
..,. .80 200 To 1I2LSB. OutAlOutB load = 1000. 

Wi", cs -OV.OBO-DB7 = OYtoYDoorYDglOOV 

~p~AnONDmAY~rom~~ VREPA - VREPB 0= + IOV 
Input to 90% of Final AnalogOutplltCurreat) AU 220 270 80 '00 Q!rr .!tOUTBLoad .. lOOOCu.T'" I3pF 

WR,CS = OVDBO:-OB7 = OVIOVwotVpntoOV 

DIGITAL TOANALOGGLITCH IMPULSE AU 160 440 nVaec.typ ForCade TraDSiIionOOOOOOOOto 11111111 

OUTPUT CAPACITANCE 
CmrrA AU ,. ,. ,. ,. pF .... DAC Latches Loaded with OOOOOOOO 
CmrrB ,. ,. 

'0 SO pp .... 
CmrrA .20 120 .20 .20 pF .... DACLatchesLoadedwith 11111111 
CmrrB .20 .20 .20 • 20 pF .... 

ACFEEDTHRQUGH6 

YRuAtoOUTA AU -70 -65 -70 -65 dB .... VRI!PA. V,uwB = 2OVp-pSiDeWave 
VREFBtoOUTB -70 -65 -70 -65 dBmax @IOOkHz 

CHANNEL TOCHANNELlSOLATION Bolh DAC Latdles Loaded wiI:b 11111111. 
VREFAtoOUTB AU -77 -77 dBlY!> VIlBFA = 2OVp-pSincWave@IOOkHz 

VREPB,. OVsctFipre6. 

VREFBIOOlITA -77 -77 dBlY!> VREFA '" ZOVp-pSineWave@I00kHz 
VREJl A,..OVaccFipre6. 

DIGITAL CROSSTALK All 30 60 nVscctyp Mc:asured forCode Transition CXlOOOOOO to 11111111 

HARMONIC DISTORTION AI. -8.\ -8' dBlY!> YIN=6Vnns@1Ic:Hz 

NOTES 
'TcmperahlI'CRaagaueJ,K,LVcnioaJ: -4O"CIO+8S"C 

A,B,CVasioDI: -WCIO+85"C 
S,T.UVcnioDI: -SSOC1D+IZSOC 

zSpedflClldoD..ppUes.tobothDACIinAD7S28. 
lJ..op:iaputaareMOSGaIes.1)picI1iDpu1:attRDt( +2s-c)ilkllthm IDA. 
~bydaipbutllOl:paudactioulem:d. 
'ThcIedalracteriltic:.uefordeliplpidlDceODlyaaducaotaubjecttolelt. 
'Feeddu:ouahcan befunberreduced by~lbemecalIid.OIIlbec:crmlic:pac:lawe(IIII6aD)toDGND. 

SpeciGc:adoaambjccl:lOchaDpwilboutDOdc:c. 
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ABSOLUTE MAXIMUM RATINGS 
(T A = + 25"C uoless otherwise noted) 

VDD to AGND ...............•... OV, + 17V 
VDD to DGND .............•..... OV, + 17V 
AGND to DGND . . . . . . . . VDD +0.3V 
DGND to AGND .....•........... VDD +0.3V 
Digital Input Voltage to DGND .... -0.3V, VDD +O.3V 
VPIN2, VPIN20 to AGND • . -0.3V, VDD +O.3V 
VREF A, VREF B to AGND ............... :t2SV 
VRFB A, VRFB B to AGND . . . . . . . . . . . . . .. :t2SV 
Power Dissipation (Any Package) to + 7S·C 4S0mW 

Derates above +7S"C by . . . 6'mWrc 
Operating Temperature Range 

Commercial G, K, L) Grades. 
Industrial (A, B, C) Grades . 
Extended (S, T, U) Grades .. 

Storage Temperature •..... 
Lead Temperature (Soldering, 10 sees.) . 

CAUTION: 

- 4O"C to + 8S"C 
- 4O"C to + 8S·C 

- SS·C to + 12S"C 
- 6S"C to + ISO"C 
. .... +300"C 

1. ESD sensitive device. The digital control inputs are diode pro
tected; however, permanent damage may occur on unconnected 
devices subjected to high energy electrostatic fields. Unused 
device&' must be stored in conductive foam or shunts. 

2. Do not insert this device into powered sockets. Remove power 
before insertion or removal. 

TERMINOLOGY 
Relative Accuracy: 
Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the end
points of the DAC transfer function. It is measured after adjusting 
for zero and fUn scale and is normally expressed in LSBs or as a . 
percentage of full scale reading. 

ORDERING GUIDEl 

Temperature Relative Gain Package 
Model' Range Accuracy Error Option' 

AD7528]N - 4O"C to + 85"C ±lLSB ±4LSB N-20 
AD7528KN - 4O"C to + 85·C ±1I2LSB ±2LSB N-20 
AD7528LN - 4O"C to +85"C ±1I2LSB ±lLSB N-20 
AD7528JP -4O"Cto + 85·C ±lLSB ±4LSB P-20A 
AD7528KP -40"Cto + 85·C ±1/2LSB ±2LSB P-20A 
AD7528LP - 4O"C to + 85"C ±1I2LSB ±lLSB P-20A 
AD7528JR -40"Cto + 85·C ±lLSB ±4LSB R-20 
AD7528KR -40"Cto + 85·C ±1/2LSB ±2LSB R-20 
AD7528LR - 4O"C to + 85"C ±1I2LSB ±lLSB R-20 
AD7528AQ - 4O"C to + 85·C ±lLSB ±4LSB Q-20 
AD7528BQ -40·Cto +85"C ± 1I2LSB ±2LSB Q-20 
AD7528CQ -4O"Cto + 85·C ±1I2LSB ±lLSB Q-20 
AD7528SQ - 55·Cto + 125"C ±lLSB ±4LSB Q-20 
AD7528TQ - 55·C to + 125·C ±1I2LSB ±2LSB Q-20 
AD7528UQ -55"Cto + 125"C ±1I2LSB ±lLSB Q-20 
AD7528SE - 55·C to + 125·C ±lLSB ±4LSB E-20A 
AD7528TE - 55"C to + 125"C ±1I2LSB ±2LSB E-20A 
AD7528UE - 55"C to + I25"C ±1I2LSB ±lLSB E-20A 

NOTES 
I Ana10g Devices reserves !he right to ship side-brazed ceramic in lieu of =dip. Parts will 
be marked with =dip designator UQ:' 

'Processing to MIL-STD·883C, Class B is avaiJable. To order, add suff'1X "'883B" to pan 
number. For further information, see Ana10g Devices' 1990 Military Products Databoolt. 

'E = Leadless Ceramic: Chip Carrier; N = Plastic DIP; P = Plastic Leaded Chip Carrier; 
Q = Cerdip; R = SOle. For outline information see Packaae Information section. 
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AD7528 
Differential Nonlinearity: 
Differential nonlinearity is the difference between the measured 
change and the ideallLSB change between any two adjacent codes. 
A specifled differential nonlinearity of :t lLSB max over the 
operating temperature range ensures monotonicity. 

Gain Error: 
Gain error or full-scale error is a measure of the output error be
tween an ideal DAC and the actual device output. For the AD7S28, 
ideal maximum output is VREF -ILSB. Gain error of both DACs 2 
is adjustable to zero with external resistance. 

Output Capacitance: 
Capacitance from OUT A or OUT B to AGND. 

Digital to Analog Glitch Impulse: 
The amount of charge injected from the digital inputs to the analog 
output when the inputs change state. This is normally specified 
as the area of the glitch in either pA-sees or nY-sees depending 
upon whether the glitch is measured as a current or voltage signal. 
Glitch impulse is measured with VREF A, VREF B = AGND. 

Propagation Delay: 
This is a measure of the internal delays of the circuit and is defined 
as the time from a digital input change to the analog output current 
reaching 90% of its flnal value. 

ChanDel-to-Channel Isolation: 
The proportion of input signal from one DAC's reference input 
which appears at the output of the other DAC, expressed as a 
ratio in dB. . 

Digital Crosstalk: 
The glitch energy transferred to the output of one converter due 
to a change in digital input code to the other converter. Specified 
in nV sees. 

PIN CONFIGURATIONS 

DOND 5 

6ACiIDAC B & 

(MSII DII7 1 

LCCC 

c ! Ii ~ • .. a if 0 .. 

321 ao 1t 

u 
AD7528 
TOP""" INottoSaM.1 

V •• A .. 

__ AIDAC 8 • 

IMS8) D87 1 

PBI 8 

,. v.,a 
n YDb 

,,\OIl 
15 Ci 

DII • '4 oeD ILSBI 

~~ 
910111213 

nsn 

1201' 

AD7528 
TOPYiEW 

(Nol 10 Scl*1 

DIP. SOIC 

,. VfI£f B 

17 Vpg 

" Wi 
155 

14 DIO 1LS8) 
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AD7528 
INTERFACE LOGIC INFORMATION 
DAC Selection: 
Both DAC latches share a common 8-bit input port. The control 
input DAC A IDAC B selects which DAC can accept data from 
the input port. 

Mode Selection: 
Inputs CS and WR control the operating mode of the selected 
DAC. See Mode Selection Table below. 

Write Mode: 
When CS and WR are both low the selected DAC is in the 
write mode. The input data latches of the selected DAC are 
transparent and its analog output responds to activity on DBO
DB7. 

Hold Mode: 
The selected DAC latch retains the data which was present 
on DBO-DB7 just prior to CS or WR assuming a high state. 
Both analog outputs remain at the values corresponding to the 
data in their respective latches. 

DACAl 
DACB cs WR DACA 

L L L WRITE 
H L L HOLD 
X H X HOLD 
X X H HOLD 

L = Low State H = High State X = Don't Care 

Mode Selection Table 

WRITE CYCLE TIMING DIAGRAM 
,,, -I ~;Y 

DACB 

HOLD 
WRITE 
HOLD 
HOLD 

... ·I'-y ~I"".-----'=----+=-t r----v~ 
DACAIDAC • \ ... _____ ---,,.......-

two 
----,I--=--Ir-----v~ 

WRiTE \ . '---.,-_.J 
.~ to. 

------,. .."..----'--..1 r----v" 
DATA IN (D81)...DB71 Viti DATA IN STABlE 

V. 

NOTES: 
,. ALL INPUT SIGNAL RISE AND FALL TIMES 

M£ASUAED FROM 10% TO 90% OF VflO' 
VI)O= "'SY,t.=t.=20ns; 
Voo= +15V,t.=t, c 40ns. 

Z. l1MING MEASUREMENT REFERENCE LEVEL IS ~ 

CIRCUIT INFORMATION-D/A SECTION 
The AD7528 contains two identical8-bit mUltiplying D/A con
verters, DAC A and DAC B. Each DAC consists of a highly 
stable thin film R-2R ladder and eight N-channel current steering 
switches. A simplified D/A circuit for DAC A is shown in Figure 
I. An inverted R-2R ladder structure is used, that is, binary 
weighted currents are switched between the DAC output and 
AGND thus maintaining fixed currents in each ladder leg inde
pendent of switch state. 

DAC A DATA LATCHES 
AND DR1VERS 

Figure 1. Simplified Functional Circuit for DAC A 
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EQUIVALENT CIRCUIT ANALYSIS 
Figure 2 shows an approximate equivalent circuit for one of the 
AD7528's D/A converters, in this case DAC A. A similar equivalent 
circuit can be drawn fOr DAC B. Note that AGND (Pin I) is 
common for both DAC A and DAC B. 

The current source ILEAKAGE is composed of surface and junction 
leakages and, as with most semiconductor devices, approximately 
doubles every 10·C. The resistor Ro as shown in Figure 2 is the 
equivalent output resistance of the device which varies with 
input code (excluding all O's code) from 0.8R to 2R. R is typically 
IlkO. C~UT is the capacitance due to the N-channel switches 
and varies from about 50pF to 120pF depending upon the digital 
input. g(VREF A, N) is the Thevenin equivalent voltage generator 
due to the reference input voltage V REF A and the transfer 
function of the R-2R ladder. 

atERF •• 
R 

Ro 
OUT A 

+ ILlIG 

glVREF A. NI_ ~ CouT 

AGNU 

Figure 2. Equivalent Analog Output Circuit of DAC A 

For further information on CMOS mUltiplying D/A converters 
refer to "Appplication Guide to CMOS MUltiplying D/A Con
verters" available from Analog Devices, Publication Number 
G479-15-8178. 

CIRCUIT INFORMATION-DIGITAL SECTION 
The input buffers are simple CMOS inverters designed such 
that when the AD7528 is operated with V 00 = 5V, the buffer 
converts TTL input levels (2.4V and 0.8V) into CMOS logic 
levels. When VIN is in the region of 2.0 volts to 3.5 volts the 
input buffers operate in their linear region and pass a quiescent 
current, see Figure 3. To minimize power supply currents it is 
recommended that the digital input voltages be as close to the 
supply rails (VOD and DGND) as is practically possible . 

The AD7528 may be operated with any supply voltage in the 
range 5sVoDsl5 volts. With VOD = + 15V the input logic 
levels are CMOS compatible only, i.e., I.5V and I3.5V. 

800 

700 

~600 
+ 
u .00 
g 
~ .. 0 

1 
j300 

zoo 

'00 

-

Veol• +I,.v 

~ 
1 
J 
I 

VOD - +5Y ~ 

I~ 
I 
~ "\ 

J ...... 

3 4 5 & 
YIN-Volts 

. 1 T.1 +Joe 1_ 
ALL DJGITAL INPUTS 

TIED TOGETHER _ 

r--.... 
...... r--. 

7 f . ~ 
5 f . " + 

3 ~ 

'1011121314 

Figure 3. Typical Plots of Supply Current, 100 vs. Logic 
Input Voltage V'N' for Voo = +5Vand + 15V 
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Applying the AD7528 

NOTES: 
'R1. R2 ANO R3. R4 USED ONLY IF GAIN ADJUSTMENT IS REOUIRED. 
SEE TABLE 3 FOR RECOMMENDED VALUES. 

'C1. C2 PHASE COMPENSATION (1OpF-1SpF) IS REQUIRED WHEN 
USING HIGH SPEED AMPLIFIERS TO PREVENT RINGING OR 
OSCILLAnON. 

Figure 4. Dual DAC Unipolar Binary Operation (2 Quadrant Multiplication). See Table I. 

NOTES: 
'R1. R2 AND R3. R4 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED. 
SEE TABLE 3 FOR RECOMMENDED VALUES. 
ADJUST R1 FOR Vour A = OV WITH CODE 10000000 IN DAC A LATCH. 
ADJUST R3 FOR VOUT B = OV WITH CODE 10000000 IN DAC B LATCH. 

'MATCHING AND TRACKING IS ESSENTIAL FOR RESISTOR PAIRS R6. R7 
AND R9. R10. 

'C1. C2 PHASE COMPENSAnON (10pF-1SpFI MAY BY REOUIRED IF A11A3 
IS A HIGH·SPEED AMPLIFIER. 

Figure 5. Dual DAC Bipolar Operation (4 Quadrant Multiplication). See Table II. 

DAC Latch Contents Analog Output DAC Latch Contents AIlaJog Output 
MSB LSB (DAC A or DAC B) MSB LSB {DACAorDACB) 

11111111 (255) -VIN 256 I I I I I I I I C27) +VIN 128 

10000001 (129) -VIN 256 10000001 +VIN(I~8) 
10000000 -VINGm= - Vr 10000000 0 

o I I I I I I I (127) -VIN 256 o I I I I I I I -VIN(I~8) 
00000001 - VIN(2~6) 00000001 C27) -VIN 128 

00000000 -VIN(2~6)= 0 00000000 C28) -VIN 128 

Note: ILSB = (2"'XV'N) = ih(V'N)· NOIe: ILSS m (2"'XVIN) = 1~8(VIN) 

Table I. Unipolar Binary Code Table Table II. Bipolar (Offset Binary) Code Table 

Trim 
Resistor j/AlS KIBIT LlCIU 

RI;R3 Ik 500 200 
R2;R4 330 150 82 

Table III. Recommended Trim Resistor Values vs. Grade 
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AD7528 
APPLICATIONS INFORMATION 
Application Hints 
To ensure system performance consistent with AD7528 specifi
cations, careful attention must be given to the following points: 

1. GENERAL GROUND MANAGEMENT: AC or transient 
voltages between the AD7528 AGND and DGND can cause 
noise injection into the analog output. The simplest method 
of ensuring that voltages- at AGND aDd DGND are equal is 
to tie AGND'and DGND together at the AD7528. In more 
complex systems where the AGND-DGND intertie is on the 
back-plane, it is recommended that diodes be connected in 
inverse parallel between the AD7528 AGND and DGND 
pins (IN914 or equivalent). 

2. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in tum causes a 
code-dependent amplifier noise gain. The effect is a code-de
pendent differential nonlinearity term at the amplifier output 
which depends on Vos (Vos is amplifier input offset voltage). 
This differential nonlinearity term adds to the Rl2R differential 
nonlinearity. To maintain monotonic operation, it is recom
mended that amplifier Vos be no greater than 10% of lLSB 
over the temperature range of interest. 

3. HIGH FREQUENCY CONSIDERATIONS: The output 
capacitance of a CMOS DAC works in conjunction with the 
amplifier feedback resistance to add a pole to the open loop 
response. This can cause ringing or oscillation. Stability can 
be restored by adding a phase compensation capacitor in 
parallel with the feedback resistor. 

DYNAMIC PERFORMANCE 
The dynamic performance of the two DACs in the AD7528 will 
depend upon the gain and phase characteristics of the output -
amplifiers together with the optimum choice of the PC board 
layout and decoupling components. Figure 6 shows the relationship 
between input frequency and channel to channel isolation. Figure 
7 shows a printed circuit layout for the AD7528 and the AD644 
dual op-amp which minimizes feedthrough and crosstalk. 

"'" ,I ...... I 
V'DO"+1SY ,y_ 

'" 
v .... aov I'EAK TO PEAK 

, -" . ~ 

........ 1-' 
""-.. .... 

Figure 6. Channel to Channel Isolation 

v ... 11'----0 

'.-

r~8 OF To.r; CAN 1"","1 

...--::-" 
AD844 

... ~ ..... 
a----o AD1IZ1 0---m-AtoAc • 

L81~ 0----'" 
-NOTE INPUT SCREENS TOREDUCE FEEDTHROUGH. 

LAVOUT SHOWS COPPER SIDE Ii .... BOnOM.VlEW). 

Figure 7. Suggested P.C. Board Layout for AD7528 with 
AD644 Dual Op-Amp 
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SINGLE SUPPLY APPLICATIONS 
The AD7528 DAC R-2R ladder termination resistors are connected 
to AGND within the device. This arrangement is particularly 
convenient for single-supply operation because AGND may be 
biased at any voltage between DGND and V DO. Figure 8 shows 
a circuit which provides two + 5V to + 8V analog OUtputs by 
1?iasingAGND + 5V up from DGND. The two DAC referen~ 
inputs are tied together and a reference input voltage is obtained 
withou~ a buffer amplifier by making use of the constant and 
matched impedances of the DAC A and DAC B reference inputs. 
Current flows through the two DAC R-2R ladders into Rl and 
RI is adjusted until the VREF A and VREF B inputs are at + 2V. 
The two analog output voltages range from + 5V to + 8V for 
DAC codes 00000000 to 11111111. 

Figure 8. AD7528 Single Supply Operation 

Figure 9 shows DAC A of the AD7528 connected in a positive 
reference, voltage switching mode. This configuration is useful 
in that VOUT is the same polarity as V IN allowing single supply 
operation. _ However, to retain sPecified linearity, V IN must be in 
the range 0 to + 2.5V and the output buffered or loaded with a 
high impedance, see Figure 10. Note that the input voltage is 
connected to the DAC OUT A and the output voltage is taken 
from the DAC VREF A pin. 

Figure 9. AD7528 in Single Supply, Voltage Switching 
Mode . ,l....l 

VDD'" +1SY 

" 
, 

" V ~ r;p --l.-
T 

1--' V 
I---~TrT 

U :I 3.S 
VIfIIA-Va ... 

Figure -10. Typical AD7528 Performance in Single Supply 
Voltage Switching Mode (KiBIT, L/C/U Grades) 

REV. A 



MICROPROCESSOR~ERFACE 

AO-A15 

CPU .... 

D~7 

ADDRESS BUS 

A"" 

"ANALOG CIRCUITRY HAS BEEN OMmEO FOR CLARITY 
--A '" DECODED 1528 ADOR OAC A 

A + 1 "" DECODED 7528 ADDR DAC a 

E> 
AD7528 " 

E> 

Figure ". AD752B Dual DAC to 6800 CPU Interface 

PROGRAMMABLE WINDOW COMPARATOR 

Figure 13. Digitally Programmable Window Comparator 
(Upper and Lower Limit Detector) 

PROGRAMMABLE STATE VARIABLE FILTER 
AS 30k 

AB-A15 

CPU .... 

AD7528 

ADDRESS BUS 

A" 
DAi:AJOACB 

E> 
AD7528" 

8 

·ANALOG CIRCUITRY HAS BEEN OMITTED FOR CLARITY. 
··A := DECODED 7S28 AODR DAC A 

A + 1 .. DeCODED 7528 ADDH DAC B 

NOTE: 
8086 INSTRUCTION SHLD ISTORE H • L DIRECT) CAN UPDATE 
BOTH DACS WITH DATA FROM H AND L ReGtSTERS 

Figure 12. AD752BDuaiDACtoBOB5CPUInterface 

In the circuit of Figure 13 the AD7528 is used to implement a 
programmable window comparator. DACs A and B are loaded 
with the required upper and .lower voltage limits for the test, 
respectively. If the test input is not within the programmed 
limits, the pass/fail output will indicate a feil (logic zero). 

CIRCUIT EQUATIONS 

C 1 = Cz, Rl = Rz, ~ = Rs 

1 . 
fc = -=--=---=--211" Rl C1 

Q = R3 .---.!L 
~ RFBBI 

Ao = _ Rp 
Rs 

Note: 
DAC equivalent resistance equals 
256 x (DAC Ladder resistance) 

Figure 14. Digitally Controlled State Variable Filter 
DAC Digital Code 

In this state variable or universal ftlter configuration (Figure 14) 
DACs Al and Bl control the gain and Q of the ftlter characteristic 
while DACs A2 and B2 control the cut-off frequency, fc. DACs 
A2 and B2 must track accurately for the simple expression for 
fc to hold. This is readily accomplished by the AD7528. Op 
amps are 2 x AD644. C3 compensates for the effects of op amp 
gain-bandwidth limitations. 

REV. A 

The ftlter provides low pass, high pass and band pass outputs 
and is ideally suited for applications where microprocessor control 
of ftlter parameters is required, e.g., equalizer, tone controls, 
etc. 

Programmable range for component values shown is fc = 0 to 
15kHz and Q = 0.3 to 4.5. 
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AD7528 
DIGITALLY CONTROLLED DUAL TELEPHONEATTENUATOR 

vw.<>----~9--i YouyA 

~_---oCi 
(l~_--_oOii1iii 

C!}----ooiIl\CiiJ 

In this configuration the AD7528 functions as a 2-channel digitally 
controlled attenuator: Ideal for stereo . audio and telephone signal 
level control applications. Table IV gives inpUt codes vs. attenu
ation for a 0 to 15.5dB range. 

Input C.Qde = 256 x 10 exp (_ Attenuation. dB) 
20 

r-~~~~:l~~-----~~B8 

Figure 15. Digitally Controlled Dual Telephone Attenuator 

Attn. dB 

0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 

Code In 
DAC Input Code Decimal Attn. ,Ill DAC Input Code 

I I I I I I I I 255 8.0 01100110 
1 1 1 1 00 1 0 242 8.5 01100000 
1 1 1 00 1 00 228 9.0 o 1 0 1 1 0 1 1 
1 1 0 1 0 1 1 1 215 9.5 o 1 0 1 0 1 1 0 
1 1 00 1 0 1 1 203 10.0 01010001 
11000000 192 10.5 01001100 
1 0 1 1 0 1 0 1 181 11.0 01001000 
1 0 1 0 1 0 1 1 171 11.5 01000100 
10100010 162 12.0 01000000 
10011000 152 12.5 00 1 1 1 1 0 1 
10010000 144 13.0 00 1 1 1 00 1 
10001000 136 13.5 00110110 
10000000 128 14.0 00 1 1 00 1 1 
o 1 1 1 1 00 1 121 14.5 00110000 
o 1 1 1 00 1 0 114 15.0 00 1 0 1 1 1 0 
01101100 108 15.5 0'0 1 0 1 0 1 1 

Table IV, Attenuation VB. DAC A, DAC B Code for the 
Circuit of Figure 15 

For futher applications information the reader is referred to 
Analog Devices Application Note on the AD7528. 
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Code In 
Decimal 

102 
96 
91 
86 
81 
76 
72 
68 
64 
61 
57 
54 
51 
48 
46 
43 
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WDEVICES 

FEATURES 
• On-Chip Latches For Both DACs 
• +5V To +15V Single Supply Operation 
• DACs Matched To 1 % 
• Four-Quadrant Multiplication 
• TTL/CMOS Compatible 
• 8-Bit Endpoint Linearity (±1/2 LSB) 
• Full Temperature Operation 
• Low Power Consumption 
• Microprocessor Compatible 
• Improved ESD Resistance 
• Automatically Insertable Cerdip and Plastic Packages 
• Available in Surface Mount SO, PLCC and LCC Packages 
• Available in Die Form 

APPLICATIONS 
• Digital Gain/Attenuation Control 
• Digital Control Of Filter Parameters 
• Digitally-Controlled Audio Circuits 
• X-Y Graphics 
• Digital/Synchro Conversion 
• Robotics 
• Ideal For Battery-Operated Equipment 

CROSS REFERENCE 

PMI 

PM7528AR 
PM7528BR 
PM7528BR 

PM7528ER 
PM7528FR 
PM7528FR 

PM7528GP 
PM7528FP 
PM7528FPC 

ADI 

AD7528UD 
AD7528TD 
AD7528SD 

AD7528CQ 
AD7528BO 
AD7528AQ 

PM7528GP 
AD7528LN 
AD7528KP 

FUNCTIONAL DIAGRAM 
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TEMPERATURE 
RANGE 

MIL 

IND 

COM 

Dual 8-Bit Buffered 
Multiplying CMOS DtA Converter 

PM-7528 I 
ORDERING INFORMATION' 

PACKAGE 

EXTENDED 
MILITARY" INDUSTRIAL COMMERCIAL 

RELATIVE GAIN TEMPERATURE TEMPERATURE TEMPERATURE 
ACCURACY ERROR -55'C TO + 1250C -4Q'C TO +S5'C O'CTO +70'C 

",1/2 LSB ",1 LSB PM7528AR PM7528ER PM7528GP 
"'1/2 LSB ",1 LBB PM7528AAC1B83 
",1/2 LSB z2LBB PM7528BR PM7528FR 
",1/2 LSB ",2LSB PM7528BRCIB83 PM7528FP 
",1/2 LSB z2LBB PM7528FPC 
",1/2 LSB z2LBB PM7528FB 

• For devices processed In lotal compliance 10 MIL-BTD-883, add /883 aller part 
number. Consult faclory for 883 data sheel. 
Bum-In Is available on commercial and induslriallemperalure range parts in 
CerDIP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 
The PM-7528 contains two 8-bit multiplying digital-to-analog 
converters. Excellent DAC-to-DAC matching and tracking 
results from monolithic construction. The PM-7528 consists of 
two thin-film R-2R resistor-ladder networks, tracking span re
sistors, two data latches, one input buffer, and control logic. 
Operation from a 5 to 15 volt single power supply dissipates 
only 20mW of power in a space saving 20-pin 0.3" wide DIP. The 
PM-7528 features circuitry designed to protect against damage 
from electrostatic discharges. 

Digital input data is directed into one of the DAC data latches 
determined by the DAC selection control line DAC NDAC B. 
The 8-bit wide input data path provides TTL/CMOS compatibility. 
The data load cycle is similar to the write cycle of a random 
access memory. The PM-7528 is bus compatible with most 8-bit 
microprocessors, including the 6800, 8080, 8085, and Z80. 

PIN CONNECTIONS 

PLCC PACKAGE 
(PC-Suffix) 

LCCPACKAGE 
(RC-Suffix) 

20-PIN EPOXY DIP 
(P-Suffix) 

20-PIN HERMETIC DIP 
(R-Suffix) . 

VREF A 4 

DGND 5 

DACA/DAC B 

(MSBj DB7 1 

20-PIN SOL 
(S-Sufflx) 
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PM-7528 
ABSOLUTE MAXIMUM RATINGS 
(T A =+2S·C. :unlesS otherwise noted) 

VDD to AGND ............................................................. OV. +17V 
V DO to DGND •••• : ........................................................ OV. + 17V 
AGND to DGND ••••••••••••••••••••••••••••••••••••••••••••••••••..•••.••• OV. V DO 
Digital Input Voltage to DGND ............................. -0.3V. +1SV 
VpIN2 VPIN2otoAGND ••••••••••••••••••••••••••••••••••••••••• -D.3V.+1SV 
VRE~' VREF B to AGND ••••••••••• , ••••••••••••••••••••.•••••••••••••••••• ±2SV 

~~faii~:T~~:e~~~~ R.~~.9; ......................................... ±2SV 

AR. ARC. BR,BRC Versions ••••••••••••••••••••••. -5S·Cto ±12S·C 
ER. FR, FP, FPC, FS Versions ••••••••••••••••••••• -40·C to +85·C 
GP Version ••.•••.•..•....•..•••••••••••••••••••••••••••••••••••••• O·C to +70·C 

Junction Temperature ................................................... +1S0·C 
Storage Temperature ••••••••••••••••••••••••••••••••••••• -6S·C to + 1S0·C 
Lead Temperature (Soldering. 60 sec) •••••••••••..••••.••••••• +300·C 

PACKAGE TYPE alA (Nole 1) alC: UNITS 

20·Pln Hermetic DIP (R) 80 15 'C/W 

20·Pin Plastic DIP (P) 74 32 'C/w 

20·Contact LCC (RC) 76 36 'C/W 

20·Pin SO (5) 89 27 'C/w 
20-Contact PLCC (PC) 98 38 'C/w 

NOTE: 
1. alA Is specified for worst case mounting conditions. I.e .• alA Is speclfled for 

device in socket for TO. CerDIP. P·DIP. and LCC packages; alA Is specifled 
for device soldered to printed circuit board for SO and PLCC packages. 

CAUTION: 
1. Do not apply voltages higher Ihan Voo or less than GND polential on any ler

minal exceptVREF, 
2. The digital control In puis are zener-prolecled; however. permanent damage 

may occur on unprolecled units from high-energy eleclrostalic fields. Keep 
units in conduclive foam al all limes until ready to use. 

3. Do not insert this device Inlo powered sockets; remove power before inserllon 
or removal. 

4. Use proper antistalic handling procedures. 
5. Stresses above those listed under "Absolute Maximum Ratings' may cause 

permanent damage to the device. 

ELECTRICAL CHARACTERISTICS at VDD = +SVor+1SV. VRE~ = VREFB = + 1 OV, OUT A = OUT B = OV; TA= -SS·C to + 12S·C 

apply for PM·7S28ARlARC/BRIBRC; TA = -40·C to +85·C apply for PM-7S28ERlFRlFPIFPCIFS; TA = O·C to +70·C apply for 

PM7S28GP, unless otherwise noted. 

PARAMETER 

STATIC ACCURACY 
(Note 1) 

Resolution 

Relative Accuracy 
(Note 2) 

Differential Nonlinearity 
(Note 3) 

Full Scale Gain Error 
(Nole4) 

Gain Temperature 
Coefficient 
(8Gain/8Temperalure) 
(Noles 4.10) 

Output Leakage ·Cur",nt 
Oul A (Pin 2)/0"t B (Pin 20) 
(Nole5) 

Inpul Resistance 
(VAEF A. VAEF B) 
(Nole6) 

VAEF AlVAEF B 

(InpulResislance MalCh) 

SYMBOL 

N 

NL 

DNL 

CONOITIONS 

TA = +25'C 

Voo= +5V 
TA = Full Temp. Range 

VOO =+15V 
TA = Full Temp. Range 

Voo= +5V 
Voo =+15V 

TA=+25'C 

Voo= +5V 
TA = Full Temp. Range 

Voo =+15V 
TA = Full Temp. Range 

2-424 DIGITAL· TO·ANALOG CONVERTERS 

PM7528A/EIG 
PM7528B/F 

PM7528A/EIG 
PM7528B/F 

PM7528A1E1G 
PM7528B/F 

MIN 

8 

8 

PM-7528 
TYP MAX 

±1/2 

±1 

±1 
±2 

±3 
±4 

±1 
±3 

±0.007 
+0.0035 

±50 

±400 

+200 

15 

0.1 ±1 

UNITS 

Bits 

LSB 

LSB 

LSB 

%I'C 

nA 

kn 

% 
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PM-7528 
ELECTRICAL CHARACTERISTICS at V DO ~ +5V or + 15V, V REFA - VREFB ~ + 1 OV, OUT A = OUT B = OV; TA= -55°C to + 125°C 
apply for PM-7528ARlARC/BRIBRC; TA = -40°C to +85°C apply for PM-7528ERlFRlFP/FPC/FS; TA = O°C to +70°C apply for 
PM7528GP, unless otherwise noted. Continued 

PARAMETER SYMBOL 

DIGITAL INPUTS 
(Note 9) 

Digital Input High 
V1NH 

(Note B) 

Digital Input Low 
V,NL (Note B) 

Input Current 
liN (Note 7) 

Input Capacitance 
C'N (Note 10) 

SWITCHING CHARACTERISTICS at Voo = +5V 
(Notes 10,11) 

Chip Select to 
tcs Write Set-Up Time 

Chip Select to 
tCH Write Hold Time 

DAC Select to 
tAs Write Set-Up Time 

DAC Select to 

Write Hold Time tAH 

Data Valid to 
Write Set-Up Time tos 

Data Valid to 
tOH Write Hold Time 

Write Pulse Width tWR 

SWITCHING CHARACTERISTICS at Voo = +15V 
(Notes 10,11) 

Chip Select to 
tcs Write Set-Up Time 

Chip Select to 
tCH Write Hold Time 

DAC Select to 
tAs Write Set-Up Time 

DAC Select to 
tAH Write Hold Time 

Data Valid to 

Write Set-Up Time tos 

Data Valid to 
Write Hold Time 

tOH 

Write Pulse Width tWR 

REV. A 

CONDITIONS 

Voo = +5V 
Voo = +15V 

Voo =+5V 

Voo = +15V 

TA =+25°C 
TA = Full Temp. Range 

DBO-DB7 

WR, CS, DAC A/DAC B 

TA=+25°C 

TA = Full Temp. Range 

TA =+25°C 
TA = Full Temp. Range 

TA = +25°C 
TA = Full Temp. Range 

TA =+25°C 
TA = Full Temp. Range 

TA = +25°C 
TA = Full Temp. Range 

TA = +25°C 
TA = Full Temp. Range 

TA = +25°C 
TA = Full Temp. Range 

TA = +25°C 
TA = Full Temp. Range 

TA = +25°C 
TA = Full Temp. Range 

TA = +25°C 
TA = Full Temp. Range 

TA = +25°C 
TA = Full Temp. Range 

TA = +25°C 
TA = Full Temp. Range 

MIN 

2.4 
13.5 

200 
230 

20 

30 

200 

230 

20 

30 

110 
130 

1BO 

200 

60 

80 

10 

15 

60 

80 

10 

15 

50 
70 

10 

60 

80 

PM-7528 
TYP 

.001 

MAX UNITS 

v 

0.8 
1.5 

v 

±1 
±10 

I'A 

10 

15 
pF 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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PM-7528 
ELECTRICAL CHARACTERISTICS at V DD = +SVor + 1SV, VRE~ = VREFB = +1 OV, OUT A = OUT B = OV; TA= -SS·C to + 12S·C 

apply for PM-7S28ARlARC/BRlBRC; TA = -40·C to +8S·C apply for PM-7S28ERlFRlFPIFPCIFS; TA = O·Cto +70·Capply for 

PM7S28GP, unless otherwise noted. Continued 

PM-7528 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

POWER SUPPLY 
(Note t2) 

Supply Current All Digital Inputs V'NL or V'NH mA 

(Note 21) 100 All Digital Inputs OV or Voo 100 "A 

AC PERFORMANCE CHARACTERISTICS 
(Note 13) 

Vee =+5V 

DC Supply Rejection Ratio 
TA =+25°C 0.02 

(aGain/aVoo) PSRR 
TA= Full Temp. Range 0.04 

%1% 
(Note 14) Veo = +15V 

TA =+25°C 0,01 
TA = Full Temp. Range 0.02 

Voo =+5V 
TA =+25°C 220 

Propagation Delay TA = Full Temp. Range 270 
tpo ns 

(Notes 15. 16. 17) Veo = +15V 
TA =+25°C 80 
TA = Full Temp. Range 100 

Veo = +5V 
TA =+25°C 350 

Current Settling Time TA = Full Temp. Range 400 
t, ns 

(Notes 16. 17. 22) Veo = +15V 
TA = +25°C 180 
TA = Full Temp. Range 200 

Digital Charge Injection 
TA=+25°C 

(Note 18) 
Q Veo= +5V 160 

nVs 
Voo = +15V 440 

CouTA DAC Latches Loaded 50 

COUTB with 00000000 50 
Output Capacitance pF 

CouTA DAC Latches Loaded 120 

COUTB with 11111111 120 

VREF A to OUT A; 

FTA TA =+25°C -70 

AC Feedthrough TA = Full Temp. Range -65 
dB 

(Note 19) VREF B to OUT B; 

FTa TA =+25°C -70 
TA = Full Temp. Range -65 
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PM-7528 
ELECTRICAL CHARACTERISTICS at V DO - +5V or + 15V, V RE ~ = V REFB = + 1 OV, OUT A = OUT B = OV; T A = -55°C to + 125°C 

apply for PM-7528AR/ARC/BRIBRC; TA = -40°C to +85°C apply for PM-7528ERlFRlFPIFPCIFS; TA = O°C to +70°C apply for 
PM7528GP, unless otherwise noted. Continued 

PM-7528 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

AC PERFORMANCE CHARACTERISTICS 
(Note 13) 

VAEF A to OUT B; 

VREF A = 20V p.p Sinewave 

CCISA @1=lookHz -77 
VAEF B =OV. 

Channel-to-Channel TA = +25°C 
dB 

Isolation (Note 20) VAEF B to OUT A; 
VAEF B = 20Vp-p Sinewave 

CCIAS @1=100kHz -77 
VAEFA= OV. 
TA = +25°C 

For Code Transition From 00000000 to 11111111. 

Digital Crosstalk Q 
TA =+25°C 
Voo = +5V 
Voo =+15V 

Harmonic Distortion THD 
V,N = 6Vrms @ I = 1 kHz. 

TA =+25°C 

NOTES: 

1. Specifications apply to both DAC A and DAC B. 
2. This is an endpoint linearity speCification. 
3. All grades guaranteed to be monotonic over the full operating 

temperature range. 
4. Measured using internal RFSA and RFS B. Both DAC latches loaded with 

11111111. Gain error is adjustable using circuits of Figures 5 and 6. 
5. DAC loaded with 00000000. 
6. Input resistance TC = +50ppm/oC; typical input resistance = 11kn. 
7. V,N = OV or Voo. 
8. For all data bits DBO-DB7. WR. CS. DAC AfDAC B. 
9. Logic inputs are MOS gates. Typical input current (+25°C) is less than 

InA. 
10. Guaranteed and not tested. 

REV. A 

30 
nVs 

60 

-85 dB 

11. See timing diagram. 
12. See Figure 3. 
13. These characteristics are for design guidance only and are not subject 

to test. 
14. <l.Voo = ±5%. 
15. From digital input to 90% 01 final analog-output current. 
16. VAEF A = VAEF B = + 10V; OUT A, OUT B load = toOn, CEXT = 13pF. 
17. WR, CS = OV. DBO-DB? = OV to Voo or Voo to OV. 
18. For code transition 00000000 to 11111111. 
19. VAEF A. VAEF B = 2OVp_p Sinewave @I = 100kHz. 
20. Both DAC latches loaded with 11111111. 
21. 100 = 500~A at TA = Full Temp. Range. 
22. Extrapolated: Is (1/2 LSB) = tpD + 6.2T. where T=the measuredfirsttime 

constant 01 the linal RC decay. 
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PM-7528 
DICE CHARACTERISTICS 

DIE SIZE 0.086 X 0.092 inch, 7,192 sq. mils 

(2.184 X 2.337 mm, 5.105 sq. mm) 

1. ANALOG GROUND (AGND) 

2. OUTPUT A (OUT A) 

3. DAC A FEEDBACK RESISTOR (RF.A) 

4. DAC A REFERENCE INPUT (V.EFA) 

5. DIGITAL GROUND (DGND) 

6. DIGITAL SELECTION (DAC AlDAC B) 

l DIGITAL INPUT DB7 (MSB) 

6. DIGITAL INPUT DB6 

9. DIGITAL INPUT DB5 

10. DIGITAL INPUT DB4 

11. DIGITAL INPUT DB3 

12. DIGITAL INPUT DB2 

13. DIGITAL INPUT DB1 

14. DIGITAL INPUT DBD (LSB) 

15. CHIP SELECT (CS) 

16. WRITE (WiI) 

Il POSITIVE POWER SUPPLY (VDD) 

18. DAC B REFERENCE INPUT (V.EFB) 

19. DAC B FEEDBACK RESISTOR (RFBB) 

20. OUTPUT B (OUT B) 

WAFER TEST LIMITS atVDD=+5Vor+15V, VREFA=VREFB=+10V, OUT A=OUT B=OV; TA= 25°C, unless otherwise noted. 

PARAMETER SYMBOL 

Relative Accuracy NL 

Differential Nonlinearity DNL 

Gain Error GFSE 

Output Leakage ILKG 

Input Resistance RREF 

VREFAiVREFB Input 
aVREFA. B Resistance Match 

Digital Input 
VIH High 

Digital Input 
VIL Low 

Input Current liN 

Supply Current 100 

DC Supply Reiection 
PSRR 

(aGain/aVoo) 

NOTE: 

CONDITIONS 

EndpOint Linearity Error 

DAC Latches Loaded with 11111111 

DAC Latches Loaded with 00000000 

Pad 2 and 20 

Pad 4 and 18 

Voo = 5V 

Voo = 15V 

Voo = 5V 

Voo = 15V 

VIN = OV or Voo 

All Digital Inputs VINL or VINH 
All Digital Inputs OV or Voo 

Voo = ±5% 

PM-7528G 
LIMIT 

±Y.! 

±1 

±2 

±SO 

8/15 

±1 

2.4 

13.5 

0.8 

1.5 

±1 

0.1 

0.02 

UNITS 

LSB MAX 

LSB MAX 

LSBMAX 

nAMAX 

KQMIN/ 

KQMAX 

% MAX 

VMIN 

VMAX 

pAMAX 

mAMAX 

%/%MAX 

Electrical tests are performed at wafer probeta the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at VDD = +5Vor +1S\/, VREF A = VREF B = +10V, OUT A = OUT B = OV; TA = 25°C, 
unless otherwise noted. (Note 13) 

PM-7528G 
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS 

Digital Input Capacitance CIN 6 pF 

CouTA 
22 

pF 
COUTB DAC Latches Loaded with 00000000 22 

Output Capacitance 
CouTA 

40 

COUTB DAC Latches Loaded with 11111111 40 
pF 

Propagation Delay Voo = 15V 70 

(Notes 15, 16. 17) tpo 
Voo = 5V 150 

ns 
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PM-7528 
TYPICAL PERFORMANCE CHARACTERISTICS 
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PM-7528 
TYPICAL PERFORMANCE CHARACTERISTICS 
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PARAMETER DEFINITIONS 
RELATIVE ACCURACY 
Relative accuracy, or endpoint nonlinearity, isa measureofthe 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for zero and full scale, and is normally expressed in 
LSB's or as a percentage of full scale reading. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of ±1 LSB maximum 
over the operating temperature range ensures monotonicity. 

GAIN ERROR 
Gain error, or full-scale error, is a measure of the output error 
between an ideal DAC and the actual device output. The ideal 
full-scale output is VREF minus 1 LSB. Gain error of both DAC's 
in the PM-7528 is adjustable to zero with external resistance. 

OUTPUT CAPACITANCE 
Capacitance from OUT A or OUT B to AGND. 

DIGITAL CHARGE INJECTION 
The amount of charge injected from the digital inputs to the 
analog output when the inputs change states. This is normally 
specified as the area of the glitch in either pAsecs or nVsecs, 
depending upon whether the glitch is measured as a current or 
voltage signal. Digital charge injection is measured with VREF A, 
VREF B = AGND. 

PROPAGATION DELAY 
This is a measure of the internal delays of the circuit. It is 
defined as the time from a digital input change to the analog 
output current reaching 90% of its final value. 

CHANNEL-TO-CHANNEL ISOLATION 
The portion of input signal from one DAC's reference input 
which appears at the output of the other DAC, expressed as 
a ratio in dB. 

DIGITAL CROSSTALK 
The glitch energy transferred to the output of one converter, 
due to a change in digital input code to the other converter, 
specified in nVsec. 

WRITE CYCLE TIMING DIAGRAM 

REV. A 

CHIPSELECT--------~ 
DAC AlDAC B -------~{ 

PM-7528 
AC FEEDTHROUGH 
AC signal due to capacitive coupling from VREF to output with 
all switches "off." 

INTERFACE LOGIC INFORMATION 
DAC SELECTION 
Both DAC latches share a common 8-bit input port. The control 
input DAC AlDAC B selects which DAC can accept data from 
the input port. 

MODE SELECTION 
The inputs CS and WR control the operating mode of the 
selected DAC. See Mode Selection Table below. 

WRITE MODE 
When CS and WR are both low, the selected DAC is in the write 
mode. The input data latches of the selected DAC are trans
parent and its analog output responds to the data on the data bit 
lines DBO-DB7. 

HOLD MODE 
The selected DAC latch retains the data which was present on 
the data lines just prior to CSorWRassuming a high state. Both 
analog outputs remain at the values corresponding to the data 
in their respective latches. 

MODE SELECTION TABLE 

DACAlDACB CS WR DACA DACB 

L L L WRITE HOLD 

H L L HOLD WRITE 

X H X HOLD HOLD 

X X H HOLD HOLD 

L = Low State H = High State X = Don't Care 

CIRCUIT INFORMATION-D/A SECTION 
The PM-7528 contains two identical8-bit multiplying digital-to
analog converters, DAC A and DAC B. Each DAC includes a 
stable thin-film R-2R reSistor ladder and eight NMOS current 
steering switches. Figure 1 shows a simplified equivalent circuit 

NOTES: 
1. All INPUT SIGNAL RISE AND FALL 

TIMES MEASURED FROM 10% TO 90% 
OFVOO' 
Voo = +5V, tr .. tf = 20n$; 

VOO= +15V, tr = tf= 4On5. 

2. TIMING MEASUREMENT REFERENCE 

LEVEL IS V 1H + V 1L . 
2 
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PM~7528 

of either DAC. The inverted R-2R ladder takes a voltage or 
current reference and divides it in a binary manner among the 
eight current steering switches. The number of switches 
selected to the output (OUT) add their currents together 
forming an analog output current representation of the .switch 
selection. The DAC OUT and analog ground (AGND) should be 
maintained at the same voltage for proper operation. The 
internal feedback resistor (RFB) has a normally closed switch in 
series as shown in Figure. 1. This switch improves linearity 
performance over temperature and power supply rejection; 
however when the circuit is not powered up the switch assumes 
an open state. 

FIGURE 1: Simplified functiona.1 circuit for DAC A or DAC B. 

2. 
AF• 

L+~~~~+i~(--~~--+---~----oOUT 

~-+~~:~~~---+~~~-------oAGND 

DAC DA~A LATCHES 
AND DRIVERS 

EQUIVALENT CIRCUIT ANALYSIS 
The equivalent circuit of DAC A shown in Figure 2 is similar to 
DAC B. DAC A and DAC B both share the analog ground pin 1 
(AGND). With all digital inputs high. the reference current flows 
to OUT A. A small leakage current (ILEAKAGE) flows across 
internal junctions. doubling <every 10·C. The R-2R ladder 
termination resistor generates a constant 11256 current which is 
1 LSB of the reference current (IREF). COUT is the parallel 
combination of the NMOS current steering switches. The value 
of COUT depends on the number of switches connected to the 
output. The range of COUT is 50pF to 120pF maximum. The 
equivalent output resistance Ro varies with input code from 
O.8R to 3R. where R is the nominal ladd.er resistor of the R-2R 
ladder. 

FIGURE 2: PM-7528 DAC A equivalent circuit. All digital inputs 
high. 

AF. 

RO""11kn 

VAEF o--"IM-t---""""1r---"""1-i---<> OUT A 
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CIRCUIT INFORMATION-DIGITAL SECTION 
The digital inputs provide TIL input compatibility (VINH = 2.4. 
VINL = O.8V) when the PM-7528 operates with Voo of +5V. The 
digital inputs effect the amount of quiescent supply current as 
shown in Figure 3. Peak supply current occurs as the digital 
input (VIN) passes through the transition voltage. Maintaining 
the digital input voltages as close as possible to the supplies 
(Voo and DGND) minimizes supply current consumption. 
When operating the PM-7528 from CMOS logic the digital 
inputs are driven very close to the supply rails. minimizing 
power consumption. 

Digital input protection from electrostatic discharge and electro
static buildup occurs in the input network shown in Figure 4. 

FIGURE 3: Typical plots of supply current. 100 vs logic input 
voltage (VIN). for Voo = +5V. +10V. and +15\1. 

.. 
TA=25DC 
ALL DlGITAL INPUTS 
TIED TOGETHER 

1 
~ h VDD""1SV 

VDD=1OV _ -, 
~ 

VDD=5V 

0 
.J. ~ "" 10 15 

V,N - DIGITAL INPUT (YOLTS) 

BURN-IN CIRCUIT 

+10V lkO 

~c 

PM-7528 

C IS A PARALLEL COMBINATION OF 4.7p.F AND 
O.Olj.tF CAPACITORS ON EVERY TENTH SOCKET. 

3 12 11 

7 8 9 10 

+15V 

5kO 

l00kO 
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PM-7528 
FIGURE 4: Simplified equivalent gate-input protection circuit. One of eight current switches, and its associated internal CMOS
drive-circuitry, is shown. 

APPLICATIONS INFORMATION 
The most common application of this DAC is voltage output 
operation. Unipolar output operation provides a 0 to 10 volt 
output swing when connected, as shown in Figure 5. The 
maximum output voltage polarity is the inverse of the input 
reference voltage, since the op amp inverts the input currents. 
The transfer equation for unipolar operation is VOUT = -VIN X 
0/256, where 0 is the decimal value of the data bit inputs DBO 
thru DB7 and V1N is the reference input voltage. The transfer 
equation highlights another popular application of CMOS 
DAC's, multiplication. The output voltage is the product of the 
reference voltage and the digital input code. The reference 
input voltage can be any value in the range of ±25 volts for both 

T 

DC or AC signals. The circuit in Figure 5 performs two-quadrant 
multiplication. Table 1 provides example analog outputs for the 
given digital input codes. 

For bipolar output operation connect the PM-7528 as shown in 
Figure 6. This circuit configuration provides an offset current, 
derived from the reference, to enable the output op amp to 
swing in both polarities. The digital input coding becomes 
offset binary. Table 2 provides some example analog outputs for 
various digital inputs (D). The transfer equation for bipolar 
operation is VOUT = V1N X (0/128 - 1), where 0 is the decimal 
value of the data bit inputs DBO thru DB7. This circuit provides 
full four-quadrant multiplication able to accept both polarities 
on all inputs as well as the circuit output. 

FIGURE 5: Dual DAC Unipolar Binary Operation (2 Quadrant Multiplication). See Table 1 . 

REV. A 

DATA 
INPUTS 
(DI 

fiACAl -di--.r:~=-1 OAe Be> 

l:f~'5 ~ 
-~'T-

DOND 

NOTES: 
, R1, R2AND R3, R4 USED ONLY IF GAIN ADJUSTMENT IS 

REQUIRED. see TABLE FOR RECOMMENDED VALUes. 
MAKE GAIN ADJUSTMENT WITH DIGITAL INPUT OF 256. 

2 CT, C2 PHASE COMPENSATION (10pF-15pF) IS ReQUIRED 
WHEN USING HIGH SPEED AMPLIFIERS TO PREVENT 
RINGING OR OSCILLATION. 

. " 

VINB 
(:!:10V) 

AGND 

-----------------------RECOMMENDED TRIM RESISTOR VALUES VI GRADE 

TRIM RESISTOR HP/FR/BR GPfER/Aft -- ---
R1, R3 5000 2OO(l 

R2. R4 '50<1 

Vour A 
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PM·J528 .. 
TABLE 1: Unipolar Binary Code Table. See Figure 5. TABLE 2: Bipolar (Offset Binary) Coc;le Table. See Figure 6. 

DACLATCH CONTENTS 
MSB LSB 

11111111 

10000001 

10000000 

01111111 

00000001 

ANALOG OUTPUT 
(DAC A or DAC B) 

( 255 ) 
-VIN 256 

( 129 ) 
-VIN 256 

-VIN ( 128) = _ V1N 
256 2 

( 127 ) 
-VIN 256 

00000 0 0 0 -VIN ( ~ ) = 0 
256 

DAC LATCH CONTENTS 
MSB LSB 

11111111 

10000001 

10000000 

01111111 

00000001 

00000000 

FIGURE 6: Dual DAC Bipolar Operation (4 Quadrant Multiplication). See Table 2. 

DATA 
INPUTS 

OGND 

NOTES: 

VIN A 
(±10V) 

1 R1, R2 AND R3, R4 useD ONLY IF GAIN ADJUSTMENT IS REQUIRED. 
see TABLE IN FIGURE 6 fOR RECOMMENDED VALUES. 
ADJUST R1 FOR VourA-OVWITH CODE 10000000 IN OAe A LATCH. 
ADJUST R3 FOR Your B '" OV WITH CODe 10000000 IN OAe B LATCH. 

;! MATCHING AND TRACKING IS ESSENTIAL FOR RESISTOR PAIRS 
RG, R7 AND R9, R10. 

3 Cl, C2 PHASE COMPENSATION (10pf-15pFI MAV BE REQUIRED IF Al/A3 
IS A HIGH-SPEED AMPLIFIER. 
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ANALOG OUTPUT 
(DAC A or DAC B) 

( 127 ) 
+VIN 128 

o 

( 127 ) 
-VIN 128 

( 128 ) 
-VIN 128 

A6 
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AGND 

AS 
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APPLICATION HINTS 
To ensure system performance consistent with PM-7528 specifi
cations, careful attention must be given to the following points: 

1. GENERAL GROUND MANAGEMENT: AC or transient 
voltages between the PM-7528 AGND and DGND can 
cause noise injection into the analog output. The simplest 
method of ensuring that voltages at AGND and DGND are 
equal, is to tie AGND and DGND together at the PM-7528. 
In more complex systems where the AGND-DGND con
nection is on the back-plane, it is recommended that diodes 
(1 N914 or equivalent) be connected in inverse parallel 
between the PM-7528 AGND and DGND pins. 

2. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a code
dependent differential nonlinearity term at the amplifier 
output with a maximum magnitude of 0.67 Vos (Vos is 
amplifier input-offset voltage). This differential nonlinearity 
term adds to the R/2R differential nonlinearity. To maintain 
monotonic operation, it is recommended that amplifier Vos 
be no greater than 10% of 1 LSB over the temperature range 
of interest. 

3. HIGH-FREQUENCY CONSIDERATIONS: The output 
capacitance of a CMOS DAC works in conjunction with the 
amplifier feedback resistance to add a pole to the open-loop 
response; this can cause ringing or oscillation. Stability can 
be restored by adding a phase-compensation capacitor in 
parallel with the feedback resistor. 

4. DYNAMIC PERFORMANCE: The dynamic performance of 
the two DACs in the PM-7528 will depend upon the gain and 
phase characteristics ofthe output amplifiers, together with 
the optimum choice ofthe PC board layout and decoupling 
components. 

5. CIRCUIT LAYOUT SUGGESTIONS: Analog and digital 
ground traces should be routed between package pins to 
isolate the digital inputs from the analog circuitry. Analog 
ground traces should also be placed between pins 17-18, 
18-19, 3-4, 4-5 to minimize reference feedthrough to the 
output in multiplying applications. A power supply bypass 
capacitor (0.1pF) is recommended across Vee to DGND. 

SINGLE SUPPLY OPERATION, VOLTAGE SWITCHING 
With the PM-7528 connected in the voltage switching mode of 
operation, Figure 7, only one power supply is necessary. There 
is no voltage inversion between the reference input polarity and 
the output in the voltage switching mode. 

Two characteristic curves in the typical performance character
istics section were generated using this voltage switching mode 
of operation. The first graph, linearity error versus input 
reference voltage, shows that to maintain a ± 1/2 LSB maximum 
linearity error, VREFShould be less than 1.5 volts for Vee= 5 volts 
or less than 6 volts for Vee = 15 volts. The gain-phase response 
graph shows a dominant pole response for single supply 
applications where the reference input is an AC signal. In this 
application the reference input should remain between 1.5 volts 
and ground when Vee = 5 volts. Additionally settling time 
measures 400 to 500 nano seconds for a digital input change of 
255 to 0 when Vee = 5V. 

REV. A 

PM-7528 
The output terminal in the voltage switching mode has a 
constant output resistance ('" 11 K 0) independent of the digital 
input code. The output should be buffered with a voltage 
follower when driving low impedance loads. 

FIGURE 7: PM-7528 in Single Supply, Voltage 
SWitching Mode 

,-------oVOUT 

~~~~\:,Io------+------, 

+15V 

SINGLE SUPPLY, CURRENT SWITCHING 
An alternate single-supply operating mode of the PM-7528 
results when offsetting the analog ground. Figure 8 shows the 
method of connection. The advantage of this connection 
method is the ability to set the output voltage swing in the 
center of the supply voltage. This allows use of lower cost op 
amps that would not work in single-supply voltage-switching 
applications. 

The transfer equation in this mode of operation is; 

VouT(D) = 0/256 (AGND - VREF) + AGND 

where 0 is the whole number binary input 

A popular connection in the current-steering single-supply 
mode consists of a 2.5 volt reference connected to AGND, the 
VREF input grounded, Vee connected to 5 volts and the external 
(V+) op amp tied to 12 volts. This hookup results in the 
following transfer equation; 

VouT(D) = 2.5 (1 + 0/256) 

where VOUT (255) = 2.5 (1 + 255/256) = 5V 
VOUT (0) = 2.5V 

To maintain best linearity keep AGND equal to or less than 2.5 
volts when Vee is 5 volts. 

FIGURE 8: PM-7528 in Single Supply, Current-Steering Mode 
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PM-7528 
PROGRAMMABLE WINDOW COMPARATOR 
A programmable window-comparator in Figure 9 will determine 
if voltage inputs applied to the DAC feedback resistors are 
within limits programmed into the PM-7528 data latches. The 

input signal range depends on the reference and polarity, that is 
the test input range is 0 to minus VREF. The Aand B data latches 
are programmed with the upper and lower test limits. A signal 
within the programmed limits will drive the output to logic high. 

FIGURE 9: Digitally Programmable Window Comparator (Upper and Lower Limit Detector). 

ri~~_I~:~: 0-...... ---------, 

DATA INPUTS 

cs-+--t----''+I 
WiI_+_-t----".:;6 ~ 

~DAC"-+--t--'+I 

+VREF 0-+_-':-:-_::-':':"+-_-1 
V REF B 

DGNO 6 

MICROPROCESSOR INTERFACE 

FIGURE 10: PM-7528 Dual DAC to 6800 CPU Interface. 

AO-A15 

CPU 
6BOO 

ADDRESS BUS 

I DACA) 

PM-7528* 

IOACS} 

DATA BUS 

"ANALOG CI RCUITRV HAS BEEN OMITTED FOR CLARITY. 
""A = DECODED 7528 ADOR CAe A 

A + 1 .. DECODED 7628 ADDR OAe B 
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RFSA 
3 17 

1 AGND 

1k11 

PASS/FPJ[ 
OUTPUT 

FIGURE 11: PM-7528 Dual CAC to 8085 CPU Interface. 

AS-A15 

CPU 
8085 

ALE 

ADO-AD7 

ADDRESS BUS 

IDACA} 
PM-7528* 

I OAe s) 

ADOR/DATA BUS 

" ANALOG CIRCUITRY HAS BEEN OMITTED FOR CLARITY. 
•• A = DECODED 7528 ADDR OAe A 

A + 1 = DECODED 7528 ADDR OAe B 

NOTE: 
8085 INSTRUCTION SHLD (STORE H & L DIRECT) CAN UPDATE 
BOTH OACS WITH DATA FROM HAND l REGISTERS. 
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DIGITALLY CONTROLLED SIGNAL ATTENUATOR 
Figure 12 shows the PM-7528 configured as a two-channel 
programmable attenuator. Applications include stereo, audio, 
and telephone signal-level control applications. In order to 

FIGURE 12: Digitally-Controlled Dual Telephone Attenuator. 

VOO o--.........:;'7'i 

PM-7528 
generate logarithmic attenuation, Table 4 was generated based 
on the equation: 

Digital Input = 256 x exp CAttenu~~on (dB)) 

VOUTA 

0 .. 11'-----""\ 
PM-7528 DB7 

~'~5 ______ ~~ 

.... ''''-6 ______ ~WlI 

~~------~g~~ 
1----r:'S'----------oV1N 8 

TABLE 4: Attenuation vs. DAC A, DAC B Code for the Circuit of Figure 12 

CODE IN CODE IN 
ATTN. dB DAC INPUT CODE DECIMAL ATTN. dB DAC INPUT CODE DECIMAL 

0 11111111 255 8.0 01100110 102 

0.5 11110010 242 8.5 01100000 96 

1.0 11100100 228 9.0 01011011 91 

1.5 11010111 215 9.5 01010110 86 

2.0 11001011 203 10.0 01010001 81 

2.5 11000000 192 10.5 01001100 76 

3.0 10110101 181 11.0 01001000 72 

3.5 10101011 171 11.5 01000100 68 

4.0 10100010 162 12.0 01000000 64 

4.5 10011000 152 12.5 00111101 61 

5.0 10010000 144 13.0 00111001 57 

5.5 10001000 136 13.5 00110110 54 

6.0 10000000 128 14.0 00110011 51 

6.5 01111001 121 14.5 00110000 48 

7.0 01110010 114 15.0 00101110 46 

7.5 01101100 108 15.5 00101011 43 
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~ANALOG 
WDEVICES 

FEATURES 
Lowest Cost 10-Bit DAC 
Low Cost AD7520 Replacement 
Linearity: 1/2, 1 or 2LSB 
Low Power Dissipation 
Full Four-Quadrant Multiplying DAC 
CMOSITTL Direct Interface 
Latch Free (Protection Schottky Not Required) 
End-Point Linearity 

APPLICAnONS 
Digitally Controlled Attenuators 
Programmable Gain Amplifiers 
Function Generation 
Linear Automatic Gain Control 

GENERAL DESCRIPTION 
The AD7S33 is a low cost 100bit 4-quadrant multiplying DAC 
manufactured using an advanced thin-film-on-monolithic-CMOS 
wafer filbrication process. 

Pin and function equivalent to the industry standard AD7520, 
the AD7533 is recommended as a lower cost alternative for old 
AD7520 sockets or new 100bit DAC designs. 

AD7533 application flexibility is demonstrated by its ability to 
interface to TIL or CMOS, operate on + SV to + 15V power, 
and provide proper binary scaling for reference inputs of either 
positive or negative polarity. 
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CMOS Low Cost 
1 O-Bit Multiplying OAe 

A07533 I 
FUNCTIONAL BLOCK DIAGRAM 

VRI• o-_p-"\1\Ok,.,... ...... 'I1'Ok,.,.. ..... ,,....'I1'Ok,.,..t-_....., 

L--H~~~.---r~--~~n 

~-~r-~~--~r-~-~O~n· 
I I 
I I R,oIED8ACK 
o 0 

BIT 1 (MSB) BIT 2 

DIGITAL INPUTS (DTLlTTL/CMOS COMPATIBLE) 

Logic: A switch is closed to IoUTl for its digital input in a 
"mGH" state. 

ORDERING GUIDEl 

Temperature Nonlinearity Package 
Model2 Range (%FSRinax) Option3 

AD7533JN -40°C to + 85°C ±O.2 N-H) 
AD7533KN - 40°C to + 85°C ±O.l N-16 
AD7533LN -40°Cto + 85°C ±O.O5 N-16 
AD7533JP -40°C to +85OC ±O.2 P-20A 
AD7533KP - 40°C to + 85°C ±O.l P-20A 
AD7533LP - 40°C to + 85°C ±O.O5 P-20A 
AD7533JR - 40°C to + 85°C ±O.2 R-16 
AD7533KR - 400C to + 85°C ±O.l R-16 
AD7533LR - 40°C to + 85°C ±O.O5 R-16 
AD7533AQ -40°C to +85OC ±O.2 Q-16 
AD7533BQ - 400C to + 85°C ±O.l Q-16 
AD7533CQ -40°C to + 85°C ±O.O5 Q-16 
AD7533SQ - 55°C to + 125°C ±O.2 Q-16 
AD7533TQ - 55°C to + 125°C ±O.l Q-16 
AD7533UQ - 55°C to + 1250C ±O.O5 Q-16 
AD7533SE - 55°C to + 125°C ±O.2 E-20A 
AD7533TE - 55°C to + 1250C ±O.l E-20A 
AD7533UE - 55°C to + 125°C ±O.O5 E-20A 

NOTES 
I Analog Devices reserves the right to ship ceramic (package outline 0-16) 
packages in lieu of cerdip (package outline Q-16) packages. 

'To order MIL-STD-883, CJass B processed parts, add 1883B to part number. 
Contact your local sales office for military data sheet. 

'E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic 
LeadedChipCarrier;Q = Cerdip;R = SOIC. For outline infonnationsee 
Package Infonnation section. 
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AD7533~SPECIFICATIONS (Voo = +15V, VOUTl = VOUT2 = OV; VREF = +IOV unless otherwise-noted) 
j " 

P~eter 

STATIC AceVRACY 
Resolution . 
ReiativeACl:Uracy1 

At>7533J, A,SVersions 
AD7533K, S, TVersions 
AD7533L, C, U Versions -

Gain ErrorZ. 3 

Supply Rejection4 

aGain/a V 00 

Output Leakage Current 
IoUTI 
IoUTZ 

DYNAMIC ACCURACY 
Output Current Settling Time 

Feedthrough Error 

REFERENCE INPUT 
Input Resistsnce (Pin IS) 

ANALOG OUTPUTS 
Output Capacitance 

CoUTI 
CoUTZ 
COUTI 

CoUT2 
DIGITALINPUTS 

Input High Voltage 
V1NH 

Input Low Voltage 
VINL 

Input-Leakage Current 
lIN 

Input Capacitance 
CIN 

POWER REQUIREMENTS 
Voo 
VDORange' 
100 

NOTES 
'''FSR'' is FuU·Scale Range. 
'Full Scal. (FS) = (VRBP) -

, TA=2S·C 

lOBits 

:t:0.2%FSRmax 
:t:O.l%FSRmax 
:t: 0.05% FSRmax 
:t:1.4%FSmax 

0.005%/% 

:t:50nAmax 
:t:50nAmax 

600nsmax4 

:t: 0.05% FSRmaxs 

SkO min, 20kO max 

lOOpFmaxs 
35pFmaxs 

3SpFmaxs 
lOOpFmaxs 

2.4Vmin 

0.8Vmax 

:t: IfJAmax 

8pFmaxs 

+ISV:t: 10% 
+5Vto +16V 
2mAmax 

'MaxgainchangefromT,,= +2SOCtoT_orT .... is ±O.I%FSR. 
• AC parameter, sample tested to ensure specification compliance. 
'Guaranteed, not tested. 
6 Absolute temperature cocfticicnt is approximately - 3OOppmI"C. 
SpcciflCations subject to change without notice. 
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TA = Operating Ranp Test Conditions 

lOBits 

:t:0.2%FSRmax 
:t:O.l%FSRmiIx 
:t:O.OS%FSRmax 
:t:1.5%FSmax Digital Inputs = VINH 

0.008%1% Digital Inputs =VINH; Voo= + l4Vto + l7V 

:t:200nAmax Digital Inputs = VINL;VRBF= :t: lOY 
:t:200nAmax Digital Inputs = VINH; VRBF= :t: 10V 

800nss To 0.05% FSR; RLOAO = loon; Digital 
Inputs = VINH to VINL or VINL to V1NH 

:t:0.1% FSRmaxs Digital Inputs = V INL; VRBF= :t: 10V, 
100kHz sine wave. 

SkO min, 20kO max6 

lOOpFmaxs 
DigitaI Inputs = VINH 35pFmaxs 

3SpFmaxs 
Digital Inputs = VINL lOOpFmaxs 

2.4Vmin 

0.8Vmax 

:t:lll-Amax VIN=OVandVoo 

8pFmaxs 

+15V:t: 10% Rated Accuracy 
+SVto +16V Functionality with Degraded Performance 
2mAmax Digital Inputs = VINL or VINH 
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ABSOLuTE MAXIMUM RATINGS· 
(T A = + 250C unless otherwise noted) 

Voo to GND 
RPBtoGND 
VREF to GND 
Digital Input Voltage Range 
OUT I, OUT 2 to GND .. 
Power Dissipation (Any Package) 

To +75°C ...... . 
Derates above + 75°C by . . . . 

CAUTION 

-O.3V, +17V 
.... ±25V 
.... ±25V 

-O.3V to Voo +O.3V 
-O.3V to Voo +O.3V 

450mW 
6mWrC 

Operating Temperature Range 
Commercial (J, K, L Versions) 
Industrial (A, B, C Versions 
Extended (S, T, U Versions) . 

Storage Temperature ..... . 
Lead Temperature (Soldering, IOsec) 

AD7533 

- 40°C to + 85°C 
- 40°C to 'I- 85°C 

- 55°C to + 125°C 
- 65°C to + 150°C 
..... +300°C 

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

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

WARNING! c=J 
~~EDEVICE 

TEllMINOLOGY 

RELATIVE ACCURACY: Relative accuracy or end-point 
nonlinearity is a measure of the lDlIlIimum deviation from a 
straight line passing through the endpoints of the DAC transfer 
function. It is measured after adjusting for idea1 zero and full 
scale and is expressed in % of full-scale 11IIIge or (sub) multiples 
of ILSB. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2-8) (VREF). A bipolar 
converter ofn bits has a resolution fo [2-(8-1'1 (VREF). Resolution 
in no way implies linearity. 

SE1TLING TIME: Time required for the output function of 
the DAC to settle to within 112LSB for a given digital input 
stimulus, i.e., 0 to Full Scale. 

PIN CONFIGURATIONS 

DlP,SOIC LCCC 

GAIN ERROR: Gain error is a measure of the output error 
between an idea1 DAC and the actual device output. It is measured 
with all ls in the DAC after offset error has been adjusted out 
and is expressed in Least Sipificant Bits. Gain error is adjustble 
to zero with an externa1 potentiometer. 

FEEDTHROUGH ERROR: Error caused by capacitive coupling 
from VREF to output with all sWitches OFF. 

OUTPUT CAPACITANCE: Capacity from Ioutl and Iourz 
termina1s to ground. . 

OUTPUT LEAKAGE CURRENT: Current which appears on 
Ioutl termina1 with all digital inputs LOW or on Iourz termina1 
when all inputs are HIGH. 

PLCC 

§ ~ ~ .I } 
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GND 4 

BIT' (MSB) 5 

NC. 

BlTO 7 

BIT •• 

3212019 

" " .. 
AD7533 

TOP VIEW 
(Notto~.) 

910111213 

NC=NOCONNECT ~ ~ ~ ii ~ 

18 Voo 

17 err 10 ILSB) 

16 Ne 

15 BITe 

14 BIT. 

Ne "" NO CONNECT 

AD7533 
TOPVfEW 

(Not to Scale) 

9 10 11 12 13 

18 Voo 

14 BIT. 
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AD7533 
CIRCUIT DESCRIPTION 

GENERAL CIRCUIT INFORMATION 
The AD7533, a IO-bit uiultiplying D/A converter, consists of a 
highly stable thin film R·2R ladder and. ten CMOS Clirrent 
switches on a monolithic chip. Most applications require the 
addition of only an output operational amplifier and a vol. or 
current reference. 

The simplified D/A circuit is shown in Figure 1. An inverted R· 
2R ladder structure is used - that is, the binarily weighted 
currents are switched between the loUT! andloun bus lines, 
thus maintaining a constsnt current in each ladder leg independent 
of the switch state. 

L--H~~~~--~~------o~~ 

'-i--..... +--+-i---.... -_--oIOUT1 

II 
I I 
o 0 

BIT 1 (MSB) BIT 2 . 

DIGITAL INPUTS (DTLJTTLICMOS COMPATIBLE) 

Figure 1. AD7533 Functional Diagram 

RFEEDBACK 

One of the CMOS current switches is shown in Figure 2. The 
geometries of devices I, 2 and 3 are optimi2ed to make the 
digital control inputs DTLffTI1CMOS compatible over the full 
military temperature range. The input stage drives two inverters 
(devices 4, 5, 6 and 7) which in turn drive the two output N 
channels. The "ON" resistsnces of the switcl!cs are binsrily 
sesled so the voltage drop across each switch is the same. For 
example, switch I of Figure 2 was designed for an "ON" resistsnce 
of 20n, switch 2 for 400, and so on. For a 10V reference input, 
the current through switch I is O.SmA, the current through 
switch 2 is 0.2SmA, and so on, thus maintaining a constsnt 
10m V drop across each switch. It is essential that each switch 
voltage drop be equal if the binsrily weighted current division 
property of the ladder is to be maintained. 

v+ 

DTL.tn'lI 'Z&lU1 

=~-~-+--i 

Figure 2. CMOS Switch 
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EQUIVALENT C1RCt1IT ANALYSIS 
The equivalent circuits for all digital inputs high and all digital 
inputs low are shown in Figures 3 and 4. In Figure 3 with all 
digital inputs low, the reference current is switched to Ioun. 
The current source lLEAKAGB is composed of surface and junco 

tion leakages to the substrate while the 10~4 current source 

represents a constsnt I·bit current drain through the termination 
resistor on the R·2R ladder. The ''ON'' Capacitsnce of the output 
N channel switch is lOOpF, as shown on the Ioun termiIlal. 
The ''OFF'' switch capacitsnce is 35pF, as shown on the loUT! 
termiIlal. Analysis of the circuit for all digital inputs high, as 
shown in Figure 4, is similsr to Figure 3; however, the ''ON'' 
switches are DOW on termiIlal IoUTh hence the lOOpF at that 
terminal. 

R ~ ,Okn 

I~ 

Ff""'·DBACK 

IoUT1 

t ..... K ... ~'86.F 

v ••• o-...... w" ..... ---...... -...,...-_---<l ... un 

Figure·3. AD7533 Equivalent Circuit - All Digital Inputs 
Low 

R,:EED8ACK 

vAEFo-...... vyy ..... ---...,...---.... --4>---olouT1 
R ~ 

.-----'_1---oO""'n 

Figure 4. AD7533 Equivalent Circuit - All Digital Inputs 
High 
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OPERATION 

UNIPOLAR BINARY OPERATION 
(2·QUADRANT MULTIPLICATION) 

ANALOG OUTPUT D1GITALINPUT 
MSB LSB (V OUT as shown in Figure 5) 

1111111111 -VREFn~m 
1000000001 - VREF(I~~!) 
1000000000 -VREF(I~~!)= Vay 

0111111111 -VREF(I~~) 
0000000001 - VREF(I~24) 
0000000000 -VREF(1O~4)= 0 

NOTE: 
1. Nominal LSB magDitudefor the circuit of 

Fisure S is given by LSB = VRBF~4) 

Table I. Unipolar Binary Code Table 

BIPOLAR ANALOG INPUT 
tlOV Voo 

NOTES: 
1, R1 AND R2 usee ONLY IF GAIN ADJUSTMENT IS REQUIRED. 
2. C1 PHASE COMPENSATION (5 - 16pF, MAY BE REQUIRED WHEN 

USING HIGH SPEED AMPLifIER. 

VOUT 

Figure 5. Unipolar Binary Operation (2-Quadrant 
Multiplication) 

REV. A 

BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 

AD7533 

DIGITAL INPUT ANALOG OUTPUT 
MSB LSB (V OUT as shown in Figure 6) 

1111111111 ell) +VREF 512 

1000000001 +VREF(5~2) 
1000000000 0 

0111111111 -VREF(5~2) 
0000000001 (511) -VREF 512 

0000000000 e12) -VREF 512 

NOTE 
1. Nominal LSB magDitude for the circuit of 

Fisure 6isgiven by LSB = VRBF &f"2) 

Table II. Bipolar (Offset Binary) Code Table 

BIPOLAR 
ANALOG 

INPUT 
:I:1OV vpp 

NOTES 
1, R3, R4AND RS SELECTED fOR MATCHINGANDTRACKING. 
2. R1. R2 USEDONl Y IF GAIN ADJUSTMENT IS REQUIRED. 
3. C1 PHASE COMPENSATION 15.15pF)MAY BE REQUIRED WHEN 

USING HIGH SPEEDAMPLIAERS. 

Figure 6. Bipolar Operation (4-Quadrant Multiplication) 
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AD7533. 
APPLICATIONS 

DIGITAL I FREQUENCY 
CONTROL 

WORD 

100BIT AND SIGN MULTIPLYING DAC 
tlOV . 

BIPOLAR 
ANAL<lG INPUT 

PROGRAMMABLE FUNCTION GENERATOR 

SQUARE 
WAVE 

~RIANGULAR 
'-----0 WAVE 

,- N (BR:C, I 

Rt- 1Okn 
O<N~n _2"10) 

DIVIDER (DIGITALLY CONTROLLED GAIN) 
+1SV 

BITt 

BIT 10 

1IouT-=¥\L 
....... , 

O_~+BI~}+ ... ¥. 
O<D<m 

MODIFIED SCALE FACTOR AND OFFSET 

RI 

-VREFD 
RZ 

....... , 
Do. BI~' + B~2 + ..• 811'0° 

(O<D<m) 

DIGITALLY PROGRAMMABLE LIMIT DETECTOR 
TEST INPUT 

VREF +16V (0 TO -VREF) 

FAILIPASS TEST 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• 10-Bit Resolution 
• Full Four-Quadrant Multiplication 
• Nonlinearity: 1/2 or 1 LSB 
• TTL/CMOS Compatible 
• Improved Gain Error and Linearity Error from +5V to +15V 
• Low Power Consumption 
• Low Feedthrough Error 
• Low Cost 
• AD7520 and AD7533 Replacement 
• Full Temperature Operation 
• Improved ESD Protection 
• Available In Ole Form' 

APPLICATIONS 

• Digital/Synchro Conversion 
• Programmable Gain Amplifiers 
• Ratiometric A/D Conversion 
• Function Generator 
• CRT Graphics Generator 
• Digitally-Controlled Atlenuator 
• Digitally-Controlled Power Supplies 
• Digital Filters 
• LInear Automatic Gain Control 

ORDERING INFORMATION t 
PACKAGE 

EXTENDED 
MIUTARY" INDUSTRIAL COMMERCIAL 

TEMPERATURE TEMPERATURE TEMPERATURE 
NONLINEARITY -5S·C 10 + 12S·C -40·C 10 +8S·C O·Clo+70·C 

.0.05% (.1/2 LSB) PM7533AQ PM7533EQ PM7533GP 

.0.1% (.1 LSB) PM7533BQ PM7533FQ 

.0.1% (.1 LSB) PM7533FP 

.0.1% (.1 LSB) PM7533FPC 

• For devices processed in lolal compHancelo MIL·STD·883, add /883 after parI 
number. Consull faclory for 883 dala sheet. 
Burn·in is available on commercial and industrial temperature range parts in 
CerDIP, plaslic DIP, and TO·can packages, 

CROSS REFERENCE 
TEMPERATURE 

PMI ADI RANGE 

PM7533AQ AD7533UD 
PM7533BO AD7533TD MIL 
PM7533BQ AD7533SD 

PM7533EQ AD7533CD 
PM7533FQ AD7533BD IND 
PM7533FQ AD7533AD 

PM7533GP AD7533LN 
PM7533FP AD7533LN COM 
PM7533FPC AD7533KP 

REV. A 

CMOS Low Cost 1 O-Bit Multiplying 
D/A Converter 

PM-7533 I 
GENERAL DESCRIPTION 

The PM-7533 is a 10-bit 4-quadrant multiplying DAC. It is 
manufactured using thin film on an oxide-isolated, silicon
gate, monolithic CMOS wafer fabrication process. PMl's 
advanced thin-film resistor processing provides true 10-bit 
linearity and excellent long-term stability without laser 
trimming. 

The PM-7533 is pin and function equivalent to the AD7520 
and AD7533. 

The PMI PM-7533 applications flexibility allows direct inter
face to TTL or CMOS circuitry and operation from +5V to 
+15V power supplies. Output scaling is provided by the inter
nal feedback resistor and an external op amp; both positive 
and negative reference voltages can be accommodated. 

PIN CONNECTIONS 

BIT 1 (USB) 5 

VDD 

BIT.OIMSB) 

N.C. 

BITS 

;';;,,::1 "''' r.;;,'-J BIT 8 

FUNCTIONAL DIAGRAM 

10kn 10kn 10k" 

16-PIN EPOXY DIP 
(P-Sufflx) 

16 HERME11C PIN 
(O-Sufflx) 

16-PINSOL 
(S-Sufflx) 

2O-CONTACT LCC 
(RC-Sufflx) 

20-CONTACT PLCC 
(PC-Suffix) 

'---+-+-+--H .... -t(~++-<i----o IOUT2 

'-:'--+--7---<l>-+--cr-~-""'---o IOUTl 

BIT 1 (MSB) BIT 2 BIT3 BIT 10 (LSB) 

DIGITAL INPUTS (DTL/TTL/CMOS COMPATIBLE) 

(SWITCHES SHOWN FOR DIGITAL INPUTS "HIGH'" 

RFEEDBACK 
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PM-7533 
ABSOLUTE MAXIMUM RATINGS (TA = +25°C, unless 
otherwise noted) 
Voo {to GND) ........................................................ -0.3V, +17V 

VREF (to GND) .................................................................. ±25V 
Rfll {to GND) •••••••••••••••••••.••••••••.••..••••••••••.•••••••..••••••••••••••. ±25V 
Digital Input Voltage Range ••••••••••.•••••••••.•••••••.•••••. -0.3 to Voo 
Output Voltage (Pin 1, Pin 2) ••••••...•••••••••••••••••••••••• -0.3 to V DO 

Operating Temperature Range 
Military (AO, BO Versions) •••••••••.••••••••..••••• -55°C to + 125°C 
Industrial (EO, FO, FP, FPC) •••••..••••••••...•.••• -40°C to +85°C 

Commercial (GP Version) ••••••..•.•••........••••.••..•• O°C to +70°C 
Junction Temperature •.•••••••..••.•••...•••••.•••••.•••••••.•.•.•••••• +150°C 
Storage Temperature ....••••...••...•..•••.••••.•••••••• -65°C to +150°C 

Lead Temperature (Soldering, 60 sec) •••••••••••••••.••••.••• +300°C 

PACKAGE TYPE alA (Note 1) alc UNITS 

16-Pin Hermetic DIP (0) 94 12 'CIW 

16-Pin Plastic DIP (P) 76 33 'CM 
2o-Contact LCC (RC. TC) 88 33 'CIW 

16-Pin SOL (S) 92 27 'CIW 

2o-Conlact PLCC (PC) 73 33 'C/W 

NOTE: 
1. a'A is specified lor worst case mounting conditions. i.e .• a'A is specified lor 

divice in socket lor CerDIP. P·DIP. and LCC packages; ff-A is specified for 
device soldered to printed circuit board for SOL and PLCC ~ackages. 

CAUTION: 
1. Do not apply voltages higher than Yoo or less than GND potential on any 

terminal except Yr/1F (Pin 15) and RFS (Pin 16). 
2. The digital contro Inputs are zener protected. however. permanent damage 

may occur on unconnected units from high energy electrostatic fields. Keep 
units In conductive foam at all times until ready to use. 

3. Use proper anti·static handling procedures. 
4. Absolute Maximum Ratings apply to both packaged devices and DICE. 

Stresses above those listed under Absolute Maximum Rafings may cause 
permanent damage to the device. 

ELECTRICAL CHARACTERISTICS at V 0 = +15V. VREF = +10V, AGND = DGND = OV, Vo T1 = V UT2 = OV. ,-55°C to 
+125°C apply for PM-7533AO/BO, TA = -4008 to +85°C apply for PM-7533EO/FO/FP/FPC/FS, ~A = 0 08 to +70°C apply for PM-
7533GP. unless otherwise noted. 

PM-7533A/E/G PM-7533B/F/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

STATIC ACCURACY 

Resolution N 10 10 Bits 

Relative Accuracy 
INL 

±0.05 ±0.1 %FSR 
(Note 1) (±1/2) (±1) (lSB) 

Differential Nonlinearity 
DNL 

±0.1 ±0.1 %FSR 
(Note 12) (±1) (±1) lSB 

TA= +25'C 
±1.4 ±1.4 %FS 

Gain Error (±14) (±14) (lSB) 
(Notes 2. 3) 

GFSE ±1.5 ±1.5 %FS 
TA = Full Temp. Range 

(±15) (±15) (lSB) 

Power Supply Rejection 
PSRR 

TA= +25'C 0.005 0.005 
%1% 

t1Gain/tlVoo (Note 4) TA = Full Temp. Range 0.008 0.008 

Output leakage Current 
IlKG1 

TA=+25'C ±50 ±50 
loun (Pin 1) (Note 6) TA = Full Temp. Range ±200 ±200 

nA 

Output leakage Current 
ILKG2 

TA= +25'C ±50 ±50 
nA 

10U12 (Pin 2) (Note 7) TA = Full Temp. Range ±200 ±200 

DYNAMIC ACCURACY 

Output Current TA = +25'C (Note 10) 600 600 
Settling Time (Notes 5, 8) Is TA = Full Temp. Range 800 800 

ns 

Feedthrough Error 
FT 

TA=+25'C ±0.05 ±0.05 
%FSR 

(Notes 5, 10) TA = Full Temp. Range ±0.1 ±0.1 

REFERENCE INPUT 

Reference Input 
Resistance R'N 20 5 20 kll 
(Pin 15) (Note 11) 

ANALOG OUTPUTS 

Output Capacitance Coun Digital Inputs = V,NH 
100 220 

(Note 5) COU12 35 60 
pF 

Output Capacitance Coun Digital Inputs = V,NL 
60 120 

(Note 5) COUT2 100 165 
pF 
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PM-7533 
ELECTRICAL CHARACTERISTICS at Voo = +15V, V REF = +10V, AGND = DGND = OV, VOUT1 = V OUT2 = OV, TA =-55°C to 
+125°C apply for PM-7533AO/BO, TA = -40°C to +85°C apply for PM-7533EO/FOIFP/FPC/FS, TA _ O°C to +70°C apply for PM-

7533GP, unless otherwise noted. Conlinued 

PM-7533A/E/G PM-7533B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

DIGITAL INPUTS 

Digital Input High V'NH 2.4 2.4 V 

Digital Input Low V,NL 0.8 0.8 V 

Input Leakage 
liN V,N = OV and Voo ±1 ±1 "A Current 

Input Capacitance 
C'N 10 10 pF 

(Note 5) 

POWER REQUIREMENTS 

Power Supply Voltage Voo +15±10% +15±10% V 

Power Supply 
PSR 

Accuracy is not guaranteed 
+5 +16 +5 +16 V 

Voltage Range over this range 

Supply Current 100 Digital inputs = V,NL or V'NH rnA 

NOTES: 
1. "FSR" is full-scale range. 

2. Full-scale (FS) = -(VAEF) (1023 ) ; Digital inputs = V,NH. 
1024 

3. Maximum gain change from TA = +25°C to TMIN or TMAX is ±O.1% FSR. 
4. Digital inputs = V'NH' Voo = +14V to +17V. 
5. Guaranteed and not tested. 
6. Digital inputs = V'NL' 
7. Digital inputs = V'NH' 
8. Selties to 0.05% FSR; RLDAo = lOOn; digital inputs =V'NH to V'NL orV,NL to 

V'NH' 
9. AC parameters sample tested to ensure spec compliance. 

10. Digital input = V,NL; VREF = 20VpMP' f = 100kHz Sinewave. 
11. Absolute temperature coefficient is approximately +50ppm/oC. 
12. All grades guaranteed monotonic. 
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PM-7533· 
DICE CHARACTERISTICS 

DIE SIZE 0.102 X 0.100 Inch, 10,200 sq. mils 
(2.591 X 2.540 mm, 6.58 sq. mm) 

1. CURRENT OUTPI,IT 1 
2. CURRENT OUTPUT 2 
3. GROUND 
4. DIGITAL INPUT BIT 1 (MOST SIGNIFICANT BIT) 
S. DIGITAL INPUT BIT 2 
6. DIGITAL INPUT BIT 3 
7. DIGITAL INPUT BIT 4 
8. DIGITAL INPUT BIT 5 
9. DIGITAL INPUT BIT 6 

10. DIGITAL INPUT BIT 7 
11. DIGITAL INPUT BIT 8 
12. DIGITAL INPUT BIT 9 
13. DIGITAL INPUT BIT 10 (LEAST SIGNIFICANT BIT) 
14. POSITIVE POWER SUPPLY 
15. REFERENCE INPUT VOLTAGE 
16. INTERNAL FEEDBACK RESISTOR 

WAFER TEST LIMITS at VDD ~ +15V, VREF ~ +10V, AGND ~ DGND ~ OV, VOUT1 ~ VOUT2 ~ OV, TA ~ +25°C, unless otherwise 
noted. 

PM-7533G 
PARAMETER SYMBOL CONDITIONS LIMIT UNITS 

STATIC ACCURACY 

Resolution N 10 Bits MIN 

Relative Accuracy 
INL 

±0.1 %FSR 
(Notes 1, 2) (±1) (LSB) MAX 

Differential Nonlinearity ±0.1 %FSR 
(Note 10) 

DNL 
(±1) (LSB) MAX 

Gain Error 
GFBE 

±1.4 %FS 
(Notes 2, 3, 4) (±14) (LSB) MAX 

Power Supply Rejection 
PSR 0.005 %/%MAX 

AGain/ AVDD (Notes 2, 5, 6) 

Output Leakage Current 
lLKG1 ±50 nAMAX 

loun (Notes 2, 7) 

Output Leakage Current 
IU(G2 ±50 nAMAX 

IOUT2 (Notes 2, 8) 

REFERENCE INPUT 

Reference Input 
R'N 5/20 kll MIN/MAX 

Resistance (Notes 2, 9) 
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PM-7533 
WAFER TEST LIMITS at VDD = +15V, VREF = +10V, AGND = DGND = OV, VOUT1 = VOUT2 = OV, TA = +25°C, unless otherwise 

noted. (Continued) 

PM-7533G 
PARAMETER SYMBOL CONDITIONS LIMIT UNITS 

DIGITAL INPUTS 

Digital Input High 
V,NH 

(Note 2) 
2.4 VMIN 

Digital Input Low 
V,NL 

(Note 2) 
0.8 V MAX 

Input Leakage Current 
I'N (Note 2) 

±1 I'AMAX Y'N = OV and Voo 

POWER REQUIREMENTS 

Power Supply Voltage Voo +15±10% VMAX 

Supply Current (Note 2) 100 Digital Inputs = VNL or V'NH mAMAX 

NOTES: 
1. "FSR" is full-scale range. 
2. DICE final electrical tests are: relative accuracy, gain error, output leakage 

current, VtNH • V,NL• PSR, R'N,I'N and 100 at +25°C. 

3. Full-scale (FS) = -(VREF) (1023) ; Digital inputs = V'NH' 
1024 

4. Maximum gain change from TA = +25°C to TMIN or TMAX is ±O.1% FSR. 

5. Digital inputs = V1NH• Voo = +14V to +17V. 
6. Guaranteed and not tested. 
7. Digital inputs = V,NL. 

8. Digital inputs = V'NH' 
9.Absolute temperature coefficient is approximately +300ppmfOC. 

10. Guaranteed monotonic. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot Qualification through sample lot assembly and testing. 

BURN-IN CIRCUIT 

vDO 

A. 

':=1 
VREF 

1 lOUT 1 RF8 16 

VREf 
,. 

Al 

VOD 
,. 

A3 
4 DBl DB10 13 A. 

(MSB) (LSB) 

• DB:! 
DB9 12 

-=-
6 DB3 088 11 

A2 

7 DB4 DB7 10 + 

8 DBS DB6 9 IC2 Ie. 

NOTES: 
1. C1 = C2 = 4.71.1f TANTALUM 50V EVERY 10th DEVICE. 
2. C3 = C4 = O.Olp.F CERAMIC 50V EVERY 10th DEVICE. 
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PM-7533 
TVP.ICAL PERFORMANCE CHARACTERISTICS 

~ 
a: 
~ 
ffi 
z 
;; 
" 

RELATIVE ACCURACY 
(NONLINEARITY) vs VREF 

1.0,-..,---,----,--.. --,--.., 

TA = +25"C 

VOO = +5V TO t'5V 

-1.0 '-_.1-._-'-_ ...... __ '-_.1-._ .... 
o ±2 '4 .6 '8 :1:10 ±12 

VREF (VOLTS) 

GAIN ERROR vs VREF 
1.0 .--,--,--,.--.--.---, 

0.5 

-0.5 

TA = +26"C 
VOO = +5V TO +15V 
OIGITAllNPUT =t111111111 

-1.0 '---'---'--...... --'---'---' o ±2 ±4 ±6 ±8 ±10 t12 

V REF (VOL TSI 

; 

RELATIVE ACCURACY 
(NONLINEARITY) vs 

DIGITAL CODE 
1.5.---,.---.---;---, 

TA = +2S"C 

1.0 ~~~;g~~V---~--~~-~ 

~ 0.5 

a: 

~ 
~ -~ -0.5 

-1.0 I----+--~f_--+--_I 

-1.5 '----'----'---....... ---' 
o 

1.5 

1.0 

0.5 

-0.5 

-1.0 

-1.5 
o 

256 512 768 

DIGITAL CODE (DECIMAL) 

RELATIVE ACCURACY 
(NONLINEARITY) vs 

DIGITAL CODE 

TA '" +25"C 
Voo =+15V 

VREF = +10V 

........ 

-
256 512 768 

DIGITAL CODE (DECIMAL) 

1024 

1024 

2.0 

1.5 

1.0 

0.5 

o 
o 

2.0 

~ 
1.5 

a: 
0 
a: 
ffi 1.0 
> ... 
a: 
~ z 
:l 0.5 

o 0 

GAIN ERROR vs 
SUPPLY VOLTAGE 

" 
10 

Vpo (VOLTS) 

LINEARITY ERROR vs 
SUPPLY VOLTAGE 

\. 

• 10 

V OO (VOLTS) 

VREF FREQUENCY 
RESPONSE 

LOGIC INPUT THRESHOLD 
VOLTAGEvs 

SUPPLY VOLTAGE (VDD) 

~ 
~ 
0 ... 
~ 
:l 

'" " a: 
0 z 

12 

TA =~~~!~ ""'" 
VOD ",+15V 

VREF" tOV PEAK AC 

DIGITAL INPUT'" 1111111111 
RL'" 1000 

-
-3 ~ 

-6 

--12 
0.001 0.01 0.1 

, 

FREQUENCY (MH.z) 

16 

TA '" +2S"C 
VREF '" +lDV 

VINH"'2.4~""""", 

V1NL =D.SV, "'-

o 
1.0 10 o 10 15 20 

V OO (VOLTS) 

15 

15 
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DEFINITIONS 

RESOLUTION 
The resolution of a DAC is the number of states (2n) that the 
full-scale range (FSR) is divided (or resolved) into, where n is 
equal to the number of bits. Resolution in no way implies 
linearity. 

RELATIVE ACCURACY 
Relative accuracy orend-point (nonlinearity) is a measure of 
the maximum deviation from a straight line passing through 
the end-points of the DAC transfer function. It is measured 
after adjusting for ideal zero and full-scale and is expressed 
in % or ppm of full-scale range or (sub) multiples of 1 LSB. 

SETTLING TIME 
Time required forthe output function of the DAC to settle to 
within 1/2 LSB for a given digital input stimulus, Le., zero to 
full scale. 

GAIN 
Ratio of the DAC's external operational amplifier output 
voltage to the VREF input voltage when using the DAC's 
internal feedback resistor. 

GAIN ERROR 
Gain error or full-scale error is a measure of the output error 
between an ideal DAC and the actual device output. 

FEEDTHROUGH ERROR 
Errorcaused by capacitive coupling from VREFtO output with 
all switches off. 

OUTPUT CAPACITANCE 
Capacitance from loun and I OUT2 terminals to ground. 

OUTPUT LEAKAGE CURRENT 
Current which appears on loun terminal with all digital 
inputs low or on IOUT2 terminal when all inputs are high. 

CIRCUIT DESCRIPTION 
The PM-7533 is a 10-bit multiplying D/A converter. It consists 
of a silicon-chrome thin-film R-2R resistor ladder network 
and ten pairs of NMOS current steering switches, all on a 
monolithic chip. The NMOS current steering switches are 
controlled by CMOS inverters. Most applications require the 
addition of only an operational amplifier and a current or 
voltage reference. 

FIGURE 2: CMOS Switch 

PM-7533 
An inverted R-2R ladder network in a simplified D/A con
verter circuit is shown in Figure 1. The current through each 
ladder leg is switched between IOUT1 and IOUT2 under the 
control of the digital inputs. This allows a constant current to 
be maintained in each ladder leg regardless of the digital
input switch states. 

The design incorporates a matching MOS transistor in series 
with the feedback and terminating reSistors. These MOS 
transistors, shown as switches in Figure 1, provide improved 
gain and linearity performance over the operating tempera
tur·e range. The resulting typical gain temperature coefficient 
is 2ppmloC. 

FIGURE 1: Simplified DAC Circuit 

1OkO 10kO 10kn 

20kn 2OkO 20kn 2OkO 20kn 

51 52 53 

L-+-H~+!-<~~-t-+ ....... ------o 'OUT2 

'-+,---4>-+, ---4>-rL--,/r--...... -+J -..----:'=Ok"::"O--o 'oun 
I I I - ~~ - - I '-<>-e>-.lW\--o RFEEDBACK 

b 0 6 6 
BIT 1 (MSBI BIT 2 BIT 3 BIT 10 (UBI 

DIGITAL INPUTS IDTLlTTLfCMOS COMPATIBLE) 

{SWITCHES SHOWN FOR DIGITAL INPUTS "HIGH'" 

Figure 2 shows one of ten digital input CMOS inverters 
driving an NMOS switch. The size of devices 1, 2, and 3 are 
optimized to make the digital inputs DTLlTTL/CMOS com
patible over the full military temperature range. The input 
stage drives the two inverters (4, 5) and (6, 7), which drives 
the two NMOS switches (8 and 9). The switch "ON" resis
tances are binarily-scaled so that the voltage drop across 
each switch is the same; that is, switch S1 in Figure 1 (8 and 9 
of Figure 2) was designed for an "ON" resistance of 20 ohms, 
switch S2for400hms, etc. With a 10V reference input, switch 
S1 current is 0.5mA, switch S2 is 0.25mA, etc. This will 
maintain a constant 10mV drop across each switch. It is 
essential that each switch voltage drop be equal so that the 
D/A converter accuracy is maintained. 

v+-------.----~--~--

'OUT2 'oun 
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PM-7533 
EQUIVALENT CIRCUIT ANALYSIS 
Figures 3 an'd 4 show equivalent circuits of the oAc with all 
digital inputs high and low respectively. With all digital inputs 
in the high state as shown in Figure 3, the reference current is 
switched to the loun terminal, and the IOUT2 terminal is 
open-circuited. Only the output capacitance; surface, 
leakages, and junction leakages appear at the louT2terminal. 
The 1/1024'current.source is a constant 1-bit current drain 
through the termination resistor of the R-2R ladder network. 
The I LEAKAGE current source represents a combination of 
surface and junction leakages to the substrate. The "ON" 
capacitance of the output NMOS switch is higher on the 
IOUT1 terminal when all digital inputs are high (MOS tran
sistor gate capacitance increases with applied gate voltage). 

FIGURE 3: Equivalent OAC Circuit 
(All digitalinputs HIGH). 

RFEEDBACK 

o--VlN-....... ----1~----.--...... ---oIOUT1 
V REF 

r----_~--~IOUT2 

FIGURE 4: Equivalent OAC Circuit 
(All digital inputs LOW). 

""101<0 

RFEEDBACK 

i----_-........I---'-<lloun 

V.ORE-F-AI'I'v-~-----'-<r----...,...-----o 10UT2 
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When the conditions are reversed with all digital inputs low as 
shown in Figure 4, the loun terminal is open-circuited and 
the current is directed towards the IOUT2 terminal. 

APPLICATIONS INFORMATION 
Figure 5 shows a simple unipolar circuit using the PM-7533. 
Resistors R1 and R2 are used to trim for full scale. Full-scale 
output voltage = -VREF X (1023/1024) with all digital inputs 
high. Full scale can also be adjusted using VREF thereby 
eliminating resistors R1 and R2.ln many applications, R1 and 
R2 are not required. Zero-scale output voltage (with all 
digital inputs low) should be adjusted to less than 10% of 1 
LSB using the op amp offset adjust. This will help to keep the 
nonlinearity errors to a minimum. Capacitor C1 provides 
phase compensation and helps prevent overshoot and ringing 
when using high-speed op amps. 

The circuit of Figure 5 can be used either as a fixed reference 
digital-to-analog converter, or can be used with an AC signal 
at the VREF terminal. Used with a fixed reference voltage, the 
output voltage range will be from zero to -VREF' (the op amp 
inverts the voltage). The circuit behaves as an attenuator 
when used with an AC VREF signal. The input voltage range is 
±20V, but this voltage will be limited by the op amp voltage 
range. The digital-input-code versus analog-output-voltage 
is shown is Table 1. The transfer function is: 

Vo = -VIN (~+ ~ + .. , Am) 
21 22 210 

where A1 ... AlO assumes a value of 1 foran ON bit and Ofor 
an OFF bit. 

FIGURE 5: Unipolar Binary Operation 
(2-Quadrant Multiplication) 

DB9-CBO 

NOTES: 
1. R1 AND RZ USEDONLV IF GAIN ADJUSTMENT IS REQUIRED. 
2. C1 MAY BE REQUIRED WHEN USING HIGH SPEeD OP AMPS. 

VOUT 
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TABLE 1: Unipolar Binary Code Table 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 
MSB LSB (VOUT as shown in Figure 5) 

1 1 1 1 1 1 1 1 1 1 -VREF C023
) 1024 

1 0 0 0 0 0 000 1 -VREF ( 513 ) 
1024 

1 0 0 000 0 0 0 0 -VREF (512 ) 
1024 

0111111111 -VREF ( 511 ) 
1024 

000 0 0 0 000 1 -VREF CO~4) 
000 o 0 000 0 0 -VREF CO~4) 
NOTES: 
1. Nominal full scale for the circuit of Figure 5 is given by 

FS = -VREF (~~~~) 
2. Nominal LSB magnitude for the circuit of Figure 5 is given by 

LSB = VREF (ld24) or VREF (2-n) 

VREF 

2 

0 

Figure 6 shows a simple bipolar output circuit using the 
PM-7533 and a PMI OP-215 dual op amp. The circuit uses 
offset binary coding and a fixed DC voltage for VREF. 

Digitally-controlled attenuation of an AC signal occurs when 
the signal is used as the signal source at VREF. Negative 
output full-scale is adjusted by setting the digital inputs to all 
zeros and adjusting the value of the VREF voltage or R5. The 
zero-scale output voltage is adjusted while the digital inputs 

FIGURE 6: Bipolar Operation (4-Quadrant Multiplication) 

DATA INPUT 

REV. A 

PM-7533 
are set to 1000000000 and adjusting R1 for a zero output 
voltage (less than 10% of 1 LSB). Resistors R3, R4 and R5 
must be selected for matching and tracking in order to keep 
offset and full scale errors to a minimum. Resistors R1 and R2 
temperature coefficients must be taken into account if they 
are used. C1 phase compensation capacitor may not be 
needed and should be selected empirically. The digital input 
code versus analog output voltage is shown in Table 2. 

TABLE 2: Bipolar (Offset Binary) Code Table 

DIGITAL INPUT 
MSB LSB 

1111111111 

1 0 0 0 0 0 000 1 

00000 0 0 0 0 

o 1 1 1 1 

o 000 0 0 000 1 

o 000 0 0 0 0 0 0 

NOTES: 

NOMINAL ANALOG OUTPUT 
(VOUT as shown in Figure 6) 

+VREF (~) 
512 

+VREF (_1_) 
512 

o 

( 5~2 ) 
(~) 512 

(~) 512 

1. Nominal full scale for the circuit of Figure 6 is given by 

FSR = VREF (;~;) 
2. Nominal LSB magnitude for the circuit of Figure 6 is given by 

LSB = VREF (5~2) 

ANALOG 
COMMON 
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PM-7533 
The PM-7533 may be used in the voltage output operation as 
shown in Figure 7. This circuit configuration will lend itself to 
single-supply operation because signal inversion does not 
occur. The output should be buffered due to its high output 
resistance (10kn) to prevent loading errors. The reference 
voltage should be kept to +1.5 volts maximum to keep 
nonlinearity errors to less than 1 LSB as shown in Figure 8. 

By connecting the DAC in the feedback of an op amp as 
shown in Figure 9, the circuit behaves as a programmable 
gain amplifier (analog/digital divider). The transfer function is: 

Vo'" (~+;:: ... ~ ) 
21 22 210 

where A1 ... A10 assumes a value of 1 or O. 

FIGURE 7: Voltage Output Operation 

+6V 

NOTES: 
1. VREF ';;;;+l.SV TO KEEP NONLINEARITY ERRORS < 1 LSB. 
2. ROUT"" 10kSl. THIS HIGH OUTPUT RESISTANCE SHOULD 

BE BUFFERED TO PREVENT LOADING ERRORS. 

3. THIS CIRCUIT Will LEND ITSELF TO SINGLE SUPPLY 
OPERATION. 

2--454 DIGITAL-TO-ANALOG CONVERTERS 

FIGURE 8: Voltage Mode 

TA = +2SOC 

Voo" +6V 

~ "...-
1 

-2 
o 2 •• • ,2 7 •• 

DIGITAL CODE (DECIMAL) 

FIGURE 9: Programmable Gain Amplifier 

V,N 0------, 
(tl0mV TO ±10V 
RANGE 
DEPENDING ON 
GAIN SETTING) 

DIGITAL INPUT (01 

1024 

>---..... -0 Vour --V'N x ~ 
(±10V RANGE) 

GAIN TABLE 
o AV 1VourIV'NI 

1023 ~ 1.00097 
612 -2 
266 -4 

-li12 
-1024 
OPEN LOOP 
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r.ANALOG 
WDEVICES 

FEATURES 
All Grades 14-Bit Monotonic Over the Full Tempera
ture 

Range 
Full 4-Quadrant Multiplication 
Microprocessor-Compatible with Double Buffered 

Inputs 
Exceptionally Low Gain Temperature Coefficient. 

O.5ppmfC typ 
Small 20-Pin DIP and Surface Mount Package 
Low Output Leakage 1<20nA) Over the Full 

Temperature Range 

APPLICATIONS 
Microprocessor Based Control Systems 
Digital Audio Reconstruction 
High Precision Servo Control 
Control and Measurement in High Temperature 

Environments 

GENERAL DESCRIPTION 
The AD7534 is a I4-bit monolithic CMOS D/A converter which 
uses thin-film resistors and laser trimming to achieve excellent 
linearity. 

The device is configured to accept right-justified data in two 
bytes from an 8-bit data bus. Standard Chip Select and Memory 
Write logic is used to access the DAC. Address lines AO and Al 
control internal register loading and tran~fer. 

A novel low leakage configuration (patent pending) enables the 
AD7534 to exhibit excellent output leakage current characteristics 
over the specified temperature range. 

The device is fully protected against CMOS "latch up" phenomena 
and does not require the use of external Schottky diodes or the 
use of a FET Input op amp. The AD7534 is manufactured 
using the Linear Compatible CMOS (LC2MOS) process. It is 
speed compatible with most microprocessors and accepts TTL 
or CMOS logic level inputs. 

REV. A 

LC2MOS 
fJ.P-Compatible 14-Bit OAC 

A07534 I 
FUNCTIONAL BLOCK DIAGRAM 

DB7 

PRODUCT HIGHLIGHTS 
I. Guaranteed Montonicity 

v •• 

AO 

cs 
WR 

The AD7534 is guaranteed monotonic to l4-bits over the full 
temperature range for all grades. 

2. Low Output Leakage 
By tying V 55 (Pin 20) to a negative voltage, it is possible to 
achieve a low output leakage current at high temperatu!'e5. 

3. Microprocessor Compatibility 
High speed input control (TTU5V CMOS compatible) allows 
direct interfacing to most of the popular 8-bit and I6-bit 
microprocessors. 

4. Monolithic Construction 
For increased reliability and reduced package size - 0.3" 
20-pin DIP and 20-terminal surface mount package. 
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AD7534-SPECIFICATIONS1 (VDD = +t1.4V to +t5.75VZ, VIU = +tOY; V'IN3 = VPlIM = OY, 
Vss = - 300mV. All specifications T min to T_ unless otherwise stated) 

Parameter' J,AVonioa. K, B Versions 
ACCURACY 

Resolution 14 14 
Relative Accuracy ;:2 ;:1 
DiffefOntial Nonlinearity ;:1 ;:1 
Full Scale Error ;:8 ;:4 

Gain TemperatureCoetllcieDtJ 

AGainiATempersture ;:5 ;:2.5 
Output Leakage Current lOUT 
(Pin 3) 

+25"C ;:5 ;:5 
Tmin to TnwI ;:10 ;:10 
Tmint9 T mo: ;:25 ;:25 

REFERENCE INPUT 
Input ResistanCe, Pin 1 3.5 3.5 

10 10 

DIGITAL INPUTS 
VIH (Input High Voltsge) 2.4 2.4 
VIL (Input Low Voltsge) 0.8 0.8 
lIN (Input Current) 

+25"C ;:1 ;:1 
TmintoTmax ;: 10 ±IO 

CIN (Input Capacitance)' 7 7 

POWER SUPPLY 
VooRange 11.4115.75 11.4115.75 
V"Range -2001-500 -2001-500 
100 3 3 

500 500 

AC PERFORMANCE CHARACTERISTICS 
Voo= + 1I.4Vlo + 15.75V 

Parameter TA=25"CTA=T ..... Tao" 

Output Current Settling Time 1.5 

Digital to Analog Glitch Impulse 100 

Multiplying Feedthrough Error' 3 

Power Supply Rejection 
AGainlAV()!) ;:0.01 

Output Capacitance 
CouT(Pin3) 260 
CoUT(Pin3) 130 

Output Noise Voltage Density 
(10Hz-100kHz) 15 

NOTES 
ITemperature ranae as follows: J, K Versions: 0 to + 7O"C 

A,BVersions: -25OCro +850(; 
S, TVersions: -5S'Cto + 125'C 

-

-

5 

;:0.02 

260 
130 

-

, 

SVenion TVenion VDiU Tnt CondiIicuIoIComats 

14 14 Bits 
;:2 ;:1 LSBmax All grades guarsnteed monotonic 
;:1 ;:1 LSBmax over temperature. 
;:8 ;:4 LSBmax Messure<! uoingintema1RI'Band 

includeseffects ofleakage 
current and gain T.C. 

;:5 ;:2:5 ppmf'Cmax Typical valueisO.5ppmf'C 

;:5 ;:5 nAmax All digital inputs OV 
;:20 ;:20 nAmax Vss = ~3OOmV 
;: 150 ;:150 nAmax Vss = OV 

3.5 3.5 kOmin Typical Input Resistance = 61dl 
10 10 kOmax 

2.4 2.4 V min 
0.8 0.8 V max 

;:1 ;:1 ~Amax VIN = OVorVoo 
;:10 :tIO ~max 
7 7 pFmax 

11.4115.75 11.4/15.75 VminlVmax SpeciflCtllionaguaranteedover 
-2001-500 -200/-500 mV minlmV max thisrsnge. 
3 3 mAmax All digital inputs VIL or VIH 
500 500 ~max All digital inputs OV or VOD 

These charactllris1ics are included for .... Guidance only and 
are not subject to fIIst.J(V1Iff = + tOY, VPl13 = V_ = DY, Vss = - 300mV, 
Output Amplifier is AD544 except where staIlIII). 

Vaits Tnt ConditioasiComments 

fLsmax To 0.003% offuU scalersnge. 
lOUT load = 1000. 
CEXT = 13pF. DAC register alternately 
loaded with all I '.and all O's. 
Typical value ofSettJing Time is 0.8~. 

nV-sectyp Measured with VREF = OV . lOUT load 
= IOOO.CEXT= 13pF.DAC 
register alternately loaded with all 
l's and a1IO' •. 

mVp-ptyp VREF = ± IOV, 10kHz tJne wave 
DAC register loaded with aU O's. 

% per % max AVDo= ;:5% 

pFmax DAC register loaded with alll's 
pFmsx DAC register loaded with all O's 

n V/v'iiZ typ Measured between RI'B and loUT 

'Specifu:ationsare guarsnteed fora V Doof + 11.4V 10 + 15. 75V. At V DD = 5V. the device is fully functional with degrsded speciftaltions. 
'Guaranteed by Product Assurance testing. 
'Feedthrough can be further reduced by connecting the metal lid on the ceramic: package to DGND. 
Speciftaltions subject to change withoul notice. 
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AD7534 

TIMING CHARACTERISTICS1 (VIII= + 11.4VIII + 15.75V. vlIEF = +lDV. VP1113 = VP1114 = DV. Vss = -300m¥) 

Limit at 
Limit at TA=Oto +7O"C Limit at 

Parameter TA=lS"C T A= - lS"C to + 8S"C T A = - SS"C to + llS"C Unit. Test Conditions/Comments 

tl 0 0 0 
[2 0 0 0 
t, 140 160 180 
l4 20 20 30 
ts 0 0 0 
to 0 0 0 
[7 170 200 240 

NOTES 
ITemperaturerangeasfollows: J,KVersions: 0[0 +70'C 

A,BVersions: -2S'C[0 +8S'C 
S, TVersions: -SS'Cto + 12S'C 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
(T A = 25°C uniess otherwise stated) 
VDD (Pin 19) to DGND . 
Vss (Pin 20) to AGND 
VREF (Pin I) to AGND . 
VRFB (Pin 2) to AGND . 
Digital Input Voltage (Pins 7-IS) to DGND 
VP1N3 to DGND ........ . 
AGND to DGND . . . .... . 
Power Dissipation (Any Package) 
To +75°C ..... . 
Derates above + 7SoC 

-O.3V, +17V 
-15V, +0.3V 
. . . . ±25V 
. . . . ±25V 

-O.3V,VDD 

-0.3V, VDD 

-0.3V, VDD 

450mW 
6mWrC 

nsmin Address Valid [0 Write Setup Time 
nsmin Address Valid [0 Write Hold Time 
nsmin Data Setup Time 
nsmin Data Hold Time 
nsmin Chip Select to Write Setup Time 
nsmin Chip Select [0 W rite Hold Time 
nsroin Write Pulse Width 

Operating Temperature Range 
Commercial (1, K Versions) 
Industrial (A, B Versions) 
Extended (S, T Versions) .. 

Storage Temperature .. . .. 
Lead Temperature (Soldering, 10secs) 

... 0 to +70°C 
- 25°C to + SsoC 

- SSOC to + 12SoC 
-6SoC to + ISO°C 
..... +300°C 

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

CAUTION ________________________________________________ _ 

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

ORDERING GUIDE 

Temperature Relative Full Scale Package 
Model Range Accuracy Error Option· 

AD7S34]N O°Cto + 70°C ±2LSB ±SLSB N-20 
AD7S34KN O°Cto + 70°C ±ILSB ±4LSB N-20 
AD7534JP OOCto + 70°C ±2LSB ±SLSB P-20A 
AD7S34KP O°Cto + 70°C ±LSB ±4LSB P-20A 
AD7S34AQ - 2SoC to + SSoC ±2LSB ±SLSB Q-20 
AD7S34BQ - 250C to + SSoC ±ILSB ±4LSB Q-20 
AD7S34SQ - S5°C to + 12SoC ±2LSB ±SLSB Q-20 
AD7S34TQ - SSoC to + 12SoC ±ILSB ±4LSB Q-20 

WARNING! ~ 

~~EDEVICE 

*N = Plastic DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip. For outline information see 
Package Information section. 

REV. A DIGITAL-TO-ANALOG CONVERTERS 2-457 

• 



AD7534 
TERMINOLOGY 
RELATIVE ACCURACY 
Relative accuracy or endpoiDt nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoiDts of the DAC traDsfer function. It is measured after 
adjusting for zero error and full scale error and is normally 
expressed iD Le8st Significant Bits or as a percentage of full 
scale reading. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the measured 
change and the ideal lLSB change between any two adjacent 
codes. A specified differential nonlinearity of ± lLSB max over 
the operating temperature range ensures monotonicity. 

FULL-SCALE ERROR 
Full scale error or gain error is a measure of the output error 
between an ideal DAC and the actual device output. Full scale 
error is adjustable to zero with an external potentiometer. 

DIGITAL TO ANALOG GLITCH IMPULSE 
The amount of charge iDjected from the digital iDputs to the. 
analog output when the iDputs change state. This is normally 
specified as the area of the glitch iD either pA-sees or n V-sees 
depending upon whether the glitch is measured as a current or 
voltage. The measurement takes place with VRBF=AGND. 

OUTPUT CAPACITANCE 
Capacitance from lOUT to AGND. 

OUTPUT LEAKAGE CURRENT 
Current which appears at lOUT with the DAC register loaded to 
all O's. 

MULTIPLYING FEEDTHROUGH ERROR 
AC error due to capacitive feedthrough from VRBF termiDal to 
loUT with DAC register loaded to all zeros. 

PIN CONFIGURATIONS 

DIP PLCC 

j ! i! J J • v .. a: > 

Vou 

cs 
WR AGNDS 4 CS 

AD7534 AO AD7534 
Wii 

TOP VIEW TOP VIEW AO 
(Not to Scalel A1 (Not to Scalel 

A1 
DBO 

DB6 8 14 DBD 
DB1 

DR 

DB4 DBa 1Il ~ f! III ! .. .. .. 
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Pin 

I 
2 
3 
4 
5 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 

REV. A 

Function 

VREF 

RFB 
lOUT 

AGNDS 
AGNDF 

DGND 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DBI 
DBO 
Al 
AO 
WR 
CS 

Voo 
Vss 

Pin Function Description -AD7534 
Description 

Reference Input Voltage 
Feedback resistor. Used to close the loop around an external op-amp. 
Current Output Terminal 
Analog ground sense line. Reference point for external circuitry. This pin should carry minimal current. 
Analog ground force line; carries current from internal analog ground connections. AGNDFand AGNOS are tied 
together internally. 
Digital Ground 
Data Bit 7 
Data Bit 6 
Data Bit 5 or Data Bit 13 (DAC MSB) 
Data Bit 4 or Data Bit 12 
Data Bit 3 or Data Bit II 
Data Bit 2 or Data Bit 10 
Data Bit I or Data Bit 9 
Data Bit 0 or Data Bit 8 
Address line I 
Address line 0 
Write input. Active low. 
Chip Select Input. Active low. 

WI B Al AO Function 
Xl I X X Device not selected 

I X X X No data transfer 

0 0 0 0 DAC loaded directly from Data Bus2 

0 0 0 I MS Input Register loaded from Data Bus 

0 0 I 0 LS Input Register loaded from Data Bus 

0 0 I I DAC Register loaded from Input Registers. 

NOTES 
1. X = Don't Care 
2. When Al = 0, Ao = 0 all DAC registers are transparent, ao by placing all O's or all I's on the data inpurs tbe user can load the 
DAC to zero or full scale output in one wri\< operation. This facility simplifies system calibration. 
+ 12V to + 15V supply input. 
Bias pin for High Temperature Low Leakage configuration. To implement low leakage system, the pin should 
be at a negative voltage. See Figures 4, 5 or 6 for recommended circuitry. 

Ct. ~ ~t2~ 5V 
AO,A1 /2W~ W~ 

OV 

I~ 5V 
DATA ZW#4~#~4#& OV-

0 r-~I 5V 

Cs' I OV 

0 5V 
WR 

OV 

NOTES 
1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 90% OF +5V. t,=t,=20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS V .. ~ V .. 

Figure 1. AD7534 Timing Diagram 
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AD7534 

Figure 2. Simplified Circuit Diagram for the AD7534 DIA Section 

CIRCUIT INFORMATION - D/A SECTION 
Figure 2 shows a simplified circuit diagram for the AD7534 
D/A section. The three MSB's of the 14-bit Data Word are 
decoded to drive the seven switches A-G. The 11 LSB's of the 
Data Word drive an inverted R-2R ladder which steers the 
binarily weighted current available to it between loUT and 
AGNDF. 

If I is taken as the input current at V REF the input current to 
the R-2R ladder is liS. 7/S I flows in the parallel ladder structure. 
Switches A·G steer binarily weighted current between lOUT and 
AGNDF. 

The input resistance at VREF is constant and may be driven by a 
voltage source or a current source of positive or negative 
polarity. 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 3 shows an equivalent circuit for the analog section of 
the AD7534 D/A converter. The current source lLEAKAGE is 
composed of surface and junction leakages. The resistor Ro 
denotes the equivalent output resistance of the DAC which 
varies with input code. CoUT is the capacitarice due to the current 
steering switches and varies from about 90pF to ISOpF (typical 
values) depending upon the digital input. g(VREF, N) is the 
Thevenin equivalent voltage generator due to the reference 
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R14 

r-.JV'.>/Ir4~---""""----<lloUT 

g(VREF• N) 

'-----4t-----.... ~._-() AGNDS 

AGNDF 

Figure 3. AD7534 Equivalent Analog Output Circuit 

input voltage, VREF, and the transfer function of the R-2R 
ladder, N. 

CIRCUIT INFORMATION - DIGITAL SECTION 
The digital inputs are designed to be both TTL and 5V CMOS 
compatible. All logic inputs are static protected MOS gates with 
typical input currents of less than InA. Internal input protection 
is achieved by an on-chip distributed diode from DGND to 
each MOS gate. To minimize power supply currents, it is 
recommended that the digital input voltages be driven as close 
as possible to 0 and 5V logic levels. 
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UNIPOLAR BINARY OPERATION 
(2·QUADRANT MULTIPLICATION) 
Figure 4 shows the circuit diagram for unipolar binary operation. 
With an Be input. the circuit performs 2·quadrant multiplication. 
The code table for Figure 4 is given in Table I. 

Capacitor CI provides phase compensation and helps prevent 
overshoot and ringing when high speed op·amps are used. 

AO 

A1 

cs 
WR 

Figure 4. Unipolar Binary Operation 

Binary Number In 
DACRqister Analog Output. Vour 

MSB LSB 
11 llli 1111 1111 -V (16383) 

IN 16384 

10 0000 0000 0000 ( 8192 ) 
-VIN 16384 = -1I2VIN 

00 0000 0000 0001 -VIN(I63~) 
00 0000 0000 0000 OV 

Table I. Unipolar Binary Code Table for AD7534 

ZERO OFFSET AND GAIN ADJUSTMENT FOR 
FIGURE 4. 
Calibration codes for zero and full scale adjust (all O's, all 
I's) can be loaded in one write operation (see Pin Function 
Description). 

Zero Offset Adjustment 
1. Load DAC register with all O's. 
2. Adjust offset of amplifier Al so that Vo is at a minimum 

(i.e., s301A.V). 

Gain Adjustment 

1. Load DAC register with all I's. (16383) 
2. Trim potentiometer R3 so that Vo= - VIN 16384 

In fixed reference applications full scale can also be adjusted 
by omitting R3 and R4 and trimming the reference voltage 
magnitude. 

REV. A 

Applying the AD7534 
For high temperature applications, resistors and potentiometers 
should have a low Temperature Coefficient. In many applications, 
because of the excellent Gain T.C. and Gain Error specifications 
of the AD7534, Gain Error trimming is not necessary. 

BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 
The recommended circuit diagram for bipolar operation is shown • 
in Figure 5. Offset binary coding is used. 

With the DAC loaded to 10 0000 0000 0000, adjust R3 for Vo 
= OV. Alternatively, one can omit R3 and R4 and adjust the 
ratio of R7 and R8 for Vo = OV. Full scale trimming can be 
accomplished by adjusting the amplitude of VIN or by varying 
the value of R9. 

Resistors R7, R8 and R9 should be matched to 0.003%. Mismatch 
of R7 and R8 causes both offset and full scale error. When 
operating over a wide temperature range, it is important that 
the resistors be of the same type so that their temperature coefficient 
match. 

The code table for Figure 5 is given in Table II. 

.. 
A' 

l!i 
Viii 

~o---~----------~~-----------, 

.. 
'---.-.·'N"' ..... --<>-15V 

Figure 5. Bipolar Operation 

Binary Number in 
DACRqister Analog Output 
MSB LSB 

11 1111 1111 1111 . (8191) 
+VIN 8192 

10 0000 0000 0001 +VIN(81~2) 
10 0000 0000 0000 0 

01 1111 1111 1111 -VIN(81~2) 
00 0000 0000 0000 (8192) -VIN 8192 

Table II. Bipolar Code Table for Offset Binary 
Circuit of Figure 5. 

v. 
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AD7534 
GRObNDING TECHNlQUES 
Since the AD7S34 is specified for high accuracy, it is important 
to ilse a proper grounding technique. The two AGND pins 
(AGNDF arid AGNDS) provide flexibility in this respect. In 
Figure 4, AGNDS and AGNDF are eXternally shorted and A2 
is not used. Voltage drops due to bond wire resistances are not 
compensated for in this circuit. This means that an extra linearity 
error of less than O.ILSB is added to the I?AC linearity error. If 
the user wishes to eliminate this extra error, then the cirCl\itof 
Figure 6 should be used. Here, A2 is used to maintain AGNDS 

VDD 

NOTE 
CONTROL INPUTS OMITTED FOR CLARITY 

at Signal Ground potential. By using the Force, Sense technique 
all switch contacts on the DAC are at exactly the same potential 
and any error due to bond wire resistance is eliminated. . 

Figure 7 shows a. Printed Circuit Board layout for the AD7S34 
with a single output amplifier. The inPut to V REI' (pin 1) is 
shielded to reduce ae feedthrough while the digital inputs are 
shielded to minimize digital feedthrough. The tracks connecting 
lOUT and AGNDS to the inverting and noninverting op amp 
inputs a~e kept as short as possible. Gain trim components, R3 
and R4, have been omitted. 

Vo 

SIGNAL 
GROUND 

Figure 6. Unipolar Binary Operation with ForcedGround 

OUTPUT I 0-----
"'_-__ VREF 

PIN 1 AD7534 

AGND 
--V:--DGND 

o 
o 
o 
o 

LAYOUT IS FOR DOUBLE SIDED PCB." . 
DOTTED UNE INDICATES TRACK ON COMPONENT SIDE. 

Figure 7. Suggested Layout for AD7534 Incorporating 
Output Amplifier 
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ZERO OFFSET AND GAIN ADJUSTMENT FOR 
FIGURE 6 

. Zero Offset Adjustment 
1. Load DAC register with all O's. 
2. Adjust offset of amplifier A2 for minimum potential at AGNDS. 

This potential should be $30j1. V with respect to Signal 
Ground. 

3. Adjust offset of amplifier Al so that Vo is at a minimum 
(i.e.$30j1.V). . 

Gain Adjustment 

1. Load DAC register with all l's. (16383) 
2. Trim potentiometer R3 so that Vo= - VIN 16384 

REV. A 



LOW LEAKAGE CONFIGURATION 
For CMOS Multiplying D/A converters, as the device is operated 
at higher temperatures the output leakage current increases. For 
a 14-bit resolution system, this can be a significant source of 
error. The AD7S34 features a leakage reduction confJgl1ration to 
keep the leakage current low over an extended temperature 
range. One may operate the device with or without this confIg
uration. IfVss (pin 20) is tied to AGND then the DAC will 
exhibit normal output leakage current at high temperatures. To 
use the low leakage facility, V ss should be tied to a voltage of 
approximately - 0.3V as in Figures 4, 5 and 6. A simple resistor 
divider (RS, R6) produces - 312mV from -ISV. The capacitor 
C2 in parallel with R6 is an integral part of the low leakage 
configuration and must be 4.7tLF or greater. Figure 8 is a plot 
of leakage current versus temperature for both conditions. It 
clearly shows the improvement gained by using the low leakage 
confJgur8tion. 

OP AMP SELECTION 
In choosing an amplifier to be used with the AD7S34, three 

60 

ct 50 c:: 
I ... 

40 Z 

VDD = +15V I 
r-- r- VAEF= +10V 

'" 10: 
10: 30 :;) 
U 

'" Cl 
~ 

20 

ct 10 '" .... 
0 

AD7534 

parameters are of prime importance. These are Input Offset 
Voltage (Vos), Input Bias Current, (IBlAs) and Offset Voltage 
Drift. To maintain specified accuracy with VRBF at lOY, Vos 
must be less than 30tLV while IBIAS should be less than 2nA. 
Also the open loop gain of the amplifier must be sufficiently 
high to keep V oss30tL V for the full output voltage range. Thus 
for a max output of lOY, AVOL must be greater than 340,000. 

An amplifier with low offset voltage drift is required to give the • 
desired system accuracy over an operating temperature range. 

At low frequencies the AD OP-07 satisfies the above requirements 
and in most cases will not need an offset adjust potentiometer. 

For high frequency operation, one may use a wide bandwidth 
amplifier such as the AD544 or the LF356 with either an offset 
adjust potentiometer or automatic nulling circuitry. 

The choice of amplifier depends entirely on the required system 
accuracy, the required temperature range, and the operating 
frequency. 

U 
Vss=--~ r-

V 
Vss = 

V V 1 
-0.3V -

I 

30 40 50 60 70 80 90 100 110 120 130 

TEMPERATURE - 'C 
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Figure 8. Graph of Typical Leakage Current vs. Temperature 
forAD7534 
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AD7534 
MICROPROCESSOR INTERFACING 
AD7534 - 8085A INTERFACE 
A typical interface circuit for the AD7534 and the 808SA micro
processor is gi yen in Figure 9. The miCroprocessor sees the 
DAC" as four memory locations" identified by address lines AO, 
A 1. In standard operation, three of these memory locations are 
usc!d. A sample program for loading the DAC with a l4-bit 
word is given in Table III. The .4.D7534 has address locations 
3000-3003. 

The six MSBs are written into location 3001, and the eight 
LSBs are written to 3002. Then with a write instruction to 3003 

8085A 

ADO-AD7 
1-------, 

"LINEAR CIRCUITRY 
OMITTED FOR CLARITY 

Figure 9. AD7534 - 8085A Interface 

the full 14-bit word is loaded to the DAC register and the analog 
equivalent appears at the output. 

AD7534 - 8086 INTERFACE 
The AD7534 may be interfaced to the 16-bit 8086 microprocessor 
using the circuit of Figure 10. The bottom 8 bits (ADO-AD7) 
of the 16-bit data bus are connected to ,the DAt data bus. The 
14-bit word is loaded in two bytes using the MOV instruction. 
A further MOV loads the DAC register and causes the analog 
data to appear at the converter output. For the example given 
here, the appropriate DAC register addresses are 0002, 0004, 
0006. The program for loading the DAC is given below in 
Table IV. 

8086 

ALE 

"LINEAR CIRCUITRY 
OMITTED FOR CLARITY 

Figure 10. AD7534 - 8086 Interface Circuit 

Address Op-Code Mnemonic: 

00 8CC9 
02 8EOO 
04 BF02DO 
07 C605"MS" 
OA 47 
OB 47 
OC C605"LS" 
OF 47 
10 47 
11 C60500 

14 EAOOOO 
17 OOFF 

2000 26 MVIH,*30 
01 30 
02 2E MVIL,*01 
03 01 
04 3E MVIA,*"MS" 
05 "MS" 
06 77 MOVM,A 
07 2C INRL 
08 3E MVIA,*"LS" 
09 "LS" 

OA 77 MOVM,A 
OB 2C INRL 
OC 77 MOVM,A 

200D CF RSTI 

Table III. Program Listing for Figure 9 

ASSUME DS: DACLOAD, CS : DACLOAD 
DACLOAD SEGMENT AT 000 

MOVCX,CS DEFINE DATA SEGMENT REGISTER EQUAL 
MOVDS,CX TO CODE SEGMENT REGISTER 
MOV DI, * 0002 LOAD DI WITH 0002 
MOV MEM,,*, "MS" MSINPUTREGISTERLOADEDWITH"MS" 
INCDI 
INCDI 
MOV MEM,* "LS" LS INPUT REGISTER LOADED WITH "LS" 
INCDI 
INCDI 
MOVMEM,*OO CONTENTS OF INPUT REGISTERS 

ARE LOADED TO THE DACREGISTER. 
JMPMEM CONTROL IS RETUkNED TO THE MONITOR 

PROGRAM 

Table ,V. Sample Program for Loading AD7534 from 8086 
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AD7534 - MC6809 INTERFACE 
Figure 11 shows an interface circuit which enable. the AD7534 
to be programmed using the MC6809 8·bit microprocessor. By 
making use of the I6·bit D Accumulator, the transfer of data is 
simplified. The two key processor instructions are: 

LDD Load D Accumulator from memory. 
STD Store D Accumulator to memory. 

AO-A'5 1------, 

RIW r-----<li 

MC8809 

Q 

E 

DO-D7 
~---....., 

'lINEAR CIRCUITRY 
OMITTED FOR CLARITY 

Figure 11. AD7534 - MC6B09 Interface Circuit 

AD7534 - 6502 INTERFACE 
The interface circuit for the 6502 microprocessor is shown in 
Figure 12. 

AO- A'5 ADDRESS BUS 
r--------, r------------~ 

6502 

.zr---------i 
AD7534* 

WR 

DO-07 

REV. A 

'LINEAR CIRCUITRY 
OMITYED FOR CLARITY 

DBO-DB7 

Figure 12. AD7534 - 6502 Interface 

AD7534 
AD7534 - Z80 INTERFACE 
Interfacing to the Z80 microprocessor requires a minimal amount 
of extra components. The circuit consists of the Z80 processor, 
the AD7534 and an address decoder for the DAC. Figure 13, 
below, illustrates the circuit. 

AO- A'S 

Z80 

MREQ 

WR 

DO-D7 

ADDRESS BUS 

,.I I,... 
J ADDRESS I 
1 DECODE I 

DATA BUS 

'LlNEAR CIRCUITRY 
OMITTED FOR CLARITY 

Y 

~2 
AO A' 

cs 
AD7534* 

WR 

DBO-DB7 

Figure 13. AD7534 - Z80 Interface 
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01000 

AD7534 - MC68000 INTERFACE 
Interfac:ing between the MC68000 and the AD7534 is accomplished 
using the. circuit of Figure 14. The following routine writes data 
to .the DAC input registers and then outputs the data via the 
DAC register. 

·A2E003 Add1'C1lS Register 2 is loaded with E003. 

MOVE.W *W,DO The desired DAC data, W, is loaded 
into Data RegisterO. Wmaybeanyvalue 
between 0 and 16383 (decimal) or 0 
and 3FFF (hexadecimal). 

MOVEP:W DO,$OOOO(A2) The data W is. transferred between DO 
and the Input Registers of the DAC. 
The high order byte of data is trans-
ferred first. The memory add1'C1lS is 
specified using the add1'C1lS register in-
direct plus displacement addressing . 
mode. The add1'C1lS used in this instance 
(E003) is odd and so data is transferred 
on the low order half of the data bus 
(OO-D7). 

MOVE.W DO,$EOO6 This instructiOD provides appropriate 
signals to transfer the data W from the 
DAC Input Registers to the DAC Regis-
ter, which cODtrols the switches in the 
14-bit DI A structure. 

MOVE.B * 228,D7 Control is returned to the System Monitor 
Program using these two insructions. 

TRAP * 14 

Since only the lower half of the Data Bus is used in this interfacing 
system, it is also suitable for use with the MC68008. This provides 
the user with an eight bit data bus instead of the MC68000's 
sixteen bit data bus. 

Al-A23 ADDRESS BUS AOj----I'I 

A16·~ ......... ....--....,.A 
MC68000 

AS 

f-----, 

DTACK~+---------~ 

RIW ~---------------L ___ 

AD7534* 

~_OO~ ____________ DA_T_A_B_US ______________ ~ 

"LINEAR CIRCUITRY 
OMITTED FOR CLARITY 

Figure 14. AD7534 - MC68000 Interface 

DIGITAL FEEDTHROUGH 

AO 

WRI---t.~:!:!-Jj-I 
MICROPROCESSOR 

SYSTEM 

DII-D7 

"UNEAR CIRCUITRY 
OMITTED FOR CLARITY 

AD7534* 

DBO-Dli7 

In the preceeding interface configurations, most digital inputs to 
the AD7534 are directly connected to the microprocessor bus. 
Even when the device is DOt selected, these inputs will be constantly 
changing. The high frequency logic activity on the bus can feed 
through the DAC package capacitance to show up as Doise on 
the analog output. To minimize this digital feedthrough isolate 
the DAC from the noise source. Figure 15 shows an interface 

Figure 75. AD7534 Interface Circuit Using Latches to 
Minimize Digital Feedthrough 
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circuit which physically isolates the DAC from the bus. One 
may also use other means, such as peripheral interface devices, 
to reduce the digital feedthrough. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
All Grades 14-Bit Monotonic over the Full 

Temperature Range 
Full 4 Quadrant Multiplication 
Microprocessor Compatible with Double Buffered 

Inputs 
Exceptionally Low Gain Temperature Coefficient, 

O.5ppmfC typ 
Low Output Leakage «20nA) over the Full 

Temperature Range 

APPLICATIONS 
Microprocessor Based Control Systems 
Digital Audio 
Precision Servo Control 
Control and Measurement in High Temperature 

Environments 

GENERAL DESCRIPTION 
The AD7535 is a l4-bit monolithic CMOS D/A converter which 
uses laser trimmed thin-film resistors to achieve excellent 
linearity. 

Standard Chip Select and Memory Write logic is used to access 
the DAC. 

A novel low leakage configuration (patent pending) enables the 
AD7535 to exhibit excellent output leakage current characteristics 
over the specified temperature range. 

The device is fully protected against CMOS "latch up" phenomena 
and does not require the use of external Schottky diodes or the 
use of a FET Input op-amp. The AD7535 is manufactured 
using the Linear Compatible CMOS (LC2MOS) process. It is 
speed compatible with most microprocessors and accepts TTL 
or CMOS logic level inputs. 

REV. A 

LC2MOS 
fJ.p Compatible 14-Bit OAC 

A07535 I 
FUNCTIONAL BLOCK DIAGRAM 

DS13 D80 DGND Vss 

PRODUCT HIGHLIGHTS 
I. Guaranteed Monotonicity 

The AD7535 is guaranteed monotonic to l4-bits over the full 
temperature range for ail grades. 

2. Low Output Leakage 
By tying V ss (Pin 27) to a negative voltage, it is possible to 
achieve a low output leakage current at high temperatures: 

3. Microprocessor Compatibility 
High speed input control (TTLl5V CMOS compatible) allows 
direct interfacing to most of the popular 8-bit and l6-bit 
microprocessors. When interfacing to 8-bit processors CSMSB 
and CSLSB are separate and the 8-bit data bus is connected 
to both the MS Input Register and the LS Input Register. 
For straight l4-bit parallel loading CSMSB and CSLSB are 
tied together giving one chip select to load the l4-bit word. 
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AD7535-SPECIFICATIONS1 (VDD = +l1.4V to +15.752, VREF = +lOV;VPIN4 = VPIN5 = OV, Vss = -300mV 
All spacifications T min to T .... unlass otheiWise stated.)' . 

Panaetei .'. . J. A Venioaa . K.BVenioa • SVenioa 
. ;,' 

TVenioa Uaitl TeotCondidcmslCommuIl 

ACCURACY 
Resolution 14 14 14 14 Bits 
Relative AccUracy: :1:2 :1:1 :1:2 :1:1 LSBmax All pades gusranteed monotonic 
Di1l'erential NODlinOority :1:1 :1:1 :1:1 :1:1 LSBmax over temperature. 
FuDSc:alc1lrrw :1:8 :1:4 :1:8 ±4 LSBmax Measured usiDginternai Rn and 

includes effects ofJeakase 
current and gain T .C. 

Gsin Temperature Coeffic:icnt'; 
6Goin16Temperaturc :1:5 :1:2.5 :1:5 :1:2.5 ppml'Cmax Typical value iaO.SppmI'C 

Output Leakace Cwrent loUT (Pin4) 
+2S"C :1:5 :1:5 :1:5 :1:5 nAmax All digital inputsOV 
T ..... toT .... :1:10 :1:10 :1:20 :1:20 nAmax Vss= -300mV 
T ..... toT .... :1:25 ±2S :I: ISO :I: ISO nAmax Vss=OV 

REFEIlENCEINPUT 
Input resistance. pin I 3.5 3.5 3.5 3.5 kOmin Typical Input Resistsnce = 6kO 

10 10 10 10 kOmax 

DIGITAL INPUTS 
Vlk(Input HiIh Voltage) 2.4 2.4 2.4 2.4 V min 
VIL (Input Low Voltage) 0.8 0.8 0.8 0.8 V max 
lIN (Input Cwrent) 

+2S"C :1:1 :1:1 :1:1 :1:1 "A max VIN = OVorVoo 
TmintoTmu: :1:10 :1:10 :1:10 :1:10 ~max 

CIN (Input Capscitance)' 7 .7 7 7 pFmax 

POWER SUPPLY 
VooRsnJe 11.4/15.75 11.41IS.75 11.41IS.7S 11.41IS.7S V....,IV .... SpeciflClltion gusranteed over 
VssRsnJe -2001-S00 -200/-500 -200/-500 -2001-S00 mVminlmVmax thisraoge 
100 4 4 4 4 mAmax AU digitalinputs VIL or V/H 

SOO 500 500 SOO "A max AU digital inputsOV or Voo 

These characteristics are included for Design Guidance only and are not subject to test. 

AC PERFORMANCE CHARACTERISTICS ~~~!::~~:l::;.:e: :'~j=VPIN5=OV, Vss=OV OR -300mV, 

~ '.' TA=ZSOCTA=T_. T_ v • .- Test CoaditiODSiCommeats 
Output Current Sett1iug Time 1.5 - ... max To 0.003% of full scale range . 

loUT load = lOon. 
CUT = 13pF. DAC register alternately 
loaded with alii's and all O's. 
Typical value of Settling Time 
isO.8"s. 

Digital to AualogGlitch Im~ . SO - nV-sectyp Measured with VREF = OV.IOUT load 
= loon,CEXT= 13pF. DAC 
register alternately loaded with all 
I's and all O's. 

Multiplyina Feedtbrouah Error· 3 5 mVp-ptyp VREF= ± 10V, 10kHz sine wave 
DAC register loaded with all O's. 

Power Supply Rejection 
AGsUtJAVDD ±0.01 ±0.02 %per%mu AVDD=±S% 

Output Capacitance 
Cour(Pin4) 260 260 pFmu DAC register loaded with alii's 
Cour(Pin4) 130 130 pFmu DACregisterloaciedwithallO's 

Output No.iae Voltaae Deruity 
(10Hz-100kHz) 15 - nVviiZtyp Measured be_R .. and loUT 

NOTES 
'Temporoture range as foUows: J,KVersions: Oto +7O"C 

A,BVersions: -25"Cto +8S'C 
S, T Versions: - SS"C '0 + 12S"C 

'Specification .... JUlf8Dteedfor. VDDOf + I 1.4V to + IS.7SV. A,VDD = SV, ,he device is fully functional with degraded specifications. 
'Guaranteed by Product Assurance ratios. 
4Feedtbroush can be further redu<ed by COIlIle<Iinsthe metallidon the ceramic package to DGND. 
SpeciflClltions .ubject to chaaae without notice. 
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AD7535 

TIMING CHARACTERISTICS 1 NOlI = + It.4Vto + l5.15V, VREF = + lOY, VPII4=V_=DV, Vss=DV or -3OOmV 
All specifications T ... to Tmax unless otherwise slated. See Figure 1 for Timing Diagram.) 

Limitst 
Limit at TA=Oto +7O"C Limitst 

Parameter T A=2S"C T A = - 2S"C to + 8S"C T A= -SS·Cto +12S"C Units Test Collditions/Commellts 

t, 0 0 
t2 0 0 
t3 170 200 

4 170 200 
ts 140 160 
t,; 20 20 

NOTES 
'Temperature range as follows: IN, KNVersions: 

AQ,BQVersions: 
SQ, TQVersions: 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
(T A = 25°C unless otherwise stated) 
Voo (pin 26) to DGND . 
V ss (pin 27) to AGND . 
VREFS (pin 1) to AGND . 
VREFF (pin 2) to AGND 
VRFB (pin 3) to AGND . 
Digital Input Voltage (pins 8-25) to DGND 
VPlN4 to DGND ........ . 
AGND to DGND . . . . ... . 
Power Dissipation (Any Package) 
To +7SoC ..... . 
Derates above + 75°C . .. . . . 

CAUTION 

0 
0 
240 
240 
180 
30 

010 +70"C 
- 2S'C to + 8S'C 
- SS'C to + 12S'C 

. -O.3V, + 17V 

. -ISV, +0.3V 
±2SV 

.... ±2SV 

. ... ±2SV 
-O.3V, Voo 
-O.3V, Voo 
-O.3V,Voo 

. IOOOmW 
IOmWf'e 

nsmin CSMSB orCSLSB to WR Setup Time 
nsmin CSMSB or CSLSB to WR Hold Time 
nsmin LDAC Pulse Width 
nsmin Write Pulse Width 
nsmin Data Serup Time 
nsmin Data Hold Time 

Operating Temperature Range 
Commercial Plastic (J, K Versions) 
Industrial Ceramic (A, B Versions) 
Extended Ceramic (S, T Versions) 
Storage Temperature . . . . . . . 

Lead Temperature (Soldering, 10 secs) 

... 0 to +70oe 
- 2Soe to + 85°C 

- 55°C to + l2SoC 
- 65°C to + 150°C 
..... +300°C 

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

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

WARNING! 0 
~~EDEVICE 

REV. A 

ORDERING GUIDE 

Temperature Relative Full·Scale Package 
Model Range Accuracy Error Option· 

AD7S35]N O°Cto + 70°C ±2LSB ±8LSB N·28 
AD7S3SKN OOCto + 70°C ±ILSB ±4LSB N·28 
AD753S]P OOCto + 70°C ±2LSB ±8LSB P·28A 
AD7S3SKP O°Cto +700C ±ILSB ±4LSB P·28A 
AD7S3SAQ - 2Soe to + 8Soe ±2LSB ±8LSB Q.28 
AD7S35BQ - 25°C to + 85°C ±ILSB ±4LSB Q.28 
AD7S35SQ - 55°C to + l2SoC ±2LSB ±8LSB Q.28 
AD7S3STQ -SSOCto + l2SoC ±ILSB ±4LSB Q·28 
AD7S3SSE -SSOCto + l2SoC ±2LSB ±8LSB E·28A 
AD753STE - 55°C to + l2Soe ±ILSB ±4LSB E·28A 

*E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded Chip 
Carrier; Q = Cerdip. For outline information see Package Information section. 
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AD7535 
TERMINOLOGY 
RELATIVE ACCURACY 
Relative accuracy or end-point nonlinearity is a measure of 
the maximum deviation from a straight line passing through 
the end-points of the DAC transfer function. It is measured 
after adjusting for ~ error and full scale error and is normally 
expresaed in Least Significant Bits or as a percentage of full 
scale reading. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the measured 
change and the ideal lLSB change between any two adjacent 
codes. A specified differential nonlinearity of ± lLSB max 
over the operating temperature range ensures monotonicity. 

FULL-SCALE ERROR 
Full scale error or gain error is a measure of the output 
error between an ideal DAC and the actual device output. 
Full scale error is adjustable to zero with an external 
potentiometer. 

PIN CONFIGURATIONS 

DIP 

NC 

LCCC 

DIGITAL-TO-ANALOG GLITCH·IMPULSE 
The amount of charge injected from the digital inputs to the 
analog output when the inputs change state is called Digital-to
Analog Glitch Impulse. This is normally specified as the area 
of the glitch in either pA-sees or n V -sees depending upon 
whether the glitch is measured as a current or voltage. It is 
measured with VREF=AGND. 

OUTPUT <;APACITANCE 
This is the capacitance from lour to AGND. 

OUTPUT LEAKAGE CURRENT 
Output Leakage Current is current which appears at loUT 
with the DAC register loaded to all O's. 

MULTIPLYING FEEDTHROUGH ERROR 
This is the ac error due to capacitive feedthrough from V REF 
terminal to lOUT with DAC register loaded to all zeros. 

PLCC 

• 
v .. jJJJ~;J 

j f i :: J '" 1 > !;l 

DOND 7 

COo\S8I D813 • 

v .. 

illIIIQij 

AGNOS 5 

,AGNDF 6 

DGNO 7 

(MSI) DB13 8 

21 D80 fLSBI DB12 9 

D81 DB11 10 

0810 " 

4321282726 

lJ 

AD7535 
TOP VIEW 

lNot to Sule' 

12 '3 14 15 " 17 ,. 

DU 

D87 

NC-NOCONNECT i if ! i ili ~ il 
DU 
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Pin 

I 
2 

3 
4 
5 
6 

7 
8 
9 

10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 
27 

28 

REV. A 

Function 

VRBFS 
VRBFF 

RFB 
loUT 
AoNDS 
AoNDP 

DGND 
DB13 
DBI2 
DB11 
DBIO 
DB9 
DB8 
DB7 
DB6 
DBS 
DB4 
DB3 
DB2 
DBI 
DBO 
CSMSB 
LDAC 
CSLSB 
WR 

VDD 
Vss 

N.C. 

Pin Function Description-AD7535 
Description 

Voltage Reference sense pin 
Voltage Reference force pin. If a remote voltage reference is being used VRBFFand V REPS can be used in a Kelvin 
configuration to compensate for IR drop along the VREPline. See Figure 7. 
Feedback resistor. Used toelose the looparound anextema1 op-amp. 
Current Output Terminal. 
Analog ground sense line. Reference point for external circuitry. This pin should carry minima1 current. 
Analog ground force line; carries current from internal analog ground connections. AoNDpand AoNDS are tied 
together intemally. 
Digital Ground 
Data Bit 13. DAC MSB 
Data Bit 12 
Data Bit 11 
Data Bit 10 
Data Bit 9 
Data Bit 8 
Data Bit 7 
Data Bit 6 
Data Bit 5 
Data Bit 4 
Data Bit 3 
Data Bit 2 
Data Bit I 
Data BitO. DACLSB 
Chip Select Most Significant (MS) Byte. Active LOW input. 
Asynchronous Load DAC input. Active LOW. 
Chip Select Least Significant (LS) Byte. Active LOW input. 
Write input. Active LOW. 

CSMSi CED LDAC WR Operation 

0 I I 0 Load MS Input Register 

I 0 I 0 Load LS Input Register 

0 0 I 0 Load MS and LS Input Registers 

I I 0 X Load DAC Register from Input Registers 

0 0 0 0 All Registers are transparent 

I I I X No operation 

X X I I No operation 

NOTE X = Don'! Care 

+ 12Vto + ISV supply input 
Bias pin for High Temperature Low Leakage configuration. To implement low 1eakage system, the pin should 
be at a negative voltage. See Figure 4, 5, 6 or 7 for recommended circuitry. 
No connection 
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·AD7,535· 

NOTES 
1, AU INPUT StGNAL RISE AND FALL TIMES MEASURED FROM 

10% TO 90% OF +6V. l.-=t,=20nl. 

2. TIMING MEASUREMENT _ERENCE LEVEL IS ~ 
3. !f..I,DAC IS ACTIVATED PRIOR TO THE RISING EDGE OF 

WR. THEN IT MUST STAY LOW FOR t. OR LONGER AFTER Wii GOES HIGH. 

Figure 1. AD7535 Timing Diagram 

AGNDF 

Figure 2. Simplified Circuit Diagram for the AD7535 DIA Section 

CIRCUIT INFORMATION - D/A SEcrJON 
Figure 2 shows a simplified circuit diagram for the AD7S3S 
D/A section. The three MSB's of the 14-bit Data Word arc! 
dec:oded to drive the seven switches A-G. The 11 LSB's of the 
Data Word consist of an R-2R ladder operated in a current 
steering coofiguration. 

The R-2R ladder current is 1/8 of the total reference input 
current. 718 I flows in the para11elladder structure. Switches A
G steer equally weighted currents between looT and AmmP' 
Since the input resistance at V REF is constant, it may be driven 
by a voltage source or a current source of positive or negative 
polarity. . 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 3 shows an equivalent circuit for the analog section of 
the AD7S35 D/A converter. The current source ILIIAKAGB is 
c:omposed of surface and junction leakages. The resistor Ro 
denotes the equivalent output resistance of the DAC wbich 
varies with input code. Corn- is the capacitance due to the current 
steering switches and varies &om about 90pF to lBOpF (typical 
values) depending upon the digital input. a<VREF, N) is 
the Thevenin equivalent voltage generator due to the reference 
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Rl4 

g(V.EFoNI 

'----_----__ --AGNDS 

AGNDF 

Figure 3. AD7535 Equivalent Analog Output Circuit 

input voltage, VRBF, and the transfer function of the DAC 
ladder, N. 

CIRCUIT INFORMATION - DIGITAL SEcrJON 
The digital inputs are designed to be both TIL and SV CMOS 
c:ompatible. All logic inputs are static protected MOS gates with 
typical input currents of less than InA. Internal input protec:tion 
is achieved by an on-c:hip distributed diode &om DGND to 
each MOS gate. To minimize power supply currents, it is 
recommended that the digital input voltqes be driven as close 
as possible to 0 and SV logic levels. 
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UNIPOLAR BINARY OPERATION 
C2-QUADRANT MULTIPUCATION) 
Figure 4 shows the circuit diagram for unipolar binary operation. 
With an Be input, the circuit performs 2 quadrant multiplication. 
The code table for Figure 4 is given in Table I. 

Capacitor CI provides phase compensation and helps prevent 
overshoot and ringing when high speed op-amps are used. 

LDAC 

CSMSB 

Wii 
CSLSi 

INPUT 
DATA 

R4 
41kn 

L---'VIoI'v--o-'5V 

Figure 4. Unipolar Binary Operation 

Binary Number In 
DAC Register AnalogOntput, Vour 

MSB LSB 
II 1111 1111 1111 

10 0000 0000 0000 

00 0000 0000 0001 

00 0000 0000 0000 

-V (16383) 
IN 16384 

( 8192 ) 
-VIN 16384 

-VIN(I63~) 
OV 

= -l/2VIN 

Table I. Unipolar Binary Code Table for AD7535 

ZERO OFFSET AND GAIN ADJUSTMENT FOR 
FIGURE 4. 
Zero Offset Adjustment 

1. Load DAC register with all O's. 

2. Adjust offset of amplifier Al so that Vo is at a minimum 
(i.e. S30fl.V). 

G_ Adjustmeat 

1. Load DAC register with all I's. 

2 T · . RI tha V V (16383) 
• nm potentIOmeter so t 0= - IN (16384) 

In fixed reference applications, full scale can also be adjusted by 
omitting RI and R2 and trimming the reference voltage 
magnitude. 

REV. A 

Applying the AD7535 
For high temperature applications resistors and potentiometers 
should have a low Temperature Coefficient. In many applications, 
because of the excellent Gain T .C. and Gain Error specifications 
of the AD7S3S, Gain Error trimming is not necessary. 

BIPOLAR OPERATION 
("-QUADRANT MULTIPUCATION) 
The recommended circuit diagram for bipolar operation is shown 
in Figure S. Offset binary coding is used. 

With the DAC loaded to 10 0000 0000 0000, adjust RI for 
Vo=OV. Alternatively, one can omit RI and R2 and adjust the 
ratio of RS and R6 for Vo = OV. Full scale trimming can be 
accomplished by adjusting the amplitude of VIN or by varying 
the value of R7. 

Resistors RS, R6 and R7 should be ratio matched to 0.006%. 
Mismatch of RS and R6 causes both offset and full scale error. 
When operating over a wide temperature range, it is important 
that the resistors be of the same type so that their temperature 
coefficients match. 

A range of precision voltage dividers, manufactured by Vishay, 
offers a suitable solution to implementing the bipolar circuit 
described above. The resistor networks are TCR and Ratio 
Matched, giving excellent performance over temperature. 

The code table for Figure S is given in Table II. 

~~-~-------------, 

Figure 5. Bipolar Operation 

Binary Number in 
DACRegister 
MSB LSB 

11 1111 1111 1111 

10 0000 0000 0001 

10 0000 0000 0000 

01 1111 1111 1111 

00 0000 0000 0000 

AnaIos Ontput Vour 

+VIN(:~:~) 
+VIN(8I~2) 

OV 

-VIN(8I~2) 
-VIN(:::~) 

Table II. Bipolar Code Table for Offset Binary Circuit of 
Figure 5. 
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AD1535' 
GROUNDING TECHNIQUES 

Since the' AD1s~5 is s~ed for high accuracy it i~ imponant 
to use a proper groundlDg technique. The two AGND pins 
(AGNDF and AGNDS) provide flexibility in this respect. In 
Figure 4, the AD7535 is Connected with the signal ground for 
the load located clQSC to the DAC. Therds no pOssibility of a 
voltage drop along the signal ground due to track resistance. 

Voo 

VOLTAGE 
REFERENCE 

NOTE 

INPUT 
DATA 

AD7535 

CONTROL INPUTS OMITTED FOR CLARITV 

If the signal ground for the load is located at a distance from 
the DAC then the config1lI'lltion of Figure 6' should be used. A2 
compensates for the error due to IR voltage drop betw~ the 
DAC's interoa1 Analog ground and the load signal ground. 

Figure 7 shows a remote voltage reference driving the AD7535. 
Op-amps A2 and A3compensate for voltage drops along the 
reference input line and the analog ground line. 

C2 
4,7"F 

'-----+-<_-1 + 
R3 

lkll 

R4 
47kll '-""''''''--0 -15V 

ANALOG~ 
GROUND V 

I,· 
1---+-0 

Figure 6. Unipolar Binary Operation with Forced Ground for Remote Load 

~. 
•• 

VOLTAGE + 
REfER£NCE 

.. 
47kn 

~. ·1---N-O-TE-------4--·\"-.. -I--'+~,.F 
_....... PAC CONTROL INPUTS OMITTED FOR ClARITY 

GROUND 

Figure 7. Driving the AD7535 with a Remote Voltage 
Reference 
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ZERO OFFSET AND GAIN ADJUSTMENT FOR 
FIGURE 6 
Zero Offset Adjustment 
1. Load DAC register with all O's. 
2. Adjust offset of amplifier A2 for a minimum potential at 

AGNDS. This potential should be s30jl.V with respect to 
Signal Ground. Adjust offset of amplifier Al so that Vo is at 
a minimum (i.e. s30jl. V). 

Gain Adjustment 
1. Load DAC register with all I's • 

2 T · . RI tha V V (16383) 
. run potentiometer so t 0= - IN (16384) 
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LOW LEAKAGE CONFIGURATION 
For CMOS Multiplying D/A converters, as the device is operated 
at higher temperatures the output leakage current increases. For 
a 14-bit resolution system, this can be a significant source of 
error. The AD7S3S features a leakage reduction configuration 
(patent pending) to keep the leakage current low over an extended 
temperature fange. One may operate the device with or without 
this confJgll1'lltion. If V ss (pin 27) is tied to AGND then the DAC 
will exhibit normal output leakage current at high temperatures. 
To use the low leakage facility, V ss should be tied to a voltage 
of approximately -0.3V as in Figures 4, 5, 6 and 7. A simple 
resistor divider (R3, R4) produces approximately - 300mV from 
- I SV. The capacitor C2 in parallel with R3 is an integral part 
of the low leakage configuration and must be 4.7 .... F or greater. 
Figure 8 is a plot of leakage current versus temperature for both 
conditions. It clearly shows the improvement gained by using 
the low leakage configuration. 

OP·AMP SELECTION 
In choosing an amplifier to be used with the AD7S3S, three 
parameters are of prime importance. These are (I) Input Offaet 
Voltage (V os), (2) Input Bias Current (IB), (3) Offset Voltage 

60 

"i! 50 
I 

~40 
w 
0: 

!S 30 ... 
w 
~ 20 

~ 10 

o 

AD7535 
Drift (TC Vos). To maintain specified accuracy with VR\lF at 
10V, Vos must be less than 3O .... V while IB should be less than 
2nA. It is important that the amplifier Open Loop Gain, AVOL, 
be sufficiently large to keep Vos ::;;30 .... V for the full output 
voltage range. For a maximum output of 10V, AVOL must be 
greater than 340,000. 

The AD OP·07 series of op-amps have a very low Vos (2S .... V) 
and can be used as the output amplifier for the AD7S3S without 
any extema! adjustment of Offaet Voltage. In the Forced Ground 
configuration of Figure 6, one can uae an AD OP-07 for amplifier • 
A2. Settling time to 0.003% for the AD OP-07 is typically greater 
than SO .... s. 

For faster aettling time, one can uae the ADS44 series of op 
amps. Typically this aettles to 0.003% (l4-bits) in S .... s. Even 
faster aettling time can be achieved using the HA·2620 series of 
op-amps. 

For operation over a wide temperature range Offset Voltage 
Drift and Bias Current Drift are critical parameters. The OP·Z7 
and OP·37 aeries of op-amps exhibit extremely low Offaet Voltage 
Drift and the ADS44 has very low Bias Current Drift. 

Voo= +15V 

VREF = +10V 

30 40 50 6Q 70 80 90 100 110 120 
TEMPERATURE - 'C 

Figure 8. Graph of Typical Leakage Current vs Temperature for AD7535 
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AD 7535 
MICROPROCESSOR INTERFACING 
AD7535 - 8086A INTERFACE 
The versatility of tbe AD7535 loading structure allows interfacing 
to both 8- and 16-bit microprocessor systems. figure 9 sbows 
the 8086 16-bit processor interfacing to a single device. In .this 
setup the double buffering feature of the DAC is not used. 
AOO-ADI3 of thel6-bit data bus are connected to the DAC 
data bus (DBO-DBI3). The l4-birword is written to the DAC 
in one MOV instruction and the analog output responds im
mediately. In this example the DAC address is 0000. A software 
routine for Figure 9 is given in Table III. 

ALE 

808. 

Wiil----, 

ADO-A01S 

-LINEAR CIRCUITRY 
OMITTED FOR CLARITY 

AD7S3S' 

DATA BUS DBO-DBn 

AD. 

Figure 9. AD7535 - 8086 Interface Circuit 

ADDRESS BUS 

I oJ I,. 

ALE ~ 16·BIT LATCH II ADDRESS 
LCSI 

DECODE r .... CS4 cs. CS2 

w;; -----
-

ADO-AD15 DATA BUS 

L 

-LINEAR CIRCUITRV 
OMITTED FOR CLARITY 

'--

S 
CSMsa 

L. CSlsa 

iliAC 
w;; 

AD753S' 

DBO-DB13 

~ 

it: mm 
Cstii 

r- LDAC . 

~ 
w;; 

AD753S' 

D80-DB13 

~ 

-r: mm 
Cstii - iliAC 

=:::; w;; 
AD7S3S' 

080-0813 

In a multiple DAC system the double buffering of tile ADll3S 
allows the user to simultaneously update all DAC's. In Figure 
10, a l4-bit word is loaded to the Input Registers of eacb of the 
DACs in sequence. Tben, with one instruction to the appropriate 
address, CS4 (i.e. LDAC) is brought low, updating all the DACs 
simultaneously. 

Figure 10. AD7535 - 8086 Interface: Multiple DAC 
System 

00 8CC9 
02 8ED9 
04 BFOODO 
07 C705"YZWX" 
OB EAOOOO 
OE OOFF 

ASSUME DS: DACLOAD, CS : DACLOAD 
DACLOAD SEGMENT AT 000 

MOVCX,CS 
MOVDS,CX 
MOVDI, * DoOo 
MOV MEM,* YZWX" 

DEFINE DATA SEGMENT REGISTER EQUAL 
TO CODE SEGMENT REGISTER 
LOAD DI WITH DOOO 
DAC LOADED WITH WXYZ 
CONTROL IS RETURNED TO THE 
MONITOR PROGRAM 

Table III. Sample Program for Loading AD7535 from 8086 
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AD7535 - MC68000 INTERFACE 
Interfacing between the MC68000 and the AD7535 is accomplished 
using the circuit of Figure 11. The following routine writes data 
to the DAC input registers and then outputs the data via the 
DAC register. 

01000 MOVE.W ;oW,DO The ciesU'ed DAC data, W, i.loaded into 
Osta Register o. W may be any value 
between o and 16383 (decimal)orO 
and 3FFF (hexademical). 

MOVE.W DO,$EOOO The data W is uansferred between DO 
and the DACRegister. 

MOVE.B ;0 228,D7 Control is returned to the System 
Monitor Program using these two 

TRAP ;014 instructions. 

A1-A23 ADDRESS BUS S 
MC6S000 oJ I,. 

AS --rt ADDRESS L CSMSB DECODE r J L CSLSB 
DTACK 

I ~ 
LDAC 

~ 

RlW ./ 
WR 

AD753S* 

00-015 DATA BUS DBO-DB13 

I I ·UNEAR CIRCUITRY 

~ OMITTED FOR CLARITY 

Figure ". AD7535 - MC68000 Interface 

AD7535 - Z80 INTERFACE 
Though the AD7535 is primarily intended for use either with 
I6-bit microprocessors or in stand alone applications, it can also 
be interfaced to 8-bit processor systems. Figure 12 is an interface 
circuit for the Z80 microprocessor. 

AO-A15 ADDRESS BUS ) 
~ ~ 

J -:~:es l 
CSLSB - 1 CSMSB 

Z80 
i:6iC F 

Wii Wii 
AD7535* 

I DB8-DB13 

.... D7 DATABU$ a 
I D~DB7 

*UNEAR ClRCUITRV 
OMm'ED FOR CLARITY 

Figure 12. AD7535 - Z80 Interface 
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AD7535 
DIGITAL FEEDTHROUGH 
In the preceding interface configurations, most digital inputs to 
the AD7535 are directly connected to the microprocessor bus. 
Even when the device is not selected, these inputs will be constantly 
changing. The high frequency logic activity on the bus can feed 
through the DAC package capacitance to show up as noise on 
the analog output. To minimize this Digital Feedthrough isolate 
the DAC from the noise source. Figure 13 shows an interface 
circuit which physically isolates the DAC from the bus. One 
may also use other means, such as peripheral interface devices, 
to reduce the Digital Feedthrough. 

AO-A15 

MICROPROCESSOR 
SYSTEM 

Wiit-----~ 

00-015 

·UNEAR CIRCUITRY 
OMITTED FOR CLARITY 

18 BIT 
LATCH 

t-----t WR AD7535* 

DBO-DB13 
I----vt 

Figure 13. AD7535 Interface Circuit Using Latches to 
Minimize Digital Feedthrough 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
Full 4-Quadrant Multiplication without External 

Resistors 
All Grades 14-Bit Monotonic over the Full Temperature 

Range 
Low Output Leakage «20nA) over the Full 

Temperature Range 
Low Gain Temperature Coefficient, 2ppmfC 

APPLICATIONS 
Control and Measurement in High Temperature 

Environments 
Digital Audio 
Precision Servo Control 
All Microprocessor Based Control Systems 

GENERAL DESCRIPTION 
The AD7536 is a 14-bit monolithic CMOS D/A converter. The 
part is laser trimmed and specified as a dedicated bipolar DAC. 
The resistors needed for 4-quadrant mUltiplication are contained 
on the chip. Thus, the user requires only the AD7536, a voltage 
reference and two op-amps for bipolar operation. The AD7536 
has the same low leakage configuration (patent pending) as the 
other members of the 14-bit CMOS DAC family. The excellent 
output leakage current characteristics also ensure exceptional 
stability of linearity and gain error over the full temperature 
range. 

The device is speed compatible with most microprocessors and 
accepts TTL or 5V CMOS logic level inputs. There is standard 
Chip Select and Memory Write logic for easy interfacing. The 
AD7536 has full protection against CMOS "latch-up" phenomena 
and does not require the use of external Schottky diodes or the 
use of a FET Input op-amp. 

PIN CONFIGURATIONS 

DIP LCCC 

VON. 

LC2MOS 
14-Bit ILP Compatible OAC 

A07536 I 
FUNCTIONAL BLOCK DIAGRAM 

DB13 DBO DGND v" 

PRODUCT HIGHLIGHTS 
1. Bipolar Operation 

The AD7536 gives the user 4-Quadrant Multiplication without 
any external resistors. 

2. Guaranteed Monotonicity 
14-bit monotonicity is guaranteed over the full temperature 
range for all grades. 

3. Low Output Leakage 
The device has excellent output leakage current characteristics 
at all temperatures. 

PLCC 

f ~ j J J .; .} 
j J J J J J l 

a: ., 
v. 

• 3 2 , 28 27 26 0 Voo 

ViR 
AGNDS .) lJ ~25 ViR 

ViR 

CSLSB AONDF • 24 CS[8a CSISe 

LOAC DGND 7 23 LDAC AD7536 [fiiC 

AD7536 
22 CSMSB 

TOP VIEW CSMSB 
CSMSB (MSB) DB13 • TOP VIEW (NottaSelllel 

D812 • (Not to Scale) 21 DBO (LSB) DBO ILSBJ 
OBO (LSB) 

DB' 
DB11 10 20 DB1 DB" DB' 

0810 11 19 DB2 0810 DB' 
DB2 

""'-DB3 12 13 ,. 15 16 17 18 

DB4 iG i ! II! i8 :Ii iii 
" " " " " :; ill ! iI ~ :Ii !!l DBS Q " " " 

DBS 
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1 
AD7536-SPECIFICATIONS ~DD';=~T:l;7:~~~~~~i=OY'Vss=-3OOmY. 

I,A K,B 
~ Versicms Versicms SVenioa TVeniOD Uails TestCoacli1iODolCommenls 

ACCURACY 
Resolutioa 14 14 14 14 Bits ILSB = 2VR.,.I214 
Relative Accuracy ±2 ±I ±2 ±I LSBmax All grades guaranteed monotonic 
Differential Nonlinearity ±I ±I ±I ±I LSBmax over temperature. 
Gain Error ±16 ±8 ±16 ±8 LSBmax Measured usiDs internal RPR and 

includes effectsofleakage 
current and gain T.C. 

Offset Error ±4 ±4 ±4 ±4 LSBmax Error due to mismatch between RPR and 
offset resistor. It alao includes leakage 
current 10 loUT and is meaaured when 
DACisloaded with all O's. 

Gain Temperature Coefi'lcient', 
~GainJ~ Temperature ±5 ±5 ±5 ±5 ppml"Cmax Typical Value i. 2ppmf'C 

0fliIet Temperature Coefficient' 
~0ffsetI~ Temperature ±5 ±2.5 ±5 ±2.5 ppmf'Cmax TypicalValueis IppmI"C 

INPUT RESISTANCES 
VREP Input Resistance, Pin 2 3 3 3 kOmin Typical Input Resistance = 6kO 

13 13 13 13 Idlmax 
VINV Input Resistance, Pin 28 2 2 2 2 kOmin Typical Input Resistance = 4kO 

8 8 8 kOmax 

DIGITAL INPUTS 
Vm (Input High Voltage) 2.4 2.4 2.4 2.4 V min 
VrdInputLowVoItage) 0.8 0.8 0.8 0.8 V max 
lIN (Input Current) 

+25'C ±I ±I ±I ±I .. A max VIN=OVorVoo 
TmintoTIIlII:I: ±IO ±IO ±IO ±IO .,.A max 

CIN (Input Capacirance)' 7 7 7 7 pFmax 

POWER SUPPLY 
VooRange 11.4115.75 11.4/15.75 11.4115.75 11.4115.75 V.,;,/V_ Specification guaranteed over 
VssRange -200/-500 -200/-500 -200/-500 -200/-500 mV minlmV max this range. 
100 4 4 4 4 mAmax All digital inputs V rL or V m 

500 500 500 500 .,.A max All digital inputs OV or Voo 
Power Supply Rejection 
~GainI~Voo ±0.02 ±0.02 ±0.02 ±0.02 % per % max /INoo=Voomax-Voomin 

AC PERFO RMAN C E C HARACTER ISTI CS These characteristics are included for Design Guidance only and are not subject to test. 
(Voo = + 11.4Vto + 15.75V, VREF = + lOY, VP1N4 = VPfN5 = DV, Yss=DV DR -3DDmV.l 

Parameter 

Current Settling Time 1.5 

Digital-to-Analog Glitch Impulse 50 

Multiplying Peedthrough Error' 4 

Vaits 

J.LSmax 

nV-sectyp 

mVp-ptyp 

Test ConditionslComments 

To 0.003% offull scale range. 
louT load = 1000, 
CEXT = 13pP. DAC register alternately 
loaded withalll'sandallO's. 
Typical value of Settling Time 
is 0.8 .... 
Measured with VRRF= OV. loUT load 
= lOOO,GIlXT= 13pP. DAG 
register alternately loaded with all 
1'. and all 0' •• 
VRRF= ± 10V, 1kHz sine wave 
DAC register loaded with 10 0000 0000 0000 

Output Capacitance 
COUT(pin4) 260 260 
COUT(Pin4) 130 130 

Output Noiae Voltage Density 
(10Hz-100kHz) 50 

NOTES 
lTemperature range as follows: I,KVersions: Oto +7O'C 

A, B Versions: - 25'C to + 85'C 
S, TVersions: -55'Cto + IZ5'C 

pPmax 
pPmax 

nv/v'Hztyp 

DAG regi.ter loaded with all 1'. 
DAG register loaded with all O's 

Measured between RFB and lOUT 

2Specifications are suaranteed for a V DD of + IIAV to + 15.75V. At VDD = 5V, the device is fully functional with degraded specifications. 
'Guaranteed by Product Assurance testing. 
4Peedthrough can be further reduced by connecting the metal lid on the ceramic package to DGND. 
Specificatioas .ubject to change without notice. 
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AD7536 

TIMING CHARACTERISTICS (V ... = + l1.4V III + 15.75V, VREF = + 1 DV, VPIM = V_ = DV, Vss = DV or - 300mV 
All specifications TIIin III T ... unless othlllWise stated. See rlg\ll'81 for liming Diagram.) 

Parameter 

o 
o 
170 
170 
140 
20 

Limit at 
TA=Oto +7O"C 
TA = -250Cto +85"C 

o 
o 
200 
200 
160 
20 

Specifications subject to cbange without notice. 

Limit at 
TA = -55"Cto + 125°C Units 

o Dsmin 
o nsmin 
240 DSmin 
240 nsmin 
180 nsmin 
30 DSmin 

Test Conditions/Comments 

CSMSB orCSLSB to WR Setup Time 
CSMSB orCSLSB to WR Hold Time 
LDAC Pulse Width 
Write Pulse Width 
Data Setup Time 
Data Hold Time 

GAIN ERROR 

., -.l r -.j ""2 5V 

ANALOG OUTPUT , ..L 
/.-,.i. ~ ~~-------------------------

I I " '2 OV 

" I I: l.tl.J--- 5V 
L 1 ___ ( I Ii-. • .....J ov 

f ' -r- 5V 

LDAC I I I I L-J ov 
-J " I- ::I .. 1:: __ _ 

WR-U: Ll.. :~ 
~~~~5V DATA~~OV 

NOTES 

I 
DAC LOADED 
WITH ALLO'S 

" " ~ 
,~ 

-VREF' (~ ) ','---. 

," I 

" " 
" " " 

" ,', 
" , OFFSET ERROR 

':' 

~ 
DAC LOADED 
WITH ALL 1'S 

1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 
10% TO 90% OF +5V. t.=tf=20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS ~ OFFSET / 

" " '" 

3. IF LDAC IS ACTIVATED PRIOR TO THE RISING EDGE OF _ 

ERROR ~~ 

.1.. .. 
WR. THEN IT MUST STAV LOW FOR', OR LONGER AFTER WR GOES HIGH. 

T 
Figure 1. AD7536 Timing Diagram ANALOG OUTPUT 

Figure 2. AD7536 Transfer Function 

ORDERING GUIDE 

Temperature Relative Full Scale Package 
Model Range Accuracy Error Option· 
AD7S36JN O·Cto +70·C ±2LSB ±16LSB N-28 
AD7S36KN O·Cto +70·C ±ILSB ±8LSB N-28 
AD7S36JP OOCto +70·C ±2LSB ±16LSB P-28A 
AD7S36KP O·Cto +70·C ±lLSB ±8LSB P-28A 
AD7S36AQ -2S·Cto +8SOC ±2LSB ±16LSB Q-28 
AD7S36BQ -2S·Cto +8S·C ±lLSB ±8LSB Q-28 
AD7S36SQ - SS·C to + 12S·C ±2LSB ±16LSB Q-28 
AD7S36TQ - SS·C to + 12S·C ±lLSB ±8LSB Q-28 
AD7S36SE - SS·C to + 12S·C ±2LSB ±16LSB E-28A 
AD7S36TE - SS·C to + 12S·C ±lLSB ±8LSB E-28A 

*E ~ Lead1ess Ceramic Chip Carrier; N ~ Plastic DIP; P ~ Plastic Leaded Chip Carrier; 
Q = Cerdip;R = SOlC. For outline information see Package InformatioD section. 
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AD7536 
ABSOLUTE MAXIMUM RATINGS 
(T A = 25"C unless otherwise stated) 
Voo (pin 26) to DGND . 
Vss (pin 27) to AGND . 
VREF (pin 2) to AGND . 
V1NV (pin 28) to AGND . 
RINT (pin I) to AGND . 
RFB (pin 3) to AGND . . 
Digital Input Voltage (pins 8-25) to DGND 
VPlN4 to DGND ... ; ..... . 
AGND to DGND ....... . 
Power Dissipation (Any package) 
To +75°C .........•.. 

CAUTION 

. -0.3V, + 17V 

. -15V, +0.3V 
±25V 
±25V 
±25V 
±25V 

-0.3V, Voo 
-O.3V,Voo 
-0.3V, Voo 

. .. 10000W 

Derates above + 75°C . . . . . . . . . 
Operating Temperature Range 

Commercial Plastic G, K Versions) . 
Industrial Ceramic (A, B Versions) 
Extended Ceramic (S, T Versions) . 
Storage Temperature . . . . . . . . 

Lead Temperature (Soldering, 10 sees) 

10mWrC 

o to +70°C 
- 25°C to + 85°C 

- 55°C to + 125°C 
. - 65°C to + 150°C 
..... +300°C 

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

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

WARNING! G8 
~~EDEVICE 

TERMINOLOGY 

LEAST SIGNIFICANT BIT (LSB) 
This is the analog weighting of 1 bit of the digital word in a 

2VREF 
DAC. For the AD7536 ILSB = ~ 

RELATIVE ACCURACY 
Relative accuracy or end point nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
end-points of the DAC transfer function. It is measured after 
adjusting for both endpoints (i.e., Offset and Gain Error are 
adjusted out) and is normally expressed in Least Significant Bits 
or as a percentage of full scale range. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the measured 
change and the ideal ILSB change between any two adjacent 
codes. A specified differential nonlinearity of + 1 LSB max over 
the operating temperature range ensures monotonicity. 

GAIN ERROR 
Gain error is a measure of the output error between an ideal 
DAC and the actual device output with all one's loaded after 
offset error has been adjusted out. Gain error is adjustable to 
zero with an external potentiometer. 
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OFFSET ERROR 
Offset error is a measure of the mismatch between RFB and the 
internal offset resistor, RoFS. It also includes the leakage com
ponent from the DAC (see Figure 8). It is present for all codes 
and is expressed in Least Significant Bits. 

DIGIT AL·TO·ANALOG GLITCH IMPULSE 
The amount of charge injected from the digital inputs to the 
analog output when the inputs change state is called Digital-to-Ana
log Glitch Impulse. This is normally specified as the area of the 
glitch in either pA-secs or n V -sees depending upon whether the 
glitch is measured as a current or voltage. It is measured with 
VREF = AGND. 

OUTPUT CAPACITANCE 
This is the capacitance from lOUT to AGND. 

LEAKAGE CURRENT 
Leakage current flows into lOUT from the 14-bit DAC when all 
the DAC switches are off. It contributes to the Linearity, Gain 
and Offset error (see Figure 8). 

MULTIPLYING FEEDTHROUGH ERROR 
This is the ac error due to capacitive feedthrough from V REF 

terminal to lOUT with DAC register loaded with 
100000 0000 0000. 
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Pin 

2 
3 
4 
5 
6 

7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 
27 

28 

Function 

RINT 

VREF 
RFB 
lOUT 

AoNDS 
AGNDF 

DGND 
DB 13 
DBI2 
DBll 
DB 10 
DB9 
DB8 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DBI 
DBO 
CSMSB 
LDAC 
CSLSB 
WR 

VDD 
Vss 
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AD7536 
Description 

Contact point for internal resistors R I and R2 which perform the inverting function on V REF with external 
op-amp. See Figure 3. 
Reference input to the DAC. !tis internally connected to RoFS and Rl. See Figure 3. 
Feedback resistor. Used to close the loop around an external op-amp. 
Current Output Terminal. 
Analog ground sense line. Reference point for external circuitry. This pin should carry minimal current. 
Analog ground force line; carries current from internal analog ground connections. AGNDF and AGNDS are tied 
together internally. 
Digital Ground 
Data Bit 13. DACMSB 
Data Bit 12 
Data Bit II 
Data Bit 10 
Data Bit 9 
Data Bit 8 
Data Bit 7 
DataBit6 
Data Bit 5 
DataBit4 
Data Bit 3 
DataBit2 
Data Bit I 
Data Bit o. DAC LSB 
Chip Select Most Significant (MS) Byte. Active LOW input. 
Asynchronous Load DAC input. Active LOW. 
Chip Select Least Significant (LS) Byte. Active LOW input. 
Write input. Active LOW. 

CSMSB CSLSB LDAC WR Operation 

0 0 Load MS Input Register 

0 0 Load LS Input Register 

0 0 0 Load MS and LS Input Registers 

0 X Load DAC Register from Input Registers 

0 0 0 0 All Registers are transparent 

I I X No operation 

X X No operation 

NOTE X = Don't Care 

Power supply input. SpecificationsapplyforVDD = + 12V ±5%to + 15V ± 5%. 
Bias pin for High Temperature Low Leakage configuration. To implement low leakage system, the pin should 
be at a negative voltage. See Figure 5 or 6 for recommended circuitry. 
This pin must be connected to the output of the external inverting op-amp. See Figure 3. 

DIGITAL-TO-ANALOG CONVERTERS 2-483 

• 



AD7536 

R1 R2 R R R 

R R 

ROFS R/2' 

Figure 3. Simplified Circuit Diagram of the AD7536 
DIA Section Showing Connection of External Op-Amps 

CIRCUIT INFORMATION - D/A SECTION 
Figure 3 is a simplified circuit diagram of the AD7S36 D/A 
section and it also shows the external op-amp connection. The 
device is a 14-bit DAC with three extra resistors on chip for 
bipolar operation. It is configured so that the coding is Offset 
Binary. The 14-bit DAC consists of an R-2R ladder for the 
lower eleven bits (switches SO-lilO). The three MSB's are decoded 
to drive switches A-G sequentially. Each of these carries an 
equally weighted current which is also equal to the current in 
the R-2R ladder. RoFS has the same magnitude as RFB so that 
the output is offset by a constant - VREF• RI and R2 (together 
with external op-amp AI) invert VREF and apply it to the 14-bit 
DAC (V1NV). See Table I for complete Offset Binary Code 
Table. 

To eliminate any slight variations in analog ground potential 
with changing code, there are two analog ground pins. AGNDF 
sinks all the current flowing through the switches to ground 
while AGNDS is used as a reference point with minimal current 
flowing in it. Figure 3 shows A3 maintaining AGNDS at Signal 
Ground. The connection of AGNDS and AGNDF may be changed 
depending on required system accuracy and output drive re
quirements (see Figures 5 and 6). 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 4 shows an equivalent output circuit for the analog section 
of the AD7S36 D/A converter. The current source ILEAKAGE is 
composed of surface and junction leakages. The resistor RO 
denotes the equivalent output resistance of the DAC and associated 
resistors. This varies with input code. COUT is the capacitance 
due to the current steering switches and varies from about 
90pF to ISOpF (typical values) depending on the digital input. 
g(V REF, N) is the Thevenin equivalent voltage generator due 
to the reference input voltage, V REF, and the circuit transfer 
function, N. 
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R/2 

,JV\,.,.... ...... ----..... -f---o lOUT 

L-----__ -----------4-1~-oAGNDS 

AGNDF 

Figure 4. AD7536 Equivalent Analog Output Circuit 

CIRCUIT INFORMATION - DIGITAL SECTION 
The digital inputs are designed to be both TTL and SV CMOS 
compatible. All logic inputs are static protected MOS gates with 
typical input currents of less than InA. Internal input protection 
is achieved by an on-chip distributed diode from DGND to 
each MOS gate. To tninimize power supply currents, it is re
commended that the digital input voltages be driven as close as 
possible to 0 and SV logic levels. 
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R4 
47kll 

-15V 

Applying the AD7536 

Figure 5. AD7536 Operation 

BIPOLAR OPERATION 
(4-Quadrant Multiplication) 
Figure 5 shows the AD7S36 connected for bipolar operation. 
Specified accuracy is attained without the need for expensive 
closely matched external resistors. RI and R2 provide an optional 
gain adjustment and capacitor CI helps prevent overshoot and 
ringing when high-speed op-amps are used. The -300mV bias 
voltage for Vss is derived from R3, R4 and C2. Op-amp A3 
(Figure 3 and Figure 6) is omitted from Figure S. AGNDS and 
AGNDF are externally shorted to Signal Ground. 

Table I shows the Offset Binary Code Table obtained with the 
circuit of Figure S. It should be noted that the user can get a 
2's Complement transfer. function by inverting the MSB of the 
DACword. 

Binary Number in 
DAC Register 
MSB LSB 
11 1111 Illl Illl 

10 0000 0000 0001 

10 0000 0000 0000 

00 0000 0000 0001 

00 0000 0000 0000 

Analog Output VOUT 

+VIN(:~:~) 
+VIN(81~2) 

OV 

(8191) 
-VIN 8192 

(8192) -VIN 8192 = -VIN 

Table I. Offset Binary Code Table for AD7536 

REV. A 

OFFSET AND GAIN ADJUSTMENT FOR FIGURE 5. 
Offset Adjustment 
1. Adjust offset of amplifier A 1 so that potential at RINT is 

<IO",V with respect to Signal Ground. 
2. Load DAC register with 10 0000 0000 0000. 
3. Adjust offset of amplifier A2 until Vo =OV «IO",V). 

Gain Adjustment 
1. Load DAC register with all I's. 

2 T · . R2 tha V V (8191) . rnn potenuometer so t 0= + IN (8192) 

For high-temperature applications, resistors and potentiometers 
should have a low Temperature Coefficient. In many applications, 
because of the excellent Offset Error, Full Scale Error and Gain 
T.C. specifications of the AD7S36, trimming of the Offset and 
Gain is not necessary. 
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AD7536 

VDD 

AD7536 f 
T GND 

NOTE: 

R4 
47kll 

CONTROL INPUTS OMITTED FOR CLARITY 
-15V 

Figure 6. AD7536 Operation with Forced Ground 

GROUNDING CONSIDERATIONS 
In the circuits of Figures 5 and 6, with VREF = + lOY, ILSB 
has a value of 1.2mV. So, factors which are not important in 
less accurate systems must, in this case, be given careful consid
eration. Among these, the whole question of grounding is crucial. 
Voltage reference ground, the lOUT pin on the DAC, the nonin
verting pin of Al and SIGNAL GROUND must all be at the 
same potential. Note that in Figure 5, AGNDS and AGNDF 
are externally shorted and A3 is not used. Voltage drops due to 
bond wire resistance are not compensated for in this circuit. 
This means that an extra linearity error of less than 0.1 LSB is 
added to the DAC linearity error. If the user wishes to eliminate 
this extra error, then the circuit of Figure 6 should be used. 

Here, A3 is used to maintain AGNDS at Signal Ground potential. 
lOUT is also at Signal Ground potential. By using the Force, 
Sense technique all switch contacts on the DAC are at exactly 
the same potential and any error due to bond wire resistance is 
eliminated. If A3 is not a low offset voltage «lOO,...V) op-amp, 
it should be trimmed with a potentiometer until the voltage at 
AGNDS is <IO,...V with respect to SIGNAL GROUND. Figure 
7 shows how the circuit of Figure 5 might be be laid out. Gain 
trim components Rl and R2 have been omitted for clarity. Note 
how the input to V REF (pin 2) is shielded to reduce ac feed
through while the digital inputs are shielded to minimize digital 
feedthrough. 

v+ v-
I I 
: :_ PIN 1 AI 

-... ~: 
Y'N =:::::iE?~.-e::::;:+P!(-::' I 
Vss 

• • 
• • • • 

DGND 

LAYOUT IS FOR DOUBLE SIDED BOARD 
DOTTED LINE INDICATES TRACK ON 
COMPONENT SIDE 

Figure 7. Suggested Layout for AD7536 Circuit of Figure 5 
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-

AD7536 

I 
Vss i OV 

-~ 
~ 

IVss I 0.3~ 

I 
20 30 40 50 60 70 80 90 100 110 120 

TEMPERATURE - "C 

Figure 8. Typical Graph of Offset Error vs. Temperature 
With and Without Low Leakage Configuration 

LOW LEAKAGE CONFIGURATION 
Leakage current in CMOS D/A converters has two components. 
Current leaks from V DD into the lour line and is present at all 
DAC codes. There is also leakage across the off switches in the 
DAC. The polarity of this current depends on VINV and its 
magnitude is related to the code in the DAC register. At high 
temperatures (above 90°C) it is nortnal for the leakage current to 
increase dramatically. By its nature it will affect all critical dc 
parameters (Linearity Error, Gain Error and Offset Error). The 
AD7S36 features a leakage reduction configuration (patent pend
ing) to keep the leakage current low (typically <10nA) over an 
extended temperature range. This ensures that the DAC maintains 
its 25°C perfonnance very well at temperatures up to 125°C. 

The AD7S36 can be operated with or without the leakage reduction 
configuration. If Vss (pin 27) is tied to AGND, then the DAC 
will exhibit nortnal output leakage current at high temperatures. 
To use the low leakage facility, V ss should be tied to - O.3V as 
in Figures 5 and 6. The current taken by V ss is very low « IOJ.LA) 
allowing a sinIple resistor divider (R3, R4) to produce the required 
- 300mV from -ISV. The capacitor C2 in parallel with R3 is 
an integral part of the low leakage configuration and must be 
4.7 J.LF or greater. Figure 8 is a plot of Offset Error versus tem
perature for both conditions. It clearly shows the inIprovement 
when the low leakage configuration is used. 

OP-AMP SELECTION 
In choosing an amplifier to be used with the AD7S36, three 
parameters are of prime inIportance. These are: 

I. Input Offset Voltage (V os) 
2. Input Bias Current (Is) 
3. Offset Voltage Drift (TC Vos). 

To maintain specified accuracy with VREF at lOY, Al and A2 of 
Figures 5 and 6 must have Vos <IOOJ.LV and Is <IOnA. It is 
inIportant that the amplifier Open Loop Gain, AVOL, be sufficiently 
large to keep Vos <IOOJ.LV for the full output voltage range. 
For a maximum output of lOY, AVOL must be greater than 
100,000. 

In the Forced Ground configuration of Figure 6, one can use an 
AD OP-07 for amplifier A3, without any external adjustment 
for Vos. In low frequency or fixed reference applications where 
fast output settling time is not required, the AD OP-07 is also 
recommended for Al and A2. Because of its low Vos no external 
potentiometers are needed. For faster settling time, one can use 
the ADS44 series of op-amps. 

Offset Voltage Drift and Bias Current drift are critical parameters 
for operation over a wide temperature range. The AD OP-07, 
AD OP-27 and AD OP-37 all exhibit very low offset drift while 
the ADS44 has very low bias current drift. Table II summari2es 
the important specifications of the op-amps mentioned above. 

Input Offset Input Bias Offset Voltage Settling Time to 
Op-Amp Voltage (V os) Current (Ia) Drift (TC Vos) O.OO3%FS 

ADS44L S00J.LV 2SpA SJ.LVrC SJ.LS 
ADOP-07H 7SJ.LV 3nA O.6J.LVrC S0J.Lstyp 
ADOP-27CH lOOJ.LV 80nA O.6J.LVrC 6J.Lstyp 
ADOP-37CH lOOJ.LV 80nA O.6J.LVrC IJ.Lstyp 
HA-2620 4mV 3SnA 20J.LVrC O.8J.Lstyp 

Table II. Guide to Op-Amp Selection 
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AD7536 
NUCROPROCESSORINTERFACING 
AD7536 - 8086A INTERFACE 

ALE 

8086 

Wii/-----i 

AO~AD15 

*LlNEAR CIRCUITRY 
OMITTED FOR CLARITY 

AD7536 

DATA BUS DBO-DB13 

ADO 

The versatility of the AD7536 loading sturcture allows interfacing 
to both 8- and 16-bit microprocessor systems. Figure 9 shows 
the 8086 16-bit processor interfacing to a single device. In this 
circuit the double buffering feature of the DAC is not used. 
ADO-ADB of the 16-bit data bus are connected to the DAC 
data bus (DBO-DBB). The l4-bit word is written to the DAC 
in one MOV instruction and the analog output responds im
mediately. In this example the DAC address is 0000. A software 
routine for Figure 9 is given in Table III. In a multiple DAC 
system the double buffering of the AD7536 allows the user to 
simultaneously update all DAC's. In Figure 10, a 14-bit word is 
loaded to the Input Registers of each of the DACs in sequence. 
Then, with one instruction to the appropriate address, CS4 

Figure 9. A 07536 - 8086 Interface Circuit 

(Le., LDAC) is brought low, updating all the DACs 
simultaneously. 

00 8CC9 
02 8ED9 
04 BFOODO 
07 C705"YZWX" 
OB EAOOOO 
OE OOFF 

ADDRESS BUS S 
1 ...! ~ 

ALE -1 '.·",T LATCH I ADDRESS 
Lcs, 

CSMSB 
DECODE r L CSLSB .... i"" C54 CS • CS2 

LDAC 

Wii - Wii 
AD7536* 

DBO-DB13 

--,I 
r---

ADO-AD15 DATA BUS 

L t.: CSMii 
CSLSB -- LDAC 

=:; Wii 
AD7536* 

DBD-DB'3 
-LINEAR CIRCUITRY --,I OMITTED FOR CLARITY 

'-- t.: CSMSB 

CSLSii 

r---- LOAC 

C Wii 
AD7536* 

DBO-DB13 

Figure 10. A07536 - 8086 Interface: Multiple OAC System 

ASSUME DS: DACLOAD, CS : DACLOAD 
DACLOAD SEGMENT AT 000 

MOVCX,CS 
MOVDS,CX 
MOVDI, '*' 0000 
MOV MEM,,*, YZWX" 

DEFINE DATA SEGMENT REGISTER EQUAL 
TO CODE SEGMENT REGISTER 
LOAD DI WITH DOOO 
DACLOADEDWITHWXYZ 
CONTROL IS RETURNED TO THE 
MONITOR PROGRAM 

Table III. Sample Program for Loading AD7536 from 8086 
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AD7536 - MC68000 INTERFACE 
Interfacing between the MC68000 and the AD7536 is accomplished 
using the circuit of Figure II. The following routine writes data 
to the DAC input registers and then outputs the data via the 
DAC register. 

01000 MOVE.W #W,DO ThedesiredDACdata, W,is 
loaded into Data Register O. 
W may be any value between 0 
and 16383 (decimal) or o and 
3FFF (hexademical). 

MOVE.W DO,$EOOO The data W is transferred 
between DO and the DAC 
Register. 

MOVE.B #228,07 Control is returned to the System 
Monitor Program using these tow 

TRAP #14 instructions. 

Al-A23 ADDRESS BUS 

MC68000 ,J ~ 
AS 

J ADDRESS L CSMSB 

J 1 DECODE II ~ CSLSB 

DTACK 
I f""" lDAC ..-.. 

R!W ./ 
iiili 

AD7536* 

00-015 DATA BUS DBO-DB13 

I I *lINEAR CIRCUITRY 

~ OMITTED FOR CLARITY 

Figure 11. AD7536 - MC68000 Interface 

AD7536 - Z80 INTERFACE 
Though the AD7536 is ideally suited for use either with 16-bit 
microprocessors or in stand-alone applications, it can also be 
interfaced to 8-bit processor systems. Figure 12 is an interface 
circuit for the popular Z80 microprocessor. 

AO-A15 ADDRESS BUS 

~ ~ 
J CSlSB 

~~~~ES [ MREQ 

I CSMSB 
lao 

LDAC 

* iiili WR 
AD7S36* 

I DBB-DB13 

00-07 DATA BUS C 
I DBO-DB7 

-LINEAR CIRCUITRY 
OMITIEO FOR CLARITY 

Figure 12. AD7536 - 280 Interface 
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AD7536 
DIGITAL FEEDTHROUGH 
In the preceding interface configurations, most digital inputs to 
the AD7536 are directly connected to the microprocessor bus. 
Even when the device is not selected, these inputs will be constantly 
changing. The high frequency logic activity on the bus can feed 
through the DAC package capacitance to show up as noise on 
the analog output. To minimize this Digital Feedthrough isolate 
the DAC from the noise source. Figure 13 shows an interface 
circuit which physically isolates the DAC from the bus. One 
may also use other means, such as peripheral interface devices, • 
to reduce the Digital Feedthrough. 

AD-A15 

MICROPROCESSOR 
SYSTEM 

iiilil-------i 

00-015 

*LlNEAR CIRCUITRY 
OMlnED FOR CLARITY 

16BJT 
LATCH 

1---":"-1 iiili AD7536" 

OBO-DB13 

Figure 13. AD7536 Interface Circuit Using Latches to 
Minimize Digital Feedthrough 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Two 12-Bit DACs in One Package 
DAC Ladder.Resistance Matching: 0.5% 
Space Saving Skinny DIP and Surface Mount Packages 
4-Ouadrant Multiplication 
Low Gain Error (1LSB max Over Temperature) 
Byte Loading Structure 
Fast Interface Timing 

APPLICATIONS 
Automatic Test Equipment 
Programmable Filters 
Audio Applications 
Synchro Applications 
Process Control 

GENERAL DESCRIPTION 
The AD7537 contains two 12-bit current output DACs on one 
monolithic chip. A separate reference input is provided for each 
DAC. The dual DAC saves valuable board space, and the 
monolithic construction ensures excellent thermal tracking. Both 
DACs are guaranteed l2-bit monotonic over the full temperature 
range. 

The AD7537 has a 2-byte (8LSBs, 4MSBs) loading structure. It 
is designed for right-justified data format. The control signals 
for register loading are AO, AI, CS, WR and UPD. Data is 
loaded to the input registers when CS and WR are low. To 
transfer this data to the DAC registers, UPD must be taken low 
with WR. 

Added features on the AD7537 include an asynchronous CLR 
line which is very useful in calibration routines. When this is 
taken low, all registers are cleared. The double buffering of the 
data inputs allows simultaneous update of both DACs. Also, 
each DAC has a separate AGND line. This increases the device 
versatility; for instance one DAC may be operated with 
AGND biased while the other is connected in the standard 
configuration. 

The AD7537 is manufactured using the Linear Compatible 
CMOS (LC2MOS) process. It is speed compatible with most 
microprocessors and accepts TTL, 74HC and 5V CMOS logic 
level inputs. 

REV. A 

LC2MOS 
(8 + 4) Loading Oual12-Bit OAC 

A07537 I 
FUNCTIONAL BLOCK DIAGRAM 

Voo 

AD7537 

UPO 

Al 

RFBA 

AO 
VAEFA 

co V~. 

iNA IOUTB 

CLR 

DB7-DBO DGND 

PRODUCT HIGHLIGHTS 
I. DAC to DAC Matching: 

Since both DACs are fabricated on the same chip, precise 
matching and tracking is inherent. Many applications which 
are not practical using two discrete DACs are now possible. 
Typical matching: 0.5%. 

2. Small Package Size: 
The AD7537 is packaged in small 24-pin, 0.3" DIPs and in 
28-terminal surface mount packages. 

3. Wide Power Supply Tolerance: 
The device operates on a + 12V to + 15V VDD, with ± 10% 
tolerance on this nominal figure. All specifications are guaran
teed over this range. 
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AD7537 SPECIFICA'JIONS <YDD = +12V to +l5Y, ±10%, VREFA = VREFB :;::lOY; IDUTA = AaND = OY, 
- " loull = AaNDB = OV. All specifications Tm,• to TIIIU' unless otherwise specified.) 

Panmeter !,AVeniim. K,BVenioal L,CVenioao SVenion TVenion UVenion Ullih TestCcmditioaIiCommeats 

ACCURACY 
Resolution 12 12 12 12 12 12 Bits 
Relative Atcuracy ±I ±112 ± 112 ±I ±112 ±1/2 LSBmax 
Diffemltial Nonlineuity ±I ±I ±I ±I ±I ±I LSBmax AU gradeoguaranteed 

monotonic over temperature. 
Gain Error ±6 ±3 ±I ±6 ±3 ±2 LSBmax Measured using' RPIJA~ .RnB' 

80lh DAC regisler. loaded 
withaill's. 

Gain Temperature Coeft1cienr; 
.1Gainh1Temperalure ±S ±S ±S ±S ±S ±S ppml"Cmax Typical value 1. IppmI"C 

OulPUI Leaka&e CU ....... I 
loUT. 

+2S"C 10 10 10 10 10 10 nAmax DAC A Regisie!' loaded 
Tmin to Tmu. ISO ISO ISO 250 250 2SO nAmax widuUOs 

IOUT8 
+2S"C 10 10 10 10 10 10 nAmax DAC B Regisie!' loaded 
Tmin to Tmax ISO ISO ISO 250 250 250 nAma:< with aU Os 

REFERENCE INPUT 
Inpul RcsisIlDCe 9 9 9 9 9 9 kOmin TypicaUnpuIResislBllco = 14kn 

20 20 20 20 20 20 knmax ' 
VUFA, VREFB 

Input Resistance Match ±3 ±3 ±I ±3 ±3 ±I % max Typically ±O.S% 

DIGITAL INPUTS 
Vm(inpulHigh Vol_) 2.4 2.4 2.4 2.4 2.4 2.4 V min 
VldlnpulLowVol_) 0.8 0.8 0.8 0.8 0.8 0.8 Vrnax 
lIN (inpul Cur ... I) 

+2S"C ±I ±I ±I ±I ±I ±I j!Amax VtN=VOD 

TmintoTmu ±IO ±10 :tlO ±1O ±10 ±1O .... Amax 
CIN (inpul Capacil8llce'i' 10 10 10 10 10 10 pFmax 

POWER SUPPLY' 
VDD 10.8116.5 10.8/16.5 10.8/16.5 10.8/16.5 10.8116.5 10.8116.5 VminlVIIIlIlI 
IDD 2 2 2 2 2 2 mAmax 

AC PERFORMANCE CHARACTERISTICS 
These characlerislics are included for Design Guilance only and are not subject to test 
(YOD = + 12Yto + 15V; VREFA = VREFB = + lOY, laurA = AGNDA = OY,IOUIB = AGNDB = OY. DutputAmplifiersareAD644 except where slated.) 

Parameter T.= +25"C 

Output Current Settling Time 

Digil8l-Io-AnalogGlllch Impulse 

AC Feedlhrough' 
VRBFA to IouTA 
VREFBtoIouTB 

Power Supply Rejection 
~GainI~Vpp 

Output Capacitance 
CoUTA 
CoUTB 
CoUTA 
Cq!lID 

Channel-ro-Channellsolation 
VREFA toIoUTB 

VRSFB to IoVTA 

Digi!alCros.!alk 

OulPUI Noise Vol_ DensilY 
(10Hz-100kHz) 

Total Harmonic Distortion 

NOTES 

1.5 

-70 
-70 

+0.01 

70 
70 
140 
140 

-84 

-84 

25 

-82 

ITempcraturenllluafoUows: J,K,LVenioas: -4O"Cto +8SOC. 
A,B,CVenioos: -4O"Cto +8SOC. 
S, T, U VcnioDs: - SS"C to + 12S"C. 

zSampIc tatcd at 2S"C to easure c:ompliaoce. 
'PlUICIioaol .. VDD=5Vwitbdqradcd~. 
?in 12 (DGND)boc:cnmicDIPoois<oaoec!cdl.lid. 
SpecificatioasSllbjcaIDchaaacwithoutnotite. 
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-65 
-65 

+0.02 

70 
70 
140 
140 

Units 

.... smax 

nV-styp 

dB max 
dB max 

% per % max 

pFmax 
pFmax 
pFmax 
pFmax 

dBlyp 

dBlyp 

nV/v'Hilyp 

dBlYP 

Test Conditions/Comments 

To 0.01% offuU-.caIe ranse. lOUT load = lOOn,CEXT= 13pF. 
DACoulpuI measured from falling edge of WI. 
Typical Value of Settling Time is 0.81+8. 

Measured with VREFA = VREFB =OV. IOUTA.,IouTB 
load = lOOO,CEXT == 13pF. DAC registers altemately 
loaded with aU Os and aU Is. 

VREF/U VREFB = 20Vp-p 10kHz sinewave. 
DAC registers loaded with all Os. 

AVpp-Vppmax -Vppmin 

DAC A, DAC B loaded wilh all Os 

DAC A, DAC B loaded wilh allis 

VREFA. =20Vp-plOkHzsinewave, VREFB =OV. 
80th DACsloaded wilh allis. 
VREPB ==20Vp-pIOkHzsinewave, VREFA.=OV. 
Both DACsloaded wilh allis. 

Measured for II Code Transition of aliOs to aU Is. 
louTA,lovTB load = lOOO,CEXT = 13pF .. 

Measured between RFBA and IOL'TA or RFBB and IOUTB· 
Frequencyofmeasurementis 10Hz-100kHz. 

VIN = 6V rm., 1kHz. 80th DACsloaded wilh allis. 



AD7537 

TIMING CHARACTERISTICS (VOD = lO.8Vto l6.5V. VIlEFA = VIIEFB = + lOY. _ = AGNOA = OY.1oom = AGNOB = OV). 

Limit at 
Limit at Limit at TA-55OC 

Parameter T A=+25OC T A= -4O"Cto +85oC to + 125°C Units Test Conditions/Comments 

tl 15 15 
t2 15 15 
t3 60 80 
to. 25 25 
ts 0 0 
l(; 0 0 
t7 80 80 
t8 80 80 

NOTE 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
(T A = 25"C unless otherwise stated) 

VootoDGND .......... . 
VREFA, VREFB to AGNDA, AGNDB 
VRFBA, VRFBB to AGNDA, AGNDB 
Digital Input Voltage to DGND .. . 
louTA' VOUTB to DGND ...... . 
AGNDA,AGNDB00 DGND 
Power Dissipation (Any Package) 

To +7S"C 
Derates above + 75°C . . . . . 

30 
25 
80 
25 
0 
0 
100 
100 

-O.3V, +17V 
.... ±25V 
.... ±2SV 

-O.3V, Voo +O.3V 
-O.3V, Voo +O.3V 
-O.3V, Voo +O.3V 

450mW 
6mWI"C 

1::="----1 1-":1 
AD-A' ~ I I 'f,i,rTV.rT~rTJ'Z77,/j,77'/i,77V"''i;:'T.'i;:rT2rrz; : 

I~"-+-"::::I 
DATA V/m)//j//ffj//J//C I )(/,1I-r1V77'//."''//.rT'i;:''''(777!''''(''''7!''''''//.~I':~ 

cs.UP5 ("1 i":1 : 
r-"-j Wii ------.... '----1'-------- 5V 

ffiR----------------------------~~; 
NOTES 
1. All INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 

90% OF +6V. t.=t,=20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS ~ 

Figure 1. Timing Diagram for AD7537 

CAUTION 

nsmin Address Valid to Write Setup Time 
nsmin Address Valid to Write Hold Time 
nsmin Data Setup Time 
nsmin Data Hold Time 
nsmin Chip Select or Update to Write Setup Time 
nsmin Chip Select or Update to Write Hold Time 
nsmin Write Pulse Width 
nsmin Clear Pulse Width 

Operating Temperature Range 
Commercial Plastic (J, K, L Versions) 
Industrial Hermetic (A, B, C Versions) . 
ExtendedHermetic(S, T, UVersions) 
Soorage Temperature . . . . . . . . . . 

Lead Temperature (Soldering, IOsecs) ., 

-4O"C to + 8S"C 
-40°C to + 8SoC 
- 5SoC to + 125°C 

-65°C to + ISO°C 
. . . .. + 300"C 

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

ORDERING GUIDEl 

Temperature Relative Gain Package 
Model' Range Aec:uracy Error Option' 

AD7537JN -4O"Cto + 85°C ±lLSB ±6LSB N·24 
AD7537KN -4O"Cto + 85°C ± 112LSB ±3LSB N-24 
AD7537LN - 4O"C to + 85°C ±1I2LSB ±lLSB - N-24 
AD7537JP -40°Cto +85"C ±lLSB ±6LSB P-28A 
AD7537KP -40"Cto + 85°C ±1I2LSB ±3LSB P-28A 
AD7537LP -40°Cto +85"C ±1/2LSB ±lLSB P-28A 
AD7537AQ - 4O"C to + 85°C ±lLSB ±6LSB Q-24 
AD7537BQ -40"Cto + 85°C ±1/2LSB ±3LSB Q-24 
AD7537CQ - 4O"C to + 85"C ± 112LSB ±lLSB Q-24 
AD7537SQ - 55°C to +125°C ±lLSB ±6LSB Q-24 
AD7537TQ - WC to + 125°C ±1/2LSB ±3LSB Q-24 
AD7537UQ - 55"C to + 125°C ±1/2LSB ±2LSB Q-24 
AD7537SE - 55"C to + 125°C ±lLSB ±6LSB E-28A 
AD7537TE - 55"C to +125"C ±1/2LSB ±3LSB E-28A 
AD7537UE - 55"C to + 125°C ±1/2LSB ±2LSB E-28A 

NOTES 
I Analog Devices reserves the right [0 ship ceramic packages (D-24A) in lieu of cerdip 
package, (Q·24). 

lTo order MIL-STD-883, Class B processed parts, addi883B to part number. 
Conmct your local sales office for military data sheet. 

lE = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded Chip Carrier; 
Q = Cerdip. For outline information see Package Information section. 

ESD (electrostatic discharge) senSitive device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! ~ 

~~EDEVICE 
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AD7537 

DIP 

PIN CONf'iGURATIONS 

PLCC 

• a §. 
JH n jJ 

Vq •• ~ II v ..... 

CI~ .. V~ 

D: F. AD7537 " ... 
TO'VIEW .. NC ... ~ INotto .... 1 

" ... 
aoWi 

:~ T. ", 
12 " ," 15'117,. 

He • 

oa, • 

LCCC 

.. , Z 12127" 

l.i 

AD7537 
TOP VIEW 

INIIt 10 Sc."1 21 Wii .. "'" 
~:::~::::;:~~" At 

1213,.,5" n 11 

npn= 
NC • NO CONNECT 

PIN FUNCTION DESCRIPTION (DIP) CIRCUIT INFORMATION - D/A SECTION 

PIN MNEMONIC DI!SClUPTION 

1 AGNDA 
2 IoIJTA 

3 RFBA 
4 VREFA 
5 CS 

6-14 DBo-DB7 
12 DGND 
IS AO 
16 Al 
17 CLR 
18 WR 
19 UPD 
20 VDD 

21 VREFB 

22 RF8B 
23 I01JTB 
24 AGNDB 

inl ti'PD ~ 

I X 
0 X X 

0 

0 

0 

0 

0 

0 0 

NOTE: X == Don'tcare 

Ana10g Ground for DAC A. 
Current output terminalofDAC A. 
Feedback resistor for DAC A. 
Reference input to DAC A. 
Chip Select Input. Active low. 
Eight data inputs, DBo-DB7. 
Digital Ground. 
Address Line O. 
Address Line I. 
C1ear Input. Active low. Clears all registers. 
Write Input. Active low. 
Updates DAC Registers from inpilts registers. 
Power supply input. Nominally + 12Vto + ISV, 
with ± 100to1erance. 
Reference input to DAC B. 
Feedback resistor for DACB. 
CurrentoutputterminalofDACB. 
Ana10g Ground for DAC B. 

WI: Al AO FUNCTION 

X X X No Data Transfer 
X X No Data Transfer 

X X X All Registers Cleared 
0 0 0 DAC A LS Input Register 

Loaded with DB7-DBO(LSB) 
0 0 DAC A MS Input Register 

Loaded with DB3(MSB)-DBO 
0 0 DAC B LS Input Register 

Loaded with DB7-DBO(LSB) 
0 DAC B MS Input Register 

Loaded with DB3(MSB)-DBO 
0 X X DAC A, DAC B Registers 

Updated Simultaneously from 
Input Registers 

0 X X DAC A, DAC B Registers are 
Transparent 

Table I. AD7537 Truth Table 
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The AD7537 contains two identical 12-bit multiplying D/A 
converters. Each DAC consists of a highly stable R-2R ladder 
and 12 N-channel current steering switches. Figure 2 shows a 
simplified D/A circuit for DAC A. In the R-2R ladder, binary 
weighted currents are steered between lOlITA and AGNDA. The 
current flowing in each ladder leg is constant, irrespective of 
switch state. The feedback resistor RFBA is used with an op amp 
(see Figures 4 and 5) to convert the current flowing in lOlITA to 
a voltage output. 

2R 2R 2R 2R 

811 510 80 

R 

L-+-... ......,H~S--.... -4-+ ... --o IOUTA 

~-~~;~--~-~----oAGNDA 

Figure 2. Simplified Circuit Diagram for DAC A 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 3 shows the equivalent circuit for one of the DI A converters 
(DAC A) in the AD7537. A similar equivalent circuit can be 
drawn for DAC B. 

ColIT is the output capacitance due to the N -channel switches 
and varies from about 50pF to 150pF with digital input code. 
The current source lUG is composed of surface and junction 
leakages and approximately doubles every IO·C. Ro is the equi-
valent output resistance of the device which varies with input 
code. 

DIGITAL CIRCUIT INFORMATION 
The digital inputs are designed to be both TTL and 5V CMOS 
compatible. All logic inputs are static protected MOS gates with 
typical input currents of less than InA. 
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..-------. ..... -+--..... -oIOUTA 

R 

o-4--4----4---4--~_oAGNOA 

Figure 3. Equivalent Analog Circuit for DAC A 

UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 
Figure 4 shows the circuit diagram for unipolar binary operation. 
With an ac input, the circuit performs 2-quadrant multiplication. 
The code table for Figure 4 is given in Table II. 

Operational amplifiers Al and A2 can be in a single package 
(AD644, AD712) or separate packages (AD544, AD71I, 
AD OP-27). Capacitors CI and C2 provide phase compensation 
to help prevent overshoot and ringing when high-speed op amps 
are used. 

For zero offset adjustment, the appropriate DAC register is 
loaded with all Os and amplifier offset adjusted so that VOUTA or 
VOUTH is OV. Full-scale trimming is accomplished by loading 
the DAC register with all Is and adjusting RI (R3) so that 

VOD VINA 

·CONTROL CIRCUITRY OMmED FOR CLARITY 

Figure 4. AD7537 Unipolar Binary Operation 

BiDary Number in 
DAC Reaister 
MSB LSB 

1111 1111 1111 

1000 0000 0000 

0000 0000 0001 

0000 0000 0000 

ABalos Output, 
VaurA or VOtrI'B 

-VIN(:) 

-VIN(=) = -1I2VIN 

-VIN(~) 
OV 

Table II. Unipolar Binary Code Table for Circuit of 
Figure 4 

REV. A 

Applications-AD7537 ] 
VOUTA (VOUTB) = - V IN (4095/40%). For high temperature 
operation, resistors and potentiometers should have a low Tem
perature Coefficient. In many applications, because of the excellent 
Gain T.C. and Gain Error specifications of the AD7537, Gain 
Error trimming is not necessary. In fIXed reference applications, 
full scale can also be adjusted by omitting RI, R2, R3, R4 and 
trimming the reference voltage magnitude. 

BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 
The recommended circuit diagram for bipolar operation is shown 
in Figure 5. Offset binary coding is used. 

With the appropriate DAC register loaded to 1000 0000 0000, 
adjust RI (R3) so that VOUTA (VOUTH) = OV. Alternatively, RI, 
R2 (R3, R4) may be omitted and the ratios of R6, R7 (R9, 10) 
varied for VOUTA (VOUTH) = OV. Full-scale trimming can be 
accomplished by adjusting the amplitude ofVIN or by varying 
the value of R5 (RS). 

If RI, R2 (R3, R4) are not used, then resistors R5, R6, R7 (R8, 
R9, RIO) should be ratio matched to 0.01% to ensure gain error 
performance to the data sheet specification. When operating 
over a wide temperature range, it is important that the resistors 
be of the same type so that their temperature coefficients match. 

The code table for Figure 5 is given in Table III. 

·CONTROL ClRCUITRV OMITTED FOR CLAIRITY 

.. 
20kU 

Figure 5. Bipolar Operation (Offset Binary Coding) 

BiDary Number in 
DAC Re&ister ABalOS Output, 
MSB LSB VOvrA or VOtrI'B 

1111 llli 1111 (2047) +VIN 2048 

1000 0000 0001 +VIN(2~) 
1000 0000 0000 OV 

om IllI nn -VIN(2~) 
0000 0000 0000 -VIN(~~) = -VIN 

Table III. Bipolar Code Table for Offset Binary Circuit 
of Figure 5 
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VOUT •• : 

VOUTI= +5V 
to +1OV 

Figure 6. AD7537 DACs Used in Different Modes 

SEPARATE AGND PINS 
The DACs in the AD7537 have separate AGND lines taken to 
pins AGNDA and AGNDB on the package. This increases the 
applications versatility of the part. Figure 6 is an example of 
this. DAC A is connected in standard fashion as a programmable 
attenuator. AGNDA is at ground potential. DAC B is operating 
with AGND B biased to + 5V by the AD584. This gives an 
outpUt range of + 5V to + IOV. 

PROGRAMMABLE OSCILLATOR 
Figure 7 shows a conventional state-variable oscillator in which 
the AD7537 controls the programmable integrators. The frequency 
of oscillation is given by: 

FREQUENCY 
SELECT CODE L-__ -, 

R4 
200II0 

f = J... "' / R6. I 
2w \f R5 ~C'I~'C~2"~R~E-Q~I"R'~-2-

where REQI and RBQ2 are the equivalent resistances of the DACs. 
The same digital code is loaded into both DACs. If CI = C2 
and R5 = R6, the expression reduces to 

. 2"' RLAD • 
Smce R~ = N ,(RLAD = DAC ladder reSIStance). 

f - J....! y' (N/2")2 
- 2w C RLADl • RLAD2 

D 

= 2w . C yRLADl' RLAD2 
D = (in) 

I D 
= 2w . C • RLAD..ym 

where m is the DAC ladder resistance mismatch ratio, typically 
1.005. 

With the values shown in Figure 7, the output frequency varies 
from OHz to 1.38kHz. The amplitude of the output signal at the 
A3 output is IOV peak-to-peak and is constant over the entire 
frequency span. 

AS 
10kn 

NOTE 10kO 
DAC CONTlIOL INPUTS OMmED FOR eLARITY 

Figure 7. Programmable State Variable Oscillator 
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APPLICA110N HINTS 
0uIpat 08'Iet: CMOS DlA converters in clrc:uiu such IS 

Fipra 4 and 5 abibit a code dependent output rcsistaoa: 
wbic:h in tum can callie a code dependent error voIuae at the 
output of the amplifier. The lIIIIlIimum amplitude of this error, 
wbic:h adds to the D/A converter DODIinearity, depeoda on Vos, 
where Vas is the amplifier input oftSet voIuae. To mainuin 
spec:ified. operation; it is recommended that Vos be no p'Cllter 

than (25 x lrxvRBP) over the temperature raqc: of operation. 
Suitable op amps are the AD711C and iu dual vcraion, the 
AD712C. These op amps have a wide blmdwidth and biah slcw 
rate and are recOJII!neruted for wide bandwidth ac applications. 
AD71l1AD712 settling time to 0.01% is typically 3 ..... 

Tempentule Coe8icieDta: The pin temperature coeftkient of 
the AD7537 bas a muimum value of 5ppmI"C and typic:al value 
of Ippm1"C. This c:onesponda to worst case pin shifts of 2LSBs 
and 0.4LSBs rapec:tively over a l00"C temperature raqc:. Wheo 
trim resistors Rl (R3) and R2 CR4) are used to adjuat fuIlllCllc 
raqc: IS in F'J81Ue 4, the temperature coeftkient of Rl (R3) and 
R2 CR4) should aIao be taken into account. For further information 
see "Gain Error and Gain Temperature CoefticieDt of CMOS 
Multiplying DACs", Application Note, Publication Number 
E63Ck:-5-3186 available from Analog Devices. 

HIah Freqaaey Couiderado .. : AD7537 output capacitaoa: 
works in conjunction with the amplifier feedback rcsistaoa: to 
add a pole to the open loop response. This can callie ringiug or 
oacillation. Stability can be restored by adc:Iina a phase compen
sation capacitor in parallel with the feedback resistor. This is 
shown IS Cl and C2 in Fipra 4 and 5. 

FeecIduoaah: The dyoamic: performaoce of the AD7537 depeoda 
upon the pin and phase atability of the output amplifier, together 
with the optimum choice of PC board layout and decoupling 
componenu. A II1JIII"Sled printed clrc:uit layout for Fipre 4 is 
shown in Fipre I which rniDirn;us feedthrough from VRBPA, 
V IUIJIII to the output in multiplyins applic:ations. 

PIN AD712 

1. AD7537 

"'~ __ VOUTB 

AGND ____ -11"10 

VIN. 

0 0 
0 0 LAYOUT IS FOR DOUBLE 

0 0 SIDE BOARD. FULL UNE 
INDICATES TRACK ON 

0 0 COMPONENT SIDE. 

0 0 
0 0 
0 0 

Figure 8. Suggested Layout for AD7537 

MICROPROCESSOR INTERFACING 
The byte loading structure of the AD7537 makes it very easy to 
interface the device to 80y I-bit microprocessor system. Figures 
9 and 10 show two interfaces: one for the MC6809 80d the 

REV. A 

AD7537 
other for the MC68008. Fipre 11 shows bow 80 AD7537 system 
can be easily expaoded by tyins all me UPD lines together and 
usins a single decoder output to control these. This expaoded 
system is shown usins a Z80 microprocessor but it is just IS 

easily configured usins 80y other 8-bit microprocessor system. 
Note how the system shown in Fipre 11 produces 4 aoaIog 
outpuu with a minimum amooot of hardware. 

Viii 

DO-D7 

AO-A1& 

RJW 1-----'<1 0---.......... 
DO-D7 

Figure 9. AD7537 - MC6809 Interface 

A1-A23 

MC88008 

AS 1---"" 

ii'i'ACK ~-------, 

RJWr-----,-~~----~ 
iii I-----,L-.-' 

DO-D7 DATA BUS 

-LINEAR CIRCUITRY OMITTED 
FOR CLARITY 

DBO-DB7 

Figure 10. AD7537 - MC68008 Interface 

CS 
jjpjj 

AD7537· 
Viii 

DBO-DB7 

-LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 11. Expanded AD7537 System 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
All Grades 14-Bit Monotonic over the Full Temperature 

Range 
Low Cost 14-Bit Upgrade for 12-Bit Systems 
14-Bit Parallel Load with Double Buffered Inputs 
Small 24-Pin, 0.3" DIP and SOIC 
Low Output Leakage I <20nA) over the Full 

Temperature Range 

APPLICATIONS 
Microprocessor Based Control Systems 
Digital Audio 
Precision Servo Control 
Control and Measurement in High Temperature 

Environments 

GENERAL DESCRIPTION 
The AD7538 is a l4-bit monolithic CMOS D/A converter which 
uses laser trimmed thin-film resistors to achieve excellent 
linearity. 

The DAC is loaded by a single l4-bit wide word using standard 
Chip Select and Memoty Write Logic. Double buffering, which 
is optional using LDAC, allows simultaneous update in a system 
containing multiple AD7538s. 

A novel low leakage configuration (U.S. Patent No. 4,590,456) 
enables the AD7538 to exhibit excellent output leakage current 
characteristics over the specified temperature range. 

The AD7538 is manufactured using the Linear Compatible 
CMOS (LC2MOS) process. It is speed compatible with most 
microprocessors and accepts TTL or CMOS logic level inputs. 

REV. A 

LC2MOS 
p.P-Compatible 14-Bit DAC 

AD7538 I 
FUNCTIONAL BLOCK DIAGRAM 

VDD 

OBI3-0BO OGNO V .. 

PRODUCT HlGIU.IGHTS 
1. Guaranteed Monotonicity 

The AD7538 is guaranteed monotonic to l4-bits over the full 
temperature range for all grades. 

2. Low Cost 
The AD7538, with its l4-bit dynamic range, affords a low 
cost solution for l2-bit system upgrades. 

3. Small Package Size 
The AD7538 is packaged in a small 24-pin, 0.3" DIP and a 
24-pin SOIC. 

4. Low Output Leakage 
By tying V ss (Pin 24) to a negative voltage, it is possible to 
achieve a low output leakage current at high temperatures. 

5. Wide Power Supply Tolerance 
The device operates on a + 12 to + l5V VDD, with a ± 5% 
tolerance on this nominal figure. All specifications are guaran
teed over this range. 
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AD7538 SPECIFIC.'JIONS (VDD = + 11.4V to +15.75V2, VREF = +10V; VP1N3 = VPIIM = OV, 
... .,,- ." Vss = -300mV. All specifications Tml" to T .... unless otherwise stated.) 

I,K. A,B ........ Veniou VersiOns SVenion TVenion Vllill Teot~CommeaII 
ACCURACY 

ReooIutioD 14 14 14 14 Bits 
RelaIift Accwacy. . 
Differentiol N...w...riiy 

:!:2 :!:1 :!:2 :!:1 LSBmax All grades guaranteed monotODic: 
±1 :!:1 ±1 :!:1 LSBmax OYertempenitute. 

Full-Sc:aIe Error Measured usiDsintcrna1 R .. 
+2S,,(; :!:4 :!:4 :!:4 :!:4 LSBmax DAC registenloaded with 
Tmm-T_ :!:8 :!:5 ±IO :!:6 LSBmax aU Is. 

Gain Temperalllre Coefficient'; 
.1Gain1.1Temperalllre :!:2 :!:2 :!:2 :!:2 ppmi"Cryp 

OulpUtLeabseCutrent loUT (Pin 3) 
+2S,,(; :!:S :!:S :!:S :!:S nAmax All disitalinpulSOV 
TlllliD,toT_ ;t.l.0 ±lO ±20 ±20 nAmax Vss= -3OOmV 
TllliDtoT .... ±2S ±2S :!:ISO ±150 nAmax Vss=OV 

REFERIlNCEINPIIT 
InputResistsnce, Pin I 3.5 3.5 3.5 3.5 kflmin Typical Input ResiStance = 6kfI 

10 10 10 10 kflmax 

DIGITAL INPUTS 
VIH (Input High Vol.) 2.4 2.4 2.4 2.4 V min 
V,dlnputLowVoI.) 0.8 0.8 0.8 0.8 V max 
lIN (Input Current) 

+25"(; ±I ±I ±I ±I p.Amax VIN=OVorVoo 
TmjptoT_ ±IO :t:10 ±IO :tIO p.Amax 

CIN (Input Capacitance)' 7 7 7 7 pFmax 

POWER SUPPLY 
VooRanal: 11.4115.75 11.4115.75 11.4/15.75 11.4115.75 Vrmrl'lmu. Specification guaranteedovcr 
VssRanal: -2001-500 -2001-500 -200/-500 -2001-500 mV minlmV max this range 
100 4 4 4 4 mAmax AU dijptal inpUts V 'L or V IH 

500 500 500 500 p.Amax AUdisitalinpulSOVorVoo 

These characlBristics are included for Design Guidance only and are nat subject to tast 

AC PERFORMANCE CHARACTERISTICS ~:;~~:~~~7::;~~r=v_=ov,Vss=OVOR -3OOmV, 

Parameter T A=2SOCTA=T .... , T .... UDits Test CoaditioaslComments 

OutpUt Current Settling Time 1.5 - ,..smax To 0.003% of full-scale range. 
loUT load = 1000, 
CEXT = 13pF. DAC register aIterilately 
loaded with allis and all Os. 
Typical value ofSetlling Time 
isO.S,..s. 

Digital to Analog Glitch Impulse 20 - nV-sectyp Measured with VRBF = OV. loUT load 
= lOOO,CEXT= 13pF. DAC 
register alternately loaded with all 
Is and all Os. 

Multiplying Feedthrough Error 3 S mVp-ptyp VREF = :!: lOY, 10kHz sine wave 
DAC register loaded with all Os. 

Power Supply Rej.ection 
aGain/aVoo ±0.01 ±0.02 % per % max aVOD=±S% 

OutpUt Capacitance 
CoUT(Pin3) 260 260 pFmax DAC register loaded with allis 
CoUT(Pin3) 130 130 pFmax DAC register loaded with all Os 

OutpUt Noise Voltage Density 
(10Hz-100kHz) IS - nVvlIztyp Measured between RFB and loUT 

NOTES 
'TemperaturerangessfoUows: J, K Versions: Oto + 7O"C 

A, B Versions: - 25"(; to + 8S'C 
S,TVersions: -SSOCto+12S,,(; 

2Specifications are guaranteed for a VoDof + 1l.4Vto + IS.7SV. AtVDD = SV, tbedevice isfuUy functional withdegrad.clspeeificatinns. 
'Sample tested to ensure compliance. 

Specifications subject to change without notice. 
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AD7538 

TIMING CHARACTERISTICS1 (VIII= + 11.4Vto + l5.75V, vlIEF = + lOY, V_=V_=OY, Vss=OY or -3OIImV 
All specificatiolls Tm to T_ unless otheIwisa sIaIIId. See fllUrI 1 for limilg Diagram.) 

Limit at 
Limit at TA=Oto +7O"C Limit at 

Parameter TA=25"C TA= -25"Cto +85"C TA= -55"Cto + 125°C Unita Test CoaditioulCommenta 

II 0 0 
12 0 0 
I, 170 200 
4 170 200 
Is 140 160 
to 20 20 

NOTES 
ITemperature range as follows: J, K Versions: 

A, B Versions: 
S, TVersions: 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 2S·C unless otherwise stated) 
VDD (Pin 23) to DGND . 
Vss (Pin 24) to AGND 
VREF (Pin I) to AGND . 
VRFB (Pin 2) to AGND . 
Digital Input Voltage (Pins 6-22) 

toDGND ... 
V PIN3 to DGND . . . . . . . . . 
AGND to DGND . . . . . . . . 
Power Dissipation (Any Package) 

To +7S·C ..... . 
Derates above + 7S·C . . . . . 

0 
0 
240 
240 
180 
30 

Oto +70"C 
- 25"C to + 85"C 
- 55"C to + 125"C 

-O.3V, +17V 
-ISV, +O.3V 

±2SV 
. ... ±2SV 

-O.3V, VDD +O.3V 
-O.3V, VDD +O.3V 
-O.3V, VDD +O.3V 

. lOOOmW 
IOmW;oC 

nsmin CS to WR Selup Time 
nsmin CS 10 WR Hold Time 
nsmin LOAC Pulse Width 
nsmin Write Pulse Width 
nsmin Data Setup Time 
nsmin Data Hold Time 

Operating Temperature Range 
Commercial (J, K versions) 
Industrial (A, B versions) 
Extended (S, T versions) . 
Storage Temperature . . . 

Lead Temperature (Soldering, IOsec) 

... 0 to +70·C 
- 2S·C to + 8S·C 

- SS·C to + 12S·C 
-6S·C to + lS0·C 
..... +300·C 

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

CAUTION ______________________________________________ ___ 

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

WARNING! d 
~~Ef)EVICE 

t, t2 

---' '- -t t-- I I 11,..... ___________ 5V 

PIN CONFIGURATION 

DIP, SOIC 

cs --'\...!L....---i,-II , ov : ~.3 ____ 
~AC---~I--~-----~I I 

I 

--t .. -

5V 
ov 

Wii ~ 1 ____________ 5V 

!------{ ov 

:~ .. ~ 
DATA~~ff~:~ 

NOTES 
1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURES FROM 10% TO 

90% OF +5V. ",=,,=20no. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS V,. ; VIL 

3. 11 LDAC IS ACTIVATED PRIOR TO THE RISING EDGE OF WR, 
THEN IT MUST STAY LOW FOR '3 or LONGER AFTER WR GOES HIGH. 

Figure 1. AD7538 Timing Diagram 
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• V .. 

Voo 

Wii 

cs 
iliAC 

AD7538 DBO ILSB) 
TOP VIEW 

INot '0 Scalal DB1 

DB2 

DB3 

DB4 

DB5 

DB6 
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AD7538 
TERMINOLOGY 
RELATIVE ACCURACY DIGITAL-TO-ANALOG GLITCH IMPULSE 
Relative accuracy or ~nd-point nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
end-points of the DAC transfer function. It is measured after 
adjusting for zero error and full-scale error and is normally 
expressed in Least SignifiCant Bits or as a percentage of full-scale 
reading. 

The amount of charge injected from the digital inputs to the 
analog output when the inputs change state is called Digital-to-Ana
log Glitch Impulse. This is normally specified as the area of the 
glitch in either pA-secs or n V -sees depending upon whether the 
glitch is measured as a current or voltage. It is measured with 
VREF = AGND. 

DIFFERENTIAL NONLINEARITY OUTPUT CAPACITANCE 
This is the capacitance from lOUT to AGND. 

OUTPUT LEAKAGE CURRENT 

Differential nonlinearity is the difference between the measured 
change and the ideal ILSB change between any two adjacent 
codes. A specified differential nonlinearity of ± ILSB max over 
the opc;rating temperature range ensures monotonicity. Output Leakage Current is current which appears at lOUT with 

the DAC register loaded to all Os. 
GAIN ERROR 

MULTIPLYING FEEDTHROUGH ERROR Gain error is a measure of the output error between an ideal 
DAC and the actual device output. It is measured with all Is in 
the DAC after offset error has been adjusted out and is expressed 
in Least Significant Bits. Gain error is adjustable to zero with 

This is the ac error due to capacitive feedthrough from V REF 

terminal to lOUT with DAC register loaded to all zeros. 

an external potentiometer. 

ORDERING GUIDE 

Temperature Relative Full-Scale Package 
Model Range Accuracy Error Option* 

AD7538JN O°Cto + 70°C ±2LSB ±8LSB N-24 
AD7538KN O°Cto + 70°C ±ILSB ±4LSB N-24 
AD7538JR O°Cto + 70°C ±2LSB ±8LSB R-24 
AD7538KR O°Cto + 70°C ±ILSB ±4LSB R-24 
AD7538AQ - 25°C to + 85°C ±2LSB ±8LSB Q-24 
AD7538BQ - 250C to + 85°C ±ILSB ±4LSB Q-24 
AD7538SQ - 55°C to + 125°C ±2LSB ±8LSB Q-24 
AD7538TQ - 55°C to + 125°C ±ILSB ±4LSB Q-24 

*N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see Package 
Information section. 

PIN FUNCTION DESCRIPTION 

PIN 

1 
2 
3 
4 
5 

6-19 
20 
21 
22 

23 
24 

MNEMONIC 

VREF 

RFB 
lOUT 

AGND 
DGND 
DB 1 3-DBO 
LDAC 
CS 
WR 

VDD 

Vss 

DESCRIPTION 

Voltage Reference. 
Feedback resistor. Used to close the loop around an external op amp. 
Current Output Terminal. 
Analog Ground 
Digital Ground 
Data Inputs. Bit 13 (MSB) to Bit 0 (LSB). 
Chip Select input. Active LOW. 
Xsynchronous Load DAC input. Active LOW. 
Write input. Active LOW. 

~ LDAC WIl OPERATION 

0 1 0 Load Input Register. 
1 0 X Load DAC Register from Input Register. 
0 0 0 Input and DAC Registers are transparent 
1 I X No operation. 
X I 1 No operation. 

NOTE: X = Don'tCare. 

+ 12V to + 15V supply input. 
Bias pin for High Temperature Low Leakage configuration. To implement low leakage system, 
the pin should be at a negative voltage. See Figures 4 and 5 for recommended circuitry. 
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D/ASECTION 
Figure 2 shows a simplified circuit diagram for the AD7538 
D/A section. The three MSBs of the 14-bit Data Word ,are 
decoded to drive the seven switches A-G. The II LSBs of the 
Data Word consist of an R-2R ladder operated in a current 
steering configuration. 

CIRCUIT INFORMATION 

2R 2R 2R 2R 2R 2R 2R 

R 

AD7538 
The R-2R ladder current is 118 of the total reference input 
current. 7/8 I flows in the parallel ladder structure. Switches 
A-G steer equally weighted currents between lOUT and AGND. 

Since the input resistance at VREF is constant, it may be driven 
by a voltage source or a current source of positive or negative 
polarity. 

R R 

2R 2R 2R 2R 

Ri4 

L--*--*_ __ --4-__ --4-----__ ----~~~--------*-----oAGND 

Figure 2. Simplified Circuit Diagram for the AD7538 DIA 
Section 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 3 shows an equivalent circuit for the analog section of 
the AD7538 D/A converter. The current source lLEAKAGE is 
composed of surface and junction leakages. The resistor Ro 
denotes the equivalent output resistance of the DAC which 
varies with input code. COUT is the capacitance due to the current 
steering switches and varies from about 90pF to 180pF (typical 
values) depending upon the digital input. g(V REF, N) is 
the Thevenin equivalent voltage generator due to the reference 
input voltage, VREF, and the transfer function of the DAC 
ladder, N. 

R/4 

r-""" ........... --------............ ---oIOUT 

L-----~----------*_---oAGND 

Figure 3. AD7538 Equivalent Analog Output Circuit 

DIGITAL SECTION 
The digital inputs are designed to be both TTL and 5V CMOS 
compatible. All logic inputs are static protected MOS gates with 
typical input currents of less than InA. To minimize power 
supply currents, it is recommended that the digital input voltages 
be driven as close as possible to 0 and 5V logic levels. 

UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 
Figure 4 shows the circuit diagram for unipolar binary operation. 
With an ac input, the circuit performs 2 quadrant multiplication. 
The code table for Figure 4 is given in Table I. 

Capacitor CI provides phase compensation and helps prevent 
overshoot and Tinging when high-speed op amps are used. 

REV. A 

R4 
47kH 

L---....,../V--o() -15V 

Figure 4. Unipolar Binary Operation 

Binary Number In 
DAC Register 

MSB LSB 
11 1111 1111 1111 

10 0000 0000 0000 

00 0000 0000 0001 

00 0000 0000 0000 

Analog Output, VOUT 

-VING~~:!) 
-VIN(I~~~) = -1I2VIN 

-VIN(163~4) 
OV 

Table I. Unipolar Binary Code Table for AD7538 
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AD7538 
For zero offset adjustment, the DAC register is loaded with all 
Os and amplifier offset (Vos) adjusted so that Vour is OV. Adjusting 
VOlrr to OV is not necessary in many applications, but it is 
recommended that Vos be no greater than (25 x I~ (VREF) to 
maintain specified DAC accuracy (see Applications Hints). 

Full-scale trimming is accomplished by loading the DAC register 
with all Is and adjustingRI so that VOUTA = -VIN(16383/16384). 
For high temperature operatimi, resistors and potentiometers 
should have a low Temperature Coefficient. In many applications, 
because of the excellent Gain T.C. and Gain Error specifications 
of the AD7538, Gain Error trimming is not necessary. In fixed 
reference applications, full scale can also be adjusted by omitting 
RI and R2 and trimming the reference voltage magnitude. 

BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 
The recommended circuit diagram for bipolar operation is shown 
in Figure 5. Offset binary coding is used. The code table for 
Figure 5 is given in Table II. 

With the DAC loaded to 10 0000 0000 0000, adjust RI for 
Vo=OV. Alternatively, one can omit RI and R2 and adjust the 
ratio of R5 and R6 for Vo=OV. Full-scale trimming can be 
accomplished by adjusting the amplitude of VIN or by varying 
the value of R7. 

The values given for RI, R2 are the minimum necessary to 
calibrate the system for resistors, R5, R6, R7 ratio matched to 
0.1%. System linearity error is independent of resistor ratio 
matching and is affected by DAC linearity error only. 

When operating over a wide temperature range, it is important 
that the resistors be of the same type so that their temperature 
coefficients match. 

For further information see "CMOS DAC Application Guide", 
3rd Edition, Publication Number G872b-8-1/89 available from 
Analog Devices. 

v.~--~------------------------, 

Figure 5. Bipolar Operation 

LOW LEAKAGE CONFIGURATION 
For CMOS Multiplying D/A converters, as the device is operated 
at higher temperatures, the output leakage current increases. 
For a 14-bit resolution system, this can be a significant source 
of error. The AD7S38 features a leakage reduction configuration 
(U.S. Patent No. 4,590,456) to keep the leakage current low 
over an extended temperature range. One may operate the device 
with or without this configuration. If V 55 (Pin 24) is tied to 
AGND then ihe DAC will exhibit normal output leakage current 
at high temperatures. To use the low leakage facility, Vss should 
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Binary Number in 
DAC Register 
MSB LSB 

II 1111 1111 1111 

10 0000 0000 0001 

10 0000 0000 0000 

01 1111 1111 1111 

00 0000 0000 0000 

Analog Output V OUT 

+VIN(:~~n 
+VIN(81~2) 

OV 

-VIN(8I~2) 
- VIN(:~~~) 

Table II. Bipolar Code Table for Offset Binary Circuit of 
Figure 5. 

be tied to a voltage of approximately -0.3V as in Figures 4 and 
S. A simple resistor divider (R3, R4) produces approximately 
- 300m V from - 15V. The capacitor C2 in parallel with R3 is 
an integral part of the low leakage configuration and must be 
4.7j1.F or greater. Figure 6 is a plot of leakage current versus 

. temperature for both conditions. It clearly shows the improvement 
gained by using the low leakage configuration. 

60 

~ 50 
I 

\;;40 
w 
II: 

~ 30 

" w r: 

VDD = +16V 

VREF = +10Y 

30 40 50 60 70 80 90' 100 110 120 
TEMPERATURE - ·c 

Figure 6. Graph of Typical Leakage Current vs. 
Temperature for AD7538 

PROGRAMMABLE GAIN AMPLIFIER 
The circuit shown in Figure 7 provides a programmable gain 
amplifier (PGA). In it the DAC behaves as a programmable 
resistance and thus allows the circuit gain to be digitally 
controlled. 

R'B 
V ,N Q-.J\IVIo-_---; 

DIGITAL 
INPUT 

>--------..... -oVOUT 

'RESISTOR R'B IS ACTUALLY 
INCLUDED ON THE DICE 

Figure 7. Programmable Gain Amplifier (PGA) 
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The transfer function of Figure 7 is: 

Gain = VOUT = REQ 
VIN - RFS 

(1) 

REQ is the equivalent transfer impedance of the DAC from the 
V REF pin to the lOUT pin and can be expressed as 

2"RIN 
REQ = """1ir (2) 

Where: n is the resolution of the DAC 

N is the DAC input code in decimal 

RIN is the constant input impedance of the 
DAC (R1N = RLAD) 

Substituting this expression into Equation I and assuming zero 
gain error for the DAC (RIN = RFB) the transfer function simplifies 
to 

(3) 

The ratio N/2n is commonly represented by the term D and, as 
such, is the fractional representation of the digital input word. 

VOUT -2"-1 
VIN = - N = D (4) 

Equation 4 indicates that the gain of the circuit can be varied 
from 16,384 down to unity (actually 16,384/16,383) in 16,383 
steps. The all Os code is never applied. This avoids an open-loop 
condition thereby saturating the amplifier. With the aliOs code 
excluded there remains 2n - I possible input codes allowing a 
choice of 2n - I output levels. In dB terms the dynamic range is 

VOUT 
20 10glO VIN = 20 10glO (2n - I) = 84dB. 

APPLICATION HINTS 
Output Offset: CMOS D/A converters in circuits such as Figures 
4 and 5 exhibit a code dependent output resistance which in 
turn can cause a code dependent error voltage at the output of 
the amplifier. The maximum amplitude of this error, which 
adds to the D/A converter nonlinearity, depends on Vos, where 
Vos is the amplifier input offset voltage. To maintain specified 
accuracy with VREF at lOY, it is recommended that Vos be no 
greater than 0.25mV, or (25 x l~) (VREF), over the temperature 
range of operation. The AD711 is a suitable op amp. The op 
amp has a wide bandwidth and high slew rate and is recommended 
for ac and other applications requiring fast settling. 

General Ground Management: Since the AD7538 is specified 
for high accuracy, it is important to use a proper grounding 
technique. AC or transient voltages between AGND and DGND 
can cause noise injection into the analog output. The simplest 
method of ensuring that voltages at AGND and DGND are 
equal is to tie AGND and DGND together at the AD7538. In 
more complex systems where the AGND and DGND intertie is 
on the backplane, it is recommended that two diodes be connected 
in inverse parallel between the AD7538 AGND and DGND 
pins (lN914 or equivalent). 
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AD7538 
MICROPROCESSOR INTERFACING 
The AD7538 is designed for easy interfacing to 16-bit micropro
cessors and can be treated as a memory mapped peripheral. 
This reduces the amount of external logic needed for interfacing 
to a minimal. 

AD7538-8086 INTERFACE 
Figure 8 shows the 8086 processor interface to a single device. 
In this setup the double buffering feature (using LDAC) of the 
DAC is not used. The 14-bit word is written to the DAC in one 
MOV instruction and the analog output responds immediately. 

.... 

*LlNEAR CIRCUITRY 
OMITTED FOR CLARITY 

Figure 8. AD7538 - 8086 Interface Circuit 

In a multiple DAC system the double buffering of the AD7538 
allows the user to simulatenously update all DACs. In Figure 9, 
a 14-bit word is loaded to the Input Registers of each of the 
DACs in sequence. Then, with one instruction to the appropriate 
address, CS4 (i.e., LDAC) is brought low, updating all the 
DACs simultaneoulsy. 

ADDRESS BUS ) 
~~ 

ALE H 16-81T LATCH l ADDRESS 
CSI es 

DECODE 

"86 C54 CS3 CS2 
UiAc 

Wfit---- ... 
~ 

AD753S-

DBG-DB13 

ADO-AD15 
t---

DATA BUS 

L t---' es 

r-- CDAC 

t=; ... 
AD753S-

D80-D813 
"LINEAR CIRCUITRY 
OMITTED FOR CLARITY r-' 

'--- r- es 

r- WAc 

t:::::; ... 
AD753S· 

DBG-0813 

------. 

Figure 9. AD7538 - 8086 Interface: Multiple DAC 
System 
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AD7538 
AD7S38-MC68000 INTERFACE 
Figure 10 shows the MC68000 processor interface to a single 
device. In this setup the double buffering feature of the DAC is 
not used and the appropriate data is written into the DAC in 
one MOVE instruction. 

A1-A23 ADDRESS BUS ) 
MC68000 .,I I,. 

Ali I--r-1. ADDRESS cs 
DECODE J 1 

~ f"" blACK LDAe 

RiiiI )----- "" 
AD7538* 

00_015 DATA8US DBO-DB13 

II -LINEAR CIRCUITRY 

~ OMITTED FOR CLARITY 

Figure 10. AD7538 - MC68000 Interface 
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DIGITAL FEEDTHROUGH 
The digital inputs to the AD7S38 are directly connected to the 
microprocessor bus in the preceding interface configurations. 
These inputs will be constantly changing even when the device 
is not selected. The high frequency logic activity on the bus can 
feed through the DAC package capacitance to show up as noise 
on the analog output. To minimize this Digital Feedthrough 
isolate the DAC from the noise source. Figure 11 shows an 
interface circuit which uses this technique. All data inputs are 
latched from the bus by the CS signal. One may also use other 
means, such as peripheral interface devices, to reduce the Digital 
Feedthrough. 

AO-A15 

MICROPROCESSOR 
SYSTEM 

""~-----I 

-LINEAR CtRCUITRY 
OMITTED FOR ClARITY 

AD7538* 

,.-----6--., cs 

1681T 
LATCH 

f-----vf 
DBO-DB13 

Figure ". AD7538 Interface Circuit Using Latches to 
Minimize Digital Feedthrough 
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~ANALOG 
WDEVICES 

FEATURES 
Improved Version of AD7541 
Full Four Quadrant Multiplication 
12-Bit Linearity lEnd-Point I 
All Parts Guaranteed Monotonic 
TTL/CMOS Compatible 
Low Cost 
Protection Schottky Not Required 
Low Logic Input Leakage 

GENERAL DESCRIPTION 
The Analog Devices' AD7541A is a low cost, high performance 
12-bit monolithic multiplying digital to analog converter. It is 
fabricated using advanced, low noise, thin film on CMOS tech
nology and is available in a standard 18-pin DIP and in 20-terminal 
surface mount packages. 

The AD7541A is functionally and pin compatible with the industry 
standard AD7541 device and offers improved specifications and 
performance. The improved design ensures that the device is 
latch-up free so no output Schottky protection diodes are 
required. 

This new device uses laser wafer trimming to provide full 12-bit 
end-point linearity with several new high performance grades. 

PRODUCT HIGHLIGHTS 
Compatability: The AD7541A can be used as a direct replacement 
for any AD7541-type device. As with the Analog Devices AD7541, 
the digital inputs are TTL/CMOS compatible and have been 
designed to have a ± IfIA maximum input current requirement 
so as not to load the driving circuitry. 

CMOS 12-Bit 
Monolithic Multiplying OAC 

A07541A I 
FUNCTIONAL BLOCK DIAGRAM 

L--+~~~re----~re-------ooUT2 

L;..---<lh---..... ...;....-----40...;....-<~--_o OUT1 

I I 
I I 
o 0 

BIT 1 (MSB) BIT 2 

DIGITAL INPUTS (OTL/TTL/CMOS COMPATIBLE) 
Logic: A switch is closed to loun for 

its digital input in a "HIGH" state. 

RFEEDBACK 

Improvements: The AD7541A offers the following improved 
specifications over the AD7541: 

1. Gain Error for all grades has been reduced with premium 
grade versions haviug a maximum gain error of ±3LSB. 

2. Gain Error temperature coefficient has been reduced to 2ppml 
°C typical and 5ppmFC maximum. 

3. Digital to analog charge injection energy for this new device 
is typically 20% less than the standard AD7541 part. 

4. Latch-up proof. 

5. Improvements in laser wafer trimming provides 1I2LSB max 
differential nonlinearity for top grade devices over the operating 
temperature range (vs. lLSB on older 7541 types). 

6. All grades are guaranteed monotonic to 12 bits over the 
operating temperature range. 

ORDERING GUIDE1 

REV. A 

Relative Gain 
Temperature Accuracy Error Package 

Model2 Range T..,;,.toTmax T A = +2S·C Options3 

AD7541AJN Oto + 70°C ±ILSB ±6LSB N-18 
AD7541AKN Oto +70·C ±1I2LSB ±ILSB N-18 
AD7541AJP Oto + 70°C ±ILSB ±6LSB P-20A 
AD7541AKP Oto +70OC ± 1I2LSB ±ILSB P-20A 
AD7541AAQ - 2SoC to + 85°C ±ILSB ±6LSB Q-18 
AD7541ABQ - 25°C to + 85°C ± 1I2LSB ±ILSB Q-18 
AD7541ASQ - 55°C to + 125°C ±ILSB ±6LSB Q-18 
AD7541ATQ - 55°C to + 125·C ±1I2LSB ±ILSB Q-18 
AD7541ASE - 55°C to + 125°C ±ILSB ±6LSB E-20A 
AD7S41ATE - 5SoC to + 12S·C ±1I2LSB ±ILSB E-20A 

NOTES 
'Analog Devices reserves the right to ship either ceramic (D-1S) or cerdip (Q-1S) hermetic packages. 
'To order MIL-STD-S83, Class B processed parts, add /883B to part number. Contact local sales 
office for military data sheet. 

'E = Leadless Ceramic Chip Carrier (LCCC); N = Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); 
Q = Cerdip. For outline information see Package Infonnation section. 
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AD7541A-SPECIFICATIONS (Voo= + l5V, VREF = + lOY; OUT 1 = OUT 2 = GND = OY unless Dlherwise specified) 

T A = T A = 
Parameter Version +25"<: TmiD,T .... 1 Units Test Conditions/Comments 

ACCURACY 
Resolution All 12 12 Bits 
Relative Accuracy J,A,S ±1 ±1 LSBmax ±lLSB = ±0.024%ofFullScale 

K,B,T ±112 ±112 LSBmax ± 1I2LSB = ±0.012%ofFull Scale 
Differential Nonlinearity J,A,S ±1 ±I LSBmax All grsdes guaranteed monotonic 

K,B,T ±1/2 ±1/2 LSBmax to 12 bits, T miD to T max 

Gain Error J,A,S ±6 ±8 LSBmax Measured using internal RFB and includes 
K,B,T ±3 ±5 LSBmax effect of leakage current and gsin T .C. 

Gsinerror can be trimmed to zero. 

Gain Temperature Coefficient2 

AGainiATemperature All ppml"Cmax Typical value is 2ppmI"C. 
Output Leakage Current 

OUTl(Pin1) J,K ±5 ±10 nAmax All digital inputs = OV. 
A,B ±5 ±1O nAmax 
S,T ±S ±200 nAmax 

OUT 2 (Pin 2) J,K ±5 ±10 nAmax All digital inputs = Voo. 
A,B ±S ±1O nAmax 
S,T +5 +200 nAmax 

REFERENCE INPUT 
Input Resistance (Pin 17 to GND) All 7-18 7-18 kOmin/max Typicalinputresistance = IlkO. 

Typical input resistance temperature coefficient = 
- 300ppmI"C. 

DIGITAL INPUTS 
VIR (Input HIGH Voltage) All 2.4 2.4 V min 
V'L (Input LOW Voltage) All 0.8 0.8 V max 
lIN (Input Current) All ±I ±I j.LAmax Lngic inputs are MOS gates. lIN typ (2S'C) = InA. 
CIN (Input Capacitance)' All 8 8 pFmax V'N=OV 

POWER SUPPLY REJECTION 
AGain!AVoo All ±0.01 ±0.02 %per%max AVoo= ±S% 

POWER SUPPLY 
VooRange All +5to + 16 +5to + 16 V minIV max Accuracy is not guaranteed over this range. 
100 All 2 2 mAmax AU digital inputs V'L or VIR. 

100 500 j.LAmax All digital inputs OV or V 00. 

AC PERFORMANCE CHARACTERISTICS 
These Characteristics are Included for Design Guidance Only and are not Subject to Test. 
VOP = +l5V,VIN = +lOYeXC8ptwherestatad,OUTl = OUT 2 = GND = OV,OuIputAmpisAD544exceptwherestatad. 

Parameter Version l 

PROPAGATION DELAY (From Digital Input 
Change to 90% of Final Ana1ogOutput) All 

DIGITAL TO ANALOG GLITCH 
IMPULSE 

All 

MUL TIPL YING FEEDTHROUGH ERROR' 
(VREFto OUTI) All 

OUTPUT CURRENT SETTLING TIME All 

OUTPUT CAPACITANCE 
COIlTl (Pin I) All 
CoIlT2 (Pin 2) All 
CollTl (Pin I) All 
CoIlT2 (Pin 2) All 

NOTES 
'Temperature range as foUows: J,Kversions: Oto +700c 

A, B versions: - 2SOC to + 8S"C 
S,Tversions: -SSQCto+12S"C. 

2Guaranteed by design but not production tested. 

T A = 
+25"<: 

100 

1000 

1.0 

0.6 

200 
70 
70 
200 

3To minimize feedtbrough in tbeceramic package (Sumx D) the user must ground the metal lid. 

Specifications subject to changewithoutnotice. 
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TA= 
Tmin,T_ 1 Units Test Conditions/Comments 

OUT I Load = 1000Cmcr = 13pF 
nslyp Digital Inputs = OV to Voo or Voo to OV. 

V REF = OV. AU digital inputs OV to V 00 or V 00 

toOV. 
nV-sectyp Measured using ModeiSOK as output amplifier. 

mVp-ptyp VREF = ± IOV,lOkHzsinewave. 

j.Lslyp To 0.01% offull scale range. 
OUTlload = 1000, CEXT = 13pF. 
Digital inputs = OVtoVooorVootoOV 

200 pFmax Digital Inputs 
70 pFmax = VIR 
70 pFmax Digital Inputs 
200 pFmax =V'L 
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ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25°C unless otherwise noted) 

Voo to GND 
VREPtoGND ........ . 
VRFB to GND ........ . 
Digital Input Voltage to GND 
OUT 1, OUT 2 to GND ... 
Power Dissipation (Any Package) 

To +7SoC ..... . 
Derates above + 75°C . . . . . 

CAUTION 

+I7V 
±2SV 
±2SV 

-O.3V, Voo +O.3V 
-O.3V, Voo +O.3V 

4SOmW 
6mWf'C 

Operating Temperature Range 
Commercial a, K versions) . 
Industrial (A, B versions) 
Extended (S, T versions) .. 

Storage Temperature . . . . . 
Lead Temperature (Soldering, IOsecs) 

AD7541A 

o to +70°C 
- 25°C to + 85°C 

- 55°C to + I2SOC 
- 65°C to + 150°C 
. ...• +300°C 

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

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

TERMINOLOGY 

RELATIVE ACCURACY 
Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for zero and full scale and is expressed in % of full 
scale range or (sub )multiples of ILSB. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the measured 
change and the ideal ILSB change between any two adjacent 
codes. A specified differential nonlinearity of ± ILSB max over 
the operating temperature range insures monotonicity. 

GAIN ERROR 
Gain error is a measure of the output error between an ideal 
DAC and the actual device output. For the 

AD7S4IA, ideal maximum output is -( :~) (VREF). Gain 

error is adjustable to zero using external trims as shown 
in Figures 4, 5 and 6. 

OUTPUT LEAKAGE CURRENT 
Current which appears at OUTI with the DAC loaded to all Os 
or at OUT2 with the DAC loaded to all Is. 

MULTIPLYING FEEDTHROUGH ERROR 
AC error due to capacitive feedthrough from VREF terminal to 
OUTI with DAC loaded to all Os. 

OUTPUT CURRENT SETTLING TIME 
Time required for the output function of the DAC to settle to 
within 1I2LSB for a given digital input stimulus, i.e., 0 to Full 
Scale. 

PROPAGATION DELAY 
This is a measure of the internal delay of the circuit and is 
measured from the time a digital input changes to the point at 
which the analog'output at OUTI reaches 90% of its final value. 

DIGITAL-TO-ANALOG CHARGE INJECTION (QDA) 
This is a measure of the amount of charge injected from the 
digital inputs to the analog outputs when the inputs change 
state. It is usually specified as the area of the glitch in n V sees 
and is measured with VREF = GND and a Model SOK as the 
output op amp, CI (phase compensation) = OpF. 

DIP 

PIN CONFIGURATIONS 

LCCC PLCC 

OUT1 
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~EEDBACK 

VREF IN 

VDU (+) 

BIT 12 (LSB) 

BIT 11 

BITS 

BIT 7 

N 
0-
::> 
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81T 1 (MSSI 5 

81T2 6 

BIT3 7 

BIT4 8 
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'" 
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AD7541 A 
GENERAL CIRCUIT INFORMATION 
The simplified 01 A circuit is shown in Figure 1. An inverted 
R-2R ladder structure is used-that is, the binarily weighted 
currents are switched between the OUT1 and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg independent 
of the switch state. 

VREF O-_ ..... 'I1'0""k ~_'Okvv-....,JJ-""'OVk ...... o--_.., 

'---f-'f-+.---if-+ ...... --r+4---0 OUT2 

'-j--..... r--.. ---....... --() Dun 
I I 
I I RFE£DBACK 

o 0 
BIT' (MSII) BIT 2 

DIGITAL INPUTS (OTL/TTL/CMOS COMPATIBLE) 
Logic: A switch is closed to IOUT1 for 

its digital Input In a "HIGH" state. 

Figure 1. AD7541A Functional Diagram (Inputs "High") 

The input resistance at VREF (Figure 1) is always equal to RWR 
(RWR is the Rl2R ladder characteristic resistance and is equal 
to value "R''). Since RIN at the VREF pin is constant, the 
reference terminal can be driven by a reference voltage or a 
reference current, ac or dc, of positive or negative polarity. (If a 
current source is used, a low temperature coefficient external 
RFB is recommended to define scale factor.) 

EQUIVALENT CIRCUIT ANALYSIS 
The equivalent circuits for all digital inputs LOW and all digital 
inputs HIGH are shown in Figures 2 and 3. In Figure 2 with all 
digital inputs LOW, the reference current is switched to OUT2. 
The current source ILBAKAGE is composed of surface and 
junction leakages to the substrate, while the 114096 current 
source represents a constant I-bit current drain through the 
termination resistor on the R-2R ladder. The "ON" capacitance 
of the output N-channel switch is 200pF, as shown on the 
OUT2 terminal. The ''OFF'' switch capacitance is 7OpF, as 
shown on the OUT1 terminal. Analysis of the circuit for all 
digital inputs HIGH, as shown in Figure 3 is similar to Figure 
2; however, the "ON" switches are now on terminal OUT1, 
hence the 200pF at that terminal. RFB 

R 

.----............ ---0 OUT' 

RIt:I15k 

Figure 2. AD7541A DAC Equivalent Circuit All Digital Inputs 
LOW 

.----oRFB 

R 

VREFo-....,.'I.-... ---+----4J .... ---O Dun 

;t 
r---...... ---O()OUT2 

Figure 3. AD7541A DAC Equivalent Circuit All Digital Inputs 
HIGH 
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Applications 
UNIPOLAR BINARY OPERATION 
(2-QUADRANT MUL TIPUCATlON) 
Figure 4 shows the analog circuit connections required for 
unipolar binary (2-quadrant multiplication) operation. With a de 
reference voltage or current (positive or negative polarity) 
applied at pin 17, the circuit is a unipolar 01 A converter. With 
an ac reference voltage or current the circuit provides 2-quadrant 
multiplication (digitally controlled attenuation). The input/output 
relationship is shown in Table II. 

R1 provides full scale trim capability [i.e.-1oad the OAC 
register to 1111 1111 1111, adjust R1 for VOUT = - VREF 

(4095/4096)]. Alternatively, Full Scale can be adjusted by 
omitting R1 and R2 and trimming the reference Voltage 
magnitude. 

C1 phase compensation (10 to 25pF) may be required for 
stability when using high speed amplifiers. (C1 is used to cancel 
the pole formed by the OAC internal feedback resistance and 
output capacitance at OUT1). 

Amplifier Al should be selected or trimmed to provide Vos :s 
10% of the voltage resolution at VOUT. Additionally, the 
amplifier should exhibit a bias current which is low over the 
temperature range of interest (bias current causes output offset 
at VOUT equal to IB times the OAC feedback resistance, 
nominally llkO). The A0544L is a high-speed implanted PET
input op amp with low factory-trimmed Vos. 

Y,N 

Voo R2* 

Figure 4. Unipolar Binary Operation 

Trim 
Resistor JN/AQ/SO KNIBQ/TD 

Rl 
R2 

lOon 
470 

lOon 
33n 

Table I. Recommended Trim Resistor Values vs. Grades 

Binary Number in 
OAC Analog Output, VOUT 

MSB LSB 

111 1 1 1 1 1 1 1 1 1 V (4095) - IN 4096 

1000 0000 0000 ( 2048 ) - VIN 4096 = -112 VIN 

0000 0000 0001 -VIN(4O~) 
0000 0000 0000 OVohs 

Table 11. Unipolar Binary Code Table for Circuit 
of Figure 4 
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BIPOLAR OPERATION 
("-QUADRANT MULTIPUCATION) 
Figure 5 and Table III illustrate the circuitry and code relationship 
for bipolar operation. With a de reference (positive or negative 
polarity) the circuit provides offset binary operation. With an at 
reference the circuit provides full +quadrant multiplication. 

With the DAC loaded to 1000 0000 0000, adjust Rl for Your 
= OV (alternatively, one can omit Rl and R2 and adjust the 
ratio of R3 to R4 for Your = OV). Full scale trimming can be 
accomplished by adjusting the amplitude ofVREF or by varying 
the value of RS. 

As in unipolar operation, Al must be chosen for low VOl and 
low lB. R3, R4 and R5 must be selected for matching and 
tracking. Mismatch of 2R3 to R4 causes both offset and Full 
Scale error. Mismatch of RS to R4 or 2R3 causes Full Scale 
error. Cl phase compensation (lOpF to 5OpF) may be required 
for stability, depending on amplifier used. 

BJT1-BIT12 

-FOR VALUES OF R1 AND R2 
SEE TABLE 1. 

Figure 5. Bipolar Operation (4-Quadrant Multiplication) 

Binary Number in 
DAC Analog Output, VOUT 

MSB LSB 

I 1 I I 1 I I 1 1 1 1 1 ( 2047 ) 
+VIN 2048 

1000 0000 0001 +VINCO~8 ) 

1000 0000 0000 OV 

o 1 1 1 1 1 1 1 1 1 1 1 -VIN ( 2~8 ) 

0000 0000 0000 ( 2048 ) 
-VIN, 2048 

Table III. Bipolar Code Table for Offset Binary Circuit of 
Figure 5 

Figure 6 shows an alternative method of achieving bipolar 
output. The circuit operates with sign plus magnitude code and 
has the advantage that it gives 12-bit resolution in each quadrant 
compared with H-bit resolution per quadrant for the circuit of 
Figure 5. The AD7592 is a fully protected CMOS change-over 
switch with data latches. R4 and RS should match each other to 
0.01% to maintain the accuracy of the D/A converter. Mismatch 
between R4 and RS introduces a gain error. 

REV. A 

AD7541A 

BlTl_BfT12 

Figure 6. 12-Bit Plus Sign Magnitude Operation 

Sign Binary Number in 
Bit DAC Analog Output, VOUT 

MSB LSB 

0 I 1 I I I 1 1 1 1 I I I +VIN .(4095) 
4096 

0 0000 0000 0000 o Volts 

0000 0000 0000 o Volts 

1 1 1 1 I I I I I 1 I 1 -VIN . (=) 
Note: Sign bit of"O" connects R3 to GND. 

TablelV. 12-Plus Sign Magnitude Code Table for 
Circuit of Figure 6 

APPLICATIONS IDNTS 
Output Offset: CMOS D/A converters exhibit a code dependent 
outpUt resistance which in turn can cause a code dependent 
error voltage at the output of the amplifier. The maximum 
amplitude of this offset, which adds to the DI A converter 
nonlinearity, is 0.67 VOl where VOl is the amplifier input offset 
voltage. To maintain monotonic operation it is recommended 
thatVos be no greater tban (25 x 1~(VREF)overthetemperature 
range of operation. Suitable op amps are AD517L and AD544L. 
The AD517L is best suited for fixed reference applications with 
low bandwidth requirements: it has extremely low offset (50 .... V) 
and in most applications will not require an offset trim. The 
AD544L has a much wider bandwidth and higher slew rate and 
is recommended for multiplying and other applications requiring 
fast settling. An offset trim on the AD544L may be neceasary in 
some circuits. 

Digital Glitches: One cause of digital glitches is capacitive 
coupling from the digital1ines to the OUTI and OUT2 
terminals. This should be minimiud by screening the analog 
pins of the AD7541A (pins 1,2,17,18) from the digital pins by 
a ground track run between pins 2 and 3 and between pins 16 
and 17 of the AD7541A. Note how the analog pins are at one 
end of the package and separated from the digital pins by V DD 

and GND to aid screening at the board level. On-chip capacitive 
coupling can also give rise to crosstalk from the digital to analog 
sections of the AD7541A, particularly in circuits with high 
currents and fast rise and fall times. 
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AD7541 A 
Temperature Coefficients: The gain temperature coefficient of 
the AD7541A has a maximum value of 5ppml"C and a typical 
value of 2ppmf'C. This corresponds to worst case gain shifts of 
2LSBs and O.8LSBs respectively over a IOO·C temperature 
range. When trim resistors RI and R2 are used to adjust full 
scale range, the temperature coefficient of RI and R2 should 
also be taken into account. The reader is referred to Analog 
Devices Application Note "Gain Error and Gain Temperamre 
Coefficient of CMOS Multiplying DACs", Publication Number 
E63Oc-5-3/86. 

SINGLE SUPPLY OPERATION 
Figure 7 shows the AD7541A connected in a voltage switching 
mode. OUTI is connected to the reference voltage and OUT2 is 
connected to GND. The D/A converter output voltage is 
available at the VREP pin (pin 17) and has a constant output 
impedance equal to RLDR• The feedback resistor RpB is not 
used in this circuit. 

VOUT '" OTO +10Y 

------~--------------~----~-----.-~~~: 
VOUT ±V.,o(1 +R21R1) WHERE OsDs;1 
i.e. D IS A FRACTIONAL REPRESENTATtON OF THE DIGITAL INPUT 

Figure 7. Single Supply Operation Using Voltage Switching 
Mode 

2-512 DIGITAL-TO-ANALOGCONVERTERS 

The reference voltage must always be positive. If OUTI goes 
more than O.3V less than GND an internal diode will be turned 
on and a heavy current may flow causing device damage (the 
AD7541A is, however, protected from the SCR latch-up 
phenomenon prevalent in many CMOS devices). Suitable 
references include the AD580 and AD584. 

The loading on the reference voltage source is code dependent 
and the response time of the circuit is often determined by the 
behavior of the reference voltage with changing load conditions. 
To maintain linearity, the voltage at oun should remain 
within 2.5V of GND, for a VDD of l5V. If VDD is reduced from 
l5V or the reference voltage at OUTI increased to more than 
2.5V the differential nonlinearity of the DAC will increase and 
the linearity of the DAC will be degraded. 

SUPPLEMENTAL APPLICATION MATERIAL 
For further information on CMOS multiplying D/A converters 
the reader is referred to the following texts: 

CMOS DAC Application Guide, Publication Number 
G872b-8-l/89 available from Analog Devices. 

Gain Error and Gain Temperature Coefficient of CMOS 
Multiplying DACs Application Note, Publication Number 
E630c-S-3/86 available from Analog Devices. 

Analog-Digital Conversion Handbook - available from 
Analog Devices, price $32.95. 
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~ANALOG 
WDEVICES 

CMOS 12-Bit Monolithic Multiplying 
CMOS D/A Converter 

FEATURES 
• 7541 with Improved Accuracy and Ruggedness 
• :t112 LSB Max Nonlinearity Over Full Temp. Range 

(12·Bit Linearity) 
• :t 1 LSB Max Gain Error - No User Adjustment Required 
• Less Than 0.03 LSB Max Zero Scale Error (5nA) 
• Low Gain Tempeo .......................................... 5ppmI"C Max 
• All Data Input Pins Designed with ESD Protective Circuitry 
• Full Four·Quadrant Multiplication 
• Low Power Consumption 
• Low Feedthrough Error and Digital Charge Injection 
• Superior Power Supply Rejection 

From +5V to + 15V ........................................ 001 %% Max 
• Direct Replacementfor AD7541 and AD7541A 
• Both DIP Packages Suitable for Auto·lnsertion, Surface 

Mount Packaging Available 
• Available in Die Form 

APPLICATIONS 

• Digital/Synchro Conversion 
• Programmable Amplifiers 
• Ratiometric AID Conversion 
• Function Generators 
• Digitally·Controlled Attenuators 
• Digitally·Controlied Power Supplies 
• Digitally·Controlled Filters 

GENERAL DESCRIPTION 

PMl's PM·7541A is a 12-bit resolution, current output, 4-
quadrant multiplying digital-to-analog converter. Manufactured 
with advanced oxide-isolated, silicon-gate, monolithic CMOS 
technology, the PM-7541 A features circuitry designed to protect 
data inputs against damage from electrostatic discharges. 

Laser-trimmed thin-film resistors provide true 12-bit linearity 
with excellent absolute accuracy. The PM-7541A's low power 
dissipation, along with NMOS temperature compensating 
switches, insures high performance across the full temperature 
range. 

The PM-7541A is asuperior pin-compatible replacement forthe 
industry standard 7541 and the AD7541A. Available in standard 

FUNCTIONAL DIAGRAM 

SPOT 
NMOS 

SWITCHES 
1 
1 
1 
1 
1 
1 
1 
1 
1 

b 

20kn 

BIT 1 (MSB) 
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20kn 20kn 20kn 

~--"'c'--- ~ 
6 b 

BIT3 BIT 11 

1 
1 
1 

b 

20kn 20kU 

'OJT2 

BIT 12 (LSB) 

(SWITCHES SHOWN FOR DIGITAL INPUTS "HIGH") 

PM-7541A I 
plastic and CerDIP packages, the PM-7541A is compatible with 
automatic insertion equipment. The improved performance of 
the PM-7541A permits upgrading existing designs with greater 
ruggedness and accuracy. Tighter linearity and gain error speci
fications may permit reduced system parts count by eliminating 
trimming circuitry. 

ORDERING INFORMATION t 
PACKAGE 

EXTENDED 
NON· MIUTARY* INDUSTRIAL COMMERCIAL 

GAIN LIN- TEMPERATURE TEMPERATURE TEMPERATURE 
ERROR EARITY -55'Clo+125'C -4O'C 10 +II5'C O'Clo+70'C 

±1 LSB ±1/2lSB PM7541AAX PM7541AEX PM7541AGP 
±2LSB ±112lSB PM7541ABX PM7541AFX 
±2lSB ±1I2lSB PM7541ABRC1883 PM7541AFP 
±2lSB ±1/2lSB PM7541AFPC 
±2lSB ±1I2lSB PM7541AFS 

For devices processed in total compliance to Mll·STD·883, add /883 alter part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts In 
CerDIP, plastic DIP, and TO-can packages. 

CROSS REFERENCE 
PMI ADI 

PM7541AAX AD7541ATD 
PM7541ABX AD7541ASD 

PM7541AEX AD7541ABO 
PM7541AFX AD"l541AAO 

PM7541GP AD7541AKN 
PM7541FPC AD7541AKP 
PM7541AFP AD7541AJN 

PIN CONNECTIONS 

2Q·PINLCC 
(RC·Suffix) 

20·PINPLCC 
(PC-Suffix) 

TEMPERATURE RANGE 

Mil 

IND 

COM 

18·PIN EPOXY DIP 
(P·Sufflx) 

18·PIN HERMETIC DIP 
(X·Suffix) 

18·PINSOL 
(S-Suffix) 
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PM-7541A 

ABSOLUTE MAXIMUM RATINGS 
(T A • +25°C, unless otherwise noted) 
Voo (to GND) ................................................................... ±17V 

VREF (to GND) .................................................................. ±25V 

V IIFB (to GND) .................................................................. ±25V 
Digital Input Voltage Range .................................. Voo to GND 
Operating Temperature Range 

AXlBX/ARC/BRC Versions ........................ -o5°C to + 125°C 

EXlFXlFPIFPC/FS Versions •••••••••••••••••••••••• -40°C to +85°C 
GP Version ....................................................... O°C to +70°C 

Junction Temperature •••••••••••••••••••••••••••••••••••••••••••••••••• +150°C 
Storage Temperature •••••••••••••••••••••••••••••••••••• -65°Cto +150'C 

Lead Temperature (Soldering, 60 sec) •••••••••••••••••••••••••• 300°C 

PACKAGE TYPE 8 IA (Note1) 8le UNITS 

18-Pin Hermetic DIP (X) 79 11 'CtW 

18-Pin Plastic DIP (P) 70 30 'CtW 

2O-Contact LCC (RC) 88 33 'CtW 
18-Pin SOL (S) 88 25 'CtW 

20-Contact PLCC (PC) 73 33 'CtW 

NOTE: 
1. 8 jA Is specified for worst case mounting conditions. i.e .• 8 iA is specilied for 

device in socket for CerDIP. P-DIP, and LCC packeges; 8 jA is specified for 
device soldered to printed circuit board for SOL and PLCC packages. 

CAUTION: 
1. Do not apply voltages higher than VOO or less than GND potential on any 

tenminal except Vr.EF (Pin 17) and RFa (Pin 18). 
2. The digital contro ,npulS are zener protected; however, permanent damage 

may occur on unprotected units from high-energy electrostatic fields. Keep 
units in conductive foam at 811 times until ready to use. 

3. Use proper antistatic handling procedures. 
4. Absolute Maximum Ratings apply to both packaged devices and DICE. 

Stresses above those listed under Absolute Maximum Ratings may cause 
penmanent damage to the device. 

ELECTRICAL CHARACTERISTICS at Voo = +15V. VREF = +10V. VIf~T 1 = VOUT 2 = OV; T'T= -55°C to +125°C apply for 
PM-7541AAXlBX/ARC/BRC; TA = -40'C to +85°C apply for PM-7541A IFX/FP/FPC/FS; and A = O'C to +70'C apply for 
PM-7541AGP. unless otherwise noted. 

PARAMETER SYMBOL CONOITIONS MIN TYP MAX UNITS 

STATIC ACCURACY 

Resolution N 12 LSB 

Nonlinearity 
INL ±1/2 LSB 

(Note 1) 

Differential Nonlinearity PM-7541ANEIG ±1f2 
LSB 

(Note 2) 
ONL 

PM-7541 AB/F ±1 

TA=+25'C 
PM-7541ANEIG 

Gain Error 
GFSE 

PM-7541AB/F 
LSB 

(Note 3) TA = Full Temp. Range 
PM-7541ANE/G 2 
PM-7541 AB/F 3 

Gain Tempco 
(aGain/aTemp.) TCGFS ±2 ±5 ppml'C 
(Note 6) 

Power Supply aVoo =±5% 
Rejection Ratio PSRR TA=+25'C ±0.001 %1% 
(aGain/aVoo) TA = Full Temp. Range ±0.002 

TA=+25'C 

Output Leakage Current 
PM-7541AA/B/EIF/G 

ILKG TA = Full Temp. Range nA 
(Notes 4, 5) 

PM-7541AA/B 100 
PM-7541AElF/G 10 

TA=+25'C 
PM-7541 AA/B/EIG 0.002 

Zero Scale Error 
IZSE TA = Full Temp. Range LSB 

(Notes 12, 13) 
PM-7541AA/B 0.05 
PM-7541AE/F/G 0.01 

REFERENCE INPUTS 

Input Resistance 
RAEF 7 11 15 kll 

(Note 9) 
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PM-7541A 
ELECTRICAL CHARACTERISTICS at VDD = +15V, VREF = +10V, VOUT 1 = VOUT 2 = OV; TA = -55·C 10 +125·C apply for 
PM-7541AAXlBX/ARC/BRC; TA = -40·C to +85·C apply for PM-7541AEXlFX/FP/FPC/FS; and TA = O·C to +70·C apply for 
PM-7541AGP, unless otherwise noted. Continued 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

POWER SUPPLY 

VooRange Voo Accuracy is not guaranteed over this range +5 15 +17 V 

Digital Inputs ~ V'H or V'L 2 mA 

Supply Current 100 Digital Inputs ~ OV or Voo 

TA ~+25'C 
TA ~ Full Temp. Range 

100 
~A 100 

DIGITAL INPUTS 

Digital Input High V'H 2.4 V 

Digital Input Low V'L 0.8 V 

Input Leakage Current 
I'L V'N ~ 0 to +15V 

(Note 10) 
±1 ~A 

Input Capacitance 
C'N V'N~OV (Note 6) 

pF 

DYNAMIC PERFORMANCE 

Propagation Delay 
From Digital Input Change 

(Notes 6, 7) tpo to 90% of Final Analog Output 
TA ~+25'C 

100 150 ns 

Output Current Settling Time 
ts 

To ±1/2 LSB (±0.01% 01 Full Scale Range) 

(Notes 6, 7, 8) TA~+25'C 
0.6 p.S 

Feedthrough Error VREF ~ 20V p_p @ I ~ 10kHz 

(VREFto lOUT) FT All Digital Inputs Low 5 mVp_p 

(Note 6) TA~+25'C 

Digital to Analog Glitch Energy 
Q TA~+25'C 

(Notes 6, 11) 
700 1000 nVs 

ANALOG OUTPUTS 

COUTl 
Digital Inputs ~ V'H 

Output Capacitance COUT2 

85 120 
30 50 

pF 
(Note 6) COUTl 

COUT2 
Digital Inputs = V1L 

30 50 
85 120 

NOTES: 
1. ±112 LSB ~ ±0.012% of Full Scale. 8. Extrapolated to 112 LSB: ts ~ Propagation Delay (tpo) + 9T, where T ~ 
2. All grades are monotonic to 12-bits over temperature. measured first time constant of the final RC decay. 
3. Using internal feedback resistor. 9. Absolute temperature coefficient is approximately +50 ppm/Cleo 
4. Applies to IOUT1; digital inputs ~ V,L' 10. Digital inputs are CMOS gates; I'N is typically 1 nA at +25'C. 
5. Specification also applies for lOUT 2 with all digital inputs = V1H. 11. VREF ~ Oil, all digital inputs ~ OV to Voo or Voo to OV. 
6. Guaranteed by design and not tested. 
7. lOUT Load ~ 100n, CEXT ~ 13pF, digital inputs ~ OV to Voo or Voo to OV. 

12. VREF ~ +10V, all digital inputs ~ OV. 
RREF(4096)I LKG 

13. Calculated Irom: IzsE(in LSBs) ~ _.,.,-__ _ 
V REF 
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PM-7541A 

DICE CHARACTERISTICS 

DIE SIZE 0.102 X 0.100 inch, 10,200 sq. mils 
(2.59 X 2.54 mm, 6.58 sq. mm) 

1. CURRENT OUTPUT 1 
2. CURRENT OUTPUT 2 
3. GROUND 
4. DIGITAL INPUT (BIT 1) (MOST SIGNIFICANT BIT) 
5. DIGITAL INPUT (BIT 2) 
6. DIGITAL INPUT (BIT 3) 
7. DIGITAL INPUT (BIT 4) 
8. DIGITAL INPUT (BIT 5) 
9. DIGITAL INPUT (BIT 6) 

10. DIGITAL INPUT (BIT 7) 
11. DIGITAL INPUT (BIT 8) 
12. DIGITAL INPUT (BIT 9) 
13. DIGITAL INPUT (BIT 10) 
14. DIGITAL INPUT (BIT 11) 
15. DIGITAL INPUT (BIT 12) (LEAST SIGNIFICANT BIT) 
16. POSITIVE POWER SUPPLY 
17. REFERENCE INPUT VOLTAGE 
18. INTERNAL FEEDBACK RESISTOR 

WAFER TEST LIMITS at VDD = +1511, VREF = +1011, AGND = DGND = OV, VOUT 1 = VOUT 2 = OV, TA = +25°C. 

PM-7541AG 
PARAMETER SYMBOL CONDITIONS LIMIT 

STATIC ACCURACY 

Resolution N 12 

Nonlinearity INL ±1/2 

Differential Nonlinearity DNL ±1 

Gain Error 
GFBE (Note 1) 

±1 

Power Supply Rejection PSRR AVoo= ±5% ±0.OO1 

Output Leakage Current (lOUT ,) 
ILKG (Note 2) 

Digital Inputs = V'L ±5 

REFERENCE INPUT 

UNITS 

Bits MIN 

LSBMAX 

LSBMAX 

LSB MAX 

%/%MAX 

nAMAX 

Input Resistance RREF 7115 kl1 MINIMAX 

DIGITAL INPUTS' 

Digital Input High 

Digital Input Low 

Input Leakage Current 

POWER SUPPLY 

Supply Current 

NOTES: 
1. Using internal feedback resistor. 

V,H 

V,L 

I,L 

100 

V,N = Oto 15V 

Digital Inputs = V,H or V'L 
Digital Inputs = OV or Voo 

2. Specification also applies for lOUT 2 but all Digital Inputs = V,H. 

2.4 VMIN 

0.8 V MAX 

±1 p.AMAX 

2 mAMAX 
100 p.AMAX 

Electrical tests are performed at wafer probe to the limits shown. Dueto variations in assembly methods and normal yield loss, yield after packaging is not guaran
teed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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PM-7541A 
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PM-7541A 
TYPICAL PERFORMANCE CHARACTERISTICS 

VREF PHASE LAG AND 
FREQUENCY RESPONSE 

+5 l"""'l.".nnn-r"TTIlTTll""""T"TTTrmr-rrmTlll +5 

~lW ::i 

il -5 

:s 
" i"rilltAG <i 
C!I -10 

IIIIII 
TA = +25OC 
VDO=+15V 

-15 VREF -WRMS 
DIGITAL INPUT = 111111111111 

-20 
Rl"'~1 

""'" 
103 10" lOS 

FREQUENCY (Hz) 

SPECIFICATION DEFINITIONS 

RESOLUTION 

106 

-5 

-10 

15 

-20 
107 

The resolution of a DAC is the number of states (2") that the 
full-scale range (FSR) is divided (or resolved) into, where "n" is 
equal to the number of bits. 

SETTLING TIME 

Time required for the analog output of the DAC to settle to 
within 112 LSB of its final value for a given digital input stimulus; 
i.e., zero to full scale. 

GAIN 

Ratio of the DAC's external operational amplifier output voltage 
to the VREF input voltage when all digital inputs are HIGH. 

FEEDTHROUGH ERROR 

Error caused by capacitive coupling from VREF to output with all 
switches OFF. 

OUTPUT CAPACITANCE 

Capacitance from lOUT 1 or lOUT 2 terminals to ground. 

OUTPUT LEAKAGE CURRENT 

Current which appears on lOUT 1 terminal with all digital inputs 
LOW, or on lOUT 2 terminal when all inputs are HIGH. 

CIRCUIT DESCRIPTION 

GENERAL CIRCUIT INFORMATION 

The PM-7541A is a 12-bit multiplying D/A converter consisting 
of a highly-stable, silicon-chrome, thin film, R-2R resistor 
ladder network and twelve pairs of NMOS current steering 
switches on a monolithic chip. Most applications require the 
addition of a voltage or current reference and an output 
operational amplifier. 

A simplified circuit of the PM-7541A is shown in Figure 1. The 
R-2R inverted ladder binarily divides the input currents that are 
switched between lOUT 1 and lOUT 2 bus lines. This ,switching 
allows a constant current to be maintained in each ladder leg 
independent of the input code. 
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-10 

-20 

-30 
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FEEDTHROUGH 
YS FREQUENCY 

L 

TA =+25"C 
VOo=+16V 
VREF '" 20Vp-p 

DIGITA~I:~PUT = IOI~IOODO 0000 

10' lOOk 1M 

FREQUENCY (Hz) 

10M 

The design includes a matching switch in series with the 
feedback (RFBl and terminating resistors. These switches 
(Figure 1) provide improved gain and linearity performance 
over the operating temperature range. 

FIGURE 1: Simplified DAC Circuit 

VREF 10kO 10k!) 10k!) 

20kO 2<lkO 2OkO 20kO 20kO 

81 S2 83 812 

~-+-+-~-t--+-+-.l~-+-+-~-----<>'00r2 

~-~~I--"-~r-~-~--~I~~n~larrl 

: I ~--.'<'---~ 
666 6 

BIT 1 (MSBI BIT 2 BIT 3 BIT 12 (LSBI 

DIGITAL INPUTS (OTL/TTL/CMOS COMPATIBLE) 

(SWITCHES SHOWN FOR DIGITAL INPUTS "HIGH") 

RFEEDBACK 

One of the twelve CMOS switches is shown in Figure 2. The digi
tal input stage, devices 1, 2, and 3, drives the two inverters, de
vices 4, 5, 6, and 7; these inverters in turn drive the two output 
current steering switches, devices 8 and 9. Devices 1 , 2, and 3 
are designed such that the digital control inputs are DTL, TTL, 
and CMOS compatible over the full military temperature range. 

The twelve output current-steering switches are in series with the 
R-2R resistor ladder, and therefore, can introduce bit errors. It is 
essential then, that the switch "ON" resistance be binarily scaled 
so that the voltage drop across each switch remains constant. If, 
for example, switch 1 of Figure 1 were designed with an "ON" 
resistance of 10 ohms, switch 2 for 20 ohms, etc., then with a 10 
volt reference input, the currentthrough switch 1 is O.SmA, switch 
2 is 0.2SmA, etc., a constant SmV drop will then be maintained 
across each switch. 
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PM-7541A 
FIGURE 2: CMOS Switch 

V+--~-------'--------~----~--

To further insure accuracy across the full temperature range, 
permanently "ON" MOS switches are included in series with the 
feedback resistor and the R-2R ladder's terminating resistor. 
These series switches are equivalently scaled to two times 
switch 1 (MSB) and to switch 12 (LSB) respectively to maintain 
constant relative voltage drops with varying temperature. 
During any testing of the resistor ladder or RFEEOBACK (such as 
incoming inspection), Voo must be present to (urn "ON" these 
series switches. 

ESD PROTECTION 

In the design ofthe PM-7541 A's data inputs, ESD resistance has 
been incorporated through careful layout and the inclusion of 
input protection circuitry. 

Figure 2 shows the input protection diodes. High voltage static 
charges applied to the digital inputs are shunted to the supply 
and ground rails through forward biased diodes. These pro
tection diodes clamp the inputs well below dangerous levels 
during static discharge conditions. 

EQUIVALENT CIRCUIT ANALYSIS 

Figures 3 and 4 show the equivalent circuits for all digital inputs 
LOW and HIGH respectively. The reference current is switched 
to lOUT 2 when all inputs are LOW and lOUT 1 when inputs are 
HIGH. The ILEAKAGE current source is the combination of 
surface and junction leakages to the substrate; the 114096 
current source represents the constant 1-bit current drain 
through the ladder terminating resistor. The output capacitance 
is dependent upon the digital input code, and is therefore varied 
between the low and high values. 

FIGURE 3: PM-7541A Equivalent Circuit 
(All Inputs LOW) 

RFEEDBACK 

R = 10kn 

,..-----.------<>·OUT , 

'REF 
- R""10kn 

v~v-.l-1'G---...--------o '0UT2 

'';t' " .... 

REV. B 

lour 2 'our 1 

FIGURE 4: PM-7541A Equivalent Circuit 
(All Digital Inputs HIGH) 

'REF 

RFEEOBACK 

R= 101<.11 

-- R",,10kn 
VORE-F~~-'----~---~~-~-~'OUT' 

~r----Jt'----~O'0UT2 

t ~ 'LEAKAGE ~ 30pF 

DYNAMIC PERFORMANCE 

OUTPUT IMPEDANCE 

The output resistance, as in the case of the output capacitance, 
varies with the digital input code. This resistance, looking back 
into the lOUT 1 terminal, may be between 10kO (the feedback 
resistor alone when all digital inputs are low) and 7.5kO (the 
feedback resistor in parallel with approximately 30kO of the 
R-2R ladder network resistance when any single bit logic is 
high). Static accuracy and dynamic performance will be 
affected by these variations. The gain and phase stability of the 
output amplifier, board layout, and power supply decoupling 
will all affect the dynamic performance of the PM-7541A. The 
use of a compensation capacitor may be required when high
speed operational amplifiers are used. It may be connected 
across the amplifiers feedback resistor to provide the necessary 
phase compensation to critically damp the output. 

The considerations when using high-speed amplifiers are: 

1. Phase compensation (See Figures 5 and 6). 
2. Power supply decoupling at the device socket and use of 

proper grounding techniques. 
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PM-7541A 
FIGURE 5: Unipolar Binary Operation with High Accuracy Op Amp (2-Quadrant) 

FIGURE 6: Unipolar Binary Operation with Fast Output Op Amp (2-Quadrant) 

Rl 

BURN-IN CIRCUIT 

+10V +15V 

C2 

C3 

... ~ 
RFDBK 

18 

VREF 
17 

~1 Cl 

4.711F 

Ikf! 

Voo 
16 

Skf! 

4 B1 (MSS) (LSB) B12 15 
l00kG 

5 82 B11 " 
6 B3 Bl. 

Il 

7 BO B9 12 

8 B5 B8 
11 

NOTES: 

9 .6 87 10 
1. ALL RESISTORS ARE 1/4 WATT 5% TOLERANCE. 
2. Cl IS A 4.7p.f ELECTROLYTIC CAPACITOR. 
3. C2 AND C3 ARE O.Olf./F CERAMIC CAPACITORS. 
4. Cl AND C2 ONCE EVERY 10 DEViCes. 
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APPLICATIONS INFORMATION 

APPLICATION TIPS 

Linearity depends upon the potential of 10UT1 and 10UT2 (pins 1 
and 2) being exactly equal to GND (pin 3). In most applications, 
the DAC is connected to an external op amp with its non invert
ing input tied to ground, see Figures 5 and 6. The amplifier 
selected should have a low input bias current and low drift over 
temperature. The amplifier's input offset voltage should be 
nulled to less than ±200I'V (less than 10% of 1 LSB). 

The operational amplifier's non inverting input should have a 
minimum resistance connection to ground; the usual bias 
current compensation resistor should not be used. This resistor 
can cause a variable offset voltage appearing as a varying 
output error. All grounded pins should tie to a common ground 
point, avoiding ground loops. The Voo power supply should 
have a low noise level with no transients greater than +17V. 

Unused digital inputs must always be grounded or taken to 
Voo; this will prevent noise from triggering the high impedance 
digital input resulting in output errors. It is also recommended 
thatthe used digital inputs be taken to ground or V DO via a high 
value (1 MO) resistor; this will prevent the accumulation of static 
charge if the PC card is disconnected from the system. 

Peak supply current flows as the digital inputs pass through the 
transition voltage. The supply current decreases as the input 
voltage approaches the supply rails (Voo or DGND), i.e., rapidly 
slewing logic signals that settle very near the supply rails will 
minimize supply current. 

OUTPUT AMPLIFIER CONSIDERATIONS 

For low speed or static applications, AC specifications of the 
amplifier are not very critical. In high-speed applications, slew 
rate, settling time, open-loop gain, and gain/phase margin 
specifications of the amplifier should be selected forthedesired 
performance. It has already been noted that an offset can be 
caused by including the usual bias current compensation 
resistor in the amplifier's noninverting input-terminal. This 
resistor should not be used. Instead, the amplifier should have a 
bias current which is low over the temperature range of interest. 

The static accuracy is affected by the variation in the DAC's 
output resistance. This variation is best illustrated by using the 
circuit of Figure 7 and the equation: 

Error Voltage = Vos ( 1 + =~B ) 
where Ro is a function of the digital code, and: 

Ro'" 10kO for more than 4-bits of logic 1 
Ro'" 30kO for any single bit logic 1 
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PM-7541A 
FIGURE 7: Simplified Circuit 

Therefore, the offset gain varies as follows: 

( 10kH) At code 0011 1111 1111: V ERROR 1 = Vos 1 + 10kO = 2 Vos 

( 10kH) 4 
At code 0100 0000 0000: V ERROR 2 = Vos 1 + 30kO = :3 Vos 

The error difference is 2/3 Vos-

Since one LSB has a weight (for VREF = +10V) of 2.5mV for the 
PM-7541A DAC, it is clearly important that VOS be minimized, 
either using the amplifier's nulling pins, an external nulling 
network, or by selection of an amplifier with inherently low Vos. 
Amplifiers with sufficiently low Vos include PMl's OP-77, OP-Q7, 
and OP-27. 

APPLICATIONS 

Figures 5, 6, and 8 show simple unipolar and bipolar circuits 
with their associated waveforms using the PM-7541A and two 
types of PMI output amplifiers. A small feedback capacitor 
should be used across the amplifier to help prevent overshoot 
and ringing when using high-speed op amps. Resistor R1 is 
used to trim forfull scale. Low tempco (approximately SOppm/°C) 
resistors ortrimpotsshould be selected when gain adjustments 
are required. 
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PM-7541A 
UNIPOLAR BINARY OPERAnON (2-QUADRANT) 
The circuits of Figures 5 and 6 can be used either as a fixed ref
erence D/A converter. or as an attenuator with an AC input volt
age. In the fixed reference mode. the DAC provides an analog 
output vokage in the range of zero to plus or minus VREF. de
pending on VREF polarity. The reference input voltage can range 
between -20Vto +20V; this is due to the ability of VREFto exceed 
Voo. the limiting factor being the op amp's voltage range. Table 
1 shows the code relationship for the circuit of Figures 5 and 6. 
Rl can be omitted with a resulting maximum gain error of 0.02% 
01 lull scale. 

TABLE 1: Unipolar Binary Code Table 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 
MSB LSB (VOUT as shown in Figures 5 and 6) 

1 1 1 1 1 1 1 1 1 1 1 1 ( 4095) -VREF 4096 

1000 0000 0001 ( 2049) -VREF 4096 

1000 0000 0000 -VREF (2046) = _ VREF 
4096 2 

0111 1 1 1 1 1 1 11 ( 2047) -VREF 4096 

0000 0000 0001 -VREF (4~6) 

0000 0000 0000 -VREF (4g96) = 0 

NOTES: 
1. Nominal full scale for the circuits of Figures 5 and 6 is given by 

FS = -VREF (:g~~). 
2. Nominal LSB magnitude for the circuits of Figures 5 and 6 is given by 

LSB = VREF (~96) or VREF (2-n). 
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BIPOLAR BINARY OPERAnON (4-QUADRANT) 
Figure 8 shows a simple bipolar output circuit using the PM-7541 A 
and a PMI OP-215 dual op amp. The circuit uses offset binary 
coding and a fixed DC voltage for VREF. Digitally-controlled at
tenuation of an AC signal occurs when the signal is used as the 
signal source at VREF. Negative output full-scale is adjusted by 
setting the digital inputs to all zeros and adjusting the value olthe 
VINvoltage or As. The zero-scale output voltage is adjusted while 
the digital inputs are set to 1000 0000 0000 by adjusting Rl for a 
zero output voltage (less than 1 0%01 1 LSB). Resistors Ra. R4. and 
As must be selected for matching and tracking in order to keep 
offset and lull scale errors to a minimum. Resistors Rl and R2 
temperature coefficients must be taken into account if they are 
used. Cl phase compensation capacitor may not be needed and 
should be selected empirically. The digital input code versus 
analog output voltage is shown in Table 2. 

TABLE 2: Bipolar (Offset Binary) Code Table 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 
MSB LSB (VOUT as shown in Figure 8) 

1 1 1 1 1 1 1 1 1 1 1 1 ( 2047) +VREF 2048 

1000 0000 0001 +VREF (2d48) 
1000 0000 0000 0 

1 1 1 1 1 1 1 1 1 1 1 1 -VREF (20~8) 

0000 0000 0001 (2047) -VREF 2048 

0000 0000 0000 (2048) -VREF 2048 

NOTES: 
1. Nominal full scale for the circuit of Figure 8 is given by 

FS = VREF (~g:~). 
2. Nominal LSB magnitude for the circuit of Figure 8 is given by 

LSB = VREF ( 20~) . 
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PM-7541A 
FIGURE 8: Bipolar Operation (4-Quadrant Multiplication) 

V 1N 17 VREF 

,:o'n VOUT 

DATA INPUT 

ANALOG/DIGITAL DIVISION 
The transfer function for the PM-7541A connected in the multi
plying mode as shown in Figures 5 and 6 is: 

where Ax assumes a value of 1 for an "ON" bit and 0 for an "OFF" 
bit. The transfer function is modified when the DAC is connected 
in the feedback of an operational amplifier as shown in Figure 9. 
It now is: 

The above transfer function is the division of an analog voltage 
(VREF) by a digital word. The amplifier goes to the rails with all 
bits ·OFF" since division by zero is infinity. With all bits "ON," the 
gain is 1 (±1 LSB). The gain becomes 4096 with the LSB, bit 12, 
"ON." 
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FIGURE 9: Analog/Digital Divider 

PM-7541A 

lOUT 1 I. 

BIT 12 
{LSBI 

+15V 

RFEEDBACK 

VOUT 
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r.ANALOG 
WDEVICES 

FEATURES 
Resolution: 12 Bits 
Nonlinearity: ± 1/2LSB T min to T max 

Low Gain Drift: 2ppml"C typ, 5ppml"C max 
Microprocessor Compatible 
Full 4-Quadrant Multiplication 
Fast Interface Timing 
Low Power Dissipation: 40mW max 
Low Cost 
Small Size: 16-pin DIP and 20-Terminal Surface 

Mount Package 
Latch Free (Protection Schottky Not Required) 

GENERAL DESCRIPTION 
The AD7S42 is a precision 12-bit CMOS mUltiplying DAC 
designed for direct interface to 4- or 8-bit microprocessors. 

The functional diagram shows the AD7S42 to consist of three 
4-bit data registers, a 12-bit DAC register, address decoding 
logic and a 12-bit CMOS multiplying DAC. Data is loaded 
into the data registers in three 4-bit bytes, and subsequently 
transferred to the 12-bit DAC register. All data loading or 
data transfer operations are identical to the WRITE cycle of a 
static RAM. A clear input allows the DAC register to be easily 
reset to all zeros when powering up the device. 

REV. A 

CMOS 
f.LP-Compatible 12-Bit DAC 

AD7542 I 
FUNCTIONAL BLOCK DIAGRAM 

The AD7S42 is manufactured using an advanced thin-film on 
monolithic CMOS fabrication process. Multiplying capability, 
low power dissipation, +SV operation, small size (16-pin DIP 
and 20 terminal surface mount packages) and easy IJ.P interface 
make the AD7S42 ideal for many instrumentation, industrial 
control and avionics applications. 
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AD7542 - SPECIFICATIONS (Yoo = +5V, VREF = +lDV, VOUT1 = Vom = ov unless otherwise noted) 

LimitAt l LimitAtl 

Limit At T A = -40"C T .. = -55"<: 
Parameter T A = +25"C to +85"<: & +125"<: 

ACCURACY 
Resolution 12 12 12 
Relative Accuracyl 

J. A, S Versions tl tl ±l 
K. B. T Versions tll2 tll2 tl/2 
GK, GS. GT Versions tll2 tl/2 tl/2 

Differential Nonlincarity2 
J, A, S Versions ±I ±I ±I 
K, B. T Versions ±I ±I ±I 
GK, GB, GT Versions ±I ±I ±I 

Gain Error2 
J, K, A, B, S, T ±3 ±4 ±4 
GK,GB,GT tl tl t2 

Gain Temperature Coefficient 
llGain/ATcmperature 5 5 5 

Power Supply Rejection 
t.Gain/t.VDD 0.005 0.01 0.01 

Output Leakage Current 

louTI 10 10 200 

louT2 10 10 200 

DYNAMIC PERFORMANCE 
Current Settling Time3 2.0 2.0 2.0 

Multiplying Feedthrough Error' 2.5 2.5 2.5 

REFERENCE INPUT 
Input Resistance 8/15/25 8/15/25 8/15/25 

.ANALOG OUTPUTS 
Output C'facitance 

75 75 75 CaUT! 
CaUTI' 260 260 260 
CaUTl' 75 75 75 
CaUT2' 260 260 260 

LOGIC INPUTS 
VINH (Logic HIGH Voltage) +2.4 +2.4 +2.4 
VINJ- (Logic LOW Voltage) +0.8 +0.8 +0.8 
liN 1 I 1 
CIN (Input Capacitance)' 8 8 8 
Input Coding 12-Bit Unipolar Binary or 12·Bit Offset 

Binary (See Figures 4 and S). Data is 
Loaded into Data Registers in 4·Bit Bytes. 

SWITCHING CHARACTERISTICS' (See Figure I) 

tWR 80 120 
tAWH 0 10 

tcWH 0 10 

tcLR 200 200 
tcws 10 20 
tAWS 40 40 

tDs 60 100 

tDH 10 10 

POWER SUPPLY 
VDD (Supply Voltage) +S +S 
IDD (Supply Current) 2.5 2.5 

NOTES 
lTcmperarure Ranges as follows: J, K, GK Versions; -40"<: to +85"<: 

lSee clefinitions on ne%t plIC. 
'Guaranteed but not _. 

A, B, GB VtnioDs; -4CrC to +85"<: 
5, T, GT Versions; - 55"C to + 125"<: 

'Logic inputs OR MOS _. Typical input cumnt ( + 25"<:) is less than InA. 
sSaatp1e tested at + 25"<: to ensure compliance. 
SpecifICations subject to cbmgc without notice. 
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Units Conditions/Comments 

Bits 

LSBmax 
LSBmax 
LSBmax 

LSBmax All grades are guaranteed monotonic 
LSBmax TmintoTmax 
LSBmax 

LSBmax Using internal RpR only (gain error can be 
LSB max trimmed to zero using circuits of Figure 4 & 5) 

ppmtCmax Typical value is 2ppm/" C 

% per % max VDD = +4.75V to +5.25V 

nAmax DAC Register loaded with all Os 
nAmax DAC Register loaded with all Is 

,",smax. To 112LSB, OUTIload = loon. DAC output 
measured from falling edge of Wit 

mVp-pmax VREF = tlOV, 10kHz sine wave 

kn min/typ/max 

pFmax DAC register loaded to 0000 0000 0000 
pF max DAC register loaded to 111111111111 
pFmax DAC regi.terloaded to 1111 Illl 1111 
pfmax DAC register loaded to 0000 0000 0000 

V min 
V max 
p.Amax VIN = OV or VDD 
pFmax 

nsmin tWR: WRITE pulse width 
nsmin tAWH: Addrcss-to-WRITE hold time 
nsmin tcwH: Chip select-to-WRITE hold time 
nsmin tcLR: Minimum CLEAR pulse width 
nsmin tcws: Chip selcct-to-WRITE setup time 
nsmin tAWS: Addreas valid-to-WRITE setup time 
DsmiD tDS: Data setup time 
nsmin tDH: Data hold time 

V ±5% for specified performance 
rnA max Digital Inputs = VINH at VINL 
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ABSOLUTE MAXIMUM RA TINGS* 
(T A ~ + ZS"C unless otherwise noted) 

VnntoAGND . 
Vnn to DGND . 
AGND to DGND 
DGND toAGND 
Digital Input Voltage to GND 
VOlJTh VOUT2 to AGND 
VREF to AGND 
V RFR to AGND . . . . . 

. OV, +7V 

. OV, +7V 
Voo +O.3V 
Vnn +O.3V 

-O.3V, Vnn +O.3V 
-O.3V, Vnn +O.3V 

±2SV 
. ...... ±2SV 

Power Dissipation (Package) 
Plastic 

To +70°C ..... . 
Derates above + 70°C by 

Ceramic 
To +7SoC ...... . 
Derates above + 7SoC by 

Operating Temperature Range 
Commercial (J, K, GK Versions) 
Industrial (A, B, GB Versions) 
Extended (S, T, GT Versions) . 

Storage Temperature ...... . 
Lead Temperature (Soldering, IOsecs) 

AD7542 

. 670mW 
8.3mW/oC 

4S0mW 
6mW/oC 

-40°C to +8SOC 
- 40°C to + 8SOC 2 

- Ssoc to + 12SOC 
-6SOC to + ISO°C 
. .... +300°C 

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

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

ORDERING GUIDE 

Temperature Relative Gain Pacl<age 
Model' Rau&e Accuracy Error Option' 

AD754ZJN -40"CIO +SS·C ±lLSB ±3LSB N-16 
AD7542KN -4O"CIO +SS"C ±1/2LSB ±3LSB N-16 
AD7S42GKN -40"CIO +SS"C ±1I2LSB ±lLSB N-16 
AD7542JP -4O"CIO +SS"C ±lLSB ±3LSB P-ZOA 
AD7S42KP -40"Cto +SS·C ±lIZLSB ±3LSB P-20A 
AD7S42GKP - 4O"C 10 + SS"C ±1I2LSB ±lLSB P-ZOA 
AD7S42AQ - 4O"C to + SS"C ±lLSB ±3LSB Q-16 
AD7S42BQ -40"CIO +S5"C ±1I2LSB ±3LSB Q-16 
AD7S42GBQ - 4O"C 10 + 8SoC ±1I2LSB ±lLSB Q-16 
AD7S42SQ - 5S"C 10 + 125"C ±lLSB ±3LSB Q-16 
AD7S42TQ - SS·Cto + 125"C ±lI2LSB ±3LSB Q-16 
AD7S42GTQ - S5"C 10 + 12S"C ±1I2LSB ±lLSB Q-16 
AD7S42SE - SS"C to + 12S"C ±lLSB ±3LSB E-ZOA 
AD7S42TE -SS"Cto + 12S"C ± 1I2LSB ±3LSB E-20A 
AD7542GTE - 5S"C to + 125"C ±1I2LSB ±lLSB E-20A 

NOTES 
ITo order MIL-STJ).883 Class B processed parts, add 1883B to part number. 
2E "" LeadlessCeramicChipCarrier;N = PlasticDIPjP = P1asticLeadedChipCarrier; 
Q = Cerdip. Foroutlineinfonnationsee Packagelnformationsection. 

PIN CONFIGURATIONS 

DIP 
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Figure 1. AD7542 Timing Diagram 
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AD7542 
TERMINOLOGY 

RELATIVE ACCURACY 
Relative accuracy or endpoint nonlinearity is a measure of 
the maximum deviation from a straight line passing through 
the endpoints of the DAC transfer function. It is measured 
after adjusting for zero and full scale and is expressed in % or 
ppm offul! scale range or (sub) multiples of lLSB. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the meas
ured change and the ideallLSB change between any two ad
jacent codes. A specified differential nonlinearity of ±ILSB 
max over the operating temperature range insures monotonicity. 
GAIN ERROR 
Gain is defined as the ratio of the DAC's Full Scale output 
to its reference input voltage. An ideal AD7542 would exhibit 
a gain of -4095/4096. Gain error is adjustable using external 
trims as shown in Figures 4 and 5. 

OUTPUT LEAKAGE CURRENT 
Current which appears at OUTI with the DAC register loaded 
to all Os or at OUT2 with the DAC register loaded to all Is. 

MULTIPLYING FEEDTHROUGH ERROR 
AC error due to capacitive feedthrough from VREF terminal 
to OUTl with DAC register loaded to all Os. 

Table I. Pin Function Description (DIP Pin Numbers) 

PIN MNEMONIC FUNCTION 

1 OUTl DAC current output bus. Normally 
terminated at op amp 
virtual ground 

2 OUT2 DAC current output bus. Normally 
terminated at ground 

3 AGND Analog Ground 
4 D3 Data Input (MSB) 
5 D2 Data Input 
6 D1 Data Input 
7 DO Data Input (LSB) 
8 CS Chip Select Input 
9 WR WRITE Input 
10 AO Address Bus Input 
11 Al Address Bus Input 
12 DGND Digital Ground 
13 CLR Clear Input 
14 VDD +5V Supply Input 
IS VREF Reference Input 
16 RFB DAC Feedback Resistor 
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Analog Circuit Description 
GENERAL CIRCUIT INFORMATION 
The AD7542, a 12-bit multiplying D/A converter, consists of 
a highly stable thin film R-2R ladder and twelve N-channel 
current switches on a monolithic chip. Most applications 
require the addition of only an output operational amplifier 
and a voltage or current reference. 

The simplified D/A circuit is shown in Figure 2. An inverted 
R-2R ladder structure is used-that is, the binarily weighted 
currents are switched between the OUTI and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg indepen
dent of the switch state. 

2R 

L--t~~-+~~~~~T4------o0UT2 

~--~~--~~--~~ __ ~e-----~OUTl 

'--I\NIr-O R FB 

DAC REGISTER 

Figure 2. D/A Simplified Circuit Diagram 

One of the current switches is shown in Figure 3. The input 
resistance at VREF (Figure 2) is always equal to RLDR (RLDR 
is the RI2R ladder characteristic resistance and is equal to 
value "R"). Since RJN at the VREF pin is constant, the refer
ence terminal can be driven by a reference voltage or a refer
ence current, ac or dc, of positive or negative polarity. (If a 
current source is used, a low temperature coefficient RpB is 
recommended to define scale factor.) 

FROM 
INTERFACE 
LOGIC~ 

TO LADDER 

OUT2 oun 

Figure 3. N-Channel Current Steering Switch 
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UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 
Figure 4 shows the analog circuit connections required for uni
polar binary (2-quadrant multiplication) operation. The logic 
inputs are omitted for clarity. With a dc reference voltage or 
current (positive or negative polarity) applied at VREF, the 
circuit is a unipolar D/ A converter. With an ac reference volt
age or current the circuit provides 2-quadrant multiplication 
(digitally controlled attenuation). The input/output relation
ship is shown in Table II. 

R1 provides full scale trim capability li.e.-load the DAC 
register to 111111111111, adjust R1 for VOUT = -VREF 
(4095/4096)]. Alternatively, Full Scale can be adjusted by 
omitting R 1 and R2 and trimming the reference voltage 
magnitude. 

C1 phase compensation (10 to 33pF) may be required for 
stability when using high speed amplifiers. (C1 is used to cancel 
the pole formed by the DAC internal feedback resistance and 
output capacitance at OUTi). 

Amplifier Al should be selected or trimmed to provide 
Vos .;;; 10% of the voltage resolution at VOUT. Additionally, 
the amplifier should exhibit a bias current which is low over 
the temperature range of interest (bias current causes output 
offset at VOUT equal to IB times the DAC feedback resistance, 
nominally 15kO). The AD711K is a high-speed implanted 
FET-input op amp with low, factory-trimmed Vos. 

±10V VOD 
VREF t6V 

DGNO AGND 
NOTES 
1. LOGIC INPUTS OMITTED FOR CLARITY. DIP PIN NUMBERS SHOWN. 
2. SEE APPLICATION HINT NO.4. 

Figure 4. Unipolar Binary Operation (2-0uadrant 
Multiplication) 

Table II. Unipolar Binary Code Table for Circuit of Figure 4 

BINARY NUMBER IN 
DAC REGISTER ANALOG OUTPUT, VOUT 

MSB LSB 

1111 1111 1111 (4095) -VREF 4096 

1000 0000 0000 -VREF( ~g~:)~ -112 VREF 

0000 0000 0001 -VREF( 40196} 

0000 0000 0000 OV 

REV. A 

Applying the AD7542 
BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 
Figure 5 and Table IIJ illustrate the circuitry and code relation
ship for bipolar operation. With a dc reference (positive or 
negative polarity) the circuit provides offset binary operation. 
With an ac reference, the circuit provides fu1l4-quadrant 
multiplication. 

With the DAC register loaded to 1000 0000 0000, adjust R1 
for VOUT = OV (alternatively, one can omit Rl and R2 and • 
adjust the ratio of R3 to R4 for VOUT = OV). Full scale 
trimming can be accomplished by adjusting the amplitude of 
VREF or by varying the value of RS. 

As in unipolar operation, Al must be chosen for low Vos and 
low lB. R3, R4 and RS must be selected for matching and 
tracking. Mismatch of R3 to R4 causes both offset and Full 
Scale error. Mismatch of R5 to R4 or R3 causes Full Scale 
error. Cl phase compensation (10pF to 25pF) may be required 
for stability. 

!10V VOD 
VREF +5V 

Your 

AGND 
NOTES 
1. lOGIC INPUTS OMITTED FOR CLARITY, DIP PIN NUMBERS SHOWN. 
2. SEe APPLICATION HINT NO.4. 

Figure 5. Bipolar Operation (4-0uadrant Multiplication) 

Table III. Bipolar Code Table for Offset Binary Circuit of 
Figure 5 

BINARY NUMBER IN 
DAC REGISTER ANAWG OUTPUT, VOUT 

MSB LSB 

1111 1111 1111 (2047) +VREF 2048 

1000 0000 0001 +VREF(2~8 ) 
1000 0000 0000 OV 

0111 1111 1111 -VREF(20~8 ) 
0000 0000 0000 (2048) -VREF 2048 
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AD7542 
INTERFACE LOGIC 
INTERFACE LOGIC INFORMATION 
The AD7542 is designed to interface as a memory-mapped 
output device. 

A typical system configuration is shown in Figure 6. CS 
is the decoded device address, and is derived by decoding 
the three higher order address bits. AO and Al is the 
AD7542 operation address, and is decoded internally in the 
AD7542 to point to the desired loading operation (i.e., load 
high byte, middle byte, low byte or DAC register). Table IV 
shows the AD7542 truth table. 

All data loading operations are identical to the write cycle of 
a RAM as shown in Figure 1. 

Additionally, the CLR input allows the AD7542 DAC register 
to be cleared asynchronously to 0000 0000 0000. When oper
ating the AD7542 in a unipolar mode (Figure 4), a CLEAR 
causes the DAC output to assume OV. In the bipolar mode 
(Figure 5), a CLEAR causes the DAC output to go to -VREP' 

In summary: 
1. The AD7542 DAC register can be asynchronously cleared 

with the CLR input. 
2. Each AD7542 requires 4 locations in memory. 
3. Performing any of the four basic loading operations (i.e. 

load low byte data register, middle byte data register, high 
byte data register or 12-bit DAC register) is accomplished 
by executing a memory WRITE operation to the appli
cable address location for the required DAC operation. 

Table/V. AD7542 Truth Table 

AD7542 Control Inputs 

- AD7542 Operation 
Al Ao CS WR CLR 

X X X X 0 Resets DAC 12-Bit Register 
to Code 0000 0000 0000 

X X I X I No Operation 
Device Not Selected 

S 
Load LOW Byte' 

0 0 0 1 Data Register On 
Edge As Shown ' Load 
Load MIDDLE Byte' Applicable 

0 I 0 S 1 Data Register On Data 

Edge As Shown Register 

Load HIGH Byte' 
With Data 

I 0 0 S 1 Data Register On 
AtDo-Dl 

Edge As Shown 

Load 12-Bit DAC Register With 
I I 0 U I Data In LOW Byte, MIDDLE Byte 

& HIGH Byte Data Registers' 

NOTES, 
I 1 indicates logic HIGH • MSB .. .!!!! .!!!! .!!!! .... LSD 
to indicates logic LOW high middle low 
I X indicates dop't care byte byte byte 
4 S indicates LOW tq HIGH transition 'These control signals are level trigered. 
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AD7 542 INTERFACE TO MC6800 
A typical 6800 system configuration is shown in Figure 6. 
Since the AD7542 contains four registers each AD7S42 is as
signed four locations in memory. AO and Al provides the oper
ational addresses and are decoded internally to point to the 
desired register. Register loading is accomplished by executing 
a memory WRITE instruction to one of the four addresses. 
Table V gives a sample loading subroutine written in re-entrant 
form. 

Choosing an arbitrary statt address of PPQQ. locations PPQQ. 
PPQQ+l and PPQQ+2 select the low, middle and high byte 
registers respectively while address PPQQ+ 3 selects the 12-bit 
DAC register. The 12-bit data to be passed to the subroutine 
is stored in locations XXVY and XXVY + 1. The four most 
significant data bits are assumed to occupy the lower half 
ofXXYY+l. 

DATA8US 

MC6BOO 

" 
RiW .... ----i 

AO-A15 ADDAESS8US AO,A1 

Figure 6. Interfacing the AD7542 to an MC6800 
Microprocessor 

Table V. Sample Routine for AD7542-6BOO Interface 

]SR WWZZ 

WWZZ PSH A PUSH ACC. A ONTO STACK 
TPA 
PSHA PUSH CCR ONTO STACK 
LOA A XXYY 
STAA PPQQ LOAD LOW BYTE 
RORA 
RORA 
RORA 
RORA 
STAA PPQQ+I LOAD MIDDLE BYTE 
LOA A XXYY+l 
STAA PPQQt-2 LOAD HIGH BYTE 
STAA PPQQt-3 LOAD DAC REGISTER 
PULA 
TAP POP CCR FROM STACK 
PULl\. POP ACC. A FROM STACK 
RTS RETURN TO MAIN PROGRAM 

REV. A 



AD7 542 INTERFACE TO 8085 
A typical 8085 system configuration is shown in Figure 7. The 
AD7542 CS input is decoded from the three high order address 
lines AI3-AI5. The 8085 WR output is directly connected to 
the WR input of the AD7542. Table VI gives a sample loading 
subroutine written in re-entrant form. The 12-bit data to be 
passed to the subroutine is stored in locations XXYY and 
XXYY+1. The four most significant data bits are assumed to 
occupy the lower half of XXYY+1. As before, arbitrary 
addresses PPQQ to PPQQ+ 3 select the low byte, middle byte, 
high byte and DAC registers respectively. 

Figure 7. Interfacing the AD7542 to an 8085 Microprocessor 

Table VI. Sample Routine for AD7542-8085 Interface 

CALL 7542 

7542 PUSH PSW PUSH REGISTER CONTENTS 
PUSH B ONTO STACK 
PUSH H 
LXI H.XXYY 
MOV A.M 
STA PPQQ LOAD LOW BYTE 
MVI B,04 

LOOP RAR 
DCR B 
)NZ LOOP 
STA PPQQ+! LOAD MIDDLE BYTE 
INX H 
MOV A,M 
STA PPQQ+2 LOAD HIGH BYTE 
STA PPQQ+3 LOAD DAC REGISTER 
POP H POP REGISTER CONTENTS 
POP B FROM STACK 
POP PSW 
RET RETURN TO MAIN PROGRAM 

APPLICATION HINTS 
The AD7542 is a precision 12-bit multiplying DAC designed 
for system interface. To ensure system performance consistent 
with AD7542 specifications, careful attention must be given 
to the following points: 

1. GENERAL GROUND MANAGEMENT: Voltage differen
ces between the AD7542 AGND and DGND cause loss of 
accuracy (dc voltage difference between the grounds intro
duces gain error. AC or transient voltages between the 
grounds cause noise injection into the analog output). The 
simplest method of ensuring that voltages at AGND and 
DGND are equal is to tie AGND and DGND together at 
the AD7542. In more complex systems where the AGND
DGND intertie is on the back-plane, it is recommended 
that diodes be connected back-to-back between the 
AD7542 AGND and DGND pins (lN9l4 or equivalent). 
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AD 7542 
2. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 

code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a non
linearity term at the amplifier output which depends on 
VOS (Vos is amplifier input offset voltage). This non
linearity term adds to the RI2R nonlinearity. To main-
tain specified operation, it is recommended that amplifier 
Vos be no greater than 10% of the DAC's output resolution 
over the temperature range of interest [output resolution = 
VREF (2-n) where n is the number of bits exercised) . 

3. HIGH FREQUENCY CONSIDERATIONS: AD7542 out
put capacitance works in conjunction with the amplifier 
feedback resistance to add a pole to the open loop response. 
This not only reduces closed loop bandwidth, but can also 
cause ringing or oscillation if the spurious pole frequency is 
less than the amplifier's OdB crossover frequency. Stability 
can be restored by adding a phase compensation capacitor 
in parallel with the feedback resistor. 

4. GAIN TEMPERATURE COEFFICIENTS: The gain temper
ature coefficient of the AD7542 has a maximum value of 
5ppmtC and a rypical value of 2ppml"C. This corresponds 
to gain shifts of 2.0LSBs and 0.S2LSBs respectively over a 
lOOoC temperature range. When trim resistors are used to 
adjust full-scale range as shown in Figures 4 and 5 the 
temperature coefficient of Rl and R2 should be taken 
into account. It may be shown that the additional gain 
temperature coefficients introduced by Rl and R2 may 
be approximately expressed as follows: -

Temperature Coefficient _ ~ 
contribution due to Rl RIN (11 + 300) 

Temperature Coefficient 
contribution due to R2 = + ~ (12 + 300) 

RIN 

Where 11 and 12 are the temperature coefficients in ppml"C 
of Rl and R2 respectively and RIN is the DAC input resist
ance at the VREF terminal (pin 2). For high quality wire
wound resistors and trimming potentiometers 'Y is of the order 
of 5Oppm/oC. It will be seen that if Rl and R2 are small com
pared with RIN, their contribution to gain temperature coef
ficient will also be small. For the standard AD7542 gain error 
specification of ±3LSBs it is recommended that Rl = son 
and R2 = 25n. With 'Y = 50 these values result in an overall 
maximum gain error temperature coefficient of: 

0.025 ° 5 + -S- (50 + 300) = 6ppm/ C 

However, if the AD7542GTD is used which has a specified 
gain error of ±lLSB, then with Rl = lOn and R2 = 5n the 
overall maximum gain temperature coefficient is increased by 
only 0.25ppmI"C. Where possible Rl should be a select on 
test fixed resistor since the resulting gain temperature coeffi
cient will be tighter in all cases. For further gain T .C. informa
tion refer to application note, "Gain Error and Gain Tempera
ture Coefficients of CMOS Multiplying DACs", Publication 
Number E630-l0-6/81 available from Analog Devices. 

5. For additional information on multiplying DACs refer to 
"CMOS DAC Application Guide," Publication Number 
G872a-l5-4/86, available from Analog Devices. 

DIGITAL-TO-ANALOGCONVERTERS 2-531 

• 



2-532 DIGITAL-TO-ANALOG CONVERTERS 



~ANALOG 
WDEVICES 

FEATURES 

• 4-Bit Bus Compatible 12-Blt MuHlplylng DAC 
• Complete Microprocessor Interface wHh On-Chip Address 

Decoding and Asychronous CLEAR Input 
• Fast Interface Timing 
• Superior Accuracy:±112 LSB INL ErrorOVerTemperature and 

±1 LSB Gain Error 
• Excellent Power Supply Rejection ••••.••.••••••.• 0.002%% Max 
• Reduced Digital Charge Injection 
• Reduced Output Capacitance 
• Small (16-Pln), Narrow (0.3',) DIP PackagesSUHablefor Auto-

Insertion and SO Surface Mount Package 
• Improved ESD Resistance 
• Superior Direct Replacement for AD7542 
• Available in Ole Form 

APPLICATIONS 

• Process Control and Industrial Automation 
• Programmable Amplifiers 
• Digitally-Controlled Power Supplies 
• Digitally-Controlled Attenuators 
• Digitally-Controlled Filters 
• Instrumentation 
• Avionics 

ORDERING INFORMATION t 
EXTENDED 

MILITARY· INDUSTRIAL COMMERCIAL 
GAIN NON· TEMPERATURE TEMPERATURE TEMPERATURE 

ERROR LINEARITY -SS'Clo+125'C -40"Clo+85"C O'Clo+70'C 

±1 LSB 
±2LSB 
±2LSB 
±2LSB 

±1/2LSB 
±1 LSB 
±1LSB 
±1 LSB 

PM7542AQ 
PM7542BQ 
PM7542BRCI883tt 

PM7542EQ 
PM7542FQ 
PM7542FP 
PM7542FS 

PM7542GP 

For devices processed in total compliance to MIL ·STD-883, add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP and plastic DIP packages. 

CROSS REFERENCE 
TEMPERATURE 

PMI ADI RANGE 

PM7542AQ AD7542GTD 
PM7542AQ AD7542TD MIL 
PM7542BQ AD7542SD 

PM7542EQ AD7542GBD 
PM7542EQ AD7542BD IND 
PM7542FQ AD7542AD 

PM7542GP AD7542GKN 
PM7542GP AD7542KN COM 
PM7542FP AD7542JN 

REV,D 

12-Bit (4-Bit Nybble Input) 
Multiplying CMOS D/A Converter 

PM-7542 I 
GENERAL DESCRIPTION 

The PM-7542 is a 12-bit resolution, current output, multiplying 
CMOS OAC with a microprocessor interface to 4-bit busses. 
Improved analog accuracy, a fast digital interface, and input 
ESO protective circuitry make this a superior second-source 
to the industry standard 7542. This improved performance 
permits the easy upgrading of accuracy and ruggedness in 
existing de3igns. 

PIN CONNECTIONS 

AGND 3 

(MSB)DB3 4 

OB1 B 

(LSB)DBQ 7 

16-PIN CERDIP 
(Q-Sufflx) 

16-PIN EPOXY DIP 
(P-Sufflx) 

16-PIN SOL 
(S-Sufflx) 

FUNCTIONAL BLOCK DIAGRAM 

PM-7542 

20-PINLCC 
(RC-Sufflx) 

Continued 

VDD r---"""\----~"F1I 
VAEF o"'t---------l IOUT1 

A. 

~-..,..,,.-.J-----,fO 'oun 

DBrDBo 

AGNO 

DGNO 

DIGITAL-TO-ANALOG CONVERTERS 2-533 



PM-7542 

GENERAL DESCRIPTION Continued 

Under microprocessor control. 4-bit data bytes are loaded from 
a data bus into three 4-bit input registers. The resulting 12-bit 
data word can then be transferred to a DAC register. updating 
the analog output. Data input and transfer operations resemble 
the WRITE cycle of a static RAM. An asynchronous CLEAR input 
permits the immediate resetting of the DAC register to all zeros. 
without affecting the data resident in the input registers. 

Improved linearity and gain error performance may permit a 
reduced circuit parts count through the elimination of trimming 
components. Fast interface timing reduces design con
siderationswhile minimizing microprocessorwaitstates. The PM-
7542 is available in standard plastic and CerDIP packages that 
are compatible w~h auto-insertion eqUipment. 

ABSOLUTE MAXIMUM RATINGS 
(TA = +25°C. unless otherwise noted.) 
Voo (to DGND) .................................................................. +17V 
VREF (to DGND) ................................................................ %25V 
VRFB (to DGND) ............................................................ : ... %25V 
AGND to DGND ....................................................... Voo + 0.3V 
DGND to AGND ....................................................... Voo + 0.3V 
Digilallnput Voltage Range .................................. -O.3V to V DO 

Output Vollage (Pin 1. Pin 2) ................................ -O.3V to V 00 

Operating Temperature Range 
A/B/BRC ...................................................... -55°C to + 125°C 
ElF Versions .................................................. --40°C to +85°C 
GP Version ........................................................ O°C to +70°C 

Junction Temperature ................................................... + 150°C 
Storage Temperature ..•...•.............................. -65°C to + 150°C 
Lead Temperature (Soldering. 60 sec) ........................... 300°C 

PACKAGE TYPE alA (NOTE 1) ale UNITS 

16·Pin Hermetic DIP (0) 94 12 'CIW 
16·Pin Plastic DIP (P) 76 33 'CIW 
20·Contact LCC (RC) 88 33 'CIW 
16·Pin SOL (5) 92 27 'CIW 

NOTE: 
1. alA is specified for worst case mounting conditions, i.e., alA is specified for 

device in socket for CerDIP, P·DIP, and LCC packages; alA is specified for 
device soldered to printed circuit board for SOL package. 

CAUTION: 
1. Do not apply voltages higher than VDD or less than AGND potential on any 

terminal except VREF (Pin 15) and RFS (Pin 16). 
2. The digital control inputs are zener-protected; however, permanent damage 

may occur on unprotected units from high-energy electrostatic fields. Keep 
units in conductive foam at all times until ready to use. 

3. Use proper anti-static handling procedures. 
4. Absolute Maximum Ratings apply to both packaged devices and DICE. 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. 

ELECTRICAL CHARACTERISTICS at Voo = +5V; VREF = +10V; VOUT1 = VOUT2 = VOGNO = OV; TA = -55°C to +125°C for 
PM-7542AO/BO; TA = -40°C to +85°C for PM-7542EO/FO/FP/FS; and T A = O°C to +70°C for PM-7542GP, unless otherwise noted. 

PM-7542 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

STATIC ACCURACY 

Resolution N 12 Bits 

Nonlinearity 
INL PM-7542A/E/G ±112 LSB (Note 1) PM-7542B/F 1 

Differential Nonlinearity DNL PM-7542A/E ±112 LSB (Note 2) PM-7542B/F/G ±1 

TA = +25'C 
PM-7542A/E 

Gain Error 
(Note 3) GFSE 

PM-7542B/F/G 
TA = FUll Temp. Range LSB 

All Grades 

Gain Tempco 
(IlGain/ll Temp) TCGFS ±5 ppm/'C 
(Note 6) 

Power Supply 
Rejection Ratio PSRR IlVoo = ±5% 0.0006 ±0.002 %1% 
(IlGain/IlTemp) 

Output Leakage TA = +25'C ±5 

Current ILKG 
TA = Full Temp. Range 

nA 
(Notes 4, 5) PM-7542A1B ±100 

PM-7542E/F/G ±25 

TA = +25'C ~0.02 

Zero Scale Error IZSE TA = Full Temp. Range LSB (Notes 8, 13) PM-7542A/B sO.5 
PM-7542E/F/G sO.1 

Input ReSistance 
R'N 11 15 kll (Note 9) 
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PM-7542 
ELECTRICAL CHARACTERISTICS at Voo = +5V; VREF = +10V; Voun = VOUT2 = V AGNO = VOGNO = OV; TA = -55°C to +125°e 
for PM-7542AQ/8Q; TA = -400 e to +85°e for PM-7542EQ/FQ/FP/FS; and TA = ooe to +70oe for PM-7542GP. unless otherwise noted. 
Continued 

PM-7542 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

AC PERFORMANCE 

Output Current 
Settling Time ts TA = +25"C 0.25 ~s 

(Notes 6, 7) 

Feedthrough Error VREF = 20Vp.p @ f = 10kHz 

(VREF to I aUT1) FT Digital Input = 0000 0000 0000 0.45 mVp~p 

(Note 6) TA = +25"C 

VREF = OV 
Digilal to Analog I OUT Load = 100n 
Glitch Energy Q CEXT = 13pF 200 nVs 
(Note 6) DAC register loaded alternately with 

all Os and all 1s 

Total Harmonic 
THO 

VREF = 6V RMS @ 1kHz 
-92 

Distortion (Note 6) DAC register loaded with all 1 s 
dB 

Output Noise 
10Hz to 100kHz 

Voltage Density eo 
measured between RFB and lOUT 

13 nV/..;HZ 
(Notes 6, 14) 

POWER SUPPLY 

Supply Voltage Range Voo 4.75 5.25 V 

Supply Current 100 
All digital inputs = V,H or V,L 2 
All digital inputs = OV or Voo 0.1 

mA 

DIGITAL INPUTS 

Digital Input HIGH V,H 2.4 V 

Digital Input LOW V,L 0.8 V 

Input Leakage 
I'L V,N = OV to +5V ±1 ~A 

Current (Note 10) 

Input Capacitance 
C,N V,N = OV 8 pF 

(Note 6) 

ANALOG OUTPUTS 

Coun Digital Inputs = V,H 
30 60 

Output Capacitance CauT2 65 90 
(Note 6) 

COUT1 65 90 
pF 

COUT2 
Digital Inputs = V,L 

30 60 
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PM-7542 

ELECTRICAL CHARACTERISTICS al Voo =+5V; VREF =+10V; V OUT1 = VOUT2= V AGNO = V OGNO = OV;TA =-55°Clo+125°C 

for PM-7542AQ/BQ; T A - -40°C 10 +85°C for PM-7542EQ/FQ/FP/FS; and T A = O°C 10 + 70°C for PM-7542GP. unless otherwise noted. 

Continued 

PARAMETER SYMBOL CONDITIONS 

TIMING CHARACTERISTICS (Nole 6) 

WRITE Pulse Widlh IWR 
Til. = +25'C 
Til. = Full Temp. Range 

CLEAR Pulse Wldlh telR 
Til. = +25'C 
Til. = Full Temp. Range 

Address Valid 10 
tAWH 

Til. = +25'C 
WRITE Hold Time Til. = Full Temp. Range 

Chip Selecllo 
lewH 

Til. = +25'C 
WRITE Hold Time Til. = Full Temp. Range 

Chip Selecllo 
lews 

Til. = +25'C 
WRITE Sel-up Time Til. = Full Temp. Range 

Address Valid 10 
tAWS 

Til. = +2S'C 
WRITE Sel-up Time Til. = Full Temp. Range 

Dala Sel-up Time los 
Til. = +25'C 
Til. = Full Temp. Range 

Dala Hold Time IOH 
Til. = +2S'C 
Til. = Full Temp. Range 

NOTES: 
1. ±1I2 LSB = ±0.012% of Full Scale. 
2. All grades are monolonic 10 12-bils over lemperalure. 
3. Using inlernal feedback resislor. 
4. Applies 10 loun; all digilal inpuls = V,L' 
5. Specification also applies for IOUT2 when all digllal in puIs = V,H. 
6. Guaranleed by design and not tested. 
7. loun Load = 1000. CEXT = 13pF. digital input = OV to Voo or Voo to OV. 

Extrapolated to 1/2 LSB: t. = Propagation Delay (tpo) + 9r. where r = 
measured time constant of the final RC decay. 

8. VREF = +10V. all digital inputs = OV. 
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MIN 

90 
120 

70 

90 

10 
10 

o 
10 

o 
10 

a 
o 

40 
40 

40 
40 

PM-7542 
TYP MAX 

9. Absolute temperalure coefficient is less than +50 ppml"C. 
10. Digital inputs are CMOS gates; liN is typically InA at +25'C. 
11. VREF = OV, all digital inputs = OV to Voo or Voo to OV. 
12. All digital Inputs = OV. 
13. Calculated from worst case RREF: 

IZSE (In LSBs) = (RREF X ILKG X 4096)NREF' 
14. Calculations from en = v'4K TRB where: 

K = Boltzmann constant, J/'K R = resistance 0 
T = resistor temperature, OK B = bandwidth, Hz 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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DICE CHARACTERISTICS 

DIE SIZE 0.116 X 0.109 inch, 12,644 sq. mils 
(2.95 X 2.77 mm, 8.17 sq. mm) 

1. lOUT' 
2. IOUT2 
3. AGND 
4. DB3 (MSB) 
5.DB2 

6. DB, 
7. DBo (LSB) 
8. CS 

9. WR 
10. Ao 
11. A, 
12.DGND 
13. CLR 

PM-7542 

14. Voo (Substrate) 
15. VREF 
16. RFB 

WAFER TEST LIMITS at V DD = +5V, V REF = +10V; VOUT1 = VOUT2= VAGND= VDGND= OV, TA = +25°C, unless otherwise noted. 

PARAMETER SYMBOL 

STATIC ACCURACY 

Resolution N 

Integral Nonlinearity INL 

Differential Nonlinearity DNL 

Gain Error GFSE 

Power Supply Rejection 
PSRR 

Ratio 

Output Leakage 
ILKG 

Current (Ioun) 

REFERENCE INPUT 

Input Resistance RREF 

DIGITAL INPUTS 

Digital Input HIGH V,H 

Digital I nput LOW V'L 

Input Leakage Current I,L 

POWER SUPPLY 

Supply Current 100 

NOTE: 

CONDITIONS 

Using internal feedback resistor 

~Voo = ±5% 

Digital Inputs = V,L 

V1N = OV to Voo 

Digital Inputs = V,H or V,L 
Digital Inputs = OV or Voo 

PM-7542GBC 
LIMIT 

12 

±1 

±1 

±2 

±0.002 

±5 

7/15 

2.4 

0.8 

±1 

0.1 

UNITS 

Bits MIN 

LSB MAX 

LSB MAX 

LSB MAX 

%/% MAX 

nA MAX 

kO MINIMAX 

V MIN 

V MAX 

~A MAX 

mA MAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

o 
o 

ALL 
(':~~1 

:~ 

A: 

(LS8)~1 

100 

MULTIPLYING MODE 
FREQUENCY RESPONSE 

vs DIGITAL CODE 
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I '" 
24 

36 iii' 
!!. 

48~ 

1.1 

~ 

lk 10k TOOk 1M 
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.. 
60 ::> 

72~ 
84 

96 

108 
10M 

! 
c 
j!: 

MULTIPLYING MODE 
TOTAL HARMONIC 

DISTORTION vs FREQUENCY 
-70 VaN =6~~ 1111 

OUTPUT OP AMP: OP-42 

o.os. 

-7S H-++ftttlt-+-+tt-t+tll--+++tJfHlt--+ftltHll 0.018 

-80 H-++f+lffi--+--++I-H-Hl--+ffiflffi----+-H+fH1l 0.010 

-8S 

-80 

-8S L...J...L.I.l..Wll--l...!..J.J.llIIL--I...JJ..1.Wl!.......1-LJ..I.llJJl 0.0018 
10 100 1k 10k 1DOk 
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SPECIFICATION DEFINITIONS 
RESOLUTION 
The resolution of a DAC is the number of states (2n) that the 
full-scale range (FSR) is divided (or resolved) into, where "n" 
is equal to the number of bits. 

SETTLING TIME 
Time required for the analog output of the DAC to settle to 
within 1/2 LSB of its final value for a given digital input 
stimulus; i.e. zero to full scale. 

GAIN 
Ratio of the DAC's external operational amplifier output vol
tage to the VREF input voltage when all digital inputs are 
HIGH. 

FEEDTHROUGH ERROR 
Error caused by capacitive coupling from VREF to output. 
Feedthrough error limits are specified with all switches OFF. 

OUTPUT CAPACITANCE 
CapaCitance from IOUTl terminal to ground with all digital 
inputs LOW, or from I OUT2 terminal to ground when all inputs 
are HIGH. 

OUTPUT LEAKAGE CURRENT 
Current appearing at IOUTl when all digital inputs are LOW, or 
at IOUT2 terminal when all inputs are HIGH. 

GENERAL CIRCUIT INFORMATION 
The PM-7542 is a 12-bit multiplying D/A converter with a very 
low temperature coefficient, R-2R resistor ladder network, 
data input and control logic, and four data registers. The digi
tal circuitry forms an interface between the 12-bit DAC and a 
four-bit data bus. 

An asynchronous CLEAR function allows resetting the DAC 
register to a zero code (0000 0000 0000) without altering data 
stored in the registers. 

10kn 10kn 10kO: 

20kn 20kn 20kO: 20kO: 20kn 

., ., ., ." 
L--+-T~--~r4~~--~+-~~--------Oloon 

'--i,r----..... -;.,-----+-i-, --*'--"'--:,r--~-------::'o'"'kn:-OloUT1 
I : ~--&1---~ 
6 0 0 0 

RFEEDBACK 

BIT 1 (MSa) BIT 2 BIT 3 BIT 12 (lSB) 

DIGITAL INPUTS 
(SWITCHES SHOWN FOR DIGITAL INPUTS "HIGH") 

*THESE SWITCHES PERMANENTLY "ON" 

FIGURE 1: Simplified DAC circuit 
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PM-7542 
A simplified circuit of the PM-7542 DAC is. shown in Figure 1. 
An inverted R-2R ladder network consisting of silicon-chrome, 
thin-film resistor, and twelve pairs of NMOS current-steering 
switches steer binarily weighted currents into either IOUTl or 
IOUTl!- Switching current to IOUTl or IOUT2 yields a constant 
current in each ladder leg, regardless of digital input code. 
This constant current results in a constant input resistance at 
VREFequal to R (typically 11kO). The VREFinput may be driven 
by any reference voltage or current, AC or DC, that is within 
the limits stated in the Absolute Maximum Ratings chart. 

The twelve output current-steering switches are in series with 
the R-2R resistor ladder, and therefore, can introduce bit 
errors. It is essential then, that the switch "ON" resistance be 
binarily scaled so that the voltage drop across each switch 
remains constant. If, for example, switch 1 of Figure 1 was 
designed with an "ON" resistance of 10 ohms, switch 2 for 20 
ohms, etc., a constant 5mV drop will then be maintained 
across each switch. 

To further insure accuracy across the full temperature range, 
permanently "ON" MaS switches are included in series with 
the feedback resistor and the R-2R ladder's terminating resis
tor. The "Simplified DAC Circuit", Figure 1, shows the location 
of the series switches. These series switches are equivalently 
scaled to two times switch 1 (MSB) and to switch 12 (LSB) 
respectively to maintain constant relative voltage drops with 
varying temperature. During any testing of the resistor ladder 
or RFEEOBACK (such as incoming inspection), Voo must be 
present to turn "ON" these series switches. 

ESD PROTECTION 
The PM-7542 data inputs have been designed with ESD 
resistance incorporated through careful layout and the inclu
sion of input protection circuitry. 

Figure 2 shows the input protection diodes. High voltage 
static charges applied to the digital inputs are shunted to the 
supply and ground rails through forward biased diodes. 

These protection diodes are designed to clamp the inputs well 
below dangerous levels during static discharge conditions. 

Voo 

FIGURE 2: Digital Input Protection 
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EQUIVALENT CIRCUIT ANALYSIS 
Figures 3 and 4 show equivalent circuits for the DAC with all 
bits LOW and HIGH, respectively. The reference current is 
switched to IOUT2 when all data bits are LOW and to IOUT1 
when all bits are HIGH. The ILEAKAGE current source is the 
combination of surface and junction leakages to the sub
strate. The 114096 current source represents the constant 1-bit 
current drain through the ladder's terminating resistor. 

Output capacitance is dependent upon the digital input code. 
This is because the gate capacitance of MaS transistors 
increases with applied gate Voltage. This output capacitance 
varies between the low and high values. 

RFEEDBACK 

R "" 10kn 

r-------~---+----olmm 

o--J\I'''''""-+------~P-------~------~ IOUT2 

FIGURE 3: PM-7542 Equivalent Circuit (All Inputs LOW) 

RFEEDBACK 

'REF 
R = 10kn 

~ R-10kO 

~OE-F~~.~--------P-------~---+--~IO~t 

t ~r-'-LEA-KAG-E --+f-.. -PF ----<0 IOUT2 

FIGURE 4: PM-7542 Equivalent Circuits (All Digital 
Inputs HIGH) 

DYNAMIC PERFORMANCE 
OUTPUT IMPEDANCE 
The output resistance, as in the case of the output capaci
tance, varies with the digital input code. This resistance, look
ing back into the lOUT terminal, may be between 11kO (the 
feedback resistor alone when all digital inputs are LOW) and 
7.5kO (the feedback resistor in parallel with approximately 
30kO of the R-2R ladder network resistance when any single 
bit logic is HIGH). Static accuracy and dynamic performance 
will be affected by these variations. The gain and phase 
stability of the output amplifier, board layout, and power 
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supply decoupling will all affect the dynamic performance of 
the PM-7542. The use of a compensation capaCitor may be 
required when high-speed operational amplifiers are used. It 
may be connected across the amplifier's feedback resistor to 
provide the necessary phase compensation to critically damp 
the output. 

The considerations when using high-speed amplifiers are: 

1. Phase compensation (see Figures 8 and 9). 

2. Power supply decoupling at the device socket and use of 
proper grounding techniques. 

APPLICATIONS INFORMATION 
APPLICATION TIPS 
In most applications, linearity depends upon the potential of 
loun IOUT2' and AGND (pins 1, 2, and 3) being exactly equal 
to each other. In most applications, the DAC is connected to 
an external op amp with its noninverting input tied to ground 
(see Figures 8 and 9). The amplifier selected should have a 
low input bias current and low drift over temperature. The 
amplifier'S input offset voltage should be nulled to less than 
±200I'V (less than 10% of 1 LS8). 

The operational amplifier's noninverting input should have a 
minimum resistance connection to ground; the usual bias 
current compensation resistor should not be used. This resis
tor can cause a variable offset voltage appearing as a varying 
output error. All grounded pins should tie to a single common 
ground point, avoiding ground loops. The Voo power supply 
should have a low noise level with no transients greater 
than +17V. 

Unused digital inputs must always be grounded or taken to 
Voo; this will prevent noise from triggering the high impe
dance digital inputs resulting in output errors. It is also 
recommended that the used digital inputs be taken to ground 
or Voo via a high value (1 MO) resistor; this will prevent the 
accumulation of static charge if the PC card is disconnected 
from the system. 

Peak supply current flows as the digital inputs pass through 
the transition voltage. The supply current decreases as the 
input voltage approaches the supply rails (Voo or DGND), i.e. 
rapidly slewing logiC signals that settle very near the supply 
rails will minimize supply current. 

OUTPUT AMPLIFIER CONSIDERATIONS 
When using high speed op amps, a small feedback capacitor 
(typically 15pF) should be used across the amplifier to mini
mize overshoot and ringing. For low speed or static applica
tions, AC specifications of the amplifier are not very critical. 
In high-speed applications, slew rate, settling time, open-loop 
gain, and gain/phase margin specifications of the amplifier 
should be selected for the desired performance. It has already 
been noted that an offset can be caused by including the 
usual bias current compensation resistor in the amplifier'S 
noninverting input terminal. This resistor should not be used. 
Instead, the amplifier should have a bias current which is low 
over the temperature range of interest. 
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FIGURE 5: Simplified Circuit 

Static accuracy is affected by the variation in the DAC's out
put resistance. This variation is best illustrated by using the 
circuit of Figure 5 and the equation: 

VERROR = Vos (1 + R:: ) 

where Ro is a function of the digital code, and: 
Ro = 10kO for more than four bits of logic 1, 
Ro = 30kO for any single bit of logic 1. 

Therefore, the offset gai n varies as follows: 
at code 0011 1111 1111, 

VERROR = Vos 1 +--( 
10kO) 
10kO 

at code 0100 0000 0000, 

( 
10kO) VERROR = Vos 1 +--
3OkO 

= 2Vos 

= 4/3Vos 

The error difference is 2/3 Vos. 

Since one LSB has a weight (for VREF = +10V) of 2.4 mV for 
the PM-7542, it is clearly important that Vos be minimized, 
either using the amplifier's nulling pins, an external nulling 
network, or by selection of an amplifier with inherently low 
Vos. Amplifiers with sufficiently low Vos include PMI's OP-77, 
OP-07, OP-27, and OP-42. 

INTERFACE LOGIC OPERATION 
The PM-7542 has been designed to be interfaced as a memory 
mapped output device as shown in Figure 6. 

As shown in the device truth table, Table 1, CS is an externally 
decoded device address, selecting the device when needed. 

Ao and A1 are internally decoded operation addresses. Each of 
these four available operations requires a memory location. 
Data operations are performed by executing a memory WRITE 
to the address for that operation. This WRITE cycle is identi
cal to that of a RAM. Updating the entire 12-biI data word 
requires four WRITE cycles (three data nybble loads and one 
data word transfer). Timing for a WRITE cycle is shown in 
Figure 7. 

REV. 0 

PM-7542 
The CLR input allows the asynchronous reset of the DAC 
register to 0000 0000 0000. This reset does not affect data 
held in the input registers. While in unipolar mode, a CLEAR 
will result in the analog output going to OV. In bipolar mode, 
the output will go to -VREF. 

C~O------~~~---4~7,;~l 

A, 

FIGURE 6: Simplified Input Control Structure 

-ADDRESS BUS VALID-

AO'A',~ V,H K (PINS 10,11) V" 

l-tAWH 
cs 

(PIN 8) 

I Lht~::r-
WR 

(PIN 9) L~~© 
DBa-DBo 

(PINS 4-7) 

DATA BUS ..... 
- VALID 

NOTE: TIMING MEASUREMENT REFERENCE LEVEL IS 

FIGURE 7: PM-7542 Timing Diagram 

INTERFACE INPUT DESCRIPTION 

CS (Pin a)-Chip Select. Active Low. 

VDD 
2 

Selected, with WR, to load data into an input register or 
transfer data from input to DAC registers. 

WR (Pin 9)-Write Input. Active Low. 
Selected, with CS and appropriate address inputs, to load 
data into an input register or transfer data from input to 
DAC registers. 
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TABLE 1: PM-7542 Truth Table 

CONTROL INPUTS 
OPERATION 

Ao CS WR CLR 

x x x x o Reset 12-bit DAC Register to Zero Code (Code = 0000 0000 0000). Does 
not affect I nput Registers. 

x x x No operation. Device not selected. 

o o o s Load LOW Byte (Note 5) 
Data Register on 
Rising Edge. 

o o s Load MIDDLE Byte (Note 5) 
Data Register on 

Load 
Addressed 
Data 
Register 
With Data 
at DBo-DB3. 

Rising Edge. 

o o s 
Load HIGH Byte (Note 5) 
Data Register on 
Rising Edge. 

o Load DAC Register with 12-Bit Data in LOW, MIDDLE, and HIGH Byte 
Data Registers (Note 6). 

NOTES: 
,. , indicates logic HIGH 
2. 0 indicates logic LOW 
3. X indicates don't care 
4. S indicates LOW to HIGH transition 
5. Input 

Data Bit DB, DB, DB, DBo DB, DB, DB, DBo 
MS~X X X X X X X X 

HIGH BYTE MIDDLE BYTE 
6. These control signals are level triggered 

Ao (Pin 10), A, (Pin 11)-Address Inputs. 
Addressed, with CS and WR selected, to perform data load 
or data transfer operations. See Table 1 for truth table. 

CLR (Pin 13)-Clear Input. Active Low. Asynchronous. 
When LOW, 12-bit DAC register is forced to a zero code (0000 
0000 0000) regardless of other interface inputs. 

UNIPOLAR OPERATION (2-QUADRANT) 
The circuits shown in Figures 8 and 9 may be used with an AC 
or DC reference voltage. The circuits output will range be
tween OV and approximately -VREF (4095/4096) depending 

VREF 
-1OV 

BIT' 
DATA 

INPUT 

BITO 

CONTROL 
INPUT 

FIGURE 8: Unipolar Operation with High Accuracy 
Micropower Op Amp (2-Quadrant) 
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DB3 DB, DB, DBo 
X X X X -4-LSB 

LOW BYTE 

upon the digital input code. The relationship between the 
digital input and the analog output is shown in Table 2. The 
limiting parameters for the VREF range are the maximum input 
voltage range of the op amp or ±25V, whichever is lowest. 

Gain error may be trimmed by adjusting R, as shown in 
Figure 9. The DAC register must first be loaded with all1s. R, 
may then be adjusted until VOUT = -VREF (4095/4096). In the 
case of an adjustable VREF, R, and RFEEDBACK may be omit
ted, with VREF adjusted to yield the desired full-scale output. 

VREF 
-10V 

BIT3 

DATA 
INPUT 

BIT 0 

CONTROL 
INPUT 

R, 

R, 
nQ 

loun 

loun 

! AGND 

11,13 12 

DGND 

-15V 

FIGURE 9: Unipolar Operation with Fast Op Amp and Gain 
Error Trimming (2-Quadrant) 
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In many applications the PM-7542's negligible zero scale 
error and very low gain error permit the elimination of the 
trimming components (R, and the external RFEEDBACKl with
out adverse effects on circuit performance. 

TABLE 2: Unipolar Code Table 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 
(VOUT as shown 

MSB LSB in Figures 8 and 9) 

1 1 1 1 1 1 1 1 1 1 ( 4095) -VREF 4096 

100 0 0000 000 1 ( 2049) -VREF 4096 

1 000 000 0 0000 ( 2048) = _ VREF 
-VREF 4096 2 

011 1 1 1 1 1 1 1 1 1 ( 2047) -VREF 4096 

o 0 0 0 000 0 o 0 0 1 -VREF (4d96) 
o 0 0 0 0000 000 0 -VREF (4~96) =0 

NOTES: 
1. Nominal full scale for the circuits of Figures 8 and 9 is given by 

FS = vREF (:g~~). 
2. Nominal LSB magnitude for the circuits of Figures 8 and 9 is given by 

LSB = VREF (40~6) or VREF (2-"). 

BIPOLAR OPERATION (4-QUADRANT) 
Figure 10 details a suggested circuit for bipolar, or offset 
binary operation. Table 3 shows the digital input to analog 
output relationship. The circuit uses offset binary coding. 
Two's complement code can be converted to offset binary by 
software inversion of the MSB or by the addition of an 
external inverter to the MSB input. 

CONTROL DATA 
INPUT INPUT 

FIGURE 10: Bipolar Operation (4-Quadrant, Offset Binary) 
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Resistors R3, R4, and Rs must be selected to match within 
0.01% and must all be of the same (preferably metal foil) type 
to assure temperature coefficient matching. Mismatching be
tween R3 and R4 causes offset and full scale errors while an 
Rs to R4 and R3 mismatch will result in full-scale error. 

Calibration is performed by loading the DAC register with 
1000 0000 0000 and adjusting R, until VOUT = OV. R, and R2 
may be omitted, adjusting the ratio of R3 to R4 to yield VOUT 

= OV. Full scale can be adjusted by loading the DAC register 
with 1111 1111 1111 and either adjusting the amplitude of VREF 
or the value of R5 until the desired VOUT is achieved. 

TABLE 3: Bipolar (Offset Binary) Code Table 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 
MSB LSB (VOUT as shown in Figure 10) 

1 1 1 1 1 1 1 1 1 ( 2047) +VREF 2048 

a a a a a a a a a 0 1 +VREF (20~8) 
100 a a 0 00 o a a a a 

o 1 1 1 1 1 1 1 1 1 1 1 -VREF (20148) 

a a a 0 o a a a a a 0 1 ( 2047) -VREF 2048 

0000 0000 0000 (2048 ) -VREF 2048 

NOTES: 
,. Nominal full scale for the circuit of Figure '0 is given by 

FS = VREF (~g:~) . 
2. Nominal LSB magnitude for the circuit of Figure 10 is given by 

LSB = VREF (20~B) . 

VOUT 
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PM-7542 

ANALOG/DIGITAL DIVISION 
The transfer function for the PM-7542 connected in the 
multiplying mode as shown in Figures 8 and 9 is: 

V = -v (A1 + A2 + A3 + ... A12) 
o IN 21 22 23 212 

where Ax assumes a value of 1 for an "ON" bit and 0 for an 
"OFF" bit. 

The transfer function is mOdified when the DAC is connected 
in the feedback of an operational amplifier as shown in 
Figure 11. It is now: 

_ -VIN 
Vo - ""7""-""'---7-'---..,.---

A1 + A2 + A3 + ... A12 
21 22 23 212 

The above transfer function is the division of an analog 
voltage (VREF) by a digital word. The amplifier goes to the 
rails with all bits "OFF" since division by zero is infinity. With 
all bits "ON", the gain is 1 (±1 LSB). The gain becomes 4096 
with the LSB, bit 12, "ON". 

+SV 

....... 2 

..... 

VOUT 

FIGURE 11: Analog/Digital Divider 

INTERFACING TO THE MC6800 
A typical interface configuration is shown in Figure 12. Data 
loading and transfer is performed by executing memory 
WRITE operations to the four operational addresses specified 
by A1 and Ao. 

2-544 DIGITAL-TO-ANALOG CONVERTERS 

Addresses AABB, AABB+1, and AABB+2 are assigned to 
load data into the low, middle, and high byte registers, respecc 
tively. Data transfer from input to DAC registers is assigned to 
address AABB+3. Eight bits of the full 12-bit data word are 
stored in memory location XXYY. The most significant data 
bits occupy the lower four bits of memory location XXYY+1. 

D~D7~ _______ ~ 

MC88GO 

FROM 
SYSTEM 

RESET 

RiW~-----i 

ADDRESS BUS 

FIGURE 12: Interfacing the PM-7542 to the MC6800 

DATA OPERATIONS SUBROUTINE 

WWZZ 

JSR WWZZ 

PSH A 
TPA 
PSH A 
LDA A XXYY 
STA A AABB 
ROR A 
ROR A 
ROR A 
ROR A 
STA A AABB+1 
LDA A XXYY+1 

STA A AABB+2 
STA A AABB+3 

PUL A 
TAP 
PUL A 
RTS 

Jump to Data Op Routine 
at WWZZ 
Push Acc. A Onto Stack 

Push CCR Onto Stack 
Load Data to Acc. 
Load Low Byte 
Rotate Right 

Load Middle Byte 
Load Most Significant Byte 
to Ace. 
Load High Byte 
Transfer Data Word 
to DAC Register 

Pop CCR From Stack 
Pop Acc. A From Stack 
Return to Main Program 
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11IIIIIIII ANALOG 
IIIIIIIIIII DEVICES 

FEATURES 
Resolution: 12 Bits 
Nonlinearity: ±1/2LSB Tmin to Tmax 
Low Gain T.C.: 2ppmfC typo 5ppmfC max 
Sarial Load on Positive or Negative Strobe 
Asynchronous CLEAR Input for Initialization 
Full 4-Ouadrant Multiplication 
Low Multiplying, Feedthrough: 1LSB max @ 10kHz 
Requires no Schottky Diode Output Protection 
Low Power Dissipation: 40mW max 
+5V Supply 
Small Size: 16-Pin DIP or 20·Terminal Surface Mount 

Package 
Low Cost 

GENERAL DESCRIPTION 
The AD7543 is a precision 12·bit monolithic CMOS multi· 
plying DAC designed for serial interface applications. 

The DAC's logic circuitry consists of a 12·bit serial-in parallel
out shift register (Register A) and a 12-bit DAC input register 
(Register B). Serial data at the AD7543 SRI pin is clocked into 
Register A on the leading or trailing edge (user selected) of the 
strobe input. Once Register A is full its contents are loaded in
to Register B under control of the LOAD inputs. 

CMOS 
Serial Input 12-Bit DAC 

AD7543 I 
FUNCTIONAL BLOCK DIAGRAM 

Initialization is simplified by the use of the CLR input which 
provides an asynchronous reset of Register B. 

Packaged in 16-pin DIP and 20-pin LCCC and PLCC, the 
AD7543 features excellent gain T.C. (2ppm/C typ; 
5ppmlC max), +5V operation and latch-free operation. 
(No protection Schottky Diodes required.) 

PIN CONFIGURATIONS 

DIP LCCC 

I:! 5 ~ ::> l!l J 0 0 ~ 
3 2 1 •• " 

, , 
AGND 4 ' , .. 

STB1 5 
AD7S43 

NC • TOP VIEW 

LD1 7 (Not to Scala) 

NC • 

9 10 11 12 13 

Ne = NO CONNECT 
~ E l!l 19 IE 

NC '" NOCONNECT 

REV. A 

18 VDO 

17 eLR 

16 NC 

15 DGND 

14 STB4 

PLCC 

9 10 11 12 13 

Ne ::: NO CONNECT 

18 Voo 

CLR 

NC 

DGND 

ST84 
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AD7543-SPECIFICATIONS (Voo = +5V, VREF = +10V, VOUTl = VOUT2 = OV, unless otherwise noted.) 

tim\tAc' UmI.A.' 
UmItA. TA. -4o"C TA --ssoc -- TA-+2'·C to +85°C •• 12'·C 

ACCURACY 
Resolution 12 12 12 
Relative Accuracy' 

J. A. S Versions tl ±I ±I 
K. B. T Versions tll2 ±l12 ±l/2 
GK. GB, GT Versions tl/2 ±l12 tll2 

Differential Nonlinearity2 
J. A. S Versions ±2 ±2 ±2 
K. B, T Versions tl ±I ±I 
GK. GR, GT Versions tl tl tl 

Gain Error2 

J, K, A,B,S, T t12.3 tl3.5 t14.5 
GK.GB,GT ±I tl t2 

Gain Temperature Coefficient 
AGain/.6TcmperatufC 

Power Supply Rejection 
IMAin"!NDD 0.005 0.01 0.01 

Outpu. Leak ... Curren, 
IoUTI (Pin 4) 10 200 
lou1'2 (Pin 5) 10 200 

DYNAMIC PERFORMANCE 
Current Settling Time' 2.0 2.0 2.0 

Multiplying Feedthrough Error' 2.5 2.5 2.5 

REFERENCE INPUT 
Input Resistance (pin 15') 8/15125 8/15125 8/15125 

ANALOG OUTPUTS 
Output earacitance 

75 75 7S COUTI 
Coun' 260 260 260 

CoUT" 75 75 75 

CoUT' 
. 260 260 260 

LOGIC INPUTS 
YINH (Logic HIGH Voltage) +3.0 +3.0 +3.0 
VINL (Logic LOW Vol,,,,e) +0,8 +0.8 +0.8 
IIN4 I I I 

CIN (Input Capacitance)' 8 
Input Coding n-Sit Unipolar Binary or 12-Bit Offset 

Binary (see Figures 6 and 7), serial load 
(MSBFint) 

SWITCHING CHARACTERISTICS' 

tOSt 50 100 

tDS4 0 0 

'DS' 0 0 

tOS2 20 40 

tOHI 30 60 
tOH4 80 160 
tOH) 80 160 
tOH2 60 120 

tSRI 80 160 
tST8t 80 160 
tSTB4 100 200 
r5TB3 100 200 
tSTB2 80 160 
tLOI. tLD2 ISO 300 
tAsa 0 0 

tcLR 200 400 

POWER SUPPLY 
VDD (Supply Volt",,) +5 .5 
IOD (Supply Current> 2.5 2.5 

NOTES 
'Temperature I'IUJ8CS as follows: IN. KN. GKN Version; -4O"C to +8S"C 

AQ, BQ. GBQ Versions: -4O"C to +8S"C 
SQ, TQ, GTQ Versions: -5S'C to + 125"C 

'See TetIJIinoIoay on fuIIowiDg _. 
:iGuaranteed but DOt tested. 
4Logic inputs are MOS ptcS. Typical input current (+25"<:) is leu than InA. 
5Samplc tested at +250(: to ensure compliance. 
Specifications subject to change widaout notice. 
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100 
0 
0 
40 

60 
160 
160 
120 

160 
160 
200 
200 
160 
300 
0 
400 

+5 
2.5 

Unlu 

Bits 

LSBmax 
LSBmax 
LSBmax 

LSBmax 
LsBmax 
LSBmax 

LSBmax 
LSBmax 

ppmfCmax 

"per" max 

nAmax 
RAm .. 

"smax 

mVp-pmax 

kO min/typ/max 

pF max 
pFmax 
pFmax 
pfmax 

V min 
V max 
IJAmax 

pFmax 

nsmin 
nsmin 
nsmin 
nsmin 

nsmin 
nsmin 
nsmin 
nsmin 

nsmin 
nsmin 
nsmin 
nsmin 
nsmin 
nsmin 
nsmin 
nsmin 

V 
mAmax 

ConditlollllCommen .. 

Monotonic to 11 bits from Tmin to Tmlk 
Monotonic: to 12 bits from Tmin to TmlX 
Monotonic to 12 bits from Tmin to T mIX 

Using internal RFB only (gain mor can be 
trimmed to zero using circuits of Figures 6" 7) 

Typical value is 2ppmf C 

VOD = +4.75V to +S.2SV 

OAe Register loaded with all Os 
DAC Register loaded with all Is 

To 1/2LSB. OUTlioad = lOOn. DAC output measured from falling 
edge of ilii III\d LDZ, sec Figure 5. 
VREF = ±lOV, 10kHz sine wave 

Typical temperature coefficient is -300ppm/oC 

Register B Loaded to 0000 0000 0000 
Register B loaded to 1111 1111 1111 
RcgisterBIoadcdtol11111111111 
Register B loaded to 0000 0000 0000 

VIN = OV or VOO 

(Serial Input) 
STB t used as a strobe 
STB4 used as a strobe to Strobe 
SfBj used as a strobe Sctup Time 
STB2 used as a strobe 

( Senallnput) 
STBt used as a strobe 
STB4 used as a Strobe 

to Strobe 
5TB3 used as a strobe 

Hold Time 
STB2 used as a strobe 

SRI data pulse width 
STBt pulse width 
STB4 pulse width 
Sfj) pulse width 
ST82 pulse width 
Load pulse width 
Min time between strobing LSB into Register A and loading Register B 
CLR pulse width 

Digital Inputs = VINH or VINL 
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AD7543 
ABSOLUTEMAXIMUMRATlNGS* 
CT A = + 25"C unless otherwise notecl) 

Voo to AGND ......•...•.•••...• OV, +7V 
VOO to DGND . . . . . . . . . . . . . . . . . .. OV, +7V 
AGND to DGND .•........•...... VOO +0.3V 
DGND to AGND ....••...•....... VOO +0.3V 
Digital Input Voltage to DGND .•.. -0.3V, VOO +0.3V 
VOUTh VOUI'2 to AGND ••..•.. -0.3V, VOO to +0.3V 
VREF to AGND . . . . . . • . . . • . ±25V 
VRFB to AGND ..................... ±25V 
Power Dissipation (Package) 

Plastic 
To +7O"C ..••...•.....•....•• 670mW 
Derates above +7O"C by ...•.•••.... 8.3mWrC 

Cerdip 
To +75"C •...•...•.•. 
Derates above + 75"C by '. . . . . 

OperatingTemperatureRange 
Commercial G, K, GK Versions) .. 
Industrial (A, B, GB Versions) . . • 
Extended (S, T, GT Versions) ... 

450mW 
6mWrc 

- 4O"C to + 85"C 
- 4O"C to + 85"C 

- 55"C to + 125"C 
- 65'C to + 15O"C 

Model 

AD7543JN 
AD7543KN 
AD7543GKN 
AD7543JP 
AD7543KP 
AD7543GKP 
AD7543JR 
AD7543KR 
AD7543GKR 
AD7543AQ 
AD7543BQ 
AD7543GBQ 
AD7543SQ 
AD7543TQ 
AD7543GTQ 
AD7543SE 
AD7543TE 
AD7543GTE 

ORDERING GUIDE 

Temperature Relative Gain Package 
Range Accuracy Error Option· 

-40"Cto + 85'C ±ILSB ±12.3LSB N·16 
-40"Cto + 85'C ±1/2LSB ± 12.3LSB N-16 
- 4O"C to + 85'C ±1/2LSB ±ILSB N-16 
- 4O'C to + 85'C ±ILSB ± 12.3LSB P-20A 
- 4O'C to + 85'C ±1/2LSB ± 12.3LSB P-20A 
- 4O"C to + 85"C ±1/2LSB ±ILSB P-20A 
- 4O'C to + 85"C ±ILSB ± 12.3LSB R-16 
- 4O"C to + 85'C ±1I2LSB ±12.3LSB R-16 
- 4O"C to + 85'C ±1/2LSB ±ILSB R-16 
- 4O'C to + 85'C ±ILSB ± 12.3LSB Q-16 
- 4O"C to + 85'C ±1I2LSB ±12.3LSB Q-16 
-40'Cto +85"C ± 1I2LSB ±ILSB Q-16 
- 55"C to + 125"C ±ILSB ±12.3LSB Q-16 
- 55"C to + 125"C ± 1/2LSB ±12.3LSB Q-16 
- 55'C to + 125"C ±1I2LSB ±ILSB Q-16 
- 5.5'C to + 125"C ±ILSB ±12.3LSB E-2OA 
- 55"C to + 125"C ±1/2LSB ± 12.3LSB E-20A 
- 55"C to + 125"C ±1I2LSB ±ILSB E-20A 

Storage Temperature ...•...•• 
Lead Temperature (Soldering, 10secs) ..... +3000C 

*Stresses above those IistecI under "Absolute Maximum Ratings" may cause 
perDIlIlW1t damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
above those iDdicated in the operational sections of this specification 
is Dot implied. Exposure to absolute JDalIimum rating conditinns for 
extended periods may affect device reliability. 

*E ~ Leadless Ceramic Chip Carrier (LCCC); N ~ Plastic DIP; P ~ Plastic Leaded 
Chip Carrier (PLCC); Q ~ Cerdip; R ~ Small Outline IC (SOIC). For outline 
information see Package Information section. 

CAUTION 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 

. electrostatie fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! d 
~~EDEJICE 

PIN MNEMONIC 

1 OUTl 
2 OUT2 
3 AGND 
4 STBI 
5 LDI 

6 N/C 
7 SRI 
8 STB2 
9 LD2 

10 STB3 
11 STB4 
12 DGND 
13 CLR 

14 VDD 
15 VREF 
16 RFB 

REV. A 

FUNCTION 

DAC current output bus. Normally terminated at op amp virtual ground 
DAC current output bus. Normally terminated at AGND 
Analog Ground 
RegiSter A Strobe 1 input, see Table II 
DAC Register B Load 1 input. When LDI and LD2 go low the contents 
of Register A are loaded into DAC Register B 
No Connection 
Serial Data Input to Register A 
Register A Strobe 2 input, see Table II . 
DAC Register B Load 2 input. When LDI and LD2 go low the contents 
of Register A are loaded into DAC Register B 
Register A Strobe 3 input, see Table II 
Register A Strobe 4 input, see Table II 
Digital Ground 
Register B CLEAR input (active LOW), can be used to asynchronously 
reset Register B to 0000 0000 0000 
+5V Supply Input 
Reference inpu to Can be positive or negative dc voltage or ac signal 
DAC Feedback Resistor 

Table I. Pin Function Df1SCI"iption, DIP Configuration 
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AD 7543 
TERMINOLOGY 

RELATIVE ACCURACY 
Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line pasSing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for ideal zero and full scale and is expressed in % or 
ppm of full-scale range or (sub) multiples of lLSB. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the mea' 
sured change and the ideal 1 LSB change between any two 
adjacent codes. A specified differential nonlinearity of ±l 
LSB max over the operating temperature range ensures 
mono tonicity. 

GAIN ERROR 
Gain is defined as the ratio of the DAC's Full Scale output 
to its reference input voltage. An ideal AD7543 would exhibit 
a gain of -4095/4096. Gain error is adjustable using external 
trims as shown in Figures 6 and 7. 

OUTPUT LEAKAGE CURRENT 
Current which appears at OUTl with Register B loaded to all 
O's or at OUT 2 with Register B loaded to all l's. 

MULTIPLYING FEEDTHROUGH ERROR 
AC error due to capacitive feedthrough from VREF terminal 
to OUTl with DAC register loaded to all O·s. 

GENERAL CIRCUIT INFORMATION 
The AD7543, a 12-bit multiplying D/A converter, consists of 
a highly stable thin film R-2R ladder and twelve N-channel 
current switches on a monolithic chip. Most applications 
require the addition of only an output operational amplifier 
and a voltage or current reference. 

The simplified D/A circuit is shown in Figure 1. An inverted 
R-2R ladder strUcture is used-that is, the binarily weighted 
currents are switched between the OUT1 and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg indepen
dent of the switch state. 

2R 2R 2R 2R 2R 

'---t-i-4I--++,-.r~+-r+---o OUT2 

Li---e~--~+-~~~~--R---oouT1 

'--,..,. ....... 0 R FB 

DAC REGISTER B 

Figure 1. AD7543 Functional Diagram 

One of the current switches is shown in Figure 2. The input 
resistance at VREF (Figure 2) is always equal to RLDR 
(RLDR is the R/2R ladder characteristic resistance and is 
equal to value "R"). The reference terminal can be driven 
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by a reference voltage or a reference current, ac or dc, of 
positive or negative polarity. If a current source is used, a 
low temperature coefficient external RFB is recommended to 
define scale factor. 

FROM 
INTERFAC~ 
LOGIC~ 

TO LADDER 

OUT2 oun 

Figure 2. N-Channel Current Steering Switch 

EQUIVALENT CIRCUIT ANALYSIS 
The equivalent circuits for all digital inputs LOW and all 
digital inputs HIGH are shown in Figures 3 and 4. In Figure 
3 with all digital inputs LOW, the reference current is switched 
to OUT2. The current source ILEAKAGE is composed of sur
face and junction leakages to the substrate, while the 1/4096 
current source represents a constant 1 least significant bit cur
rent drain through the termination resistor on the R-2R ladder. 
The "ON" capacitance of the output N-channel switch is 
260pF, as shown on the OUT2 terminal. The "OFF" switch 
capacitance is 75pF, as shown on the OUTl terminal. Analysis 
of the circuit for all digital inputs HIGH, as shown in Figure 
4, is similar to Figure 3; however, the "ON" switches are now 
on terminal OUT1, hence the 260pF at that terminal. 

R 

,..----......... ---ooun 

VREFo-~~-~----e~---e-----oOUT2 

Figure 3. AD7543 DAC Equivalent Circuit 
All Digital Inputs LOW 

....-----0 RFB 
R 

VREFo-~~-~--~-eI-----""""'---oOUT1 

r----~----oOUT2 

Figure 4. AD7543 DAC Equivalent Circuit 
All Digital Inputs HIGH 
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Applications - AD7543 
AD7543 Logic Inputs 

Register A Control Inputs Register B Control Inputs AD7543 Operation Notes 

5TB4 5TB3 5TB2 5TBI CLK LD2 LDI 

0 1 0 S X X X Data Appearing At 5RI Strobed Into Register A 2.3 
0 1 S 0 X X X Data Appearing At SRI Strobed Into Register A 2.3 
0 ""t... 0 0 X X X Data Appearing At SRI Strobed Into Register A 2.3 

S 1 0 0 X X X Data Appearing At SRI Strobed Into Register A 2.3 
1 X X X 

X 0 X X 
No Operation (Register A) 3 

X X 1 X 

X X X 1 

0 X X Clear Register B To Code 0000 0000 0000 (Asynchronous Operation) 1.3 

1 1 X 
No Operation (Register B) 3 

1 X 1 

1 0 0 Load Register B With The Contents Of Register A 3 
NOTES, 
1. eLK =0 Asynchronously resets Register 8 to 0000 0000 0000, but has no effect on Register A. 
2. Serial data is loaded into Register A MSB first, OD edges shownSis positive edge '"t.is negative edge. 
3. 0= Logic LOW, 1 = Logic HIGH, X=Don't Care. 

Table II. AD7543 Truth Table 

i--tsRI---\ 

SRI =x B~~~ X BIT2 >C:X 
Cos1. 1052, tos4~ • ¢tDH1. 1oH2. tDH4 

BIT 11 X,-_BLs_T_~_2~>C 

STROBE IN.!'I,!T I 2 
(STB1,STB2. STB4) I 
(NOTE) ) 

t-------LOADING REGISTER A--------tl 

LD1AND LD2 

NOTE: 
[[HQBE WAVEFORM IS INVERTED IF 
STB3IS USED TO STROBE SERIAL DATA 
BITS INTO REGISTER A. 

$.1 

LOADING REGISTER B / LJ 
WITH CONTENTS OF REGISTER A 

Figure 5. Timing Diagram 

INTERFACE LOGIC INFORMATION 
Shown in the AD8S43 Functional Diagram Register A is a 12-
bit shift register. Serial data appearing at pin SR 1 is clocked 
into the shift register on the leading (rising) edge of STB 1, 
STB2 or STB4 or on the leading (falling) edge of STB3. Table 
II defines the various logic states required on the Register A 
control inputs, while Figure S illustrates the Register A 
loading sequence. 

Once Register A is full, the data is transferred to Register B 
by bringing LD1 and LD2 momentarily LOW. 
Register B can be asynchronously reset to 0000 0000 0000 
by bringing CLR momentarily WW. This allows the DAC 
output voltage to be set to a known condition, thus simplify
ing system initialization procedure. When operating the 
AD7S43 in the unipolar circuit of Figure 6, a CLEAR causes 
the DAC output voltage to equal OV. When using the bipolar 
circuit of Figure 7, a CLEAR causes the DAC output to equal 
-VREP. 

REV. A 

APPLYING THE AD7S43 

UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 
Figure 6 shows the analog circuit connections required for uni
polar binary (2-quadrant multiplication) operation. The logic 
inputs are omitted for clarity. With a dc reference voltage or 
current (positive or negative polarity) applied at pin 1S, the 
circuit is a unipolar DI A converter. With an ac reference volt
age or current (again of + or - polarity) the circuit provides 
2-quadrant multiplication (digitally controlled attenuation). 
The inputloutput relationship is shown in Table III. 
Rl provides full scale trim capability [i.e.-load the DAC 
register to 1111 1111 1111, adjust Rl for VOUT = -VREF 
(4095/4096»). Alternatively, Full Scale can be adjusted by 
omitting R1 and R2 and trimming the reference voltage 
magnitude. 

Cl phase compensation (lOpF to 2SpF) may be required for 
stability when using high speed amplifiers. (C1 is used to can
cel the pole fonned by the DAC internal feedback resistance 
and output capacitance at OUTl). 
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AD7543 
±1OV YOU 
VREF +6V 

DGND AGND 

NOTES 
1. LOGIC INPUTS OMITTED FOR CLARITY. 
2. SEE APPLtCATtoN HINT NO. 4. 

Figure 6. Unipolar Binary Operation (2-0uadrant 
Iofultiplication) 

BINARY NUMBER IN 
DAC REGISTER 

MSB LSB 

11111111 1111 

1000 0000 0000 

0000 0000 0001 

0000 0000 0000 

ANALOG OUTPUT, VOUT 

-VREF(tg:J) 

-VREF( ~~;:)= -112 VREF 

-VREF( 40196) 

OV 

Table III. Unipolar Binary Code Table for Circuit of Figure 6 

Amplifier Al should be selected or trimmed to provide 
Vos" 10% of the voltage resolution at VOUT. Additionally, 
the amplifier should exhibit a bias current which is low over 
the temperature range of interest (bias current causes output 
offset at VOUT equal to IB times the DAC feedback resistance, 
nominally 15kn). The AD544L is a high-speed implanted 
FET-input op amp with low, factory-trimmed VOS. 

BIPOLAR OPERATION 
(+QUADRANT MULTIPLICATION) 
Figure 7 and Table IV illustrate the circuitry and code rela
tionship for bipolar operation. With a dc reference (positive or 
negative polarity) the circuit provides offset binary operation. 
With an ac reference, the eleven LSBs provide digitally con
trolled attenuation of the ac reference while the MSB pro
vides polarity control. 

With the DAC register loaded to 100000000000, adjust R1 
for VOUT = OV (alternatively, one can omit R1 and R2 and 
adjust the ratio of R3 to R4 for VOUT = OV). Full scale trim
ming can be accomplished by adjusting the amplitude OfVREF 
or by varying the value of RS. 

As in unipolar operation, Al must be chosen for low Vos and 
low lB. R3, R4 and RS must be selected for matching and 
tracking. Mismatch of 2R3 to R4 causes both offset and Full 
Scale error. Mismatch of RS to R4 to 2R3 causes Full Scale 
error. C1 phase compensation (lOpF to 2SpF) may be re
quired for stability. 
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±1OV Voo 
VREF +BV 

,. 

AGND 

NOTES 
1. LOGIC INPUTS OMITTED FOR CLARITY. 
2. SEE APPLICATION HINT NO.4. 

VOUT 

Figure 7. Bipolar Operation (4-0uadrant Multiplication) 

BINARY NUMBER IN 
DAC REGISTER 
S LSB 

1111 1111 1111 

1000 0000 0001 

1000 0000 0000 

0111 1111 1111 

0000 0000 0000 

ANALOG OUTPUT, VOUT 

+VREFng:~ ) 
+VREF(2~8 ) 
OV 

-VREF(20~8 ) 
-VREF(~g:~ ) 

Table IV. Bipolar Code Table for Offset Binary Circuit of 
Figure 7 

APPLICATION HINTS 
The AD7S43 is a precision 12-bit multiplying DAC designed 
for serial interface. To ensure system performance consistent 
with AD7S43 specifications, careful attention must be given to 
the following points: 
1. GENERAL GROUND MANAGEMENT: Voltage differen

ces between the AD7S43 AGND and DGND cause loss of 
accuracy (dc voltage difference between the grounds intro
duces gain error. AC or transient voltages between the 
grounds cause noise injection into the analog output). The 
simplest method of ensuring that voltages at AGND and 
DGND are equal is to tie AGND and DGND together at the 
AD7S43. In more complex systems where the AGND
DGND connection is on the back-plane, it is recommended 
that diodes be connected back-to-back between the AD7 S43 
AGND and DGND pins to prevent possible device damage. 

2. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a differ
ential nonlinearity term at the amplifier output which de
pends on Vos (Vos isamplifierinputoffsetvoltage). This 
differential nonlinearity term adds to the R/2R differential 
nonlinearity. To maintain monotonic operation, it is rec
ommended that amplifier Vos be no greater than 10% of 
the DAC's output resolution over the temperature range of 
interest [output resolution = VREF 2-n where n is the 
number of bits exercisedl';~ 
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3. HIGH FREQUENCY CONSIDERATIONS: AD7543 out
put capacitance works in conjunction with the amplifier 
feedback resistance to add a pole to the open loop response. 
This not only reduces closed loop bandwidth, but can also 
cause ringing or oscillation if the spurious pole frequency is 
less than the amplifier's OdB crossover frequency. Stability 
can be restored by adding a phase compensation capacitor 
in parallel with the feedback resistor. 

4. GAIN TEMPERATURE COEFFICIENTS: The gain temper
ature coefficient of the AD7543 has a maximum value of 
5ppmtC and a typical value of 2ppmtC. This corresponds 
to gain shifts of 2.0LSBs and 0.S2LSBs respectively over a 
100°C temperature range. When trim resistors are used to 
adjust full-scale range as shown in Figures 6 and 7 the 
temperature coefficient of R 1 and R2 should be taken 
into account. I t may be shown that the additional gain 
temperature coefficients introduced by R1 and R2 may 
be approximately expressed as follows:-

Temperature Coefficient 
contribution due to R1 

Temperature Coefficient = +.!l. ('Y2 + 300) 
contribution due to R2 RIN 

Where 'Yl and 'Y2 are the temperature coefficients in ppmtC 
of R1 and R2 respectively and RIN is the DAC input resist
ance at the VREF terminal (pin 2). For high quality wire
wound resistors and trimming potentiometers 'Y is of the order 
of 50ppm/oC. It will be seen that if R1 and R2 are small com
pared with R IN, their contribu tion to gain temperature coef
ficient will also be small. For the standard AD7543 gain error 
specification of ±12.3LSBs it is recommended that R 1 = 120n 
and R2 = 60n. With 'Y = SO these values result in an overall 
maximum gain error temperature coefficient of: 

5 + 0.~6 (50 + 300) = SppmtC 

However, if the AD7543GTD is used which has a specified 
gain error of ±lLSB, then with Rl = Ion and R2 = 5n the 
overall maximum gain temperature coefficient is increased by 
only 0.25ppm/oC. Where possible R1 should be a select on 
test fixed resistor since the resulting g~ temperature coeffi
efficient will be tighter in all cases. For further gain T.C. 
information refer to application note, "Gain Error and 
Gain Temperature Coefficients of CMOS Multiplying DACs", 
Publication Number E630-10-6/S1 available from Analog 
Devices. 

5. For additional information on multiplying DACS refer 
to "Application Guide to CMOS Multiplying D/A Con
verters", Publication Number G479-15-S/7S, available 
from Analog Devices. 
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AD7543 
AD7543 INTERFACE TO MC6800 
In this example, it is assumed that the 12-bit data is con
tained in two memoty locations (0000 and 0001). The four 
most significant bits are assumed to occupy the lower half of 
memoty location 0000. The eight least significant bits occupy 
memoty location 0001. The data is presented bit by bit on the 
D7 line and strobed into the AD7543 by executing memory 
write instructions. In this case the strobe signal (STB!) is sup
plied by decoding address 2000, RIW and tiJ2' A memory write 
instruction to a different address (4000) loads the data from 
Register A to the DAC register. 

Figure S shows the interface circuitry and Table V gives a 
listing of the procedure. 

ADDRESS BUS (16) 
All-15 

Rlii E' 

ADDRESS (16) 

HOO ~'~2 ______________ ~ 

DD~----~~~~------+--4--~ 
D7~------__ .---------+--4--~ DATA(S) 

FROM SYSTEM RESET----__________ --1 

Figure 8. AD7543-MC6800 Interface 

LABEL MNEMONIC OPERAND COMMENT 

LOA B,04 
LOA A,OOOO Load 4 Most Significant Bits 

LOOP ROL A Reposition in the Data 
DEC B in ACC A 
BNE LOOP 
LOA B,04 
BSR SHIFT Output Data 
LOA B,08 
LOA A,OOOI Load 8 Least Significant Bits 
BSR SHIFT Output Data 
STA A,4000 Load DAC Register 
RTS Return to Main Program 

SHIFT STA A,2000 Strobe Data 
ROL A into AD7S43 
DEC B 
BNE SHIFT 
RTS 

Table V. Sample Routine for AD7543-MC6800 Interface 

AD7543 INTERFACE TO MCS-85 
Figure 9 shows the AD7543 interfaced to the SOS5. This sys
tem makes use of the serial output facility (SOD) on the SOS5. 

The data is presented serially on the SOD line and strobed 
into the AD7543 by executing memory write instructions. 
In this example the strobe signal (STB2) is supplied by decod
ing address SOOO and WR. A memory write instruction to a 
different address (AOOO) loads the DAC Register with Register 
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AD7543 
A data. Table VI gives a listing of this procedure. Note, it is 
assumed that the required serial data is already present in 
right-justified format in Registers H and L when this proce
dure is implemented. Note that the sample routine of Table VI 
can be speeded up by replacing the SHIFT routine with a 
DAD H instruction. 

ADDRESS (18) 

AiE 
8085 

Wiii-tl---E.....--.-..J 
1-_________ 1--+_-'-11 DATA(8) 

Figure 9. AD7543-8085 Interface 
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LABEL MNEMONIC OPERAND COMMENT 

WOP 
MYI B,OS ] Shift Data Up to 
CALL SHIFf Most Significant 
DCR B Segment of HL with 
JNZ WOP MSB .sCarry 
MYI B.OC 

LUP MYI A,80 SOD Enable in ACC 
RAR Shift in MSB of H 
SIM Set Interrupt Mask 
STA 8000 Strobe Data into AD7S43 
CALL SHIFf Get Next Bit into Carry 
DCR B 
JNZ LUP Go Back if Not Finished 
STA AOOO Load DAC Register of AD7S43 
RET Return to Main Program 

SHIFf MOY 

~C] 
Shift H and L Left 

RAL One Place and 
MOY L,A Leave Uppermost Bit 
MOY A,H ofH in Carry 
RAL 
MOY H,A 
RET 

Table VI. Sample Routine for AD7543-8085 Interface 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Fast, Flexible Microprocessor Interface with Serial Data 

Input 
• Superior Accuracy 

±1/2 LSB INL Max 
±1 LSB Gain Error Max 
Low 5ppm/·C Max Tempco 

• Improved ESD Resistance 
• Auto-Insertable DIP Package 
• Surface Mount SOL Package 
• Superior Direct Replacement for AD7543 
• -40·C to +85·C for the Extended Industrial Temperature 

Range 
• Available In Die Form 

APPLICATIONS 
• Process Control and Industrial Automation 
• Programmable Amplifiers 
• Digitally-Controlled Power Supplies, Attenuators, Filters 
• Instrumentation 
• Avionics 
• Auto-Calibration Systems 

ORDERING INFORMATIONt 
TEMPERATURE RANGE 

GAIN NON- EXTENDEDm 

ERROR LINEARITY MILITARY' INDUSTRIAL COMMERCIAL 

±llSB ±ll2lSB PM7543AO PM7543EO 
±2lSB ±ll2lSB PM7543GP 
±2LSB ±llSB PM7543BO PM7543FO 
±2lSB ±lLSB PM7543BRC1883 PM7543FP 
±2lSB ±llSB PM7543FS 
±2lSB ±llSB PM7543FPC 

For devices processed in total compliance to Mll-STD-883, add 1883 after part 
number. Consult factory for 1883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PlCC packages, contact 
your local sales office. 

ttt CerDIP and epoxy devices are available in the extended industrial tempera
ture range of -40'C to +85'C. 

CROSS REFERENCE 
TEMPERATURE 

PMI ADI RANGE 

PM7543AO AD7543GTD 
PM7543AO AD7543TD Mil 
PM7543BO AD7543SD 

PM7543EO AD7543GBD 
PM7543EO AD7543BD IND 
PM7543FO AD7543AD 

PM7543GP AD7543GKN 
PM7543GP AD7543KN COM 
PM7543FP AD7543JN 
PM7543FPC AD7543JP 
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12-Bit Serial Input 
Multiplying CMOS D/A Converter 

PM-7543 I 
GENERAL DESCRIPTION 
The PM-7543 is a 12-bitresolution, multiplying, CMOS D/Aconverter, 
which features serial data input and current output. Serial data input 
reduces pin count and allows the PM-7543 to be placed in a smaller 
package, saving PC board space. Improved analog parameters such 
as digital charge injection, powersupplyrejection, output capacitance, 
feedthrough error, fast microprocessor interface, and improved ESD 
protective circuitry make the PM-7543 a superior pin-compatible 
second-source to the industry standard AD7543. 

The rising orfalling edge (user selected) ofthestrobe inputs are used 
to clock serial data (present at the SRI pin) into the input shift regis
ter. 

When the shift register's data has been updated, the new data word 
is transferred to the DAC register with use of the LOAD inputs. 

PIN CONNECTIONS 

16-PIN EPOXY DIP 
(P-Suffix) 

16-PIN CERDIP 
(Q-Suffix) 

16-PINSOL 
(S-Suffix) 

FUNCTIONAL BLOCK DIAGRAM 

Continued 

H.C. 

15 DGND 

2O-PINLCC 
(RC-Sufflx) 

20-PIN PLCC 
(PC-Suffix) 

STB4 

RFB 

VREFC>-''+-_____ --f-----....... -4+'C-oIOUT1 

STB1C>-''+----''f''" ....... 
STBO 

STB2 

L.. __ =_"T"r--,-OloUT2 

+---+"-OAGNO 

SRI 

VDD 

OGNO 
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GENERAL DESCRIPTION Continued 
Separate LOAD control inputs allow simultaneous output updating 
of multiple DACs. An asynchronous CLEAR input resets the DAC 
register without altering the data in the input register. 

Improved linearity and gain error performance may permit reduced 
circuit parts count through the elimination of trimming components. 
Fast interface timing may reduce timing design considerations while 
minimizing microprocessorwaitstates. The PM-7543 is available in 
standard plastic and CerDIP packagesthat are compatible with auto
insertion equipment. Foran 9Vensmallerpackage,considerthe DAC
S043, available in an S-pin mini-DIP. 

CerDIP and epoxy devices are available in the extended industrial 
temperature range of -40·C to +85·C. 

ABSOLUTE MAXIMUM RATINGS (TA = +25·C, unless 
otherwide noted.) 

~::::t~~g-:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: !~i~ 
DGND to AGND ...................................................... Voo + 0.3V 
AGND to DGND ...................................................... Voo + 0.3V 
Digital Input Voltage Range ••••••••••••••••••••••••••••••••• -O.3Vto Voo 
Output Voltage (Pin 1, Pin 2) ••••••••••••••••••••••••••••••• -O.3V to V DO 

Operating Temperature Range 
A0I8Q Versions ....................................... -55·C to + 125·C 
EOIFOIFP/FPC/FS Versions ••••••••••••••••••••• -40·C to +S5·C 
GP Version ..................................................... O·C to + 70·C 

Junction Temperature .................................................. +150·C 
Storage Temperature .................................... -65·C to + 150·C 
Lead Temperature (Soldering, 60 sec) ......................... +300·C 

PACKAGE TYPE 81A (Note 1) 81C UNITS 

l&-Pin Hermetic DIP (a) 94 12 'CIW 
l&-Pin Plastic DIP (P) 76 33 'CIW 
2O-Contacl LCC (RC) 88 33 'CIW 
2D-Pin SOL (S) 88 25 'CIW 
2D-Contact PLCC (PC) 73 33 'CIW 

NOTE: 
1. 8 jA is specified for worst case mounting conditions, i.e., 8 jA is specified for 

device In socket for CerDIP, P-DIP, and LCC packages; 8 jA is specified for 
device soldered 111 printed circuit board for SOL and PLCC packages. 

CAUTION: 
1. Do not apply voltage higher then VDD or less than DONO potential on any 

terminal exceptVR~F (Pin 15) and RFB (Pin 16). 
2. The digital control ,nput are zener-protected; however, permanent damage 

may occur on unprotected units from high-energy electrostatic fields. Keep 
units in conductive foam at all times until ready 111 use. 

3. Use proper antistatic handling procedures. 
4. Absolute Maximum Ratings apply 111 both packaged devices and DICE. 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage 111 the device. 

ELECTRICAL CHARACTERISTICS at Voo = +5V; VREF = + 1 OV; Voun = VOUT2 = VAGNO = VOGNO - OV; TA = Full Temperature 
Range specified under Absolute Maximum Ratings, unless otherwise noted. 

PM-7543 
PARAMETER SYMBOL CONDITlONS MIN TYP MAX UNITS 

STATIC ACCURACY 

Resolution N 12 Bits 

Nonlinearity 
INL 

PM-7543AJEiG ±112 
LSB (Note 1) PM-7543B1F ±1 

Differential Nonlinearity 
DNL 

PM-7543A1E ±112 
LSB (Note 2) PM-7543B1FiG ±1 

TA =+25'0 

Gain Error 
PM-7543AIE ±1 

(Note 3) GFSE PM-7543B1FiG ±2 LSB 
TA = FullTemp. Range 

All Gredes ±2 

Gain Tempco 
(AGainlA Temp) TCGFS ±5 ppm/'C 
(Note 6) 

Power Supply 
Rejection Ratio PSRR AVDD~±5% ±O.OO06 ±O.OO2 %1% 
(AGainlAVoo) 

TA =+25'C ±1 
Output Leakage Current 

ILKG 
TA = Full Temp. Range 

nA (Notes 4,5) PM-7543AIB ±100 
PM-7543ElFiG ±10 

TA =+25'C ±O.OO2 ±O.OO6 
Zero Scale Error 

IZSE 
T A - Full Temp. Range LSB (Notes 8, 13) PM-7543A1B ±O.O5 ±O.61 

PM-7543E/FiG ±O.Ol ±O.08 

Input Resistance 
R'N VREFpin 7 11 15 (Note 9) 
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PM-7543 

ELECTRICAL CHARACTERISTICS at VDD = +5V; VREF = +10V; VOUT1 = VOUT2 = VAGND = VDGND = OV; TA = Full Temperature 

Range specified under Absolute Maximum Ratings, unless otherwise noted. Continued 

PM-7543 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

AC PERFORMANCE 

Oulput Current 
Setting Time t. 0.380 j!s 

(Notes 6,7) 

AC Feedthrough Error VREF =20Vp-p@f=10kHz 
(V REF to lOUT') FT TA =+25'C 2.0 mVp•p 

(Note 6, 12) 

VREF=OV 
Digital to Analog lOUT Load = loon 

Glitch Energy Q CEXT = 13pF 20 nVs 

(Note 6, 11) DAC register loaded alternately with 
all Os and allIs 

Total Harmonic 
THD 

VREF =6VRMS@lkHz 
-92 dB 

Distortion (Note 6) DAC register loaded with aliI s 

Output Noise 
10Hz to 100kHz 

Voltage Density eo 
between RF B and lOUT 

13 nV/-JHz 
(Notes 6, 14) 

DIGITAL INPUTS 

Digital Input HIGH V,H 2.4 V 

Digital Input LOW V'L 0.8 V 

Input Leakage 
liN V,N=OV to +5V ±1 j!A 

Current (Note 10) 

Input Capacitance 
C'N V,N=OV 8 pF 

(Note 6) 

ANALOG OUTPUTS 

Output Capacitance COUT' Digital Inputs = aliI s 90 
pF 

(Note 6) COUT2 Digital Inputs = all Os 90 

Output Capacitance COUT' Digital Inputs = all Os 60 
pF 

(Note 6) COUT2 Digital Inputs = allIS 60 

TIMING CHARACTERISTICS 

STBI used TA =+25'C 50 

t081 as the strobe TA = Full Temp. Range 50 

STB2used TA =+25'C 20 
Serial Input to toS2 as the strobe TA = Full Temp. Range 20 

Strobe Setup Times 
ns 

(tsTB = 80nS) 
STB3used TA =+25°C 10 

tOS3 as the strobe TA = Full Temp. Range 20 

STB4used TA =+25'C 20 

tos. as the strobe TA = Full Temp. Range 20 

STBI used TA =+25'C 40 

tOH1 as the strobe TA = Full Temp. Range 50 

STB2used TA =+25'C 50 
Serial Input to tOH2 as the strobe TA = Full Temp. Range 60 

Strobe Hold Times 
ns 

(tSTB = 80nS) 
STB3used TA =+25'C 80 

toHa as the strobe TA = Full Temp. Range 80 

STB4used TA =+25'C 80 

tOH4 as the strobe TA = Full Temp. Range 80 
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PM-7543 
ELECTRICAL CHARACTERISTICS at Voo = +5V; VREF = +10V; VOUT1 = VOUT2 = VAGNO = VOGNO = OV; TA = Full Temperature 

Range specified under Absolute Maximum Ratings, unless otherwise noted. Continued 

PM·7543 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

SRI Data Pulse Width tSRI TA = Full Temp. Range 100 ns 

STB 1 Pulse Width 

(STBI = 80ns) 
tSTB' 

TA = Full Temp. Range 80 ns 
(Note 15) 

STB2 Pulse Width 
(STB2 = IOns) tSTB2 T A = Full Temp. Range 80 ns 
(Note 15) 

STB3 Pulse Width 
(STB3 = 80ns) tSTB3 T A = Full Temp. Range 80 ns 

(Note 15) 

STB4 Pulse Width 
(STB4 = 80ns) 

tSTB' 
TA = Full Temp. Range 80 ns 

(Note 15) 

Load Pulse Width tLO" tL02 
TA = +25'C 140 

TA = Full Temp. Range 180 
ns 

LSB Strobe into Input Register 
tASB TA = Full. Temp. Range 0 ns 

to Load DAC Register Time 

CLR Pulse Width IeLR TA = Full Temp. Range 80 ns 

POWER SUPPLY 

Supply Voltage Voo 4.75 5 5.25 V 

All Digital Inputs = VIH or VIL 2 
Supply Current 100 All Digital Inputs = OV or V DO 0.1 

rnA 

NOTES: 
1. ±1I2 LSB = ±O.012% of Full Scale. 
2. All grades are monotonic to 12-bits over temperature. 
3. Using internal feedback resistor. 

4. Applies to lOUT': all digital inputs = VIL' VREF = +10V. 

5. Specification also applies for IOUT2 when all digital inputs = VIH. 

6. Guaranteed by design and not tested. 

7. lOUT' Load = lOOn, CEXT = 13pF, digital input=OVto VooorVoo toOV. 

Extrapolated to 1/2 LSB: t. = propagation delay (tpo) + 9" where,= rneas

ured time constant of the final RC decay. 

8. VREF = +10V, all digital inputs =OV. 

2-556 DIGITAL-TO-ANALOG CONVERTERS 

Q. Absolute temperature coefficient is less than +300pprnl°C. 

10. Digital inputs are CMOS gates; liN is typically InA at +25'C. 

11. VREF = OV, all digital inputs =OV to Voo orVoo toOV. 

12. All digital inputs=OV. 

13. Calculated from worst case RREF: 

IZSE (in LSBs) = RREF x ILKG x 4096) IV REF' 

14. Calculations from en = ~4K TRB where: 
K = Boltzmann constant, J/'K R =resistance n 
T = resistor temperature, 'K B = bandwidth, Hz 

15. Minimum low time pulse width for STB1, STB2, and STB4, and minimum 
high time pulse width for STB3. 
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DICE CHARACTERISTICS 

DIE SIZE 0.099 x 0.107 inch, 10,543 sq. mils 
(2.51 x 2.72 mm, 6.83 sq. mm) 

PM-7543 

9. LD2 
10. STB3 
11. STB4 

1. 'OUT1 

2. 'OUT2 
3. AGND 
4. STB1 12. DGND 
5. LD1 13. CLR 
6. N.C. 14. V DO (Substrate) 
7. SRI 15. VREF 
8. STB2 16. RFB 

Substrate (die backside) is internally connected 
toVoo' 

WAFER TEST LIMITS at Voo = +5V; VREF = +10V; Voun = VOUT2 = VAGNO = VOGNO = OV, TA = +25°C. 

PARAMETER SYMBOL 

STATIC ACCURACY 

Resolution N 

Integral Nonlinearity INL 

Dillerential Nonlinearity DNL 

Gain Error 

Power Supply 

Rejection Ratio 

Output Leakage 

Current (lOUT') 

REFERENCE INPUT 

Input Resistance 

DIGITAL INPUTS 

Digilallnput HIGH 

Digilallnput LOW 

Input Leakage Current 

POWER SUPPLY 

Supply Current 

NOTE: 

PSRR 

CONDITIONS 

Using internal feedback resistor 

Digilallnputs = V,L 

Digilallnputs = V,H or V,L 
Digilallnputs = OV or VDD 

PM-7543G 
LIMITS UNITS 

12 Bits MIN 

±1 LSB MAX 

t1 LSB MAX 

t2 LSB MAX 

to.002 0/010/0 MAX 

t1 nAMAX 

7/15 kQMIN/MAX 

2.4 VMIN 

0.8 VMAX 

t1 IlA MAX 

2.0 
mAMAX 

0.1 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate speCifications based on dice lot qualifications through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

o 
o 

MULTIPLYING MODE 
FREQUENCY RESPONSE 

vs DIGITAL CODE 

ALLB'TS~iEml~lgl~jl~1 _(MSB)." I I 11111I 
~ : ~ 11111112 

'~ B·IIIII~~I·IIIIIII24 ~., B7 i"1'.1II 
~~ N\~H m 
li~ :: IXUU :!. 
~ffi 94 • ~ 
c::.e 83 !; 
; :~ ~ i 
-- (LSI) 90 72 5 

f-+++++Illt-H-H~~++I-ttHtf--+lcttttlH-tH1-tt1l 84 

~~~~mL~~-W~~~~1~ 
100 1k 10k 100k 1M 10M 

FREQUENCY (Hz) 

m 
& 

!il ,.. 

MULTIPLYING MODE 
TOTAL HARMONIC 

DISTORTION vs FREQUENCY 
-70 r-1"'TT"mm--r"'TT1"TTT11"--rTTTmTr"T"T'TTTT11I 0.03' 

V.N =6V~~ 
OUTPUT OP.AMP: ON2 

-7. H-+tt+tttt-t-+H+tttt-++++ftttt--+Hftttll 0.018 

-SO H-++tttttI-+-+tI1+llf-++++HtlI-+t+++jjIj 0.010 

-8. 

-80 H-+tt+tttt-t-+H+tttt-++++ftttt--+llttttll 0.0032 

-85 L....J...llWlll--L...ll.J.JJJJl.--L..!..llWll.......J....w.lJ.!ll 0.0018 
10 100 ,. 10k 100' 

FREQUENCY (Hz) 

SUPPLY CURRENT vs 
LOGIC INPUT VOLTAGE 

LINEARITY ERROR vs 
DIGITAL CODE 

LINEARITY ERROR vs 
REFERENCE VOLTAGE 

J 

-"" V 

\ 
\ 
\ 
\ 
~ 

D •• 

0.4 

0.3 

~ 0.' 

g 0.1 

ffi 0 

1:: 
~ -0.1 

~ -0.2 

-0.3 

-0.4 

-0.5 

-1\ 
iA. 

~ I'" 
.~ 

D .• 

~ 

0.25 
......... 

IL. .I\J 1\111 'lI ~ m 
~ 

"- OW !! 

-0.25 
/r"'" 

V 
-0 .• 

o 512 1024 1536 2048 2560 3072 3584 4095 
YIN (VOLTS) 

LOGIC THRESHOLD VOLTAGE 
vs SUPPLY VOLTAGE 

11 13 15 

VDD (VOLTS) 

DIGITAL INPUT CODE (DECIMAL) 

D •• 

......... 
0.25 

m 
~ 
~ 

-0.25 

./ 

-0.5 

DNL ERROR vs 
REFERENCE VOLTAGE 

r--... 

-r""" 

VREF (VOLTS) 

YREF (VOLTS) 

-
10 

10 
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SPECIFICATION DEFINITIONS 
RESOLUTION 
The resolution of a DAC is the number of states (2") that the full
scale range (FSR) is divided (or resolved) into, where "n" is 
equal to the number of bits. 

SETTLING TIME 
Time required for the analog output of the DAC to settle to within 
1/2 LSB of its final value for a given digital input stimulus; i.e. 
zero to full scale. 

GAIN 
Ratio of the DAC's external operational amplifier output voltage 
to the VREF input voltage when all digital inputs are HIGH. 

FEEDTHROUGH ERROR 
Error caused by capacitive coupling from VREF to output. 
Feedthrough error limits are specified with all switches OFF. 

OUTPUT CAPACITANCE 
Capacitance from loun to ground. 

OUTPUT LEAKAGE CURRENT 
Current appearing at loun when all digital inputs are LOW, or at 
IOUT2 terminal when all inputs are HIGH. 

GENERAL CIRCUIT INFORMATION 
The PM-7543 is a 12-bit multiplying D/A converter with a very 
low temperature coefficient, R-2R resistor ladder network, data 
input and control logic, and two data registers. The digital cir
cuitry forms an interface in which serial data can be loaded, 
under microprocessor control, into a 12-bit shift register and 
then transferred, in parallel, to the 12-bit DAC register. 

An asynchronous CLEAR function allows resetting the DAC 
register to a zero code (0000 0000 0000) without altering data 
stored in the registers. 

A simplified circuit of the PM-7543 DAC is shown in Figure 1. An 
inverted R-2R ladder network consisting of silicon-chrome, thin
film resistors, and twelve pairs of NMOS current-steering 
switches. These switches steer binarily weighted currents into 
either loun or IOUT2. Switching current to loun or IOUT2 yields a 
constant current in each ladder leg, regardless of digital input 
code. This constant current results in a constant input resis
tance at VREF equal to R (typically 11kQ). The VREF input maybe 
driven by any reference voltage or current, AC or DC, that is 
within the limits stated in the Absolute Maximum Ratings chart. 

The twelve output current-steering switches are in series with 
the R-2R resistor ladder, and therefore, can introduce bit errors. 
It was essential to design these switches such that the switch 
"ON" resistance be binarily scaled so that the voltage drop 
across each switch remains constant. If, for example, switch 1 
of Figure 1 was designed with an "ON" resistance of 10 ohms, 
switch 2 for 20 ohms, etc., a constant 5mV drop would then be 
maintained across each switch. 

To further insure accuracy across the full temperature range, 
permanently "ON" MaS switches were included in series with 
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VREF tOkO tOkO 10kJ) 

20kn 20kn 20k{) 20kll 20kll 

S, ., S, S" 

~-r~~-f~~I~~-r~-1--------~loun 

'---i'----~i-, --..... ~, --·N---'-+,--...... ------;;,.c.::kn:;-O loun 

I : ~--t'('---~ 
6 0 6 6 

RFEEDBACK 

BIT 1 (MSB) BIT 2 BIT 3 BIT 12 (lSB) 

DIGITAL INPUTS 
(SWITCHES SHOWN FOR DIGITAL INPUTS "HIGH") 

*THESE SWITCHES PERMANENTLY "ON" 

FIGURE 1: Simplified DAC Circuit 

the feedback resistor and the R-2R ladder's terminating resis
tor. The "Simplified DAC Circuit," Figure 1, shows the location of 
these switches. These series switches are equivalently scaled 
to two times switch 1 (MSB) and to switch 12 (LSB) to maintain 
constant relative voltage drops with varying temperature. Dur
ing any testing of the resistor ladder or RFEEDBACK (such as in
coming inspection), Voo must be present to turn "ON" these 
series switches. 

ESD PROTECTION 
The PM-7543 data inputs have been designed with ESD resis
tance incorporated through careful layout and the inclusion of 
input protection circuitry. 

Figure 2 shows the input protection diodes. High voltage static 
charges applied to the digital inputs are shunted to the supply 
and ground rails through forward biased diodes. 

These protection diodes were designed to clamp the inputs well 
below dangerous levels during static discharge conditions. 

vo• 

FIGURE 2: Digital Input Protection 
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RFEED8ACk 

R "" 10kn 

r-------~---+--__o1~1 

o-~A_~------~~------~------__oIO~2 

FIGURE 3: PM-7543 Equivalent Circuit (AI/Inputs LOW)· 

RFEEDSACIC 

IREF R == 10kn 

-.- R""10kn 

o-~~~------~~------~--~----oIOOT1 

.--------~------__o laUl2 

t 

FIGURE 4: PM-7543 Equivalent Circuit (AI/ Digital Inputs HIGH) 

EQUIVALENT CIRCUIT ANALYSIS 
Figures 3 and 4 show equivalent circuits for the PM-7543's inter
nal DAC with all bits LOW and HIGH, respectively. The refer
ence current is switched to IOUT2 when all data bits are LOW, 
and to IOUll when all bits are HIGH. The ILEAKAGE current 
source is the combination of surface and junction leakages to 
the substrate. The 1/4096 current source represents the con
stant I-bit current drain through the ladder's terminating resis
tor. 

Output capacitance is dependent upon the digital input code. 
This is because the gate capacitance of MaS transistors in
creases with applied gate voltage. This output capacitance var
ies between the low and high values. 

DYNAMIC PERFORMANCE 

OUTPUT IMPEDANCE 
The output resistance, as in the case of the output capacitance, 
varies with the digital input code. This resistance, looking back 
into the loun terminal, may be between 11 kO (the feedback 
resistor alone when all digital inputs are LOW) and 7.5kO (the 
feedback resistor in parallel with approximately 30kO of the R-
2R ladder network resistance when any single bit logic is HIGH). 
Static accuracy and dynamic performance will be affected by 
these variations. 
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The gain and phase stability of the output amplifier, board lay
out, and power supply decoupling will all affect the dynamic 
performance of the PM-7543. The use of a small compensation 
capacitor may be required when high-speed operational ampli
fiers are used. It may be connected across the amplifiers feed
back resistor to provide the necessary phase compensation to 
critically damp the output. 

The considerations when using high-speed amplifiers are: 

1. Phase compensation (see Figures 7 and 8). 

2. Power supply decoupling at the device socket and use of 
proper grounding techniques. 

APPLICATIONS INFORMATION 

APPLICATION TIPS 
In most applications, linearity depends upon the potential of 
IOUll' loul2' and AGND (pins 1,2, and 3) being exactly equal to 
each other. In most applications, the DAC is connected to an 
external op amp with its noninverting input tied to ground (see 
Figures 7 and 8). The amplifier selected should have a low input 
bias current and low drift overtemperature. The amplifier's input 
offset voltage should be nulled to less than ±2001lV (less than 
10% of 1 LS8). 

The operational amplifier's noninverting input should have a 
minimum resistance connection to ground; the usual bias cur
rent compensation resistor should not be used. This resistor can 
cause a variable offset voltage appearing as a varying output 
error. All grounded pins should tie to a single common ground 
point, avoiding ground loops. The Voo power supply should 
have a low noise level with no transients greater than + 17V. 

It is recommended that the digital inputs be taken to ground or 
Voo via a high value (1 MO) resistor; this will prevent the accu
mulation of static charge if the PC card is disconnected from the 
system. 

Peak supply current flows as the digital inputs pass through the 
transition region (see the Supply Current vs Logic Input Voltage 
graph under the Typical Performance Characteristics). The 
supply current decreases as the input voltage approaches the 
supply rails (V DO or DGND), i.e. rapidly slewing logic signals that 
settle very near the supply rails will minimize supply current. 

OUTPUT AMPLIFIER CONSIDERATIONS 
When using high speed op amps, a small feedback capacitor 
(typically 5-30pF) should be used across the amplifier to mini
mize overshoot and ringing. For low speed or static applications, 
AC specifications of the amplifier are not very critical. In high
speed applications, slew rate, settling time, open-loop gain, and 
gain/phase margin specifications of the amplifier should be se
lected for the desired performance. It has already been noted 
that an offset can be caused by including the usual bias current 
compensation resistor in the amplifier'S noninverting input ter
minal. This resistor should not be used. Instead, the amplifier 
should have a bias current which is low over the temperature 
range of interest. 
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FIGURE 5: Simplified Circuit 

Static accuracy is affected by the variation in the DAC's output 
resistance. This variation is best illustrated by using the circuit 
of Figure 5 and the equation: 

VERROR = Vas (1 + ~~) 
where Ro is a function of the digital code, and: 

Ro = 1 0k.Q for more than four bits of logic 1 , 
Ro = 30k.Q for any single bit of logic 1. 

Therefore, the offset gain varies as follows: 

atcodeOO1111111111, 

VERROR1 = Vas 1 + -- = 2 Vas ( 10kn) 
10kn 

at code 01 00 0000 0000, 

VERR0R2 = VOO(1 + 10kn) = 4/3 Voo 
30kn 

The error difference is 213 Vos' 

Since one LSB has a weight (for V REF = + 1 OV) of 2.4mV for the PM-
7543, it is clearly important that Vos be minimized, either using the 
amplifier's nulling pins, an external nulling network,orbyselection of 

LD1ANDLDi 

FIGURE 6: Timing Diagram 
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NOTES: 
*STROBE WAVEFORM IS INVERTED IF 
STB3 IS USED 10 STROBE SERIAL DATA 
BITS INTO REGISTER. 

-DATA LOADED MSB FIRST. 

PM-7543 
an amplifier with inherently low Vas' Amplifiers with sufficiently 
low Vos include PMl's OP-77, OP-97, OP-07, OP-27 and OP-42. 

INTERFACE LOGIC OPERATION 
The microprocessor interface of the PM-7543 has been de
signed with multiple STROBE and LOAD inputs to maximize 
interfacing options. Control signals decoding may be done on
chip or with the use of external decoding circuitry (see Fig
ure·11). 

Serial data can be clocked into the input register with STB1, 
STB2, or STB4. The strobe inputs are active on the rising edge. 
STB3 may be used with a falling edge to clock-in data. 

Holding any STROBE input at its selected state (Le. STB1, 
STB2 or STB4 at logic HIGH or SfB3 at logic LOW) will act to 
prevent any further data input. 

When a new data word has been entered into the input register, 
it is transferred to the DAC register by asserting both LOAD 
inputs. 

The CLR input allows asynchronous resetting of the DAC regis
terto 0000 0000 0000. This reset does not affect data held in the 
input registers. While in unipolar mode, a CLEAR will result in 
the analog output going to OV. In bipolar mode, the output will go 
to -VREF. 

INTERFACE INPUT DESCRIPTION 
ST81 (Pin 4), ST82 (Pin 8), ST84 (Pin 11) -Input Register 
Strobe. Inputs Active on Rising Edge. Selected to load serial 
data into input register. See Table 1 for details. 

ST83 (Pin 10) -Input Register Strobe Input. Active on Fail
ing Edge. Selected to load serial data into input register. See 
Table 1 fordetails. 

LD1 (Pin 5), LD2 (Pin 9) - Load DAC Register Inputs. Active 
Low. Selected together to load contents of Input Register into 
DAC register. 

CLR (Pin 13) - Clear Input. Active Low. Asynchronous. 
When LOW, 12-bit DAC register is forced to a zero code (0000 
0000 0000) regardless of other interface inputs. 

LOAD SERIAL DATA 
INTO INPUT REGISTER 

LOAD INPUT REGISTER'S 
DATA INTO DAC REGISTER 
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TABLE 1: PM-7543 Truth Table 

PM· 7543 logic Inputs 

Input Register Control Inputs DAC Register Control Inputs PM·7543 Operation Notes 

STB4 STB3 STB2 STB1 CLR 

0 1 0 S X X X 
0 1 S 0 X X X Serial Data Bit Loaded from SRI 

2,3 
0 1. 0 0 X 

------c:---=------------X----X-- into Input Register 

S 1 0 0 X X X 
1 X X X 

X 0 X X 

X X 1 X 

X X X 

0 X 

X 

o 

NOTES: 
,. CLR = 0 Asynchronously resets DAC Register to 0000 0000 0000, but has no 

effect on Input Register. 

UNIPOLAR OPERA nON (2·QUADRANT) 
The circuit shown in Figures 7 and 8 may be used with an AC or DC 
reference voltage. The circuit's output will range between OV and 
approximately -V REF (4095/4096) depending upon the digital input 
code. The relationship between the digital input and the analog out
put is shown in Table 2. The VREF voltage range is the maximum 
input voltage range of the op amp or ±25V, whichever is lowest. 

In many applications the PMc 7543's negligible zero scale error and 
very low gain error permitthe elimination of the trimming of the com
ponents (R, and the external RFEEOBACK) without adverse effects 
on circuit performance. 

V .. , 
-lOY 

SERIAL 
DAT.< 

INPUT 

CONTROL 
INPUTS 

8-11 12 
DGND 

FIGURE 7: Unipolar Operation with High Accuracy Op Amp (2-
Quadrant) 
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X 

X 

o 

No Operation (Input Register) 

Reset DAC Register to Zero Code 
(Code: 0000 0000 0000) 
(Asynchronous Operation) 

No Operation (DAC Register) 

Load DAC Register with the Contents 
of Input Register 

2. Serial data is loaded into Input Register MSB first, on edges shown S is 
positive edge, t. is negative edge. 

3. 0 = Logic LOW, , = Logic HIGH, X = Don't Care. 

TABLE 2: Unipolar Code Table 

3 

1,3 

3 

3 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 
(VOUT as shown 

MSB LSB in Figures 7 and 8) 

1 1 1 1 1 1 1 1 1 1 1 1 -VREF (4095) 
4096 

1 000 0000 0001 -VREF (2049) 
4096 

1 000 0000 0000 -VREF (2048) = _ VREF 
4096 2 

o 1 1 1 1 1 1 1 1111 -VREF (2047) 
4096 

0000 0000 0001 -VREF (_1_) 
4096 

0000 0000 0000 -VREF (_0_) = 0 
4096 

NOTES: 
,. Nominal full scale for the circuits of Figures 7 and 8 is given by 

FS=-VREF(409Sj. 
4096 

2. Nominal LSB magnitude for the circuits of Figures 7 and 8 is given by 

LSB=VREF(· , lorVREF{2-fl). 
40ge/ 

For applications requiring a tighter gain error than 0.024% at 25°C 
for the top grade part, or 0.048% for the lower grade part, the circuit 
in Figure 8 may be used. Gain error may be trimmed by adjusting R, . 
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VREF 
-lOY 

CONTROL 
INPUTS 

8-11 12 

1Ot--~1v-~-----

1 lOUT 1 

R, 
.on 

2 .IOUT2 

AGNO 

DGNO 

FIGURE 8: Unipolar Operation with Fast Op Amp and Gain 
Error Trimming (2-Quadrant) 

The DAC register must first be loaded with all 1 s. Rt is then adjusted 
until VOUT=-VREF (4095/4096).lnthe case of an adjustable VREF, 
Rt and RFEEDBACK may be omitted, with V REF adjusted to yield the 
desired full-scale output. 

BIPOLAR OPERATION (4-QUADRANT) 
Figure 9 details a suggested circuit for bipolar, or offset binary opera
tion. Table 3 shows the digital input to analog output relationship. 
The circuit uses offset binary coding. Two's complement code can 
be converted to offset binary by software inversion of the MSB or by 
the addition of an external inverter to the MSB input. 

Resistors R3, R4, and R5 must be selected to match within 0.01 % 
and must all be of the same (preferably metal foil) type to assure 
temperature coefficient match. Mismatching between R3 and R4 causes 
offset and full-scale errors while an R5 to R4 and R3 mismatch will 
result in full-scale error. 

Calibration is performed by loading the DAC register with 1000 0000 
0000 and adjusting Rt until V OUT = OV. Rt and R2 may be omitted by 

CONTROL 
INPUTS 

SERIAL 
DATA 
INPUT 

FIGURE 9: Bipolar Operation (4-Quadrant, Offset Binary) 
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TABLE 3: Bipolar (Offset Binary) Code Table 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 
MSB LSB (VOUT as shown In Figure 9) 

1 1 1 1 1111 1 1 1 + VREF (2047) 
2048 

1 a a a 0000 a a a 1 +VREF (_1_) 
2048 

1 a a a 0000 a a a a a 

01 1 1 1 1 1 1 1 1 1 1 -VREF (_1_) 
2048 

0000 0000 a a a 1 -VREF (2047) 
2048 

a a a a 0000 0000 -VREF (2048) 
2048 

NOTES: 
t. Nominal full scale for the circuits of Figure 9 is given by 

FS = VREF (2047). 
2048 

2. Nominal LSB magnitude for the circuits of Figure 9 is given by 

LSB = VREF 1.._1_) , 
\2048 

adjusting the ratio of R3 to R4 to yield V OUT = OV. Full scale can be 
adjusted by loading the DAC register with 1111 1111 1111 and ei
ther adjusting the amplitude of V REF orthe value of R5 until the desired 
V OUT is achieved. 

ANALOG/DIGITAL DIVISION 
The transfer function for the PM-7543 connected in the multiplying 
mode as shown in Figures 7 and 8 is: 

VO=-VIN(&+A2 +A3 + ... AI2) 
21 22 23 212 

where Ax assumes a value of 1 for an "ON" bit and a for an "OFF" bit. 
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Veo 14 +5V 

PM·7543 

V ... 15 

~-_---(J Vour 

FIGURE 10: Analog/Digital Divider 

The transfer function is modified when the DAC is connected in the 
feedback of an operational amplifier as shown in Figure 10 and is: 

Vo - (~+~::+ ... fu£) 
21 22 23 212 

Theabovetransferfunction isthe division of an analog voltage (V REF) 

by a digital word. The amplifier goes to the rails with all bits "OFP' 
since division by zero is infinity. With all bits 'ON," the gain is 1 (±1 
LSB). The gain becomes 4096 with the LSB, bit 12, "ON.' 

INTERFACING TO THE MC6800 
As shown in Figure 11, the PM-7543 may be interfaced to the 6800 
by successively executing memory WRITE instructions while ma
nipulating the data between WRITEs, so that each WRITE presents 
the next bit. 

In this example, the most significant bits are found in memory loca
tions 0000 and 0001. The four MSBs are found in the lower half of 
0000, the eight LSBs in 0001. The data is taken from the DB7 1ine. 

The serial data loading is triggered by STBI which is asserted by a 
decoded memory WRITEtoamemory location, RN>I, and~2.A WRITE 
to another add ress location transfers data from input register to DAC 
register. 

PM·7543 INTERFACE TO THE 8085 
The PM-7543'sinterfacetothe8085microprocessorisshown in Figure 
12. Note that the microprocessor's SOD line is used to present data 
serially to the DAC. 
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A, 

A"I------., 

AIW~--..<fE,T.~_, 
MC6800 

021-----; 

D~r------~--L--\ 

DB, 

.5V <>-----.1 

FROM SYSTEM RESET --------" 

• ANALOG CIRCUITRY OMITIED FOR SIMPLICITY 

FIGURE 11: PM-7543 - MC6BOO Interface 

.... 

• ANALOG QRCUITRY OMITTED FOR SlMPuart 

FIGURE 12: PM-7543-BOB5Interface 

Data is strobed into the PM-7543 by executing memory write instruc
tions. The strobe 2 input is generated by decoding an address loca
tion and WR. Data is loaded into the DAC register with a memory 
write instruction to another address location. 

Serial data supplied to the PM-7543 must be present in the right
justified format in registers Hand L of the microprocessor. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
12-Bit Resolution 
LowGainT.C.: 2ppmrctyp 
Fast TTL Compatible Data Latches 
Single +5Vto + 15VSupply 
Smal120-Pin 0.3" DIP and 20-Terminal Surface 

Mount Packages 
Latch Free (Schottky Protection Diode Not Required) 
Low Cost 
Ideal for Battery Operated Equipment 

CMOS 12-Bit 
Buffered Multiplying OAC 

A07545 I 
FUNCTIONAL BLOCK DIAGRAM 

OBll-0BO 
(PINS 4-15) 

R.B 

GENERAL DESCRIPTION 
The AD7S4S is a monolithic 12-bit CMOS multiplying DAC 
with on-board data latches. It is loaded by a single 12-bit wide 
word and interfaces directly to most 12- and 16-bit bus sys
tems. Data is loaded into the input latches under the control 
of the CS and WR inputs; tying these control inputs low makes 
the input latches transparent allowing direct. unbuffered oper
ation of the DAC. 

The AD7S4S is particularly suitable for single supply operation 
and applications with wide temperature variations. 

DIP 

AN 

VREF 

v"" 

co 
DBOILSBI 

DB' 

DB2 

DB3 

REV. A 

The AD7S4S can be used with any supply voltage from +SV 
to +1SV. With CMOS logic levels at the inputs the device dis
sipates less than O.SmW for VDD = +SV. 

PIN CONFIGURATIONS 

LCCC PLCC 

" " ;: " !il z z 
! • z 

~ J i! g " 5 g Ii " 
c a: > 

3 • , 20 , • 3 • , 20 , . 
~~ 

0 
' , 

DB" (MSBI 4 " 18 VOO L. V .. 
DB1. 5 11 WR Wii A07S45 

16 Ci A07545 D ... TOP VIEW TOP, VIEW co 
DBB 7 (Not to Scale) 15 DBO (LSI) (Not to Scale) 

DIG (LSB) 
DB? 8 '4 DB' ,. DB' 

• 10 11 ,. 13 

I R I ! iii • 10 11 ,. 13 

" " i! R I = iii " 
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AD7545-SPECIFICATIONS (VREF = +10Y, YOUTI = OY, AGNO = DGND unless otherwise specified) 

......... , Version 

STATIC PERFORMANCE 
Resolution All 
Relative Accuracy l,A,S 

K,B,T 
L,C,U 
GL,GC,GV 

Differential Nonlinearity" l,A,S 
K,B,T 
L,C,V 
GL,GC,GV 

Gain Error (Using Internal RFB)'l l,A,S 
K,B,T 
L,C,U 
GL,GC,GU 

Gain Temperature Coefficient' 
6Gain/l1Temperaturc All 

DC Supply Rejection' 
6Gain/6Voo All 

Output Leakage Cunent at OUTl l,K,L,GL 
A,B,C,GC 
S,T,U,GU 

DYNAMIC PERFORMANCE 
Current Settling TimeS All 

Propasation Delay! (from Digital 
Input Change to 90% 
of final Analog Output) All 

Digital to Analog Glitch Impulse All 
AC Feedthroughs 

AtlOUTI All 

REFERENCE INPUT 
Input Resistance All 

(Pin 19"toGND) 

ANALOG OUTPUTS 
Output CapacitanceS 

Coun All 

Coun All 

DIGITAL INPUTS 
Input High Voltage 

VIH AU 
Input Low Voltage 

VIL All 
Input CUrrent' 

I .. All 
Input Capacitances 

OBo-OBll All 
Wii.,cs All 

SWITCHING CHARACTERISTICS' 
Chip Select to Write Setup Time All 

tcs 
Chip Select to Write Hold Time 

tat All 
WritcPu1seWidth 

twR AU 

Data Setup Time All 
too 

Data Hold Time 

'OH All 

POWER SUPPLV 

100 All 

NOTES 
I Temperature Raqa. follows. J. K, L. GL ftfIions, 0 to +7d'C 

A, 8, C, GC vcnicmsz -25·C co+85"C 
5, T, U, GU venioDI. -5'·Cto+12S·C 

'Tbil induda the effect of 'ppm mIX pia TC. 
'GullUllteed but DOt 1CIIed. 

Von =+5V VDD-+15V 
Limits Limits 

TA = +2'·C T..un, T_ 1 TA=+2'·C Tmin,TDlU.1 Vnl .. Tell Conditions/Comments 

12 12 12 12 
±2 ±2 ±2 >2 
<I ±1 ±1 " ±l/Z tI/Z ±1/2 ±1I2 
±1I2 ±I/2 ±1I2 ±1I2 

±4 ±4 ±4 >4 
±1 <I <I ±1 
±1 " ±t ±1 
±1 ±1 ±1 <I 

±20 '20 '25 .25 
±10 ±to ±IS ±IS 
>5 '6 ±IO ±to 
<I ±2 ±6 ±7 

±S is ±IO "0 

0.015 0.03 0,01 0,02 
10 SO 10 50 
10 SO 10 SO 
10 200 10 200 

2 2 2 2 

300 - 250 -
400 - 250 -

5 5 5 5 

7 7 7 7 
25 25 25 25 

70 70 70 70 
200 200 200 200 

2.4 2.4 13.5 13.5 

0.8 0.8 1.5 1.5 

±1 ±10 " ±10 

5 5 5 5 
20 20 20 20 

280 380 180 200 
200 270 120 150 

0 0 0 0 

250 400 160 240 
175 280 100 170 

140 210 90 120 
100 150 60 80 

10 10 10 10 

2 2 2 2 
100 500 100 500 
10 10 10 10 

·D80-0811- OV to VDO or VOO toOV. 
I Feedt:JmnJsb can be further rcduc:ed by CODDCCting the metal 

lid on the ceramic: p-.:kIF (suffIX D) to DGND. 

Bits 
LSBmax 
LSBmax 
LSBmax 
LSBmax 

LSD max lO-Bit Monotonic Tmin to Tmax 
LSBmax U-Bit Monotonic Tmin to Tmax 
LSBmax II-Bit Monotonic Tmin to Tmax 
LSD max U-Bit Monotonic Tmin to Tnwc 
LSBmax DAC Register Loaded with 
LSD max 1111 1111 1111 
LSD max Gain Error is Adjustable Vaing 
LSBmax the Circuits of Figures 4, 5 and 6 

ppml°C max Typical Value is 2ppmfC for Voo = +SV 

% per % max .6.VDD"'±S% 
nAmax DBo-OBI! '" oV;Wi,cs", OV 
nAmax 
nAmax 

psmax To l/2LSB. OUT lload '" lOOn. DAC 
~tpl!Lmeasured from falling edge of 
WR.CS ",OV. 

nsmax OUT1 LOAD"" lOOn CF,xT = UpF4 

nV scc: typ VREF ",AGND 

mVp"p typ VRHF '" ±10V, 10kHz Sinewavc 

kOmin Input Resistance TC :c -300ppmtC typ 
kOmax Typical Input Resistance", llkO 

DDo-DDII = OV, Wi. CS '" OV pFmax 
pFmax DBO-DBll = VOD. WR, CS '" OV 

V min 

V max 

IlAmax VIN",OorVDD 

pFmax VIN"'O 
pFmax VIN=O 

nsmin See Timing Diagram 
nstyp 

nsmin 

nsmin tcS;;a.tWR. tcH;;;,o 
nstyp 

nsmin 
nstyp 

nsmin 

mAm .. All Digital Inputs VIL or VIH 
pAm", All Digital Inputs OV or VDD 
pA <y.p All Digital Inputs OV or Voo 

fLosic iDputsue MOS •• tes. Typical inputc:urrent (-tZ5°C) is less than InA. 
"Sample tested at +25·C to ensure compliance. 
SpecirIC.tions subject to chlUlJe without notice. 
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AD7545 
WRITE CYCLE TIMING DIAGRAM 

CHiP ---v-~I ...... ====~_tcs ____ "..;.I_·t_CHJ~~ ~OOO 
SELECT"' / 

VOD 

o ~-"-=X 
, __________ ~ ~I~·---t~--~----~ VOO 

(D.Po~J:lI1~ )<:l~:~ DATA VALID ~ .... _____ 0 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25"<: unless otherwise noted) 

VDD to DGND . . . . . . . . • ... -0.3V, + 17V 
Digital Input Voltage to DGND .... -O.3V, VDD +O.3V 
VRFB,VREFtoDGND ........•........ ±25V 
VPlNI to DGND . . . . . . . . . . . .. -0.3V, VDD +0.3V 
AGND to DGND . . • • . . . • . . .. -0.3V, VDD +O.3V 
Power Dissipation (Any Package) to +75°C 450mW 

Derates above 75°C by . . . . . . . • . . . . . . . 6mW/oC 

CAUTION 

MODE SELECTION 

WRITE MODE: HOLD MODE: 

CS and WR low. OAC rarponds Eithor CS or WR high, data bus 
to data bus (OBO-OBll) inputs. (OBO-OB11) islockod out; OAC 

!!s!!.ds hlll..data prasant when 
WR or CS assumed high sta18. 

VDD .. +6V; t,"" tr "" 20ns 
VDD ;; +15V; t, = tt = 40ns 
All input signal rise and 'ai, times me.sured 'rom 10% to 
90% ofVDD. 
Timing mellUrement reference .vel is VIH + VILI2. 

Operating Temperature 
Commercial (J, K, L, GL) Grades 
Industrial (A, B, C, GC) Grades 
Extended (S, T, U, GU) Grades . 

Storage Temperature .•...... 
Lead Temperature (Soldering, 10000s) 

.. , 0 to +70°C 
- 25°C to + 85°C 

- 55°C to + 125°C 
- 65°C to + 150°C 
..... +300°C 

·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation at or above this speciflCation is not implied. Exposure to above 
maximum rating conditions for extended periods may affect device reliability. 

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

WARNING! QJ 
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TERMINOLOGY 

RELATIVE ACCURACY, The amount by which the DIA 
converter transfer function differs from the ideal transfer 
function after the zero and full scale points have been ad
justed. This is an end point linearity measurement. 

DIFFERENTIAL NONLINEARITY, The difference between 
the measured change and the ideal change between any two 
adjacent codes. If a device has a differential nonlinearity of 
less than 1 LSB then it will be monotonic, i.e., the output will 
always increase for an increase in digital code applied to the 
DI A converter. 

PROPAGATION DELAY, This is a measure of the internal 
delay of the circuit and is measured from the time a digital 
input changes to the point at which the analog output at 
OUTl reached 90% of its final value. 

DIGITAL TO ANALOG GLITCH IMPULSE, This is a mea
sure of the amount of charge injected from the digital inputs 
to the analog outputs when the inputs change state. It is 
usually specified as the area of the glitch in nVsecs and is mea
sured with VREF. = AGND and an ADLH0032CG as the out
put op amp, Cl (phase compensation) = HpF. 
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ORDERING GUIDEl 

Maximum 
Gain Error 

Temperature Relative T A =+25"<: Package 
Model' Range Accuracy VDD=+5V Option' 

AD7545JN O"C to +70"<: ±2LSB ±20 LSB N-20 
AD7545AQ -25'C to +85"<: ±2LSB ±20 LSB Q-20 
AD7545SQ -55°C to + 125°C ±2LSB ±20 LSB Q-20 
AD7545KN O"C to +70"<: ±lLSB ±10 LSB N-20 
AD7545BQ - 25"<: to + 85"<: ±1 LSB ±10 LSB Q·20 
AD7545TQ -55"<: to + 125"<: ±1 LSB ±10 LSB Q-20 
AD7545LN O"C to +70"<: ±1I2 LSB ±5 LSB N-20 
AD7545CQ - 25"<: to + 85°C ±1I2 LSB ±5 LSB Q-20 
AD7545UQ - 55'C to +125"<: ±1/2 LSB ±5LSB Q-20 
AD7545GLN O"C to +7O"C ±1I2 LSB ±1 LSB N-20 
AD7545GCQ - 25°C to + 85"<: ±112 LSB ±1 LSB Q·20 
AD7545GUQ -55°C to +125°C ±1I2 LSB ±ILSB Q-20 
AD7545JP O"C to +70"<: ±2 LSB ±20 LSB P-20A 
AD7545SE -55'C to + 125°C ±2 LSB ±20 LSB E-20A 
AD7545KP 0"<: to + 70"<: ±1 LSB ±10 LSB P-20A 
AD7545TE -55"<: to + 125"<: ±1 LSB ±10 LSB E-2OA 
AD7545LP O"Cto +7O"C ±1I2 LSB ±5 LSB P-20A 
AD7545UE -55"<: to + 125'C ±1I2 LSB ±5 LSB E-20A 
AD7545GLP O"C to + 7O"C ±1I2 LSB ±1 LSB P-20A 
AD7545GUE -55'C to + 125'C ±1I2 LSB ±1 LSB E-20A 

NOTES 
1 Analog Devices reserves the right to ship ceramic packages (D-20) in lieu of 
cerdip packages (Q-20). 

'To order MIL-STD-883, C1as. B processed pans, add 1883B to part num
ber. Contact your local sales office for military datasheets. For U.S. Stan
dard Military Drawing (SMD) see DESC drawing 5962-87702. 

3D = Ceramic DIP, E = Leadless Ceramic Chip Carrier (LCCC); N = 
Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); Q = Cerdip. For 
outline information see Package Information section. 
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AD7545 
CIRCUIT INFORMATION - D/A CONVERTER SECTION 
Figure 1 shows a simplified circuit of the D/A converter 
section of the AD7S4S and Figure 2 gives an approximate 
equivalent circuit. Note that the ladder tertnination resistor 
is connected to AGND. R is typically llkn. 

R R R R 

2R 2R 

RFB 

'---;. ..... -;.. ....... H·.....;. ..... .......;.i+-.... -G AGND 

I I I I 
DB10 DB9 DB1 DBO 

(LSB) 

Figure 7. Simplified DIA Circuit of AD7545 

The binary weighted currents are switched between the OUT1 
bus line and AGND by No(!hannel switches, thus maintaining a 
constant current in each ladder leg independent of the switch 
state. 

The capacitance at the OUT1 bus line, CoUT1, is code de-
pendent and varies from 70pF (aU switches to AGND) to 
200pF (all switches to OUT 1). 

One of the current switches is shown in Figure 2. The input 
resistance at VREF (Figure 1) is always equal to RLDR (RLDR 
is the R/2R ladder characteristic resistance and is equal to 
value "R"). Since RIN at the-VREF pin is constant, the refer
ence tertninal can be driven by a reference voltage or a refer
ence current, ac or dc, of positive or negative polarity. (If a 
current source is used, a low temperature coefficient external 
RFB is recommended to define scale factor.) 

FROM 
'NTERFAC~ 
LOGIC~ 

TO LADDER 

AGND OUT1 

Figure 2. N-Channel Current Steering Switch 

CIRCUIT INFORMATION-DIGITAL SECTION 
Figure 3 shows the digital structure for one bit. 

The digital signals CONTROL and CONTROL are generated 
from CS and WR. 

~----TO AGND SWITCH 

:>Cl!-1l--TO OUT1 SWITCH 

CONTROL 

Figure 3. Digital Input Structure 

The input buffers are simple CMOS inverters designed such 
that when the AD7S4S is operated with Voo = SV, the buffers 
convert TTL input levels (2.4V and O.8V) into CMOS logic 
levels. When VIN is in the region of 2.0 volts to 3.S volts the 
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input buffers operate in their linear region and draw current 
from the power supply. To minimize power supply currents 
it is recommended that the digital input voltages be as close 
to the supply rails (Voo and DGND) as is practically possible. 

The AD7S4S may be operated with any supply voltage in the 
range S<VDD <15 volts. With VDO = +1SV the input logic 
levels are CMOS compatible only, i.e., l.SV and 13.SV. 

BASIC APPLICADONS 
Figures 4 and 5 show simple unipolar and bipolar circuits using 
the AD7545. Resistor RI is used to trim for full scale. The "G" 
versions (AD7545GLN, AD7545GCQ, AD7545GUD) have a 
guaranteed maximum gain error of ± ILSB at +25"<: (Voo = 
+ 5V) and in many applications it should be possible to dispense 
with gain trim resistors altogether. Capacitor CI provides phase 
compensation and hclps prevent overshoot and ringing when 
using high speed op amps. Note that all the circuits of Figures 
4, 5 and 6 have constant input impedance at the V REF tertninal. 

The circuit of Figure 1 can either be used as a fIXed reference 
DI A converter so that it provides an analog output voltage in 
the range 0 to - VIN (note the inversion introduced by the op 
amp) or V IN can be an ac signal in which case the circuit behaves 
as an attenuator (2-Quadrant Multiplier). V IN can be any voltage 
in the range - 20sV INs + 20 volts (provided the op amp can 
handle such voltages) since VREF is permined to exceed Voo. 
Table II shows the code relationship for the circuit of Figure 4. 

V,N 

DB11-DBO -REFER TO TABLE 1. 

Figure 4. Unipolar Binary Operation 

TRIM RESISTOR JIAIS KIBIT UCIU GUGClGU 

Rl 5000 2000 1000 200 
R2 1500 680 330 6.80 

Table I. Recommended Trim Resistor Values VB. Grades 
for VDD = +5V 

Binary Number in 
OAC Register Analog Output 

1111 1111 1111 -VIN {409S -} 
4096 

1000 0000 0000 "VIN {2048 } 
4096 = -112 VIN 

0000 0000 0001 -VIN {40;6 } 

0000 0000 0000 o Volts 

Table II. Unipolar Binary Code Table for Circuit of Figure 4 
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Figure S and Table III illustrate the recommended circuit and 
code relationship for bipolar operation. The DI A function itself 
uses offset binary code and inverter U 1 on the MSB line converts 
2's complement input code to offset binary code. If appropriate, 
inversion of the MSB may be done in software using an exclusive 
-OR instruction and the inverter omitted. R3, R4 and RS must 
be selected to match within 0.01% and they should be the same 
type of resistor (preferably wire-wound or metal foil), so that 
their temperature coefficients match. Mismatch of R3 value to 
R4 causes both offset and full scale error. Mismatch of RS and 
R4 and R3 causes full scale error. 

V,N 

DATA INPUT 

-FOR VALUES OF Rl AND R2 
SEE TABLE 1. 

Figure 5. Bipolar Operation (2's Complement Code) 

Data Input Analog Output 

0111 1111 1111 +VIN { 2047} 
2048 

0000 0000 0001 +VIN 
{ 20!8} 

0000 0000 0000 o Volts 

1111 1111 1111 -VIN {20~8 } 

1000 0000 0000 -VIN {2048} 
2048 

Table III. 2', Complement Code Table for Circuit of Figure 5 

Figure 6 shows an alternative method of achieving bipolar 
output. The circuit operates with sign plus magnitude code 
and has the advantage that it gives 12-bit resolution in each 
quadrant compared with ll-bit resolution per quadrant for 
the circuit of Figure 5. The AD7592 is a fully protected 
CMOS change-over switch with data latches. R4 and R5 should 
match each other to 0.01% to maintain the accuracy of the 
D/A converter. Mismatch between R4 and R5 introduces a 
gain error. 

Figure 6. 12-Bit Plus Sign Magnitude D/A Converter 
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AD7545 
Sign Binary Numbers in 
Bit DAC Register Analog Output 

0 1111 1111 1111 +VIN {4095 } 
4096 

0 0000 0000 0000 o Volts 

0000 0000 0000 o Volts 

1 1111 1111 1111 -VIN • {4095} 
4096 

Note: Sign bit of "0" connects R3 to GND. 

TablelV. 12-Bit Plus Sign Magnitude Code Table for 
Circuit of Figure 6 

APPLICATION HINTS 

Output Offset: CMOS DfA converters exhibit a code depend
ent output resistance which in turn causes a code dependent 
amplifier noise gain. The effect is a code dependent differ
ential nonlinearity term at the amplifier output which 
depends on Vos where Vos is the amplifier input offset 
voltage. To maintain monotonic operation it is recom
mended thatVos be no greater than (25 X 10-6 ) (VREF) over 
the temperature range of operation. Suitable op amps are 
AD517L and AD544L. The AD517L is best suited for fixed 
reference applications with low bandwidth requirements: it 
has extremely low offset (50~N) and in most applications 
will not require an offset trim. The AD544L has a much wider 
bandwidth and higher slew rate and is recommended for multi
plying and other applications requiring fast setding. An offset 
trim on the AD544L may be necessary in some circuits. 

General Ground Management: AC or transient voltages be
tween AGND and DGND can cause noise injection into the 
analog output. The simplest method of ensuring that voltages 
at AGND and DGND are equal is to tie AGND and DGND 
together at the AD7545. In more complex systems where the 
AGND and DGND intertie is on the backplane, it is recom
mended that two diodes be connected in inverse parallel 
between the AD7545 AGND and DGND pins (lN914 or 
equivalent). 

Digital Glitches: When WR and CS are both low the latches 
are transparent and the Of A converter inputs follow the data 
inputs. In some bus systems, data on the data bus is not always 
valid for the whole period during which WR is low and as a 
result invalid data can briefly occur at the Of A converter 
inputs during a write cycle. Such invalid data can cause un
wanted glitches at the output of the O/A converter. The 
solution to this problem, if it occurs, is to retime the write 
pulse WR so that it only occurs when data is valid. 

Another cause of digital glitches is capacitive coupling from 
the digital lines to the OUT 1 and AGND terminals. This should 
be minimized by screening the analog pins of the A07545 
(Pins 1,2, 19,20) from the digital pins by a ground track 
run between pins 2 and 3 and between pins 18 and 19 of 
the AD7545. Note how the analog pins are at one end of the 
package and separated from the digital pins by VDD and DGND 
to aid screening at the board level. On-chip capacitive coupling 
can also give rise to crosstalk from the digital to analog sec
tions of the AD7545, particularly in circuits with high cur-
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AD7545 
rents and fast rise and fall times. This type of crosstalk is 
minimized by using VDD = +5 volts. However, great care 
should be taken to ensure that the +5V used to power the 
AD7545 is free from digitally induced noise. 

Temperature Coefficients, The gain temperature coefficient 
of the AD7545 has a maximum value of 5ppml C and a 
typical value of 2ppml C. This corresponds to worst case 
gain shifts of 2LSBs and 0.8LSBs respectively over a 100· C 
temperature range. When uim resistors R1 and R2 are used 
to adjust full scale range, the temperature coefficient of R1 
and R2 should also be taken in to account. The reader is 
referred to Analog Devices Application Note "Gain Error 
and Gain Temperature Coefficient of CMOS Multiplying 
DACs", Publication Number E630-10-6/81. 

SINGLE SUPPLY OPERATION 
The ladder termination resistor of the AD7545 (Figure 1) is 
connected to AGND. This arrangement is particularly suitable 
for single supply operation because OUT 1 and AGND may be 
biased at any voltage between DGND and VDD. OUT1 and 
AGND should never go more than 0.3 volts less than DGND 
or an internal diode will be turned on and a heavy current 
may flow which will damage the device. (The AD7545 is, 
however, protected from the SCR latch-up phenomenon 
prevalent in many CMOS devices.) 

Figure 7 shows the AD7545 connected in a voltage switching 
mode. OUT1 is connected to the reference voltage and AGND 
is connected to DGND. The DI A converter output voltage is 
available at the VRBP pin and has a constant output impedance 
equal to R. RpB is riot used in this circuit. 

REFERENCE 
VOLTAGE 

15 VOLT CMOS DIGITAL INPUTS 

Vo 

Figure 7. Single Supply Operation Using Voltage 
Switching Mode 

The loading on the reference voltage source is code dependent 
and the response time of the circuit is often determined by the 
behavior of the reference voltage with changing load conditions. 

To maintain linearity, the voltages at OUT1 and AGND should 
remain within 2.5 volts of each other, for a VDD of 15 volts. If 
VDD is reduced from 1SV or the differential voltage between 
OUT1 and AGND is increased to more than 2.5V the differ
ential nonlinearity of the DAC will increase and the linearity 
of the DAC will be degraded. Figures 8 and 9 show typical 
curves illustrating this effect for various values of reference 
voltage and VDD . If the output voltage is required to be off
set from ground by some value, then OUT1 and AGND may 
be biased up. The effect on linearity and differential non
linearity will be the same as reducing VDD by the amount 
of the offset. 
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(~,I---"'----'---"'" 

+2.0 r---t---+----j 

+1,01---+---+-----1 

Figure 8. Differential Nonlirrearity vs. VDD for Figure 7 
Circuit. Reference Voltage = 2.5 Volts. Shaded Area Shows 
Range of Values of Differential Nonlinearity that Typically 
Occur for L, C and U Grades. 

DNL 
(LSBI 

-1.0t-----;--;..~."'l 

-1.6t-------+----t'A~ 

-2.0 .... ---~+5:-----Ic.c.~-
VAEF (VOLTS) 

Figure 9. Differential Nonlinearity VB. Reference Voltage for 
Figure 7 Circuit. VDD= 75 Volts. Shaded Area Shows Range 
of Values of Differential Nonlinearity that Typically Occur 
for L, C, and U Grades. 

The circuits of Figures 4, S and 6 can all be converted to single 
supply operation by biasing AGND to some voltage between 
VDD and DGND. Figure 10 shows the 2's Complement Bipolar 
circuit of Figure 5 modified to give a range from +2V to +8V 
about a "pseudo-analog ground" of SV. This voltage range 
would allow operation from a single VDD of +10V to +1SV. 
The ADS84 pin-programmable reference fixes AGND at +SV. 
VIN is set at +2V by means of the series resistors R1 and R2. 
There is no need to buffer the VRBP input to the AD7S4S 
with an amplifier because the input impedance of the D/A 
converter is constant. Note, however, that since the tempera
ture coefficient of the D/A reference input resistance is typi
cally -30Oppml C, applications which experience wide tem
perature variations may require a buffer amplifier to generate 
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the +2.0V at the AD7S4S VREF pin. Other output voltage 
ranges can be obtained by changing R4 to shift the zero 
point and (RI + R2) to change the slope, or gain of the 
D/A transfer function. Voo must be kept at least SV above 
OUTI to ensure that linearity is preserved. 

CMOS DATA BUS 
Voo = +'OV TO +15V 

Figure 10. Single Supply "Bipolar" 2'5 Complement D/A 
Converter 

MICROPROCESSOR INTERFACING OF THE AD7545 
The AD7S4S can interface directly to both 8- and I6-bit 
microprocessors via its I2-bit wide data latch using standard 
CS and WR control signals. 

A typical interface circuit for an 8-bit processor is shown in 
Figure 11. This arrangement uses two memory addresses, one 
for the lower 8 bits of data to the DAC and one for the upper 
4 bits of data into the DAC via the latch. 

CPU 

REV. A 

A15~----------------------------------~ 
ADDRESS BUS 

All 

Wi! 10------1 

080 

07 t--------...J 
8-81T DATA 8US 

DO 
-CD" DECODED ADDRESS FOR OAC 
0, '" DECODED ADDRESS FDA LATCH 

Figure ". 8-Bit Processor to AD7545 Interface 

Vo 

AD7545 
Figure 12 shows an alternative approach for use with 8-bit 
processors which have a full 16-bit wide address bus such 
as 6800, 8080, Z80. This technique uses the 12 lower 
address lines of the processor address bus to supply data to 
the DAC, thus each AD7S4S connected in this way uses 4k 
bytes of address locations. Data is written to the DAC using 
a single memory write instruction. The address field of the 
instruction is organized so that the lower 12 bits contain the 
data for the DAC and the upper 4 bits contain the address 
of the 4k block at which the DAC resides. 

A15 
16-BIT ADDRESS BUS 

AD 

CPU 

WR~-------------i 

D7~---------------------_\ 
DATA BUS 

oot-------------y 

Figure 12. Connecting the AD7545 to 8-Bit Processors via 
the Address Bus 

SUPPLEMENTAL APPLICATION MATERIAL 
For further information on CMOS multiplying D/A converters 
the reader is referred to the following texts: 

Application Guide to CMOS Multiplying D/A converters 
available from Analog Devices, Publication Number G479. 

Gain Error and Gain Temperature Coefficient of CMOS 
Multiplying DACS - Application Note, Publication Number 
E630-IO-6/8I available from Analog Devices. 
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FEATURES 

• Preadjusted Full Scale ....••. ±1 LSB Maximum Gain Error 
• Low Gain Temperature Coefficient ........•.....•...... 2ppm/oC 
• Small 20-Pln 0.3" Wide DIP 
• PM-7545 TTL Compatible for V DD = 5V 
• PM-7645 TTL and 5V CMOS Compatible for VDD = 15V 
• High ESD Resistance 
• Available in Die Form 

ORDERING INFORMATION t 

MAXIMUM MILITARY· 
GAIN ERROR TEMPERATURE 

TA=+25'C -55'C to +125'C 

±1 LSB PM7545AR 
±3LSB PM7545BR 
±3LSB PM7545BRC/883 
±3LSB 
±3LSB 
±1 LSB PM7645AR 
±3LSB PM7645BR 
±3LSB 
±3LSB 
±3LSB 

PACKAGE: 20-PIN 

EXTENDED 
INDUSTRIAL 

TEMPERATURE 
-40'C to +85'C 

PM7545ER 
PM7545FR 
PM7545FP 
PM7545FPC 
PM7545FS 
PM7645ER 
PM7645FR 
PM7645FP 
PM7645FPC 
PM7645FS 

COMMERCIAL 
TEMPERATURE 

O'Cto+70'C 

PM7545GP 

PM7645GP 

For devices processed in tOlal compliance to MIL·STD·883, add /883 after 
pari number. Consult faclory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO·can packages. 

CROSS REFERENCE 

TEMPERATURE 
PMI ADI RANGE 

PM7545AR AD7545GUD 
PM7545BR AD7545UD 
PM7545BR AD754TD MILITARY 

PM7545BR AD7545SD 

PM7545ER AD7545GCQ 
PM7545FR AD7545CO 
PM7545FR AD7545BQ INDUSTRIAL 

PM7545FR AD7545AQ 

PM7545GP AD7545GLN 
PM7545FP AD7545LN 
PM7545FP AD7545KN COMMERCIAL 
PM7545FP AD7545JN 
PM7545FPC AD7545KP 

GENERAL DESCRIPTION 

The PM-7545/PM-7645 are 12-bit CMOS multiplying DACs with 
internal data latches. Digital data is input in a 12-bit wide data 
format, while CS and WR control inputs are active low. During 
this timethe latches are transparent allowing digital inputs direct 
connection to the DAC. When WR is returned to logic high, the 
current data word in the latch is saved. 

REV.C 

12-Bit Buffered 
Multiplying CMOS D/A Converters 

PM-7545IPM-7645 I 
The PM-7545 operates from 5 to 15 volt power supplies, offering 
TTL logic compatibility at Vooof 5V and CMOS logic compat
ibility at Vooof 15V. The PM-7645 is specified for operation at 
Voo of 15V, offering TTL logic input compatibility. 

PIN CONNECTIONS 

20-CONTACT PLCC 
(PC-SUffix) 

20-CONTACT LCC 
(RC-Suffix) 

2O-PiN EPOXY DIP 
(P-Suffix) 

20-PIN HERMETIC DIP 
(R-Suffix) 

20-PINSOL 
(S-Suffix) 

FUNCTIONAL DIAGRAM 

PM-7545/PM-7645 

VREF 

i'iil<>-I-----'I""'"""" 
os <>-1----,1...." 

R,S 

r-----------~~C-~~OUT 
12-BIT 

MUL TIPL YING DAC 

L-----:;:o:::-__ ....Jf--1~ AGND 

DONO 

DB11-0BO 
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PM-7545IPM-7645 

ABSOLUTE MAXIMUM RATINGS (TA = +25°C, unless 

otherwise noted.) 

VDD to DGND .......................................................... -0.3, +17V 

Digital Input Voltage to DGND .................................. -0.3, VDD 
AGND to DGND ........................................................ -0.3, V D.Q 

VRFB' VREFto DGND ........................................................ ±25V 
VplN 1 to DGND ......................................................... -0.3, V DD 
Operating Temperature Range 

Military (AR, BR) Grades ........................... -55°C to + 125°C 

Industrial (ER, FR, FP, FPC, FS) Grades .... -40°C to +85°C 

Commercial (GP) Grade .................................. O°C to +70°C 
Junction Temperature .................................................. + 150°C 

Storage Temperature ..................................... -65°Cto +150°C 

Lead Temperature (Soldering, 60 sec) ........................ +300°C 

PACKAGE TYPE 8 JA (Note 1) 8 Jc UNITS 

2o-Pin Hermetic DIP (R) 76 11 'cm 
2o-Pin Plastic DIP (P) 69 27 'cm 
2o-Contact LCC (RC, TC) 88 33 'cm 
20-Pin SOL (S) 88 25 'cm 
20-Contact PLCC (PC) 73 33 'C/W 

NOTE: 
1. 8. A is specified for worst case mounting conditions, i.e .. 8'A is specified for 

d~vice in socket for CerDIP, P-DIP, and LCC packages; ~A is specified for 
device soldered 10 printed circuit board for SOL and PLCC packages. 

CAUTION: 
1. Stresses above those listed under ·Absolute Maximum Ratings· may cause 

permanent damage to the device. This is a stress rating only and functional 
operation at or above this specification is not implied. Exposure 10 above 
maximum rating conditions for extended periods may affect device reliability. 

2. Do not apply voltages higherthan V D D or less than GND potential on any ter
minal exceptVREF. 

3. The digital inputs are zener protected, however, permanent damage may 
occur on unprotected units from high-energy electrostatic fields. Keep units in 
conductive foam at all times until ready to use. Use proper antistatic handling 
procedures. 

4. Remove power before Inserting or removing units from their sockets. 

ELECTRICAL CHARACTERISTICS at V DD = +5V, V REF = +10V, VOUT= OV, AGND= DGND = OV; TA =-55°Cto +125°C apply 

for PM-7545AR/BR; TA = -40°C to +85°C apply for PM·7545ERlFR/FP/FPC/FS; T A = O°C to +70°C apply for PM-7545GP, unless oth-

erwise noted. 15V operating characteristics are shown on the following pages. 

PM-7545A/E/G PM-7545B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

STATIC ACCURACY 

Resolution N 12 12 Bits 

Relative 
INL TA = Full Temp. Range ±112 ±112 LSB 

Accuracy 

Differential DNL TA = Full Temp. Range 
±1 

Nonlinearity (Note 1) 
±1 LSB 

Gain Error 
GFSE 

TA=+25'C ±1 ±3 
(Notes 2, 3) T A = Full Temp. Range ±2 ±4 

LSB 

Gain Temperature 

Coefficient TCG FS (Note 4) ±2 ±5 ±2 ±5 ppm/'C 
aGain/.6. Temperature 

DC Supply Rejection 
PSS TA = +25'C (AV = ±5%) 0.002 0.002 

AGain/AVDD T A = Full Temp. Range DD 0.004 0.004 
%/% 

TA=+25'C, WR = CS=OV, 
10 10 

Output Leakage All Digital Inputs = OV 

Current at OUT 
i LKG nA 

TA = Full Temp. Range 
AlB Versions 200 200 
ElF/G/H Versions 50 50 

DYNAMIC PERFORMANCE 

Propagation Delay TA=+25'C 300 300 
(Notes 4, 5, 6. 7) tpD (OUT Load = toon, CEXT = 13pF) 

ns 

TA = Full Temp. Range 
Current Settling Time t, (To 1/2 LSB) (Note 4) p's 

lOUT Load = toOn 

Digital Charge 
TA=+25'C 

300 300 
Injection 

Q TA = Full Temp. Range 
400 400 

nVs 
VREF = AGND (Note 4) 

AC Feedthrough 
T A = Full Temp. Range 

FT VAEF = ±10V, f = 10kHz 5 mVp_p 
at lOUT All Digital Inputs = OV 
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PM-7545IPM-7645 
ELECTRICAL CHARACTERISTICS at V DD = +5V, V REF = +10V, VOUT= OV, AGND = DGND = OV; TA = -55·Cto +125·C apply 

for PM-7545AR/BR; TA = -40·C to +85·C apply for PM-7545ERlFR/FP/FPC/FS; TA = O·Cto +70·C apply/or PM-7545GP, unless oth-

erwise noted. 15V operating characteristics are shown on the following pages. Continued 

PM-7S4SA/E/G PM-7545B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

REFERENCE INPUT 

Input Resistance 
RAEF 

TA = Full Temp. Range 
11 15 11 15 kll 

(Pin 19 to GND) Input Resistance 

ANALOG OUTPUTS 

Output Capacitance T A = Full Temp. Range 
(Note 4) COUT DBO-DBII = OV, WR = CS = OV 70 70 pF 

COUT DBO·DBII = Voo, WR = CS = OV 150 150 

DIGITAL INPUTS 

Input High Voltage V tNH T A = Full Temp. Range 
2.4 2.4 

Input Low Voltage V 1NL 0.8 0.8 
V 

Input Current liN 
TA=+25°C 

~A 
T A = Full Temp. Range 10 10 

Input Capacitance 
C,N 

TA = Full Temp. Range 
pF 

DBO-DB", WR, CS V,N = 0 (Note 4) 

SWITCHING CHARACTERISTICS See Timing Diagram 
(Notes 4, 8, 9) 

Chip Select to TA=+25°C 280 200 280 200 
Write Setup Time tcs T A = Full Temp. Range 380 270 380 270 

ns 

Chip Select to 
tCH T A = Full Temp. Range ns 

Write Hold Time 

Write Pulse TA =+25°C 250 175 250 175 
Width tWA T A = Full Temp. Range 380 270 380 270 

ns 

Data Setup TA =+25°C 140 100 140 100 
Time tos TA = Full Temp. Range 210 150 210 150 

ns 

Data Hold Time toH TA = Full Temp. Range 10 10 ns 

POWER SUPPLY 

100 
T A = Full Temp. Range 

mA 
(All Digital Inputs V,NL or V,NH) 

Supply Current 
TA=+25°C 

100 100 
100 T A = Full Temp. Range 

100 5 100 
~A 

(All Digital Inputs OV or Voo) 

NOTES: 
1. 12~bit monotonic over full temperature range. 6. All digital inputs = OV to Voo; or Voo to av. 
2. Includes the effects of 5ppm max. gain T.G. 7. Logic inputs are MOS gates, typical input current (at +25°C) is Jess than 
3. Using internal RFB. DAC register loaded with 1111 11111111. Gain error is 1nA. 

adjustable using the circuits of Figures 4 and 5. 8. Sample tested at +25°C to ensure compliance. 
4. GUARANTEED and NOT TESTED. 9. Chip select CS must be coincident or present before and/or after write WR; 
5. From digital input change to 90% of final analog output. that is, tcs;:::: tWA, t CH ;:::: O. 
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PM-7545/PM-7645 
ELECTRICAL CHARACTERISTICS at V DO = + 15V. VREF = + 1 OV. V OUT = OV. AGND = DGND = OV; TA = -55·C to + 125·C apply 
for PM-7545IPM-7645ARlBR; T A = -40·C to +85·C apply for PM-7545/PM-7645ER/FRlFP/FPC/FS; T A = O·C to + 70·C apply for PM-
7545/PM-7645GP. unless otherwise noted. 

PM-7545A1E/G PM-7545B/F 
PM-7645A1E/G PM-7645B/F 

PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

STATIC ACCURACY 

Resolution N 12 12 Bits 

Relative 
INL TA = Full Temp. Range 

Accuracy 
±112 ±1/2 LSB 

Differential 
oNL 

T A = Full Temp. Range 
±1 ±1 LSB 

Nonlinearity (Note 1) 

Gain Error TA= +25°C ±1 ±3 
GFSE LSB 

(Notes 2, 3) T A = Full Temp. Range ±2 ±4 

Gain Temperature 

Coefficient TCG FS (Note 4) ±2 ±5 ±2 ±5 ppmfOC 
aGain! ~ Temperature 

DC Supply Rejection TA = +25°C (tJ.V = ±5%) 0.002 0.002 
%/% 

tJ.Gain/tJ.Voo 
PSS 

T A = Full Temp. Range DO 0.004 0.004 

TA =+25°C, WR = CS=OV, 
10 10 

Output Leakage All Digital Inputs = OV 
ILKG nA 

Current at OUT TA = Full Temp. Range 

AlB Versions 200 200 
ElF/G/H Versions 50 50 

DYNAMIC PERFORMANCE 

Propagation Delay 
tpD 

TA= +25°C 
250 250 ns 

(Notes 4, 5,6, 7) (OUT Load = 1000, CEXT = 13pF) 

TA = Full Temp. Range 

Current Settling Time ts (To 1/2 LSB) (Note 4) I'S 

lOUT Load = 100n 

Digital Charge 
TA=+25°C 

250 250 
Q T A = Full Temp. Range nVs 

Injection 300 300 
VREF = AGND (Note 4) 

AC Feedthrough 
T A = Full Temp. Range 

at lOUT 
FT VREF = ±10V, f = 10kHz mVp~p 

All Digital Inputs = OV 

REFERENCE INPUT 

Input Resistance 
RREF 

T A = Full Temp. Range 
7 11 15 11 15 k!l 

(Pin 19 to GND) Input Resistance 

ANALOG OUTPUTS 

Output Capacitance T A = Full Temp. Range 
(Note 4) COUT DBO-oB11 = OV, WR = CS = OV 60 60 pF 
C OUT DBO-OB11 = Voo, WR = CS = OV 120 120 

DIGITAL INPUTS 

Input High Voltage V,NH 13.5 13.5 
V 

Input Low Voltage V,NL 
T A = Full Temp. Range, PM-7545 

1.5 1.5 

Input High Voltage V'NH 2.4 2.4 
V 

Input Low Voltage V,NL 
TA = Full Temp. Range, PM-7645 

0.8 0.8 

Input Current liN 
TA=+25°C 

I'A 
T A = Full Temp. Range 10 10 

Input Capacitance 
C,N 

T A = Full Temp. Range 
8 pF 

DBO-DB11, WR, CS V,N = 0 (Note 4) 
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PM-7545IPM-7645 
ELECTRICAL CHARACTERISTICS at V DO = + 15V. V REF = + 1 OV. V OUT = OV. AGND = DGND = OV; T A = -55°C to + 125°C apply 
for PM-7545/PM-7645AR/BR; TA = -40°Cto +85°C apply for PM-7545/PM-7645ER/FR/FP/FPC/FS; TA = O°C to +70°C apply for PM-
7545/PM-7645GP. unless otherwise noted. Continued 

PM-7545A1E/G PM-7545B/F 
PM-7645A1E/G PM-7645B/F 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLY 

100 
TA = Full Temp. Range 

2 2 mA 
(All Digital Inputs V,NL or V,NH) 

Supply Current 
TA = +2SoC 2 100 2 100 

100 TA = Full Temp. Range 100 S 100 ~A 

(All Digital Inputs OV or Voo) 

SWITCHING CHARACTERISTICS See Timing Diagram 
PM-7545 AlE/G PM-7545 BIF/H 

(Notes 4, 8, 9) 

Chip Select to TA=+2SoC 180 120 180 120 

Write Setup Time tcs 
T A = Full Temp. Range 200 ISO 200 150 

ns 

Chip Select to 
tCH T A = Full Temp. Range 

Write Hold Time 
0 0 ns 

Write Pulse TA =+2SoC 160 100 160 100 

Width tWA 
T A = Full Temp. Range 240 170 240 170 

ns 

Data Setup TA = +2SoC 90 60 90 60 
Time tos 

TA = Full Temp. Range 120 80 120 80 
ns 

Data Hold Time tOH T A = Full Temp. Range 10 10 ns 

SWITCHING CHARACTERISTICS See Timing Diagram 
PM-7645 AlE/G PM-7645 B/F/H 

(Notes 4, 8, 9) 

Chip Select to TA = +2SoC ISO ISO 

Write Setup Time tcs 
TA = Full Temp. Range 210 210 

ns 

Chip Select to 
tCH T A = Full Temp. Range 

Write Hold Time 
0 0 ns 

Write Pulse TA= +2SoC ISO ISO 

Width 
tWA 

T A = Full Temp. Range 210 210 
ns 

Data Setup TA=+2SoC 22S 22S 

Time tos 
T A = Full Temp. Range 300 300 

ns 

Data Hold Time tOH T A = Full Temp. Range 10 10 ns 

NOTES: 
1. 12-bit monotonic over full temperature range. 6. All digital inputs = OV to Voo; or Voo to OV. 
2. Includes the effects of 5ppm max. gain T.e. 7. Logic inputs are MOS gates, typical input current (at +25°C) is less than 
3. Using internal RFB. DAC register loaded with 111111111111. Gain error is InA. 

adjustable using the circuits of Figures 4 and 5. 8. Sample tested at +25°C to ensure compliance. 
4. GUARANTEED and NOT TESTED. 9. Chip select CS must be coincident or present before and/or after write WR; 
S. From digital input change to 90% of final analog output. that is. tcs ~ tWA' tCH ~ O. 
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PM-7545IPM-7645 

DICE CHARACTERISTICS 

DIE SIZE 0.102 X 0.100 Inch, 10,200 sq. mils 
(2.59 x 2.54mm, 6.58 sq. mm) 

1. OUT 
2. AGND 
3. DGND 
4. DB11 (MSB) 
5. DB10 
6. DB9 
7. DB8 
8. DB7 
9. DB6 

10. DB5 

11. DB4 
12. DB3 
13. DB2 
14. DB1 
15. DBO (LSB) 
16. CS 
17. WR 
18. VDD 

19. VREF 
20. RFB 

WAFER TEST LIMITS at TA = 25°C, VDD= +5 or+15V, VREF=+10V, VOUT= Ov, AGND = DGND = OV. 

PM-7545G/PM-7645G 
PARAMETER SYMBOL CONDITIONS LIMIT 

Relative Accuracy INL Endpoint Linearity Error ±112 

Differential Nonlinearity DNL ±1/2 

Gain Error GFSE DAC Latches Loaded with 111111111111 ±5 

Output Leakage 'LKG 
DAC Latches Loaded with 0000 0000 0000 

±10 
Pad 1 

Input Resistance RREF Pad 19 7115 

Digital Input 
VINH Voo = 5V PM-7545 I 2.4 

High Voo= 15V on y 13.5 

Digital Input V =5V 0.8 
VINL V 00 _ 5V PM-7545 only 

Low 00- 1 1.5 

Digital Input 
VINH Voo = 15V PM-7645 only 2.4 

High 

Digital Input 
VINL Voo = 15V PM-7645 only 0.8 

Low 

Input Current liN VIN = OV or Voo ±1 

Supply Current 
All Digital Inputs VINL or VINH 2 

100 All Digital Inputs OV or Voo 0.1 

DC Supply Rejection 
PSS dVoo =±5% 0.002 

(dGain/dVoo) 

NOTE: 

UNITS 

LSBMAX 

LSBMAX 

LSBMAX 

nAMAX 

kfl MIN/kll MAX 

VMIN 

V MAX 

VMIN 

V MAX 

pAMAX 

mAMAX 

%/%MAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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PM-7545IPM-7645 
TYPICAL ELECTRICAL CHARACTERISTICS at VDD= +5Vor +15V, AGND = DGND = Ov, VREF= +10V, OUT = OV; TA = 25°C, 
unless otherwise noted. (Note 1) 

PM-7545G/PM-7645G 
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS 

Digital Input Capacitance C'N pF 

DAC Latches Loaded with 0000 0000 0000 50 
Output Capacitance COUT pF 

DAC Latches Loaded with 111111111111 110 

Propagation Delay VDO = 15V 140 
(NDtes 2, 3, 4) tpD VDO = 5V PM-7545 only 230 

ns 

NOTES: 
1. These characteristics are for design guidance only and are not subject to test. 
2. From digital input change to 90% of final analog output. 
3. OUT load = lOOn, CEXT = 13pF. 
4. cs = WR = 0, DBa to DB11 = OV to VDD or VDD to OV. 

TYPICAL PERFORMANCE CHARACTERISTICS 

FULL-SCALE GAIN ERROR 
vs TEMPERATURE 

LOGIC THRESHOLD VOLTAGE 
VB SUPPLY VOLTAGE 

OUTPUT LEAKAGE CURRENT 
vs TEMPERATURE 

0.5 

D .• 

iii' 0.3 
~ 
C; 0.2 

51 
1 ffi O. 

~ 0 

~-O 1 

~ -0.2 

~ -0.3 

-0.' 

-0.5 

15 
Voo= 15V 

./ 
./ 

V 

1000 
~VREf -lOV 

I 
p~ -~ - I 

r-- PM·7645 
1 I I 

-75 -50 -25 0 25 50 75 100 125 
00 10 

Voo SUPPLY VOl1AGE 

15 -75 -50 -25 25 50 75 100 125 

TEMPERATURE IOC) 

REV.C 

TEMPERATURE fOC) 

1 

o. 1 

0.0 1 

Vee 

SUPPLY CURRENT 
VB TEMPERATURE 

PM-7545 

5V 

ViN - 2.4V 

ViN - C.SV "" 
-75 -50 -25 25 50 75 100 126 

TEMPERATURE IOC) 

10 

~VDD 

1 

o. 1 

0.0 1 

SUPPLY CURRENT 
VB TEMPERATURE 

PM-7645 

15V 

I.\N"2.'V -

~ 

I.\N-O.8V ,.,.;;;;; 

V 

I-' 
-75 -50 -25 25 50 75 100 125 

TEMPERATURE (OC) 
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PM-7545IPM-7645 

PARAMETER·DEFINITIONS 

RELATIVE ACCURACY 
Sometimes referred to as endpoint nonlinearity, and is a 
measure olthe maximum deviation from a straight line passing 
through the endpoints of the DAC transfer function. Relative 
Accuracy is measured after the zero and full-scale points have 
been adjusted, and is normally expressed in LSB or as a 
percentage of full scale. 

DIFFERENTIAL NONLINEARITY 
This is the difference between the measured change and the 
ideal change between any two adjacent codes. A differential 
nonlinearity of ±1 LSB maximum over the full operating tem
perature range will ensure that a device is monotonic (the 
output will increase for an increase in digital code applied). 

GAIN ERROR 
Gain or full scale error is the amount of output error between the 
ideal output and the actual output. The ideal output is VREF 
minus 1 LSB. The gain error is adjustable to zero using external 
resistance. 

OUTPUT CAPACITANCE 
The capacitance from OUT to AGND. 

PROPAGATION DELAY 
This is measured from the digital input change to the analog 
output current reaching 90% of its final value. 

DIGITAL CHARGE INJECTION 
This is a measure of the amount of charge injected to the analog 
output from the digital inputs, when the digital inputs change 
states. It is the area of the glitch and is specified in nVsec; it is 
measured with VREF = AGND. 

BURN-IN CIRCUIT 

PM·7545/PM-7645 

OllT RFa 

AGNo VREF 

DGNO Voo 

011 (MSB) WR 

010 cs 
09 ILSB) DO 

08 01 

07 02 

06 D3 

10 
05 04 

20 

19 

14 

13 

12 

11 

R2 

5kO 

Voo= 15V±5% 
VReF = 10V ± 5% 
CI == C2 = 4.7pF 
C3 = C4 = O.011Jf 
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LOGIC INFORMATION 

WRITE CYCLE TIMING DIAGRAM 

DATA IN 
10BO-OBll) _____ ~ I~~ ___ -'I"" 

MODE SELECTION 

WRITE MODE: HOLD MODE: 
BAND WR LOW, OAe RESPONDS 
TO DATA BUS (DBO-DB11 I INPUTS. 

EITHER ~OR WFi: HIGH, DATA BUS 
(OBO-0811 I IS LOCKED OUT: OAe 
HOLDS LAST DATA PRESENT WHEN 
WR OR CS ASSUMED HIGH STATE. 

NOTES: 
Voo:= +5V; tr = 'tf = 20ns 
VOO '" +15V; tr = 'tt .. 40m 
ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 

~:I~~ ::~~~~aENT REFERENCE LEVEL IS VIH; V'k 

THE PM-7645 USES AN INPUT lOGIC HIGH OF 5 VOLTS. 

D/A CONVERTER SECTION 

FIGURE 1: Simplified D/A Circuit of PM-7545 

'-++ ...... :-+ ..... +-!~ ~-4~..!...+-~-oOUT 
'---i-~-i--·n-:----;,...-.-OAGNo 

I 
0811 0810 DBl 
(MSB) 

Figure 1 shows a simplified circuit olthe D/A Converter section 
and Figure 2 gives an approximate equivalent switch circuit. R is 
typically 11 kO. 

The binary-weighted currents are switched between OUT 
and AGND.by N-channel switches, thus maintaining a constant 
current in each ladder leg independent of the switch state. 

The capacitance at the OUTterminal, COUT, is code dependent 
and varies from 70pF (all switches to AGND) to 150pF (all 
switches to OUT). One of the current switches is shown in 
Figure 2. 

The input resistance at VREF (Figure 1) is always equal to RLDR 
(RLDR is the R/2R ladder characteristics resistance and is equal 
to value "Rn). Since the input resistance at the VREF pin is 
constant, the reference terminal can be driven by a reference 
voltage or a reference current, ac or dc, of positive or negative 
polarity. (If a current source is used, a low-temperature
coefficient external RFB is recommended to define scale factor.) 
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The internal feedback resistor (RFS) has a normally closed 
switch in series as shown in Figure 1. This switch improves 
performance over temperature and power supply rejection; 
however when the circuit is not powered up the switch assumes 
an open state. 

FIGURE 2: N-Channel Current Steering Switch 

TO LADDER 

INTERFACE --J FROM~ 
LOGIC~ 

AGND OUT 

DIGITAL SECTION 
Figure 3 shows the digital structure for one bit. The digital 
signals CONTROL and CONTROL are generated from CS 
and WR. 

FIGURE 3: Digital Input Structure 

r---.... TO AGND SWITCH 

CONTROL ~ 

The input buffers are simple CMOS inverters designed such 
that when the PM-7545 is operated with Voo = 5V, the buffers 
convert TTL input levels (2.4V and 0.8V) into CMOS logic levels. 
When the digital input is in the region of 1.0 volts to 6.0 volts, the 
input buffers operate in their linear region and draw current 
from the power supply. To minimize power supply currents, it is 
recommended that the digital input voltages be as close to the 
supply rails (Voo and DGND) as is practically possible. The 
PM-7545 may be operated with any supply voltage in the range 
5 ::; Voo ::; 15 volts. With Voo = +15V, the input logic levels are 
CMOS compatible only, i.e., 1.5V and 13.5V. The PM-7645 
operates with Voo = 15V only; the buffers convert TTL input 
levels (2.4V and 0.8V) into CMOS logic levels. 

BASIC APPLICATIONS 
Figures 4 and 5 show simple unipolar and bipolar circuits using 
the PM-7545/PM-7645. Resistor R1 is used to trim for full scale. 
The following versions (PM-7545AR, PM-7545ER, PM-7545GP) 
have a guaranteed maximum gain error of ±1 LSB at +25 0 C and 
Voo = +5V, and in many applications the gain trim resistors are 

REV.C 

PM-7545/PM-7645 
not required. Capacitor C1 provides phase compensation and 
helps prevent overshoot and ringing when using high speed op 
amps. The circuits of Figures 4 and 5 have constant input 
impedance at the VREF terminal. 

The circuit of Figure 4 can either be used as a fixed reference 
D/A converter so that it provides an analog output voltage in the 
range Oto-VIN (the inversion is introduced by the op amp); orVIN 
can be an ac signal in which case the circuit behaves as an 
attenuator (2-Quadrant Multiplier). VIN can be any voltage in the 
range -20 ::; VIN ::; +20 volts (provided the op amp can handle 
such voltages) since VREF is permitted to exceed Voo. Table 2 
shows the code relationship for the circuit of Figure 4. 

FIGURE 4: Unipolar Binary Operation 

Voo R2* 

0811-DBO ·SEE TABLE 1. 

TABLE I: Recommended Trim Resistor Value vs. Grades 

TRIM 
RESISTOR 

R1 

R2 

CR 

2000 

680 

HP/FR/BR . GP/ER/AR 

1000 200 

330 6.80 

TABLE II: Unipolar Binary Code Table for Circuit of Figure 4 

BINARY NUMBER IN 
DAC REGISTER ANALOG OUTPUT 

1111 1111 1111 { 4095 } 
-VIN • 4096 

1000 0000 0000 { 2048} 
-VIN · 4096 = -1/2VIN 

0000 0000 0001 -VIN • { 40~6 } 
0000 0000 0000 o Volts 
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PM-7545/PM-7645 
Figure 5 and Table 3 illustrate the recommended circuit and 
code relationship for bipolar operation. The D/A function itself 
uses offset binary code. The inverter U, on the MSB line, 
converts 2's-complement input code to offset binary code. The 
inverter U, may be omitted if the inversion is done in software. 

R3, R4 and R5 must match within 0.01% and should be the same 
type of resistors (preferably wire-wound or metal foil), so that 
their temperature coefficients match. Mismatch of R3 value to 
R4 causes both offset and full scale error. Mismatch of R5 to R4 
and R3 causes full scale error. 

TABLE III: 2's Complement Code Table for Circuit of Figure 5 

DATA INPUT ANALOG OUTPUT 

0111 1111 1111 { 2047 J +V1N ' 2048 

0000 0000 0001 +VIN • { 2~8 J 
0000 0000 0000 o Volts 

1111 1111 1111 -VIN • { 2~8 J 
1000 0000 0000 { 2048 J -V1N ' 2048 

FIGURE 5: Bipolar Operation (2's Complement Code) 

DATA INPUT 
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APPLICATION HINTS 
Output Offset: CMOS D/A converters exhibit a code-dependent 
output resistance that causes a code-dependent error voltage 
at the output of the amplifier. The maximum amplitude of this 
offset, which adds to the D/A converter nonlinearity, is 0.S7 Vos 
where Vos is the amplifier input-offset voltage. To maintain 
monotonic operation, it is recommended that Vos be no greater 
than 10% of 1 LSB over the temperature range of operation. 

General Ground Management: AC or transient voltages be
tween AGND and DGND can cause noise injection into the 
analog output. The simplest method of ensuring that voltages at 
AGND and DGND are equal is to tie AGND and DGND 
together at the PM-7545/PM-7645. It is recommended that two 
diodes (1N914 or equivalent) be connected in inverse parallel 
between AGND and DGND pins in complex systems where 
AGND and DGND tie on the backplane. 

Digital Glitches: When WR and CS are both low, the latches are 
transparent and the D/A converter inputs follow the data inputs. 
Some bus systems do not always have data valid for the whole 
period during which WR is low. This will allow invalid data to 
briefly appear at the DAC inputs during the write cycle. This can 
cause unwanted glitches at the DAC output. Retiming the write 
pulse WR, so that it only occurs when data is valid, will eliminate 
the problem. 
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INTERFACING THE PM-7545/PM-7645 TO 
MICROPROCESSORS 
The PM-7545 can be directly interfaced to either an 8 or 16-bit 
microprocessor via its 12-bit wide data latch using the CS and 
WR control signals. 

An 8-bit processor interface configuration is shown in Figure 6. 
It uses two memory addresses, one for the lower 8-bits and one 
for the upper 4-bits of data into the DAC via the latch. 

FIGURE 6: 8-Bit Processor to PM-7545/7645 Interface 

CPU 

REV.C 

A15 
ADDRESS BUS 

WIl 1;>------1 

D71------' 
8-BITDATABUS 

DO 
*00 '" DECODED ADDRESS FOR OAe 

*(5, '" DECODED ADDRESS FOR LATCH 

PM-7545/PM-7645 

Connection to an 8-bit processor with a full 16-bit wide address 
bus (such as the 6800, 8080, Z80l is shown in Figure 7. The 12 
lower address lines are fed directly to the PM-7545; this allows 
the PM-7545 to use 4k bytes for its address location. The 
address field of the instruction is organized so that the lower 
12-bits contai n the DAC data. Data is written into the DAC using 
a single write instruction. 

FIGURE 7: Connecting the PM-7545/7645 to an 8-Bit Micro- • 
processor via the Address Bus 

CPU 

AI51-________________ "\. 
l6-BIT ADDRESS BUS 

W111>-------.-jWII 

PM·75451 
PM·7645 

D71-----------------"\. 
DATA BUS 

DOI-----------------V 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Improved Version of AD7545 
Fast Intarface Timing 
All Grades 12·Bit Accurate 
Small 20·Pin 0.3" DIP 
Low Cost 

GENERAL DESCRIPTION 
The AD7545A, a l2-bit CMOS multiplying DAC with internal 
data latches, is ao improved version of the industry standard 
AD7545. This new design features a WR pulse width of 100 ns 
which allows interfacing to a much widet range of fast 8-bit aod 
l6-bit microprocessors. It is loaded by a single l2-bit-wide word 
under the control of the ~ aod WR: inputs; tying these control 
inputs low makes the input latches traosparent allowing unbuf
fered operation of the DAC. 

CMOS 12-Bit 
Buffered Multiplying OAC 

A07545A I 
FUNCTIONAL BLOCK DIAGRAM 

Dun 
VREF ~ ____ -I 

AGND 

Voo 

DGND 

DB11-DBD 

PIN CONFIGURATIONS 

DIP LCCC PLCC 

0 0 ;: 0 c ;: z z . z z " " :> ~ 
RFa " ~ :> ~ 

~ 
c .. 0 a: 

c 0 a: 

VREF 
3 2 1 20 19 

0 

Yo. ., 
DB11(MSBI 4 " 18 V •• .. v •• 

iVA 
0010 • 17 iVA iVA os 0B9 • AD7545A , . os A07546A TOP VIEW os 

INotToScalel TOP VIEW 
DBO(LSB) 088 7 ,. DBO(LSOI INotToScalel 

DBa (lSS) 

OB1 OB7 8 
" 

OB1 ,. OB1 

OB2 

DB. • 10 11 12 ,. 
; is ;\ fi :;! 
c 0 c 0 ; ill ;\ ~ :;! 

c c 0 l!l c 
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AD7545A-SPECIFICATIONS (VREF = :!:10Y, YOUTl = OY, AGND = DGND unless otherwise specified) 

VDD = +SV VDD = +lSV 
Limits Limits 

Parameter Version TA = +2S'C T .... -T_' TA = +2S'C T .... -T_' Units Test CoDCtitionslComments 

STATIC PERFORMANCE 
Resolution All 12 12 12· 12 Bits 
Relative Accuracy K,B,T ±112 ±112 ±112 ±112 LSBmax 

L,C,U ±112 ±112 ±112 ±112 LSBmax Endpoint Measurement 
Differential Nonlinearity All ±I ±I ±I ±I LSBmax All Grades Guaranteed 12-Bit 

Monotonic Over Temperature 
Gain Error K,B,T ±3 ±4 ±3 ±4 LSBmax Measured Using Internal RFB• 

L,C,U ±I ±2 ±I ±2 LSBmax DAC Register Loaded with All Is. 
Gain Temperature Coefficient' All ±5 ±5 ±5 ±5 ppmI'C max 

dGainhl.Temperature All ±2 ±2 ±2 ±2 ppm/'C typ 
DC Supply Rejection' 

dGainfdVDD All 0.002 0.004 0.002 0.004 %per% max dVDD = :!:5% 
Output Leakage Current at OUTI K,L 10 50 10 50 nAmax DBI}-DBII = OV; WR, CS = OV 

B,C 10 50 10 50 nAmax 
T,U 10 200 10 200 nAmax 

DYNAMIC PERFORMANCE 
Current Settling Time' All I I I I ,,"smax To Jl2LSB. OUTI Load = lOon, 

CsxT = 13pF. DAC output measured 
from faJling edge ofWR. CS = OV. 

Propagation Delay' (from Digital) 
Input Change to 90% 
of Final Analog Output) All 200 150 nsmax OUTI Load= loon, CEXT = 13pF' 

Digital-to-AnaJog Glitch Inpulsel All 5 5 nV sec typ VRBF = AGND. OUTI Load=IOOn, 
CsxT = 13pF. DAC Register 
Alternately Loaded with All Os and All Is. 

AC Feedthrough" 4 
AtOUTI All 5 5 5 5 mVp-p typ V REF = ± IOV, 10kHz Sinewave 

REFERENCE INPUT 
Input Resistance All 10 10 10 10 kIl min Input Resistance TC = - 3OOppmI'C typ 

(Pin 19 to GND) 20 20 20 20 kIl max Typical Input Resistsnce = 15k1l 

ANALOG OUTPUTS 
Output Capacitance' 

CoUTl All 70 70 70 70 pFmax DBI}-DBII = OV, WR, ~ = OV 

CoUTl All 150 150 150 150 pFmax DBI}-DBll = VDD, WR, CS = OV 

DIGITAL INPUTS 
Input High Voltage 

VIH All 2.4 2.4 13.5 13.5 V min 
Input Low Voltage 

V'L All 0.8 0.8 1.5 1.5 V max 
Input Current' 

lIN All ±1 ±IO ±1 ±10 jJ.A max VIN = OorVDD 
Input Capacitancel 

DBI}-DBII, WK, CS All 8 8 8 8 pFmax 

SWITCHING CHARACTERISTICS' 
Chip Select to Write Setup Time K,B,L,C 100 130 75 85 nsmin See Timing Diagram 

to. T,U 100 170 75 95 nsmin 
Chip Select to Write Hold Time 

to. All 0 0 0 0 nsmin 
Write Pulse Width K,B,L,C 100 130 75 85 nsmin lcs~tWR.' tcH~O 

twa T,U 100 170 75 95 nsmin 
Dats Setup Time 

tDS All 100 150 60 80 nsmin 
Data Hold Time 

tDH All 5 5 5 5 nsmin 

POWER SUPPLY 
VDD All 5 5 15 15 V ±5% for Specified Performance 
IDD All 2 2 2 2 mAmax All Digital Inputs V 1L or V'H 

100 100 100 100 jJ.A max All Digital Inputs OV or V DD 
10 10 10 10 jJ.Atyp All Digital Inputs OV or V DD 

NOTES 
'Temperature Ranges as follows: K, L Versions = 0 to +7O"C; B, C Versions = -25'C to +85'C; T, U Versions = -55"C to + 125"C. 
'Sample tested to ensure compliance. 
'DBI}-DBII = OV to VDD or VDD to OV. 
4Feedthrough can be further reduced by connecting the metal lid on the ceramic package to DGND. 
'Logic inputs are MOS gates. Typical input current ( + 25"C) is less than InA. 
Specifications subject to change without notice. 
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WRITE CYCLE TIMING DIAGRAM 

CHIP ~I--...... -_ -_-_-_tcs ___ a .:..1·_tCH,J~~ ~OOo 
SELECT ,_ / 

~~ ~ 
(0.Pt..6:11~------~:~ DATA VALID 1><" ___ 0 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 2S"C unless otherwise noted) 

VDD to DGND ....•............ -O.3V, + 17V 
Digital Input Voltage to DGND .... -O.3V, VDD +O.3V 
VRFB, VREF to DGND ...............•. ±2SV 
VPlNI to DGND • . . . . . • . . . . .. -O.3V, VDD +O.3V 
AGND to DGND • . • . . . • . . . .. -O.3V, VDD +O.3V 
Power Dissipation (Any Package) to 75"C . . . . . .. 450mW 

Derates above 75°C by ............... 6mWrC 

WRITE MODE: 

MODE SELECTION 

HOLD MODE: 

es and WR low. OAC responds Either es or Wii high, data bus 
to data bus (OBO-OB 11) inputs. (OBO-OBll) is lockad out; OAC 

!!!!!lIsllII!.data prasant when 
WR or CS assumed high state. 

NOTES, 
VOD .. +5V; 'tr ,. tt .. 20n. 
Voo - +15V:" ... - 40ns 
All input ltunal rise .. d fall tim" measured from 10% to 
90% of Voo. 'Ii +'Vi 
Timing maasurement referencl level II ~ 

Operating Temperature 
Commercial (KN, LN, KP, LP) Grades 
Industrial (BQ, CQ, BE, GE) Grades . 
Extended (TQ, UQ, TE, UE) Grades 

Storage Temperature ....... . 
Lead Temperature (Soldering, 10sec) .. 

... 0 to +70°C 
- 25°C to + 85°C 

- 55°C to + 125°C 
- 65°C to +150°C 
. . . .. + 300"C 

·Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a sttess rating only 
and functional operation at or above this specification is not implied. Exposure to above maximum rating conditions for exrended periods 
may affect device reliability. 

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

WARNING! ~ 

~~EDEVICE 
CIRCUIT INFORMATION - D/A CONVERTER SECTION 
Figure I shows a simplified circuit of the DI A converter section 
of the AD7545A, and Figure 2 gives an approximate equivalent 
circuit. Note that the ladder termination resistor is connected to 
AGND. R is typically 15kO. 

The binary weighted currents are switched between the OUTI 
bus line and AGND by N-channel switches, thus maintaining a 
CODStant current in each ladder leg independent of the switch 
state. 

R R R R 

RFB 

I I 
OB10 DB9 

Figure 1. Simplified DIA Circuit of AD7545A 

The capacitance at the OUTI bus line, CoUT!> is code dependent 
and varies from 70pF (all switches to AGND) to ISOpF (all 
switches to OUTI). 

One of the current switches is shown in Figure 2. The input 
resistance at VREF (Figure I) is always equal to R. Since RIN at 
the VREF pin is CODStant, the reference terminal can be driven 
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by a reference voltage or a reference current, ac or dc, of positive 
or negative polarity. (If a current source is used, a low temperature 
coefficient external RFB is recommended to defme scale factor.) 

FROM 
INTERFAC~ 
LOGIC~ 

TO LADDER 

AGND Dun 

Figure 2. N-Channel Current Steering Switch 

CIRCUIT INFORMATION - DIGITAL SECTION 
Figure 3 shows the digital structure for one bit. 

The digital signals CONTROL and CONTROL are generated 
from CS and WR. 

r----~ TO AGNO SWITCH 

~""~"TO Dun SWITCH 

CONTROL CONTROL 

Figure 3. Digital Input Structure 
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The input buffers are simple CMOS inverters designed such 
that when the A07545A is operated with Voo=5V, the buffers 
convert TIL input levels (2.4V and 0.8V) into CMOS logic 
levels. When V IN is in the region of 2.0 volts to 3.5 volts, the 
input buffers operate in their linear region and draw current 
from the power supply. To minimize power supply currents it is 
recommended that rpe digital input voltages be as close to the 
supply rails (Voo and OGNO) as is practically possible. 

The A07545A may be operated with any supply voltage in the 
range S""Voo""lS volts. With Voo= + lSV the input logic 
levels are CMOS compatible only, i.e., 1.5V and l3.5V. 

BASIC APPUCATIONS 
Figures 4 and 5 show simple unipolar and bipolar circuits using 
the A07545A. Resistor Rl is used to trim for full scale. The L, 
C, U grades have a guaranteed maximum gain error of ± lLSB 
at + 25"C, and in many applications it should be possible to 
dispense with gain trim resistors altogether. Capacitor Cl provides 
phase compensation and helps prevent overshoot and ringing 
when using high-speed op amps. Note that all the circuits of 
Figures 4, S and 6 have constant input impedance at the VREF 

terminal. 

The circuit of Figure 4 can either be used as a fixed reference 
01 A converter so that it provides an analog output voltage in 
the range 0 to - VIN (note the inversion introduced by the op 
amp) or V IN can be an ac signal in which case the circuit behaves 
as an attenuator (2-Quadrant Multiplier). VIN can be any voltage 
in the range - 20""VIN"" + 20 volts (provided the op amp can 
handle such voltages) since VREF is permitted to exceed Voo. 
Table II shows the code relationship for the circuit of Figure 4. 

VDD 

v .. 

DB11-DBO 

Figure 4. Unipolar Binary Operation 

TRIM 
RESISTOR 

Rl 
R2 

K,B,T 

500 
270 

L,C,U 
200 
6.80 

Table I. Recommended Trim Resistor Values VB. Grades 

Binary Number in 
DAC Register Analog Output 

1111 1111 1111 -VIN {409S} 
4096 

1000 0000 0000 -VIN {2048 } 
4096 =-1I2VIN 

0000 0000 0001 -VIN {40~6 } 

0000 0000 0000 o Volts 

Table II. Unipolar Binary Code Table for Circuit of Figure 4 
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Figure 5 and Table III illustrate the recommended circuit and 
code relationship for bipolar operation. The O/A function itself 
uses offset binary code, and inverter U 1 on the MSB line converts 
2's complement input code to offset binary code. If appropriate, 
inversion of the MSB may be done in software using an exclusive 
- OR instruction and the inverter omitted. R3, R4 and RS 
must be selected to match within 0.01%, and they should be the 
same type of resistor (preferably wire-wound or metal foil), so 
that their temperature coefficients match. Mismatch of R3 value 
to R4 causes both offset and full-scale error. Mismatch of RS to 
R4 and R3 causes full-scale error. 

-REFER TO TABLE 1. 

DATA INPUT 

-FOR VAWES OF R1 AND HZ 
SEE TABLE 1. 

Figure 5. Bipolar Operation (2's Complement Code) 

Data Input Analog Output 

0111 1111 1111 +VIN {2047 } 
2048 

0000 0000 0001 +VIN 
{2o!8 } 

0000 0000 0000 o Volts 

1111 1111 1111 -VIN {2ol8 } 

1000 0000 0000 -VIN {l048} 
2048 

Table III. 2's Complement Code Table for Circuit of Figure 5 

Figure 6 shows an alternative method of achieving bipolar output. 
The circuit operates with sign plus magnitude code and has the 
advantage that it gives 12-bit resolution in each quadrant compared 
with II-bit resolution per quadrant for the circuit of Figure 5. 
The A07592 is a fully protected CMOS change-over switch 
with data latches. R4 and R5 should match each other to 0.01% 
to maintain the accuracy of the O/A converter. Mismatch between 
R4 and RS introduces a gain error. Refer to Reference 1 (sup
plemental application material) for additional information on 
these circuits. 

Figure 6. 12-Bit Plus Sign Magnitude OIA Converter 
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Sign Binary Numbers in 
Bit DAC Regisrer Analog Output 

0 1111 1111 1111 +VIN . {409S} 
4096 

0 0000 0000 0000 o Volts 

1 0000 0000 0000 o Volts 

1 1111 1111 1111 -VIN {409S} 
4096 

Note: Sign bit of "0" connects R3 to GND. 

Table IV. 12-8it Plus Sign Magnitude Code Table for 
Circuit of Figure 6 

APPLICATION HINTS 
Output OIfset: CMOS D/A converters in circuits such as Figures 
4, 5 and 6 exhibit a code dependent output resistance which in 
turn can cause a code dependent error voltage at the output of, 
the amplifier. The maximum amplitude of this error, which 
adds to the D/A converter nonlinearity, depends on Vos, where 
Vos is the amplifier input offset voltage. To maintain specified 
accuracy with VREF at 10V, it is recommended that Vos be no 
greater than 0.2SmV, or (25 x l«r) (VREF), over the a:mperature 
range of operation. Suitable op amps are ADS17 and AD711. 
The ADS 17 is best suited for fixed reference applications with 
low bandwidth requirements: it has extremely low offset (l50",V 
max for lowest grade) and in most applications will not require 
an offset trim. The AD711 has a much wider bandwidth and 
higher slew rate and is recommended for multiplying and other 
applications requiring fast settling. An offset trim on the AD7l1 
may be necessary in some circuits. 

GenenI Growul Manapment: AC or transient voltages between 
AGND and DGND can cause noise injection into the analog 
output. The simplest method of ensuring that voltages at AGND 
and DGND are equal is to tie AGND and DGND together at 
the AD7S4SA. In more complex systems where the AGND and 
DGND intertie is on the backplane, it is recommended that two 
diodes be connected in inverse parallel between the AD7S4SA 
AGND and DGND pins (lN914 or equiValent). 

Invalid Data: When WR and CS are both low, the latches are 
transparent and the DI A converter inputs follow the data inputs. 
In some bus systems, data on the data bus is not always valid 
for the whole period during which WR is low, and as a result 
invalid data can briefly occur at the DI A converter inputs during 
a write cycle. Such invalid data can cause unwanted signals or 
glitches at the output of the DI A converter. The solution to this 
problem, if it occurs, is to retime the write pulse WR so that it 
only occurs when data is valid. 

Digital Glitches: Digital glitches result due to capacitive coupling 
from the digital lines to the OUTI and AGND terminals. This 
should be minimized by screening the analog pins of the AD7S4SA 
(Pins 1, 2, 19,20) from the digital pins by a ground track run 
between Pins 2 and 3 and between Pins 18 and 190ftheAD7S4SA. 
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Note how the analog pins are at one end (DIP) or side (LeG 
and PLCC) of the package and separated from the digital pins 
by Voo and DGND to aid screening at the board level. On-chip 
capacitive coupling can also give rise to crosstalk from the ditigal
to-analog sections of the AD7545A, particularly in circuits with 
high eurrents and fast rise and fall times. This type of crosstalk 
is minimized by using V 00 = + 5 volts. However, great care 
should be taken to ensure that the + 5V used to power the 
AD7545A is free from digitally induced noise. 

Temperature Coefficients: The gain temperature coefficient of 
the AD7545A has a maximum value of 5ppm/"C and a typical 
value of 2ppm/"C. This corresponds to worst case gain shifts of 
2LSBs and 0.8LSBs respectively over a lOO·C a:mperature 
range. When trim resistors Rl' and R2 (such as in Figure 4) are 
used to adjust full-scale range, the temperature coefficient of Rl 
and R2 should also be taken into account. The reader is referred 
to Analog Devices Application Note "Gain Error and Gain 
Temperature Coefficient to CMOS Multiplying DACs", Publi
cation Number E63Oc-5-3/86. 

SINGLE SUPPLY OPERATION 
The ladder termination resistor of the AD7545A (Figure I) is 
connected to AGND. This arrangement is particularly suitable 
for single supply operation because OUTI and AGND may be 
biased at any voltage between DGND and Voo. OUTI and 
AGND should never go more than 0.3 volts less than DGND or 
an internal diode will be turned on and a heavy current may 
flow which will damage the device. (The AD7545A is, however, 
protected from the SCR latchup phenomenon prevalent in many 
CMOS devices.) 

Figure 7 shows the AD7545A connected in a voltage switching 
mode. OUTI is connected to the reference voltage and AGND 
is connected to DGND. The D/A converter output voltage is 
available at the V REF pin and has a constant output impedance 
equal to R. RFB is not used in this circuit and should be tied to 
OUTI to minimize stray capacitance effects. 

Vo 

15 VOLT CMOS DIGITAL INPUTS 

Figure 7. Single Supply Operation Using Voltage 
Switching Mode 

The loading on the reference voltage source is code dependent 
and the response time of the circuit is often determined by the 
behavior of the reference voltage with changing load conditions. 
To maintain linearity, the voltages at OUTI and AGND should 
remain within 2.5 volts of each other, for a Voo of 15 volts. If 
Von is reduced from 15V or the differential voltage between 
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OUTl and AGND is increased to more than 2.5V, the differential 
nonlinearity of the DAC will increase and the linearity of the 
DAC will be degraded. FigUres 8 and 9 show typical curves 
illustrating this effect for various values of reference voltage and 
V DD' If the output voltage is required to be offset from ground 
by some value, then OUTl and AGND may be biased up. The 
effect on linearity and differential nonlinearity will be the same 
as reducing V DD by the amount of the offset. 

(~:.tl---.----.-----. 
+2.01---1---1----1 

+1.01---1---1----1 

Figure 8. Differential Nonlinearity vs. Voo for Figure 7 
Circuit. Reference Voltage=2.5 Volts. Shaded Area Shows 
Range of Values of Differential Nonlinearity that Typically 
Occur for all Grades. 

DNL 
(LOBI 

.,.ot----+---'v,,""'" 

.,.6t----+---h'Y.I 

.2.0L----~+51:----IOC.L~

VREF (VOL TSI 

Figure 9. Differential Nonlinearity vs. Reference Voltage 
for Figure 7 Circuit. Voo= 15 Volts. Shaded Area Shows 
Range of Values of Differential Nonlinearity that Typically 
Occur for all Grades. 

The circuits of Figures 4, 5 and 6 can all be converted to single 
supply operation by biasing AGND to some voltage between 
VDD and OOND. Figure 10 shows the 2's Complement Bipolar 
circuit of Figure 5 modified to give a range from + 2V to + 8V 
about a "pseudo-ana!og ground" of 5V. This voltage range 
would allow operation from a single VDD of + lOY to + 15V. 
The AD584 pin-programmable reference fixes AGND at +5V. 
VIN is set at + 2V by means of the series resistors Rl and Rl. 
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There is no need to buffer the VREF input to the AD7545A with 
an amplifier because the input impedance of the D/A converter 
is constant. Note, however, that since the temperature coefficient 
of the D/A reference input resistance is typically - 300ppm?C, 
applications which experience wide temperature variations may 
require a buffer amplifier to generate the +2.0V at the AD7545A 
VREF pin. Other output voltage ranges can be obtained by changing 
R4 to shift the zero point and CRl + Rl) to change the slope, 
or gain of the D/A transfer function. V DD must be kept at least 
5V above ,OUTl to ensure that linearity is preserved. 

CMOS DATA BUS 
Voo = +lOV TO +15V 

Vo 

Figure 10. Single Supply NBipolarN 2's Complement DIA 
Converter 

MICROPROCESSOR INTERFACING OF THE AD7545A 
The AD7545A can interface direcdy to both 8- and 16-bit 
microprocessors via its 12-bit wide data latch using standard CS 
and WR control signals. 

A typical interface circuit for an 8-hlt processor is shown in 
Figure ll. This arrangement uses two memory addresses, one 
for the lower 8 bits of data to the DAC and one for the upper 4 
bits of data into the DAC via the latch. 

CPU 

A1S 

ADDRE$SBUS 

AD 

Wiill>-----i 

DB. 

D71-----' 
8-BIT DATA BUS 

DO 
.~ ~ DECODEO ADDRESS fOR PAC 
01 ~ DECODED ADDRESS fOR LAtCH 

Figure 1,. 8-Bit Processor to AD7545 Interface 

Figure 12 shows an alternative approach for use with 8-bit 
processors which have a full16-bit wide address bus such as 
6800, 8080, Z80. This technique uses the 12 lower address lines 
of the processor address bus to supply data to the DAC, thus 
each AD7545A connected in this way uses 4k bytes of address 
locations. Data is written to the DAC using a single memory 
write instruction. The address field of the instruction is organized 
so that the lower 12 bits contain the data for the DAC and the 
upper 4 bits contain the address of the 4k block at which the 
DAC resides. 
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l6·BIT ADDRESS BUS 

AU 

CPU 

WR~----------------~ 

D7~----------------------------~ 
DATA BUS 

DU~-----------------------------,/ 

Figure 12. Connecting the AD7545A to 8-Bit Processors 
via the Address Bus 

SUPPLEMENTAL APPUCATION MATERIAL 
For funher information on CMOS multiplying D/A converters 
the reader is referred to the following text6: 

Reference I 
CMOS DAC Application Guide available from Analog Devices, 
Publication Number G872a-15-4/86. 

Reference 2 
Gain Error and Gain Temperature Coefficient of CMOS 
Multiplying DACs - Application Note, Publication Number 
E63Oc-5-3/86. 

Reference 3 
Analog-Digital Conversion Handbook (Third Edition) available 
from Prentice-Hall. 
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ORDERING GUIDE' 

Gain 
Relative Error 

Temperature Accuracy T ... - Package 
Model' Range T ... -T .... T .... Option' 

AD7545AKN O'C to +7O'C ±lIZ ±4 N-ZO 
AD7545ALN O'C to +70'C ±lIZ ±Z N-ZO 
AD7545AKP O'C to +7O'C ±lIZ ±4 P-ZOA 
AD7545ALP O'C to +7O'C ±112 ±2 P-ZOA 
AD7545ABQ -Z5'C to +85'C ±lIZ ±4 Q-ZO 
AD7545ACQ - Z5'C to + 85'C ±112 ±Z Q-20 
AD7545ABE - Z5'C to +85'C ±lIZ ±4 E-ZOA 
AD7545ACE - Z5'C to +85'C ±lIZ ±2 E-20A 
AD7545ATQ -55'C to + 125'C ±1/2 ±4 Q-20 
AD7545AUQ -55'C to + 125'C ±lIZ ±2 Q-20 
AD7545ATE -55'C to + lZ5'C ±112 ±4 E-20A 
AD7545AUE -55'C to +125'C ±112 ±2 E-20A 

NOTES 
I Analog Devices reserves the right to ship ceramic packages in lieu of cerdip 
packages. 

'To order MIL-STD-883C, Class B processed partS, add 1883B to part num
ber. Contact your local sales office for military data sheet. 

'D = Ceramic DIP, E = Lesdless Ceramic Chip Carrier (LCCC); 
N = Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); Q = Cerdip. 
For outline information see Package Information section. 
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FEATURES 
Two 12-Bit DACs in One Package 
DAC Ladder Resistance Matching: 0.5% 
Space Saving Skinny DIP and Surface 

Mount Packages 
4-Quadrant Multiplication 
Low Gain Error (1LSB max Over Temperature) 
Fast Interface Timing 

APPLICATIONS 
Automatic Test Equipment 
Programmable Filters 
Audio Applications 
Synchro Applications 
Process Control 

GENERAL DESCRIPTION 
The AD7547 contains two 12-bit current output DACs on one 
monolithic chip. Also on-chip are the level shifters, data registers 
and control logic for easy microprocessor interfacing. There are 
12 data inputs. CSA, CSB, WR control DAC selection and 
loading. Data is latched into the DAC registers on the rising 
edge of WR. The device is speed compatible with most micro
processors and accepts TTL, 74HC and 5V CMOS logic level 
inputs. 

The DI A converters provide 4-quadrant multiplication capabilities 
with separate reference inputs and feedback resistors. Monolithic 
construction ensures that thermal and gain error tracking is 
excellent. 12-bit monotonicity is guaranteed for both DACs over 
the full temperature range. 

The AD7547 is manufactured using the Linear Compatible 
CMOS (LC2MOS) process. This allows fast digital logic and 
precision linear circuitry to be fabricated on the same die. 
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LC2MOS 
Parallel Loading Dual 12-Bit OAC 

A07547 I 
FUNCTIONAL BLOCK DIAGRAM 

v •• 

2'9-----~::::::::~------1 

AD7547 

DGND 0811 080 
IMSSI ILSB} 

PRODUCT HIGHLIGHTS 
1. DAC to DAC Matching 

Since both DACs are fabricated on the same chip, precise 
matching and tracking is inherent. Many applications which 
are not practical using two discrete DACs are now possible. 
Typical matching: 0.5%. 

2. Small Package Size 
The AD7547 is available in 0.3" wide 24-pin DIPs and SOiCs 
and in 28-terminal surface mount packages. 

3. Wide Power Supply Tolerance 
The device operates on a + l2V to + l5V Voo, with ± 10% 
tolerance on this nominal figure. All specifications are guaran
teed over this range. 
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AD7547 -SPECIFICATIONS1 <YDD = +12V to +15V, ±10%, VREFA = VREF8 = lOY; lovrA = 10m = AGND 
= OY. All specifications T .. lo to T .... unless otherwise specified.) 

I,A K,B L,C 
Parameter VeniODS Versions Venioas SVeniOB TVenioa uv .... oa Uoits T.stCoaditioaslCommts 

AccuRAcy 
Resolution 12 12 12 12 12 12 Bits 
Relative Accuracy ±I ±112 ±112 ±I ±112 ±1I2 LSBiDax 
Differential Nonlinearity ±I ±I ±I ±I ±I ±I LSBmax Allgradesguaranteed 

monotonic ovettemperature. 
Gain Error ±6 ±3 ±I ±6 ±3 ±2 LSBmax Measured using RPBA, RPBB. 

Both DACregisters loaded 
withalll's. 

Gain TemperatureCoeftkient'; 
.l.GainI.l.Temperature ±S ±S ±S ±S ±S ±S ppm?Cmax Typical value is 1ppm?C 

Output Leskage Current 
IOUTA (Pin2) 

+2S'C 10 10 10 10 10 10 nAmax DAC A Register loaded 
TmintoTmu ISO ISO ISO 2S0 2S0 2S0 nAmax withallO'a, 

loUTS (Pin 24) 
+ 25'C 10 10 10 10 10 10 nAmax DAC B Register loaded 
Tmm to TIIlJIZ ISO ISO ISO 2S0 2SO 2S0 nAmax witball O's. 

RBFERENCE1NPUT 
Input Resistance(Pin 4,Pin 22) 9 9 9 9 9 9 ldlmin Typical Input Resistance = 141d1 

20 20 20 20 20 20 ldlmax 
VREFA, VRBFB 

Input Resistance Match ±3 ±3 ±I ±3 ±3 ±I % max Typically ±0.5% 

DIGITAL INPUTS 
VIH (Input High Voltage) 2.4 2.4 2.4 2.4 2.4 2.4 V min 
V,dInput Low Voltage) 0.8 0.8 0.8 0.8 0.8 0.8 V max 
lIN (Input Current) 

+2S'C ±I ±I ±I ±I ±I ±I pAmax VIN = VDD 

TmintoTIJW[ ±1O ±IO ±lO ±lO ±10 ±1O pAmax 
CrN (Input Capscitance)' 10 10 10 10 10 10 pFmax 

POWER SUPPLY' 
Voo 10.8116.S 10.8116.5 1O.8116.S 10.8116.5 10.8116.5 10.8116.5 VminlVmax 
IOD 2 2 2 2 2 2 mAmax 

AC PERFORMANCE CHARACTERISTICS 
These characteristics are included for Design Guidance onl, and are not subject to test 
<YOD = + l2Vto + l5V; VREFA = VREF8 = + lOY, 1_ = 10l1l1I = AGNO = OV. OUlpUtAmplifiers are AD644 except where staled.) 

Parameter T A = +2S'C 

OutpUt Current Settling Time I.S 

Digital-t()oAoa!og Glitch Impulse 7 

AC Feedthtough' 
VRBFA to IOUTA -70 
VRBFB to IoUTB -70 

Power Supply Rejection 
.l.GainI.l.VDD ±0.01 

Output Capacitance 
CoUTA 70 
CoUTS 70 
CoUTA 140 
CoUTS 140 

ChanneI-t()oChannel lsolatioa 
VREFA. to IoUTB -84 

VREFB to IoUTA. -84 

Digital Crosstalk 7 

Output Noise Voltage Density 25 
(10Hz-100kHz) 

Total Harmottic Distortion -82 

NOTES 
ITernpe:raturerangeasfoUows: j, K,L Versions: -4O"Cto +8S"C. 

A, B, eversions: -4O"Cto + 8S"C. 
S, T, U Versions: - SS"C to + 125"C. 

zSample tested at 2S"C to ensure compliam:e. 
'Functional at V DD "" SV with degraded specifications. 
'Pm 12 (DGND)on ceramic DIPs;.connectedtofid. 

SpecifICations subject to chaDse without notice. 
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TA,= T .. ,T ...... UDits TestConditionsiCommeats 

- ",max To 0.01% offull-scale range. IOUTlosd -IOOll,CEXT -13pF. 
DACoutpUtmessuredfromrisingedgeofWll:. 
Typical Value of Settling Tune is 0.8",. 

- DV~styp Measured with VREFA - VREPB - OV. IouTA) IoUTB 
losd= lOOll,Cl!XT= 13pF. DACregistersaltemstely 
loaded with all O's and alii's. 

-65 dB max VREFA, VREFB= 20Vp-p 10kHzsinewave. DAC 
-65 dB max registers loaded with aU O's. 

±0.02 %per%max AVoo=Voomu: -VDDmin 

70 pFmax DACA,DACBloadedwithallO',. 
70 pFmsx 
140 pFmax DAC A, DAC B loaded with aliI's. 
140 pFmax 

- dBtyp VREFA. = 20V P'"P 10kHz sinewave, VUFB = OV. 
Both DACslooded withalll's. 

- dBtyp VllEFB = 20V pop 10kHz sinewave, VREFA =OV. 
BothDACsloaded with all I',. 

- nV-styp MeasuredloraCodeTransttionofallO'st0aE.1's. 
IoUTA,loUTB Load= lOOO,CEXT = 13pF 

- nVNHztyp Measured between RFBA and IoUTA or RpBBandloU'11l. 
Frequency of measurement is 10Hz-100kHz. 

- dBtyp VIN - 6Vrms, 1kHz. Both DACsloadedwithalll's. 
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AD7547 

TIMING CHARACTERISTICS (Yoo = IO.8Vto 16.5V, VREfA = VREfB = + lOY, IOurA = IOUTB = AGND = OV) 

Limit at Limit at 
Limit at T A= -40°C T A= -55°C 

Parameter TA = +25°C to + 85°C to + 125°C Units Test Conditions/Comments 

t, 60 80 
t2 25 25 
t3 80 80 
t4 0 0 
ts 80 80 

NOTE 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
(T A = 25°C unless otherwise stated) 

Vnnto DGND ..... . 
VREFA, VREFB to AGND, ... . 
VRFBA, VRFBB to AGND, ... . 
Digital Input Voltage to DGND 
IOUTA> IOUTB to DGND ... . 
AGND to DGND ....... . 
Power Dissipation (Any Package) 

To +75"C ........ . 
Derates above + 75°C . . . . . 

Operating Temperature Range 
Commercial (J, K, L Versions) 
Industrial (A, B, C Versions) 
Extended (S, T, U Versions) . 
Storage Temperature ..... 

Lead Temperature (Soldering, !Osecs) 

80 
25 
100 
0 
100 

-O.3V, + 17V 
. ... ±25V 
. ... ±25V 

-O.3V, Vnn +O.3V 
-O.3V, Vnn +O.3V 
-O.3V, Vnn +O.3V 

450mW 
6mWrC 

- 40°C to + 85°C 
- 40°C to -+ 85°C 

- 55°C to + 125°C 
-65°C to + 150°C 
. . . .. +300°C 

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

~ ~ WR FUNCTION 

X X I No Data Transfer 
X No Data Transfer 

S S- O A Rising Edge on CSA or CSB Loads 
Data to the Respective DAC from the Data Bus 

0 S DAC A Register Loaded from Data Bus 
I 0 S DAC B Register Loaded from Data Bus 
0 0 S DAC A and DAC B Registers Loaded 

from Data Bus 
NOTES 
1. X = Don'teare 
2. S means rising edge triggered 

Table I. AD7547 Truth Table 

nsmin Data Setup Time 
nsmin Data Hold Time 
nsmin Chip Select to Write Setup Time 
nsmin Chip Select to Write Hold Time 
nsmin Write Pulse Width 

1-01 .. ;---.--" --.~, '2 I-
DATA ..,.....,W'"""T"0I.,.....,.I\-___ ....:...., -JW ///:: 

__ ~1-.. --'3--·+1 .. ---t.-=l_ 5V 

CSA,CSB \~ ______________ ~I ____ --'-J 

____ --,1-",.--1 r----- 5V 

WR \ Y 
NOTES 
1. ALL INPUT SIGNAL RISE AND FALL TIMES MEAsuRED FROM 10% 

TO 90% OF +5V. t. = tf = 20n5. V +v 
2. TIMING MEASUREMENT REFERENCE LEVEL IS ~ 

Figure " Timing Diagram for AD7547 

ORDERING GUIDE' 

Temperature Relative Gain Package 
Model' Range Accuracy Error Option3 

AD7547JN - 40°C to + 85°C ±ILSB ±6LSB N-24 
AD7547KN - 40°C to + 85°C ± 1I2LSB ±3LSB N-24 
AD7547LN - 40°C to + 85°C ± 1I2LSB ±lLSB N-24 
AD7547JP -40°C to + 85°C ±ILSB ±6LSB P-28A 
AD7547KP -40°C to +85°C ± 1I2LSB ±3LSB P-28A 
AD7547LP - 40°C to + 85°C ± 1I2LSB ±lLSB P-28A 
AD7547JR -40°C to + 85°C ±ILSB ±6LSB R-24 
AD7547KR - 40°C to + 85°C ± 1I2LSB ±3LSB R-24 
AD7547LR -40°C to + 85°C ± 1I2LSB ±ILSB R-24 
AD7547AQ -40°C to + 85°C ±ILSB ±6LSB Q-24 
AD7547BQ - 40°C to + 85°C ± 1I2LSB ±3LSB Q-24 
AD7547CQ - 40°C to + 85°C ± 1I2LSB ±lLSB Q-24 
AD7547SQ - 55°C to + 125°C ±ILSB ±6LSB Q-24 
AD7547TQ - 55°C to + 125°C ± 1I2LSB ±3LSB Q-24 
AD7547UQ - 55°C to + 125°C ± 1I2LSB ±2LSB Q-24 
AD7547SE - 55°C to + 125°C ±lLSB ±6LSB E-28A 
AD7547TE - 55°C to + 125°C ± 1/2LSB ±3LSB E-28A 
AD7547UE - 55°C to + 125°C ± 1I2LSB ±2LSB E-28A 

NOTES 
I Analog Devices reserves the right to ship ceramic packages (D-24A) in lieu 
of cerdip packages (Q-24). 

'To order MIL.STD·883, Class B processed parts, add 18838 to part number. 
Contact your local sales office for military data sheets. 

'E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = SOIC. For outline information see Package 
Information section. CAtnlON ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device, The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields, Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed, 
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AD7547 
PIN CONFIGURATIONS 

D1P,SOIC 

m 6 

ILSBI DBO 7 

NC 8 

DSt 9 

DB2 10 

LCCC 

4 3 2 1 28 27 26 

u 

A01547 
TOP VIEW 

INottoScalel 

2S Voo 

24CSB 
23 ViR 
22 NC 

21 DB11IMSBI 

20 0810 

PLCC 

AD7S47 
TOP VIEW 

(NottaScllel 

DB3 11 ~:;::;:;::~;:::::;~ 19 089 

12 13 14 15 16 17 '8 

~!~~i§!! 12 13 14 15 " 17 '8 

NC = NOCONNECT CI ! ! § ~ ! ! ~ 
Ne = NOCONNECT 

PIN FUNCTION DESCRIPTION (DIP) 

PIN MNEMONIC DESCRIPTION 

AGND Analog Ground. 
2 IOUTA Current output terminal ofDACA. 
3 RFBA Feedback resistor for DACA. 
4 VREFA Reference input to DACA. 
5 CSA Chip Select Input for DAC A. Active low. 

6-18 DBO-DBll 12 data inputs, DBO (LSB)- DBli (MSB). 
12 DGND Digital Ground. 
19 WR Write Input. Data transfer occurs on rising edge ofWR. See Table I. 
20 CSB Chip Select Input for DACB. Active low. 
21 Voo Power supply input. Nominally + 12V to + 15V with ± 10% tolerance. 
22 VREFB Reference input to DACB. 
23 RFBB Feedback resistor ofDACB. 
24 loUTB Current output terminal of DACB. 

CIRCUIT INFORMATION 

DfASECTlON 
The AD7547 contains two identical 12-bit multiplying DfA 
converters. Each DAC consists of a highly stable R-2R ladder 
and 12 N-channel current steering switches. Figure 2 shows a 
simplified DfA circuit for DAC A. In the R-2R ladder, binary 
weighted currents are steered between IoUTA and AGND. The 
current flowing in each ladder leg is constant, irrespective of 
switch state. The feedback resistor RFBA is used with an op-amp 
(see Figures 4 and 5) to convert the current flowing in IoUTA to 
a voltage output. 

R R 

2R 2R 2R 2R 

L---4I>-4S---..... - .... --o AGND 

Figure 2. Simplified Circuit Diagram for DACA 
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EQUIVALENT CIRCUIT ANALYSIS 
Figure 3 shows the equivalent circuit for one of the DI A converters 
(DAC A) in the AD7547. A similar equivalent circuit can be 
drawn for DACB. Note that AGND is common to both DAC A 
and DAC B. 

R 

,---.--.... --.,--olaUTA 

R COUT 

0-.... - .... ---.... --411---.... ....0 AGND 

Figure 3. Equivalent Analog Circuit for DACA 

GoUT is the output capacitance due to the N -chanoel switches 
and varies from about 50pF to 150pF with digital input code. 
The current source ILKG is composed of surface and junction 
leakages and approximately doubles every 1O"C. Ro is the equi
valent output resistance of the device which varies with input 
code. 

DIGITAL CIRCUIT INFORMATION 
The digital inputs are designed to be both TTL and 5V CMOS 
compatible. All logic inputs are static-protected MOS gates with 
typical input currents of less than InA. 
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UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 
Figure 4 shows the circuit diagram for unipolar binary operation. 
With an ac input, the circuit performs 2-quadrant multiplication. 
The code table for Figure 4 is given in Table II. 

Operational amplifiers Al and A2 can be in a single package 
(AD644, AD712) or separate packages (AD544, AD711, 
AD OP-27). Capacitors CI and C2 provide phase compensation 
to help prevent overshoot and ringing when high speed op-amps 
are used. 

For zero offset adjustment, the appropriate DAC register is 
loaded with all O's and amplifier offset adjusted so that VOUTA 
or VOUTS is OV. Full-scale trimming is accomplished by loading 
the DAC register with all I's and adjusting RI (R3) so that 
VOUTA (VOUTS)= -VIN (4095/4096). For high temperature 
operation, resistors and potentiometers should have a low Tem
perature Coefficient. In many applications, because of the excellent 
Gain T.C. and Gain Error specifications of the AD7547, Gain 
Error trimming is not necessary. In fixed reference applications, 
full-scale can also be adjusted by omitting RI, R2, R3, R4 and 
trimming the reference voltage magnitude. 

Figure 4. AD7547 Unipolar Binary Operation 

Binary Number in 
DAC Register Analog Output, 
MSB LSB VourAorVoUTII 

llll 1111 1111 -VJN(:) 

1000 0000 0000 -VJN(=) = -1I2VJN 

0000 0000 0001 -VJN(~) 
0000 0000 0000 OV 

Table II. Unipolar Binary Code Table for Circuit of 
Figure 4 
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AD7547 
BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 
The recommended circuit diagram for bipolar operation is shown 
in Figure 5. Offset binary coding is used. 

With the appropriate DAC register loaded to 1000 0000 0000, 
adjust RI (R3) so that VOUTA (VOUTH) = OV. Alternatively, RI, 
R2 (R3, R4) may be omitted and the ratios of R6, R7 (R9, RIO) 
varied for VOUTA (VOUTS) = OV. Full-scale trimming can be 
accomplished by adjusting the amplitude of VIN or by varying 
the value of R5 (RS). 

If RI, R2 (R3, R4) are not used, then resistors RS, R6, R7 (RS, 
R9, RIO) should be ratio matched to 0.01% to ensure gain error 
performance to the data sheet specification. When operating 
over a wide temperature range, it is important that the resistors 
be of the same type so that their temperature coefficients match. 

The code table for Figure 5 is given in Table III. 

010 
20kH 

·CONTAOLCIRCUITRV OMmED FOR CLARITY 

O. 
20kU 

Figure 5. Bipolar Operation (Offset Binary Coding) 

Binary Number in 
DACRepster Analog Output, 
MSB LSB VOurA or VOUTII 

1111 1111 1111 e047) +VJN 2048 

1000 0000 0001 +VJN(2~8) 
1000 0000 0000 OV 

Olll 1111 1111 -VJN(2~) 
0000 0000 0000 -VJN(~::) = -VJN 

Table III. Bipolar Code Table for Offset Binary Circuit 
of Figure 5. 
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AD7547 - Applications 
PROGRAMMABLE STATE VARIABLE FILTER 
The circuit shown in Figure 6 provides three filter outputs: low 
pass, high pass and bandpass. It is called a State Variable Filter 
and the particular version shown in Figure 6 uses two AD7547s 
to control the critical parameters fo, Q and Ao. Instead of several 
fixed resistors, the circuit uses the DAC equivalent resistances 
as circuit elements. Thus, RI in Figure 6 is controlled by the 
12-bit digital word loaded to DAC A of the AD7547. This is 
also the case with R2, R3 and R4; The fixed resistor R5 is the 
feedback resistor, RFBB• 

4096 X RLAO 
DAC Equivalent Resistance, Req = N 

where RLAO = DAC Ladder Resistance 

N = DAC Digital Code in Decimal. (O<N <4095) 

In the circuit of Figure 6: 

CI = C2, R7 = R8, R3 = R4 (i.e., the same code is in each 
DAC) 

Resonant frequency, fo = . 1 
21' R3 Cl 

Quality Factor, Q = :~.:; 

-R2 
Bandpass Gain, Ao = Rl 

Using the values shown in Figure 6 the Q range is 0.3 to 5 and 
fa range is 0 to 12kHz. 

'" "'" 

LOW 
PASS 
OUTPUT 

BAND 
~~------~--~--+-1--------O~" 

OUTPUT 

Voo 
(+15V! 

NOTES: 
1. A1, A2. Al. A4: 112 x AD712 
2. All DIGITAL INPUTS OMITTED FOR CLARITY 
3. C3IS A COMPENSAllON CAPACITOR TO ELIMINATE Q AND GAIN 

VARIATIONS CAUSED BY AMPUFlEFI GAIN BANDWiDTH LIMITATIONS. 

Figure 6. Programmable State Variable Filter 

SINGLE SUPPLY APPLICATIONS 
DAC A and DAC B of the AD7547 have termination resistors 
which are tied to the AGND line within the device. This ar
rangement is ideal for single supply operation because AGND 
may be biased at any voltage between DGND and Vnn. Figure 
7 shows a circuit which provides two + 5V to + 10V analog 
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outputs by biasing AGNDto +5V with respect to DGND, 
which in this case is also the system ground; The two DAC 
reference inputs are also tied to system ground. 

Veo 1+15V) 

NOTES: 
1. A1:TlC272 
2. CONTROL CIRCUITRY OMITTED FOR CLARITY 

Figure 7. AD7547 Single Supply Operation 

The transfer function for each channel is: 

VOUT = 5V C + ~:~ 
With all O's loaded to the DAC, REQ = 00 and VOUT = + 5V. 
With all l's loaded REQ = RLAODER = RFB and VOUT = 
+lOV. 

Figure 8 shows both DACs of the AD7547 connected in the 
voltage switching mode. For further information on this mode 
of operation see the CMOS DAC Application Guide from Analog 
Devices, pUblication number G872a-15-4/86. To optmize per
formance when using this circuit, VIN must be in the range 0 to 
+ 1.25V and the output buffered. VIN must be driven from a 
low impedance source (e.g. a buffer amplifier). Figure 9 shows 
how differential linearity degrades with increasing VIN• 

VeD{ +15VI 

NOTES: 
1, A1:1LC272 
2. CONTROL CIRCUITRY OMITTED FOR CLARITY 

Figure 8. AD7547 Operated in Single Supply. Voltage 
Switching Mode 
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DNL 
ILSB) 

+0.5 

-0.5 

-1.0 

_1.5 1------1f-----I7'74 

-2.0 L-___ .l...-_~LUI_ __ 

10 

VREF - VOLTS 

Figure 9. Differential Nonlinearity vs. Reference Voltage 
for Circuit of Figure 8. Voo= 15V. Shaded Area Shows 
Range of Values of Differential Nonlinearity that Typically 
Occur for L, C and U Grades 

APPLICATION HINTS 
Output Offset: CMOS D/A converters in circuits such as Figures 
4 and 5 exhibit a code dependent output resistance which in 
turn can cause a code dependent error voltage at the output of 
the amplifier. The maximum amplitude of this error, which 
adds to the D/A converter nonlinearity, depends on Vos, where 
Vos is the amplifier input offset voltage. To maintain specified 
operation, it is recommended that Vos be no greater than 
(25 x 10-6)(V REF) over the temperature range of operation. Suitable 
op amps are the AD71lC and its dual version, the AD712C. 
These op amps have a wide bandwidth and high slew rate and 
are recommended for wide bandwidth ac applications. AD71l1 
AD712 settling time to 0.01% is typically IlLS. 

Temperature Coefficients: The gain temperature coefficient of 
the AD7547 has a maximum value of 5ppmI"C and typical value 
of IppmfOC. This corresponds to worst case gain shifts of 2LSBs 
and O.4LSBs respectively over a 100"(; temperature range. When 
trim resistors Rl(R3) and R2(R4) are used to adjust full-scale 
range as in Figure 4, the temperature coefficient of Rl(R3) and 
R2(R4) should also be taken into account. For further information 
see "Gain Error and Gain Temperature Coefficient of CMOS 
Multiplying DACs", Application Note, Publication Number 
E63Oc-5-3/86 available from Analog Devices. 

High Frequenc:y Considerations: AD7547 output capacitance 
works in conjunction with the amplifier feedback resistance to 
add a pole to the open loop response. This can cause ringing or 
oscillation. Stability can be restored by adding a phase compen
sation capacitor in parallel with the feedback resistor. This is 
shown as Cl and C2 in Figures 4 and 5. 

Feedthrough: The dynamic performance of the AD7547 depends 
upon the gain and phase stability of the output amplifier, together 
with the optimum choice of PC board layout and decoupllng 
components. A suggested printed circuit layout for Figure 4 is 
shown in Figure 10 which minimizes feedthrough from VREFA> 
V REFB to the output in multiplying applications. 
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AD7547 

v+ c::.. ___ _ 
PIN 8, AD712 ~ 

__ lID __ 

v- 0 t"::~3:w.---~Nl.AD7547 
vou,.~-nL-/j~v~. 
AGNDO r-:I= ' I I ,_ • 

~- -110 0 ~r#;"'-OO v,_ 
vlNAQ 0 c:.""

o 0 .... 
~r~~,1~s,~~rc~~~~~~Eg:OARD. 0 0 
COMPONENT SIDE. 0 «» .... 

o .. o _ 
o _ 

Figure 10. Suggested Layout for Circuit of Figure 4 

MICROPROCESSOR INTERFACING 
The AD7547 is desigoed for easy interfacing to 16-bit micropro
cessors. Figures 11 and 12 show the interface circuits for two of 
the most popular 16-bit microprocessors; the 8086 and the 68000. 
Note that the amount of external logic needed is minimal. 

Since data is loaded into the DAC registers on the rising edge of 
WR, the possiblity of invalid data being loaded temporarily to 
the DAC is removed. This considerably eases the interface 
circuit desigo. 

MC68000 I ... ~===~l DTACK ,.. 

RlWI---~_ 

LDSr----<-_ 

DO _ 015 

*lINEAR CIRCUITRY 
OMITTED FORCLARITV 

AD7547* 

Figure 11. AD7547 - MC68000 Interface 

8.86 

*lINEAR CIRCUITRY OMmED 
FOR CLARITY 

1-------1 i'iii AD7547* 

DBO-DB11 
r----.J 

Figure 12. AD7547 - 8086 Interface 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
8-Bit Bus Compatible 12-Bit DAC 
All Grades 12-Bit Monotonic Over Full 

Temperature Ranges 
Operation Specified at +5V, +12V 

or + 15V Power Supply 
Low Gain Drift of 5ppmI"C Maximum 
Full 4 Ouadrant Multiplication 
Skinny DIP and Surface Mount Packages 

APPLICATIONS 
8-Bit Microprocessor Based Control Systems 
Programmable Amplifiers 
Function Generation 
Servo Control 

GENERAL DESCRIPTION 
The AD7548 is a l2-bit monolithic CMOS D/A converter for 
use with 8-bit bus microprocessors. Data is loaded in two bytes 
to input holding registers as shown in the block diagram opposite. 
The AD7548 can be configured to accept either left- or right-jus
tified data, least significant byte or most significant byte first, 
using standard TTL compatible control inputs. 

A separate load DAC control input allows the user the choice of 
updating the analog output coincident with loading new data to 
the DAC input register or at any time after the data loading 
event. This feature is especially important in multi-DAC systems 
where simultaneous update of all DACs is required. 

The new Linear Compatible CMOS (LC2MOS) process used in 
the manufacture of the AD7548 allows precision thin-film linear 
circuitry and high-speed low-power CMOS logic to be integrated 
on the same small chip. The high-speed logic allows direct 
interfacing to most of the popular 8-bit microprocessors. 

REV. A 

LC2 MOS 
8-Bit J.tp Compatible 12-Bit OAC 

A07548 I 
FUNCTIONAL BLOCK DIAGRAM 

DB1-DBO OGND 

PRODUCT HIGHLIGHTS 
I. Microprocessor Compatibility 

High speed input control (TTLl5V CMOS compatible) 
allow direct interfacing to most of the popular 8-bit 
microprocessors. 

2. Guaranteed Monotonicity 
The AD7548 is guaranteed monotonic to l2-bits over the full 
temperature range for all grades and at all specified supply 
voltages. 

3. Selectable Data Input Format 
Left- or right-justified data, least significant or most significant 
byte first. This allows the AD7548 to be interfaced with 
microprocessors using either Motorola or Intel-type data 
formatting. 

4. Monolithic Construction 
For increased reliability and reduced package size - 0.3" 
20-pin DIP and 20-terminal surface mount packages. 

5. Single Supply Operation - See Figure 8. 
6. Low Gain Error and Gain Error T.C. 
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AD7548 -SPECIFICATIONS1 (V •• = +5Y, VREF = + lOY; VPl11 = VPI12 = OY. All specifications lmln to l_ 
unless otherwisa spacified) 

I,A It,B 
ParameIer Venioaa Venioaa SVenioa TVenioa Vaib TutCollditloJoolCo 

ACCURACY 
Resolution 12 12 12 12 Bits 
Rdative Accuracy :tl :t112 :tl :t112 LSBmax 
Differential Nonlinearity :tl :t1l2 :tl :t112 LSBmax AU gradcsguaranteecimonotoDic to 12-bits 

over temperature. 
Full Scale Error :t6 :t3 :t6 :t3 LSBmax Measured usingintemal R .. IDd includes 

effectsofleakaae current aDd gain TC. 
Full Scale Etrorcan be trimmed to zero. 

Gain Temperature CoeffICient'; 
&GainI&Temperature :t5 :t5 :t5 :t5 ppml'Cmax Typical value is 2ppmI'C 
Output LeakageCurrent 
louT (Pin I) 

+25"C :t5 :t5 :t5 :t5 nAmax AU digital inputs = OV 
Tmm to Tmu:; :t25 :t25 :t150 :t150 nAmax 

REFERENCE INPUT 
Input Resistance, Pin 19 7 7 7 7 kllmin Typical Input Resistance = Ilkll 

20 20 20 20 kllmax 

DIGITAL INPUTS 
VIH (Input High Voltage) 2.4 2.4 2.4 2.4 V min 
V1dInpulLow Voltage) 0.8 0.8 0.8 0.8 V max 
lIN (Input Current) 

+25"C :tl :tl :tl :tl .,.Amax VIN=OVorVoo 
Tmin toTmax :t10 :t1O :t10 :t1O p.Amax 

CIN (Input Capacitance)' 7 7 7 7 pFmsx 

POWER SUPPLY 
VooRange 4.7515.25 4.7515.25 4.7515.25 4.7515.25 VminlVmax Specifications gusranleed over this range 
100 2 2 2 2 mAmax All digilal inpuls V1L or VIH 

300 300 300 300 .,.Amax AU digi181 inpuls OV or V 00 

SPEC I F I CAli ONS 1 (Voo = + l2Vto + l5V, VREF = + lOY; VPlN1 =VPIN2 = OY. All speciflC3tions Tmil to TIIIOI unless otherwise specified) 

I,A 
Parameter VersioDs 

ACCURACY 
Resolution 12 
Relative Accuracy :tl 
Differential Nonlinearity :tl 

FuU Scale Error :t6 

Gain Temperature CoefflCien(2; 
&GainI&Temperature :t5 
Output Leakage Current 
lOUT (Pin I) 

+25"C :t5 
TmintoTmax :t25 

REFERENCE INPUT 
Input Resistance, Pin 19 7 

20 

DIGITAL INPUTS 
V IH (Input High VolIage) 2.4 
V IL (Input Low VolIage) 0.8 
lIN (Input Current) 

+25"C ±I 
Tmio to Tmu ~10 

CIN (Input Capacitance)' 7 

POWER SUPPLY 
VooRange 11.4115.75 
100 3 

I 

NOTES 
'Temperature range as follows: J, K Versions: - 4O"C to + 8S"C 

A,BVersioDs: -4O"C1O +8S"C 
S. T Versions: - SS"C to + 12S"C 

2Guaranteed by design but not production rested. 
Spec:ificationssubject tochanFwithoutnoticc. 

It,B 
Versions 

12 
±112 
:t1l2 

:t3 

:t5 

:t5 
:t25 

7 
20 

2.4 
0.8 

±I 
±IO 
7 

11.4115.75 
3 
I 
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SVersion TVetalon Units Test ConditioDSIComments 

12 12 Bits 
:tl :t1l2 LSBmax 
:tl :t 112 LSBmax AU grades gusranteed monotonic 10 12-bits 

over temperature. 
:t6 :t3 LSBmax Measured using inlemal RFB aDd includes 

effects ofleakage current and gain TC. 
FuU Seale Error can be lrinuned to zero. 

:t5 :t5 ppml"Cmax Typical value is 2ppm/"C 

:t5 :t5 nAmax AU digital inputs = OV 
:t 150 :t 150 nAmax 

7 7 ill min Typical Input Resistance = I I ill 
20 20 ill max 

2.4 2.4 V min 
0.8 0.8 V max 

±I ±I p.Amax VIN=OVorVDD 
:t10 ±IO .,.Amax 
7 7 pFmax 

11.4115.75 11.4115.75 VminlVmax SpeciflCBtions guaranteed over this range 
3 3 mAmax AU digital inputs VIL orVIH 
I I mAmax AU digital inputs OV or V DO 
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AD7548 

TIMING CHARACTERISTICS1 (VIII = +5Y, vREF = + lOV, VPIIl =VPII2 =OVunlessolherwiseslallld) 

Limit 2 at Limit 2 at 
Limit at T A = -4O"C T A = -SS"C 

Parameter T A =2S'C to +SS"C to +12S'C Units Test Conditions/Comments 

tos 240 240 290 nsmin Data Valid Setup Time 
tOH 50 50 70 nsmin Data Valid Hold Time 
tcws 30 40 50 nsmin CSMSB or CSLSB to WR Setup Time 
tcwn 15 20 25 nsmin CSMSB or CSLSB to WR Hold Time 
tLWS 30 40 50 nsmin LDAC to WR Setup Time 
tLWH 15 20 25 nsmin LDAC to WR Hold Time 
tWR 250 280 320 nsmin Write Pulse Width 

TIMING CHARACTERISTlCS1 (VIII= + l2Yto +l5Y, vREF = + lOY, VPIII1 =VPlN2 =OYunlessolhelwiseslalBd) 

Limit 2 at Limit 2 at 
Limit at T A =-4O"C T A = -SS'C 

Parameter T A =2S'C to +SS'C to +125"C Units Test Conditions/Comments 

tos 160 190 230 nsmin Data Valid Setup Time 
tOH 30 30 50 nsmin Data Valid Hold Time 
tcws 30 40 50 nsmin CSMSB or CSLSB to WR Setup Time 
tcwn 15 20 25 nsmin CSMSB or CSLSB to WR Hold Time 
tLWS 30 40 50 nsmin LDAC to WR S~tUP Time 
tLWH 15 20 25 nsmin LDAC to WR Hold Time 
tWR 170 200 240 nsmin Write Pulse Width 

AC PERFORMANCE CHARACTERISTIC~, These r,haracteristics are included lor Design Guidance !lnly and are not subject to test. 
-'I (VREf = + 10V; VP1N1 = VPlN2 = OV, Output Amplifier is AD544 except where stated) 

Von = +5V VDD = +12Vto +15V 
Parameter Version T.= +25"(; 

Output Current Settling Time 1.5 

Digital to Analog Glitch 
Impulse 400 

MUltiplying Feedthrough Error' 3 

Total Harmonic Distortion -85 

Power Supply Rejection 
lIGAIN/lIVDD :to.015 

Output Capacitance 
lOUT (Pin I) 200 

100 

Output Noise Voltage Density 
(10Hz-100kHz) IS 

NOTES 
IGuaranteed bydesign but not production resred. 
2TemperatureranseasfoUows:J.K Versions: -4O"Cto +85OC 

A,BVersions: -4O"Cto +85OC 
S, T Versions: - 55"'C to + 125"<: 

TA,=TM1N, TMAX T.= +25"C 

- I 

- 330 

5 3 

- -85 

:to.03 :to.01 

200 200 
100 100 

- IS 

JFeedthrougb am lJefunber reduced by coonectiDB the metal lid on lhcocnunic packase(D-20) to DGND. 

Spcdficatioas oubjoc:t to ch0aa01rithout DOtice. 

REV. A 

T,,=TMIN, TMAX Units Test Conditions/Comments 

- ~SlYP ,oO.OI%offuU sca1e1'lll8e. 
IoUTlood= loon'CElCT= Upl1. 
DAC register alternately 
loadod with all Is and all O. 

Measured with V REP = OV, 
- nV-sectyp louTIQad = IOOn,CExT = I3pF. 

DAC register alternately 
loaded with all Is and all Os 

5 mVp-ptyp V REF = ± 5V, 10kHz sine wave 
DAC register loaded with all Os. 

- dBtyp VREF= 6V rms (w 1kHz. 
DAC register loaded witl> aU Is. 

:to.02 % per % max lIVoo= :t5% 

200 pFmax DAC register loaded with allis. 
100 pFmax DAC register loaded with all Os. 

- nV/v'Hityp Measured between RFB and lOUT 
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AD7548 
ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25"<: unless otherwise noted) 

Vnn (pin 18) to DGND . 
VREF (pin 19) to AGND 
VRFB (pin 20) to AGND 
DigitaiInput Voltage 

+I7V 
±25V 
±25V 

-0.3V, Vnn+0.3V 

Operating Temperature Range 
Commercial (1, K versions) 
Industrial (A; B versions) 
Extended (S, T versions) . 

Storage Temperature .... 
Lead Temperature (Soldering, IOsecs) 

-40°C to +85°C 
-40°C to +85°C 

- 55°C to + 125°C 
- 65°C to + 150°C 
..... +300°C 

(pins 4-17) to DGND 
VPIN 1 to DGNO .... 
AGND to DGND .. . . 
Power Dissipation (Any Package) 

To +75'C ..... . 
Derates above + 75°C . . . . . 

-0.3V, Vnn+ O.3V 
-O.3V, Vnn+ O.3V 

450mW 
6mWI"C 

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

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

DIP. SOIC 

OB4 

.... 

WAC 

DRO (LSB) 

D., 
D.2 

Model2 

AD7548JN 
AD7548KN 
AD7548JP 
AD7548KP 
AD7548JR 
AD7548KR 
AD7548AQ 
AD7548BQ 
AD7548SQ 
AD7548TQ 
AD7548SE 
AD7548TE 

NOTE 

PIN CONFIGURATIONS 

LCCC 

CSMSB 4 

Of/DOR, 5 

CTRL • 

DB7(MSB) 7 

D" • 

a a z z 
jJ t 

" " ~ a .. 
3 2 1 .. 19 

" " .. 
AD7548 

TQPYIEW 
(Not to SellIe) 

9 10 11 12 13 

! ! ! ! ! 

18 Voo 

17Wii 
l' CSLSB 

15 LDAC 

14 DBOILSB) 

ORDERING GUIDEI 

Temperature Relative 
Range Accuracy 

4O°Cto + 85°C ±ILSB 
-40°Cto + 85°C ± 1I2LSB 
-40°Cto + 85°C ±lLSB 
-40°C to + 85°C ±1I2LSB 
-40°C to + 85°C ±ILSB 
- 40°C to + 85°C ±1I2LSB 
-40°Cto + 85°C ±ILSB 
-40°Cto + 85°C ±1I2LSB 
- 55°C to + 125°C ±ILSB 
- 55°C to + 125°C ± 1I2LSB 
- 55°C to + 125°C ±ILSB 
- 55°C to + 125°C ±1I2LSB 

CSMii 

Full-Scale 
Error 
±6LSB 
±3LSB 
±6LSB 
±3LSB 
±6LSB 
±3LSB 
±6LSB 
±3LSB 
±6LSB 
±3LSB 
±6LSB 
±3LSB 

!i! g 

• 

• 
ill a 

Package 
Option3 

N-20 
N-20 
P-20A 
P-20A 
R-20 
R-20 
Q-20 
Q-20 
Q-20 
Q-20 
E-2OA 
E-2OA 

I Analog Devices reserves the right to ship cer:unic (package outline D-20) packages 
in lieu of cerdip (package outline Q-20) packages. 

2To order MIL-STD-883, Class B processed parts, addl883B to part number. 
Contact your local sales office for military data sheet. 

'E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = SOle. For outline information see 
Package Information section. 
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PLCC 
a z 

j J j " .. 

Voo 

Wii 
AD7548 

TOP VIEW CSlSi 
lNottoSe.le) 

lDAC 

,. DBOILSBI 

" 11 12 13 

O! 13 M 8 a a 
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PIN FUNCTION DESCRIPTION 
PIN 

10 
II 
12 
\3 
14 
IS 

16 

17 

18 
19 
20 

MNEMONIC 

lOUT 
AGND 
DGND 
CSMSB 

DFIDOR 

CTRL 

DB7 
DB6 
DBS 
DB4 
DB3 
DB2 
DBI 
DBO 
LDAC 

CSLSB 

WR 

CONTROL INPUT INFORMATION 

DESCRIPTION 

DAC current OUT bus. NormaUy terminated at vinual ground of output amplifier. 
Analog Ground. 
Digital Ground. 
Chip Select Most Significant (MS) Byte. Active Low Input. Used in combination with WR to load 
external data into the input register or in combination with WR and LDAC to load external data into 
both input and DAC registers. 
Data Format/Data Override. When this input is LOW, data in the DAC register is forcl-d. to one of 
two override codes selected by CTRL. When the override signal is removed, the DAC outpm 
returns to reflect the value in the DAC register. With DF/OOR HIGH, CTRL selects either a left 
Of right justified input data format For normal operation DF/DOR is held HIGH. 

OF/DOli: CTRL FUNCTION 

0 0 DAC register contents overridden by all D's 
0 I DAC register contents overriden by aliI's 
I 0 Lef(.jusrifred input data selected 
I I Right-justified input data selected 

Control Input. See pin 5 description. 

\-MOSTSIGNIFICANT BYTE....j.cLEASTSIGNIFICANT BYTE..j 

IMSI!I L~n;-JUiTIaED:DA1A I I I. ~S~ X I X I X Ix I CTRL ~ "0" 

I I I 
I X I xl X Ix ~S~. I IRIGHT:JUSJ-IFiEDPA1A ls~ CTRL~"I" 

x = Don't care states. 

Data Bit 7. Most Significant Bit (MSB). 
Data Bit 6. 
DataBitS. 
Data Bit 4. 
Data Bit 3. 
Data Bit 2. 
Data Bit 1. 
Data Bit O. Least Significant Bit (LSB). 
Load DAC Input, active LOW. Thissignal, in combination with others, is used to load the DAC 
register from either the input registcr.or the external data bus. 
Chip Select Least Significant (LS) Byte. Active LOW input. Used iri combination with WR to load 
external data into the input register or in combination with WR and LDAC to load external data 
into both input and DAC registers. 
WRITE Input. This active low signal, in combination with others is used in loadingexlernal data 
into the AD7548 input register and in transferring data from the input register to the DAC register. 

WR BAmi ~ 
0 

I 0 
0 I 
0 I 
I I 
X X 

+SVto + ISVSupplylnput. 
Reference Voltage Input. 

mE FUNCTION 

I Load LS Byte to Input Register. 
0 Load LS Byte to Input Register and DAC Register. 
I Load MS Byte to Input Register. ' 
0 Load MS Byte to Input Register and DAC Register. 
0 Load Input Register to DAC Register. 
X No Data Transfer 

Feedback Resistor. Used for normal DI A conversion. 

AD7548 

Figure la shows the data load timing diagram for the AD7548. Figure Ib shows the simplified input control structure of the AD7548. 
tow. tc_ 

-l :--J l.- 5V CSMSB~ 
I I DV 

I 
5V 

CSLSB I 
I 

DV I 
I 5V 

lill\C I 
I DV I I 

Wii ~ 5V 

DV 

5V 
DATA 

DV 

NOTES 
1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 90% OF +5V. 

2. ~~~~;:;~SUREMENT REFERENCE LEVEL IS VJH ; V\ 

3. CSMSB (PIN 4) AND CSLSB (PIN 16) MAY BE INTERCHANGED. 

4. FOR LEFT· JUSTIFIED DATA CTRL= +OV WITH DFIDOR= +5V. 

FOR RIGHT· JUSTIFIED DATA CTRL= +5V wtTH DF/DOR= +5V. 

Figure la. AD7548 Timing Diagram 

REV. A 

DF/DOR o-------1p--r:~:::=::::l 
CTRL <>-------i'r-1..-=oo::::-...J 

Figure lb. Simplified AD7548 Input Control Structure 
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AD7548 
GENERAL CIRCUIT INFORMATION 
The simplified D/A circuit is shown in Figure 2. An inverted 
R-2R ladder structure is used, which steers binarily weighted 
currents between lOUT and AGND, thus maintaining a constant 
current in each ladder leg independent of the switch state. 

The input resistance at V REF is constant and equal to the value 
"R" in Figure 2. Since the input resistance is constant, the 
reference terminal can be drive!1 by a reference voltage or a 
reference current, ac or dc, of positive or negative polarity. (If a 
current source is used, a low temperature coefficient external 
RFB is recommended to define scale factor). 

R 

R .. 

~~~~~~~~~ __ ~~--O~ 
L-~~ __ ~~:'-__ ~4-~~ ____ -oAGND 

DATA LATCHES AND SWITCH DRIVERS 

Figure 2. AD7548 Simplified Functional Diagram 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 3 shows an equivalent circuit for the analog section of 
the AD7548 D/ A converter. The current source ILEAKAGE is 
composed of surface and junction leakages. The resistor Ro, 
denotes the equivalent output resistance of the DAC which 
varies with input code (excluding all O's code) from 0.8R to 2R, 
where R is typically IlkU. GoUT is the capacitance due to the 
current steering switches and varies from about 50pF to 120pF 
(typical values) depending upon the digital input. g(VREF, N) is 
the Thevenin equivalent voltage generator due to the reference 
input voltage, V REF, and the transfer function of R-2R ladder, 
N. 
For further information on CMOS multiplying D/A converters 
refer to "Application Guide to CMOS Multiplying D/A Conver
ters" available from Analog Devices, Publication Number G479-
15-8/78. 

Cou. 

L-____ ~~----~~---oAGND 

Figure 3. AD7548 Equivalent Analog Output Circuit 

DATA LOADING 
The AD7548 accepts incoming data in either left-justified format 
or right-justified format depending on the control inputs DFIDOR 
and CTRL. 

(See pin description of DFIDOR and CTRL on preceding 
page). 

Two operating modes are possible for controlling the transfer of 
data from the input register to the DAC register, the automati\= 
transfer mode and the strobed transfer mode. 

AUTOMATIC TRANSFER MODE 
This is the simplest and fastest method of transferring data to 
the DAC register. It is facilitated by connecting LDAC to either 
CSMSB, as shown in Figure 10, or CSLSB. 
Figure 4 shows the timing diagram for automatic transfer of 8 
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+4-bit data to the DAC register. The first write cycle loads the 
first byte of data to the input register. The second wlite cycle 
loads the second byte of data to the input register and automatically 
transfers both bytes to the DAC register. 

Updating a single byte (High or Low) in the DAC register can 
be achieved in one write cycle using the automatic transfer 
mode. 

DATA 

CSMSB -----r~~--------,. 

uure--------~~------, 

LOAD BYTE 1 INTO LOAD BYTE 2 INTO INPUT 
INPUT REGISTER AND DAC REGISTERS. 

TRANSFER BVTE 1 TO OAC 
REGISTER. ANALOG OUTPUT 

UPDATED. 

Figure 4. Automatic Transfer Mode 

STROBED TRANSFER MODE 
Figure 5 shows the timing diagram for the strobed transfer of 8 
+ 4-bit data to the DAC register. Three write cycles are required 
for this transfer mode. The first two write cycles sequentially 
load bytes I and 2 into the input register. The third write cycle 
transfers data· from the input register to the DAC register. 

The strobed transfer mode allows the DAC registers of several 
AD7548's to be updated simultaneously, as shown in Figure 13, 
by means of a master strobe signal connected to the LDAC of 
each device. 

A single byte of data (High or Low) can be transferred to the 
DAC register in two write cycles using the strobed transfer 
mode. 

DATA 

CSiiiii ----.-~.-------.., 

LDAC ------~r_-------------1t-------""'\ 

LOAD BYTE 1 INTO LOAD BYTE 2 INTO TRANSFER DATA 
INPUT REGISTER INPUT REGISTER FROM INPUT REGISTER 

TO DAC REGISTER. 
ANALOG OUTPUT UPDATED. 

Figure 5. Strobed Transfer Mode 

DATA OVERRIDE 
The contents of the DAC register can be overridden by pulling 
DF/DOR (pin 5) LOW. The CTRL (pin 6) input then determines 
whether the DAC register data is overidden by all Os (CTRL 
LOW) or all Is (CTRL HIGH). This feature allows the user to 
calibrate the AD7548 in circ\lits such as Figure 6 without calling 
on the microprocessor to load calibration data. 
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UNIPOLAR BINARY OPERATION 
(2·QUADRANT MULTIPLICATION) 
Figure 6 shows the analog circuit connections required for unipolar 
binary operation. With a dc input voltage or current (positive or 
negative polarity) applied at pin 19, the circuit is a unipolar 
01 A converter. With an ac input voltage the circuit provides 2· 
quadrant multiplication (digitally controlled attenuation). 

Table I shows the code relationship for the circuit of Figure 6. 

For full scale trimming the OAC register is loaded with 1111 
1111 1111. This is most easily accomplished by using the data 
override function. RI is then adjusted for VOUT= -VIN (40951 
4(96). Alternatively full scale can be adjusted by omitting RI 
and R2 and trimming the reference voltage magnitude. 

Capacitor CI provides phase compensation and helps prevent 
overshoot and ringing when using high speed op amps. 

v,, • 2' 

v .. 

VOUT 

NOTES 
1. CONTROL INPUTS OMITTED FOR CLARITY. 
2. R,=10DU, R2 ""33U FOR ALL GRADES. 
3. SEE APPLICATION HINTS. 

Figure 6. Unipolar Binary Operation 

Table I. Unipolar Binary Code Table for Circuit of Figure 6 

Binary Number in 
DAC Register Analog Output, V OUT 

MSB LSD 

IIII II II 1111 
4095 

-VIN 4096 

1000 0000 0000 (2048 ) - VIN 4096 = - 1I2VIN 

0000 0000 0001 - VIN(40~6) 
0000 0000 0000 OV 

REV. A 

Applying the AD7548 

BIPOLAR OPERATION 
(4·QUADRANT MULTIPLICATION) 
Figure 7 and Table II illustrate the recommended circuit and 
code relationship for bipolar operation. The circuit uses offset 
binary input coding. However, 2's complement coding can be 
accommodated if the MSB is inverted (done in software) before 
data is loaded into the OAC. 

With the DAC register loaded to 1000 0000 0000, adjust RI for 
VOUT=OV (alternatively one can omit RI and R2 and adjust the 2 
ratio of R3 and R4 for VOUT = OV). Full scale trimming can be 
accomplished by adjusting the amplitude of VIN or by varying 
the value of R5. 

R3, R4 and R5 must be selected to match within 0.01% and 
they should be the same type of resistor (preferably metal film) 
so that their temperature coefficients match. Mismatch of R3 to 
R4 causes both offset and full scale error. Mismatch of R5 to 
R4 and R3 causes full scale error . 

VON 

INPUT DIGITAL ANALOG 
DATA GROUND COMMON 

NOTES 
1. CONTROL INPUTS OMITTED FOR CLARITY. 
2. R,,,,,100.l1. R~=33It FOR ALL GRADES. 
3. seE APPLICATION HINTS. 

Figure 7. BipolarOperation (Offset Binary Coding) 

Table II. Bipolar Code Table for Offset Binary Circuit of 
Figure 7 

Binary Numberin 
DAC Register 

MSD LSB 

1111 1111 1111 

1000 0000 000 I 

1000 0000 0000 

011 I 1111 IIII 

0000 0000 0000 

Analog Output, VOUT 

2047 
+ VIN 2048 

+VIN(20~8) 
OV 

-VIN(2~8) 
e048 ) - VIN 2048 
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AD7548 
SINGLE SUPPLY OPERATION 
Figure 8 shows the AD7548 connected in a voltage switching 
mode. The input voltage is connected to lOUT. The DI A convener 
output voltage is taken from the V REF pin and has a constant 
impedance equal to R. RFB is not used in this circuit. The input 
voltage VIN must always be positive with respect to AGND in 
order to prevent an internal diode from turning on. To maintain 
linearity the input voltage should remain within 2.5V of AGND 
with VDD from + 12V to + 15V. 

The output voltage VOUT of Figure 8 is expressed as 

VOUT=(V/N) (D)( R1;IR2 ) 

Where D is a fractional representation of the digital input word 
(0$D::54095/4096). 

Figure 8. Single Supply Operation Using Voltage Switching 
Mode 

APPLICATION HINTS 
Output Offset: CMOS D/A converters in circuits such as 
Figures 6 and 7 exhibit a code dependent output resistance 
which in turn cause a code dependent amplifier noise gain. The 
effect is a code dependent differential nonlinearity term at the 
amplifier output which, depends on Vos where Vos is the amplifier 
input offset voltage. To maintain monotonic operation it is 
recommended that Vos be no greater than (25 x 10·6)(VREF) over 
the temperature range of operation. Suitable op amps are AD517L 
and AD544L. The ADsI7L is best suited for fixed reference 
applications with low bandwidth requirements: it has extremely 
low offset (5011 V) and in most applications will not require an 
offset trim. The AD544L has a much wider bandwidth and 
higher slew rate and is recommended for mUltiplying and other 
applications requiring fast settling. An offset trim on the ADs44L 
may be necessary in some circuits. 

General Ground Management: AC or transient voltages between 
AGND and DGND can cause noise injection into the analog 
output. The simplest method of ensuring that voltages at AGND 
and DGND are equal is to tie AGND and DGND together at 
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the AD7548. In more complex systems where the AGND and 
DGND intertie is on the backplane, it is recommended that two 
diodes be connected in inverse parallel between the AD7s48 
AGND and DGND pins (lN914 or equivalent). 

Temperature Coefficients: The gain temperature coefficient of 
the AD7548 has a maximum value of 5ppml"C and typical value 
of 2ppml"C. This corresponds to worst case gain shifts of 2LSBs 
and 0.8LSBs respectively over a 100·C temperature range. When 
trim resistors RI and R2 are used to adjust full scale range, the 
temperature coefficient of RI and R2 should also be taken into 
account. The reader is referred to Analog Devices Application 
Note "Gain Error and Gain Temperature Coefficient of CMOS 
Multiplying DACs", Publication Number E630-10-6/81. 

High Frequency Considerations: AD7548 output capacitance 
works in conjunction with the amplifier feedback resistance to 
add a pole to the open loop response. This can cause ringing or 
oscillation. Stability can be restored by adding a phase compen
sation capacitor in parallel with the feedback resistor. 

Feedthrough: The dynamic performance of the AD7548 will 
depend upon the gain and phase stability of the output amplifier, 
together with the optimum choice of PC board layout and de
coupling components. A suggested printed circuit layout for 
Figure 6 is shown in Figure 9 which minimizes feedthrough 
from VREF to the output in multiplying applications. 

OUTPUT ~10+ J_-0--- :~~ J Cl LOCATION 

PIN 1 
INPUT AD7548 

o 

/ VDD~ 

0 
NOTE INPUT GUARD 0 0 

TO REDUCE 
FEEDTHROUGH 0 0 

0 o DIGITAL 
INPUTS 

0 0 

0 0 

0 0 

LAYOUT SHOWS COPPER SIDE !i.e., BOTTOM VIEW) 
GAIN TRIM RESISTORS R1 AND R2 OF fiGURE 6 ARE NOT INCLUDED. 

Figure 9. Suggested Layout for AD7548 and Op Amp 

For additional information on mUltiplying DACs refer to "Ap
plication Guide to CMOS Multiplying D/A Converters", Publi
cation Number G479-ls-8/78, available from Analog Devices. 
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MICROPROCESSOR INTERFACING 
AD7548 - MC6800 INTERFACE 
A typical 6800 configuration using the automatic transfer mode 
of the AD7548 is shown in Figure 10. Table III gives a sample 
loading routine written in re-entrant form. Data load and store 
instructions use extended addressing. The 12-bit data to be 
passed to the subroutine is stored in locations XXYY and XXYY 
+ 1. The data is considered right-justified with the four most 
significant bits occupying the lower half of XXYY + I. The 
AD7548 is assigned a base address of PPQQ. This address 
selects the low byte register of the AD7548. Address PPQQ + 
I selects both the high byte register and the LDAC control 
input. 

AO-A15 

Riw 

VMA 

MC6800 

.1.2 

00·07 

ADDRESS BUS 

-LINEAR CIRCUITRV OMITTED 
FOR CLARITY 

AD 

OF/DOR 

CTRL 

AD754S-

Voo 

Figure 10. AD7548 - MC6800 Interface (Automatic Transfer 
ModeJ 

Table III. Sample Routine for AD7548- MC6800 Interface 

JSR WWZZ Jump to AD7548 subroutine 
WWZZ PSHA Push A onto stack 

TPA 
PSHA Push CCR onto stack 
LDAA $XXYY 
STAA $PPQQ Load low byte to AD7548 
LDAA $XXYY+I 
STAA $PPQQ+ 1 Load high byte to AD7548 

and update analog output 
PULA 
TAP Pull CCR from stack 
PULA Pull A from stack 
RTS Return to main program 

REV. A 

AD 7548 
AD7548 - 8085A INTERFACE 
Figure 11 shows a typical AD7548 to 8085A microprocessor 
interface configured for automatic transfer of 8 + 4-bit right-jus
tified data. Table IV gives a sample loading routine written in 
re-entrant form. The 12-bit data to be passed to the subroutine 
is stored in locations XXYY and XXYY + 1. The four most 
significant data bits occupy the lower half of XXYY + 1. As 
before, addresses PPQQ and PPQQ + I selecI the CSLSB and 
CSMSB/LDAC control inputs respectively. Since only two in
structions (LHLD, SHLD) are required to both fetch and load 
the 12-bit data word to the AD7548, it may be more efficient to 
insert these instructions as required in the main program rather 
than use a subroutine such as illustrated here. 

AB·A15 

ALE 

BOSSA 

Wii 

ADO-AD71-'-:-"""NEA=R Cl""RC=UIT=R""V:::OM""IT=TE=O---------~ 
FOR CLARITY 

Figure 11. AD7548 - 8085A Interface (Automatic Transfer 
Mode) 

Table IV. Sample Routine for AD7548-8085A Interface 

CALL 7548 
7548 PUSH PSW Push register contents 

onto stack 
PUSH H 
LHLD XXYY Fetch 12-bitdata 
SHLD PPQQ Load 12-bit data 
POP H Pop register contents 

from stack 
POP PSW 
RET Return to main program 
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AD7548 
AD7548 - MC6809 INTERFACE 
The AD7S48 can be interfaced to the MC6809 microprocessor 
as shown in Figure 12 for automatic transfer of 8 + 4-bit data. 
Similar to the 808SA instructions LHLD and SHLD, the 6809 
has two instructions to fetch and store 12-bit (l6-bit) data to the 
AD7S48, LDD and STD. However, in the 6809, the high byte 
of data is moved first, then the low byte (this is the opposite of 
the 808SA). This means that if the 12-bit data is assumed to 
reside at addresses XXYY and XXYY + 1 then XXYY must 
contain the high byte. It also means that the address decoding 
logic of Figure 11 must be slightly changed so that the even-order 

AD7S48 address, PPQQ from before, selects the CSMSB input 
to load the high byte first. In this automatic transfer cOlifiguration 
LDAC is tied to the CSLSB input. The AD7S48 analog output 
can thus be updated using only two instructions as follows: 

LDD $XXYY 
STD $PPQQ 

The strobed transfer configuration is shown in Figure 13 with a de
dicated decoder output assigned to each chip select input. The com
mon LDAC signal allows simultaneous update of both AD7S48 
DAC registers. 

AO-A1S ADDRESS BUS 1-------. 

R/W I------<~ 

a ..... - ............ 
Me6B09 

~D7~ ____ ~~~~ _______ --J 

·LlNEAR CIRCUITRY OMITTED 
FORCLARITV 

Figure 12. AD7548 - MC68091nterface (Automatic Transfer 
Mode) 

AD-A15 1------. 

Mcea09 

ADDRESS BUS 

DF/i:ii5ii 

CllIL 

A0754B 

t-----I Wii DBO-DB7 

v,, 

Figure 13. AD7548- MC6809lnterface (Strobed Transfer 
Mode) 
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AD7548 - 6502 INTERFACE 
Figure 14 shows a typical A07548 to 6502 microprocessor interface 
configured for automatic transfer of right-justified data. As a 
programming example, Figure IS shows a flow chart for producing 
a 12-bit (4095-step-max) voltage ramp under 6502 control. Index 
registers X and Y of the 6502 form a 12-bit counter with the X
register holding the low byte of data and the Y -register the high 
byte. Table V shows the program listing. The X-register is 
compared with FFH and the Y-register with IOH to determine 
when the ramp voltage has reached its maximum value (FFFH). 
By changing the comparison data in the program the maximum 
ramp output voltage can be varied from levels corresponding to 
FFFu down to OOOH. In the program listing of Table V the 
A07548 has been assigned contiguous addresses 0400 (low byte) 
and 0401 (high byte and OAC register). 

6502 

AO·A15 
~--...., 

RiWl----i 

d.2t----------{:)O----I 

DQ-D7 DATA BUS 

·UNEAR CIRCUITRY OMmED 
FOR CLARITY 

OF/DDR 
eTRL 

AD754B* 

v,, 

Figure 14. AD7548 - 6502 Interface (Automatic Transfer 
Madej 

AD7548 
ENTER 

'-___ --IVES 

Figure 15. Flow Chart for Voltage Ramp Generation 

Table V. Program ListingforFigure 15 

ADDRESS OP-CODE MNEMONIC OPERAND 

0000 AO LDY .. 00 
01 00 
02 A2 LOX .. 00 
03 00 
04 4C JMP 0008 
05 08 
06 00 
07 E8 INX 
08 8E STX 0400 
09 00 
OA 04 
OB 8C STY 0401 
OC 01 
00 04 
OE EO CPX .. FF 
OF FF 
10 DO BNE 0007 
11 F5 
12 C8 INY 
\3 CO CPY .. 10 
14 10 
IS DO BNE 0002 
16 EB 
17 FO BEQ 0000 

0018 E7 
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AD7548 
AD7548 - Z80 INTERFACE 
Figure 16 shows a typical AD7S48 to Z80 microprocessor interface 
configured for automatic transfer of right-justified data. Similar 
to the 808SA and 6809 cases, 16-bit load instructions are available 
in the Z80 which can fetch and load 12-bit data to the AD7S48. 
Since the low byte of data is moved first and assuming the 12-
bit data resides at addresses XXYY and XXYY + I, address 
XXYY must contain the low byte. As before, addresses PPQQ 
and PPQQ + I select the AD7S48 CSLSB and CSMSB/LDAC 
control inputs respectively. Choosing the Z80 register pair BC 
to hold the 12-bit data, the two instructions required to update 
the AD7S48 analog output are as follows: 

LD BC, (XXYY) 
LD (PPQQ), BC 

2-612 DIGITAL-TO-ANALOGCONVERTERS 
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AO-A'15 ADDRESS BUS 
J---..., 

-1---.--1 DFIOOR 
CTRL 

WRI------------~WR AD7548· 

DO-D7 DATA BUS 

"LINEAR CIRCUITRY OMITTED 
FOR CLARITY 

DBO-DB7 

Figure 16. AD7548-Z80Interface(Automatic Transfer 
ModeJ 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• 8-Bit Bus Compatible 12-Bit DAC 
• Versatile Microprocessor Interface with Selectable Data 

Input Format and Data Override 
• Faster Interface Timing 
• High Accuracy: Low ±1/2 LSB INL Error Over 

Temperature and ±1 LSB Gain Error 
• Superior Power Supply Rejection 

from +5V to +15V ....................... 0.001%1% Max 
• Low Feedthrough Error and Digital Charge Injection 
• Data Inputs Designed with ESD Protective Circuitry 
• Narrow (0.3") DIP Packages Suitable for Auto-Insertion 
• Superior Direct Replacement for AD7548 
• Full Four Quadrant Multiplication 
• Available in Die Form 

APPLICATIONS 
• Process Control 
• Programmable Amplifiers 
• Digitally Controlled Power Supplies 
• Digitally Q:lntrolled Attenuators 
• Digitally Controlled Filters 

ORDERING INFORMATION t 
PACKAGE: 20-PIN 

EXTENDED 
MILITARY· INDUSTRIAL COMMERCIAL 

GAIN NON- TEMPERATURE TEMPERATURE TEMPERATURE 
ERROR LINEARITY -55°C to + 125°C -40'C 10 +85'C O'Clo+70'C 

±llSB ±1/2lSB PM7548AR PM7548ER PM7548GP 
±2lSB ±1/2lSB PM7548BR PM7548FR 
±2lSB ±1/2lSB PM7548BRCJ883 PM7548FP 
±2lSB ±1/2lSB PM7548FPC 
±2lSB ±1/2lSB PM7548FS 

For devices processed in total compliance to Mll-STD-883, add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

FUNCTIONAL BLOCK DIAGRAM 

PM-7548 

""EF 0-"'9'1-_-1 DAC 

[~5~~~]:==fT==~~DF/DOR CTRL 

DB7MSB 

REV. B 

CMOS 8-Bit Jl-P Compatible 
12-Bit D/A Converter 

PM-7548 I 
CROSS REFERENCE 

PMI ADI TEMPERATURE RANGE 

PM7548AR AD7548TD 
PM7548BR AD7548SD Mil 

PM7548ER AD7548BO 
PM7548FR AD7548AO IND 

PM7548GP AD7548KN 
PM7548FP AD7548JN COM 
PM7548FPC AD7548JP 

GENERAL DESCRIPTION 
The PM-7548 is a 12-bit resolution, current output, CMOS 
D/A converter with a microprocessor interface for 8-bit 
busses. Its improved accuracy and inputs designed with ESD 
protection circuitry make it a superior pin-compatible replace
ment to the industry standard 7548. These performance 
improvements permit the upgrading of existing designs with 
greater accuracy and ruggedness. Tighter linearity and gain 
error specifications may permit a reduced circuit parts count 
through the elimination of trimming components. The PM-
7548 is available in standard plastic and CERDIP packages 
that are compatible with auto-insertion equipment. 

The PM-7548's versatile interface allows data to be loaded 
into an output register in two bytes. The PM-7548 can accept 
data right or left justified, least or most significant byte first, 
under microprocessor control. Faster interface timing min
imizes microprocessor wait states. 

Analog output updating and the loading of new data into the 
input registers may be coincident or separated in time by use 
of the LDAC control input. This allows user control of data 
update and analog output update timing. 

Data override control allows full-scale or zero-scale analog 
outputs without altering the contents of the DAC registers. 
This permits the user to perform circuit calibration without 
the need to load calibration data into the DAC registers. 

PIN CONNECTIONS 

20-CONTACT LeC 
(RC-Suffix) 

20-CONTACT PLCC 
(PC-Suffix) 

20-PIN 
EPOXY MINI-DIP 

(P-Suffix) 

20-PIN HERMETIC DIP 
(R-Sufflx) 

20-PINSOL 
(S-Sufflx) 
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ABSOLUTE MAXIMUM RATINGS (TA = +25°C, unless 
otherwise noted.) 
Voo (to GND) ........••......................................................... + 17V 
VREF (to GND) .................................................................. ±25V 
VRF.B (to GND) ............••.................................................... ±25V 
Digital Input Voltage Range ................................. -o.3V to Voo 
Output Voltage (Pin 1, Pin 2) ........•........................ -0.3 to Voo 
Operating Temperature Range 

ARtBRtBRC Versions ........•....................... -55°C to + 125°C 
ERtFRtFP/FPC/FS Versions ........................ -40°C to +85°C 
GP Version ....................................................... O°C to +700C 

Junction Temperature .................................................. +150°C 
Storage Temperature .........•.......................... -65°C to +150°C 
Lead Temperature (Soldering, 60 sec) ........................ +300°C 

PACKAGE TYPE eJA (Note 1) eJC UNITS 

2O-Pln Hermetic DIP (R) 76 11 'C/W 
2o.Pln Plastic DIP (P) 69 27 'elW 
2o.Contact LCC (RC, TC) 88 33 'CIW 
2o.Pln SOL (S) 88 25 'CIW 
2O-Contact PLCC (PC) 73 33 'CIW 

NOTES: 
1. ejA.ls ~pecified for worst case mounting conditions, I.e., e lA Is specifl8d for 

devIce In socket for CeIOIP, P·DIP, and LCC packeges; IJ.A Is specified for 
device soldered to printed circuit board for SOL and PLCC ~ackeges. 

CAUTION: 
1. Do not apply volteges highertihan VDIt or less than GND potential on any ter

minal except VREF (Pin 17) and RFB(Pin 18). 
2. The digital control inputs are zener protected; however, parmanent damage 

may occur on unprotected units from high-energy electroslatic fields. Keep 
units in conductive foam at all times until ready to use. 

3. Use proper antislatic handling procedures. 
4. Absolute Maximum Ratings apply to both packaged devices and dice. 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. 

ELECTRICAL CHARACTERISTICS at Voo = +5V, +12Vor +15V; VREF = +10V; VOUT = VAGNO = VOGNO = OV; TA = -55°Cto 
+125°C for PM-7548ARtBR/BRC, TA = -40°C to +85°C for PM-7548ERtFR/FP/FPC/FS, and TA = O°C to +70°C for PM-7548GP, 
unless otherwise noted. 

PM-7548 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

STATIC ACCURACY 

Resolution N 12 Bits 

Integral Nonlinearity 
INL 1/2 LSB (Note 1) 

Differential Nonlinearity DNL PM-7548A/E/G 1/2 
LSB (Note 2) PM-7548B/F 

TA=+25'C 
PM-7548A/EIG 

Gain Error 
GFSE 

PM-7548B/F 
(Note 3) TA = Full Temperature Range 

LSB 

PM·7548A/E/G 
PM·7548B/F 

Gain Temperature 
TCG FS ±1 ±5 ppm/'C Coefficient (Note 6) 

Power Supply 
PSRR TA=+25'C ±0.001 

Rejection Ratio TA = Full Temperature Range ±0.OO2 %/% 

TA=+25'C ±0.5 ±5 
Output Leakage 

ILKG 
TA = Full Temperature Range nA Current (Notes 4, 5) PM-7548A/B ±12 ±100 

PM-7548E1F/G ±25 

Feedthrough Error VREF = 20Vp. p 

(Note 6) 
FT atl = 10kHz mVp_p 

All digital inputs LOW 

TA =+25'C 0.002 
Zero Scale Error 

IZSE 
TA = Full Temperature Range LSB (Notes 12, 13) PM-7548A/B 0.Q7 

PM-7548E/F/G 0.01 

Input Resistance 
R'N (Note 9) 11 15 kll 
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PM-7548 

ELECTRICAL CHARACTERISTICS at V DO • +5V, + 12V or + 15V; V REF = + 1 OV; V OUT = V AGND = V DGND = OV; TA • -55°C to 
+ 125°C lor PM· 7548ARlBR/BRC, T A = -40°C to +85°C lor PM· 7548ERlFR/FP/FPC/FS, and T A = .oC to + 70°C lor PM· 7548GP, unless 
otherwise noted. Continued 

PM-7548 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

AC PERFORMANCE 

OUIpUI Currenl 
Selding Time Is TA = +25'C I1s 
(Notes 6, 7. 8) 

VREF=OV 
Digital·to-Analog lOUT Load = lOOn 

Glitch Energy Q CEXT -13pF 200 nVs 
(Noles 6,11) DAC Register Loaded Alternately 

with All Os and All 1 s 

Total Harmonic 
THD VREF-6Vrm.@lkHz -gO dB 

Distortion (Note 6) DAC Register Loaded with All 1 s 

Oulput Noise 
10Hz to 100kHz 

Vollage Density en Measured Between ~B and lOUT 
13 nVt..fHz 

(Notes 6. 14) 

DIGITAL INPUTS 

Digital Input HIGH VIH 2.4 V 

Digital Input LOW VIL 0.8 V 

Input Leakage 
IlL VIN =OVtO+15V ±1 I1A Current (Note 10) 

Inpul Capacitance 
CIN VIN=OV 8 pF 

(NoteS) 

ANALOG OUTPUTS 

OUlput Capacitance 
COUT Digital Inputs = VIH 140 pF (Note 6) 

Oulput Capacilance 
COUT Digital Inputs = VIL 70 pF 

(Note 6) 

TIMING CHARACTERISTICS 
(Note 6) 

DalaValid 
tos 

TA =+25'C 160 
Setup Time TA = Full Temperature Range 210 

ns 

Data Valid TA =+2SoC 10 
Hold Time IOH TA = Full Temperature Range 10 

ns 

CSMSB or CSLSB 
lews 

TA =+2SoC 0 
to WR Setup Time TA = Full Temperature Range 0 

ns 

CSMSB or CSLSB 
tewH 

TA =+25'C 0 
to WR Hold Time T A = Full Temperature Range 0 ns 

LDACto WR 
ILWS 

TA = +25'C 0 
Setup Time TA = Full Temperature Range 0 ns 

LDACto WR 
tLWH 

TA = +25'C 0 
Hold Time T A = Full Temperature Range 0 

ns 

Write Pulse Width twR TA = +25'C 120 
TA = Full Temperature Range 120 

ns 

NOTES: 
1. ±1I2 LSB = ±O.012% of Full Scale. 
2. All grades are monotonic to 12-bits over temperature. 
3. Using internal feedback resistor. 

10. Digital inputs are CMOS gates;, I) N is typically 1 nA al +25'C. 
11. VREF-OV, all digital inputs =OV toVooorVoo toOV. 

4. Applies to lOUT; digital inputs - VIL. 
5. Specification also applies for AGND with all digital inputs = VIL. 
6. Guaranteed by design and not subject to test. 

12. VREF = +10V. all digitalinpuls=OV. 
13. Calculated from worst case RREF: IZSE(in LSBs) = (RREFx ILKG x 4096)1 

VREF• 
14. Calculated from eN =./ 4K TRB 

7. 'oUT Load = lOOn, CE)!T= 13pF, digital inputs =OV to Voo orVoo 100V. 
8. Extrapolated to 1/2 LSB: Is = Propagation Delay (tpo) +9<, where<= 

measured flrst time constant olthe final RC decay. 
9. Absolute temperature,coefficient is approximately +SOppmI'C. 

REV. B 

where: K = Boltzmann Constant, J/oK 
T = Resistor Temperature, OK 
R = Resistance, n 
B = Bandwidth, Hz. 
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PM-154B 

ELECTRICAL CHARACTERISTICS at V DO = + 12V or + 15V; VflEF = + 1 OV; VOUT = V AGNO = VOGNO = OV; TA = -55°C to + 125°C 
for PM-7548ARtBRIBRC. T A = -40°C to +85°C for PM-7548ERlFRlFP IFPCIFS. and T A = O°C to +70°C for PM-7548GP. unless oth
erwise noted. 

PM-7548 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

POWER SUPPLY 

Voo Range Voo 11.4 15.75 V 

Supply Current 100 
All digital inputs = V'NH or V'NL 3 
All digital input = OV or Voo 

mA 

ELECTRICAL CHARACTERISTICS at VOO = +5V; VREF = +10V; VOUT = VAGNO = VOGNO = OV; TA = -55°C to +125°C 
for PM-7548AR/BR/BRC. TA = -25°C to +85°C for PM-7548ER/FR. and TA = O°C to +70°C for PM-7548GP/HP/HPC, unless 
otherwise noted. 

PARAMETER 

POWER SUPPLY 

VooRange 

Supply Current 

BURN·IN CIRCUIT 

1QOkO 

SYMBOL 

Voo 

100 

CONDITIONS 

All digital inputs = V'NH or V'NL 
All digital input = OV or Voo 

+15V 

5kn 1kn 

2-616 DIGITAL-TO-ANALOG CONVERTERS 

PM·7548 
MIN TYP MAX 

4.75 5 5.25 

2 
120 300 

UNITS 

V 

mA 
p.A 
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DICE CHARACTERISTICS 

DIE SIZE 0.096 X 0.130 inch, 12,480 sq. mils 
(2.46 X 3.33mm, 8.20 sq. mm) 

1. lOUT 
2.AGND 
3. DGND 
4. CSMSB 
5. DF/DOR 
6. CTRL 
7. DB7(MSB) 
8.DB6 
9. DB5 

10. DB4 

PM-7548 

11. DB3 
12. DB2 
13. DB1 
14. DBO (LSB) 
15. LDAC 
16. CSLSB 
17.WR 
18. VDD 

19. VREF 
20. RFB 

WAFER TEST LIMITS at VDD = +5V, VREF= +1aV, AGND = DGND = av, VOUT= AGND= av, TA = +25°C, unless otherwise noted. 

PARAMETER SYMBOL 

STATIC ACCURACY 

Resolution N 

Nonlinearity INL 

Differential Nonlinearity DNL 

Gain Error 
GFSE (Note t) 

Power Supply Reiection PSRR 

Output Leakage CUrrent (lOUT) ILKG 

REFERENCE INPUT 

Input Resistance RREF 

DIGITAL INPUTS 

Digital Input HIGH V ,H 

Digital Input LOW V,L 

Input Leakage Current I,L 

POWER SUPPLY 

Supply Current 100 

NOTES: 
1. Using internal feedback resistor. 

CONDITIONS 

C.Voo =±5% 

Voo= +15V 
Digital Inputs = V1L 

Voo =+15V 
V,N=Oto 15V 

Voo =+15V 
Digital Inputs = V1H or YIL 
Digital Inputs = OV or Voo 

PM-7548GBC 
LIMIT 

12 

±1/2 

±1/2 

±1 

±O.OOI 

±5 

7/15 

2.4 

O.B 

±1 

UNITS 

Bits MIN 

LSB MAX 

LSB MAX 

LSB MAX 

%1% MAX 

nAMAX 

kll MINIMAX 

VMIN 

V MAX 

I'AMAX 

mAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss. yield after packaging is not guaran
teed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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PM-754B 

TYPICAL PERFORMANCE CHARACTERISTICS 
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SPECIFICATION DEFINITIONS 
RESOLUTION 

The resolution of a DAC is the number of states (2n) that the 
full-scale range (FSR) is divided (or resolved) into, where "n" 
is equal to the number of bits. 

SETTLING TIME 

Time required for the analog output of the DAC to settle to 
within 1/2 LSB of its final value for a given digital input 
stimulus; i.e. zero to full scale. 

GAIN 

Ratio of the DAC's external operational amplifier output 
voltage to the VREF input voltage when all digital inputs are 
HIGH. 

FEEDTHROUGH ERROR 

Error caused by capacitive coupling from VREFto output with 
all switches OFF. 

OUTPUT CAPACITANCE 

Capacitance from lOUT terminal with all digital inputs LOW, 
or on AGND terminal when all inputs are HIGH. 

OUTPUT LEAKAGE CURRENT 

Current appearing at lOUT when all digital inputs are LOW, or 
at AGND when all inputs are HIGH. 

GENERAL CIRCUIT INFORMATION 
The PM-754B is a 12-bit multiplying D/A converter with a very 
low temperature coefficient, R-2R resistor ladder network, 
data-steering and control logic, and two data registers. 

The digital circuitry forms a versatile interface between the 
12-bit DAC and an B-bit data bus. Several data formats can be 
accomodated, single or double buffering is available, and a 
data override function allows calibration data to be loaded 
into the DAC without altering data stored in the buffer 
registers. 

FIGURE 1: Simplified DAC Circuit 

10kO 10kO 10kO 

20kn 20kO 20kO 20kO 20kO 

.2 S3 812 

DIGITAL INPUTS (CMOS AT VDD =>5V1TTL COMPATIBLE) 
(SWITCHES SHOWN FOR DIGITAL INPUTS "HIGH") 

RFEEDBACK 

-THESE SWITCHES PERMANENTLY "ON" 

REV.S 

PM-754B 
A simplified circuit of the PM-754B is shown in Figure 1. An 
inverted R-2R ladder network conSisting of silicon-chrome, 
thin-film resistors, and twelve pairs of NMOS current
steering switches steer binarily weighted currents into either 
lOUT or AGND. Switching current to ground or lOUT yields a 
constant current in each ladder leg, regardless of digital 
input code. This constant current results in a constant input 
resistance at VREFequal to R (typically 11 kO). The VREF input 
may be driven by any reference voltage or current, ac or dc, 
that is within the limits stated in the Absolute Maximum 
Ratings chart. 

The PM-754B design incorporates a regulator circuit which 
assures TTL compatibility at any VOO from +5V to +15V 
across the full military temperature range. This regulator also 
contributes to the DAC's exceptional PSRR performance, 
and maintains timing performance independent of supply 
voltage. 

The twelve output current-steering switches are in series 
with the R-2R resistor ladder, and therefore, can introduce bit 
errors. It is essential then, that the switch "ON" resistance be 
binarily scaled so that the voltage drop across each switch 
remains constant. If, for example, switch 1 of Figure 1 was 
designed with an "ON" resistance of 10 ohms, switch 2 for 20 
ohms, etc., a constant 5mV drop will then be maintained 
across each switch. 

To further insure accuracy across the full temperature range, 
permanently "ON" MaS switches are included in series with 
the feedback resistor and the R-2R ladder's terminating 
resistor. The "Simplified DAC Circuit", Figure 1, shows the 
location of the series switches. These series switches are 
equivalently scaled totwo times switch 1 (MSB) and to switch 
12 (LSB) respectively to maintain constant relative voltage 
drops with varying temperature. During any testing of the 
resistor ladder or RFEEOBACK (such as incoming inspection), 
Voo must be present to turn "ON" these series switches. 

ESD PROTECTION 

The PM-754B data inputs have been designed with ESD 
resistance incorporated through careful layout and the 
inclusion of input protection circuitry. 

Figure 2 shows the input protection diodes. High voltage 
static charges applied to the digital inputs are shunted to the 
supply and ground rails through forward biased diodes. 

FIGURE 2: Digital Input Protection 

VDD Vn. REGULATOR 
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These protection diodes are designed to clamp the inputs 
well below dangerous levels during static discharge 
conditions. 

EQUIVALENT CIRCUIT ANALYSIS 

Figures 3 and 4 show equivalent circuits for the DAC with all 
bits LOWand HIGH, respectively. The reference current is 
switched to AGND when all data bits are LOW and to lOUT 
when all bits are HIGH. The ILEAKAGE current source is the 
combination of surface and junction leakages to the sub
strate. The 1/4096 current source represents the constant 
1-bit current drain through the ladder's terminating resistor. 

Output capacitance is dependent upon the digital input code. 
This is because the gate capacitance of MaS transi!ltors 
increases with applied gate voltage. This output capacitance 
varies between the low and high values. 

FIGURE 3: PM-7548 Equivalent Circuit (All Inputs LOW) 

RFEEDBACK 

R=10kfl 

..------<~-..... --"-O lOUT 

t 
'REF 
.... R .. 10kn 

VREF 1 
, 1/409& 

o-'VII\..-'I~~ __ ---'---ODGND 

FIGURE 4: PM-7548 Equivalent Circuit 
(All Digital Inputs HIGH) 

R=10kn 

RFEEDBACK 

o-~VV~t------t------t--""'--OIOUT 
VREF 

~ SOpF 

t ~"-I-LEA-KAG-E --<f~45-PF---O DGND 
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INPUT CONTROL INFORMATION 

FIGURE 5: PM-7548 Data Input and Control Timing 
Diagram 

tcws tCWH 

-.-I '----.J t..-

~
' I 1,.. ____________ 5V 

:1 . tcws tCWH ov 
I I I I 

--I 1'---1 r-
e![!B ---...,....--...,.-----~ I I v--- 5V 

~ I I I DV 

ILWS I I I I tLWH 

= ---+---:---""";1:: r- :: 
I 

---,~--..~----~~~~I,r----- ~ 

DATA ----0( 

NOTES: 

DV 

5V 

DV 

1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 9QO/o OF +5V. 
tr =tf=20ns. 

2. TIMING MEASUREMENT REFERENCE lEVEL IS VIH; V1L . 

3. esljjj (PIN 4) AND ~ (PIN 16) MAY BE INTERCHANGED . 
4. FOR LE" -JUSTIFIED DATA CTRL = +OV WITH DF/ifOR "" +5V. 

FOR RIGHT -JUSTIFIED DATA CTRL = +5V WITH DF/iJ"O'R ::: +5V. 

FIGURE 6: Simplified PM-7548 Input Control Structure 

DF/D'mi o-______ .... __ ~--,L,.;::..L-_, 
CTRLo--~----II~;--t~_~~_--l 

LilAC o----r~~_I_-I-_J 
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DYNAMIC PERFORMANCE 
OUTPUT IMPEDANCE 

The output resistance, as in the case of the output capaci
tance, varies with the digital input code. This resistance, 
looking back into the lOUT terminal, may be between 11 kO 
(the feedback resistor alone when all digital inputs are low) 
and 7.5kO (the feedback resistor in parallel with approx
imately 30kO of the R-2R ladder network resistance when any 
single bit logic is high). Static accuracy and dynamic per
formance will be affected by these variations. The gain and 
phase stability of the output amplifier, board layout, and 
power supply decoupling will all affect the dynamic per
formance of the PM-7548. The use of a compensation 
capacitor may be required when high-speed operational 
amplifiers are used. It may be connected across the ampli
fiers' feedback resistor to provide the necessary phase 
compensation to critically damp the output. 

The considerations when using high-speed amplifiers are: 

1. Phase compensation (see Figures 9 and 10). 
2. Power supply decoupling at the device socket and use of 

proper grounding techniques. 

INTERFACE INPUT DESCRIPTION 
CSMSB (Pin 4) - Chip Select Most Significant Byte. Active 
Low. Selected either with WR, to load most significant byte 
data into the input register, or with WR and LDAC to load data 
into both input and DAC registers. 

CSLSB (Pin 16) - Chip Select Least Significant Byte. Active 
Low. Selected either with WR to load least significant byte 
data into the input register, or with WR and LDAC to load data 
into both input and DAC registers. 

OF/OOR (Pin 5) - Data Format/Data Override. When LOW, 
DAC is forced to full-scale or zero-scale output as selected by 
CTRL. Use of Data Override does not affect data held in DAC 
register. When DF/DOR is HIGH, CTRL selects either right or 
left data input format. DF/DOR is normally held HIGH. 

OF/OOR CTRL Function 

o o DAC forced to zero-scale (all zeros) 

o DAC forced to full-scale (all ones) 

o Left-justified data format selected 

Right-justified data format selected 

CTRL (Pin 6) - Control Input (Refer also to OF/DOR) 

PM-7548 
LDAC (Pin 15) - Load DAC Input. Active Low. Selected, with 
other interface inputs, to load DAC register from input 
register or external data bus. 

WR (Pin 17) - Write Input. Active Low. Selected, with other 
interface input, to load data into input register and to transfer 
data from input register to DAC register. 

Selected, with other interface input, to load data into input 
register and to transfer data from input register to DAC 
register. 

WR CSMSB CSLSB LOAC Function 

o o 

o o 

o o 

o o 

o 
x x 

o 

o 

o 

Load LSByte to 
Input Register 

Load LSByte to Input 
and DAC Registers 

Load MSByte to 
Input Register 

Load MSByte to Input 
and DAC Registers 

Load Input Register to 
DAC Register 

X No Data Transfer 

DATA LOADING AND TRANSFER 
DATA INPUT AND TRANSFER 

Data may be loaded into the input register in either a lell- or 
right-justified format. The data format is selected through the 
DF/DOR and CTRL inputs (refer to Interface Input 
Description). 

Data transfer, from the input register to the DAC register, can 
be automatic upon loading of the second data byte into the 
input register or can occur at a later time through a strobed 
transfer. 

STROBED DATA TRANSFER MODE 

Strobed data transfer allows the full 12-bit digital word to be 
loaded into the input register and transferred to the DAC 
register at some later time. This transfer mode requires three 
write cycles: two to load the new digital word, and a third to 

CTRL "LOW" , Msa ,- I LEFT JUSTIFIED fATA I I" LSB' X x I x , X 

MOST SIGNIFICANT BYTE I LEAST SIGNIFICANT BYTE 

CTRL "HIGH'" X x, x , x 'Msal· I I RIG+ JUST'F'ED :DATA I I Lsal 
x = DON'T CARE 
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FIGURE 7: Strobed Data Transfer Mode 
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~--~I ---------+----~--------~--~ 
: i "----Ji 
, I 

mmf~,1 -------7- : '. " I, 

I "---/ I \~ ___ J' 
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I FIRST Byte I SECOND BYTE I DATA TRANSFERRED I 
LOADED INTO LOADED INTO FROM INPUT 
INPUT REGISTER INPUT REGISTER REGISTER TO CAe 

REGISTER, UPDATING 
ANALOG OUTPUT 

FIGURE 8: Automatic Data Transfer Mode A single data byte can be updated in two write cycles with the 
strobed transfer mode. 

DATA 

Wi! 

~ --+-----:----i-\ 

\ / 
\ , '-___ oJ 

mron-~\~---~/~--~~ 
\ , '- ___ J 

FIRST BYTE 
LOADED INTO 
INPUT REGISTER 

SECOND BYTE LOADED 
INTO INPUT REGISTER. 
NEW DATA WORD 
'TRANSFERRED FROM 
INPUT REGISTER TO OAC 
REGISTER, ANALOG 
OUTPUT UPDATED 

transfer data to the DAC register. The timing diagram for 
strobed data transfer is shown in Figure 7. 

Strobed data transfer has two primary uses. By separating 
data loading and transfer operations, the timing of DAC 
output updating may be more precisely controlled. Si
multaneous updating of multiple PM-754Bs can also be 
accomplished by the use of a master strobe signal applied to 
the LDAC pins of the OACs. 
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DATA OVERRIDE 

System calibration typically requires full-scale and zero
scale DAC outputs (digital words all1s and Os respectively). 
The PM-754B's data override ability allows full-scale and 
zero-scale outputs without altering the contents of the DAC 
and input registers, or requiring the controlling micro
processor to load calibration data. 

Data override is accessed by setting the DF/DOR pin LOW. 
The CTRL pin then selects the override code: CTRL LOW 
yields all Os, CRTL HIGH yields all1s. 

AUTOMATIC DATA TRANSFER MODE 

Data may be transferred automatically from the input register 
to the DAC register while loading the second (High or Low) 
byte. This is the simplest and fastest transfer mode, requiring 
only two write cycles to load and transfer a complete new 
digital word. This operation can be simplified by connecting 
LDAC directly to either CSMSB or CSLSB so that the write 
cycle which loads the second data byte also initiates data 
word transfer. 

The timing diagram for automatic transfer is shown in Figure 
B. The first write cycle loads the first data byte into the input 
register. The second write cycle loads the second data byte 
and simultaneously transfers the full data word to the DAC 
register. 

Automatic transfer allows updating of a single byte in one 
write cycle. 
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APPLICATIONS INFORMATION 
APPLICATION TIPS 

In most applications, linearity depends upon the potential of 
lOUT and AGND (pins 1 and 2) being exactly equal to each 
other. In most applications, the DAC is connected to an 
external op amp with its noninverting input tied to ground, 
(see Figures 9 and 10). The amplifier selected should have a low 
input bias current and low drift over temperature. The 
amplifier's input offset voltage should be nulled to less than 
±200!'V (less than 10% of 1 LSB). 

The operational amplifier's noninverting input should have a 
minimum resistance connection to ground; the usual bias 
current compensation resistor should not be used. This 
resistor can cause a variable offset voltage appearing as a 
varying output error. All grounded pins should tie to a 
common ground point, avoiding ground loops. The Voo 
power supply should have a low noise level with no transients 
greater than +17V. 

Unused digital inputs must always be grounded or taken to 
Voo; this will prevent noise from triggering the high imped
ance digital input resulting in output errors. It is also 
recommended that the used digital inputs be taken to ground 

PM-7548 
or Voo via a high value (1 MO) resistor; this will prevent the 
accumulation of static charge if the PC card is disconnected 
from the system. 

Peak supply current flows as the digital inputs pass through 
the transition voltage. The supply current decreases as the 
input voltage approaches the supply rails (Vooor DGND), i.e. 
rapidly slewing logic signals that settie very near the supply 
rails will minimize supply current. 

OUTPUT AMPLIFIER CONSIDERATIONS 

When using high speed op amps, a small feedback capacitor 
(typically 15pF) should be used across the amplifier to 
minimize overshoot and ringing. For low speed or static 
applications, AC specifications of the amplifier are not very 
critical. In high-speed applications, slew rate, settling time, 
open-loop gain, and gain/phase margin specifications of the 
amplifier should be selected for the desired performance. It 
has already been noted that an offset can be caused by 
including the usual bias current compensation resistor in the 
amplifier's noninverting input-terminal. This resistor should 
not be used. Instead, the amplifier should have a bias current 
which is low over the temperature range of interest. 

FIGURE 9: Unipolar Binary Operation with High Accuracy Op Amp (2-Quadrant) 
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BIT7 
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1 'OUT 
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-15V 

VOUT 

FIGURE 10: Unipolar Binary Operation with Fast Op Amp and Gain Error Trimming (2-Quadrant) 
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Static accuracy is affl3cted by the variation in the DAC's 
output resistance. This variation is best illustrated by using 
the circuit of Figure 11 and the equation: 

VERROR= Vos ( 1 + ~: ) 

where Ro is a function of the digital code, and: 
Ro = 10kCl for more than 4-bits of logic 1 
Ro'= 30kCl for any single bit logic 1 

Therefore, the offset gain varies as follows: 

At code 0011 1111 1111, 

VERROR=VOS(1 + 10kfl )= 2Vos 
10kCl 

At code 0100 0000 0000, 

VERROR = Vos (1 + 10kCl ) = 4/3Vos 
30kCl 

The error difference is 2/3 Vos. 

FIGURE 11: Simplified Circuit 

Since one LSB has a weight (for VREF = + 10V) of 2.4mV for 
the PM-7548, it is clearly important that Vos be minimized, 
either using the amplifier's nulling pins, an external nulling 
network, or by selection of an amplifier with inherently low 
Vos. Amplifiers with sufficiently low Vos include PMI's OP-
77, OP-07, OP-27, and OP-42. 

UNIPOLAR BINARY OPERATION (2-QUADRANT) 

The circuit shown in Figures 9 and 10 may be used with an AC 
or DC referenoe voltage. The circuit's output will range 
between OV and approximately -VREF (4095/4096) depend
ing upon the digital input code. The relationship between the 
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digital input code. The relationship between the digital input 
and the analog output is shown in Table 1. The limiting 
parameters for the V REF range are the maximum input voltage 
range for the op amp or ±25V, whichever is lowest. 

Gain error may be trimmed by adjusting R1 as shown in 
Figure 10. The DAC register must first be loaded with all1s. 
This is most easily accomplished by asserting Data Override 
HIGH (DF/DOR LOW and CTRL HIGH). R1 may then be 
adjusted until VOUT = -VREF (4095/4096). In the case of an 
adjustable VREF, R1 and RFEEDBACK may be omitted, with 
VREF adjusted to yield the desired full-scale output. 

In many applications the PM-7548's negligible zero scale 
error and very low gain error permit the elimination of the 
trimming components (R1 and the external RFEEDBACK) 
without adverse effects on circuit performance. 

TABLE 1: Unipolar Binary Code Table 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 
MSB LSB (V OUT as shown in Figures 9 and 10) 

1 1 1 1 1 1 1 1 1 1 1 1 ( 4095) -VREF 4096 

1000 0000 0001 ( 2049) -VREF 4096 

1000 0000 0000 -V (2048) __ VREF 
REF 4096 - -2-

0111 1 1 1 1 1 1 1 1 ( 2047) -VREF 4096 

0000 0000 0001 -VREF (4696) 

0000 0000 0000 -VREF (4g96) =0 
NOTES: 
1. Nominal full scale for the circuits of Figures 9 and 10 is given by 

FS ~ vREF (:g~~) . 
2. Nominal LSB magnitude for the circuits of Figures 9 and 10 is given by 

LSB ~ VREF (4~96) or VREF (2-n). 

BIPOLAR BINARY OPERATION (4-QUADRANT) 

Figure 12 details a suggested circuit for bipolar, or offset 
binary operation. Table 2 shows the digital input to analog 
output relationship. The circuit uses offset binary coding. 
Two's complement code can be converted to offset binary by 
software inversion of the MSB or by the addition of an 
external inverter to the MSB input. 
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TABLE 2: Bipolar (Offset Binary) Code Table 

DIGITAL INPUT 
NOMINAL ANALOG OUTPUT 

MSB LSB (VOUT as shown in Figure 12) 

1 1 1 1 1 1 1 1 1 1 1 1 ( 2047) +VREF 2048 

1000 0000 0001 +VREF (2~48) 
1000 0000 0000 0 

1 1 1 1 1 1 1 1 1 1 1 1 -VREF (2~48) 

0000 0000 0001 ( 2047) -VREF 2048 

0000 0000 0000 (2048) -VREF 2048 

NOTES: 
1. Nominal full scale for the circuit of Figure 7 is given by 

FS = V REF (~~:~) . 
2. Nominal LSB magnitude for the circuit of Figure 7 is given by 

LSB = VREF (2~48)' 

Resistors R3, R4, and R5 must be selected to match within 
0.D1 % and must all be of the same (preferably metal foil) type 
to assure temperature coefficient matching. Mismatching 
between R3 and R4 causes offset and full scale errors while 
an R5 to R4 and R3 mismatch will result in full scale error. 

Calibration is performed by loading the DAC register with 
100000000000 and adjusting Rl until VOUT= OV. Rl and R2 
may be omitted, adjusting the ratio of R3 to R4 to yield VOUT= 
OV. Full scale can be adjusted by loading the DAC register 
with 1111 11111111 and either adjusting the amplitude of VREF 
or the value of R5 until the desired VOUT is achieved. 

FIGURE 12: Bipolar Operation (4-Quadrant) 

, . . , 

PM-7548 
SINGLE SUPPLY OPERATION 

Voltage Switching Mode: Figure 13 shows the PM-7548 in a 
single supply vOltage switching mode. This circuit uses the 
micropower OP-90 to minimize supply current requirements. 
This op amp allows the circuit output to swing to ground 
provided that the op amp sees a resistance to ground of less 
than lMil. 

FIGURE 13: Ultra Low Power Single Supply Operation 
(Voltage SWitching Mode) 

VDD 

V,N 

TOTAL SUPPLY CURRENT '" 50~A TYPICAL 
WHERE Voo "" +15V, TA '" +25°C, AND DIGITAL CODE = 0000 0000 0000 

·NOTE: R3 MAY BE OMITTED IF R1 + R2 s 1Mn 

As shown, a reference voltage is applied to lOUT and the 
buffer op amp is tied, in a noninverting orientation, to the 
VREFpin. The DAC's R-2R ladder acts as a voltage divider, its 
output voltage at the VREF pin having an impedance of R 
(typically 11 kill. 

1000 VOUT 
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The applied reference voltage must always be positive with 
respect to AGND. This will avoid the forward biasing of an internal 
diode found between lOUT and AGND. The reference voltage must 
also be maintained within +2.5V of AGND (with Voo between 
+ 12V and + 15V) to maintain linearity. 

The output voltage of this circuit can be described as: 

VOUT = VREF (n/4096) (Rl ~ A2) 
where n is the decimal equivalent of the digital input word. The 
ratio of Rl and R2 may be varied to give the desired output range. 

False Ground Mode: Single supply operation can be im
plemented in a current steering mode as shown in Figure 14. In 
this circuit, analog ground is offset to a false ground, typically 
+5V. VOUT ranges between +5V and +10V depending on the 
digital code and the V OFFSeT" V OUT is described by: 

V OUT = V OFFSET + (n/4096) (V dFFSET) 
where n is the decimal equivalent of the digital input word. 

This configuration allows the use of an op amp which cannot 
operate down to OV, or "true" ground. For best linearity, Voo 
should be at least 10V above the false ground. 

FIGURE 14: Single Supply Operation 
(False Ground, Current Steering Mode) 

Vo 

5VSVOS10V 

ANALOGIDIGITAL DIVISION 
The transfer function forthe PM-7548 connected in the multiplying 
mode as shown in Figure 15 is: 

Vo =-VIN (AI + ~ + Pea + ... A12) 
21 ~ 23 212 

where Ax assume a value of 1 for an "ON" bit and 0 for an "OFF" 
bit. 

2-626 DIGITAL-TO-ANALOGCONVERTERS 

FIGURE 15: Analog/Digital Divider 

VOUT 

The transfer function is modified when the DAC is connected in 
the feedback of an operational amplifier as shown in Figure 15. 
It is now: 

The above transfer function is the division of an analog voltage 
(VREF) by a digital word. The amplifier goes to the rails with all 
bits "OFF" since division by zero is infinity. With all bits "ON", the 
gain is 1 (±1 LSB). The gain becomes 4096 with the LSB, bit 12, 
"ON". 

MICROPROCESSOR INTERFACE 
The PM-7548 can be directly interfaced to an 8-bit micro
processor's bus. Two such interfaces are shown in Figures 16 
and 17. 

Figure 16 shows an automatic transfer interface with an MC6809 
microprocessor. The PM-7548 is assigned an address, through 
use ofthe decoder, that does not use Ao' The 8-bit high byte may 
then be loaded using an even (X) address. Next, the 4-bit low 
byte is loaded to an odd address (X + 1), Ao selecting both the 
low byte data loading and the 12-bit data transfer. 

Figure 17 shows a multiple DAC, strobed transfer interface 
configuration, also using the MC6809. Decoding allows 
independent loading of data with simultaneous updating of both 
DACs This technique can be extended to accommodate an 
unlimited number of DACs with the use of additional decoding. 
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FIGURE 16: PM-7548/MC6809 Interface Automatic Transfer Mode 
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FIGURE 17: PM-7548/MC6809 Interface Multiple DAC. Strobed Transfer Mode 
r--------------------------------------------------------------------------------------
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Two Doubled Buffered 12-Bit DACs 
4-Quadrant Multiplication 
Low Gain Error (3LSBs max) 
DAC Ladder Resistance Matching: 1% 
Space Saving Skinny DIP and Surface Mount Packages 
Latch-Up Proof 
Extended Temperature Range Operation 

APPLICATIONS 
Programmable Filters 
Automatic Test Equipment 
Microcomputer Based Process Control 
Audio Systems 
Programmable Power Supplies 
Synchro Applications 

GENERAL DESCRIPTION 
The AD7549 is a monolithic dual, 12-bit, current output D/A 
converter. It is packaged in both 0.3" wide 20-pin DIPs and in 
20-terminal surface mount packages. Both DACs provide four 
quadrant multiplication capabilities with a separate reference 
input and feedback resistor for each DAC. The monolithic 
construction ensures excellent thermal tracking and gain error 
tracking between the two DACs. 

The DACs in the AD7549 are each loaded in three 4-bit 
nibbles. The control logic is designed for easy processor interfacing. 
Input and DAC register loading is accomplished using address 
lines AO, AI, A2 and CS, WR lines. A logic high level on the 
CLR input clears all registers. Both DACs may be simultaneously 
updated using the UPD input. 

The AD7549 is manufactured using the Linear Compatible 
CMOS(LC2MOS) process. It is speed compatible with most 
microprocessors and accepts TTL, 74HC or 5V CMOS logic 
level inputs. 

LC2MOS 
Dual 12-Bit f.tP-Compatible DAC 

AD7549 I 
FUNCTIONAL BLOCK DIAGRAM 

v,, 

AD7549 

L-________ ~~, l<)------~'2~--------------~ 
DBi-OBO DGND 

PRODUCT HIGHLIGHTS 
1. Small package si2e: the loading structure adopted for the 

AD7549 enables two 12-Bit DACs to be packaged in either a 
small 20-pin 0.3" DIP or in 20-terminal surface mount 
packages. 

2. DAC to DAC matching: since both DACs are fabricated on 
the same chip, precise matching and tracking is inherent. 
This opens up applications which otherwise would not be 
considered, i.e., Programmable Filters, Audio Systems, etc. 

ORDERING GUIDE 

REV. A 

Temperature Relative Full Scale Package 
Modell Range Accuracy Error Option2 

AD7549]N -40°Cto + 85°C ±ILSB ±6LSB N-20 
AD7549KN -40°Cto + 85°C ±1I2LSB ±3LSB N-20 
AD7549JP - 40°C to + 85°C ±ILSB ±6LSB P-20A 
AD7549KP -40°C to + 85°C ± 1I2LSB ±3LSB P-20A 
AD7549AQ - 40°C to + 85°C ±ILSB ±6LSB Q-20 
AD7549BQ -40°Cto + 85°C ± 1/2LSB ±3LSB Q-20 
AD7549SQ - 55°C to + 125°C ±ILSB ±6LSB Q-20 
AD7549TQ - 55°C to + 125°C ± 1I2LSB ±3LSB Q-20 
AD7549SE - 55°C to + 125°C ±ILSB ±6LSB E-20A 
AD7549TE - 55°C to + 125°C ±1I2LSB ±3LSB E-20A 

NOTES 
'To order MIL-STD-883, Class B process parts, add 1883B to part number. Contact your 
local sales office for military data sheet. 

'E ~ Leadless Ceramic Chip Carrier; N ~ Plastic DIP; P ~ Plastic Leaded Chip Carrier; 
Q ~ Cerdip. For outline information see Package Information section. 
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AD7549 - SPECIFICATIONS 1 IVDD = + l5V ± 5%2, VREFA = VREFB = lOV; IOUTA = laura = AGND = OV. 
All specifications T ... to Tmax unless o\fIerwise specified.) 

I,A K,B 
Parameter Vemons Venioal SVersiOD TVenioD Units Test CoaditioasiCommeDts 

ACCURACY .. 

Resolution 12 12 12 12 Bits 
Relative Accuracy ±I ±lf2 ±I ±112 LSBmax 
Differential Noalinearity ±I ±I ±I ±I LSBmax All grades guaranteed moaotonic over 

temperature .. 
Full Scale Error ±6 ±3 ±6 ±3 LSBmax Measured usingiateroal RfB and iaclude. 

Gain Temperature Coefficlent3; 

effectsofleakage current and gain TC. 

AGainiATemperature ±S ±S ±S ±S ppmI"Cmax Typicaivaluei'lppmI"C 
Output LeskageCurrent 

loUT. (Pia 17) 
+2S'C 20 20 20 20 nAmax DAC A Register loaded with all 0'. 
Tmjnto Tmax ISO ISO 2S0 2S0 nAmax 

IOUTB (Pin IS) 
+2S'C 20 20 20 20 nAmax DAC B Register loaded with all 0', 
Tmm to Tmu: ISO ISO 250 2S0 nAmax 

REFERENCE INPUT 
Input ResislaDce (Pin 19, Pin 13) 7 7 7 7 knmia Typicallnput Resistance ~ llkn 

18 18 18 18 knmax 
VREFAIVREPB 

Input Resistance Match ±3 ±2 ±3 ±2 % max Typically ± 1% 

DIGITAL INPUTS 
V IH (Input High Voltage) 2.4 2.4 2.4 2.4 V min 
VIL (Input Low Voltage) 0.8 0.8 0.8 0.8 V max 
lIN (Input Current) 

+2S'C ±I ±I ±I ±I i>Amsx VIN=VDD 
TmintoTmaK ±1O :!::10 :!:lO :!:1O "A max 

ClN (Input Capscitsnce)' 7 7 7 7 pFmax 

POWER SUPPLY 
100 S S S S mAmax 

ACPERFORMANCE CHARACTERISTICS 
lbese characteristics are included .for Design Guidance only and are not subject to test 
IVoo = + l5V; VREFA == V1ia:a = + lOV, lourA = 1_ = AGND = OV, Output Amplifiers are AD644 except where stated.) 

p- T.=+2S'C TA=TMlNJ TMAX Units TestCondldonalCommeall 

OutputCurrent SettlingTune 1.5 - ",max ToO.OI% offull scale range. loUT losd = lOOO,Cl!XT = 13pF. DACoutputlJlOSlURdfrom 

Digital-to-AnalogGlitch 
Impulse 10 

AC Feedthrougb' 
V REPA to IOUTA -70 
VREPB to louTB -70 

Power Supply Rejection 
AGainfAVoo ±O.Ol 

Output Capacitance 
CoUT. 80 
CoUTS 80 
CoUTA 160 
CoUTB 160 

Channcl-to-ChannelIsolation 
VREFA toloUTB -62 
V REFB to IOUTA -62 

DigitalC ..... talk 10 

Output Noise Voltage Density 
(IOH ... lOOkHz) IS 

Harmonic Distortion -90 

NOTES . 
'TemperarurenQIC.,follows:J,K, Versions: -4O"Cto +8~ 

A, B, Venions: - 4O"C ~ + IS"C 
S.T,V~.:-5S"CIO+I25"C 

2AIVDD=5V.thcdcviceisfWlyf'wlctioallwitbdt:;radcd~. 
JGuaraatecdbyPtoduaAIS1II'IIJl(:etcstina:. • 

-

-65 
-65 

±O.O2 

80 
80 
160 
160 

-
-
-

-
-

4peedtbrougbmnberunherroduc::ed.byamoectingthcmellllidonlhec:enmic:packasetoDGND. 

SpeclflCatiom SUbjCCllOclJanFwilbou1 nodce. 
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falling edse ofWR. Typical value ofSettling Time is 0.8" •• 

Measured.with VRBFA = VRFB=OV.IooTAJ Iotrrsload= lOOfl,CsxT = 13pF. 
nV-sectyp DAC registersaltemstely loaded with all O',aDdalll',. 

dBmss VUF/u VUPB=20Vp-p 1000zsinewave. 
dB max DAC rcgistersloadcd with all Os, 

% per% max b.vDD = ±S% 

pFmax DACA,DACB loaded with aU O's. 
pFmax 
pFmax DACAJ DACBloadedwitballl's. 
pFmax 

dBtyp V.BFA =20Vp-p lookHzsinewave, VREFB=OV 
dBtyp VRBFB=20VP'"plOOkHz~newaveJ VUFA=OV 

nV«ctyp Measured fora CodeTransitionofaUO's to aU l's 

nVtv'iiZ typ Measured between RPM and 1000A or RPBBand IoUTB 

dBtyp VlN =6Vrms 1kHz 

REV,A 



AD7549 

TIMING CHARACTERISTICS 1 (VIII = + l5V, VREFa = VRFB = + lOY, IOurA = 10018 = AGND = OV, unless othelWise stated) 

Limit at Limit at 
Limit at T A= -40"C TA=-55oC 

Parameter T A=25oC to +85oC to + 125°C Units Test Conditions/Comments 

t1 50 SO 110 nsmin Address Valid to Write Setup Time 
t2 0 0 0 nsmin Address Valid to Write Hold Time 
t3 ISO 200 240 nsmin Data Setup Time 
4 0 0 0 nsmin Data Hold Time 
ts 20 20 20 nsmin Chip Select or Update to Write Setup Time 
1,; 0 0 0 nsmin Chip Select or Update to Write Hold Time 
t7 170 200 250 nsmin Write Pulse Width 
t8 170 200 250 nsmin Clear Pulse Width 

Specifications subject to cbange without notice. 

I.-- t, ----I I.- t,...j 5V 

-.u~ : _~t,J... .. rlUftII//!IUJf, ov 

_ D:7lIJhrT.'If,rT'j,T7'1l'T.ZT7'//.Tl'j l."7'hT7070Tl~"7'Z-;'1IC I 1""f/l//////l/ll :: 
CS. UPD -t' .., r-- 'r 5V 

I I ov 
WR---------,\"'=t,.-., 5V 

-' b .. d ov 

c~------------------------------~I ~:~ 
NOTES 
1. All INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 

90% OF +5V. t,=t,=20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS ~ 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25"<: unless otherwise noted) 

Von (Pin 20) to DGND ....... . 
VREFA, VRBFB (Pins 19, 13) to AGND 
VRFBA, VRFBB (Pins IS, 14) to AGND 
Digital Input Voltage (Pins I-II) 

toDGND ............. . 

. . . . . -O.3V, + 17V 
±25V 

........ ±25V 

-O.3V, VOO +0.3V 

Operating Temperature Range 
Commercial G, K Versions) 
Industrial (A, B Versions) 
Extended (S, T Versions) .. 

Storage Temperature ..... 
Lead Temperature (Soldering, 10secs) 

- 40°C to + 85°C 
-40°C to +S5°C 

- 55°C to + 125°C 
- 65"C to + 150°C 
..... +300°C 

VPIN1S, VPINI7, to DGND ....... . 
AGND to DGND ....... . 
Power Dissipation (Any Package) 

To +75°C ..... . 
Derates above +75°C .... . 

-0.3V, VOO +0.3V 
-0.3V, Von +0.3V 

450mW 
6mWrC 

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

CAUTION 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. Th~ protective 
foam should be discharged to the destination socket before devices are removed. 
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AD7549 
TEllMINOLOGY 

RELATIVE ACCURACY 
Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for zero error and full~e error and is normally 
expressed in Least Significant Bits or as a percentage of full 
scale reading. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the measured 
change and the ideallLSBchange between any two adjacent 
codes. A specified differential nonlinearity of lLSB max over 
the operating temperature range ensures montonicity. 

FULL-SCALE ERROR 
Full scale error or gain error is a measure of the output error 
between an ideal DAC and the actUal device output. Full scale 
error is adjustable to zero. 

OUTPUT CAPACITANCE 
This is the capacitance from IOUTA or loUTB to AGND. 

DIGITAL-TO-ANALOG GLITCH IMPULSE 
The amount of charge injected into the analog output when the 
inputs change state is called Digital-to-Analog Glitch Impulse. . 
This is normally specified as the area of the glitch in either pA
sees or n V -sees depending upon whether the glitch is measured 
as a current or voltage signal. Digital charge injection is measured 
with VREPA and VREFB equal to AGND. 

OUTPUT LEAKAGE CURRENT 
Output Leakage Current is current which appears at IoUTA or 
IoUTB with the DAC registers loaded to all zeros. 

MULTIPLYING FEEDTHROUGH ERROR 
This is the error due to capacitive feedthrough from VREFA to 
IOUTA or VREFB to loUTB with the DAC registers loaded to all 
zeros. 

CHANNEL-TO-CHANNEL ISOLATION 
Channel-to-Channe1 Isolation refers to the proportion of input 
signal from one DAC's reference input which appears at the 
output of the other DAC, expressed as a ratio in dB. 

DIGITAL CROSSTALK 
The glitch impulse transferred to the output of one converter 
due to a change in digital input code to the other converter is 
dermed as Digital Crosstalk and is specified in n V-sees. 

PIN CONFIGURATIONS 

DIP LCCC PLCC 

iO 

i 
J ;;; 8 ! J CI 

• 2 1 20 , . 
iO 

v .. In 

! 
'VREf"A ;;; &I ~ J J CI CI .... • 2 1 20 ,. 

0 

DBO • 18 RN • " DBO • .. 18 RF8A AGND .. 
AD7549 

...... 
TOP VIEW AGND 

(Not to Scale) 
Ioum 

iii'D 5 17 iouTA 
AD7649 

A2 • TOPYIEW ,. AOND 
R ... INotto_1 15 laura Al 7 
V .... 

AD 8 14 R .... AD 8 ,. ..... 
DOND 

• 10 11 12 13 • 10 11 12 ,. 
13 Ii 5 CI J z u g 

13 Ii 5 !l J u g 
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PIN 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

REV. A 

FUNCTION 

DB3 
DB2 
DBI 
DBO 
UPD 
A2 
Al 
AO 
CS 
WR 
CLR 
DGND 
VREFB 

RFBB 
IotrrB 
AGND 
lolITA 

RF8A 
VREFA 

VDD 

CLR 

0 
0 
1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

DESCRIPTION 

Data Bit 3, Data Bit 7 or Data Bit II (MSB) 
Data Bit 2, Data Bit 60r Data Bit 10. 
Data Bit I, Data Bit 5 or Data Bit 9. 
Data Bit 0, Data Bit40r Data Bit 8. 

AD7549 

Updates DAC Registers from 4-bit input registers. DAC A and DAC B both updated simultaneously. 
Address line 2. 
Address line I. 
Address line o. 
Chip Select Input. Active low. 
Write Input. Active low. 
Clear Input. Active High. Clears all registers. 
Digital Ground. 
Voltage reference input to DAC B. 
Feedback resistor ofDAC B. 
Current output terminal ofDAC B. 
Analog ground. 
Current output terminal ofDAC A. 
Feedback resistor oCDAC A. 
Voltage reference input to DAC A. 
+ 15V supply input. 

msu ~ ft A2 Al AO FUNCTION 

X X I X X X No data transfer. 
1 1 X X X X No data transfer. 
X X X X X X All registers cleared. 
1 0 Lr 0 0 0 DACA LOW NmBLE REGISTER 

loaded from Data Bus. 
1 0 Lr 0 0 1 DACA MID NmBLEREGISTER 

loaded from Data Bus. 
1 0 Lr 0 1 0 DACA HIGH NIBBLE REGISTER 

loaded from Data Bus. 
1 0 1.[" 0 1 I DAC A Register loaded from 

Input Registers. 
1 0 1.[" 1 0 0 DACB LOW NmBLE REGISTER loaded 

from Data Bus. 
1 0 1.[" 1 0 I DAC B MID NIBBLE REGISTER loaded 

from Data Bus. 
1 0 1.[" I 1 0 DACB HIGH NIBBLE REGISTER loaded 

from Data Bus. 
1 0 1.[" 1 1 1 DAC B Register loaded from 

Input Registers. 
0 1 -U- X X X DACA,DACBRegistersupdated 

simultaneously from Input Registers . 
- . NOTE. X - Don tCare 

Table I. AD7549 Truth Table 
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AD 7549 
UNIPOLAR BINARY OPERATION 
(2-QUADRANT MUL TIPUCATION) 
Figure 2 shows the circuit diagram for unipolar binary operation. 
With an ac input, the circuit performs 2-quadrant multiplication. 
The code table for Figure 2 is given in Table II. 

Operational amplifiers A I and A2 can be in a single package 
(i.e. AD644) or separate packages (AD544). Capacitors CI and 
C2 provide phase compensation to help prevent overshoot and 
ringing when high speed op-amps are used. 

For zero offset adjustment, the appropriate DAC register is 
loaded with all O's and amplifier offset adjusted so that YOUTA 
or YOUTH is at a minimum (i.e. ,,;;120 ... Y). Full scale trimming 
is accomplished by loading the DAC register with alii's and 
adjusting Rl (R3) so that YOUTA (YOUTH) = -YIN (4095/4096). 
In fixed reference applications, full scale can also be adjusted by 
omitting Rl, R2, R3, R4 and trimming the reference voltage 
magnitude. 

Figure 2. AD7549 Unipolar Binary Operation 

Binary Number in 
DAC Register Analog Output, VOUTA or V OUTB 

MSB LSB 

1 1 1 1 1 1 1 1 1 1 1 1 
-VIN(:) 

1000 0000 0000 
e048) - YIN 4096 = - 1/2YIN 

0000 0000 0001 -YIN(~) 
0000 0000 0000 OY 

Table II. Unipolar Binary Code Table for Circuit of 
Figure 2 
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BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 
The recommended circuit diagram for bipolar operation is shown 
in Figure 3. Offset binary coding is used. 

With the appropriate DAC register loaded to 1000 0000 0000, 
adjust Rl (R3) so that VOUTA (YOUTH) = OY. Alternatively, Rl, 
R2 (R3, R4) may be omitted and the ratios of R6, R7 (R9, 10) 
varied for YOUTA (YOUTH) = OY. Full scale trimming can be 
accomplished by adjusting the amplitude of YIN or by varying 
the value of R5 (R8). 

Resistors RS, R6, R7 (R8, R9, RIO) must be ratio matched to 
0.01%. When operating over a wide temperature range, it is 
inIportant that the resistors be of the same type so that their 
temperature coefficients match. 

The code table for Figure 3 is given in Table III. 

R10.20kU 

·CONTROI. CIRCUITRY OMITTED FOR Cl.AAITV 

Figure 3. Bipolar Operation (Offset Binary Coding) 

Binary Number in 
DAC Register Analog Output, VOUTAor VOUTB 

MSB LSB 

1 1 1 1 1 1 1 1 1 1 1 1 e047) +VIN 2048 

1000 0000 0001 +YIN(2~) 
1000 0000 0000 OY 

01 1 1 1 1 1 I 1 1 1 1 -YIN(2~8) 
0000 0000 0000 e048) -YIN 2048 

Table III. Bipolar Code Table for Offset Binary Circuit of 
Figure 3 
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APPLICATION HINTS 
Output Offset: CMOS D/A converters in circuits such as Figures 
2 and 3 exhibit a code dependent output resistance which in 
turn can cause a code dependent error voltage at the output of 
the amplifier. The maximum amplitude of this offset, which 
adds to the DI A converter nonlinearity, depends on Vos where 
Vos is the amplifier input offset voltage. To maintain mono
tonic operation, it is recommended that Vos be no greater than 
(25 x lo-'i) (V REF) over the temperature range of operation. Suitable 
op amps are AD644L, AD517L and AD544L. The AD5l7L is 
best suited for fixed reference applications with low bandwidth 
requirements: it has extremely low offset (SO.,. V) and in most 
applications will not require an offset trim. The AD544L has a 
much wider bandwidth and higher slew rate and is recommended 
for multiplying and other applications requiring fast settling. An 
offset trim on the AD544L may be necessary in some circuits. 

Temperature Coefficients: The gain temperature coefficient of 
the AD7549 has a maximum value of 5ppmf'C and typical value 
of I ppmf'C. This corresponds to worst case gain shifts of 2LSBs 
and O.4LSBs respectively over a 100°C temperature range. When 
trim resistors RI(R3) and R2(R4) are used to adjust full scale 
range, the temperature coefficient of RI(R3) and R2(R4) should 
also be taken into account. 

High Frequency Considerations: AD7549 output capacitance 
works in conjunction with the amplifier feedback resistance to 
add a pole to the open loop response. This can cause ringing or 
oscillation. Stability can be restored by adding a phase compen
sation capacitor in parallel with the feedback resistor. 

Feedthrough: The dynamic performance of the AD7549 depends 
upon the gain and phase stability of the output amplifier, together 
with the optimum choice of PC board layout and decoupling 
components. A suggested printed circuit lay.out for Figure 2 is 
shown in Figure 4 which minimizes feedthrough from VREFA' 

V REFB to the output in multiplying applications. 

PIN1AD7~g 

o 
o 
o 
o 
o 
o 
o 
o 

tR
'" Voo 

~~OUTA ~ 0 ........ PIN a AD644 

OOC1 \' 

~}).,-. 
COPPER TRACKS ARE ON COMPONENT SIDE 

DGND OF PRINTED CIRCUIT BOARD 

Figure 4. Suggested Layout for AD7549 with AD644 (Dual 
OpAmp) 

REV. A 

AD7549 
AD7S49 - SOSSA INTERFACE 
A typical interface circuit for the AD7549 and the 8085A micro
processor is given in Figure 5. Only the bottom 4 bits of the 
microprocessor data bus are used. The address decoder provides 
both the CS and UPD signals for the DAC. Address lines AO, 
A I, A2 select one of six DAC Input Registers for accepting 
data. In applications where simultaneous loading of the DACs is 
required then the UPD pin must be used to strobe both DAC 
registers. Otherwise, UPD may be tied high and address lines 
AO-A2, in conjunction with CS and WR signals, will select each 
DAC register separately (see Pin Function Description). 

"LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 5. AD7549-8085A Interface 

AD7S49 - ZSO INTERFACE 
Figure 6 shows the AD7549 connected to the Z80 microprocessor. 
The interface structure is similar to that for the 80S5A. 

AO-A15 ADDRESS BUS 

~ J L ~ 
A2-AO 

zao j CS 
MREO 

ADDRESS [ 
1 DECODE UPD 

AD7549* 

WR WR 
FROM 

SYSTEM_ ClR 
RESET .J>. 

DO-D7 DATA BUS DBO-DB3 

v 

"LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 6. AD7549-Z80 Interface 
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AD 7549 
AD7S49 - 8048 INTERFACE 
The AD754!) can be interfaced to the 8048 single component 
microcomputer using the circuit of Figure 7. A minimum number 
of 110 lines are needed. The system is easily expanded by using 
extra port lines to provide Chip Selects for more AD7549's. The 
advantage of this interface lies in its simplicity. In either single 
or multiple DAC applications both the software and chip select 
decoding are simplified over what would be required if the 
devices were memory mapped in a conventional manner. 

P20 DBO 

P2l DBl 

P22 DB2 

P23 DB3 

8048 

~ ~ 
AO AD7549* 

LATCH 
Al 

ALE 
, 

P24 A2 

P25 CLR 

P26 UPD 

PROG WR 

~cs 
'LINEAR CIRCUITRY OMITTED FOR CLARITY 

Fi(Jure 7. AD7549-8048 Interface 
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The combination of 8048 system and AD7549 is particularly 
suitable for dedicated control applications. By adding reference 
and output circuitry a complete control system can be confJgUred 
with a minimum number of components. 

AD7S49 - MC6809 INTERFACE 
Figure 8 is the interface circuit for the popular MC6809 8-bit 
microprocessor. CS and UPD signals are decoded from the 
address for the simultaneous update facility while the WR pulse 
is provided by inverting the microprocessor clock, E. 

AO·A1S 

MC6809 

RlWr-----...q 
01----''--"", 

AD7549* 

~D7 DATA BUSr-_____ lA 

*L1NEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 8. AD7549-MC6809 Interface 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Four 12-Bit DACs in One Package 
4-Quadrant Multiplication 
Separate References 
Single +5 V Supply 
Low Power 
Versatile Serial Interface 
Simultaneous Update Capability 
Reset Function 
28-Pin SOIC 

APPUCATIONS 
Process Control 
Portable Instrumentation 
General Purpose Test Equipment 

GENERAL DESCRIPTION 
The AD7564 contains four 12-bit DACs in 
device. The DACs are standard curren 
VREF, lOUT and RFB terminals. 
and DAC B are pinned out separat 
and DAC D are tied together at A 

The AD7564 is a serial input device. When it 
bringing CS low, data is loaded using FSIN, Cr.: 
SDIN. Two address pins, AO and AI, set up a device address 
and this feature may be used to simplify device loading in a 
multi-DAC environment. Alternatively, AO and Al can be 
ignored and the serial out capability used to conftgure a daisy 
chained system. 

LC2MOS 
Quad 12-Bit DAC 

AD7564 I 
FUNCTIONAL BLOCK DIAGRAM 

I"""A 

ro~~~~~~~~Tr-,~ ____ ~-yloonA .... 
LJ~----~~--~~L-~~----'-~'mm. 

ro~~~~~~~~r--;~ ____ ,--ylo~B 
RFBC 

...... ~-,-- ..... ---'L_---"' ..... --...... ~~ IOUT1 C 

",D 
-"'----_~_A lounD 

::;::;:;:::..:...J-;io'L:;:.:;:::.;...r---."..'-__ -'--y AGND 

L-------------~CLR 

I~----------------O~ 

AD7564 

be simultaneously updated using the asynchro
C input and they can be cleared by asserting the 

chronous CLR input. 

The device is packaged in a 28-pin SOlC package. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7564-SPECIFICATIONS1 (VDD = +4.75 V to +5.25 V; IDunA to lounD = ~omA = IOUT2B = AGND = 0 V; 
VREF = +5 V; TA = TMIN to TMAX• unless otherwise stated) 

Parameter 

ACCURACY 
Resolution 
Relative Accuracy 
Differential Nonlinearity 
Gain Error 

+2So(; 
TMINtoTMAX 

Gain Temperature Coefficient 

Ouqrut Leakage Current 
lOUT! 

@ +2So(; 
TMINtoTMAX 

REFERENCE INPUT 
Input Resistance 

Ladder Resistance Mismatch 

DIGITAL INPUTS 

AD7564B 

12 
±O.S 
±0.9 

±4 
±S 
2 
S 

10 
200 

S 
9 
2 

VINH, Input High Voltage 2.4 
VINV Input Low Voltage 0.8 
IINH' Input Current ± 1 
CIN, Input Capacitance 10 

POWER REQUIREMENTS 
VooRsnge 
Power Supply Rejection 

IlGainlllVoo 
100 

Specifications subject to change without notice. 

Units 

Bits 
LSB max 
LSBmax 

LSB 
LSB 
ppm FSRfC typ 
ppm FSRfC max 

nAmax 
nAmax 

kOmin 
kOmax 
% max 

Test Conditions/Comments 

1 LSB = VRBp/212 = 1.22 mV when VREF = S V 

All Grades Guaranteed Monotonic over Temperature 

Typical Input Resistance = 7 kO 

AC PERFORMANCE CHARACTERISTICS (These characteristics a~ included for design guidance and are not subject to 
test DAC output op amp IS AD843.) 

Parameter AD7564B 

DYNAMIC PERFORMANCE 
Output Voltage Settling Time SOO 

Digital-to-Analog Glitch Impulse 40 

MultipLying Feedthrough Error -66 

Channel-to-ChanneL Isolation -76 

Digital Crosstalk 40 

Digital Feedthrough 40 

Total Harmonic Distortion -83 
Output Noise Spectral Density 

@lkHz 20 

NOTES 
'Temperature range as follows: B Version -4O"C to +85"C. 
Specifications subject to change without notice. 

Units Test Conditions/Comments 

nstyp To 0.01% of Full-Scale Rsnge. DAC Latch 
Alternately Loaded with All Os and All Is. 

nV-s typ Measured with VREF = 0 V. DAC Register 
Alternately Loaded with All Os and AlLls. 

dB max VREF = 20 V pk-pk, 10 kHz Sine Wave. DAC Latch 
Loaded with all Os. 

dBtyp Feedthrough from Any One Reference to the Others 
with 20 V pk-pk, 10 kHz Sine Wave Applied. 

nV-s typ Effect of all Os to All Is Code Transition on 
Nonselected DACs. 

nV-s typ Feedthrough to Any DAC Ouqrut with CS High for 
All Os to All Is Code Transition on the Data Bus. 

dBtyp VREF = 6 V rms, 1 kHz Sine Wave. 
AllIs Loaded to the DAC. VREF = 0 V, 

nV/y'Hz Output Op Amp is AD OP-07. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7564 

TIMING SPECIFICATIONS1 (Yoo = +5 V ± 5%; loun = 10U12 = 0 V; TA = T.IN to TMAX• unless otherwise stated) 

Limit at Limit at 
Parameter TA = +25°C TA = -4O"C to +85°C Units Description 

t, 100 100 nsmin CLKIN Cycle Time 
t2 40 40 nsmin CLKIN Low Time 
t. 40 40 nsmin CLKIN High Time 
t4 30 30 nsmin FSIN Setup Time 
ts 30 30 nsmin Data Setup Time 
~ 5 5 nsmin Data Hold Time 
t7 90 90 nsmin FSIN Hold Time 
t/ 50 50 nsmax Delay between CLKIN Rising Edge and CLKOUT Rising Edge 
t,,2 40 40 nsmin FSOUT Valid After CLKOUT Rising Edse 
t102 70 70 nsmax SDOUT Valid Mter CLKOUT Rising Edge 
t,/ 10 10 nsmax FSOUT High Mter CLKOUT Rising Edge 

t'2 40 40 nsmin LDAC, CLR Pulse idth 
t13 0 0 nsmin CSto--

t'4 0 0 nsmin CS to 

NOTES 
'Sample tested at + 25"C to ensure compliance. All input signals are specified 
't" to, t,o' tll are measured with the load circuit of Figure 3 and defmed . 

ClKIN(I) 

FSIN(I) 

SDI~) 

CLKlN~) 

FSlN(Q 

SDIN(Q 

ClKOUT(O)~~~ 
t J.-t11 

FSOUT(O) I • r--
I . 

SDOUT(O)-------I~xx=s_ 
_ _____________________________ ~~-------t12~~ ~ 

II -u 
NOTES 
1.CS=OV 
2. ASYNCHRONOUS INPUTS LDAC AND CLR ARE NOT SHOWN. 

Figure 1. Mode 1 Timing Diagram 

1,.1+
~------~u---------JI 

~.--------------------~~.~ CUi U 

+2.1V 

Figure 2. Mode 2 Timing Diagram Figure 3. Output Load Circuit 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7564 
ABSOLUTE MAXIMUM RATINGS' 
(T A = + 25'C unJess otherwise noted) 

Voo to DGND ..••.........•...... -0.3 V to +6 V 
10UTl to DGND .............. -0.3 V to Voo + 0.3 V 
IoUT2 to DGND .......•...•.. -0.3 V to Voo + 0.3 V 
AGND to DGND ..•.......... -0.3 V to Voo + 0.3 V 
Digital Input Voltage to DGND .... -0.3 V to Voo + 0.3 V 
VRFB, VREF to DGND ...•............•....• ±IS V 
Input Current to Any Pin Except Supplies2 ....... ±10 mA 
Operating Temperature Range 

Commercial Plastic (B Version) .......•. -40°C to +8SoC 

Storage Temperature Range ...•••.•... -6SoC to + ISOOC 
Lead Temperature (Soldering, 10 sees) ...•..•.•.• + 3000c 
Power Dissipation (Any Package) to +7SoC ••.••.. 250 mW 
Derates Above +7SOC by ....•........••..• 10 mWI"C 

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

'Transient currents of up to 100 mA will not cause seR latch-up. 

CAUTION ______________________________________________ ___ 

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

WARNING! cJ 
~~ED[VICE 

TERMINOLOGY 
Relative Accuracy 
Relative Accuracy or endpoint linearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for zero error and full-scale error and is normally 
expressed in Least Significant Bits or as a percentage of full
scale reading. 

Differential Nonlinearity 
Differential nonlinearity is the differen 
change and the ideal 1 LSB change be 
codes. A specified differential nonlineari 
ensures monotonicity. 

Gain Error 
Gain Error is a measure of the output error between an ideal 
DAC and the actual device output. It is measured with allis 
in the DAC after offset error has been adjusted out and is 
expressed in Least Significant Bits. Gain error is adjustable to 
zero with an external potentiometer. 

Outpnt Leakage Current 
Output leakage current is current which flows in the DAC lad
der switches when these are turned off. For the IoUTl terminal, 
it can be measured by loading all Os to the DAC and measuring 
the 10uTI current. Minimum current will flow in the IOUT2 line 
when the DAC is loaded with allis. This is a combination of 
the switch leakage current and the ladder termination resistor 
current. The IOUT2 leakage current is typically equal to that in 

IOUT1' 

Output Capacitance 
This is the capacitance from the 10UTl pin to AGND. 

Outpnt Voltage Settling Time 
This is the amount of time it takes for the outpUt to settle to a 
specified level for a full-scale input change. For the AD7S68, it 
is specified with the AD843 as the output op amp. 

injected into the analog output 
. It is normally specified as the 

pA-sees or nY-sees, depending upon 
sure as a current or voltage signal. It is 

input connected to AGND and the 
all Is and all Os. 

lation 
el isolation refers to the proportion of input 

m one DAC's reference input which appears at the out
of any other DAC in the device and is expressed in dBs. 

Digital Crosstalk 
The glitch impulse transferred to the output of one converter 
due to a change in digital input code to the other converter is 
defmed as the digital crosstalk and is specified in n V-sees. 

Digital Feedthrough 
When the device is not selected, high frequency logic activity on 
the device digital inputs is capacitively coupled through the 
device to show up as noise on the loUT pin and subsequently on 
the op amp output. This noise is digital feedthrough. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Pin 

VDD 

DGND 

VRBFA-VlUlFD 

RFBA-RFBD 

10UT,A-IoUTlD 

IOUT2A-IOUT2B 

AGND 

CLKIN 

FSIN 

SDIN 

CLKOUT 

FSOUT 

SDOUT 

CS 

AO,AI 

PIN DESCRIPTION 

Description 

Positive Power Supply. This is +5 V ± 5%. 

Digital Ground. 

DAC Reference Inputs. 

DAC Feedback Resistor Pins. 

DAC lOUT' Terminals. 

AD7564 

DAC IOUT2 Terminals for DAC A and DAC B. These should normally connected to the signal ground of 
the system. 

This is the common point to which the IOUT2 terminals for DAC C and DAC D are connected. It should 
be connected to the signal ground of the system. 

Clock Input. Data is clocked into the input shift register on the fa1ling edges of CLKIN. 

Level-triggered control input (active low). This is the frame synchronization signal for the input data. 
When FSIN goes low, it enables the input shift register, and is transferred on the falling edges of 
CLKIN. If the address bits are valid, the 12-bit DAC sferred to the appropriate input latch on 
the sixteenth fa1ling edge after FSIN goes low. 

Serial Data Input. The device accepts a 16-bi 
followed by two DAC select bits. The 

Device 

Table I. AD7564 Loading Sequence 

two bits are device address bits and these are 

ss. If the fIrst two bits of the serial input 
ws is ignored and not loaded to any input 

DB15 DBO 

Al AO I DSI DSO DBll DBIO DB9 DBS DB7 DB6 DB5 DB4 DB3 DB2 DBI DBO 

Table II. DAC Selection 

DSl DSO Function 

0 0 DAC A Selected 
0 I DAC B Selected 
I 0 DAC C Selected 
I I DAC D Selected 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7564 
1.0 

o.e 
0.8 

0.7 

~ 0.8 

I 0.5 
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0.3 
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2.0 4.0 

Voo=+5V._ 
TA =+25°C 
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Figure 4. Differential Nonlinearity 
Error vs. VREF 

Figure 7. Digital-to-Analog Glitch 
Impulse 
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Figure 5. Integral Nonlinearity Error 
vs. VREF 

VREFC = 20V pk.pk SINE WAVE 
ALL OTHER REFERENCE INPUTS GROUNDED -10 
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1.0 
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0.8 Voo= +5V 

TA =+25°C 
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0.4 

0.2 

DIGITAL CODE 

Figure 6. Typical DAC-to-DAC 
Linearity Matching 

YtiEF B GROUNDED 
ALL OTHER REFERENCE INPUTS = 
20Y pk-pk SINE WAVE 
OAC B LOADED WrTH ALL Os 
ALL OTHER OACs LOADED WITH ALL 'S 
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Figure 9. Channel-to-Channel 
Isolation (1 DAC to All Other DACs) 
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Figure 10. Total Harmonic 
Distortion vs. Frequency 
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Figure 11. Multiplying Frequency 
Response vs. Digital Code 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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D/ASECTION 
The AD7564 contains four 12-bit current output D/A convert
ers. A simplified circuit diagram for one of the D/A converters 
is shown in Figure 12. 

R R R 

RpB 

~~~-r~--~~--~~---+4-~~--~IO~1 

~--~--~----~--~~----~~~----olo~ 
SHOWN FOR ALL 1.0N DAC 

Figure 12. Simplified DIA Circuit Diagram 

A segmented scheme is used whereby the 2 MSBs of the 12-bit 
data word are decoded to drive the three switches A. B and C. 
The remaining 10 bits of the data word drive the switches SO to 
S9 in a standard R-2R ladder confJgUration. 

Each of the switches A to C steers 114 of the total reference 
current with the remaining current passing through the R-2R 
section. 

DAC A and DAC B have separate VRBP' IOUTI' 
pins. DAC C and DAC D have their louT2 
the device AGND pin. 

When an output amplifier is co 
ration of Figure 14. the output vol 

where D is the fractional representation of the digital word 
loaded to the DAC. Thus. in the AD7568. D can be set from 
o to 4095/4096. 

INTERFACE SECTION 
The AD7564 is a serial input device. Three input signals control 
the serial interface. These are FSIN. CLKIN and SDIN. The 
timing diagram is shown in Figure 1. 

When the FSIN input goes low, data appearing on the SDIN 
line is clocked into the input shift register on each falling edge 
of CLKIN. When sixteen bits have been received. the register 
loading is automatically disabled until the next falling edge of 
FSIN is detected. Also, there are three output signals which 
allow several AD7564s to be easily connected together. These 
are FSOUT. CLKOUT and SooUT. The operation of these is 
shown in the timing diagram of Figure I. 

When the sixteen bits have been received in the input shift reg
ister. DBI5 and DBI4 (AI and AO) are checked to see if they 
correspond to the state of pin Al and AO. If they do, then the 
word is accepted. Otherwise. it is disregarded. This allows the 
user to address one of four AD7564s in a very simple fashion. 
DBB and DBI2 of the 16-bit word determine which of the four 
DAC input latches is to be loaded. When the LDAC line goes 
low. all four DAC latches in the device are simultaneously 
loaded with the contents of their respective input latches and the 
outputs change accordingly. 

AD7564 
Bringing the CLR line low resets the DAC latches to aliOs. The 
input latches are not affected, so that the user can revert to the 
previous analog output, if desired. 

1-------_ CLKOUT 

I---~~ FSOUT 

SDOUT 

Figure 13. Input Logic 

UNIPOLAR BIN 
(2-Quadrant M 
Figure 14 

cation) 
dard unipolar binary connection dia

ACs in the AD7568. When VIN is an ac 
orms 2-quadrant multiplication. Resistors 

user to adjust the DAC gain error. Offset 

gram 

. ting the output amplifier offset voltage. 

R210n 

NOTES 
1. ONLY ONE DAC IS SHOWN FOR CLARITY. 
2. DIGITAL INPUT CONNECTIONS ARE OMITTED. 
3. C1 PHASE COMPENSATION (5-15pF) MAY BE 

REQUIRED WHEN USING HIGH SPEED AMPLIFIER, A1. 

Figure 14. Unipolar Binary Operation 

Al should be chosen to suit the application. For example, the 
ADOP-07 is ideal for very low bandwidth applications while the 
AD843 and AD845 offer very fast sertling time in wide band
width applications. Appropriate multiple versions of these 
amplifiers can be used with the AD7564 to reduce board space 
requirements. 

The code table for Figure 14 is shown in Table III. 

Table m. Unipolar Binary Code Table 

Digital Input 
MSB LSB 

1111 1111 1111 
1000 0000 000 I 
1000 0000 0000 
om 1111 1111 
0000 0000 000 I 
0000 0000 0000 

NOTE 

Analog Output 
(V OUT as Shown in Figure 14) 

-VRBP (4095/4096) 
-VRBP (2049/4096) 
-VRBP (204814096) 
-VRBP (2047/4096) 
-VRBP (1140%) 
-VRBP (0/4096) = 0 

Nominal LSB size for the circuit of Figure 14 is giveo by: 
VRBF (1/4096). 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7564 
BIPOLAR OPERATION 
(4-Quadrant Multiplication) 
Figure 15 shows the standard connection diagram for bipolar 
operation of anyone of the DACs in the AD7564. The coding is 
offset binary as shown in Table IV. When VIN is an ac signal, 
the circuit performs 4-quadrant multiplication. To maintain the 
gain error specifications, resistors R3, R4 and RS should be 
ratio matched to 0.01%. 

R4 

R2101l 

NOTES 

1. ONLY ONE DAC IS SHOWN FOR CLARITY. 
2. DIGITAL INPUT CONNECTIONS ARE OMITTED. 
3. C1 PHASE COMPENSATION (5-15pF) MAY BE 

REQUIRED WHEN USING HIGH SPEED AMPLIFIER. A1. 

Figure 15. Bipolar Operation (4-Quadrant Multiplication) 

Digital Input 
MSB LSB 

111111111111 
10000000 0001 
100000000000 
0111 1111 1111 
0000 0000 0001 
0000 0000 0000 

NOTE 

Analog Output 
(V OUT as Shown • 

+VREF (204 
+ V REP (1/204 
+VREF (0/20 
-VREF (112048) 
-VREF (2047/2048) 
- V REF (204812048) = -V REP 

Nominal LSB size for the circuit of Figure IS is given by: 
V REP (112048) 

SINGLE SUPPLY CIRCUITS 
The AD7564 operates from a single +5 V supply and this 
makes it ideal for single supply systems. When operating in 
such a system, it is not possible to use the standard circuits of 
Figures 14 and 15 since these invert the analog input, VIN• 

There are two alternatives. One of these continues to operate the 
DAC as a current mode device while the other uses the voltage 
switching mode. 

Current Mode Circuit 
In the current mode circuit of Figure 16, loUT2' and hence 
loUT" is biased positive by an amount V BIAS' For the circuit to 
operate correctly, the DAC ladder termination resistor must be 
connected internally to 10UT2' This is the case with the 
AD7564. The output voltage is given by: 

VOUT = D· -_. (VB1ArVIN) ( RFB ) 
RDAC 

+VBIAS 

4096; the output voltage varies 
= 2 V BIAS -VIN' V BIAS should 

pable of sinking and sourcing all 
at the IOUT2 terminal without any 

1. ONLY ONE DAC IS SHOWN FOR CLARITY. 
2. DIGITAL INPUT CONNECTIONS ARE OMITTED. 
3. C1 PHASE COMPENSATION (5-15pF) MAY BE 

REQUIRED WHEN USING HIGH SPEED AMPLIFIER. A1. 

Figure 16. Single Supply Current-Mode Operation 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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r.ANALOG 
WDEVICES 

FEATURES 
8 12-Bit OACs in One Package 
4-Quadrant Multiplication 
Separate References 
Single +5 V Supply 
Low Power: 1 mW 
Versatile Serial Interface 
Simultaneous Update Capability 
Reset Function 
44-Pin PQFP 

APPUCATIONS 
Process Control 
Automatic Test Equipment 
General Purpose Instrumentation 

GENERAL DESCRIPTION 
The AD7568 contains eight 12-bit DACs in one monolithic de
vice. The DACs are standard current output with separate 
VREP' IOUTl' IOUT2 and RpB terminals. 

The AD7568 is a serial input device. Data is loaded using 
FSIN, CLKIN and SDIN. One address pin, AO, sets up a de
vice address, and this feature may be used to simplify device 
loading in a multi-DAC environment. 

All DACs can be simultaneously updated using the asynchro
nous LDAC input and they can be cleared by asserting the 
asynchronous CLR input. 

The AD7568 is housed in a space-saving 44-pin Plastic Quad 
Flat Pack. 

REV. A 

FSIN 

eLKIN 

SDIN 

LC2MOS 
Octal 12 -Bit DAC 

AD7568 I 
FUNCTIONAL BLOCK DIAGRAM 

IOU'T'lA 

r;~~~~~~~~~r-~~ ____ r-~'oonA 
·FDa 

LJ~----~~rL--~~--~~--~~~lo~B 

.. "r.i== .... ---.."'""i'=T'rrr--"''------r-~ 10mB 
.FBe 

LJ~~~;L~~---,~---N~--~~~lomC 

.. "r.i~= .... ---..~~~~--"''------r-~'oone 
RFSD 

LJ~-..::~;L~ .... =:'-1~ __ -N~--~~~ IOUTlD 

r;"r.i::rT= .... ~~=~r---"'L..... ____ r-~ rounD 

"FOE 

'ounE 

r;""::rT;;.;..;;~~~~~~--"'~ ____ r-~ IOUT2E 
R,.F 

lounF 

r;""~~~~~~~~--"'~----r-~'oonF 
"FBG 

1l.IL.Jr--~,----,,- IOUT1G 

ro~Tnn;r-~~~~TIr-,~----,--y'oonG 
RFSH 

loonH 

r;""~~~~~~~~n_"'~----r-~'oonH 

AD SDOUT 
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AD7568 -SPECIFICATIONS 1 

Parameter AD7568B2 

ACCURACY 
Resolution 12 
Relative Accuracy ±O.S 
Differential Nonlinearity ±0.9 
Gain Error 

+2SoC ±4 
TMINto TMAX ±S 

Gain Temperature Coefficient 2 
5 

Output Leakage Current 
lOUT! 

@ +25°C 10 
TMIN toTMAX 200 

REFERENCE INPUT 
Input Resistance 5 

9 
Ladder Resistance Mismatch 2 

DIGITAL INPUTS 
V INH' Input High Voltage 2.4 
VINL, Input Low Voltage 0.8 
IINH' Input Current ±1 
CIN, Input Capacitance 10 

POWER REQUIREMENTS 
Voo Range 4.7515.25 
Power Supply Sensitivity 
~GainI~Voo -75 

100 300 
3.5 

(VOO ::: +4.75 V to +5.25 V; IOUTl = IOUT2 = 0 V; VREF = +5 V; 
TA = T MIN to T MAX. unless otherwise stated) 

Units Test Conditions/Comments 

Bits 1 LSB = VREP/212 = 1.22 mV when VREF = 5 V 
LSBmax 
LSB max All Grades Guaranteed Monotonic over Temperature 

LSBs max 
LSBsmax 
ppm FSRrC typ 
ppm FSRFC max 

nAmax See Terminology Section 
nAmax 

kOmin Typical Input Resistance = 7 kO 
kOmax 
% max Typically 0.6% 

V min 
V max 
.,A max 
pFmax 

VminIV max 

dB typ 
.,A max V1NH = 4.0 V min, VINL = 0.4 V max 
mAmax VINH = 2.4 V min, V1NL = 0.8 V max 

AC PERFORMANCE CHARACTERISTICS ~:~s~A~h~~~~~r~~i~~~~si~~~::.~ for Design Guidance and are not subject to 

Parameter AD7568B2 Units Test Conditions/Comments 

DYNAMIC PERFORMANCE 
Output Voltage Settling Tinte 500 ns typ To 0.01% of Full-Scale Range. DAC Latch Alternately 

Loaded with All Os and All Is. 
Digital to Analog Glitch Impulse 40 nV-s typ Measured with VREF = 0 V. DAC Register Alternately 

Loaded with All Os and All Is. 
Multiplying Feedthrough Error -66 dB max VREF = 20 V pk-pk, 10 kHz Sine Wave. DAC Latch 

Loaded with All Os. 
Output Capacitance 60 pFmax All Is Loaded to DAC. 

30 pFmax All Os Loaded to DAC. 
Channel-ta-Channel Isolation -76 dB typ Feedthrough from Any One Reference to the Others 

with 20 V pk-pk, 10 kHz Sine Wave Applied. 
Digital Crosstalk 40 nV-s typ Effect of all Os to allis Code Transition on Nonselected 

DACs. 
Digital Feedthrough 40 nV-s typ Feedthrough to Any DAC Output with FSIN High and 

Square Wave Applied to SDIN and SCLK. 
Total Harmonic Distortion -83 dBtyp VREF = 6 V rms, 1 kHz Sine Wave. 
Output Noise Spectral Density 

@lkHz 20 nV/y'Hz Allis Loaded to the DAC. VREF = 0 V. Output Op 
Amp is AD OP-07. 

NOTES 
ITemperature range as follows: B Version: -40"C to +85"C. 
'All specifications also apply for VREF = +10 V, except relative accuracy which degrades to ±l LSB. 

Specifications subject to change without notice. 
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AD7568 

TIMING SPECIFICATIONS (Voo = +5 V ± 5%; loun = louT2 = 0 V; TA = TMI" to TMAX• unless otherwise stated) 

Limit at Limit at 
Parameter TA = +2S·C T A = -40·C to +8S·C Units Description 

t, 100 100 ns min CLKIN Cycle Time 

t2 40 40 nsmin CLKIN High Time 

t3 40 40 ns min CLKIN Low Time 

t4 30 30 ns min FSIN Setup Time 

t5 30 30 ns min Data Setup Time 

t,; 5 5 nsmin Data Hold Time 

t7 90 90 nsmin FSIN Hold Time 

t/ 70 70 nsmax SDOUT Valid After CLKIN Falling Edge 

to 40 40 nsmin LDAC, CLR Pulse Width 

NOTES 
lSample tested at +25'C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
2ts is measured with the load circuit of Figure 2 and defined as the time required for the output to cross 0.8 V or 2.4 V. 

REV. A 

CLKIN(Q ~4 t2 

FSiN~) f-----+II 
~J 

SDIN~) ~JC~=~;>---~'Jf----------

J 

f-. 
SDOUT(O) -------fj~'----....;..-.:..,~;::ccx.:cDBO:::...----

t9~Jf--------LDAC,CLR rs 
NOTES 
1. AO IS HARDWIRED HIGH OR LOW. 

Figure 1. Timing Diagram 

ORDERING GUIDE 

Temperature Linearity Package 
Model Range Error (LSBs) Option* 

AD7568BS -40°C to +85°C ±0.5 S-44 

+2.1V *S = Plastic Quad Flat Pack (PQFP). For oudine information see Pack
age Information section. 

Figure 2. Load Circuit for Digital 
Output Timing Specifications 
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AD7568 
ABSOLUTE MAXIMUM RATINGS! 
(T A = + 2S"C unless otherwise noted) 
Voo to DGND .................... -0.3 V to +6 V 
lOUT! to DGND .•.......•...• -0.3 V to Voo + 0.3 V 
IoUT2 to DGND ..•........... -0.3 V to Voo + 0.3 V 
Digital Input Voltage to DGND .... -0.3 V to Voo + 0.3 V 
VRFB, VREF to DGND ...................... ±IS V 
Input Current to Any Pin Except Supplies2 ••••••• ± 10 mA 
Operating Temperature Range 

Commercial Plastic (B Version) ......... -40"C to +8SoC 
Storage Teniperature Range ..•........ -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to +7SoC ....... 250 mW 
Derates above +7SoC by ...........•...... 10 mW/"C 

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

'Transient currents of up to 100 mA wiD not cause SCR Iatcb-up. 

NC 1 

Ym!FF 2 
RF8F 3 

lounF 4 

10000F S 

v..EFG 8 

RFBG 7 

IOUT1G 8 

100mB • 
YREFH 10 

RF8H 11 

PIN CONFIGURATIONS 

AD7568 
TOPV'EW 

(Not to sca.e) 

Ne '" NO CONNECT 

CAUTION ______________________________________________ ___ 

33NC 

32 YAffe 

31 RFSe 

30 taunC 

29 'ounC 
28YflEFB 

21 RF8B 
28 lomB 
25 lounB 

24VAEFA 
23 Rf'BA 

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

WARNING! GJ 
~~EDEVICE 

Pin 

Voo 
DGND 
AGND 

VREFA - VREFH 

RFsA-RFsH 

IourA - IOUTH 
AGND 

CLKIN 

FSIN 

SDIN 

SDOUT 

AO 

PIN DESCRIPTION 

Description 

Positive power supply. This is +5 V ± 5%. 

Digital Ground. 

Analog Ground. 

DAC reference inputs. 

DAC feedback resistor pins. 

DAC current output terminals. 

This pin connects to the back gates of the current steering switches. It should be connected to the signal ground 
of the system. 
Clock Input. Data is clocked into the input shift register on the falling edges of CLKIN. 

Level-triggered control input (active low). This is the frame synchronization signal for the input data. When 
FSIN goes low, it enables the input shift register, and data is transferred on the falling edges of CLKIN. If the 
address bit is valid, the 12-bit DAC data is transferred to the appropriate input latch on the sixteenth falling 
edge after FSIN goes low. 

Serial data input. The device accepts a 16-bit word. The first bit (DBIS) is the DAC MSB, with the remaining 
bits following. Next comes the device address bit, AO. If this does not correspond to the logic level on pin AO, 
the data is ignored. Finally come the three DAC select bits. These determine which DAC in the device is 
selected for loading. 

This shift register output allows multiple devices to be connected in a daisy chain configuration. 

Device address pin. This input gives the device an address. If DB3 of the serial input stream does not 
correspond to this, the data which follows is ignored and not loaded to any input latch. However it will appear 
at SDOUT irrespective of this. 

Asynchronous LDAC input. When this input is taken low, all DAC latches are simultaneously updated with the 
contents of the input latches. 

Asynchronous CLR input. When this input is taken low, all DAC latch outputs go to zero. 
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TERMINOLOGY 
Relative Accuracy 
Relative Accuracy or endpoint linearity is a measure of the max
imum deviation from a straight line passing through the end
points of the DAC transfer function. It is measured after 
adjusting for zero error and full-scale error and is normally ex
pressed in Least Significant Bits or as a percentage or full-scale 
reading. 

Differential Nonlinearity 
Differential nonlinearity is the difference between the measured 
change and the ideal I LSB change between any two adjacent 
codes. A specified differential nonlinearity of 1 LSB maximum 
ensures monotonicity. 

Gain Error 
Gain Error is a measure of the output error between an ideal 
DAC and the actual device output. It is measured with all Is in 
the DAC after offset error has been adjusted out and is ex
pressed in Least Significant Bits. Gain error is adjustable to zero 
with an external potentiometer. 

Output Leakage Current 
Output leakage current is current which flows in the DAC lad
der switches when these are turned off. For the lOUT! terminal, 
it can be measured by loading all Os to the DAC and measuring 
the lOUT! current. Minimum current will flow in the IOUT2 line 
when the DAC is loaded with all Is. This is a combination of 
the switch leakage current and the ladder termination resistor 
current. The IOUT2 leakage current is typically equal to that in 

10UTI' 

Output Capacitance 
This is the capacitance from the lOUT! pin to AGND. 

AD7568 
Output Voltage Settling Time 
This is the amount of time it takes for the output to settle to a 
specified level for a full-scale input change. For the AD7568, it 
is specified with the AD843 as the output op amp. 

Digital to Analog Glitch Impulse 
This is the amount of charge injected into the analog output 
when the inputs change state. It is normally specified as the area 
of the glitch in either pA-secs or n V -secs, depending upon 
whether the glitch is measured as a current or voltage signal. It 
is measured with the reference input connected to AGND and • 
the digital inputs toggled between all Is and all Os. 

AC Feedtbrough Error 
This is the error due to capacitive feedthrough from the DAC 
reference input to the DAC lOUT terminal, when all Os are 
loaded in the DAC. 

Channel-to-Channel Isolation 
Channel-to-channel isolation refers to the proportion of input 
signal from one DAC's reference input which appears at the out
put of any other DAC in the device and is expressed in dBs. 

Digital Crosstalk 
The glitch impulse transferred to the output of one converter 
due to a change in digital input code to the other converter is 
defmed as the Digital Crosstalk and is specified in n V -secs. 

Digital Feedtbrough 
When the device is not selected, high frequency logic activity on 
the device digital inputs is capacitively coupled through the de
vice to show up as noise on the lOUT pin and subsequently on 
the op amp output. This noise is digital feedthrough. 

Table I. AD7S68 Loading Sequence 

DBIS DBO 

I DBII I DBIO DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBI DBO AO DS2 DSI I DSO I 

Table D. DAC Selection 

DS2 DSI DSO Function 

0 0 0 DAC A Selected 
0 0 I DAC B Selected 
0 I 0 DAC C Selected 
0 I I DAC D Selected 
I 0 0 DAC E Selected 
I 0 I DAC F Selected 
I I 0 DAC G Selected 
1 1 1 DAC H Selected 
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AD7568 - Typical Performance Curves 
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Figure 7. Typical DAC to DAC 
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GENERAL DESCRIPTION 
D/A Section 
The AD7568 contains eight 12-bit current-output D/A convert
ers. A simplified circuit diagram for one of the D/A converters 
is shown in Figure 13. 

A segmented scheme is used whereby the 2 MSBs of the 12-bit 
data word are decoded to drive the three switches A, Band C. 
The remaining 10 bits of the data word drive the switches SO to 
S9 in a standard R-2R ladder configuration. 

Each of the switches A to C steers 114 of the total reference cur
rent with the remaining current passing through the R-2R 
section. 

Each DAC in the device has separate VREF, IOUT1 ' IOUT2 and 
RFB pins. This makes the device extremely versatile and allows 
DACs in the same device to be configured differently. 

When an output amplifier is connected in the standard configu
ration of Figure 15, the output voltage is given by: 

VOUT =-D'VREF 

where D is the fractional representation of the digital word 
loaded to the DAC. Thus, in the AD7568, D can be set from 0 
to 4095/4096. 

R R R 

RFS 

L-=:j:::j~=:j~=:j~==::i=:t~=:g looT1 
10UT2 

SHOWN FOR ALL 1. ON DAC 

Figure 13. Simplified DIA Circuit Diagram 
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AD7568 
Interface Section 
The AD7568 is a serial input device. Three lines control the 
serial interface, FSIN, CLKIN and SDIN. The timing diagram 
is shown in Figure 1. 

When the FSIN input goes low, data appearing on the SDIN 
line is clocked into the input shift register on each falling edge 
of CLKIN. When sixteen bits have been received, the register 
loading is automatically disabled until the next falling edge of 
FSIN detected. Also, the received data is clocked out on the 
next rising edge of CLKIN and appears on the SDOUT pin. • 
This feature allows several devices to be connected together in a 
daisy chain fashion. 

When the sixteen bits have been received in the input shift reg
ister, DB3 (AO) is checked to see if it corresponds to the state 
of pin AO. If it does, then the word is accepted. Otherwise, it 
is disregarded. This allows the user to address one of two 
AD7568s in a very simple fashion. DBO to DB2 of the l6-bit 
word determine which of the eight DAC input latches is to be 
loaded. When the LDAC line goes low, all eight DAC latches in 
the device are simultaneously loaded with the contents of their 
respective input latches, and the outputs change accordingly. 

Bringing the CLR line low resets the DAC latches to all Os. The 
input latches are not affected, so that the user can revert to the 
previous analog output if desired. 

CLKIN 

FSIN 
SDIN 

16-BIT INPUT SHIFT REGISTER 

SDOUT 

Figure 14. Input Logic 
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AD7568 
UNIPOLAR BINARY OPERATION 
(2-Quadrant Multiplication) 
Figure 15 shows the standard unipolar binary connection dia
gram for one of the DACs in the AD7568. When VIN is an ac 
signal, the circuit performs 2-quadrant multiplication. Resistors 
Rl and R2 allow the user to adjust the DAC gain error. Offset 
can be removed by adjusting the output amplifier offset voltage. 

Al should be chosen to suit the application. For example, the 
ADOP-07 or OP-I77 are ideal for very low bandwid,th applica
tions while the AD843 and AD845 offer very fast settling time 
in wide bandwidth applications. Appropriate multiple versions 
of these amplifiers can be used with the AD7568 to reduce 
board space requirements. 

The code table for Figure 15 is shown in Table III. 

R210g 

V,N 

NOTES AD843 

1. ONLY ONE DAC IS SHOWN FOR CLARITY. AD845 
2. DIGITAL INPUT CONNECTIONS ARE OMITTED. 
3. C1 PHASE COMPENSATION (5-15pF) MAY BE 

REQUIRED WHEN USING HIGH SPEED AMPLIFIER, A1. 

Figure 15. Unipolar Binary Operation 

Table m. Unipolar Binary Code Table 

Digital Input 
MSB ........... LSB 

1111 1111 1111 

1000 0000 0001 

1000 0000 0000 

0111 1111 llll 

0000 0000 0001 

0000 0000 0000 

NOTE 

Analog Output 
(V OUT As Shown in Figure 15) 

-VREF (4095/4096) 
-VREF (2049/4096) 

- V REF (2048/4096) 
-VREF (2047/4096) 

-VREF (1/4096) 

-VREF (0/4096) = 0 

Nominal LSB size for the circuit of Figure 15 is given by: VREF (114096). 

BIPOLAR OPERATION 
(4-Quadrant Multiplication) 
Figure 16 shows the standard connection diagram for bipolar 
operation of anyone of the DACs in the AD7568. The coding is 
offset binary as shown in Table IV. When VIN is an ac signal, 
the circuit performs 4-quadrant multiplication. To maintain the 
gain error specifications, resistors R3, R4 and R5 should be ra
tio matched to 0.01 %. 
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V,N 

R4 

R210Q 

NOTES 
1. ONLY ONE DAC IS SHOWN FOR CLARITY. 
2. DIGITAL INPUT CONNECTIONS ARE OMITTED. 
3. C1 PHASE COMPENSATION (5-15pF) MAY BE 

REQUIRED WHEN USING HIGH SPEED AMPLIFIER, A1. 

Figure 16. Bipolar Operation (4-Quadrant Multiplication) 

Table IV. Bipolar (Offset Binary) Code Table 

Digital Input 
MSB ........... LSB 

Analog Output 
(V OUT As Shown in Figure 16) 

+ V REF (2047/2048) 
+VREF (112048) 
+VREF (0/2048) = 0 
-VREF (112048) 
-VREF (2047/2048) 

1111 1111 1111 
1000 0000 000 1 
1000 0000 0000 
0111 1111 1111 
0000 0000 0001 
0000 0000 0000 - V REF (2048/2048) = -V REF 

NOTE 
Nominal LSB size for the circuit of Figure 16 is given by: VREF (112048). 

SINGLE SUPPLY CIRCUITS 
The AD7568 operates from a single +5 V supply, and this 
makes it ideal for single supply systems. When operating in 
such a system, it is not possible to use the standard circuits of 
Figures 15 and 16 since these invert the analog input, VIN• 

There are two alternatives. One of these continues to operate the 
DAC as a current-mode device, while the other uses the voltage 
switching mode. 

NOTES 
1. ONLY ONE DAC IS SHOWN FOR CLARITY. 
2. DIGITAL INPUT CONNECTIONS ARE OMITTED. 
3. C1 PHASE COMPENSATION (5-15pF) MAY BE 

REQUIRED WHEN USING HIGH SPEED AMPLIFIER, A1. 

Figure 17. Single Supply Current-Mode Operation 
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Current Mode Circuit 
In the current mode circuit of Figure 17, IOUT2' and hence 
lOUT" is biased positive by an amount V BIAS' For the circuit to 
operate correctly, the DAC ladder termination resistor must be 
connected internally to lOUT>' This is the case with the 
AD7568. The output voltage is given by: 

VOUT = {D:::c iVBIAS- V/NI} + VBIAS 

As D varies from 0 to 4095/4096, the output voltage varies from 
VOUT = VBIAS to VOUT = 2 VBIAS - VIN• VBIAS should be a 
low impedance source capable of sinking and sourcing all possi
ble variations in current at the IOUT2 terminal without any 
problems. 

Voltage Mode Circuit 
Figure 18 shows DAC A of the AD7568 operating in the 
voltage-switching mode. The reference voltage, VIN is applied to 

the lOUT! pin, IOUT2 is connected to AGND and the output 
voltage is available at the V REF terminal. In this configuration, a 
positive reference voltage results in a positive output voltage 
making single supply operation possible. The output from the 
DAC is a voltage at a constant impedance (the DAC ladder re
sistance). Thus, an op amp is necessary to buffer the output 
voltage. The reference voltage input no longer sees a constant 
input impedance, but one which varies with code. So, the volt
age input should be driven from a low impedance source. 

It is important to note that V IN is limited to low voltages be
cause the switches in the DAC no longer have the same source
drain voltage. As a result, their on-resistance differs and this 
degrades the integral linearity of the DAC. Also, VIN must not 
go negative by more than 0.3 volts or an internal diode will turn 
on, causing possible damage to the device. This means that the 
full-range multiplying capability of the DAC is lost. 

AD7568 

R1 R2 

V,N 

NOTES 

1) ONLY ONE DAC IS SHOWN FOR CLARITY. 
2) DIGITAL INPUT CONNECTIONS ARE OMITTED. 
3) C1 PHASE COMPENSATION (5-15pF) MAY BE 

REQUIRED WHEN USING HIGH SPEED AMPLIFIER, A1. 

Figure 18. Single Supply Voltage Switching 
Mode Operation 

APPLICATIONS 
Programmable State Variable Filter 
The AD7568 with its multiplying capability and fast settling 
time is ideal for many types of signal conditioning applications. 
The circuit of Figure 19 shows its use in a state variable filter 
design. This type of filter has three outputs: low pass, high pass 
and bandpass. The particular version shown in Figure 19 uses 
one half of an AD7568 to control the critical parameters fo, Q 
and Ao. Instead of several fixed resistors, the circuit uses the 
DAC equivalent resistances as circuit elements. Thus, RI in 
Figure 19 is controlled by the 12-bit digital word loaded to 
DAC A of the AD7568. This is also the case with R2, R3 and 
R4. The fixed resistor R5 is the feedback resistor, RFBB. 

DAC Equivalent Resistance, REQ = (RLADDER x 4096)/N 

where: 

RLADDER is the DAC ladder resistance. 

N is the DAC Digital Code in Decimal (0 < N < 4096). 

LOW 
PASS 
OUTPUT 

BAND 
r---~--------t-t----+--r-------oPASS 
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1. A1, A2, A3, A4: 1/4 x AD713 
2. DIGITAL INPUT CONNECTIONS ARE OMITTED. 
3. C3 IS A COMPENSATION CAPACITOR TO ELIMINATE 

Q AND GAIN VARIATIONS CAUSED BY AMPLIFIER GAIN 
BANDWIDTH LIMITATIONS. 

Figure 19. Programmable 2nd Order State Variable Filter 

OUTPUT 
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AD7568 
In the circuit of Figure 19: 

CI = C2, R7 = R8, R3 = R4 (i.e., the same code is loaded 
to each DAC). 

Resonant freqQency, fo = 1I(211'R3Cl). 

Quality Factor, Q "" (R6/R8)·(R21R5). 

Bandpass Gain, AO = - R21R1. 

Using the values shown in Figure 19, the Q range is 0.3 to 5, 
and the fo range is 0 to 12 kHz. 

APPUCATION HINTS 
Output Offset 
CMOS D/A converters in circuits such as Figures IS, 16 and 17 
exhibit a code dependent output resistance which in turn can 
cause a code dependent error voltage at the output of the ampli
fier. The maximum amplitude of this error, which adds to the 
D/A converter nonlinearity, depends on Vos' where Vos is the 
amplifier input offset voltage. For the AD7568 to maintain spec
ified accuracy with VREP at 10 V, it is recommended that Vos 
be no greater than 500 f1 V, or (50 x 1O-6)·(V REP)' over the tem~ 
perature range of operation. Suitable amplifiers include the AD 
OP-07, AD OP-27, OP-I77, AD711, AD84S or multiple ver
sions of these. 

Temperature CoeffiCients 
The gain temperature coefficient of the AD7S68 has a maximum 
value of 5 ppml"C and a typical value of 2 ppml°C. This corre
sponds to gain shifts of 2 LSBs and 0.8 LSBs respectively over a 
100°C temperature range. When trim resistors RI and R2 are 
used to adjust full-scale in Figures IS and 16, their temperature 
coefficients should be taken into account. For further informa
tion see "Gain Error and Gain Temperature Coefficient of 
CMOS Multiplying DACs," Application Note, Publication 
NumberE630c-S-3/86, available from Analog Devices. 

High Frequency Considerations 
The output capacitances of the AD7568 DACs work in conjunc
tion with the amplifier feedback resistance to add a pole to the 
open loop response. This can cause ringing or oscillation. Stabil
ity can be restored by adding a phase compensation capacitor in 
parallel with the feedback resistor. This is shown as CI in Fig
ilres IS, 16 and 17. 

MICROPROCESSOR INTERFACING 
AD7568-80C51 Interface 
A serial interface between the AD7568 and the 80CS I micro
controller is shown in Figure 20. TXD of the 80CSI drives 
SCLK of the AD7S68 while RXD drives the serial data line of 
the part. The FSIN signal is derived from the port line P3.3. 
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The 80C51 provides the LSB of its SBUF register as the first bit 
in the serial data stream. Therefore, the user will have to ensure 
that the data in the SBUF register is arranged correctly so that 
the data word transmitted to the AD7S68 corresponds to the 
loading sequence shown in Table I. When data is to be trans
mitted to the part, P3.3 is taken low. Data on RXD is valid on 
the falling edge of TXD. The 8OC5l transmits its serial data in 
8-bit bytes with only eight falling clock edges occurring in the 
transmit cycle. To load data to the AD7S68, P3.3 is left low af
ter the first eight bits are transferred, and a second byte of data 
is then transferred serially to the AD7S68. When the second 
serial transfer is complete, the P3.3 line is taken high. Note that 
the 80CS I outputs the serial data byte in a format which has the 
LSB first. The AD7568 expects the MSB first. The 80CS I 
transmit routine should take this into account. 

80C51 * AD7568* 

-
P3.S CLR 

P3.4 LDAC 

-
P3.3 FSIN 

TXD SCLK 

RXD SDIH 

"ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 20. AD7568 to 80C51 Interface 

LDAC and CLR on the AD7S68 are also controlled by 80CSI 
port outputs. The user can bring LDAC low after every two 
bytes have been transmitted to update the DAC which has been 
programmed. Alternatively, it is possible to wait until all the 
input registers have been loaded (sixteen byte transmits) and 
then update the DAC outputs. 

AD75~8HCll Interface 
Figure 21 shows a serial interface between the AD7S68 and the 
68HCll microcontroller. SCK of the 68HCll drives SCLK of 
the AD7568, while the MOSI output drives the serial data line 
of the AD7568. The FSIN signal is derived from a port line 
(PC7 shown). 

For correct operation of this interface, the 68HCII should be 
configured such that its CPOL bit is a 0 and its CPHA bit is a 
1. When data is to be transmitted to the part, PC7 is taken low. 
When the 68HCll is configured like this, data on MOSI is valid 
on the falling edge of SCK. The 68HCll transmits its serial 
data in 8-bit bytes (MSB first), with only eight falling clock 
edges occurring in the transmit cycle. To load data to the 
AD7S68, PC7 is left low after the first eight bits are transferred, 
and a second byte of data is then transferred serially to the 
AD7S68. When the second serial transfer is complete, the PC7 
line.is taken high. 
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68HC11* AD7568* 

pcs ClR 

PC& lDAC 

-
PC7 FSIN 

SCK ClKlN 

MOSI SDIN 

"ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 21. AD7568 to 68HC11 Interface 

In Figure 21, LDAC and CLR are controlled by the PC6 and 
PCS port outputs. As with the 80CS1, each DAC of the AD7S68 
can be updated after each two-byte transfer, or else all DACs 
can be simultaneously updated. 

AD7568-ADSP-2101 Interface 
Figure 22 shows a serial interface between the AD7568 and the 
ADSP-2101 digital signal processor. The ADSP-2101 may be set 
up to operate in the SPORT Transmit Normal Internal Framing 
Mode. The following ADSP-2101 conditions are recommended: 
Internal SCLK; Active High Framing Signal; 16-bit word 
length. Transmission is initiated by writing a word to the TX 
register after the SPORT has been enabled. The data is then 
clocked out on every rising edge of SCLK after TFS goes low. 
TFS stays low until the next data transfer. 

ADSP-2101* AD7568* 

+L 
ClR 

-
FO lDAC 

TFS FSIN 

DT SDIN 

SClK ClKIN 

"ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 22. AD7568 to ADSP-2101 Interface 

AD7568-TMS320C25 Interface 
Figure 23 shows an interface circuit for the TMS32OC2S digital 
signal processor. The data on the DX pin is clocked out of the 
processor's Transmit Shift Register by the CLKX signal. 16-bit 
transmit format should be chosen by setting the FO bit in the 
STI register to O. The transmit operation begins when data is 
written into the data transmit register of the TMS320C25. This 
data will be transmitted when the FSX line goes low while 
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TMS320C25* AD7568* 

l_ 
ClR 

--
XF lDAC 

FSX FSIN 

DX SDIN 

ClKX 

T 
ClKIN 

CLOCK 
GENERATION 

"ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 23. AD7568 to TMS320C25 Interface 

CLKX is high or going high. The data, starting with the MSB, 
is then shifted out to the DX pin on the rising edge of CLKX. 
When all bits have been transmitted, the user can update the 
DAC outputs by bringing the XF output flag low. 

Multiple DAC Systems 
If there are only two AD7568s in a system, there is a simple 
way of programming each. This is shown in Figure 24. If the 
user wishes to program one of the DACs iii the first AD7568, 
then DB3 of the serial bit stream should be set to 0, to corre
spond to the state of the AO pin on that device. If the user 
wishes to program a DAC in the second AD7568, then DB3 
should be set to 1, to correspond to AO on that device. 

ADSP-21 01* AD7568* 

f" AO 

+sv- ClR 

FO lDAC 

TFS FSIN 

DT SDIN 

SClK ClKIN 

AD7568* - lDAC - FSIN 

~ SDIN 

ClKlN 

+svl 
AO 

ClR 

"ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 24. Interfacing ADSP-2101 to Two AD7568s 
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AD7568 
For systems which contain larger numbers of AD7568s and 
where the user also wishes to read back the DAC contents for 
diagnostic purposes, the SDOUT pin may be used to daisy 
chain several devices together and provide the necessary serial 
readback. An example with the 68HClI is shown in Figure 25. 
The routine below shows how four AD7568s would be pro
grammed in such a system. Data is transmitted at the MOSI pin 
of the 68HCII. It flows through the input shift registers of the 
AD7568s and tina1ly appears at the SDOUT pin of DAC N. So, 
the readback routine can be invoked any time after the first four 
words have been transmitted (the four input shift registers in 
the chain will now be filled up and further activity on the 
CLKIN pin will result in data being read back to the microcom
puter through the MISO pin). System connectivity can be veri
fied in this manner. For a four-device system (32 DACs) a two
line to four-line decoder is necessary. 

Note that to program the 32 DACs, 35 transmit operations are 
needed. In the routine, three words must be retransmitted. The 
first word for DACs #3, #2 and #1 must be transmitted twice 
in order to synchronize their arrival at the SDIN pin with AO 
going low. 

Table V. Routine for Loading 4 AD1568s .Connected As in 
Figure 25 

Bring PC7 (FSIN) low to allow writing to the AD7568s. 
Enable AD7S68 #4 (Bring AO low). Disable the others. 

Transmit 1st 16-bit word: Data for DAC H, #4 

Transmit 9th 16-bit word: Data for DAC H, #3 
Transmit 9th 16-bit word again: Data for DAC H, #3 
Transmit 10th 16-bit word: Data for DAC G, #3 
Transmit 11th 16-bit word: Data for DAC F, #3 

Enable AD7S68 #3, Disable the others. 
Transmit 12th 16-bit word: Data for DAC E, #3 

Transmit 17th 16-bit word: Data for DAC H, #2 
Transmit 17th 16-bit word again: Data for DAC H, #2 
Transmit 18th 16-bit word: Data for DAC G, #2 

Enable AD7568 #2, Disable the others. 
Transmit 19th 16-bit word: Data for DAC F, #2 

Transmit 25th word: Data for DAC H, #1 
Enable AD7568 #1, Disable the others. 

Transmit 25th word again: Data for DAC H, #1 
Transmit 26th word: Data for DAC G, #1 

Transmit 32nd word: Data for DAC A, #1 
Bring PC7 (FSIN) high to diaable writing to the AD7568s. 
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AD7568* 
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SCLK 
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(DAC2) 
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All 

SDOUT 

SDIN 

AD7568* 
(DACN) 
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Figure 25. Multi-DAC System 
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FEATURES 
On-Chip Latches for Both DACs 
+ 12V to + 15V Operation 
DACs Matched to 1% 
Four Quadrant Multiplication 
TTUCMOS Compatible from + 12V to + 15V 
Latch Free (Protection Schottkys not Required) 

APPLICATIONS 
Disk Drives 
Programmable Filters 
X-Y Graphics 
Gain/Attenuation 

GENERAL DESCRIPTION 
The AD7628 is a monolithic dual 8-bit digital/analog converter 
featuring excellent DAC-to-DAC matching. It is available in 
small O.3"-wide 20-pin DIPs and in 20-terminal surface mount 
packages. 

Separate on-chip latches are provided for each DAC to allow 
easy microprocessor interface. 

Data is transferred into either of the two DAC data latches via a 
common 8-bit TTL/CMOS compatible input port. Control 
input DAC AIDAC B determines which DAC is to be loaded. 
The AD7628's load cycle is similar to the write cycle of a random 
access memory, and the device is bus compatible with most 8-
bit microprocessors, including 6502, 6809, 8085, Z80. 

The device operates from a + 12V to + 15V power supply and 
is TTL-compatible over this range. Power dissipation is a low 
20mW. 

Both DACs offer excellent four quadrant multiplication charac
teristics with a separate reference input and feedback resistor for 
each DAC. 

REV. A 

CMOS Dual 8-Bit 
Buffered Multiplying DAe 

AD7628 I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. DAC to DAC matching: since both of the AD7628 DACs are 

fabricated at the same time on the same chip, precise matching 
and tracking between DAC A and DAC B is inherent. The 
AD7628's matched CMOS DACs make a whole new range of 
applications circuits possible, particularly in the audio, graphics 
and process control areas. 

2. Small package size: combining the inputs to the on-chip 
DAC latches into a common data bus and adding a DAC AI 
DAC B select line has allowed the AD7628 to be packaged in 
a small20-pin 0.3" wide DIP, 20-pin SOIC, 20-terminal 
PLCC and 20-terminal LCC. 

3. TTL-Compatibility: All digital inputs are TTL-compatible 
over a + 12V to + 15V power supply range. 
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STATICPBRFORMANCB' 
RcooIUIion ReWift-,. 
Dittcr<aIialNOIIlinwhy 

GamTem.,.,..,..Cocfficicnt' 
AGainI.:1Tcmpcrarurc 

Output Leakaa<Cumnt 
OUTA(PiD2) 
OUTB(Pin20) 

IoputRaisamce(VJU!pA, VREJlB) 

DIGITALINPUTS4 
hlputl60h VoI_ 

V,. 
hlputLowV ...... 

VI< 
InputCUrrcDl: 

I ..... 

Input Capacitance 
DBO-DB7 . 
WR,CS, DACAJDACB 

SWITCIIINGCHAItACTElUSTICS' SecT __ 

ChipSclecttoWritcSetUpTimc 
leo 

Chip Select [0 Write Hold. TUlle .... 
DACSelecttoWriteSetUpTime 

IA. 
DACSclcctto WrileHold Time ... 
DataVaUdtoWritcSetUpTimc 

Ins 
n.u.Valid.~WriteHoldTIIIle 

tDR 
WritePulle Width 

tft 

POWIlIlSUPPLY 
"""KGndc 

B, TGnIdes 
AUGndco 

±1/2 ::1:112 
::1:1 ::1:1 

±2 ±3 

±0.0035 

:tSO ::!::ZOO 
±SO ±200 
8 8 
IS IS 

±I 

2.4 

0.8 

±.1 

10 
IS 

160 

10 

160 

10 

160 

10 

ISO 

2 
2 
100 

±I 

2.4 

0.8 

±10 

10 
IS 

160 

10 

160 

10 

10 

170 

2 
2.5 
500 

8 Bits 
::tII2 LSBma 
±1 LSBma 

±3 LSBma. 

±O.OO3S %/"Cmu 

±2oo nAmu: 
±2OO nAmax 
• kOmia 
IS kOmax 

±I 

2.4 

0.8 

:t:lO 

10 
15 

210 

10 

210 

10 

210 

10 

210 

2.5 
500 

Vmin 

V .... 

""' .... 
pF .... 
pF .... 

asmin 

.. min 

.. min 

DOmin 

.. min 

.. min 

IDA 
IDA 

"'" 

TbkI ... EndpointUocultySpcci&ouion AUGndco __ o..r 
FuD()peraduaT ............ _ 

_ U .... _ltFBAondltFBB. 
BothDACLab:baLoadtid.withlllll111. 
GamB".d.AdjuJtahlcU .... c;..",; .. 
ofJr ....... 4ond5. 

DACLa ...... lAodedwithOOOOOOOO 

hlput_TC= -~,TYPkOI 
IDputRcsistaDce~ 11~ 

VIN =OorVOD 

SecF!pe3 
AUDisitailaputa VIL9I'VDf 
AIlDilitalIDpnsVILorVm 
AD DiibIlIDpuIiOV orVDD 

AC PERFORMANCE CHARACTERISTICS 
1hese characteristics are included for Design Guidance only and are not subject to tast. 
¥oo = + lD.BY to + 15.75Y, (Measured Using Recommended P.C. Boan! Layout (flgUl'8 7) and AD644 as D_ Amplifiers) 

P ......... T,,= +lS·CI 

DCSUPPLY\tI!jECTION 
(AGAIN/AVOD) 0.01 

CU\t\tI!NTSETTUNG TIME 350 

D1GITAL-TG-ANALOGGUTCH 
IMPULSE 330 

OUTPUT CAPACITANCE 
CouTA 25 
CouTB 25 
CouTA 60 
CouTB 60 

AC FEEDTHltOUGH 
VllEFAtoOUTA -70 
VREPBtoOUTB -70 

CHANNEL-TO-CHANNELISOLATION 
VR,8FAto OUTB -80 

VR,BPBto OUTA -80 

D1GITALC\tOSSTALK 60 

IlA\tMONlCDISTOItTION -85 

NOTES 
ITemperature Rangesare K Version; - 400C to + ISO(; 

BVersWn;-4O"Cto+8S"C 
TVersion; - 5S"Cto + 12S"C 

2Speciticationapplies to bothDACsislAD762B. 

TAo = -4O"C 
to+8S~1 

0.02 

400 

25 
25 
60 
60 

-65 
-65 

JGuaranteed by design but not production tested . 
• t.op: inputsareMOSGates. Typical inputcum:nt( + 2S"C)islessthan InA. 
Specifications subject to cbaDp: without 1lIltice. 
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T,,= -SS"Cto 
+ 125oc1 

0.02 

400 

25 
25 
60 
60 

-65 
-65 

Units Teet~ 

%per%mu AVDD = ::tS% 

To 112LSB. OutAlOut BIoad. - 1000. 
\ii""Cs=ov. 
DBO-DB7=OVtOVooorVoo tOOV 

nV sec typ FOl'Code TnnsitioD oooooooo to 11111111 

pF .... 
pF .... 
pF .... 
pF .... 

dB .... 
dB .... 

DACl.aI:dlesLoaded with OOOOOOOO 

DACLatc:hea Loadcdwith 11111111 

VUFA, "1t:DB= 2OVp-pSineWave 
@10kHz 

B«bDACL8idieiLOldCdWith lii11111. 
dBtyp VR,EPA =< ZOVp-pSiDeWave@IOkHz 

VupB = OVICtFipre6. 
dBtyp V ... B = 2OVp-pSiDeW ... @lotHs 

VupA = OVsccFJ8UfC6. 

DV~typ McuuredforCodcTl'IIIIitionOOOOOOOO 
toUllIlI. 
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ABSOLUTE MAXIMUM RATINGS 
(T A = + 25°C unless otherwise noted) 

Voo to AGND 
Vooto DGND 
AGND to DGND 
DGND toAGND 

. OV, + 17V 

. OV, + 17V 
Voo +O.3V 
VOD +O.3V 

-O.3V, VDD +O.3V 

TERMINOLOGY 

Relative Accuracy: 

AD7628 

Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for zero and full-scale and is normally expressed in 
LSBs or as a percentage of full-scale reading. Digital Input Voltage to DGND 

VP1N2, VPIN20 to AGND .. -O.3V, VDD +O.3V Differential Nonlinearity: 
VREF A, VREF B to AGND .. . 
VRFB A, VRFB B to AGND .. . 
Power Dissipation (Any Package) to + 75°C 

Derates above + 75°C by . 

. ±25V 

. ±25V 
450mW 

6mWI"C 
Operating Temperature Range 

Commercial (K) Grades. 
Industrial (B) Grades 
Extended (T) Grades . . . 

Storage Temperature 
Lead Temperature (Soldering, IOsec) 

CAUTION: 

- 40°C to + 85°C 
- 40°C to + 85°C 

- 55°C to + 125°C 
-65°C to + 150°C 

+ 300°C 

l. ESD sensitive device. The digital control inputs are diode 
protected; however, permanent damage may occur on 
unconnected devices subjected to high energy electrostatic 
fields. Unused devices must be stored in conductive foam 
or shunts. 

2. Do not insert this device into powered sockets. Remove 
power before insertion or removal. 

ORDERING GUIDE 

Temperature Relative Gain Package 
Modell Range Accuracy Error Option' 

AD7628KN - 400C to + 85°C ± 1I2LSB ±2LSB N-20 
AD7628KP -40°C to +85°C ± 1I2LSB ±2LSB P-20A 
AD7628KR -40°Cto + 85°C ± 1I2LSB ±2LSB R-20 
AD7628BQ -40°C to + 85°C ± 1I2LSB ±2LSB Q-20 
AD7628TQ -55°Cto + 125°C ± 1I2LSB ±2LSB Q-20 
AD7628TE - 55°C to + 1250C ±1I2LSB ±2LSB E-2OA 

NOTES 
ITo order MIL-STD-883, CJass B process parts, add 1883B to part number. 
Contact your local sales office for military data sheet. 

2E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded Chip 
Carrier; Q = Cerdip; R = sOle. For outline information see Package Information 
section. 

Differential nonlinearity is the difference between the measured 
change and the ideal ILSB change between any two adjacent 
codes. A specified differential nonlinearity of ± I LSB max over 
the operating temperature range ensures monotonicity. 

Gain Error: 
Gain error is a measure of the output error between an ideal 
DAC and the actual device output. It is measured with all Is 
in the DAC latches after offset error has been adjusted out. 
Gain error of both DACs is adjustable to zero with external 
resistance. 

Output Capacitance: 
Capacitance from OUT A or OUT B to AGND. 

Digital-to-Analog Glitch Impulse: 
The amount of charge injected from the digital inputs to the 
analog output when the inputs change state. This is normally 
specified as the area of the glitch in either pA-sees or n V-sees 
depending upon whether the glitch is measured as a current or 
voltage signal. Glitch impulse is measured with VREF A, VREF B 
= AGND. 

Channel-to-Channel Isolation: 
The proportion of input signal from one DAC's reference input 
which appears at the output of the other DAC, expressed as a 
ratio in dB. 

Digital Crosstalk: 
The glitch energy transferred to the output of one converter due 
to a change in digital input code to the other converter. Specified 
in nV sees. 

DIP,SOIC 

PIN CONFIGURATIONS 

LCCC PLCC 

OUT 8 

RFB B 

VilE'S 

V •• VAEFA • 
Wii DGND 5 

cs OAe A/OAe B 6 

DB7IMSB) 7 
DBO ILSB) 

DB6 8 

DB' 

DB2 

REV. A 

j § ~ § j 
3 2 1 20 19 

, , 
U 18 VREFB 

AD7628 
TOP VIEW 

(Not to Scale) 

9 10 11 12 13 

~ ~ ~ ! ~ 

17 Vao 

16 WR 

15 CS 

14 DBO (LSBJ 

" " Q .. .. ... z 5 ! :> ~ J .. Q 0 

3 Z • 2. 19 

0 

VREFA • VREF B 

va. 
AD7628 

Wii TOP VIEW 
(Not to Scalel 

CS 

DB. B DBO (LSBI 

ill ~ :;! ~ .. 
Q Q Q 
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AD7628 
INTERFACE LOGIC INFORMATIoN 
DAC Selection: 
Both DAC latches share a common 8-bit input port. The control 
input DAC AJDAC B selects which DAC can accept data from 
the input port. 

Mode Selection: 
Inputs CS and WR control the operating mode of the selected 
DAC. See Mode Selection Table below. 

Write Mode: 
When CS and WR are both low the selected DAC is in the 
write mode. The input data latches of the selected DAC are 
transparent and its analog output responds to activity on DBO
DB7. 

Hold Mode: 
The selected DAC latch retains the data which was present on 
DBO-DB7 just prior to CSor WR assuming a high state, Both 
analog outputs remain at the values corresponding to the data in 
their respective latches. 

DACAl 
DACB cs WR DACA 

L L L WRITE 
H L L HOLD 
X H X HOLD 
X X H HOLD 

L = Low State H = High State X = Don't Care 

Mode Selection Table 

WRITE CYCLE TIMING DIAGRAM 

DACB 

HOLD 
WRITE 
HOLD 
HOLD 

~ .... ~--tcs'----II--1 r---- v •• 
CHIP SELECT l\ 

'-------;----

:;:-:----V-........ ---t .. ---I---t r----VDD 
DACAlOAC B \ 

'-------.-~ 

______ v •• 

-----, r..,----....:.... .... r-----v •• 
DATA IN 1080-081) 

NOTES: 
1. ALL INPUT SIGNAL RISE AND FALL TIMES 

MEASURED FROM 10% TO 90% OF +5V. 
Voo= +10.8VTO +15.75V,t.. "" tF '" 20n8. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS V1H ; V1L 

CIRCUIT INFORMATION - D/A SECTION 
The AD7628 contains two identical 8-bit multiplying D/A con· 
verters, DAC A and DAC B. Each DAC consists of a highly 
stable thin film R-2R ladder and eight N·channel current steering 
switches. A simplified D/A circuit for DAC A is shown in Figure 
1. An inverted R-2R.ladder structure is used, that is, binary 

OAC A DATA LATCHES 
AND DRIVERS 

Figure 1. Simplified Functional Circuit for DAC A 
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weighted currents are switched between the DAC output and 
AGND thus maintaining fixed currents in each ladder leg inde· 
pendent of switch state. 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 2 shows an approximate equivalent circuit for one of the 
AD7628's D/Aconverters, in this case DACA. A similar equivalent 
circuit can be drawn for DAC B. Note that AGND (Pin I) is 
common for both DAC A and DAC B. 

The current source l LEAKAGE is composed of surface and junction 
leakages and, as with most semiconductor devices, approximately 
doubles every 10·C. The resistor Ro as shown in Figure 2 is the 
equivalent output resistance of the device which varies with 
input code (excluding all O's code) from 0.8R to 2R. R is typically 
11k{}. CoUT is the capacitance due to the N-channp switches 
and varies from about 50pF to 120pF depending upon the digital 
input. g(V REF A, N) is the Thevenin equivalent voltage generator 
due to the reference input voltage V REF A and the transfer 
function of the R-2R ladder. 

For further information on CMOS multiplying D/A converters 
refer to "CMOS DAC Application Guide, 2ND Edition" available 
from Analog Devices, Publication Number G872a-I5-4/86. 

,......'WI~-o "FB A 

..-"W ...... t-.... - .... -o<IOUT A 

g(VREFA,N) Co., 
L.._-6-__ ..... _-o AGND 

Figure 2. Equivalent Analog Output Circuit of DAC A 

CIRCUIT INFORMATION - DIGITAL SECTION 
The input buffers are simple CMOS level.Shifters designed such 
that when the AD7628 is operated with Vpp from 10.8V to 
15.75V, the buffer converts TTL input levels (2AV and 0.8V) 
into CMOS logic levels. When. VIN is in the region of 1.0 volt tq 
2.0 volts the input buffers operate in their linear region and 
pass a quiesCent current, see Figure 3. To minimize power 
supply currents it is recommended that the digital input voltages 
be as close to the supply rails (Vpp and DGND) as is practically 
possible. 

The AD7628 may be operated with any supply voltage in. the 
range 10.8sVppsI5.75 volts. 

18 

16 

14 

12 

" 10 E 
I 

II 

4 

TA - +25°C 
ALL DIGITAL INPUTS 
TIED TOGETHER -

4 9 10 11 12 13 14 15 

V1N - VOLTS 

Figure 3. Typical Plot of Supply Current, 100 VB. LogiC 
Input Voltage V,N for Voo = + 15V. 
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DAC Latch CoDtents 
MSB LSB 

11111111 

10000001 

10000000 

01111111 

00000001 

00000000 

V. A 
(%10VI 

RI' 

Applying The AD7628 

NOTES: 
'R" AZ AND R3, R4 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED. 
SEE TABLE 3 FOR RECOMMENDED VALUES. 

let, C2 PHASE COMPENSATION !10pF-1SpFlIS REQUIRED WHEN 
USJNG HJGH SPEED AMPliFIERS TO PftEVENT RINGING OR 
OSCILLATION. 

Figure 4. Dual DAC Unipolar Binary Operation (2 Quadrant 
Multiplication). See Table I. 

NOTES: 
'Rl, R2 AND RI. ftC ONLY IF GAIN ADJUSTMENT IS REQUIRED. 
Iff TABLE 3 FOR ENDED VALUES. 
ADJUST Rt FOR v WITH CODE 10000000 IN DAC A LATCH. 

,:f1~ "FO =:~r,:,..~~..:s'":.~:7 
~~DC2R9i.tR~:E COMPENSATION I1OpF-I5pFI MAY BY REQUItED IF Al1A3 
IS A HIGH·SPEED AMPUAER. 

Figure 5. Dual DAC Bipolar Operation (4 Quadrant 
Multiplication). See Table II. 

AIIaI ... Output DACLatch CoDtCJlts Analog Output 
(DACAorDACB) MSB LSB (DACAorDACB) 

(255) e27) -VIN 256 1 1 1 1 1 1 1 1 +VIN 128 

C29) +VIN(I~8) -VIN 256 10000001 

-vlNm:)= - Vr 10000000 0 

(127) 
-vlN(ris) -VIN 256 o 1 1 1 1 1 1 1 

-VIN(2~6) 00000001 ( 27) -VIN 128 

-VIN(2~6)= 0 00000000 C28) -VIN 128 

Note: lLSB = (t'xvlN) = Z~6(V1N) Note: lLSB = (Z"XVIN) = ih(VlN) 

Table II. Bip(Jlar (Offset Binary) Code Table Table I. Unipolar Binary Code Table 
Trim 
Resistor 

Rl;R3 
R2;R4 

KlBtr 

500 
150 

Table III. Recommended Trim Resistor Values 

DIGITAL-TO-ANALOG CONVERTERS 2-661 



AD7628 ,"::, 

APPLICATIONS INFORMAT.ON 
Application Hints 
To ensure system performance consistent with AD7628 specifi
cations, careful attention must be given to the following points: 

1. GENERAL GROUND MANAGEMENT: AC or transient 
voltages between the AD7628 AGND and DGND can cause 
noise injection into the analog output. The simplest method 
of ensuring that voltages at AGND and DGND are equal is 
to tie AGND and DGND together at the AD7628. In more 
complex systems where the AGND-DGND intertie is on the 
back-plane, it is recommended that diodes be connected in 
inverse parallel between the AD7628 AGND and DGND 
pins (IN914 or equivalent). 

2. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a code-de
pendent differential nonlinearity term at the amplifier output 
which depends on VOS (VOS is amplifier input offset voltage). 
This differential nonlinearity term adds to the Rl2R differential 
nonlinearity. To maintain monotonic operation, it is recom
mended that amplifier Vos be no greater than 10% of lLSB 
over the temperature range of interest. 

3. HIGH FREQUENCY CONSIDERATIONS: The output 
capacitance of a CMOS DAC works in conjunction with the 
amplifier feedback resistance to add a pole to the open loop 
response. This can cause ringing or oscillation. Stability can 
be restored by adding a phase compensation capacitor in 
parallel with the feedback resistor. 

DYNANUCPERFORMANCE 
The dynamic performance of the two DACs in the AD7628 will 
depend upon the gain and phase characteristics of the output 
amplifiers together with the optimum choice of the PC board 
layout and decoupllng components. Figure 6 shows the relationship 
between input frequency and channel to channel isolation. Figure 

, 

, 

~ T,I .... oc I 
Voo= +15V .K-

i'---
VIN = :lOY PEAk TO PEAK 

1'.. 
l'.. 

.......... 
, 

" .. .... 
WPUT FREQUENCY - Hz 

Figure 6. Channel-to-Channellsolation 
F8v~F TO·5 CAN (A06441 

AD644 

","--,-

VA., B'------O 

VDD---<J C>--VREf A' 

iiVfI~OGNO 
AD7&28 

lS ------0 0-- CAe A OAe B 

LSB---o o--MSB 
"NOTE INPUT SCREENS TO REDUCE FEEDTHROUGH 
LAYQUTSHOWSCOPPERSIOE (0 ... ,. aonOMVIEWI 

Figure 7. Suggested P.C. Board Layout for AD7628 with 
AD644 Dual Op-Amp 
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7 shows a printed circuit layout for the AD7628 and the AD644 
dual op-amp which minimizes feedthrough and crosstalk. 

SINGLE SUPPLY APPLICATIONS 
The AD7628 DAC R-2R laddet termination resistors are connected 
to AGND within the device. This arrangement is particularly 
convenient for single supply operation because AGND may be 
biased at any Voltage between DGND and VDD• Figure 8 shows 
a circuit which provides two + SV to + 8V analog outputs by 
biasing AGND + SV up from DGND.The two DAC reference 
inputs are tied together and a reference input voltage is obtained 
without a buffer amplifier by making use of the constant and 
matched impedances of the DAC A and DAC B reference inputs. 
Current floWs through the two DAC R-2R ladders into Rl and 
Rl is adjusted until the VREF A and VREF B inputs are at + 2V. 
The two analog output voltages range from + 5V to + 8V for 
DAC codes 00000000 to 11111111. 

Figure .8. AD7628 Single Supply Operation 

Figure 9 shows DAC A of the AD7628 connected in a poSitive 
reference, voltage switching mode. This configuration is useful 
in that Your is the same polarity as VIN allowing single supply 
operation. Howevet, to retain specified linearity, VIN must be in 
the range 0 to +2.SV and the output buffered or loaded with a 

, high impedance, see Figure 10. Note that the input voltage is 
connected to the DAC OUT A and the output voltage is taken 
from the DAC VREF A pin. 

o----r===::::;-<, vo", 

Figure 9. AD7628 Single Supply, Voltage Switching Mode 

TA '" +Z5"C 
VOl;> = +15V 

NONLINEARITY/ 

~ 
,./' 

,....... 

.---V 
......... -- - DIFFERENTIAL 

N°TNEArV 

2.5 3.0 3.5 4.0 4.5 6.0 5.5 6.0 ,,5 1.0 1.5 

V'NA-VOLTS 

Figure 10. Typical AD7628 Performance in Single Supply 
Voltage Switching Mode 
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NUCROPROCESSORINTERFACE 

AD-A,S 

CPU 
"00 

DO-D7 

ADDRESS BUS 

A"" 
b-.-------iDAC AlDAC B 

E> 
AD762S" 

E> 

-ANALOG CIRCUITRY HAS BEEN OMrrrED FOR CLARITY. 
··A == DECODED 7628 ADOR DAC A 

A + 1 == DECODED 7628 ADDR OAC B 

Figure ". AD7628 Dual DAC to 6800 CPU Interface 

PROGRAMMABLE WINDOW COMPARATOR 

Figure 13. Digitally Programmable Window Comparator 
(Upper and Lower Limit Detector) 

PROGRAMMABLESTATEV~LEF~TER 

AS-A1S 

CPU 
8085 

ALE 

ADO-AD7 

AD7628 

ADDRESS BUS 

A"· 
p..p------l OAt A'OAt B 

E> 
AD762S" 

E> 

"ANALOG CIRCUITRY HAS BEEN OMmED FOR CLARITY . 
... A = DECODED 7628 ADDR DAC A 

A + 1 == DECODED 7628 AOOR OAC B 

NOTE: 
8085 INSTRUCTION SHLD (STORE H &: L DIRECTI CAN UPDATE 
BOTH OACS WITH DATA FROM HAND L REGISTERS 

Figure 12. AD7628 Dual DAC to 8085 CPU Interface 

In the circuit of Figure 13 the AD7628 is used to implement a 
programmable window comparator. DACS A and B are loaded 
with the required upper and lower voltage limits for the test, 
respectively. If the test input is not within the programmed 
limits, the pass/fail output will indicate a fail (logic zero). 

CIRCUIT EQUATIONS 

Note: 
DAC equivalent resistance equals 
256 x (DAC Ladder resistance) 

Figure 14. Digitally Controlled State Variable Filter DAC Digital Code 

In this state variable or universa1 fllter configuration (Figure 14) The fllter provides low pass, high pass and band pass outputs 
DACs Al and Bl control the gain and Q of the fllter characteristic and is idea1ly suited for applications where microprocessor control 
while DACs A2 and B2 control the cut-offfrequency, fc. DACs offllter parameters is required, e.g., equalizer, tone controls, 
A2 and B2 must track accurately for the simple expression for etc. 
fc to hold. This is readily accomplished by the AD7628. Op 
amps are 2 x AD644. C3 compensates for the effects of op amp 
gain.bandwidth limitations. 

REV. A 

Programmable range for component values shown is fc = 0 to 
15kHz and Q = 0.3 to 4.5. 
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DIGITALLY CONTROLLED DUAL 
TELEPHONEATTENUATOR 
In this conf1gl11'ation the AD7628 functions as a 2-channel digitally 
controlled attenuator. Ideal for stereo audio and telephone signal 
level control applications. Table IV gives input codes vs. attenu
ation for a 0 to 15. 5dB range. 

Input Code=2S6x 10 exp ( AttenU;~ion, dB) 

V~Ao---------~r-, 

V~S 

VourA 

,}ooo>--------ocs 

[o}--------<)DAC AI 
DACS 

1--Q!1f---------OV.,.. B 

Figure 15. Digitally Controlled Dual Telephone Attenuator 
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Code .. Code I. 
A .... dB DAC~Code DedouoI A .... dB DAClopaICade DeciIDoI 

0 11111111 255 8.0 01 1001 10 102 
0.5 1 1 1 10010 242 8.5 01100000 96 
1.0 1 1 1001 00 228 9.0 0101 10 1 1 91 
1.5 1 1 0 1 0 1 1 1 215 9.5 01 0 1 0 1 10 86 
1.0 1 1 001 0 1 1 103 10.0 01010001 81 
2.5 11000000 192 10.5 01001100 76 
3.0 101 10 1 0 1 181 11.0 01001000 72 
3.5 101 0 1 0 1 1 171 H.5 01000100 68 
4.0 10100010 162 12.0 01000000 64 
4.5 10011000 152 12.5 001 1 1 1 0 1 61 
5.0 10010000 144 13.0 001 1 1 00 1 57 
5.5 10001000 136 13.5 00 1 10 1 10 54 
6.0 10000000 128 14.0 00 I 100 I I 51 
6.5 01 1 1 1001 121 14.5 00110000 48 
7.0 01 1 10010 H4 15.0 00 101 1 10 46 
7.5 o 1 1 0 1 100 108 1S.5 00 1 0 1 0 1 1 43 

Table IV. Attenuation VB. DAC A, DAC 8 Code for the 
Circuit of Figure 15 
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WDEVICES 

FEATURES 
• On·Chip Latches for Both DACs 
• +5V to + 15V Single Supply Operation 
• DACs Matched to 1 % 
• Four·Quadrant Multiplication 
• TTL/CMOS Compatible from +5V To +15V 
• 8·Bit Endpoint Linearity (:t1/2 LSB) 
• Full Temperature Operation 
• Low Power Consumption 
• Microprocessor Compatible (60ns Write Time) 
• Improved ESD and Latch·Up Resistance 
• Automatically Insertable CerDIP and Plastic Packages 
• Available in Surface Mount SO, PLCC, and LCC Packages 
• Improved AD7628 
• Available in Die Form 

APPLICATIONS 
• Disk Drives 
• Digital Gain/Attenuation Control 
• Digitally·Controlied Filter Parameters 
• Digitally·Controlied Audio Circuits 
• X·V Graphics 
• Digital/Synchro Conversion 
• Robotics 
• Ideal for Battery·Operated Equipment 

ORDERING INFORMATION I 
PACKAGE: 2O-Pln DIP 

EXTENDED 
GAIN MILITARY" INDUSTRIAL 

RELATIVE ERROR TEMPERATURE TEMPERATURE 
ACCURACY TA =+25'C -55'CTO+125'C -40'C TO +85'C 

.1/2LSB .2LSB PM7628AR PM7628ER 

.1/2LSB .2LSB PM7628ARC/883 PM7628FP 

.1/2LSB .2LSB PM·7628FPCtf 

.1/2LSB >2LSB PM7628FS" 

* For devices processed In lolal compliance 10 MIL·STD·883, add /883 after pari 
number. Consu« factory for 883 dala sheet. 
Burn·ln Is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO·can packages. 

It For availability a~d bum·in information on SO and PLCC packages, contact 
your local sales ollice. 

GENERAL DESCRIPTION 
The PM-7628 is an improved version of the AD7628 offering 
TTL compatibility from +5 to + 15 volts and faster AC timing. It 
contains two 8-bit multiplying CMOS digital-to-analog convert
ers that are fabricated in a single chip. This monolithic construc· 
tion offers excellent DAC-to-DAC matching and tracking over 
temperature. 

The PM-7628 consists of two thin-film R-2R resistor-ladder net
works, two tracking span resistors, two data latches, one input 
buffer, and control logic circuitry. 

The PM-7628's digital inputs are bus compatible with most 8-bit 
microprocessors, including the 6800, 8080, 8085, and Z80. 
Data loading is similar to that of a RAM's write cycle. Digital 

REV,A 

Dual 8-Bit Buffered 
Multiplying CMOS D/A Converter 

PM-7628 I 
input data is directed into one of the DAC data latches deter
mined by the DAC selection control line DAC A/DAC B. 

Operating from a single +5V to + 15V power supply, the PM-7628 
disSipates only 12mW of power in a space saving 20-pin 0.3" 
DIP, and 20-terminal surface mount packages. The PM-7628 
features circuitry designed to protect against damage from elec
trostatic discharges. 

CROSS REFERENCE 

PMI 

PM7628AR 
PM7628ARC1883 

ADI 

AD7628TQ 
AD7628TE 

TEMPERATURE 
RANGE 

MIL 

PM7628ER AD7628BQ IND 

PM7628FP 
PM7628FPC 

PIN CONNECTIONS 

PLCC PACKAGE 
(PC·Sufflx) 

LCCPACKAGE 
(RC·Suffix) 

AD7628KN 
AD7628KP 

OUTB 

DB. (LSBI 

DB, 

DB, 

FUNCTIONAL DIAGRAM 

COM 

2D-PIN EPOXY DIP 
(P·Suffix) 

20·PIN HERMETIC DIP 
(R·Suffix) 

2D-PINSOL 
(S·Sufflx) 

• 10 11 12 13 
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PM-7628 

ABSOLUTE MAXIMUM RATINGS 
(T A = +25°C, unless otherwise noted.) 

VootoAGND ...•...••..•.•.....••.•......•.•...•..•..•.....•..•..•.....•.• OV, +17V 

Voo toDGND ....•. ~ ... : ..................•..................•.•..•.... OV to +17V 

AGND to DGND ...•...••.•..•..•..••.......•..••....•......•..• OV, Voo + 0.3V 

Digital Input Voltage to DGND .....•...•..•.•.•... -O.3V, V DO + 0.3V 

V PIN2' V PIN2Q to AGND •....•.........•.....•..••.•..•..•..••.••... -O.3V,Voo 
VAEFA, VAEFBtoAGND .......•..•........••....•..•..••..•.••.•..•..••••. :l;25V 

VAFSA, VAFBBtoAGND ................................................... :l;25V 

Operating Temperature Range 

AR, ARC Versions ...................................... -55°C to + 125°C 

ER, FP, FPC, FS Versions ............................ -40°C to +85°C 

Junction Temperature .................................................. +150°C 

Storage Temperature .................................... _65°C to +150°C 

Lead Temperature (Soldering, 60 sec) ........................ +300°C 

PACKAGE TYPE alA (Note 1) alc UNtTS 

20·Pin Hermetic DIP (R) 80 15 ·C/W 

20·Pin Plastic OIP (P) 74 32 ·C/W 

20·Contact LCC (RC) 89 27 ·C/W 

20·Contact PLCC (PC) 76 36 ·C/W 

NOTE: 
1. alA is specified for worst case mounting conditions., Le., alA is specified for 

device in socket for CerOIP. P·OIP, and LCC packages; alA is specified for 
device soldered to printed circuit board for PLCC packages. 

CAUTION: 
1. Do not apply voltages higher than V 0 D or less than GNO potential on any ter

minal except VA EF' 
2. The digital control Inputs are zener-protected; however, permanent damag

may occur on unprotected units from high-energy electrostatic fields. Keep 
units In conductive foam at all times until ready for use. . 

3. Do not insert this device into powered sockets; remove power before insertion 
or removal. 

4. Use proper antistatic handling procedures. 
5. Stresses above those listed under "Absolute Maximum Ratings' may cause 

permanent damage to the device. 

ELECTRICAL CHARACTERISTICS: at VOO ;.,. +5V :I; 5%; VRE~ = VREFB = + 1 OV; 10urA = 10UTB = OV; TA = Full Temperature 

Range spacified under Absolute Maximum Ratings, unless otherwise noted. 

PM·7628 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

STATIC ACCURACY 
(Note 1) 

Resolution N 8 Bits 

Relative Accuracy 
INL ,.1/2 LSB 

(Note 2) 

Differential Nonlinearity 
ONL ,.1 LSB (Nole3) 

Full-Scale Gain Error 
GFSE 

TA =+25°C ,.0.5 ,.2 
LSB 

(Note 4) T A = FUll Temp. Range ,.1.0 ,.3 

Gain Temperature Coefficient 
(A Gain / A Temperature) TCGFS ,.0.007 %/·C 
(Notes 4, 10) 

Output Leakage Current 
TA = +25·C ,.5 ,.50 

10urA (Pin 2) 10urB (Pin 20) ILKG nA 
TA = Full Temp. Range ,.200 

(NoteS) 

Input Resistance 

(VAEFA• VAEFB) R'N 8 15 kg 

(Note 6) 

Input Resistance Match AR'N ,.0.1 ,.1 % 
(VAE~AEFB) R;;;-
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ELECTRICAL CHARACTERISTICS: at Voo = +5V ± 5%; VREFA = VREFB = + 1 OV; laurA = laurB = OV; TA = Full Temperature Range 

specified under Absolute Maximum Ratings, unless otherwise noted. Continued 

PM-7628 
PARAMETER SYMBOL CONDmONS MIN TYP MAX UNITS 

DIGITAL INPUTS 
(Note 9) 

Digital Input High 
VINH 2.4 V 

(NoteS) 

Digital Input Low 
V1NL 0.8 V 

(NoteS) 

Input Current 
liN 

TA = +25°C ±.OOI ±1 
I1A 

(Note 7) TA = Full Temp. Range ±10 

Input Capacitance 
CIN 

DBO-DB7 10 
pF 

(Note 10) WR, CS. DAC A IDAC B 15 

SWITCHING CHARACTERISITCS 
(Notes 10. 11) 

Chip Select to 
tes 100 ns 

Write Set-Up Time 

Chip Select to 
tCH 10 ns 

Write Hold Time 

DAC Select to 
Write Set-Up Time 

tAS 100 ns 

DAC Select to 
Write Hold Time tAH 10 ns 

Data Valid to 
100 

Write Set-Up Time tos ns 

Data Valid to 
10 

Write Hold Time tOH ns 

Write Pulse Width lwR 90 ns 

POWER SUPPLY 

All Digital Input = VINH or VINL mA 
Supply Current 100 All Digital Input = OVor Voo 

TA = +25°C 0.5 rnA 
TA = Full Temp. Range 1.0 
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ELECTRICAL CHARACTERISTICS: at Voo = +sv ± 5%; VRErA = VREFB = + 1 OV; lou~ = IOUTB = OV; TA = Full Temperature Range 

specified under Absolute Maximum Ratings, unless otherwise noted. Continued 

PM·7628 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

AC PERFORMANCE CHARACTERISTIC 
(Note 12) 

DC Supply Rejection Ratio 
TA = +25'C 0.02 

(6 Gain I 6 Voo) PSRR %/% 
(Note 13) 

TA = Full Temp. Range 0.04 

Current Settling TIme 
ts fA = Full Temp. Range 300 ns 

(Notes 10,15,16,20) 

Digital Charge Injection 
Q TA = +25'C 100 nVs 

(Note 17) 

COU~ DAC Latches Loaded 25 

COUTB with 0000 0000 25 
Output Capacitance 

Cou~ DAC Latches Loaded 60 
pF 

COUTB with 1111 1111 60 

VRE~ to loU~: 
FTA TA = +25'C -70 

AC Feedthrough 
TA = Full Temp. Range -65 

(Note 18) 
dB 

VREFB to lou~: -70 
FTe TA = +25'C 

-65 
TA = Full Temp. Range 

VRE~ to lou~: 
CCIBA VRE~ = 2OVp.p Sinewave @f= 10kHz -60 

Channel·to·Channel 
VREFB = OV; TA = +25'C 

Isolation 
dB 

(Note 19) VREFBtolou~; 
CCIAB V R E FB = 20Vtp Sinewave @ f = 10kHz -60 

VRE~ = OV; A = +25'C 

Digital Crosstalk Q 
For Code Transnion from 0000 0000 to 1111 1111 

30 nVa 
TA=+25'C 

Harmonic Distortion THO 
V1N =6VrmS@f=lkHz 

-65 dB 
TA=+25'C 
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PM-7628 
ELECTRICAL CHARACTERISTICS: at Voo = +10.8V and +15.75V; VREFA = VREFB = +10V; lourA = lourB = OV; TA = Full 

Temperature Range specified under Absolute Maximum Ratings, unless otherwise noted. 

PM·7628 
PARAMETER SYMBOL CONDmONS MIN TVP MAX UNITS 

STATIC ACCURACY 
(Note 1) 

Resolution N S Bits 

Relative Accuracy 
tNL ±112 LSB • (Note 2) 

Differential Nonlinearity 
DNL ±1 LSB 

(Note 3) 

Full Scale Gain Error 
GFSE 

TA = +25°C ±0.5 ±2 
LSB 

(Note 4) TA = Full Temp. Range ±1 ±3 

Gain Temperature Coefficient 
(6 Gain 16 Temperature) TCGFS ±0.OO35 %1°C 
(Notes 4. 10) 

Output Leakage Current 
TA = +25°C ±5 ±50 

laurA (Pin 2) lourB (Pin 20) ILKG nA 
TA = Full Temp. Range ±200 

(Note 5) 

Input Resistance 

(VREFA, VREFB) R'N S 15 kQ 

(Note 6) 

Input Resistance Match ~ ±0.1 ±1 % 
(VRE~VREFB) R'N 

DIGITAL INPUTS 
(Note 9) 

Digital Input High 
V,NH 2.4 V 

(NoteS) 

Digital Input Low 
V,NL O.S V 

(NoteS) 

Input Current 
liN 

TA =+25°C ±.001 ±1 
itA 

(Note 7) T A = Full Temp. Range ±10 

Input Capacitance 
C'N 

DBO-DB7 10 
pF 

(Note 10) WR, CS, DAC A IDAC B 15 

REV. A DIGITAL-TO-ANALOGCONVERTERS 2-669 



PM-7628 

ELECTRICAL CHARACTERISTICS: at Voo = +10.8V and +15.75V; VAEFA = VAEFB = +10V; lourA = IOUTB = OV; TA = Full 
Temperature Range specified under Absolute Maximum Ratings, unless otherwise noted. Continued 

PM-7628 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

SWITCHING CHARACTERISITCS 
(Notes 10,11) 

Chip Select to 
tes 60 ns 

Write Set·Up Time 

Chip Select to 
teH 10 ns 

Write Hold Time 

DAC Select to 
Write Set-Up Time 

tAS 60 ns 

DAC Select to 
Write Hold Time tAH 10 ns 

Data Valid to 
Write Set-Up Time tos 70 ns 

Data Valid to 
Write Hold Time tOH 10 ns 

Write Pulse Width twA 60 ns 

POWER SUPPLY 

All Digital Input = V,NH or V'Nl 
TA = +25°C 2 

mA 
TA = Full Temp. Range 2.5 

Supply Current too All Digital Input ~ OV or +5V to V 00 

TA = +25°C 0.5 
mA 

TA = Full Temp. Range 1.0 

AC PERFORMANCE CHARACTERISTIC 
(Note 12) 

DC Supply Rejection Ratio 
TA =+25°C 0.Q1 

(A Gain I A Voo) PSRR %/% 
(Note 13) 

TA = Full Temp. Range 0.02 

Current Settling Time 
ts TA = Full Temp. Range 200 ns 

(Notes 10, 15, 16,20) 

Digital Charge Injection 
Q TA =+25°C 160 nVs 

(Note 17) 

CourA DAC Latches Loaded 25 

COUTS with 0000 0000 25 
Output Capacitanca 

CourA DAC Latches Loaded 60 
pF 

COUTS with11111111 60 
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PM-7628 
ELECTRICAL CHARACTERISTICS: at Voo = +10.8V and +15.75V; VREFA = VREFB = +10V; 'aurA = 'ourB = OV; TA = Full 

Temperature Range specified under Absolute Maximum Ratings. unless otherwise noted. Continued 

PM·7628 
PARAMETER SYMBOL CONOmONS MIN TYP MAX UNITS 

AC Feedlhrough 
(Note 18) 

Channel·lo·Channel 
Isolalion 
(Note 19) 

Digital Crosslalk 

Hannonic Dislortion 

NOTES: 

FTA 

FTs 

CCISA 

CCIAS 

Q 

THD 

1. Specificalions apply to both DAC A and DAC B. 

VREFA 10 laurA: 
TA = +25°C -70 

TA = Full Temp. Range -65 
dB 

VREFB 10 lourB: -70 
TA = +25°C -65 
TA = Full Temp. Range 

VAE~ 10 lourB: 
VRE~=20Vp.pSinewave @f=10kHz 
VREFB = OV; TA = +25°C 

-80 

dB 

VAEFBIO laurA; 
VREFB = 20Vp.p Sinewave@f=10kHz 
VRE~=OV;TA =+25°C 

-80 

For Code Transition from 0000 0000101111 1111 
50 

TA =+25°C 
nVs 

V'N=6Vrms@f=lkHz --85 
TA =+25°C 

dB 

11. See timing diagram. 
2. This is an endpoinllinearity specification. 12. These characteristics are for design guidance only and are not subject to 
3. All grades guaranteed to be monotonic over the full operating temperature 

range. 
4. Measured using internal RFSA and RFSB. Both DAC latches loaded with 

1111 lIlt. 
5. DAC loaded with 0000 0000. 
6. Inpul resistance TC = 300 ppm/oC. 

7. V'N=OVorVoo. 
8. For all data bits DBO·DB7, WR, CS, DAC A/DAC B. 
9. Logic inputs are MOS gates. Typical input current (+25°C) is less than 

InA. 
10. Guaranteed and not tested. 

WRITE CYCLE TIMING DIAGRAM 

test. 
13. <1Voo =±5%. 
14. From digital input to 90% of final analog-output current. 

15. VRE~ = VREFB = +10V; laurA, lourB load = 100n,CEXr·= 13pF. 

16. WR, CS = OV, DBO-DB7 = OVto VooorVoo to OV. 
17. For code transition 0000 0000 to 1111 1111. 

18. VRE~' VREFB= 20Vp_p Sinewave@f=10kHz. 
19. Both DAC latches loaded with 1111 1111. 
20. Extrapolated:ts (1/2 LSB) = tpo + 6.2t, wheret = the measured first time 

constant of the final RC decay. 

CHIPSELECT -----{ 
_1'-

DACA/DAce ~ 

tCS~·I-tCH~~.5V 

tAs--I-tAHy~.5V 

REV. A 

_ ~twR~I~_.5V 
WRITE ~_ / 

. l:----tos-I-~r-t~H 
DATA IN (080-0871 ~~~~~~~~~~~~~~~~=X ~:: DATA IN STABLE K ... -_-_-_-_-_-_-_-_~-_-_-_~- .5V 

NOTES: 
1. ALL INPUT SIGNAL RISE AND FALL 

TIMES MEASURED FROM 1 0% TO 90% 
ARE t, = If = 20ns. 

2. TIMING MEASUREMENT REFERENCE 

LEVEL IS VIH;VIL . 

DIGITAL-TO-ANALOG CONVERTERS 2-671 



PM-7628 

DICE CHARACTERISTICS 

1. ANALOG GROUND (AGND) 
2. OUTPUT A (OUT A) 
3. DAC A FEEDBACK RESISTOR (RFBA) 
4. DAC A REFEREMCE INPUT (VRE~) 
5. DIGITAL GROUND (OGND) 
6. DIGITAL SELECTION (DAC AlDAC B) 
7. DIGITAL INPUT DB7 (MSB) 

11. DIGITALINPUTDB3 
12 •• DIGITAL INPUT DB. 
13. DlGITALINPUTDB, 
14. DIGITAL INPUT .!!.Bo (LSB) 
15. CHIPSELECT(CS) 
16. WRITE(WR) 
17. POSmVEPOWERSUPPLY(VDD) 
18. DAC B REFERENCE INPUT (VREFB) 8. DIGITALINPUTDBs 

9. DIGITAL INPUT DBs 
10. DIGITAL INPUT DB. 

19. DAC B FEEDBACK RESISTOR(~BB) 

DIE SIZE 0.082 X 0.078 inch, 6,396 sq. mils 
(2.08 x 1.98 mm, 4.126 sq. mm) 

Substrate (die Backside) is internally 
connected to V DO. 

20. OUTPUT B (OUT B) 

WAFER TEST LIMITS atVoo = +5V, +10.8Vor+15.75V, VREtA = VREFB = +10V, OUT A = OUT B = OV; TA = 25°C, 
unless otherwise noted. 

PARAMETER SYMBOL 

Relative Accuracy INL 

Differential Nonlinearity DNL 

Gain Error GFSE 

Output Leakage ILKG 

Input Resistance RIN 

VRE~VREFB Input 
<1VRE~,B Resistance Match 

Digital Input 
VIH High 

Digital Input 
VIL Low 

Input Current liN 

Supply Current 100 

DC Supply Rejection 
PSRR 

(<1 Gain I <1VOD) 

NOTE: 

CONDITIONS 

Endpoint Linearity Error 

DAC Latches Loaded with 1111 1111 

DAC Latches Loaded with 0000 0000 
Pad 2 and 20 

Pad 4 and 18 

All Digital Inputs VINL or VINH 
All Digital Inputs OV or +5V to Veo 

PM·7628G 
LIMIT 

±112 

±1 

±2 

±50 

8/15 

±1 

2.4 

0.8 

±1 

2 
0.5 

0.01 

UNITS 

LSBMAX 

LSBMAX 

LSBMAX 

nAMAX 

kaMINI 
kaMAX 

% MAX 

VMIN 

V MAX 

~AMAX 

mAMAX 

%/%MAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed 
for standard product dice. Consuij factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 

SUPPLY CURRENT (IDD) 
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2-674 DIGITAL-TO-ANALOGCONVERTERS 

REFERENCE VOLTAGE (VOLTS) 

GAIN AND PHASE SHIFT 
vs FREQUENCY WITH 

OP-42 OUTPUT AMPLIPHIER 

II 
PHASE , 

~ 
GAIN 

Il TA- +25"C 

V"j' i iO~~i,r· I I 
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FREQUENCY IH~ 

TEST CIRCUIT 
FOR GAIN vs FREQUENCY 

10M 
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GAIN (FREO) = VOurANAEFA ~N) 
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PARAMETER DEFINITIONS 
RELATIVE ACCURACY OR INTEGRAL NONLINEARITY (INL) 
This is the single most important DAC specification. PMI meas
ures INL as the maximum deviation of the analog output (from 
the ideal) from a straight line drawn between the end points. It is 
expressed as a percent of full-scale range or in terms of LSBs. 

Refer to PM 11988 Data Book, Section 11, for additional digital
to-analog converter definitions. 

INTERFACE LOGIC INFORMATION 
DAC SELECTION 
Both DAC latches share a common 8-bit input port. The control 
input DAC AJDAC B selects which DAC can accept data from the 
input port. 

MODE SELECTION 
The inputs CS and WR control the operating mode of the se
lected DAC. See Mode Selection Table below. 

WRITE MODE 
When CS and WFi are both low, the selected DAC is in the write 
mode. The input data latches of the selected DAC are transpar
ent and its analog output responds to the data on the data bit line 
DBO-DB7. 

HOLD MODE 
The selected DAC latch retains the data which was present on 
the data lines just prior to CS or WR assuming a high state. Both 
analog outputs remain at the values corresponding to the data in 
their respective latches. 

MODE SELECTION TABLE 

DACA/DACB CS WR DACA DACB 

L L L WRITE HOLD 

H L L HOLD WRITE 

X H X HOLD HOLD 

X X H HOLD HOLD 

L= Low State H = High State X = Don't Care 

DOND 

FIGURE 2: Simplified Schematic of Digital Inputs 
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CIRCUIT INFORMATION 
D/ASECTION 

PM-7628 

There is a normally closed switch in series with the internal 
feedback resistor (RFB) as shown in Figure 1. This switch im
proves linearity performance over temperature and power sup
ply rejection; however, when the circuit is not powered up, the 
switch assumes an open state. 

See the PM-7528 data sheet for additional circuit information 
and applications. 

2R 

~+-++~~-r~~~~~-r---+----~OUT 

'---++----+: +-i'~--""""'------------<: AGNO 

OAC DA~A LATCHES 
AND DRIVERS 

FIGURE 1 : Simplified Functional Circuit for DAC A or DAC B 

DIGITAL SECTION 
The digital inputs are CMOS inverters. They were designed 
such that TTL input levels are converted into internal CMOS 
logic levels; they are used to drive the internal circuitry. A simple 
5V regulator is used to ensure TTL compatibility at V 00 = 12V to 
15V (see Figure 2). 

The PM-7628's digital inputs are TTL compatible between the 
V 00 range of +5Vto + 16.5V. The digital inputs affect the amount 
of quiescent supply current as shown in Figure 3. Peak supply 
current occurs as the digital input (VIN) passes through the tran
sition region. Maintaining the digital input voltages as close as 
possible to the supplies (Voo and DGND) minimizes supply 
current consumption. 

} TO R-2R LADDER 
NMOS SWITCHES 
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PM-7628 

There are several fast logic families that are used to buffer the 
DAC's digital inputs. These buffers, if not properly terminated, 
will cause reflections that can exhibit 1.5 to 3V of negative over
shoot. This overshoot, when applied to the digital inputs, will 
cause an internal diode to become forward biased as shown in 
Figure 4. If sufficient current is generated, most CMOS devices 
wililatchup resulting in a catastrophic failure. The PM-7628 fea
tures circuitry designed to reduce the susceptibility of electro~ 
static discharges and latchup (see Figure 5). As shown, a series 
resistor has been incorporated into each digital input so that the 
input appears resistive to a negative voltage and prevents latch
up (see Figure 6). 

The PM-7628's rugged construction also resists latchup during 
power supply sequencing; the digital inputs can be powered up 
before V DD without the device latching up. 

" 
" 

r Voo-·15Y TA=+2rC 

I II 
r-VOD=·12V 

VDDII+5V 

""'" 
~ 

012345818810 
VIN~DlGrrAL INPUTS (VOLTS) 

FIGURE 3: Digita/lnputs VS.IDD 

FIGURE 4: Digita/lnput Characteristic 
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FIGURE 5: Digital Input Protection 

-8V o 8V 

FIGURE 6: PM-7628 Digital Input Characteristic 

BURN-IN CIRCUIT 

+1OY 1k" 

PM-78'S 

C IS A PARALLEL COMBINATION OF 4.1pF AND 
O.01/JF CAPACITORS ON EVERY TENTH SOCKET. 

13 12 " 

• 10 

+15V 

100k" 
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APPLICATIONS INFORMATION 
The most common application of the PM-7628 is in the voltage 
output mode. Unipolar output operation provides a 0 to 10 volt 
output swing when connected, as shown in Figure 7. The 
maximum output voltage polarity is the inverse of the input 
reference voltage, since the op amp inverts the input currents. 
The transfer equation for unipolar operation is VOUT = -VIN X 
D/256, where D is the decimal value of the data bit inputs DBa 
thru DB7 and VIN is the reference input voltage. The transfer 
equation highlights another popular application of CMOS 
DAC's, multiplication. The output voltage is the product of the 
reference voltage and the digital input code. The reference 
input voltage can be any value in the range of ±25 volts for both 

NOTES: 
t Rt • Rs AND ASI R. USED ONL V IF GAIN ADJUSTMENT IS 

REQUIRED. SEE TABLE FOR RECOMMENDED VALUES. 
MAKE GAIN ADJUSTMENT WITH DIGITAL INPUT OF 255. 

2 C" C, PHASE COMPENSATION (10pF • l5pFIIS 
REQUIRED WHEN USING HIGH SPEED AMPLIFIERS TO 
PREVENT RINGING OR OSCILLATION. 

PM-7628 

DC or AC signals. The circuit in Figure 7 performs two
quadrant multiplication. Table 1 provides example analog 
outputs for the given digital input codes. 

For bipolar output operation, connect the PM-7628 as shown in 
Figure 8. This circuit configuration provides an offset current, 
derived from the reference, to enable the output op amp to 
swing in both polarities. The digital input coding becomes 
offset binary. Table 2 provides some example analog outputs 
for various digital inputs (D). The transfer equation for bipolar 
operationisVOUT = V1N x (D/128 - 1),whereDisthedecimal 
value of the data bit inputs DBa thru DB1 This circuit provides 
full four-quadrant multiplication, able to accept ± polarities on 
both inputs as well as the circuit output. 

AGND 

RECOMMENDED TRIM REETOR 
VALUESvsGRAOE 

TRIM RESISTOR ~ 
200n 

82Jl 

FIGURE 7: Dual DAC Unipolar Binary Operation (2 Quadrant Multiplication). See Table 1. 

TABLE 1: Unipolar Binary Code Table. See Figure 7. TABLE 2: Bipolar (Offset Binary) Code Table. See Figure 8. 
OAC LATCH CONTENTS ANALOG OUTPUT DAC LATCH CONTENTS ANALOG OUTPUT 

MSB LSB (OAC A or DAC B) MSB LSB (DAC A or DAC B) 

111 1 1111 (255 ) -VIN m 11 11 11 1 1 (127) 
+V'N 128 

1000 0001 C29 ) -VIN 256 1000 0001 +V'N ( 118) 

1000 0000 (128) V1N 
-V'N 256 =-""2 1000 0000 a 

0111 111 1 ( 127) 
-V'N 256 0111 1111 -V'N (118) 

0000 0001 -V'N ( 2~6) 0000 0001 (127 ) 
-V'N 128 

0000 0000 -V'N (2g6) =0 0000 0000 C28 ) -V'N 128 

NOTE: 1 LSB = (2-8) (V'N) = 2~6 (V'N) NOTE: 1 LSB = (2-7) (V'N) = Tk (V'N) 
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PM~7628 

V1NA 
1±1OV) 

~----------------------, 20kfi 

DATA 
INPUTS 

NOTES: 

R' , 

1 R,. ~ AND R3• R4 USED ONL V IF GAIN ADJUSTMENT IS REQUIRED. SEE 
TABLE IN FIGURE 7 FOR RECOMMENDED VAWES. VIN B 
ADJUST R, FOR VOUT A = OVWITH COOE 1000 0000 IN DAe A LATCH. (±10V) 
ADJUST R, FOR V OUT B = OVWlTH cooe 1000 0000 IN OAe B LATCH. 

Z MATCHING AND TRACkING IS ESSEN11AL FOR RESISTOR PAIRS As. 
R7• AND Ro, R,o' 

, C,. C, PHASE COMPENSAllON (.OpF-.5pF) IS REQUIRED TO MINIMIZE 
RINGING. 

2""" 

" .. " 

R,' 
10kn 

p,,' 
20"" 

AGND 

AGND 

VOUTA 

VourB 

FIGURE 8: Dual DAC Bipolar Operation (4 Quadrant Multiplication). See Table 2. 

APPLICATION HINTS 
To ensure system performance consistent with PM-7628 specifi
cations. careful attention must be given to the following points: 

1. GENERAL GROUND MANAGEMENT: AC or transient 
voltages between the PM-7628 AGND and DGND can 
cause noise injection into the analog output. The simplest 
method of ensuring that'voltages at AGND and DGND are 
equal. is to tie AGND and DGND together at the PM-7628. 
In more complex systems where the AGND-DGND con
nection is on the back-plane. it is recommended that 
Schottky diodes (HP5082-2835 or equivalent) be connected 
in inverse parallel between the PM-7628 AGND and DGND 
pins. 

2. OUTPUT AMPLIfiER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a code
dependent diffe'rential nonlinearity term at the amplifier 
output with a maximum magnitude of 0.67 Vos (Vos is 
amplifier input-offset voltage), This differential nonlinearity 
term adds to the R/2R differential nonlinearity. To maintain 
monotonic operation. it is recommended that amplifier Vos 
be no greater. than 10% of 1 LSB over the temperature 
range of interest. 

2-678 DIGITAL-TO-ANALOG CONVERTERS 

3. HIGH-FREQUENCY CONSIDERATIONS: The output 
capacitance of a CMOS DAC works in conjunction with the 
amplifier feedback resistance to add a pole to the open-loop 
response; this can cause ringing or oscillation. Stability can 
be restored by adding a small phase-compensation capaci
tor in parallel with the feedback resistor. 

4. DYNAMIC PERFORMANCE: The dynamic performance of 
the two DACs in the PM-7628 will depend upon the gain and 
phase characteristics of the output amplifiers. together 
with the optimum choice of the PC board layout and 
decoupling components. 

5. CIRCUIT LAYOUT SUGGESTIONS: Analog and digital 
ground traces should be routed between package pins to 
isolate the digital inputs from the analog circuitry. Analog 
ground traces should also be placed between pins 17-18. 
18-19. 3-4. 4-5 to minimize reference feedthrough to the 
output in multiplying applications. A power supply bypass 
capacitor (0.1jLF in parallel with a 1jLF or 10jLF) is recom
mended across V DO to DGND, 
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SINGLE SUPPLY OPERATION, VOLTAGE SWITCHING 
With the PM-7628 connected in the voltage switching mode of 
operation (Figure 9) only one power supply is necessary. There 
is no voltage inversion between the reference input polarity and 
the output in the voltage switching mode. 

Two characteristic curves in the typical performance character
istics section were generated using this voltage switching mode 
of operation. The first graph, relative accuracy versus input ref
erence voltage, shows that to maintain a:t 1/2 LSB maximum lin
earity error, VREF should be less than 1.5 volts forVoo = 5 volts 
or less than 6 volts for V 00 = 15 volts. The gain-phase response 
graph shows dominant pole response for single supply applica
tions where the reference input is an AC signal. In this applica
tion the reference input should remain between 1.5 volts and 
ground when V 00 = 5 volts. Additionally, settling time measures 
400 to 500 nanoseconds for a digital input change of 255 to 0 
when Vee = 5V. 

The output terminal in the voltage switching mode has a con
stant output resistance (_11 kg) independent of the digital input 
code. The output should be buffered with a voltage follower 
when driving low impedance loads. 

,-------oVOUT 

~~~~~lo------+------, 

+15V 17 Voo 

5 DGNO 

FIGURE 9: PM-7628 in Single Supply, Voltage-Switching Mode 

REV. A 

PM-7628 
SINGLE SUPPLY, CURRENT SWITCHING 
An alternate single-supply operating mode for the PM-7628 
results when offsetting the analog ground. Figure 10 shows the 
circuit. The advantage of this configuration is the ability to set 
the output voltage level in the center of the supply voltage. This 
allows use of lower cost op amps that would not work in single
supply voltage-switching applications. 

The transfer equation in this mode of operation is: 

V OUT(O) = 0/256 (AGNO - V REF) + AGNO; 

where 0 is the whole number binary input. 

A popular connection in the current-steering single-supply 
mode consists of a 2.5 volt reference connected to AGNO, the 
VREF input grounded, Voo connected to +12 volts, and the ex
ternal (V +) op amp tied to + 12 volts. This hookup results in the 
following transfer equation: 

VOUT(O) = 2.5 (1 + 0/256); 

where V OUT(255) = 2.5 (1 + 255/256) = 5V 
VOUT(O) = 2.5V. 

To maintain best linearity keep AGNO equal to or less than 7 
volts when V 00 is + 12 volts. 

2.5V • "our • 5V 

FIGURE 10: PM-7628 in Single Supply, Current-Steering Mode 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Two 12·Bit MDACS with Output Amplifiers 
4-Quadrant Multiplication 
Space-Saving 0.3". 24-Pin DIP and 24-Terminal 

sOle Package 
Parallel Loading Structure: AD7847 
(8 + 4) Loading Structure: AD7837 

APPLICATIONS 
Automatic Test Equipment 
Function Generation 
Waveform Reconstruction 
Programmable Power Supplies 
Synchro Applications 

GENERAL DESCRIPTION 
The AD7837/AD7847 is a complete, dual, 12-bit multiplying 
digital-to-analog converter with output amplifiers on a mono
lithic CMOS chip. No external user trims are required to 
achieve full specified performance. 

Both parts are microprocessor compatible, with high speed data 
latches and interface logic. The AD7847 accepts 12-bit parallel 
data which is loaded into the respective DAC latch using the 
WR input and a separate Chip Select input for each DAC. The 
AD78.37 has a double-buffered 8-bit bus interface structure with 
data loaded to the respective input latch in two write operations. 
An asynchronous LDAC signal on the AD7837 updates the 
DAC latches and analog outputs. 

The output amplifiers are capable of developing ±10 V across 
a 2 kO load. They are internally compensated with low input 
offset voltage due to laser trimming at wafer level. 

The amplifier feedback resistors are internally connected to 
VOUT on the AD7847. 

The AD7837/AD7847 is fabricated in Linear Compatible CMOS 
(LC2MOS), an advanced, mixed technology process that com
bines precision bipolar circuits with low power CMOS logic. 

A novel low leakage configuration (U.S. Patent No. 4,590,456) 
ensures low offset errors over the specified temperature range. 

REV. 0 

LC2MOS 
Complete, Oual12-Bit MOACs 

A07837/A07847 I 
FUNCTIONAL BLOCK DIAGRAMS 

v .. 

V_A 

v_ 

DBO 

087 

LDAC 

os 
Wii 
AD 

A1 

DGND 

V •• 

VR"F8U----; 
AGNDA 

DBO 

DB11 

oGND 

PRODUCT HIGHUGHTS 

VOUT• 

AGNOB 

1. The AD7837/AD7847 is a dual, 12-bit, voltage-out MDAC 
on a single chip. This single chip design offers considerable 
space saving and increased reliability over multichip designs. 

2. The AD7837 and the AD7847 provide a fast versatile inter
ace to 8-bit or 16-bit data bus structures. 
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AD7837 /AD7847-SPECIFICATIONSl ~DD = +25 V ::I: 5%, ~ss = -25 V ± 5%,A~NDA = ASNDB 
I" "I - DSND - 0 V. VREFA - VUFB - + 10 V, RL - 2 kG, 

CL = 100 pF [Your connected to RFB AD7a37]. All specifications Tndo to T_ unless otherwise noted.) . 

Parameter AVenioD B Version SVersion Units 

STATIC PERFORMANCE 
Resolution 12 12 12 Bits 
Relative Accuracy' ±1 ±112 ±1 LSBmax 
Differential Nonlinearity' ±1 ±I ±1 LSBmax 
Zero Code Offset Error 

@ +25'C ±2 ±2 ±2 mVmax 
T_toT .... ±4 ±3 ±5 mVmax 

Gain Error 
@ +2s'C ±5 ±2 ±5 LSBmax 
T_toT .... ±7 ±4 ±7 LSBmax 

REFERENCE INPUTS 
V REP Input Resistance 8/13 8/13 8/13 kO minimax 
V REP ... V REFB Resistance Matching ±3 ±3 ±3 % max 

DIGITAL INPUTS 
Input High Voltage, V1NH 2.4 2.4 2.4 V min 
Input Low Voltage, V INL 0.8 0.8 0.8 V max 
Input Current ±I ±I ±I .,.Amax 
Input Capacitance' 8 8 8 pFmax 

ANALOG OUTPUTS 
DC Output Impedance 0.2 0.2 0.2 Otyp 
Shon Circuit Current 15 15 15 mAtyp 

POWER REQUIREMENTS' 
Voo Range 14.25/15.75 14.25/15.75 14.25/15.75 V minimax 

Vss Range -14.25/-15.75 -14.25/-15.75 -14.25/-15.75 V minimax 
Power Supply Rejection 

AGain/AVoo ±O.I ±0.1 ±0.1 %per%max 
AGain/AVss ±0.1 ±O.I ±0.1 %per%max 

100 10 10 10 mAmax 
Iss 6 6 6 mAmax 

AC CHARACTERISTICS2• , 

Voltage Output Settling Time 4 4 4 .,.s typ 

Slew Rate 7 7 7 V/.,.s typ 
Digital-to-Analog Glitch Impwse 175 175 175 nV sees typ 

Channel-to.channel Isolation 
VREPA to VOUTB -95 -95 -95 dBtyp 

VREFB to VOUTA -95 -95 -95 dB typ 

Multiplying Feedthrough Error -90 -90 -90 dBtyp 

Unity Gain Small Signal BW 600 600 600 kHztyp 

Full POWet BW 110 110 90 kHz typ 

Total Harmonic Distortion -88 -88 -88 dBtyp 

Digital Crosstalk 10 10 10 nV secs typ 
Output Noise Voltage @ +25'C 

(0.1 Hz to 10 Hz) 2 2 2 .,.V nns typ 

NOTES 
'Temperature Ranges are as follows: A, B Versions, -4O"C to +85'C; S Version, -55'C to + 125'C. 
'See Terminology. 
'Sample tested @+25'C to ensure compliance. 
'The Devices are functional with V DoN ss = ± 12 V (See typical performanCe graphs.) 
Specifications subject to change without notice. 
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Test ConcIitionslComments 

Guaranteed Monotonic 

DAC Latch Loaded with All Os 
Temperature Coefficient = ±5 .,.W'C typ 

DAC Latch Loaded with All Is 
Temperature Coefficient = ±2 ppm of 
FSRrC typ 

Typical Input Resistance = 10 kO 
Typically ±0.5% 

Digital Inputs at 0 V and V DO 

VOUT Connected to AGND 

Voo = 15 V ± 5%, VREF = -IOV 
Vss = -15 V ± 5%, VREF = +10 V 
OutpmUwoaded.Typically5mA 
Output Uwoaded. Typically 4 mA 

Settling Time to Within ± 112 LSB of Final 
Value. DAC Latch Altetnately Loaded 
with All Os and All Is 

DAC Latch Alternately Loaded with 
01 ... 11 and 10 ... 00 

VREPA = 20 V p-p, 10 kHz Sine Wave. 
DAC Latches Loaded with All Os 
VREFB = 20 V p-p, 10 kHz Sine Wave. 
DAC Latches Loaded with All Os 
VREP = 20 V p-p, 10 kHz Sine Wave. 
DAC Latch Loaded with AlIOs 
VREP = 100 mV p-p Sine Wave. DAC 
Latch Loaded with All Is 
VREF = 20 V p-p Sine Wave. DAC 
Latch Loaded with All Is 
V REP = 6 V nns, I kHz. DAC Latch 
Loaded with All Is 
Code Transition from All Os to All Is 
See Typical Performance Graphs 
Amplifier Noise and Johnson Noise of RpB 
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AD7837/AD7847 

TIMING CHARACTERISTICS1, 2 <VDD = +15 V ± 5%, Vss = -15 V ± 5%, AGNOA = AGNOB = OGNO = 0 V) 

Limit at T .... ' T .. ox Limit at T .... , T...,. 
Parameter (A, B Versions) (S Version) Units Conditions/Comments 

t, 0 0 nsmin CS to WR Setup Time 
t2 0 0 ns min CS to WR Hold Time 
t3 80 100 nsmin WR Pulse Width 
t, 80 80 nsmin Data Valid to WR Setup Time 
t, 10 10 nsmin Data Valid to WR Hold Time 
1,;3 IS IS nsmin Address to WR Setup Time 
t? IS IS nsmin Address to WR Hold Time 
t83 80 100 nsmin LDAC Pulse Width 

NOTES 
'Sample tested @ +25"C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
'See Figures 3 and S. 
'AD7837 only. 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 2S"C unless otherwise noted) 

Von to DGND, AGNDA, AGNDB ...... -0.3 V to +17 V 
Vss ' to DGND, AGNDA, AGNDB ...... +0.3 V to -17 V 
VREPA,vREFB to AGNDA, AGNDB 

..................... Vss -0.3 V to Vnn +0.3 V 
AGNDA, AGNDB to DGND ...... -0.3 V to Von +0.3 V 
VOUTA2, VOUTB2 to AGNDA, AGNDB 

..................... Vss -0.3 V to Vnn +0.3 V 
RFBA3, RpBB3 to AGNDA, AGNDB 
....................... Vss -0.3 V to Von +0.3 V 

Digital Inputs to DGND ......... -0.3 V to Von +0.3 V 
Operating Temperature Range 

Commercial/Industrial (A, B Versions) .... -40°C to +85°C 
Extended (S Version) .............. -55OC to + 125°C 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 sees) ........... + 300°C 
Power Dissipation (Any Package) to +7SoC ....... 1000 mW 
Derates above +7SoC by .................. 10 mWrc 

NOTES 
'If V ss is open circuited with V DD and either AGND applied, the V ss pin will 
float positive, exceeding the Absolute Maximum Ratings. If this possibility 
exists, a Schottky diode connected between V ss and AGND (cathode to 
AGND) ensures the Maximum Ratings will be observed. 

'The outputs may be shorted to voltages in this tange provided the power 
dissipation of the package is not exceeded. 

'AD7837 only. 

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

ORDERING GUIDE 

Temperature Relative Package 
Modell Range Accuracy Option' 

AD7837AN -40°C to +85°C ±1 LSB N-24 
AD7837BN -40°C to +85°C ±1/2 LSB N-24 
AD7837AR -40°C to +85°C ±1 LSB R-24 
AD7837BR -40OC to +85°C ±1I2 LSB R-24 
AD7837AQ -40°C to +8SoC ±1 LSB Q-24 
AD7837BQ -40°C to +85°C ±1/2 LSB Q-24 
AD7837SQ - 55°C to + 125°C ±1 LSB Q-24 

AD7847AN -40°C to +8SoC ±1 LSB N-24 
AD7847BN -40°C to +8SoC ±1/2 LSB N-24 
AD7847AR -40°C to +8SoC ±1 LSB R-24 
AD7847BR -40°C to +8SoC ±1I2 LSB R-24 
AD7847AQ -40°C to +8SOC ±1 LSB Q-24 
AD7847BQ -40°C to +8SoC ±1I2 LSB Q-24 
AD7847SQ - 55°C to + 125°C ±1 LSB Q-24 

NOTES 
'To order MIL-STD-883, Class B processed parts, add 1883B to part 
number. 

'N = Plastic DIP; Q = Cerdip; R = sOle. For outline infonnation see 
Package Infonnation section. 

CAUTION ______________________________________________ ___ 

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

WARNING! QJ 
~~EDEVICE 
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AD7837/AD7847 
TERMINOLOGY 
Relative Accuray (Linearity) 
Relative accuracy, or endpoint linearity, is a measure of the 
maximum deviation of the DAC transfer funCtion from a 
straight line passing through the endpoints. It is measured after 
allowing for zero and full-scale errors and is eXpressed in LSBs 
or as a ~tage of full-scale reading. 

Differential Nonlinearity 
Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± 1 LSB or less 
over the operating temperature range ensures monotonicity. 

Zero Code Offset Error 
Zero code offset error is the error in output voltage from V OUT A 
or VOUTB with aliOs loaded into the DAC latches. It is due to a 
combination of the DAC leakage current and offset errors in the 
output amplifier. 

Gain Error 
Gain error is a measure of the output error between an ideal 
DAC and the actual device output with all Is loaded. It does not 
include offset error. 

Total Harmonic Distortion 
This is the ratio of the root-mean-square (rms) sum of the har
monics to the fundamental, expressed in dBs. 

Multiplying Feedthrougb Error 
This is an ac error due to capacitive feedthrougb from the V REF 

input to VOUT of the same DAC when the DAC latch is loaded 
with aliOs. 

Channel-to-cIuum.ellsolation 
This is an ac error due to capacitive feedthrough from the V REF 
input on one DAC to VOUT on the other DAC. It is measured 
with the DAC latches loaded with all Os. 

Digital Feedthrougb 
Digital feedthrough is the glitch impuiae injected from the digi
tal inputs to the analog output when the data inputs change 
state, but the data in the DAC latches is not changed. 

For the AD7837, it is measured with LDAC held high. For the 
AD7847, it is measured with CSA and CSB held high. 

Digital Crosstalk 
Digital crosstalk is the glitch impulse transferred to the output 
of one converter due to a change in digital code on the DAC 
latch of the other converter. It is specified in nV sees. 

Digital-to-Analog Glitch Impulse 
This is the voltage spike that appears at the output of the DAC 
when the digital code changes, before the outpUt settles to its 
final value. The energy in the glitch is specified in n V secs and 
is measured for a I LSB change around the major carry transi.
tion (Olll 1111 Illl to 100000000000). 

Unity Gain Small Signal Bandwidth 
This is the frequency at which the small signal voltage output 
from the output amplifier is 3 dB below its dc level. It is mea
sured with the DAC latch loaded with all Is. 

Full Power Bandwidth 
This is the maximum frequency for which a sinusoidal input 
signal will produce full output at rated load with a distortion 
less than 3%. It is measured with the DAC latch loaded with 
all Is. 

AD1831 PIN FUNCTION DESCRIPTION (DIP & SOiC PIN NUMBERS) 

Pin Mnemonic 

CS 

2 RFBA 

3 VREFA 

4 VOUTA 

5 AGNDA 

6 Voo 

7 Vss 

8 AGNDB 

9 VOUTB 

10 VREFB 

11 DGND 

12 RFBB 

13 WR 

14 LDAC 

Deacription 

Chip Select. Active low logic input. The device is selected when this input is active. 

Amplifier Feedback Resistor for DAC A. 

Reference Input Voltage for DAC A. This may be an ac or dc signal. 

Analog Output Voltage from DAC A. 

Analog Ground for DAC A. 

Positive Power Supply. 

Negative Power Supply. 

Analog Ground for DAC B. 

Analog Output Voltage from DAC B. 

Reference Input Voltage for DAC B. This may be an ac or dc signal. 

Digital Ground. Ground reference for digital circuitry. 

Amplifier Feedback Resistor for DAC B. 

Write Input. WR is an active low logic input which is used in conjunction with CS, AO and Al to 
write data to the input latches. 

DAC Update Logic Input. Data is transferred from the input latches to the DAC latches when LDAC 
is taken low. 

15 Al Address Input. Most significant address input for input latches (see Table II). 

16 AO Address Input. Least significant address input for input latches (see Table II). 

17-20 DB7-DB4 Data Bit 7 to Data Bit 4. 

21 24 DB3-DBO Data Bit 3 to Data Bit 0 (LSB) or Data Bit 11 (MSB) to Data Bit 8. 
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AD7837/AD7847 
AD7847 PIN FUNCTION DESCRIPTION (DIP & SOIC PIN NUMBERS) 

Pin Mnemonic Description 

CSA 

2 CSB 

3 VREPA 

4 VOUTA 

5 AGNDA 

6 Voo 

7 Vss 

8 AGNDB 

9 VOUTB 

10 VREPB 

11 DGND 

12 DB 11 

13 WR 

Chip Select Input for DAC A. Active low logic input. DAC A is selected when this input is low. 

Chip Select Input for DAC B. Active low logic input. DAC B is selected when this input is low. 

Reference Input Voltage for DAC A. This may be an ac or dc signal. 

Analog Output Voltage from DAC A. 

Analog Ground for DAC A. 

Positive Power Supply. 

Negative Power Supply. 

Analog Ground for DAC B. 

Analog Output Voltage from DAC B. 

Reference Input Voltage for DAC B. This may be an ac or dc signal. 

Digital Ground. 

Data Bit 11 (MSB). 

Write Input. WR is a positive edge triggered input which is used in conjunction with CSA and CSB 
to write data to the DAC latches. 

14-24 DB10-DBO Data Bit 10 to Data Bit 0 (LSB). 

AD7837 PIN CONFIGURATION AD7847 PIN CONFIGURATION 

DIP & SOIC DIP & SOIC 
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AD7837/AD7847 - Typical Perfonnance Graphs 
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CIRCUIT INFORMATION 
D/A Section 
A simplified circuit diagram for one of the DI A converters and 
output amplifier is shown in Figure 1. 

A segmented scheme is used whereby the 2 MSBs of the 12-bit 
data word are decoded to drive the three switches A-C. The 
remaining 10 bits drive the switches ( SO-S9) in a standard 
R-2R ladder confIguration. 

Each of the switches A-C steers 1/4 of the total reference cur
rent with the remaining 114 passing through the R-2R section. 

The output amplifier and feedback resistor perform the current 
to voltage conversion giving 

VOUT = -D· VREF 

where D is the fractional representation of the digital word. (D 
can be set from 0 to 4095/4096.) 

The output amplifIer can maintain ± 10 V across a 2 kl1 load. It 
is internally compensated and settles to 0.01% FSR (l/2 LSB) in 
less than 5 .... s. Note that on the AD7837, V OUT must be con
nected externally to RpB• 

VRE• 
R R R 

Figure 1. DIA Simplified Circuit Diagram 

INTERFACE LOGIC INFORMATION - AD7847 
The input control logic for the AD7847 is shown in Figure 2. 
The part contains a 12-bit latch for each DAC. It can be treated 
as two independent DACs, each with its own CS input and a 
common WR input. CSA and WR control the loading of data to 
the DAC A latch, while CSB and WR control the loading of the 
DAC B latch. The latches are edge triggered so that input data 
is latched to the respective latch on the rising edge of WR. If 
CSA and CSB are both low and WR is taken high, the same 
data will be latched to both DAC latches. The control logic 
truth table is shown in Table I, while the write cycle timing dia
gram for the part is shown in Figure 3. 

CSA --------', ....... 

WR --~~-~~~ 

CSB -----~~~ 

Figure 2. AD7847 Input Control Logic 
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AD7837/AD7847 
Table I. AD7847 Truth Table 

CSA CSB WR Function 

X X I No Data Transfer 
I I X No Data Transfer 
0 I ~ Data Latched to DAC A 
I 0 ~ Data Latched to DAC B 
0 0 ~ Data Latched to Both DACs 
~ I 0 Data Latched to DAC A 
I ~ 0 Data Latched to DAC B 
~ ~ 0 Data Latched to Both DACs 

x = Don't Care. ~ = Rising Edge Triggered. 

CSA, CSB --i " _ 11-fg13 ....:..-1-_1,_ 
WR 

\F14 trIo 
DATA ___ ~~ y,1.~~ ~ 

Figure 3. AD7847 Write Cycle Timing Diagram 

INTERFACE LOGIC INFORMATION - AD7837 
The input loading structure on the AD7837 is confIgured for 
interfacing to microprocessors with an 8-bit-wide data bus. The 
part contains two 12-bit latches per DAC - an input latch and a 
DAC latch. Each input latch is further subdivided into a least~ 
signifIcant 8-bit latch and a most-signifIcant 4-bit latch. Only 
the data held in the DAC latches determines the outputs from 
the part. The input control logic for the AD7837 is shown in 
Figure 4, while the write cycle timing diagram is shown in 
Figure 5. 

LDAC -------_<1> 
cs 
\iiR 

A1 ..... -Do-+....,I-+-L---../ 

DS7 DBO 

Figure 4. AD7837 Input Control Logic 
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AD7837/AD784.7· 

: ___ t._~..., ~1~t 
Wii 

DATA ____ --' ~!~~ '-_______ _ 
__ .f- t81r-

LDAC U 
Figure 5. AD7837 Write Cycle Timing Diagram 

CS, WR, AO and Al control the loading of data to the input 
latches. The eight data inputs accept right-justified data. Data 
can be loaded to the input latches in any sequence. Provided 
that LDAC is held high, there is no analog output change as a 
result of loading data to the input latches. Address lines Ao and 
Al determine which latch data is loaded to when CS and WR 
are low. The control logic truth table for the part is shown in 
Table II. 

Table II. AD7S37 Truth Table 

cs Wi Al AO LDAC Function 

I X X X I No Data Transfer 
X 1 X X 1 No Data Transfer 

UNIPOLAR BINARY OPERATION 
Figure 6 shows DAC A on the AD7S371AD7847 connected for 
unipolar binary operation. Similar connections apply for DAC 
B. When V IN is an Be signal, the circuit performs 2-quadrant 
multiplication. The code table for this circuit is shown in 
Table III. Note that on the AD7847 the feedback resistor RFB is 
internally connected to V OUT' 

~N 

Figure 6. Unipolar Binary Operation 

Table m. Unipolar Code Table 

DAC Latch Contents 
MSB LSB Analog Output, VOVT 

1111 1111 1111 -VIN • (:~) 

( 2048) 1000 0000 0000 -VIN ' 4096 - 112 V/N 

0000 0000 0001 - V IN • (~6) 
0 0 0 0 I DAC A LS Input Latch Transparent 

0000 0000 0000 0 V 

0 0 0 1 1 . DAC A MS Input Latch Transparent 
0 0 I 0 1 DAC B LS Input Latch Transparent 
0 0 I I 1 DAC B MS Input Latch Transparent 
1 1 X X 0 DAC A and DAC B DAC Latches 

Updated Simultaneously from the 
Respective Input Latches 

X = Don't Care. 

The LDAC input controls the transfer of 12-bit data from the 
input latches to the DAC latches. When LDAC is taken low, 
both DAC latches, and hence both analog outputs, are updated 
at the same time.The data in the DAC latches is held on the 
rising edge of LDAC. The LDAC input is asynchronous and 
independent of WR. This is useful in many applications espe
cially in the simultaneous updating of multiple AD7837s. How
ever, care must be taken while exercising LDAC during a write 
cycle. IT an LDAC operation overlaps a CS and WR operation, 
there· is a possibility of invalid data being latched to the output. 
To avoid this, LDAC must remain low after CS or WR return 
high for a period equal to or greater than ta, the minimum 
LDAC pulse width. 
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BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 
Figure 7 shows the AD7837/AD7847 connected for bipolar 
operation. The coding is offset binary as shown in Table IV. 
When VIN is an ac signal, the circuit performs 4-quadrant mul
tiplication. To maintain the gain error specifications, resistors 
RI,RZ and R3 should be ratio matched to 0.01%. Note that on 
the AD7847 the feedback resistor RpB is internally connected to 
VOtIT' 

R' 
00k .. 

Figure 7. Bipolar Offset Binary Operation 

Table IV. Bipolar Code Table 

DAC Latch Contents 
MSB LSB Analog Output, VOUT 

1111 1111 1111 

1000 0000 0001 

1000 0000 0000 

0111 1111 Illl 

0000 0000 0000 

VIN 
Note I LSD = 2048 . 

REV. a 

(2047) 
+V'N' 2048 

+VIN · (2~8) 
OV 

-VIN · (2~8) 
(2048) -VIN · 2048 - V/N 

AD7837/AD7847 I 
APPLICATIONS 

PROGRAMMABLE GAIN AMPLIFIER (PGA) 
The dual DAClamplifier combination along with access to RFB 
make the AD7837 ideal as a programmable gain amplifier. In 
this application, the DAC functions as a programmable resistor 
in the amplifier feedback loop. This type of configuration is 
shown in Figure 8 and is suitable for ac gain control. The cir
cuit consists of two PGAs in series. Use of a dual configuration 
provides greater accuracy over a wider dynamic range than a • 
single PGA solution. The overaII system gain is the product of 
the individual gain stages. The effective gains for each stage are 
controlled by the DAC codes. As the code decreases, the effec-
tive DAC resistance increases, and so the gain also increases. 

Figure 8. Dual PGA Circuit 

The transfer function is given by 
VOUT . RBQA RBQJJ 
V/N = R FBA ' RFBB ••••••••••••••••••••• (1) 

where RSQA> RBQB are the effective DAC resistances controlled 
by the digital input code: 

212 R/N 
RBQ = ~ ......................... (2) 

where RIN is the DAC input resistance and is equal to RpB 

and N = DAC input code in decinlal. 

The transfer function in (1) thus simplifies to 
VOUT 212 21z 

V/N = NA ' NB ..............••........ (3) 

where NA = DAC A input code in decinlal 

and NB = DAC B input code in decimal. 

NA> NB may be programmed between 1 and (212_1). The zero 
code is not allowed as it results in an open loop amplifier re" 
sponse. To minimize errors, the digital codes NA and NB should 
be chosen to be equal to or as close as possible to each other to 
achieve the required gain. 
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AD7837/AD7841 
ANALOG PANNING CIRCUIT 
In audio applications it is often necessary to digitally "pan" or 
split a single signal source into a two-channel signal wiille main
taining the total power delivered to,both chaimels constant. This 
may be done very simply by feeding the signal into the V RBF . 

input of both DACs . The digital codes are chosen such that the 
code applied to DAC B is the 2s complement of that applied to 
DAC A. In this way the signal may be panned between both 
chaimels as the digital code is changed. The total power varia
tion witit this arrangeme!\t is 3 dB. 

For applications which require more precise power control the 
circuit shown in Figure 9 may be used. This circuit requires the 
AD7837/AD7847, an AD712 dual op amp and 8 equal value 
resistors. 

Again both channels are driven with 2s complementary data. 
The maximum power variation using this circuit is only 0.5 dBs. 

R R 

Figure 9. Analog Panning Circuit 

The voltage output expressions for the two channels are as 
follows: 

VOUTA = - VIN (21Z ~A NA) 

VOUTB = - VIN (212 ~B NB) 

where NA = DAC A input code in decimal ( I :5 NA :5 4095) 

and NB = DAC B input code in decimal ( 1:5 NB :5 4095) 

with NB= 28 complement ofNA. 

The 2s complement relationship between NA and NB causes NB 
to incresse as N A deCl'eaSC:S and vice versa. 

Hence NA + NB = 4096. 

With. NA = 2048, then NB = 2048 also; this gives the balanced 
condition where the power is split equally between both chan
nels. The total power variation as the signal is fully panned from 
channel B to channel A is shown in Figure 10. 
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Figure 10. Power Variation for Circuit in Figure 9 

APPLYING THE AD78371AD7847 
General Ground Management 
AC or transient voltages between the analog and digital grounds 
i.e., between AGNDAlAGNDB and DGND can cause noise 
injection into the analog output. The best method of ensuring 
that both AGNDs and DGND are equal is to connect them to
gether at the AD7837/AD7847 on the circuit board. In more 
complex systems where the AGND and DGND intertie is on 
the backplane, it is recommended that two diodes be connected 
in inverse parallel between the AGND and DGND pins (lN914 
or equivalent). 

Power Supply Decoupling . 
In order to miniinize noise it is recommended that the V DD and 
the Vss lines on the AD7837/AD7847 be decoupled to DGND 
using a 10 II-F in parallel with a 0.1 II-F ceramic capacitor. 

Operation with Reduced Power Supply Voltages 
The AD7837/AD7847 is specified for operation with VDDNSS 
=±IS V ±S%. The part may be operated down to VDDNSS 
= ± 10 V without significant linearity degradation. See typical 
performance graphs. The output amplifier however requires ap
proximately 3 V of headroom so the V REF input should not ap
proach within 3 V of either power supply voltages in order to 
maintain accuracy. 

MICROPROCESSORINTERFACING-AD7847 
Figures 11 to 13 show interfaces between the AD7847 and three 
popular 16-bit microprocessor systems, the 8086, MC68000 and 
the TMS32OCIO. In all interfaces, the AD7847 is memory
mapped with a separate memory address for each DAC latch. 

AD7847-8086 Interface 
Figure 11 shows an interface between the AD7847 and the 8086 
microprocessor. A single MOV instruction loads the l2-bit word 
into the selected DAC latch and the output responds on the ris
ing edge of WR. 
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8086 

ALE 

AD15 

ADO~-----------------J 

L-__ ...J 'ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 11. AD7847 to 8086 Interface 

AD7847-MC68000 Interface 
Figure 12 shows an interface between the AD7847 and the 
MC68000. Once again a single MOVE instruction loads the 12-
bit word into the selected DAC latch. CSA and CSB are AND
gated to provide a DTACK signal when either DAC latch is 
selected. 

AD7847' 

DO ~--------' 
1-____ ---' 'ADDITIONAL PINS OMIITED FOR CLARITY 

Figure 12. AD7847 to MC68000 Interface 

AD7847-TMS32OCIO Interface 
Figure I3 shows an interface between the AD7847 and the 
TMS32OCIO DSP processor. A single OUT instruction loads the 
12-bit word into the selected DAC latch. 

A11 1--'-------, 

AO 

TMS320C10 

AD7847' 

WE ~-----------t Wii 

D15 

ool----..;;,;.;.;,..-'--'---J 
'--______ ....I 'ADDITlONAL PINS OMITTED FOR CLARITY 

Figure 13. AD7847 to TMS320C70 Interface 
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AD7837/AD7847 
MlCROPROCESSORINTERFACING-AD7~7 
Figures 14 to 16 show the AD7837 configured for interfacing to 
microprocessors with ii-bit data bus systems. In all cases, data is 
right-justified and the AD7837 is memory-mapped with the two 
lowest address lines of the microprocessor address bus driving 
the AO and Al inputs of the AD7837. Five separate memory 
addresses are required, one for the each MS latch and one for 
each LS latch and one for the common LDAC input. Data is 
written to the respective input latch in two write operations. 
Either high byte or low byte data can be be written first to the • 
input latch. A write to the AD7837 LDAC address transfers the 
data from the input latches to the respective DAC latches and 
updates both analog outputs. Alternatively, the LDAC input can 
be asynchronous and can be common to a several AD7837s for 
simultaneous updating of a number of voltage channels. 

AD7837-80S118088 Interface 
Figure 14 shows the connection diagram for interfacing the 
AD7837 to both the 8051 and the 8088. On the 8051, the signal 
PSEN is used to enable the address decoder while DEN is used 
on the 8088. 

AI51------------------------, 

AI 

8051/8088 

PSENORDEN 

ALE 

AD7 

Aoor-----------------~ 
'-______ -' 'ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 14. AD7837 to 805118088 Interface 

AD7837-68008 Interface 
An interface between the AD7837 and the MC68008 is shown in 
Figure IS. In the diagram shown, the LDAC signal is derived 
from an asynchronous timer but this can be derived from the 
address decoder as in the previous interface diagram. 

AI9r-----------L-----------, 
AO 

MC68008 

DTACK ..... --------.... 

Os 1-----'_ 
RIW r------<_ 

.-----t 

D7 

001--------' 
'--____ --' 'ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 15. AD7837 to 68008 Interface 
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AD7837/AD7847 
AD7837-656216809 Interface 
Figure 16 shows an interface between the AD7837 and the 6502 
or 6809 microprocessor •. For the 6502 microprocessor, the 4>2 
clock is used to genet'!lte the WR, while for the 6809 the E sig
nal is used. 

AtSI-----------..... 

M 

650216809 

AD7837· 

4>20RE 

07 
DO I-___ ~ _ __l 

L-. __ --' ·AOOmoNAL PINS OMITTED FOR CLARITY 

Figure 16. AD7837 to 650216809 Interface 
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r'III ANALOG 
WDEVICES 

FEATURES 
Complete 14-Bit Voltage Output DAC 
Parallel and Serial Interface Capability 
SOdB Signal-to-Noise Ratio 
Interfaces to High Speed DSP Processors 

e.g., ADSP-2100, TMS32010, TMS32020 
45ns min WR Pulse Width 
Low Power - 70mW typo 
Operates from :t5V Supplies 

GENERAL DESCRIPTION 
The AD7840 is a fast, complete 14-bit voltage output D/A 
converter. It consists of a 14-bit DAC, 3V buried Zener refer
ence, DAC output amplifier and high speed control logic. 

The part features double-buffered interface logic with a 14-bit 
input latch and 14-bit DAC latch. Data is loaded to the input 
latch in either of two modes, parallel or serial. This data is then 
transferred to the DAC latch under control of an asynchronous 
LDAC signa1. A fast data setup time of 21ns allows direct paral
lel interfacing to digital signal processors and high speed 16-bit 
microprocessors. In the serial mode, the maximum serial data 
clock rate can be as high as 6MHz. 

The analog output from the AD7840 provides a bipolar output 
range of ± 3V. The AD7840 is fully specified for dynamic per
formance parameters such as signa1-to-noise ratio and harmonic 
distortion as well as for traditional dc specifications. Full power 
output signals up to 20kHz can be created. 

The AD7840 is fabricated in linear compatible CMOS 
(LC2MOS), an advanced, mixed technology process that com
bines precision bipolar circuits with low power CMOS logic. 
The part is available in a 24-pin plastic and hermetic dual-in-line 
package (DIP) and is also packaged in a 28-termina1 plastic 
leaded chip carrier (PLCC). 

REV. A 

LC2MOS 
Complete 14-Bit DAC 

AD7840 I 
FUNCTIONAL BLOCK DIAGRAM 

REF OUT REF IN 

A~D~~::=-------~ 
LilAC 

CS/SERIAL 

W/i/SvNC 

PRODUCT HIGHUGHTS 

D13/SDATA DO 

1. Complete 14-Bit D/A Function 

v 

DGND 

The AD7840 provides the complete function for creating ac 
signals and dc voltages to 14-bit accuracy. The part features 
an on-chip reference, an output buffer amplifier and 14-bit 
D/A converter. 

2. Dynamic Specifications for DSP Users 
In addition to traditional dc specifications, the AD7840 is 
specified for ac parameters including signal-ta-noise ratio and 
harmonic distortion. These parameters along with important 
timing parameters are tested on every device. 

3. Fast, Versatile Microprocessor Interface 
The AD7840 is capable of 14-bit parallel and serial interfac
ing. In the parallel mode, data setup times of 21ns and write 
pulse widths of 45ns make the AD7840 compatible with 
modem 16-bit microprocessors and digital signal processors. 
In the serial mode, the part features a high data transfer rate 
of6MHz. 
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AD 7840 SPECIFICA'JIONS (VDD = +5V ±5%. Vss = -5V ±5%. AGND = DGND = DV. REF IN = +3V. RL 
.. .. - " = 2kO. CL = tOOpF. All specifications Tmin.toJmai unless otherwis, noted.) 

Parameter I,AI K,BI SI Units Test ConditionS/Comments 

DYNAMIC PERFORMANCE2 . 

Signal to Noise Rati03 (SNR) 76 78 76 dB min VOUT=lkHz Sine Wave,fSAMPLIl =lookHz 
Typically 82dB at + 25"C for 0 <VoUT<20kHz4 

Total Harmonic Distortion (THD) -78 -80 -78 dB max VOUT=lkHz Sine Wave, fSAMPLE= 100kHz 
Typically -84dB at +25"C for 0 <VoUT<20kHz4 

Peak Harmonic or Spurious Noise -78 -80 -78 dB max VOUT=lkHz Sine Wave, fSAMPLE=IOOkHz 
Typically -84dB at +25"C for 0 <VoUT<20kHz4 

DC ACCURACY 
Resolution 14 14 14 Bits 
Integral Nonlinearity ±2 ±1 ±2 LSBmax 
Differential Nonlinearity ±0.9 ±0.9 ±0.9 LSBmax Guaranteed Monotonic 
Bipolar Zero Error ±10 ±10 ±10 LSBmax 
Positive Fnll Scale ErrorS ±10 ±IO ±IO LSBmax 
Negative Fnll Scale ErrorS ±10 ±10 ±1O LSB max 

REFERENCE OUTPtrf6 
REF OUT @ + 25°C 2.99 2.99 2.99 V min 

3.01 3.01 3.01 V max 
REFOUTTC ±60 ±60 ±60 ppml"C max 
Reference Load Change 
(~REF OUT vs. ~I) -1 -I -I mVmax Reference Load Current Change (0-5OO~) 

REFERENCE INPUT 
Reference Input Range 2.85 2.85 2.85 V tnin 3V ±5% 

3.15 3.15 3.15 V max 
Input Current 50 50 50 ~max 

LOGIC INPUTS 
Input High Voltage, V1NH 2.4 2.4 2.4 V tnin VDD=5V ±5% 
Input Low Voltage, VINL 0.8 0.8 0.8 V max VDD=5V ±5% 
Input Current, lIN ±IO ±10 ±IO ~max VIN = OV to VDD 
Input Current (CS Input Only) ±1O ±1O ±1O ~max VIN =Vssto VDD 
Input Capacitance, CIN 7 10. 10 10 pFmax 

ANALOG OUTPUT 
Output Voltage Range ±3 ±3 ±3 V Nom 
dc Output Impedance 0.1 0.1 0.1 Otyp 
Short-Circuit Current 20 20 20 mAtyp 

AC CHARACTERISTICS7 

Voltage Output Settling Tinte Settling Time to within ± 1I2LSB of Final Value 
Positive Full-Scale Change 4 4 4 jl.smax Typically 2jl.s 
Negative Fnll-Scale Change 4 4 4 jl.smax Typically 2.5jl.s 

Digital-to-Analog Glitch Impulse 10 10 10 nV sees typ 
Digital Feedtbrough 2 2 2 nV secs typ 

POWER REQUIREMENTS 
VDD +5 +5 +5 V nom ±5% for Specified Performance 
Vss -5 -5 -5 V nom ±5% for Specified Performance 
IDD 14 14 IS mAmax Output Unloaded, SCLK=+5V. Typically lOrnA 
Iss 6 6 7 mAmax Output Unloaded, SCLK=+5V. Typically 4mA 
Power Dissipation 100 100 llO mWmax Typically 70mW 

NOTES 
'Temperature ranges are as follows: J, K Versions, 0 to +7O"C; A, B Versions, -25°C to +8S"C; S Version, -SS"C to + 12S"C. 
'VOUT (Pk-pk)=±3V. 
'SNR calculation includes distortion and noise components. 
'Using external sample-and-hold (see Testing the AD7840). 
'Measured with respect to REP IN and includes bipolar offset error. 
'Por capacitive loads greater than SOpP, a series resistor is required (see Iotemal Reference section). 
7Sample tested @ + 25°C to ensure compliance. 
Specifications subject to change without notice. 
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AD7840 

TIMING CHARACTERISTICS1, 2(Voo = +5V ±5%. Vss = -5V ±5%. AGND = DGND = av.) 

Umit at T m;Q' T max Limit at T m;Q' T max 

Parameter G, K, A, B Versions) (S Version) Units Conditions/Comments 

t, 0 0 ns tnin CS to WR Setup Time 
t2 0 0 nsmin CS to WR Hold Time 
t, 45 SO ns tnin WR Pulse Width 
t4 21 28 nsmin Data Valid to WR Setup Time 
ts 10 15 ns tnin Data Valid to WR Hold Time 
t. 40 40 nsmin LDAC Pulse Width 
t7 50 50 ns tnin .SYNC to SCLK Falling Edge 
t8' ISO 200 nsmin SCLK Cycle Time 
t. 30 40 .ns tnin Data Valid to SCLK Setup Time 
tlO 75 100 nsmin Data Valid to SCLK Hold Time 
til 75 100 ns tnin SYNC to SCLK Hold Time 

NOTE 
ITiming specifications in bold print are 100% production lesled. All other times are sample lesled al + 25"<: to ensure compliance. All inpul signals are 
specified with Ir= tf= 5ns (10% 10 90% of 5V) and timed from a voltage level of 1.6V. 

'See Figures 6 and 8. 
'SCLK mark/space ratio is 40/60 10 60/40. 
Specifications subject 10 cbange withoul notice. 

ABSOLUTE MAXIMUM RATINGS· 
Voo to AGND ...................... -O.3V to +7V 
Vss to AGND ....................... +O.3V to -7V 
AGND to DGND ................ -0.3V to Voo +O.3V 
VOUT to AGND ........................ Vss to Voo 
REF OUT to AGND ..................... OV to V 00 

REF IN to AGND ............... -0.3V to Voo +O.3V 
Digital Inputs to DGND ........... -0.3V to Voo +0.3V 
Operating Temperature Range 

Commercial G, K Versions) ............... 0 to +70OC 
Industrial (A, B Versions) ............. -2SoC to +85°C 
Extended (S Version) ............... -5SoC to + 125°C 

Storage Temperature Range ............ -6S°C to +ISO°C 
Lead Temperature (Soldering, 10sec) ............ + 3000C 
Power Dissipation (Any Package) to +75°C ........ .4sOmw 
Derates above +75°C by .................... 10mW/"C 

·Stresses above those listed under Ie Absolute Maximum Ratings" may cause 
permanenl damage 10 the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 

CAUTION ______________________________________________ ___ 

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

REV. A 

ORDERING GUIDE 

Integral 
Temperature SNR Nonlinearity Package 

Modell Range (dB) (LSB) Option2 

AD7840JN o to +70°C 78 tnin ±2 max N-24 
AD7840KN o to +70°C 80 tnin ±I max N-24 
AD7840JP o to +70°C 78 tnin ±2max P-28A 
AD7840KP o to +700C 80 tnin ±I max P-28A 
AD7840AQ -25°C to +85OC 78 tnin ±2 max Q-24 
AD7840BQ -25°C to +85°C 80 tnin ±I max Q-24 
AD784OSQ' -55°C to + 125°C 78 tnin ±2max Q-24 

NOTES 
ITo order MIL-STD-883, Class B processed parts, add 1883B 10 part number. 
Contact your local sales office for militarY data sbeet and availability. 

'N = Plastic DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip. For outline 
information see Package Information section. 

'This grade will be available to 1883B processing only. 
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AD7840 
PIN FUNCTION DESCRlPTlON 

DIP 
Pin 
No. 

2 

3 

4 

5 

6 

7-11 

12 

13-16 

17 

18 

19 

20 

21 

22 

23 

24 

Pin 
MnemoDic 

CS/SERIAL 

WRlSYNC 

D13/SDATA 

DI2ISCLK 

Function 

Chip Select/Serial Input. When driven with normal logic levels, it is an active low logic input which is 
used in conjunction with WR to load parallel data to the input latch. For applications where CS is perma
nendy low, an R, C is required for correct power-up (see LDAC input). If this input is tied to Vss, it 
defmes the AD7840 for serial mode operation. 

WriteIFrame Synchronization Input. In the parallel data mode, it is used in conjunction with CS to load 
parallel data. In the serial mode of operation, this pin functions as a Frame Synchronization pulse with 
serial data expected after the falling edge of this signal. 

Data Bit 13(MSB)lSerial Data. When parallel data is selected, this pin is the DB input. In serial mode, 
SDATA is the serial data input which is used in conjunction with SYNC and SCLK to transfer serial data 
to the AD7840 input latch. 

Data Bit 12/Serial Clock. When parallel data is selected, this pin is the D12 input. In the serial mode, it 
is the serial clock input. Serial data bits are latched on the falling edge of SCLK when SYNC is low. 

D11IFORMAT Data Bit 11/Data Format. When parallel data is selected, this pin is the D11 input. In serial mode, a logic 
1 on this input indicates that the MSB is the first valid bit in the serial data stream. A logic 0 indicates 
that the LSB is the first valid bit (see Table I). 

DIO/JUSTIFY 

09-D5 

DGND 

O4-Dl 

DO 

VDD 

AGND 

VOUT 

Vss 

REF OUT 

REF IN 

LDAC 

Data Bit 10/Data Justification. When parallel data is selected, this pin is the DI0 input. In serial mode, 
this input controls the serial data justification (see Table I). 

Data Bit.9 to Data Bit 5. Parallel data inputs. 

Digital Ground. Ground reference for digital circuitry. 

Data Bit 4 to Data Bit 1. Parallel data inputs. 

Data Bit 0 (LSB). Parallel data input. 

Positive Supply, +5V± 5%. 

Analog Ground. Ground reference for DAC, reference and output buffer amplifier. 

Analog Output Voltage. This is the buffer amplifier output voltage. Bipolar output range (±3V with REF 
IN = +3V). 

Negative Supply Voltage, -5V ±5%. 

Voltage Reference Output. The internal 3V analog reference is provided at this pin. To operate the 
AD7840 with internal reference, REF OUT should be connected to REF IN. The external load capability 
of the reference is 500""A. 

Voltage Reference Input. The reference voltage for the DAC is applied to this pin. It is internally buff
ered before being applied to the DAC. The nominal reference voltage for correct operation of the AD7840 
is 3V. 

Load DAC. Logic input. A new word is loaded into the DAC latch from the input latch on the falling 
edge of this signal (see Interface Logic Information section). The AD7840 should be powered-up with 
LDAC high. For applications where LDAC is permanently low, an R, C is required for correct power-up 
(see Figure 19). 

LAST BIT IN 
DATA STREAM 

+ 
M'IMSBI 

M21 • I 
M31LSBI 

MOl· I· ILSBI 

FIRST BIT IN 
DATA STREAM 

i 
1·1 

_------- 16 BITS -------'--._ 

• =DON'T CARE 

Table I. Serial Data Modes 

FORMAT JUSTIFY MODE 

0 0 MI 

0 1 M2 

1 0 M3 

1 1 M4 
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AD7840 
PIN CONFIGURATIONS 

DIP 

D/ASECTION 
The AD7840 contains a 14-bit voltage mode D/A converter con
sisting.of highly stable thin film resistors and high speed NMOS 
single-pole, double-throw switches. The simplified circuit dia
gram for the DAC section is shown in Figure 1. The three 
MSBs of the data word are decoded to drive the seven switches 
A-G. The llLSBs switch an ll-bit R-2R ladder structure. The 
output voltage from this converter has the same polarity as the 
reference voltage, REF IN. 

The REF IN voltage is internally buffered by a unity gain am
plifier before being applied to the DfA converter and the bipolar 
bias circuitry. The DfA converter is configured and scaled for a 
3V reference and the device is tested with 3V applied to REF 
IN. Operating the AD7840 at reference voltages outside the 
± 5% tolerance range may result in degraded performance from 
the part. 

Dt2/SCLK 5 

NC "" NO CONNECT 

AD7840 
TOP VIEW 

INotCOScllleJ 

for external use, it should be decoupled to AGND with a 200n 
resistor in series with a parallel combination of a IOI1F tantalum 
capacitor and a O.II1F ceramic capacitor. 

TEMPERATURE 
COMPENSATION 

AD7840 

REF OUT 

Figure 2. Internal Reference 

EXTERNAL REFERENCE 
In some applications, the user may require a system reference 

Vou, or some other external reference to drive the AD7840 reference 
input. Figure 3 shows how the AD586 SV reference can be 
conditioned to provide the 3V reference required by the 
AD7840 REF IN. An alternate source of reference voltage for 
the AD7840 in systems which use both a DAC and an ADC 

·BUfFERED REF IN VOLTAGE 

Figure 1. DACLadder Structure 

INTERNAL REFERENCE 
The AD7840 has an on-chip temperature compensated buried 
Zener reference (see Figure 2) which is factory trimmed to 3V 
±IOmV. The reference voltage is provided at the REF OUT 
pin. This reference can be used to provide both the reference 
voltage for the Df A converter and the bipolar bias circuitry. 
This is achieved by connecting the REF OUT pin to the REF 
IN pin of the device. 

The reference voltage can also be used as a reference for other 
components and is capable of providing up to SOOI1A to an ex
ternalload. The maximum recommended capacitance on REF 
OUT for normal operation is SOpF. If the reference is required 

REV. A 

is to use the REF OUT voltage of ADCs such as the AD7870 
and AD7871. A circuit showing this arrangement is shown in 
Figure 20. 

+15Y 

"ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 3. AD586 Driving AD7840 REF IN 
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AD7840 
OP AMP SECTION 
The output from the voltage mode DAC is buffered bya I).on
inverting amplifier. Internal scaling resistors on the AD7840 
configure an output voltage range of ± 3V for an input reference 
voltage of + 3V. The arrangement of these resistors around the 
output op amp is as shown in Figure 1: The buffer amplifier is 
capable of developing ±3V across a 2kO and lOOpF load to 
ground and can produce 6V peak-to-peak sine wave signals to a 
frequency of 20kHz. The output is updated on the falling edge 
of the LDAC input. The amplifier settles to within 1I2LSB of 
its fmal value in typically less than 2.5fJ.s. 

The small signal (200m V p-p) bandwidth of the output buffer 
amplifier is typically IMHz. The output noise from the ampli
fier is low with a figure of 30n Vly'Hz at a frequency of 1kHz. 
The broadband noise from the amplifier exhibits a typical peak
to-peak figure of 150fJ.V for a IMHz output bandwidth. Figure 
4 shows a typical plot of noise spectral density versus frequency 
for the output buffer amplifier and for the on-chip reference. 

500 TA .!.5':: 
VDD =+5V 
Vu =-5V 

'00 

r---... 
"'- REF OUT I:! 100 

50 
OUTPUT WITH . 

"- ALL os LOADED 

'0 

10 
50 100 200 1k 2k 10k 20k lOOk 

FREQUENCY - Hz 

Figure 4. Noise Spectral Density vs. Frequency 

TRANSFER FUNCTION 
The basic circuit configuration for the AD7840 is shown in Fig
ure 5. Table II shows the ideal input code to output voltage re
lationship for this configuration. Input coding to the DAC is 2s 
complement with 1LSB = FS/16,384 = 6V/16,384= 366fJ. V. 

VOUT 

-5V 
*ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 5. AD7840 Basic Connection Diagram 
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DAC Latch Contents 
MSB LSB 

01111111111111 
011 1 1111111110 
00000000000001 
00000000000000 
11111111111111 
10000000000001 
10000000000000 

*Assuming REF. IN .".. +3V. 

Analog Output, VOUT* 

+2.999634V 
+2.999268V 
+0.OOO366V 
OV 
-0.OOO366V 
-2.999634V 
-3V 

Table II. Ideal Input/Output Code Table 

The output voltage can be expressed in terms of the input code, 
N, using the following expression: 

2xNxREFIN 
VOUT - 16384 -8192 s:Ns:+8191 

INTERFACE LOGIC INFORMATION 
The AD7840 contains two 14-bit latches, an input latch and a 
DAC latch. Data can be loaded to the input latch in one of two 
basic interface formats. The first is a parallel 14-bit wide data 
word; the second is a serial interface where 16 bits of data are 
serially clocked into the input latch. In the parallel mode, CS 
and WR control the loading of data. When the serial data for
mat is selected, data is loaded using the SCLK, SYNC and 
SDATA serial inputs. Data is transferred from the input latch 
to the DAC latch under control of the LDAC signal. Only the 
data in the DAC latch determines the analog output of the 
AD7840. 

Parallel Data Format 
Table III shows the truth table for AD7840 parallel mode opera
tion. The AD7840 normally operates with a parallel input data 
format. In this case, all 14 bits of data (appearing on data inputs 
DB (MSB) through DO (LSB» are loaded to the AD7840 input 
latch at the same time. CS and WR control the loading of this 
data. These control signals are level-triggered; therefore, the 
input latch can be made transparent by holding both signals at a 
logic low level. Input data is latched into the input latch on the 
rising edge of CS or WR. 

The DAC latch is also level triggered. The DAC output is nor
mally updated on the falling edge of the LDAC signal. How
ever, both latches cannot become transparent at the same time. 
Therefore, if LDAC is hardwired low, the part operates as fol
lows; with LDAC low and CS and WR high, the DAC latch is 
transparent. When CS and WR go low (with LDAC still low), 
the input latch becomes transparent but the DAC latch is dis
abled. When CS or WR return high, the input latch is locked 
out and the DAC latch becomes transparent again and the DAC 
output is updated. The write cycle timing diagram for parallel 
data is shown in Figure 6. Figure 7 shows the simplified parallel 
input control logic for the AD7840. 
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CS WR LDAC Function 

H X H } Both Latches Latched 
X H H 

L L H Input Latch Transparent 

H H L } Input Latch Latched 
H X L DAC Latch Transparent 
X H L Analog Output Updated 

'- t. L Input Latch Transparent 
DAC Latch Data Transfer Inhibited 

L ~ L } Input Latch Is Latched 
~ L L DAC Latch Data Transfer Occurs 

X = Don't Care 

Table III. Parallel Mode Truth Table 

Figure 6. Parallel Mode Timing Diagram 

Figure 7. AD7840 Simplified Parallel Input Control Logic 
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AD7840 
Serial Data Format 
The serial data format is selected for the AD7840 by connecting 
the CS/SERIAL line to -SV. In this case, the WRiSYNC, 
DI3/SDATA, DlZ/SCLK, DlIlFORMAT and DIO/JUSTIFY 
pins all assume their serial functions. The unused parallel inputs 
should not be left unconnected to avoid noise pickup. Serial 
data is loaded to the input latch under control of SCLK, SYNC 
and SDATA. The AD7840 expects a 16-bit stream of serial data 
on its SDATA input. Serial data must be valid on the falling 
edge of SCLK. The SYr'rC input provides the frame synchroni- • 
zation signal which tells the AD7840 that valid serial data will 
be available for the next 16 falling edges of SCLK. Figure 8 
shows the timing diagram for serial data format. 

Although 16 bits of data are clocked into the AD7840, only 14 
bits go into the input latch. Therefore, two bits in the stream 
are don't cares since their value does not affect the input latch 
data. The order and position in which the AD7840 accepts 
the 14 bits of input data depends upon the FORMAT and 
JUSTIFY inputs. There are four different input data modes 
which can be chosen (see Table I in the Pin Function Descrip
tion section). 

The first mode (MI) assumes that the first two bits of the input 
data stream are don't cares, the third bit is the LSB and the 
last (or 16th bit) is the MSB. This mode is chosen by tying 
both the FORMAT and JUSTIFY pins to a logic O. The 
second mode (MZ; FORMAT = 0, JUSTIFY = I) assumes that 
the first bit in the data stream is the LSB, the fourteenth bit is 
the MSB and the last two bits are don't cares. The third mode 
(M3; FORMAT = I, JUSTIFY =0) assumes that the first two 
bits in the stream are again don't cares, the third bit is now the 
MSB and the sixteenth bit is the LSB. The final mode (M4; 
FORMAT = I, JUSTIFY = I) assumes that the first bit is the 
MSB, the fourteenth bit is the LSB and the last two bits of the 
stream are don't cares. 

As in the parallel mode, the LDAC signal controls the loading 
of data to the DAC latch. Normally, data is loaded to the DAC 
latch on the falling edge of LDAC. However, if LDAC is held 
low, then serial data is loaded to the DAC latch on the sixteenth 
falling edge of SCLK. If LDAC goes low during the transfer of 
serial data to the input latch, no DAC latch update takes place 
on the falling edge of LDAC. If LDAC stays low until the serial 
transfer is completed, then the update takes place on the six
teenth falling edge of SCLK. If LDAC returns high before the 
serial data transfer is completed, no DAC latch update takes 
place. Figure 9 shows the simplified serial input control logic for 
the AD7840. 
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AD7840 

SCLK 

SYNC 

Figure 8. Serial Mode Timing Diagram 

Figure 9. AD7840 Simplified Serial Input Control Logic 

AD7840 DYNAMIC SPECIFICATIONS 
The AD7840 is specified and 100% tested for dynamic perfor
mance specifications as well as traditional dc specifications such 
as integral and differential nonlinearity. These ac specifications 
are required for the signal processing applications such as speech 
synthesis, servo control and high speed modems. These applica
tions require information on the DAC's effect on the spectral 
content of the signal it is creating. Hence, the parameters for 
which the AD7840 is specified include signal-to-noise ratio, har
monic distortion and peak harmonics. These terms are discussed 
in more detail in the following sections. 

Signal-to-Noise Ratio (SNR) 
SNR is the measured signal-to-noise ratio at the output of the 
DAC. The signal is the rms magnitude of the fundamental. 
Noise is the rms sum of all the nonfundamental signals up to 
half the sampling frequency (fS/2) excluding dc. SNR is depen
dent upon the number of quantization levels used in the digiti
zation process; the more levels, the smaller the quantization 
noise. The theoretical signal to noise ratio for a sine wave output 
is given by 

SNR = (6.02N + 1.76)dB 

where N is the number of bits. Thus for an ideal l4-bit con
verter, SNR = 86dB. 
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(1) 

Figure 10 shows a typical 2048 point Fast Fourier Transform 
(FFT) plot of the AD7840KN with an output frequency of 
1kHz and an update rate of 100kHz. The SNR obtained from 
this graph is 81.8dB. It should be noted that the harmonics are 
taken into account when calculating the SNR. 

T.=+2S"C 
f.=I00kHz 
SNR=81.8dB i -3°Hr----------------+-----------~~~~ 

I i -so 

c -HH-.-------------~--------------~ 
~ 
~ -120 

50 
FREQUENCY - kHz 

Figure 10. AD7840 FFT Plot 

Effective Number of Bits 
The formula given in (1) relates the SNR to the number of bits. 
Rewriting the formula, as in (2), it is possible to get a measure 
of performance expressed in effective number of bits (N). 

N=SNR-1.76 
6.02 

The effective number of bits for a device can be calculated di
rectly from its measured SNR. 

Harmonic Distortion 

(2) 

Harmonic distortion is the ratio of the rms sum of harmonics to 
the fundamental. For the AD7840, total harmonic distortion 
(THD) is defined as 

---------
THD = 20 log yv/+vl+vl+vs2+V62 

VI 
where Viis the rms amplitude of the fundamental and V 2' V 3' 

V., V s and V 6 are the rms amplitudes of the second through the 
sixth harmonic. The THD is also derived from the 2048-point 
FFT plot. 

Peak Harmonic or Spurious Noise 
Peak harmonic or spurious noise is defmed as the ratio of the 
rms value of the next largest component in the DAC output 
spectrum (up to fS/2 and excluding dc) to the rms value of the 
fundamental. Normally, the value of this specification will be 
determined by the largest harmonic in the spectrum, but for 
parts where the harmonics are buried in the noise floor the peak 
will be a noise peak. 

Testing the AD7840 
A simplified diagram of the method used to test the dynamic 
performance specifications is outlined in Figure 11. Data is 
loaded to the AD7840 under control of the microcontroller and 
associated logic at a 100kHz update rate. The OUtput of the 
AD7840 is applied to a ninth order, 50kHz, low-pass filter. The 
output of the filter is in turu applied to a l6-bit accurate digi
tizer. This digitizes the signal and the microcontroller generates 
an FFT plot from which the dynamic performance of the 
AD7840 can be evaluated. 
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Figure 11. AD7840 Dynamic Performance Test Circuit 

The digitizer sampling is synchronized with the AD7840 update 
rate to ease FFf calculations. The digitizer samples the AD7840 
after the output has settled to its new value. Therefore, if the 
digitizer was to sample the output directly it would effectively 
be sampling a dc value each time. As a result, the dynamic per
formance of the AD7840 would not be measured correctly. Us
ing the digitizer directly on the AD7840 output would give bet
ter results than the actual performance of the AD7840. Using a 
filter between the DAC and the digitizer means that the digitizer 
samples a continuously moving signal and the true dynamic per
formance of the AD7840 is measured. 

Some applications will require improved performance versus 
frequency from the AD7840. In these applications, a simple 
sample-and-hold circuit such as that outlined in Figure 12 will 
extend the very good performance of the AD7840 to 20kHz. 

AD7840 
R1 

2kU S1 
YOUT o--'W'.-4~y 

LDAC---¢ 

R2 
2kll 

C9 
330pF 

Figure 12. Sample-and-Hold Circuit 

Other applications will already have an inherent sample-and
hold function following the AD7840. An example of this type of 
application is driving a switched-capacitor filter where the up
dating of the DAC is synchronized with the switched-capacitor 
filter. This inherent sample-and-hold function also extends the 
frequency range performance of the AD7840. 
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AD7840 

Performance versus Frequency 
The typical performance plots of Figures 13 and 14 show the 
AD7840's performance over a wide range of input frequencies at 
an update rate of 100kHz. The plot of Figure 13 is without a 
sample-and-hold on the AD7840 output while the plot of Figure 
14 is generated with the sample-and-hold circuit of Figure 12 on 
the output. 

Hr---r----r----r----.---~ 

~~---+----+-----~---+--~ 

H~--~----~--~----t_--~ 

~ 50 ~--_+----+_----~--_+--~ .. 
~ 40 ~--_+----+_--~~--_+--___l 

30~--_+----+_--~~--_+--~ 

Voo=+5V 
20 ~--_+----+_--_1r--V"'-5V

TA'~"C 
10r---~----1_----t_--_+----1 

OL-__ ~ ____ ~ ____ L_ __ ~ __ ~ 

o 
FREQUENCY - kHit 

Figure 13. Performance vs. Frequency (No 
Sample-and-Holdi 

.'~----~----~------r---~ 

.. ~==~=====*=====f====~ 
~~----~-----+------~--~ 

~~----~-----+------~--~ 

~ 50 ~----~----_+------~--~ , .. 
~ 40 1------1_----_+------t_----1 

30~----~----_+------~--~ 

Voo"'+5V 
20 ~----~----_+--- vss=-sv

TA'~5"C 

10~----~----_+------~--~ .L-____ ~ ____ ~ ______ L_ __ ~ 

o 10 15 20 
FREQUENCV - kHz 

Figure 14. Performance vs. Frequency (with 
Sample-and-Hold) 
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AD7840 
MICROPROCESSOR INTERFACING 
The AD7840 logic architecture allows two interfacing options 
for interfacing the part to microprocessor systems. It offers a 
14-bit wide parallel format and a serial format. Fast pulse 
widths and data setup times allow the AD7840 to interface di
rectly to most microprocessors including the DSP processors. 
Suitable interfaces to various microprocessors are shown in 
Figures 15 to 23. 

Parallel Interfacing 
Figures 15 to 17 show interfaces to the DSP processors, the 
ADSP-2100, the TMS32010 and TMS32020. An external timer 
controls the updating of the AD7840. Data is loaded to the 
AD7840 input latch using the following instructions: 

ADSP-2100 : DM(DAC) = MRO 
TMS32010 : OUT DAC,D 
TMS32020 : OUT DAC,D 
MRO = ADSP-2100 MRO Register 
D = Data Memory Address 
DAC =' AD7840 Address 

DMA14 1--== __ -----, 
DMAD 

ADSP-2100 

DMWR 1---------1 WIi 
013 

AD7840* 

DMOISI------I 

OMDDI------------J 
L-__ --' -ADDITIONAL PINS OMITTED FOR CLARITY. 

Figure 15 AD7840 - ADSP-2100 Parallel Interface 

AA2~-~~~~-~---7 

PAD 

TMS32010 

wel--'--------t Wli 

013 

0151------1 DDI-_____________ J 

L-__ --' -ADDITIONAL PINS OMmID fOR CLARITY. 

Figure 16. AD7840 - TM32010 Parallel Interface 

2-702 DIGITAL-TO-ANALOG CONVERTERS 

AI51--'--------~------, 

AD 

TMS32020 

s;~ I--'---...,------>-___ ~ WIi 

013 

DIS 1-----------' 
oDI-------------J 

-ADDITIONAL PINS OMmED FOR CLARITY. 

Figure 17. AD7840 - TMS32020 Parallel Interface 

Some applications may require that the updating of the AD7840 
DAC latch be controlled by the microprocessor rather than the 
external timer. One option (for double-buffered interfacing) is to 
decode the AD7840 LDAC from the address bus so that a write 
operation to the DAC latch (at a separate address than the input 
latch) updates the output. An example of this is shown in the 
8086 interface of Figure 18. Note that connecting the LDAC 
input to the CS input will not load the DAC latch correctly 
since both latches cannot be transparent at the same time. 

AD7840 - 8086 Interface 
Figure 18 shows an interface between the AD7840 and the 8086 
microprocessor. For this interface, the LDAC input is derived 
from a decoded address. If the least significant address line, AO, 
is decoded then the input latch and the DAC latch can reside at 
consecutive addresses. A move instruction loads the input latch 
while a second move instruction updates the DAC latch and the 
AD7840 output. The move instruction to load a data word 
WXYZ to the input latch is as follows: 

MOV DAC,#YZWX 
DAC = AD7840 Address 

AD15 

ADO 
*ADDmONAL PINS OMmED FOR ClARITY. 

Figure 18. AD7840 - 8086 Parallel Interface 
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AD7840 - 68000 Interface 
An interface between the AD7840 and the 68000 microprocessor 
is shown in Figure 19. In this interface example, the LDAC 
input is hardwired low. As a result the DAC latch and analog 
output are updated on the rising edge of WR. A single move 
instruction, therefore, loads the input latch and updates the 
output. 

MOVE.W DO,$DAC 
DO = 68000 DO Register 
DAC = AD7840 Address 

A23 
ADDRESS BUS 

AI 

J ~ 
MC68000 rl- I 

DECODE 

EN r f 
DfACK 

1 AS " R/W _/ 

DIS 

V I r 
DATA BUS 

DO 
*ADOmoNAL PtNS OMfTTEO FOR CLARITY. 

~ 

cs 

AD1840* 

WR 

LDAC 

. D13 

DO 

~ 

Figure 79. AD7840 - MC68000 Parallel Interface 

Serial Interfacing 
Figures 20 to 23 show the AD7840 configured for serial interfac
ing with the CS input hardwired to - SV. The parallel bus is not 
activated during serial communication with the AD7840. 

AD7840 - ADSP-210JlADSP-2102 Serial Interface 
Figure 20 shows a serial interface between the AD7840 and the 
ADSP-210IlADSP-2102 DSP processor. Also included in the 
interface is the AD7870, a 12-bit AID converter. An interface 
such as this is suitable for modem and other applications which 
have a DAC and an ADC in serial communication with a 
microprocessor. 

The interface uses just one of the two serial ports of the 
ADSP-2101/ADSP-2102. Conversion is initiated on the AD7870 
at a fixed sample rate (e.g., 9.6kHz) which is provided by a 
timer or clock recovery circUitry. While communication takes 
place between the ADC and the ADSP-210IlADSP-2102, the 
AD7870 SSTRB line is low. This SSTRB line is used to provide 
a frame synchronization pulse for the AD7840 SYNC and 
ADSP-2101/ADSP-2102 TFS lines. This means that communi
cation between the processor and the AD7840 can only take 
place while the AD7870 is communicating with the processor. 
This arrangement is desirable in systems such as modems where 
the DAC and ADC communication should be synchronous. 

The use of the AD7870 SCLK for the AD7840 SCLK and 
ADSP-210IlADSP-lIOl SCLK means that only one serial port 
of the processor is used. The serial clock for the AD7870 must 
be set for continuous clock for correct operation of this interface. 
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AD7840 
Data from the ADSP-lIOI/ADSP-lIOl is valid on the falling 
edge of SCLK. The LDAC input of the AD7840 is permanently 
low so the update of the DAC latch and analog output takes 
place on the sixteenth falling edge of SCLK (with SYNC low). 
The FORMAT pin of the AD7840 must be tied to +SV and the 
JUSTIFY pin tied to DGND for this interface to operate 
correctly. 

12/s/elK 

ADSP·21011 +5V 
ADSP·2102 _-_-_>-

AD7870* 

4.7k 2k 

RFS &STRB 

SCLK SCLK 

DR SDATA 

REF OUT 

REF IN 

TFS 1-..... --+---.-1 SYNC 

L. __ --I SClK 

DTI--------./ 

AD7840* 

r---~LDAC 

JUSTIFY 

FORMAT 

-ADDITIONAL PINS OMITrED FOR CLAmTY 

Figure 20. Complete DACIADC Serial Interface 

AD7840 - DSPS6000 Serial Interface 
A serial interface between the AD7840 and the DSPS6000 is 
shown in Figure 21. The DSPS6000 is configured for normal 
mode synchronous operation with gated clock. It is also set up 
for a 16-bit word with SCK and SCl as outputs and the FSL 
control bit set to a O. SCK is internally generated on the 
DSPS6000 and applied to the AD7840 SCLK input. Data from 
the DSPS6000 is valid on the falling edge of SCK. The SCl out
put provides the framing pulse for valid data.· This line must be 
inverted before being applied to the SYNC input of the 
AD7840. 

The LDAC input of the AD7840 is connected to DOND so the 
update of the DAC latch takes place on the sixteenth falling 
edge of SCLK. As with the previous interface, the FORMAT 
pin of the AD7840 must be tied to + SV and the JUSTIFY pin 
tied to DGND. 

+5V 

FORMAT 
cs 
LDAC 

DSP56000 JUSTIFY 

AD7840* 

SCK SCLI< 

STD SDATA 

SC2 SYNC 

"ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 21. AD7840 - DSP56000 Serial Interface 
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AD7840 
AD7840 - TMS32020 Serial Interface 
Figure 22 shows a setial interface between the AD7840 and the 
TMS32020 DSP processor. In this interfa~e, the CLKX and 
FSX pin of the TMS32020 are generated from the clock/timer 
circuitry. The same clock/timer circuitry generates the LDAC 
signal of the AD7840 to synchronize the update of the output 
with the serial transmission. The FSX pin of the TMS32020 
must be configured as an input. 

Data from the TMS32020 is valid on the falling edge of CLKX. 
Once again, the FORMAT pin of the AD7840 must be tied to 
+5V while the JUSTIFY pin must be tied to DGND. 

+5V 

TMS32020 
A07840' 

FSX \----_+_..j SYNC 

CLKX 1-----..... _--1 SCLK 

DX t----'---..j SDATA 

~--~ ~ 
-5V 

JUSTIFY 

• ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 22. AD7840 - TMS32020 Serial Interface 

APPLYING THE AD7840 
Good printed circuit board layout is as important as the overall 
circuit design itself in achieving high speed converter perfor
mance. The AD7840 works on an LSB size of 366 ... V. There
fore, the designer must be conscious of minimizing noise in both 
the converter itself and in the surrounding circuitry. Switching 
mode power supplies are not recommended as the switching 
spikes can feed through to the on-chip amplifier. Other causes 
of concern are ground loops and digital feedthrough from micro
processors. These are factors which influence any high perfor
mance converter, and a proper PCB layout which minimizes 
these effects is essential for best performance. 

LAYOUT HINTS 
Ensure that the layout for the printed circuit board has the digi
tal and analog lines separated as much as possible. Take care not 
to run any digital track alongside an analog signal track. Estab
lish a single point analog ground (star ground) separate from the 
logic system ground. Place this star ground as close as possible 
to the AD7840 as shown in Figure 24. Connect all analog 
grounds to this star ground and also connect the AD7840 
DGND pin to this ground. Do not connect any other digital 
grounds to this analog ground point. 

Low impedance analog and digital power supply common 
returns are essential to low noise operation of high performance 
converters. Therefore, the foil width for these tracks should be 
kept as wide as possible. The use of ground planes minimizes 
impedance paths and also guards the analog circuitry from digi-
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AD7840 - NEC7720 Serial Interface 
A serial interface between the AD7840 and the NEC7720 is 
shown in Figure 23. The seriaJ clock must be inverted before 
being applied to the AD7840 SCLK input because data from the 
processor is valid on the rising edge of SCK. 

The NEC7720 is programmed for the LSB to be the first bit in 
the seriaJ data stream. Therefore, the AD7840 is set up with the 
FORMAT pin tied to DGND and the JUSTIFY pin tied to 
+5V. 

"P077ZO 

+5V 

JUSTIFY 

LDAC 

AD7840* 

SOEN t--+-----i SYNC 

SCK .;>a--~ SCLK 

t--------i SDATA 
~ __ .....J FORMAT 

"ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 23. AD7840 - NEC7720 Serial Interface 

tal noise. The circuit layouts of Figures 27 and 28 have both 
analog and digital ground planes which are kept separated and 
only joined at the star ground close to the AD7840. 

NOISE 
Keep the signal leads on the V OUT signal and the signal return 
leads to AGND as short as possible to minimize noise coupling. 
In applications where this is not possible, use a shielded cable 
between the DAC output and its destination. Reduce the ground 
circuit impedance as much as possible since any potential differ
ence in grounds between the DAC and its destination device 
appears as an error voltage in series with the DAC output. 

ANALOG 
CIRCUITRY 

AGND Va VDD DGND 

AD7840 
DlGrTAL 

ClAC\JlTRY 

Figure 24. Power Supply Grounding Practice 
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DATA ACQUlSmON BOARD 
Figure 25 shows the AD7840 in a data acquisition circuit. The 
corresponding printed circuit board (PCB) layout and silkscreen 
are shown in Figures 26 to 28. The board layout has three inter
face ports: one serial and two parallel. One of the parallel ports 
is directly compatible with the ADSP-2100 evaluation board 
expansion connector. 

Some systems will require the addition of a re-construction filter 
on the output of the AD7840 to complete the data acquisition 
system. There is a component grid provided near the analog 
output on the PCB which may be used for such a filter or any 
other output conditioning circuitry. To facilitate this option, 
there is a shorting plug (labeled LKI on the PCB ) on the ana
log output track. If this shorting plug is used, the analog output 
connects to the output of the AD7840; otherwise this shorting 
plug can be omitted and a wire link used to connect the analog 
output to the PCB component grid. 

The board also contains a simple sample-and-hold circuit which 
can be used on the output of the AD7840 to extend the very 
good performance of the AD7840 over a wider frequency range. 
A second wire link (labelled LK2 on the PCB) connects VOUT 
(SKTl) to either the output of this sample-and-hold circuit or 
directly to the output of the AD7840. 

INTERFACE CONNECTIONS 
There are two parallel connectors, labeled SKT4 and SKT6, 
and one serial connector, labeled SKT5. A shorting plug option 
(LK8 in Figure 25) on the AD7840 CS/SERIAL input config
ures the DAC for the appropriate interface (see Pin Function 
Description). 

SKT6 is a 96-contact (3-row) Eurocard connector which is 
directly compatible with the ADSP-2100 Evaluation Board Pro
totype Expansion Connector. The expansion connector on the 
ADSP-2100 has eight decoded chip enable outputs labeled ECEI 
to ECE8. ECE6 is used to drive the AD7840 CS input on the 
data acquisition board. To avoid selecting on-board sockets at 
the same time, LK6 on the ADSP-2100 board must be 
removed. The AD7840 and ADSP-2100 data lines are aligned 
for left justified data transfer. 

SKT4 is a 26-way (2-row) IDC connector. This connector con
tains the same signal contacts as SKT6 and in addition contains 
decoded RtW and STRB inputs which are necessary for 
TMS32020 interfacing. This decoded WR can be selected via 
LK4. The pinout for this connector is shown in Figure 29. 

SKT5 is a nine-way D-type connector which is meant for serial 
interfacing only. The evaluation board has the facility to invert 
SYNC line via LK7. This is necessary for serial interfacing 
between the AD7840 and DSP processors such as the DSP56000. 
The SKT5 pinout is shown in Figure 30. 

SKTl, SKT2 and SKT3 are three BNC connectors which pro
vide connections for the analog output, the LDAC input and an 
external reference input. The use of an external reference is 
optional; the shorting plug (LK3) connects the REF IN pin to 
either this external reference or to the AD7840's own internal 
reference. 

Wire links LK5 and LK6 connect the D11 and DIO inputs to 
the data lines for parallel operation. In the serial mode, these 
links allow the user to select the required format and justifica
tion for serial data (see Table I). 
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AD7840 
POWER SUPPLY CONNECTIONS 
The PCB requires two analog power supplies and one 5V digital 
supply. Connections to the analog supplies are made directly to 
the PCB as shown on the silkscreen in Figure 26. The connec
tions are labelled V + and V-and the range for both of these 
supplies is 12V to 15V. Connection to the 5V digital supply is 
made through any of the connectors (SKT4 to SKT6). The 
-5Vanalog supply required by the AD7840 is generated from a 
voltage regulator on the V-power supply input (IC5 in 
Figure 25). 

SHORTING PLUG OPTIONS 
There are eight shorting plug options which must be set before 
using the board. These are outlined below: 

LKI Connects the analog output to SKTI. The analog out
put may also be connected to a component grid for 
signal conditioning. 

LK2 Selects either the AD7840 VOUT or the sample-and
hold output. 

LK3 Selects either the internal or external reference. 

LK4 Selects the decoded RtW and STRB inputs for 
TMS32020 interfacing. 

LKS Configures the DIIIFORMAT input. 

LK6 Configures the DIO/JUSTIFY input. 

LK7 Selects either the inverted or noninverted SYNC. 

LK8 Selects either parallel or serial interfacing. 

COMPONENT LIST 

ICI 

IC2 

IC3 

IC4 

ICS 

IC6 

CI, C3, CS, C7, 
Cll, C13, CIS, Cl7 

C2, C4, C6, C8, 
C12, C14, CI6, CI8 

C9 

CIO 

Rl, R2 

R3 

RPI, RP2 

LKl, LK2, LK3, 
LK4, LKS, LK6, 
LK7, LK8 

SKTl, SKT2, SKT3 

SKT4 

SKTS 

SKT6 

AD7840 Digital-to-Analog Converter 

AD711 OpAmp 

ADG201HS High Speed Switch 

74HC221 Monostable 

79LOS Voltage Regulator 

74HC02 

lOJ.LF Capacitors 

o .IIJ-F Capacitors 

330pF Capacitor 

68pF Capacitor 

2.2kO Resistors 

15kO Resistor 

lOOkO Resistor Packs 

Shorting Plugs 

BNC Sockets 

26-Contact (2-Row) IDC Connector 

9-Contact D-Type Connector 

96-Contact (3-Row) Eurocard 
Connector 
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Figure 25. Data Acquisition Circuit Using the AD7840 
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Figure 26. PCB Silkscreen for Figure 25 
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COMPONENT SIDE 

Figure 27. PCB Component Side Layout for Figure 25 

SOLDER SIDE 

Figure 28. PCB Solder Side Layout for Figure 25 
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Figure 29. SKT4, IDC Connector Pinout Figure 30. SKT5, 0-Type Connector Pinout 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
12-Bit CMOS MDAC with Output Amplifier 
4-Quadrant Multiplication 
Guaranteed Monotonic IT MIN to T MAX) 

Space-Saving 0.3" DIPs and 24- or 28-Terminal Surface 
Mount Packages 

Application Resistors On Chip for Gain Ranging, etc. 
Low Power L<:2MOS 

APPLICATIONS 
Automatic Test Equipment 
Digital Attenuators 
Programmable Power Supplies 
Programmable Gain Amplifiers 
Digital-to-4-20 mA Converters 

GENERAL DESCRIPTION 
The AD7845 is the industry's first 4-quadrant multiplying D/A 
converter with an on-chip amplifier. It is fabricated on the 
LC2MOS process, which allows precision linear components and 
digital circuitry to be implemented on the same chip. 

The 12 data inputs drive latches which are controlled by stan
dard CS and WR signals, making microprocessor interfacing 
simple. For stand-alone operation, the CS and WR inputs can 
be tied to ground, making all latches transparent. All digital in
puts are TIL and 5 V CMOS compatible. 

The output amplifier can supply ± 10 V into a 2 kG load. It is 
internally compensated, and its input offset voltage is low due to 
laser trimming at wafer level. For normal operation, RFB is tied 
to VOUT' but the user may alternatively choose RA> RB or Rc to 
scale the output voltage range. 
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LC2MOS 
Complete 12-Bit Multiplying OAC 

A07845 I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. Voltage Output Multiplying DAC 

The AD7845 is the first DAC which has a full 4-quadrant 
multiplying capability and an output amplifier on chip. All 
specifications include amplifier performance. 

2. Matched Application Resistors 
Three application resistors provide an easy facility for gain 
ranging, voltage offsetting, etc. 

3. Space Saving 
The AD7845 saves space in two ways. The integration of the 
output amplifier on chip means that chip count is reduced. 
The part is housed in skinny 24-pin, 0.3" DIP, 28-terminal 
LCC and PLCC and 24-terminal SOIC packages. 
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AD7845 -SPECIFICATIONS 1 
(VDD = +15 V, ± 5%, Vss = -15 V, ± 5%, VREF = +10 V, 
AGND = DGND = 0 V, Vour connected to RFB• Vour load = 2 kG, 100 pF. All 
specifications T MIN to T MAX unless otherwise stated.) 

Parameter JVenioa K Version A Version B Version SVersion TVersion 

ACCURACY 

Resolution 12 12 12 12 12 12 

Relative Accuracy 
at +2SOC ±I ±112 ±I ±112 ±I ±112 
TWN to TMAX ±I ±314 ±312 ±I ±2 ±I 
Differential Nonlinearity ±I ±I ±I ±I ±I ±I 
Zero Code Offset Error 
at +25"C ±2 ±I ±2 ±I ±2 ±I 
TMINto TMAX ±4 ±3 ±4 ±3 ±5 ±4 

Offset TemperatureCoefficient; 
(.!.Offsetl.!.TemperatureY ±5 ±5 ±5 ±5 ±5 ±5 

Gain Error ±6 ±3 ±6 ±3 ±6 ±3 
±9 ±6 ±9 ±6 ±9 ±6 
±9 ±6 ±9 ±6 ±9 ±6 
±IO ±8 ±10 ±8 ±10 ±8 

Gain Temperature Coefficient; 
(.!.GainI.!.Temperaturey ±2 ±2 ±2 ±2 ±2 ±2 

REFERENCE INPUT 
Input Resistance, Pin 17 8 8 8 8 8 8 

16 16 16 16 16 16 
APPLICATION RESISTOR 
RATIO MATCHING 0.5 0.5 0.5 0.5 0.5 0.5 

DIGITAL INPUTS 
VDf (Input High Voltage) 2.4 2.4 2.4 2.4 2.4 2.4 
VIL (Input Low Voltage) 0.8 0.8 0.8 0.8 0.8 0.8 
lIN (Input Current) ±I ±I ±I ±I ±I ±I 
em (Input Capacitancey 7 7 7 7 7 7 

POWER SUPPLY' 
VooRange 14.2S115.75 14.25/15.75 14.25115.75 14.25/15.75 14.2S115.75 14.25/15.75 
V" Range -14.25/-15.75 -14.25/-15.75 -14.25/-15.75 -14.25/-15.75 -14.25/-15.75 -14.25/-15.75 
Power Supply Rejection 
'!'GainI'!'Voo ±O.2 ±O.2 ±O.2 ±O.2 ±O.2 ±O.2 
.!.GainI.!.V" ±O.2 ±0.2 ±0.2 ±0.2 ±O.2 ±O.2 

IDo 10 10 10 10 10 10 
Iss 4 4 4 4 4 4 

AC PERFORMANCE CHARACTERISTICS 
These characteristics are included for Design Guidance and are not subject to test. 

DYNAMIC PERFORMANCE 
Output Voltage Settling Time 5 5 5 5 5 5 

Slew Rate 7 7 7 7 7 7 
Digital-to-Ana!og 450 450 450 450 450 450 
Glitch Impu1ae 

Multiplyiog Feedthrougb 5 5 5 5 5 5 
Error' 

Unity Gain Small Signal 
Bandwidth 600 600 600 600 600 600 

Full Power Bandwidth 250 250 250 250 250 250 

Total Harmonic Distortion -90 -90 -90 -90 -90 -90 
OlITPUT CHARACTERISTICS' 
Open Loop Gain 85 85 85 85 85 85 

Output Voltage Swing ±10 ±10 ±10 ±IO ±10 ±10 
Output Resistance 0.2 0.2 0.2 0.2 0.2 0.2 
Shan Circuit Current @ +25"C 15 15 15 15 15 15 
Output Noise Voltage 
(O.IHa to 10Ha)@ +25"C 2 2 2 2 2 2 
f= 10Ha 250 250 250 250 250 250 
f= looHa 100 100 100 100 100 100 
f=lkHz 50 50 50 50 50 50 
f-IOkHz 50 50 50 SO 50 SO 
f= 100kHz 50 50 50 50 50 50 

NOTES 
ITemperature Ranges are as follows: J, K Versions: 0 to +7O"C; A. B Versions: -2S"C to +85"C; S, T Versions: -55"C to + 125"C. 
2Sample tested to ensure compliance. 
'The metal lid on the ceratoic D-24A package is connected to Pin 12 (DGND). 
~~~~~2s:f.IYof±12V. 
SpecifICationS subject to change without notice. 
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Units Test ConcIitiouICommts 

Bits 
V ... 

I LSB = 2i' = 2.4mV 

LSBmax All Grades Are Guaranteed 
LSBmax Monotonic over Temperature 
LSBmax DAC Register Loaded with 

All Os. 
mVmax 
mVDIax 

",Vf'C typ 
LSBmax RFB, 'v OUT Connecte.d 
LSBmax Re, VOUTCmmected, VRBF = +5 V 
LSBmax Ru) VOUTConnected, Vup = +5 V 
LSBmax RAJ VOUTConnected, VREF = +2.5 V 

ppmofFSRf'C RFBJ VOUT Connecte.d 
typ 

kGmia Typical Input Resistance = 12 kG 
kG max 

% max Matching Between RAJ RB, Rc 

Vmia 
V max 
v-Amax Digital Inputs at 0 V and Voo 
pFmax 

VminNmax 
VminN max 

% per % max VDD = +15 V± 5%, VRBF = -IOV 
% per % max V,,=-15V±5%. 
mAmax VOUT Unloaded 
mAmax VOUT Unloaded 

I"max To 0.01% of Full·Scale Range. 
VOUT Load = 2 kG, 100 pF. 
DAC Register Alternately Loaded 
with All Os and Allis. Typioally 
2.5 ",s at 25"C. 

V/",styp VOUT Load = 2 kG, 100 pF. 
nV-styp Measured with VREF = 0 V. 

DAC Register Alternately Loaded 
with All Os and Allis. 

mVp-ptyp VREF = ±10 V, 10 kHz Sine Wave 
DAC Register Loaded with All Os. 

kHztyp VOtJT>RFB CeIll1eCled. DAC Loaded 
with Allis. VREF = 100 mV p-p 
Sine Wave. 

kHztyp VOUT' RFB Connecte.d. DAC Loaded 
with Allis. VRBF = 20 V p-p 
Sine Wave. RL = 2 kG. 

dBtyp VREF = 6 V rIDS, 1 kHz Sine Wave. 

dBmia VOUT' RPB Not Connected 
VOUT = ±10 V, RL = 2 kG 

Vmia RL = 2 kG,CL = lOOpF 
Otyp RFB, VOUT Connected, 
mAtyp VOUT Shorted to AGND 

Ineludes Noiae Due to Output 
fLV DDS typ Amplifier and Johnson Noiae 
nVy'Hi typ ofR .. 
nVy'Hi typ 
nVy'Hi typ 
nVy'Hityp 
nVy'Hityp 
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AD7845 

TIMING CHARACTERISTICS (Yoo = +15 V, ± 5%. Vss = -15 V, ± 5%. VREF = +10 V. AGND = DGND = 0 V.l 

Limit at 
Limit at TA = D to +7D·C 

Parameter TA = +25·C TA = -25·C to +85·C 

tcs 100 135 
lcH 0 0 
tWR 100 135 
tos 100 100 
tOH 20 ZO 
SpecIficatIOns subject to change WIthout notIce. 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 2S"C unless otherwise stated) 

Voo to DGND ................... -0.3 V to +17 V 
Vss to DGND .................... +0.3 V to -17 V 
VREF to AGND .......................... ±25 V 
VRFB to AGND .......................... ±Z5 V 
VRA to AGND ........................... ±Z5 V 
VRB to AGND ........................... ±Z5 V 
VRC to AGND ........................... ±Z5 V 
VOUT to AGND' ............. Voo +0.3 V, Vss -0.3 V 
AGND to DGND .................... -0.3 V, Vpo 
Digital Input Voltage to DGND .... -0.3 V to Vpo + 0.3 V 
Power Dissipation (Any Package) 

To +75·C ........................... 650 mW 
Derates above +75·C .................... 10 mW/"C 

Limit at 
TA = -55·C 
to +125OC Units Test Conditions/Comments 

140 ns min Chip Select to Write Setup Time 
0 nsmin Chip Select to Write Hold Time 
140 nsmin Write Pulse Width 
IZO nsmin Data Setup Time 
ZO ns min Data Hold Time 

Operating Temperature Range 
Commercial (J, K Versions) .............. 0 to +70·C 
Industrial (A, B Versions) ........... . -Z5·C to +85·C 
Extended (S, T Versions) ............ -55·C to + IZ5·C 

Storage Temperature Range ........... -65·C to + 150·C 
Lead Temperature (Soldering, 10 sec) ........... + 300·C 

NOTE 
'v OUT may be shorted to AGND provided that the power dissipation of the 
package is not exceeded. 

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

CAUTION ______________________________________________ ___ 

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

ORDERING GUlDE l 

Temperature Relative Package 
Model' Range Accuracy Option' 

AD7845JN O·C to +70·C ±I LSB N-24 
AD7845KN O·C to +70·C ±lIZ LSB N-Z4 
AD7845JP O·C to +70·C ±1 LSB P-Z4A 
AD7845KP O·C to +70·C ±I/Z LSB P-Z4A 
AD7845JR D·C to +70·C ±1 LSB R-Z4 
AD7845KR O·C to +70·C ±1/2 LSB R-Z4 
AD7845AQ -Z5·C to +85·C ±1 LSB Q-24 
AD7845BQ -Z5·C to +85·C ±lIZ LSB Q-24 
AD7845SQ/883B -5S·C to + 125·C ±1 LSB Q-24 
AD7845TQ/883B -55·C to + 125·C ±1I2 LSB Q-24 
AD7845SEl883B -55·C to + lZS·C ±1 LSB E-Z8A 

NOTES 
'Analog Devices reserves the right to ship either ceramic (D-24A) or cerdip 
(Q-24) hermetic packages. 

'To order MIL-STD-883, Class B processed parts, add 1883B to part 
number. 

'E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = sorC. For outline information see 
Package Information section. 
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.. I .. ---tcs---.... ~, tCH t--r ____ 5V 

CS\ : y 
OV 

I--tWR---! 

WR-------~'\ ,(~---------:: 
i-tDS --l toH ,-

DATA W//// //)('-------JkI/ffi:: 
NOTES 
1. All INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 

10% to 90% of +5V. t R =tF =20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS V,• 2+ VL 

Figure 1. AD7845 Timing Diagram 
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AD7845 
PIN CONFIGURATIONS 

DIP,SOIC LCC PLCC 

I 
i!J~I~rl 
4321282726 

DB9 5 l. 
D ... 

DB7 7 

NC 8 AD7845· 
TOP VIEW 

DBa 9 (Not to $CeIe1 

DBS JQ 

DB411 

TERMINOLOGY 

LEAST SIGNIFICANT BIT 
This is the analog weighting of 1 bit of the digital word in a 

VREF 
DAC. For the AD7845, lLSB = 2f2 . 

RELATIVE ACCURACY 
Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer' function. It is measured after 
adjusting for both endpoints (i.e., offset and gain error are ad
justed out) and is normally expressed in least significant bits or 
as a percentage of full-scale range. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of + 1 LSB max over 
the operating temperature range ensures monotonicity. 

GAIN ERROR 
Gain error is a measure of the output error between an ideal 
DAC and the actual device output with aJJ Is loaded after offset 
error has been adjusted out. Gain error is adjustable to zero with 
an external potentiometer. See Figure 13. 

ZERO CODE OFFSET ERROR 
This is the error present at the device output with aJJ Os loaded 
in the DAC. It is due to the op amp input offset voltage and 
bias current and the DAC leakage current. 

TOTAL HARMONIC DISTORTION 
This is the ratio of the root-mean-square (rms) sum of the har
monics to the fundamental, expressed in dBs. 

OUTPUT NOISE 
This is the noise due to the white noise of the DAC and the in
put noise of the amplifier. 

2-712 DIGITAL-TO-ANALOGCONVERTERS 

25 ". 

24 V .. 

23 Vas 

2Z NC 

21 AGND 

20 VREF 

19 CS 

"Ne "" NO CONNECT 

ADl845* 
TOPVlEW 

(Motta "Ie. 

DIGITAL·TO·ANALOG GLITCH IMPULSE 

"Ne = NOCONNECT 

This is the amount of charge injected from the digital inputs to 
the analog output when the inputs change state. This is normally 
specified as the area of the glitch in either pA-secs or nY-sees 
depending upon whether the glitch is measured as a current or 
voltage. The measurement takes place with VREF = AGND. 

DIGITAL FEEDTHROUGH 
When the DAC is not selected (i.e., CS is high) high frequency 
logic activity on the device digital inputs is capacitively coupled 
through the device to show up as noise on the VOUT pin. This 
noise is digital feedthrough. 

MUL TIPL YING FEEDTHROUGH ERROR 
This is ac error due to capacitive feedthrough from the V REF 

terminal to VOUT when the DAC is loaded with aJJ Os. 

OPEN·LOOP GAIN 
Open-loop gain is defined as the ratio of a change of output 
voltage to the voltage applied at the V REF pin with aJJ Is loaded 
in the DAC. It is specified at dc. 

UNITY GAIN SMALL SIGNAL BANDWIDTH 
This is the frequency at which the magnitude of the small signal 
voltage gain of the output amplifier is 3 dB below unity. The 
device is operated as a closed-loop unity gain inverter (i.e., DAC 
is loaded with aJJ 1 s). 

OUTPUT RESISTANCE 
This is the effective output source resistance. 

FULL POWER BANDWIDTH 
Full power bandwidth is specified as the maximum frequency, 
at unity closed-loop gain, for which a sinusoidal input signal will 
produce full output at rated load without exceeding a distortion 
level of 3%. 
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+180 

v~= .','~~ 1111 +135 
Vss""-15V 
VREF =2OV pop • 90 

DAC CODE: 11 ... 111 +45 

- 2' I__I-H-+1IIH-I+HII--++++-HI--+l-l+III-+\++!fI 

-·32 I__I-H-+1IIH-I+HII--++++-HI--+l-l+III--I+HHI 

-'o~HHtm~+t~-+tH~-H+tm-+tHKI 

100 1k 10k lOOk 1M 10M 

FREQUENCY _ Hz 

Figure 2. Frequency Response, G = -1 

Vpg= +15V 
Vss= -'sv 
VREF =6V rms 
GAIN=-l 

-25 �__------_+--------4_------~ 

'8 
~-91__------_+--------4_------~ 
j!: 

-75~------~--------_r----7~~__l 
_/ 

1----+-----100 '-___ .....L ____ ...L. ___ --' 

100 lk 10k lOOk 

FREaUENCY - Hz 

28 

Typical Performance Curves-AD7845 

VDO - +15V 
Vss= -15V 

~ 
2 • 300 I__f-+-I-I+_+-+-H+- ~a~ C~~E: 11 ... 111 

I~ 
e 

v 
-10 100 1k 10k 

LOAD RESISTANCE - n 

Figure 3. Output Voltage Swing vs. 
Resistive Load 

0.5 

0.' 

0.1 

0.0 
10 11 

TA=+ks"C 

VREF =+7.5V 

INTEGRAL LINEARITY ERROR ::::::::-
-~ --

DIFFERENTIAL UNEA1RITY ERROR -

12 13 14 15 ,. 
VorIVss - Volts 

t 
> 
E , 
J 

10 100 1k 

FREQUENCY - Hz 

10k 

Figure 4. Noise Spectral Density 

200 

180 

160 

"0 

120 

100 

80 .. .. 
20 

100 1k 

Voo= +15V 
Vss=-15V 
VREF =20Y pop 
OAt CODE: 00 .. 000 

/ 
/ 

L/ 
10k 

FREQUENCY - Hz 
lOOk 

, 

lOOk 

1M 

Figure 5. THD vs. Frequency Figure 6. Typical AD7845 Linearity VB. 

Power Supply 
Figure 7. Multiplying Feedthrough 
Error vs. Frequency 

Figure 8. Unity Gain Inverter Pulse 
Response (Large Signal) 
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Figure 9. Unity Gain Inverter Pulse 
Response (Small Signal) 

Rgure 10. Digital-to-Analog Glitch 
Impulse (All 1s to All Os Transition) 
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AD 7845 
PIN FUNCTION DESCRIPTION (DIP) 

Pin Mnemonic Description 

1 VOUT Voltage Output Terminal 
2-11 DB 11-DB2 Data Bit l1(MSB) to Data Bit 2 
12 
13-14 

DGND 
DBI-DBO 

Digital Ground. The metal lid on the ceramic package is connected to this pin 
Data Bit 1 to Data Bit 0 (LSB) 

15 WR Write Input. Active low 
16 CS Chip Select Input. Active low 
17 VREP Reference Input Voltage which can be an ac or dc signal 
18 
19 
20 

AGND 

Vss 
VDD 

Analog Ground. This is the reference point for external analog circuitry 
Negative power supply for the output amplifier (nominal -12 V to + 15 V) 
Positive power supply (nominal + 12 V to + 15 V) 

21 RA Application resistor. RA = 4 RpB 
22 RB Application resistor. RB = 2 RpB 
23 Rc Application resistor. Rc = 2 RpB 
24 RPB Feedback resistor in the DAC. For normal operation this is connected to V OUT 

CIRCUIT INFORMATION 

Digital Section 
Figure 11 is a simplified circuit diagram of the AD7845 input 
control logic. When CS and WR are both low, the DAC latch is 
loaded with the data on the data inputs. All the digital inputs 
are TTL, HCMOS and +5 V CMOS compatible, facilitating 
easy microprocessor interfacing. All digital inputs incorporate 
standard protection circuitry. 

INPUT 
BUFFERS 

WR----------------~--~ )-----' 

CS----------------~-" 

Figure 11. AD7845 Input Control Logic 

D/A Section 
Figure 12 shows a simplified circuit diagram for the AD7845 
D/A section and output amplifier. The D/A converter is a stan
dard R-2R ladder. Binarily weighted currents are switched be
tween AGND and the inverting terminal of the on-chip output 
amplifier. The output amplifier and feedback resistor RFB per
form the current-to-voltage conversion. When connected in the 
standard configuration (i.e., RpB connected to VOUT)' 

VOUT = -D·VREF, 

where D is the fractional representation of the digital input 
code. D can vary from 0 to 4095/4096. 

The amplifier can maintain ± 10 V across a 2 kO load. It is in
ternally compensated and settles to 0.01% FSR (112 LSB) in less 
than 5 ILS. The input offset voltage is laser trimmed at wafer 
level. The amplifier slew rate is typically 7 V/ILS, and the unity 
gain small signal bandwidth is 600 kHz. There are three extra: 
on-chip resistors (RA> RB, Rc) connected to the amplifier invert
ing terminal. These are useful in a number of applications in
cluding offset adjustment and gain ranging. 

4R 2R 2R 

Figure 12. Simplified Circuit Diagram for the AD7845 DIA 
Section and Output Amplifier 
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UNIPOLAR BINARY OPERATION 
Figure 13 shows the AD7845 connected for unipolar binary 
operation. When VIN is an ac signal, the circuit performs 
2-quadrant multiplication. The code table for Figure 13 is given 
in Table I. 

v •• 

)----.... 0 VOUT 

v .. 

Figure 13. Unipolar Binary Operation 

Table I. Unipolar Binary Code Table for AD7845 

Binary Number In 
DAC Register Analog Output, V OUT 

MSB LSB 
(4095) 1111 1111 1111 -VIN 4096 

1000 0000 0000 C048
) 

-VIN 4096 =-1I2VIN 

0000 0000 0001 -VIN (4O~6) 
0000 0000 0000 OV 

OFFSET AND GAIN ADJUSTMENT FOR FIGURE 13 

Zero Offset Adjustment 
1. Load DAC with aliOs. 
2. Trim R3 until VOUT = 0 V. 

Gain Adjustment 
1. Load DAC with all ls. 

. R th 4095 
2. Tnm 1 so at VOUT = -VIN 4096 . 

In fixed reference applications, full scale can also be adjusted by 
omitting Rl and R2 and trimming the reference voltage magni
tude. For high temperature applications, resistors and potenti
ometers should have a low temperature coefficient. 
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BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 

AD7845 

The recommended circuit for bipolar operation is shown in 
Figure 14. Offset binary coding is used. 

The offset sPecification of this circuit is determined by the 
matching of internal resistors RB and Rc and by the zero code 
offset error of the device. Gain error may be adjusted by varying 
the ratio of Rl and R2. 

To use this circuit without trimming and keep within the gain 2 
error specifications, resistors Rl and R2 should be ratio matched 
to 0.01%. 

The code table for Figure 14 is given in Table II. 

R2 
10kH 

v .. 

Figure 14. Bipolar Offset Binary Operation 

Table II. Bipolar Code Table for Offset Binary Circuit of 
Figure 14 

Binary Number In 
DAC Register Analog Output, VOUT 

MSB LSB 
1111 1111 1111 ( 2047) 

+VIN 2048 

1000 0000 0001 

1000 0000 0000 

0111 1111 1111 

0000 0000 0000 ( 2048) 
-VIN 2048 =-VIN 
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AD7845 
APPLICATIONS CIRCUITS 

PROGRAMMABLE GAIN AMPLIFIER (PGA) 
The AD7845 performs a PGA function when connected as in 
Figure 15. In this configuration, the R-2R ladder is connected 
in the amplifier feedback loop. RFB is the amplifier input resis· 
tor. As the code decreases, the R-2R ladder resistance increases 
and so the gain increases. 

VOUT = - V/N • -- • -, D = 0 to--RDAC 1 ( 4095) 
D RFB 4096 

RDAC 1 -V/N. = - V/N . -- . --= --, SInce RFB = R DAC D RDAC D 

Figure 15. AD7845 Connected as PGA 

As the programmed gain increases, the error and noise also in· 
crease. For this reason, the maximum gain should be limited to 
256. Table III shows gain versus code. 

Note that instead of using RFB as the input resistor, it is also 
possible to use combinations of the other application resistors, 
RA> RB and Re. For instance, if RB is used instead of RFB, the 
gain range for the same codes of Table II now goes from 112 to 
128. 

Table III. Gain and Error vs. Input Code for Figure 15 

Digital Inputs Gain Error (%) 

1111 1111 1111 4096/4095 "" 1 0.04 
1000 0000 0000 2 0.07 
0100 0000 0000 4 0.13 
0010 0000 0000 g 0.26 
0001 0000 0000 16 0.51 
0000 1000 0000 32 1.02 
0000 0100 0000 64 2.0 
0000 0010 0000 128 4.0 
0000 0001 0000 256 8.0 
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PROGRAMMABLE CURRENT SOURCES 
The AD7845 is ideal for designing programmable current 
sources using a minimum of external components. Figures 16 
and 17 are examples. The circuit of Figure 16 drives a program· 
mabie current IL into a load referenced to a negative supply. 
Figure 17 shows the circuit for sinking a programmable current, 
Iv The same set of circuit equations apply for both diagrams. 

= D . IV/NI . (1 + ~) 
Rl RDAC 

Note that by making Rl much smaller than RDAC' the circuit 
becomes insensitive to both the absolute value of RDAC and its 
temperature variations. Now, the only resistor determining load 
current IL is the sense resistor R1. 

If Rl = 100 n, then the programming range is 0 to 100 mA, 
and the resolution is 0.024 mAo 

v .. 

Figure 16. Programmable Current Source 
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+VSOUACE 

v •• 

-I, 

Figure 17. Programmable Current Sink 

4-20 mA CURRENT LOOP 
The AD7845 provides an excellent way of making a 4-20 rnA 
current loop circuit. This is basically a variation of the circuits 
in Figures 16 and 17 and is shown in Figure 18. The applicat,ion 
resistor RA (Value 4R) produces the effective 4 mA offset. 

h = 13 = 12 + IJ 

Since 12>11> 

h= --= -XRFB+--xDxRFB x-Vx (2.5 2.5 ) I 
156 4R RDAC 156 

and since ROAC=RF8=R 

h= -+Dx25 x-- mA (
2.5 ) 1000 
4 . 156 

= [4 + (16 x D)]mA, where D goes from 0 to 1 with 
Digital Code 

When D = 0 (Code of aliOs): 
IL = 4 rnA 

When D = 1 (Code of all Is): 
IL = 20 rnA 

The above circuit succeeds in significantly reducing the circuit 
component count. Both the on-chip output amplifier and the 
application resistor RA contribute to this. 

REV. A 

AD7845 

v,, -VLOOfI 

Figure 18. 4-20 mA Current Loop 

APPLICATION HINTS 
General Ground Management: AC or transient voltages 
between AGND and DGND can cause noise injection into the 
analog output. The simplest method of ensuring that voltages at 
AGND and DGND are equal is to tie AGND and DGND 
together at the AD7845. In more complex systems where the 
AGND and DGND intertie is on the backplane, it is recom
mended that two diodes be connected in inverse parallel 
between the AD7845 AGND and DGND pins (IN914 or 
eqUivalent). 

Digital Glitches: When a new digital word is written into the 
DAC, it results in a change of voltage applied to some of the 
DAC switch gates. This voltage change is coupled across the 
switch stray capacitance and appears as an impulse on the cur
rent output bus of the DAC. In the AD7845, impulses on this 
bus are converted to a voltage by Rps and the output amplifier. 
The output voltage glitch energy is specified as the area of the 
resulting spike in n V -seconds. It is measured with V REP con
nected to analog ground and for a zero to full-scale input code 
transition. Since mircoprocessor based systems generally have 
noisy grounds which couple into the power supplies, the 
AD7845 V DD and V ss terminals should be decoupled to signal 
ground. 

Temperature Coefficients: The gain temperature coefficient of 
the AD7845 has a maximum value of 5 ppml"C. This corre
sponds to wrost case gain shift of 2 LSBs over a l00"C tempera
ture range. When trim resistors RI and R2 in Figure 13 are 
used to adjust full-scale range, the temperature coefficient of Rl 
and R2 must be taken into account. The offset temperature co
efficient is 5 ppm of FSRrC maximum. This correponds to a 
worst case offset shift of 2 LSBs over a 100"C temperature 
range. 

The reader is referred to Analog Devices Application Note 
"Gain Error and Gain Temperature Coefficient of CMOS Multi
plying DACS," Publication Number E63OC-5-3/86. 
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AD7845 
MICROPROCESSOR INTERFACING 
16-BIT MICROPROCESSOR SYSTEMS 
Figures 19, 20 and 21 show how the AD7845 interfaces to three 
popular 16-bit microprocessor systems. These are the MC68000, 
8086 and the TM32010. The AD7845 is treated as a memory
mapped peripheral to the processors. In each case, a write in
stuction loads the AD7845 with the appropriate data: The 
particular instructions used are as follows: 

MC68000: 
8086: 
TMS32010: 

A1 - A23 

MC68000 

MOVE 
MOV 
OUT 

ADDRESS BUS 

J ~ 

AS -4 ADDRESS 
DECODE 

CTACK, 

RIW 
) 

ODS 

~ 

r- es 

AD7845* 

1 WR 

DO _ 015 DATA BUS 080- DB11 

I 
*UNEAR CIRCUITRY 

~ OMmED FOR CLARITY 

Figure 19. AD7845 to MC68000 Interface 

8086 

ALE 

1---------1 Wi< 

ADO _ AD'S I-______ DA_T_A_BU_S ___ -,..I 080 - DB11 

*LlNEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 20. AD7845 to 8086 Interface 

AD-A1', 

TMS32010 

WE 1--------1 

00- 015 

*UNEAR ClRCUITRYOMmED FOR CLARITY 

Figure 21. TMS32010 
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8'BIT MICROPROCESSOR SYSTEMS 
Figure 22 shows an interface circuit for the AD7845 to the 
8085A 8-bit microprocessor. The software routine to load data 
to the device is given in Table IV. Note that the transfer of the 
12 bits of data requires two write operations. The fIrst of these 
loads the 4 MSBs into the 7475 latch. The second write opera
tion loads the 8 LSBs plus the 4 MSBs (which are held by the 
latch) into the DAC. 

A8-A1S 

BOSSA 

ALE 
~--__ -Ies 

AD7845 

~-I--------~WR 

OB8- DB11 

AOO- A07 1--__________ --, 080- DB1 

*lINEAR CIRCUITRY OMITTED F:OR CLARITY 

Figure 22. 8085A Interface 

Table IV. Subroutine Listing for Figure 22 

2000 LOAD DAC : LXI H,#3000 The H,L register pair 
are loaded with latch 
address 3000. 

MVI A,#"MS" Load the 4 MSBs of 
data into accumulator. 

MOV M,A Transfer data from 
accumulator to latch. 

INR L Increment H,L pair to 
AD7845 address. 

MVI A,#"LS" Load the 8 LSBs of 
data into accumulator. 

MOV M,A Transfer data from 
accumulator to DAC. 

RET End of routine. 
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Figure 23 and 24 are the interface circuits for the Z80 and 
MC6809 microprocessors. Again, these use the same basic 
format as the 8085A interface. 

AO- A15 ADDRESS BUS 

MC6809 1------, r-------r--_,/ ___ --, 
RiWl---_CI I>-----lcs 

Q 

AD784S* 

I----,J DBS-DB11 

00- 07 1------.., .-----'1.001 080- DB7 

*LlNEAR CIRCUITRY OMITTED FOR CLARITV 

Figure 23. AD7845 to Z80 Interface 

AO- A1S ADDRESS BUS 
,--------' 

2S0 
AD784S* 

WR HHf--------..... -iWR 

088- DB11 

00-071-__ ==":':"--, DBO - 087 

-LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 24. MC6809 Interface 
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AD7845 
DIGITAL FEEDTHROUGH 
In the preceding interface configurations, most digital inputs to 
the AD7845 are directly connected to the microprocess bus. 
Even when the device is not selected, these inputs will be con
stantly changing. The high frequency logic activity on the bus 
can feed through the DAC package capacitance to show up as 
noise on the analog output. To minimize this digital feedthrough 
isolate the DAC from the noise source. Figure 25 shows an in
terface circuit which uses this technique. All data inputs are 
latched from the busy by the CS signal. One may also use other • 
means, such as peripheral interface devices, to reduce the digital 
feedthrough. 

AO - A1S 

MICROPROCESSOR 
SYSTEM 

WR!----o-i 

00- D1S 

·LlNEAR CIRCUITRY OMITTED FOR CLARITY 

AD784S* 

DBO - DB11 

Figure 25. AD7845 Interface Circuit Using Latches to 
Minimize Digital Feedthrough 
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WDEVICES 

FEATURES 
16-Bit Monotonicity over Temperature 
±2LSBs Integral Unearity Error 
Microprocessor Compatible with Readback Capability 
Unipolar or Bipolar Output 
Multiplying Capability 
Low Power (100mW typical) 

GENERAL DESCRIPTION 
The AD7846 is a l6-bit DAC constructed with Analog Devices' 
LC2MOS process. It has VREF+ and VREF- reference inputs 
and an on-chip output amplifier. These can be configured to 
give a unipolar output range (0 to +5V, 0 to + 10V) or bipolar 
output ranges (±SV, ±lOV). 

The DAC uses a segmented architecture. The 4MSBs in the 
DAC latch select one of the segments in a l6-resistor string. 
Both taps of the segment are buffered by amplifiers and fed to a 
l2-bit DAC, which provides a further 12 bits of resolution. This 
architecture ensures l6-bit monotonicity. Excellent integral lin
earity results from tight matching between the input offset volt
ages of the two buffer amplifiers. 

In addition to the excellent accuracy specifications, the AD784t 
also offers a comprehensive microprocessor interface. There are 
16 data 110 pins, plus control lines (CS, RIW, LDAC and 
CLR). RIW and CS allow writing to and reading from the 110 
latch. This is the readback function which is useful in ATE ap
plications. LDAC allows simultaneous updating of DACs in a 
multi-DAC system and the CLR line will reset the contents the 
DAC latch to 00 ..• 000 or 10 ... 000 depending on the state 
of RIW. This means that the DAC output can be reset to OV in 
both the unipolar and bipolar configurations. 

The AD7846 is available in 28-pin plastic, ceramic, LCCC and 
PLCC packages. 

REV. A 

LC2MOS 
16-Bit Voltage Output OAC 

AD7846 I 
FUNCTIONAL BLOCK DIAGRAM 

v .. DB15 DBO DGND 

PRODUCT HIGHLIGHTS 
1. l6-Bit Monotonicity 

The guaranteed l6-bit monotonicity over temperature makes 
the AD7846 ideal for closed-loop applications. 

2. Readback 
The ability to read back the DAC register contents minimizes 
software routines when the AD7846 is used in ATE systems. 

3. Power Dissipation 
Power dissipation of lOOmW makes the AD7846 the lowest 
power, high accuracy DAC on the market. 
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AD7846-SPECIFICATlONS1 
(Yuu = + 14.25V to + 15.75V, Vss = -14.25V to -15.75V, Vee = +4.75V to 
+5.25V. Vour loaded with 2kO, 1000pF to OV. VREF+ = +5V, RI• connected to 
OV. All specifications TMI• to TMAX unless otherwise stated.) . . 

Piirame~ J,AVeniODS 

Resolution 16 

UNIPOLAR OUTPUT 
Relative AcCuracY @ 25"<: ±12 
T_toT .... ±16 

Differential Nonlinearity .Error ±1 
Gain Error @ 25"<: ±12 
T_ toT .... ±16 

Offset Error.@ 25"<: ±12 
T_toT .... ±16 

GainTC' ±2 
Offset TC' ±2 

BIPOLAR OUTPUT 
Relative Accuracy @ 25"<: ±6 
T_toT .... ±8 

Differential Nonlineirity Error ±1 
Gain Error @ 25"<: ±6 
T_toT .... ±12 

Offset Error @ 25"<: ±6 
T_toT ..... ±12 

Bipolar Zero Error @ 25"<: ±6 
T_toT .... ±12 

Gain TC' ±2 
Offset TC' ±2 
Bipolar Zerq Te' ±2 

REFERENCE INPUT 
Input Resistance 20 

40 
VREP+Range Vss+6 to 

VDD-6 
VRBF_ Range Vss+6 to 

VDD-6 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vss+4 to 

VDD-3 
Resistive Load 2 
Capacitive Load 1000 
Output Resistance 0.3 
Short Circuit Current ±25 

DIGITAL INPUTS 
VIH (Input High Voltage) 2.4 
V1L (Input Low Voltage) 0.8 
lIN (Input Current) ±10 
CIN (Input Capacitance)' 10 

DIGITAL OUTPUTS 
VOL (Output Low Voltage) 0.4 
VOH (Output High Voltage) 4.0 
Floating State Leakage Current ±10 
Floating State Output Capacitance' 10 

POWER REQUIREMENTS 
VDD + 11.41+ 15.75 
Vss -11.4/-15.75 
Voc +4.75/+5.25 
IDD 5 
Iss 5 

loc 1 
Power Supply Sensitivity' 1.5 
Power Dissipation 100 

NOTES 
ITempersture Ranges as follows: J. K Versions: 0 to +7O'C; 
A. B Versions: -25'C to +85'C; S Version: -55'C to + 125'C. 

2Minimum load for S version is 31<0. 
'Sample tested to ensure compliance. 
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K, B Versions 

16 

±4 
±8 
±0.5 
±6 
±16 
±6 
±16 
±2 
±2 

±2 
±4 
±0.5 
±4 
±8 
±4 
±8 
±4 
±8 
±2 
±2 
±2 

20 
40 
V .. +6 to 
VDD-6 
Vss+6 to 
VDD-6 

V .. +4 to 
VDD,-3 
2 
1000 
0.3 
±25 

2.4 
0.8 
±IO 
10 

0.4 
4.0 
±IO 
10 

+11.41+15.75 
-11.4/-15.75 
+4.75/+5.25 
5 
5 
1 
1.5 
100 

S Version' Units Test ConditionslComments .' 

16 .. Bits 

VRBF_-OV, VOUT-OVto +10V 
±12 LSB typ lLSB=153 ... V 
±16 LSBmax 
±1 LSBmax All Grades Guaranteed Monotonic 
±12 LSB typ VOUT Load=10MO 
±24 LSBmax 
±12 LSB typ 
±24 LSBmax 
±2 ppm FSRrC typ 
±2 ppm FSRrC typ 

VRBF_--5V, VoUT--I0V to +10V 
±6 LSB typ lLSB=305.,.V 
±8 LSBmax 
±1 LSBmax All Grades Guaranteed Monotonic 
±6 LSB typ VOUT Load=10MO 
±16 LSBmax 
±6 LSB typ VOUT Load=10MO 
±16 LSBmax 
±6 LSB typ 
±16 LSD max 
±2 ppm FSRrC typ 
±2 ppm FSRrC typ 
±2 ppm FSRrC typ 

20 kOmin Resistance from V RBF- to V RBF+ 
40 kOmax Typically 30kO 
Vss+6 to 
VDD-6 

Volts 

Vss+6 to 
VDD-6 

Volts 

Vss+4 to V max 
VDD-3 
3 kOmin ToOV 
1000 pFmax ToOV 
0.3 Otyp 
±25 mAtyp To OV or Any Power Supply 

2.4 V min 
0.8 V max 
±IO .,.A max 
10 pFmax 

0.4 Volts max ISINK = 1.6mA 
4.0 Volts min IsoURCB=400.,.A 
±10 .,.A max DBO-DBI5=0 to Voc 
10 pFmax 

+ 11.41+ 15.75 Vmin/Vmax 
-11.41-15.75 Vmin/Vmax 
+4.75/+5.25 VminlVmax 
5 mAmax V OUT Unloaded 
5 mAmax VOUT Unloaded 
1 mAmax 
2 LSBlVmax 
100 mWtyp V OUT Unloaded 

4AD7846 is functional with power supplies of ± 12V. See Typical 
Performance Curve •• 

'Sensitivity of Gain Error, Offset Error snd Bipolsr Zero Error to V DD. V .. 
variations. 

Specificstions subject to chsnge without notice. 
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AD7846 
These characteristics are Included for desip auldance only and are not 

AC PERFORMANCE CHARACTERISTICS subject to test. (YREF+=+5Y, Y •• =+14.25Y to +15.75Y, Yss= 
-14.25Y to -15.75Y, Ycc=+4.75Y to +5.25Y, R.I connected to OY.) 

T,,= T,,= 
Parameter 25"C T_toT ..... Uaits Test ConclitiOllllComm.ents 

Output Settling Time 7 7 .... smax To 0.006% FSR. VOUT loaded. VRBF_=OV. 
9 9 j.Lsmax To 0.003% FSR. VOUT loaded. VRBF_=-SV. 

Digital-to-Analog Glitch 400 400 nY-sees typ DAC alternately loaded with 10 ... 0000 and 01 .•. 1111. 
Impulse VOUT unloaded. 
AC Feedthrough 0.5 0.5 mVpk-pk typ VRBF_=OV, VREF+=IV nns, 10kHz sine wave. 

DAC loaded with all Os. 
Digital Feedthrough 10 10 nV-sees typ DAC alternately loaded with all is and all Os. CS High. 
OutpUt Noise Voltage 50 50 nVf\t'Hz typ Measured at VOUT. DAC loaded with omon ... 11. 
Density (1kHz-100kHz) VREF+=VRBF_=OV. 

TIMING CHARACTERISTICS (Y •• =+14.25Y to +15.75Y, Yss=-14.25Y to -15.75Y, Ycc=+4.75Y to +5.25Y.) 

Limit at 
Limit at T,,=O to +7O"C Limit at 

Parameter T,,=25"C T,,=-25"C to +85"C T,,=-55"C to +125"C Uaits Test ConclitiOllllComm.ents 

tl 40 40 50 nsmin RIW to CS Setup Time 
t2 150 160 190 nsmin CS Pulse Width (Write Cycle) 
t, 40 40 50 nsmin RiW to CS Hold Time 
to 110 110 120 nsmin Data Setup Time 
t, 0 0 0 nsmin Data Hold Time 
1,; 230 270 320 nsmax Data Access Time 
1, 10 10 10 nsmin Bus Relinquish Time 

80 90 90 nsmax 
t8 20 20 20 nsmin CLR Setup Time 
t, 150 150 150 nsmin CLR Pulse Width 
t10 0 0 0 nsmin CLR Hold Time 

til 80 100 100 nsmin LDAC Pulse Width 
t12 240 280 330 nsmin CS Pulse Width (Read Cycle) 

NOTES 
lTimins specifications are sample tested at 2S"C to ensure compliance. All input control signals are specified with to. = tF = S ns 
(10% to 90% of +SV) and timed from a voltage level of 1.6V. 

'to is measured with the load circuits of FiJure I and defmcd as the time requited for an outpUt to cross O.BV or 2.4V. 
't, is defined as the time requited for an outpUt to change O.SV when loaded with the circuits of FiJure 2. 
Specifications subiect to change without notice. 

DBN o-.... ----<t--O 

a. High Z to VOH b. High Z to VOL 

Figure 1. Load Circuits for Access. Time (t6 ) 

DBN o-.... ----<t--O 

a. VOH to High Z 

T3kll 
DBN~ 

T 10pF 

\7DGND 

b. VOL to High Z 

Figure 2. Load Circuits for Bus Relinquish Time (t7) 
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_ ,.......-r" r"~"~ "~ R/W\ 1 1 I I I 't 

5V 

1 1 I I· 1 1 r-- 0v 

- 1 /--1,-1 1 r--'''--j I 5V 

CS~ " I I '\. I 1 1 I ov 

1 ~" '1 00 1 .. 1 1-'", Q" I 5V 

I \ OATA VALID (~ DATA VALID OV 

\-" F+.,.-t:::"-!-.. I ".--\ 5V 

~ LJ110v 

DATA 

1---+:'" 
LOAC ----------------~'i ir- 5V 

L.J ov 

Figure 3. AD7846 Timing Diagram 
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AD7846 
ABSOLUTE MAXIMUM IlATlNGS l 

Voo to DGND .........••.........• -0.3Vor +17V 
Vee to DGND2 

....•.. -0.3V, Voo +0.3V or +7V (Whichever Is Lower) 
Vss to DGND •....•................ +0.3V to -17V 
VREP+ to DGND •............•..•.......•.. ±2SV 
VREP- to DGND ............................ ±2SV 
VOUT to DGND3 ............•....•......... ±2SV 
RlN to DGND .........•••........•.....•• ±2SV 
Digital Input Voltsge to DGND •...... -0.3V to Vee +O.3V 
Digital Output Voltsge to DGND ...... -0.3V to Vee +0.3V 
Power Dissipation (Any Package) 

To +7S"C ............................ 1000mW 
Dentes above +7S"C .................... IOmW/"C 

ORDERING GUIDE 

Temperature Relative Package 
Model Range Accuracy Option· 

AD7846JN O·C to + 70"C ±16 LSB N-28 
AD7846KN OOC to + 70"C ±8LSB N-28 
AD7846JP O·C to +700C ±16 LSB P-28A 
AD7846KP OOC to + 70"C ±8 LSB P-28A 
AD7846AD - 2S"C to +8S·C ±16 LSB D-28 
AD7846BD -2S"C to +85"C ±8 LSB D-28 
AD7846SD/883B -SS·C to + 12S·C ±16 LSB D-28 
AD7846SEl883B -SS"C to + 12S"C ±16 LSB E-28A 

*D = Ceramic DIP; E = Leadless Ceramic Chip Carrier; N = Plastic DIP; 
P = Plastic Lead"ll Chip Carrier. For outline information see Package 
Information section. 

Operating Temperature Range 
J, K Versions ........................ 0 to +700C 
A, BVersions ••.....•.•.•.....•... -2S·C to +8S"C 
S Version .............•........ . -S5"C to +12S·C 

Storage Temperature Range ............ -6SoC to +IS00c 
Lead Temperature (Soldering) ................. + 3000C 
NOTES 
'Stresses above thoae listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a streSS rating only and functional 
operation of the device at these or any other conditions above those indi
cated in the operational sections of this specification is not implied. Expo
sure to absolute maximum rating conditiOns for extended periods of time 
may affect device reliability. Only one Absolute Maximum Rating may be 
applied at anyone time. 

'Vee must not exceed Voo by more than O.3V. If it is poasible for this to 
happen during power supply sequencing, the foUowiDg diode protection 
acbeme will ensure protection. 

VDO 

1N4148 HI'5082-2811 

AD7846 

'VOtrr may be sborted to DGND, Voo' V •• , Vee provided that the power 
dissipation of the package is not exceeded. 

CAUTION ______________________________________________ ___ 

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

WARNING! d 
~~FDFVIC[ 

TERMINOLOGY 
Least Significant Bit 
This is the analog weighting of 1 bit of the digital word in a 
DAC. For the AD7846, lLSB=(VREP+ - VREP_)l216. 

Relative Accuracy 
Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the end. 
points of the DAC transfer function. It is measured after adjust
ing for both endpoints (i.e., offset and gain errors are adjusted 
out) and is normaIly expressed in least significant bits or as a 
percentsge of full scale range. 

Differential Nonlinearity 
Differential nonlinearity is the difference between the measured 
change and the ideal change between any two adjacent codes. A 
specified differential nonlinearity of ± lLSB max over the oper
ating temperature range ensures monotoJ,ric:ity. 

Gain Error 
Gain error is a measure of the output error between an ideal 
DAC and the actual device output with allIs loaded after offset 
error has been adjusted out. Gain error is adjustable to zero with 
an external potentiometer. 
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Offset Error 
This is the error present at the device output with all Os loaded 
in the DAC. It is due to op amp input offset voltage and bias 
current and the DAC leakage current. 

Bipolar Zero Error 
When the AD7846 is connected for bipolar output and 
10 ... 000 is loaded to the DAC, the deviation of the analog 
output from the ideal midscale of OV is called the bipolar zero 
error. 

Digital-to-Analog Glitch Impulse 
This is the amount of charge injected from the dil:ital inputs to 
the analog output when the inputs change state. This is nor
mally specified as the area of the glitch in either pA-sees or 
n V -sees depending upon whether the glitch is measured as a 
current or a voltsge. 

Multiplying Feedthrough Error 
This is an ac error due to capacitive feedthrough from either of 
the VREP terminals to Vom when the DAC is loaded with all 
Os. 

Digital Feedthrougb 
When the DAC is not selected (i.e., CS is held high), high fre
quency logic activity on the digital inputs in capac:itively coupled 
through the device to show up as noise on the VOUT pin. This 
noise is digital feedthrough. 
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PIN CONFIGURATIONS 
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AD 7846 
PIN FUNCTION DESCRIPTION 

Pin Mnemonic Description 

1-3 DB2-DBO Data I/O pins. DBO is LSB. 

Positive supply for analog circuitry. 
4 Voo This is + 15V nominal. 

5 VOUT DAC output voltage pin. 

Input to summing resistor of DAC • output amplifier. This is used to 
select output voltage ranges. See 

6 R'N Table I. 

VREF+ input. The DAC is specified 
7 VREF+ for VREF+=+5V. 

VREF- input. For unipolar 
operation connect VREF- to OV 
and for bipolar operation connect it 
to - 5V. The device is specified for 

8 VREF- both conditions. 

Negative supply for analog circuitry. 
9 Vss This is -15V nominal. 

10--19 DB I 5-DB6 Data I/O pins. DBl5 is MSB. 

20 DGND Ground pin for digital circuitry. 

Positive supply for digital circuitry. 
21 Vee This is + 5V nominal. 

R!W input. This can be used to load 
data to the DAC or to read back the 

22 R!W DAC latch contents. 

Chip select input. This selects the 
23 CS device. 

Clear input. The DAC can be 
cleared to ()()() . . . ()()() or 

24 CLR 100 •.. 000. See Table II. 

25 LDAC Asynchronous load input to DAC. 

26-28 DB5-DB3 Data I/O pins. 

Output Range VREF+ VREF_ KIN 

OV to +5V +5V OV VOUT 
OV to +IOV +5V OV OV 
+5V to -5V +5V -5V VOUT 
+5V to -5V +5V OV +5V 
+IOV to -lOY +5V -5V OV 

Table I. AD7846 Output Voltage Ranges 
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AD7846 ....... Typical Perfonnance Curves 

Figure 4. AC Feedthrough. VREF+ = 1V rms, 
10kHz Sine Wave. 

V~EF .. =VllEf_=OV 
GAIN .. , 

~ 400 tt-t-DAC-,LOnAD,-EDrWIT-,HrALL,..."+-++it-+-++-tf 

~ 
I 

i 300 I-+hf-H+-f-H-I+-+-++it-+-++-tf 

~ ... Hf--f-H+-f-H-I+-+-++it-+-++-tf 
~ 
ill 1\ 
~ ,oor-~rHt-t-rrH-+-++tr1-~~ 

Voo .. +15V 

~:~ :~~rm.I-++t+-f-t-+t-t--+-+t.ti 
VREf_=OY 

-o,~~~~~,I.o,JL-LU,lr~-L~,r~-L~,r 
FREQUENCY - Hz 

Figure 5. AC Feedthrough 
vs. Frequency 

~.~.-L-LU,~.,~~~,U~~-L~1O~'~~~1O' 
FREQUENCY - Hz 

Figure 7. Noise Spectral Density 

Figure 8. Digital-to-Analog Glitch 
Impulse without 'Internal Deglitcher 
(10 ... 000 to 011 ... 111 
Transition) 

Figure 10. Pulse Response 
(Large Signal) 

•.• ..,--,..--,--...,----r----, 
T ........ ZSOC 
V_ .. ",,+SV 

Figure 11. Pulse Response 
(Small Signal) 

t 
> , 
J 

~r------.no-nn-rn~rrm 
Vao=+1SV 
v .... -nw 
V,.h .. ~6V Sine Wave 
V" ... _ ... ov Hl-HH+-+++H-++-Hl 
GAIN = +2 

10H-ttIH-tttH-HtHrtltrH1Ht-rrHt 

o~~~~~~~~~wu~~ 
10' lcf 10"' 1r 10" 10- '07 

FREQUENCY - Hz 

Figure 6. Large Signal 
Frequency Response 

Figure 9. Digital-to-Analog Glitch 
Impulse with Internal Deglitcher 
(10 ... 000 to 011 ... 111 
Transition) 

Figure 12. Spectral Response of 
Digitally. Constructed Sine Wave 
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Figure 13. Typical Linearity vs. VoolVss Figure 14. Typical Monotonicity vs. Voo 1Vss 
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CIRCUIT DESCRIPTION 
Digital Section 
Figure IS shows the digital control logic and on-chip data 
latches in the AD7846. Table II is the associated truth table. 
The D/A converter had two latches which are controlled by four 
signals: CS, RIW, LDAC and CLR. The input latch is con
nected to the data bus CDBIS-DBO). A word is written to the 
input latch by bringing CS low and RIW low. The contents of 
the input latch may be read back by bringing CS low and RIW 
high. This feature is called "readback" and is used in system 
diagnostic and calibration routines. 

RIW 0-..-..----, 
CI.R o-t-t---. 

cso--------~ 

D815 080 

Figure 15. AD7846 Input Control Logic 

VREf+o-----------4r-, 
SEGMENT 16 

SEGMENT 1 

VAEF-o--t====~~=~ _____ ~ 

AD7846 
CS R!W LDAC CLR Function 

1 X X X 3-State DAC 110 Latch in 
High Z State 

0 0 X X DAC 110 Latch Loaded with 
DBlS-DBO 

0 I X X Contents of DAC 1/0 Latch 
Available on DBIS-DBO 

X X 0 I Contents of DAC 110 Latch 
Transferred to DAC Latch 

X 0 X 0 DAC Latch Loaded with 
000 ... 000 

X 1 X 0 DAC Latch Loaded with 
100 ... 000 

Table II. AD7846 Control Logic Truth Table 

Data is transferred from the input latch to the DAC latch with 
the LDAC strobe. The equivalent analog value of the DAC 
latch contents appears at the DAC output. The CLR pin resets 
the DAC latch contents to 000 ... 000 or 100 ... 000, depend
ing on the state of RIW. Writing a CLR loads 000 ... 000 and 
reading a CLR loads 100 ... 000. To reset a DAC to OV in a 
unipolar system the user should exercise CLR while RIW is low; 
to reset to OV in a bipolar system exercise the CLR while RtW 
is high. 

D/A Conversion 
Figure 16 shows the D/A section of the AD7846. There are 
three DACs, each of which have their own buffer amplifiers. 
DACI and DAC2 are 4-bit DACs. They share a 16-resistor 
string but have their own analog multiplexers. The voltage refer
ence is applied to the resistor string. DAC3 is a 12-bit voltage 
mode DAC with its own output stage. 

The 4MSBs of the 16-bit digital code drive DACI and DAC2 
while the 12LSBs control DAC3. Using DACI and DAC2, the 
MSBs select a pair of adjacent nodes on the resistor string and 
present that voltage to the positive and negative inputs of 
DAC3. This DAC interpolates between these two voltages to 
produce the analog output voltage. 

,--",,"IV--() R'N 

VOUT 

Figure 16. AD7846DIA Conversion 
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AD7846 
To prevent non-monotonicity in the DAC due to amplifier offset 
voltages, DACI and DAC2 "leap-frog" along the resistor string. 
For example, when switching from Segment I to Segment 2, 
DACI switches from the bottom of Segment I to the top of Seg
ment 2 while DAC2 stays connected to the top of Segment 1. 
The code driving DAC3 is automatically complemented to com
pensate for the inversion of its inputs. This means that any lin
earity effects due to amplifier offset voltages remain unchanged 
when switching from one segment to the next and 16-bit mono
tonicity is ensured if DAC3 is monotonic. So, 12-bit resistor 
matching in DAC3 guarantees overall 16-bit monotonicity. This 
is much more acheivable than the 16-bit matching which a con
ventional R-2R structure would have needed. 

Output Stage 
The output stage of the AD7846 is shown in Figure 17. It is 
capable of driving a 2knJIOOOpF load. It also has a resistor 
feedback network which allows the user to configure it for gains 
of one or two. Table I shows the different output ranges that are 
possible. 

An additional feature is that the output buffer is configured as a 
track-and-hold amplifier. Although normally tracking its input, 
this amplifier is placed in a hold mode for approximately IlLS 
after the leading edge of LDAC. This short state keeps the 
DAC output at its previous voltage while the AD7846 is inter
nally changing to its new value. So, any glitches that occur in 
the transition are not seen at the output. In systems where the 
LDAC is tied permanently low, the deglitching will not be in 
operation. Figures 8 and 9 show the outputs of the AD7846 
with and without the deglitcher. 

R'N 

10k 
10k 

VOUT 

DAC3 

Figure 17. AD7846 Output Stage 
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UNIPOLAR BINARY OPERATION 
Figure 18 shows the AD7846 in the unipolar binary circuit con
figuration. The DAC is driven by the AD586, + 5V reference. 
Since RIN is tied to OV, the output amplifier has a gain of 2 and 
the output range is 0 to + 10V. If a 0 to + 5V range 'is required, 
RIN should be tied to V OUT' configuring the output stage for a 
gain of 1. Table III gives the code table for the circuit of Figure 
18. 

+15V +5V 

·ADOITIONAL PINS 
OMITTED FOR CLARITY -15V 

Figure 18. Unipolar Binary Operation 

Binary Number 
in DAC Latch 
MSB LSB 
1111 1111 1111 1111 
1000 0000 0000 0000 
0000 0000 0000 000 I 
0000 0000 0000 0000 

NOTE 

Analog Output 
(VOUT) 

+ 10 (65535/65536) V 
+ 10 (32768/65536) V 
+ 10 (1/65536) V 
OV 

ILSB= IOV/2'6= IOV/65536 = IS2IJ.V. 

Table III. Code Table for Figure 18 

Offset and gain may be adjusted in Figure 18 as follows: To ad
just offset, disconnect the VREF - input from OV, load the DAC 
with all Os and adjust the VREF voltage until VOUT=OV. For 
gain adjustment, the AD7846 should be loaded with all Is and 
RI adjusted until VOUT = 10(65535)/(65536) = 9.999847V. If a 
simple resistor divider is used to vary the V REF voltage, it is 
important that the temperature coefficients of these resistors 
match that of the DAC input resistance (- 300ppml"C). Other
wise, extra offset errors will be introduced over temperature. 
Many circuits will not require these offset and gain adjustments. 
In these circuits, RI, can be omitted. Pin 5 of the AD586 may 
be left open circuit and Pin 8 (V REF _ ) of the AD7846 tied to 
OV. 
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R2 

lOOk 

+15V 

Rl 
39k 

AD7846 
+15V +5V 

Figure 19. Bipolar ±10V Operation 

BIPOLAR OPERATION 
Figure 19 shows the AD7846 set up for ± 10V bipolar operation. 
The AD588 provides precision ± 5V tracking outputs which are 
fed to the V REF+ and V REF inputs of the AD7846. The code 
table for Figure 19 is shown in Table IV. 

Binary Number 
in DAC Latch 

MSB LSB 
11111111 11111111 
1000 0000 0000 000 I 
1000 0000 0000 0000 
0111 1111 1111 1111 
0000 0000 0000 0000 

NOTE 

Analog Output 
(VOUT) 

+ 10 (32767/32768) V 
+ 10 (1132768) V 
OV 
-10 (1132768) V 
-10 (32768/32768) V 

lLSB = lOVl2" = lOVl32768= 30S",V. 

Table IV. Offset Binary Code Table for Figure 19 

Full scale and bipolar zero adjustment are provided by varying 
the gain and balance on the AD588. R2 varies the gain on the 
AD588 while R3 adjusts the +5V and -5V outputs together 
with respect to ground. 

For bipolar zero adjustment on the AD7846, load the DAC with 
100 ... 000 and adjust R3 until VOUT=OV. Full scale is ad· 
justed by loading the DAC with all Is and adjusting R2 until 
VOUT = 9.999694V. 

When bipolar zero and full scale adjustment are not needed, R2 
and R3 can be omitted, Pin 12 on the AD588 should be con· 
nected to Pin 11 and Pin 5 should be left floating. If a user 
wants a ± 5V output range, there are two choices. By tying Pin 
6 (RIN) of the AD7846 to VOUT (Pin 5), the output stage gain is 
reduced to unity and the output range is ± 5V. If only a positive 
+ 5V reference is available, bipolar ± 5V operation is still possi· 
ble. Tie VREF to OV and connect RIN to VREF+. This will also 
give a ±5V output range. However, the linearity, gain, and off· 
set error specifications will be the same as the unipolar 0 to 
+5V range. 

Other Output Voltage Ranges 
In some cases, users may require output voltage ranges other 
than those already mentioned. One example is systems which 
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need the output voltage to be a whole number of millivolts (i.e. 
ImV, 2mV, etc.). If the AD689 (8.192V reference) is used with 
the AD7846 as in Figure 20, then the LSB size is 125",V. This 
makes it possible to program whole millivolt values at the out· 
put. Table V shows the code table for Figure 20. 

+15V +5V 

"ADDITIONAL PINS 
OMITTED FOR CLARITY -15V 

Figure 20. Unipolar Output with AD689 

Binary Number 
in DAC Latch 

MSB LSB 
1111 1111 1111 1111 
1000 0000 0000 0000 
0000 0000 0000 1000 
0000 0000 0000 0100 
0000 0000 0000 00 I 0 
0000 0000 0000 0001 

NOTE 
lLSB = 8.192V/2'· = 125", V. 

Analog Output 
(VOUT) 

8.192V (65535/65536) = 8.1919V 
8.192V (32768/65536) = 4.096V 
8.192V (8/65536) = O.OOIV 
8.192V (4/65536) = 0.0005V 
8.192V (2/65536) = 0.00025V 
8.192V (1165536) = O.OOO125V 

Table V. Code Table for Figure 20 

Multiplying Operation 
The AD7846 is a full multiplying DAC. To get four·quadrant 
multiplication, tie V REF to OV, apply the ac input to V REF. 

and tie RIN to V REF-' Figure 6 shows the Large Signal Fre· 
quency Response when the DAC is used in this fashion. 
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ADJ846 
TEST APPLICATION 
Figure 21 shows the AD7846 in an Automatic Test Equipment 
application. The readback feature of the AD7846 is very useful 
in these systems. It allows the designer to eliminate phantom 
memory used for storing DAC contents and increases system 
reliability since the phantom memory is now effectively on chip 
with the DAC. The readback feature is used in the following 
manner to control a data transfer. First, write the desired 16-bit 
word to the DAC input latch using the CS and RJW inputs. 
Verify that correct data has been received by reading back the 
latch contents. Now, the data transfer can be completed by 
bringing the asynchronous LDAC control line low. The analog 
equivalent of the digital word now appears at the DAC output. 

In Figure 21,each pin on the Device Under Test can be an in
put or output. The AD345 is the pin driver for the digital in
puts, and the AD9687 is the receiver for the digital outputs. 
The digital control circuitry determines the signal timing and 
format. 

DACs I and 2 set the pin driver voltage levels (V H and V L), 
and DACs 3 and 4 set the receiver voltage levels. The pin driv
ers used in ATE systems normally have a nonlinearity between 
input and output. The 16-bit resolution of the AD7846 allows 
compensation for these input/output nonlinearities. The dc para
metrics shown in Figure 21 measure the voltage at the device 
pin and feed this back to the system processor. The pin voltage 
can thus be fine-tuned by incrementing or decrementing DACs 
I and 2 under system processor control. 

Figure 21. Digital Test System with 16-8it Performance 

POSITION MEASUREMENT APPLICATION 
Figure 22 shows the AD7846 in a position measurement applica
tion using an LVDT (Linear Variable Displacement 
Transducer), an AD630 synchronous demodulator and a com
parator to make a 16-bit LVDT-to-Digital Convertor. The 
L VDT is excited with a fixed frequency and fixed amplitude 
sine wave (usually 2.5kHz, 2V pk-pk). The outputs of the sec
ondary coil are in anti-phase and their relative amplitudes de
pend on the position of the core in the L VDT. The AD7846 
output interpolates between these two inputs in response to the 
DAC input code. The AD630 is set up so that it rectifies the 
DAC output signal. Thus, if the output of the DAC is in phase 
with the V REF+ input, the inverting input to the comparator 
will be positive, and if it is in phase with V REF-' the output will 
be negative. By turning on each bit of the DAC in succession 
starting with the MSB, and deciding to leave it on or turn it off 
based on the comparator output, a 16-bit measurement of the 
core position is obtained. 
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Figure 22. AD7846in Position Measurement Application 
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MICROPROCESSOR INTERFACING 
AD7846-8086 Interface 
Figure 23 shows the 8086 16-bit processor interfacing to the 
AD7846. The double buffering feature of the DAC is not 
used in this circuit since LDAC is permanently tied to OV. 
ADO-ADI5 (the l6-bit data bus) are connected to the DAC data 
bus (DBO-DBI5). The 16-bit word is written to the DAC in one 
MOV instruction and the analog output responds immediately. 
In this example, the DAC address is DOOOH. 

8086 

ADO-AD15 t-_____ D_A_TA_B_U_S _____ -iDBO-DB15 

·lINEAR CIRCUITRY 
OMITTED fOR CLARITY 

Figure 23. AD7846 to 8086 Interface Circuit 

In a multiple DAC system, the double buffering of the AD7846 
allows the user to simultaneously update all DACs. In Figure 
24, a 16-bit word is loaded to the input latches of each of the 
DACs in sequence. Then, with one instruction to the appropri
ate address, CS4 (i.e., LDAC) is brought low, updating all the 
DACs simultaneously. 

8086 

ADO-AD1S I--___ -'D.:.:AT.:.:A.:.:B:.:U::.S--, 

AD7B46* 
'----ILDAC 

+5V 

+5V 

'----I RiVii' +5V 

"LINEAR CIRCUITRY 
OMIITED fOR CLARITY '-_____ ~ DBO-DB15 

Figure 24. AD7846 to 8086 Interface: Multiple DAC System 
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AD7846 
AD7846 to MC68000 Interface 
Interfacing between the AD7846 and MC68000 is accomplished 
using the circuit of Figure 25. The following routine writes data 
to the DAC latches and then outputs the data via the DAC 
latch. 

1000 MOVE.W #W, DO The desired DAC data, W, 
is loaded into Data Register 
O. W may be any value 
between 0 and 65535 
(decimal) or 0 and FFFF 
(hexadecimal). 

MOVE.W DO, $EOOO The data, W, is transferred 
between DO and the DAC 
register. 

MOVE.W #228, D7 Control is returned to the 
System Monitor using these 

TRAP #14 two instructions. 

At-A23 ADDRESS BUS \ 
MC68000 ~ ~ 

iiS H ADDRESS L CS DECODE r I +5Vo- CLR 
DTACK 

fi 
LDAC 

AD7846* 

RW RIW 

00-015 DATA BUS DBD-DBts 

·lINEAR CIRCUITRY 
OMITIED fOR CLARITY 

Figure 25. AD7846 to MC68000 Interface 

DIGITAL FEEDTHROUGH 
In the preceding interface configurations, most digital inputs to 
the AD7846 are directly connected to the microprocessor bus. 
Even when the device is not selected, these inputs will be con
stantly changing. The high frequency logic activity on the bus 

A1·A1S 

MICRO-
PROCESSOR 

R/W 

DBO·oB15 

ADDRESS BUS 

-----:I ~ I ADDRESS L 
DECODE r 

+5Vo-

~ 
T 

DIR G 

~ B A 

Ii]-BUS BUS "'--
2x 

74LS245 

·L1NEAR CIRCUITRY 
OMITIeO FOR CLARITV 

\ 

cs 
CLR 

LDAC 

RW 

AD7846* 

00·015 

Figure 26. AD7846 Interface Circuit Using Latches to Mini
mize Digital Feedthrough 

noise on the analog output. To minimize this Digital Feed
through isolate the DAC from the noise source. Figure 26 
shows an interface circuit which isolates the DAC from the bus. 
Note that to make use of the AD7846 readback feature using 
the isolation technique of Figure 26, the latch needs to be 
bidirectional. 
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AD7846 
APPLICATION IDNTS 
Noise 
In high resolution systems, noise is often the limiting factor. 
With a 10 volt span, a l6-bit LSB is IS2",V (-%dB). Thus, the 
noise floor must stay below - 96dB in the frequency range of 
interest. Figure 7 shows the noise spectral density for the 
AD7846. 

Grounding 
As well as noise, the other prime consideration in high resolu
tion DAC systems is grounding. With an LSB size of 152", V 
and a load current of SmA, lLSB of error can be introduced by 
series resistance of only 0.030. 

Figure 27 below shows recommended grounding for the 
AD7846 in a typical application. 

-ADDITIONAL PINS 
OMITTED FOR CLARITY 

Figure 27. AD7846 Grounding 

+15V 

Rl to RS represent lead and track resistances on the printed cir
cuit board. Rl is the resistance between the Analog Power Sup
ply ground and the Signal Ground. Since current flowing in Rl 
is very low (bias current of ADS88 sense amplifier), the effect of 
Rl is negligible. R2 and R3 represent track resistance between 
the ADS88 outputs and the AD7846 reference inputs. Because 
of the Force and Sense outputs on the ADS88, these resistances 
will also have a negligible effect on accuracy. 

R4 is the resistance between the DAC output and the load. If 
RL is constant, then R4 will introduce a gain error only which 
can be trimmed out in the calibration cycle. RS is the resistance 
between the load and the analog common. If the output vQltage 
is sensed across the load, RS will introduce a further gain error 
which can be trimmed out. If, on the other hand, the output 
voltage is sensed at the analog supply common, RS appears as 
part of the load and therefore introduces no errors. 

Printed Circuit Board Layout 
Figure 28 shows the AD7846 in a typical application with the 
ADS88 reference, producing an output analog voltage in the 
± 10 volts range. Full scale and bipolar zero adjustment are pro
vided by potentiometers R2 and R3. Latches (2x74LS24S) iso
late the DAC digital inputs from the active microprocessor bus 
and minimize digital feedthrough. 

The printed circuit board layout for Figure 28 is shown in Fig
ures 29 and 30. Figure 29 is the component side layout while 
Figure 30 is the solder side layout. The component overlay is 
shown in Figure 31. 

In the layout, the general grounding guidelines given in Figure 
27 are followed. The ADS88 and AD7846 are as close as possi
ble, and the decoupling capacitors for these are also kept as 
close to the device pins as possible. 

J, 
+5V 

C31/A31 

r:I 
IO.'~F 

zo 
.,.. ,. 

C4/A4 
17 e6/AS ,. 

CI/AS 
'5 ,. C7/Al 

'3 ""lAB 
C9/A9 
C10/A10 
en/A11 

e1Z/A12 
C13/A13 
C14JA14 
e15/A15 

C16/A16 
en/A17 
e18/A1B 
C19/A19 
CZO/AZO 
CZ1JA21 
C22/A22 
tn/A23 
C32/A32 

Figure 28. Schematic for AD7846 Board 
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Figure 29. PCB Component Side Layout for Figure 28 

AD7846 

14------------ 5.9" (150mm) -----------~.~I 

Figure 30. PCB Solder Side Layout for Figure 28 
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AD7846 

J' 

C9 ·Cl4+ 

SKT 1 Cl0+ C'3 

D C5C6 t 

~ 
J2 

C7 I cal + 

[[] 

IC3 
IC' 

C.12+ 
C' + 

1C3lc4 C11 
C2+ 

U ~ 
c'2.1 I 

+ R' 

IC2 

D D IC4 

R4 R3 

Figure 31. Component Overlay for Circuit of Figure 28 
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~ANALOG 
WDEVICES 

LC2MOS 
Complete 12-Bit OAC with OSP Interface 

FEATURES 
Complete DAC with DSP Interface, Comprising: 

- 12-Bit Voltage Mode DAC 
- 3 V Zener Reference 
- Output Buffer Amplifier with 4 Jl.S Settling Time 
- 8 Word FIFO and Interface Logic 

72 dB Signal-to-Noise Ratio 
Interfaces to High Speed DSP Processors, 

e.g., ADSP-2100, TMS320C25, TMS32010 
42 ns min WR Pulse Width 
Low Power -60 mW typ 

APPLICATIONS 
Digital Sign III Processing 
Speech Synthesis 
High Speed Modems 
DSP Servo Control When Used with AD7878 

GENERAL DESCRIPTION 
The AD7848 is a fast, complete, 12-bit, voltage output D/A 
converter with a versatile DSP interface consisting of an 8-word, 
first-in, first-out (FIFO) memory and associated control logic. 

The FIFO memory allows up to eight samples to be loaded 
to the AD7848 at full microprocessor speed. The samples are 
then loaded to the DAC register under control of an asynchro
nous LDAC signal. A fast data setup time of 20 ns allows 
direct interfacing to DSP processors and high speed 16-bit 
microprocessors. 

An on-chip status/control register allows the user to program the 
effective length of the FIFO and contains FIFO empty, FIFO 
full and FIFO word count information. 

The analog output from the AD7848 provides a bipolar output 
range of ±3 V. Full power output signals up to 20 kHz can be 
created and the AD7848 is fully specified for dynamic perfor
mance parameters such as signal-to-noise ratio and harmonic 
distortion. 

The AD7848 is fabricated in Linear Compatible CMOS 
(LC2MOS), an advanced, mixed technology, process that com
bines precision bipolar circuits with low power CMOS logic. 
The part is available in a 28-pin plastic and hermetic dua1~in-line 
package (DIP) and in a 28-terminal plastic leaded chip carrier 
(PLCC). 

REV. A 

A07848 I 
FUNCTIONAL BLOCK DIAGRAM 

REF OUT REF IN 

~ND:~~~::::::~ __ _ 

AD7848 

OB11 DBO 

PRODUCT HIGHLIGHTS 
1. Complete D/A Function with DSP Interface 

The AD7848 provides the complete function for creating ac 
signals to 12-bit accuracy. The part features an on-chip refer
ence, an output buffer amplifier and 12-bit D/A converter. 
The additional feature of an 8-word FIFO reduces the high 
software overheads associated with servicing peripherals in 
DSP processors. 

2. Dynamic Specifications for DSP Users 
The AD7848 is fully specified and tested for ac parameters, 
including signal-to-noise ratio and harmonic distortion. 

3. Fast Microprocessor Interface 
Data setup times of 20 ns and write pulse widths of 42 ns 
make the AD7848 compatible with all modern 16-bit micro
processors and digital signal processors. Key digital timing 
parameters are also tested and specified over the full operat
ing temperature range. 
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(Voo = 5 V±5%, Vss = -5 V±5%, AGND = DGND = OV, REF IN = +3 V, 

AD7848-SPECIFICATIONS :~I:ss2~~~~~~~t 'eLK = 10 MHz. All Specifications Tmln to Tmax 

I,A K,B 
Parameter Versionsl Versions UDits 

DYNAMIC PERFORMANCE2 

Signal to Noise Ratio' (SNR) @ + 25"C 70 72 dB min 
T_toT.,.. 70 70 dB min 

Total Harmonic Distortion (THD) -80 -80 dBtyp 

Peak Harmonic or Spurious Noise -80 -80 dBtyp 

DC ACCURACY 
Resolution 12 12 Bits 
Relative Accuracy ±I ±112 LSB typ 
Differential Nonlinearity ±112 ±112 LSB typ 
Bipolar Zero Error ±4 ±4 LSBmax 
Positive Full-Scale Error 5 ±4 ±4 LSBmax 
Negative Full-Scale Error" ±4 ±4 LSBmax 

REFERENCE oUl'PU'l'" 
REF OUT 3 3 V nom 
REF OUT Error @ + 25"C ±IO ±IO mVmax 

T_toT .... ±15 ±15 mVmax 
Reference Load Sensitivity 

(AREF OUT/AI) -I -I mVmax 

REFERENCE INPUT 
REF IN 2.85 2.85 V min 

3.15 3.15 V max 
Input Current ±I ±I p.A max 

LOGIC INPUTS 
Input High Voltage, V INH 2.4 2.4 V min 
Input Low Voltage, VINL 0.8 0.8 V max 
Input Current, lIN ±IO ±IO p.A max 
Input Capacitance, ~7 10 10 pFmax 
Input Coding 2s Complement 

LOGIC OUTPUTS 
Output High Voltage, VOH 2.7 2.7 V min 
Output Low Voltage, VOL 0.4 0.4 V max 
DBU-DBO 

Floating State Leakage Current 10 10 p.A max 
Floating State Output Capacitance7 IS IS pFmax 

ANALOG OUTPUT 
Output Voltage Range ±3 ±3 V nom 
DC Output Impedance 0.2 0.2 Otyp 
Short Circuit Current 25 25 mAtyp 

AC CHARACfERISTICS7 
Voltage Output Settling TiDIeS 

Positive Full-Scale Change 4 4 p.smax 
Negative Full-Scale Change 4 4 "..max 

Digital-to-Ana1og Glitch ImpulseS 10 10 nVsecstyp 
Digital Feedthtoughs 2 2 nV sees typ 
CLK IN Feedthtough 2 2 mVtyp 

POWER REQUIREMENTS 
VDD +5 +5 V nom 
V •• -5 -5 V nom 
IDD 13 13 mAmax 

Is. 6 6 mAmax 

Power Dissipation 95 95 mWmax 
NOTES 
'Temperature ranges are as follows: J, K Versions, 0 to + 70"C; A, B Versions, - 25"C to +8S"C. 
'VOUT = ±3V. 
'SNR includes distortion and noise components. 
'Using externa1 sample-and-hold (see Testing the AD7848). 
'Measured with respect to REF IN and includes bipolar offset error. 

... 

Test ConditioasiComments 

foUT = I kHz Sine Wave, fSAMPLE = 100 kHz 
Typically 72 dB at + 25"C for 0<foUT<20 kHz' 
foUT = I kHz Sine Wave, fSAMPLB = 100 kHz 
Typically - 80 dB at + 25"C for 0<foUT<20 kHz' 
foUT = I kHz Sine Wave, fSAMPLE = 100 kHz 
Typically. -SO dB at +25"C for 0<foUT<20 kHz' 

Guaranteed Monotonic 

Reference Load Current Change (0-500 p.A) 

VDD = 5 V±5% 
VDD = 5 V±5% 
VIN = OVtOVDD 

IsoURCB = 40 p.A 
!sINK = 1.6 mA 

Sertling TiDIe to Within ± 112 LSB of Final Value 

DAC Code Change All Is to AliOs 

± 5% for Specified Performance 
±S% f~ Performance 
CS = DMWR = DMRD = Data Inputs = 5 V; 
Output Unloaded __ 
CS = DMWR = DMRD = Data Inputs = 5 V; 
Output Unloaded 
Typically 60 mW 

"For capacitive loads greater than SO pF • series resistor is required (see INTERNAL REFERENCE section). 
7Sample tested @ + 2S"C to ensure compliance. 
'Measured with CLK IN stopped. 
Specifications subject to change without notice. 
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AD7848 
TIMING CHARACTERISTICS1 (Voo = +5 V±5%, Vss = -5 V±5%, AGND=DGND=O V) 

Limit at T min' T ..... Limit at T min' T max 

Parameter cr, A, Versions) (K, B Versions) Units Conditions/Comments 

t, 42 42 nsmin INTERNAL WRITE Pulse Width 
t2 5 5 nsmin ADDO to INTERNAL WRITE Setup Time 
t3 0 0 nsmin ADDO to INTERNAL WRITE Hold Time 
t4 t l -12 t l -22 nsmin Data Valid to INTERNAL WRITE Setup Time 

or 502 or 50> 
t, 10 10 nsmin Data Valid to INTERNAL WRITE Hold Time 
t, 1.5 CLK IN Cycles 1.5 CLK IN Cycles min LDAC Pulse Width 
t7 0 0 nsmin CS to DMRD Setup Time 
t. 0 0 nsmin CS to DMRD Hold Time 
t" 60 45 nsmin DMRD Pulse Width 
tlO3 57 41 nsmax Data Access Time after DMRD 
tll4 5 5 nsmin Bus Relinquish Time 

45 45 nsmax 

NOTES 
'Timing Specifications in bold print are 100% production tested. All other times are sample tested at + 25"(; to ensure compliance. All input signals 
are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

2The smaller number of these two is the required data setup time, i.e., for narrower write pulses a shorter setup time is required. 
3 t,o is measured with the load circuits of Figure I and defmed as the time required for an output to cross 0.8 V or 2.4 V. 
'tll is defmed as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25°C unless otherwise stared) 

Voo to AGND .................... -0.3 V to +7 V 
Vss to AGND ...............•..... +0.3 V to -7 V 
AGND to DGND .............. -0.3 V to Voo+O.3 V 
VOUT to AGND ............. Vss-0.3 V to Voo+0.3 V 
REF IN to AGND .............. -0.3 V to Voo+O.3 V 
REF OUT to AGND ............ -0.3 V to Voo+O.3 V 
Digital Inputs to DGND .......... -0.3 V to Voo+O.3 V 
Digital Outputs to DGND . , ....... -0.3 V to Voo+O.3 V 
Operating Temperature Range 

Commercial G, K Versions) .............. 0 to +700C 
Industrial (A, B Versions) ............ -25°C to +85°C 

Stonge Tempemture Range ...•....... -65°C to + 150°C 
Lead Tempemture (Soldering, 10 sees) ........... +300°C 
Power Dissipation (Any Package) to +75°C ......• 1000 mW 
Dentes above +75°C by .................. 10 mWI"C 

DBNTI 
56kO ~ ~50PF 

a. High-Z to VOH 

+5V 

T56kO 

DBNT 
~50PF 

b. VOL to High-Z 

Figure 1. Load Circuits for Access Time 

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

ORDERING GUIDE 

Temperature Package 
Model Raage SNR (dBs) Option· 

AD7848]N OOC to +70°C 70 min N-28 
AD7848KN OOC to +700C 72 min N-28 
AD7848]P OOC to +700C 70 min P-28A 
AD7848KP O°C to +70°C 72 min P-28A 
AD7848AQ -25°C to +85OC 70 min Q-28 
AD7848BQ -25°C to +85OC 72 min Q-28 

*N = Plastic DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip. For out
line information, see Package Information section. 

DBNTI 
3kn~ ~10PF 

a. VOH to High-Z 

+5V 

TakO 
DBN+ 

~10PF 

b. VOL to High-Z 
Figure 2. Load Circuits for Output Float Delay 

CAUTION __________________ -:--:-__ :--

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

WARNING! ~ 

~~EDEVICE 
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Pin Pin 
No. Mnemonic 

ADDO 

2 CS 

3 DMWR 

4 DMRD 

5 LDAC 

6 

7 DGND 

8 VDD 

9-20 DBll-DBO 

21 VDD 

22 AGND 

23 VOUT 

24 Vss 

25 REF OUT 

26 REF IN 

27 RESET 

28 CLKIN 

DIP PIN CONFIGURATIONS PLCC 

LDAC 5 25 REF OUT 

PIN FUNCTION DESCRIPTION 

Function 

AD7848 
TOP VIEW 

!Notto Scalel 

Address Input. This input determines whether the word on the data bus during a write operation is loaded 
to the FIFO RAM or to the status/control register. A logic low selects the FIFO memory, while a logic 
high selects the status/control register (see Status/Control Register section). 

Chip Select. Active low logic input. The device is selected when this input is active. 

Data Memory Write. Active low logic input. DMWR is used in conjunction with CS to write data to either 
the FIFO memory or the status/control register. Corresponds directly to DMWR (ADSP-2100), RIW 
(MC68000, TMS32OC25), WE (TMS32010). 

Data Memory Read. Active low logic input. DMRD is used in conjunction with CS low to access data from 
the status/control register. Corresponds directly to DMRD (ADSP-2100), DEN (TMS32010). 

Load DAC. Logic input. A new word is loaded to the DAC register from FIFO memory Location 0 on the 
falling edge of this signal. The LDACinput is asynchronous to CLK IN and is independent of CS, 
DMWR and DMRD. A software LDAC can be performed by writing to the control register (see STATUS/ 
CONTROL REGISTER section). 

FIFO Almost Empty. A logic low indicates that the word count (i.e., number of data words in the FIFO) 
has reached the programmed almost empty word count in the status/control register. ALMT is updated 
after every LDAC operation. The ALMT output can be disabled (i.e., set to a logic high) by writing a 
Logic 1 to DB7 (ENAL) of the status/control register. The ALMT status can also be obtained by reading 
the status register (see STATUS/CONTROL REGISTER section). 

Digital Ground. Ground reference for digital circuitry. 

Positive Supply Voltage, +5 V±5%. 

Data Bit 11 (MSB) to DBO (LSB). Three-state TTL input/outputs. Coding for data words is 2s 
complement. 

Positive Supply Voltage, +5 V±5%. Same as Pin 8; both pins must be tied together at the package. 

Analog Ground. Ground reference for DAC, reference and output buffer amplifier. 

Analog Output Voltage. This is the buffer amplifier output voltage. Bipolar output range (±3 V with REF 
IN = +3 V). 

Negative Supply Voltage, -5 V±5%. 

Voltage Reference Output. The internal 3 V analog reference is provided at this pin. To operate the 
AD7848 with internal reference, REF OUT should be connected to REF IN. The external load capability 
of the reference is 500 JIA. 
Voltage Reference Input. The reference voltage for the DAC is applied to this pin. It is internally buffered 
before being applied to the DAC. The nominal reference voltage for correct operation of the AD7848 is 
3V. 

Reset. Active low logic input. A logic low clears the words in the FIFO memory and the contents of the 
DAC register to 0000 0000 0000 and resets the status/control register and control logic. 

Clock Input. TTL compatible logic input. Used as the clock source for all internal dynamic logic and 
provides synchronization during bus transactions. The mark/space ratio of this clock can vary from 
35/65 to 65/35 provided the INTERNAL WRITE timing is obeyed (see READIWRITE Operations 
section). 
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AD7848 
Table I. Status/Control Bit Function Description 

BIT LOCATION DBll DBIO DB9 DBS 

STATUS INFORMATION (READ) ALMT AEC2 AECl AECO 

CONTROL FUNCTION (WRITE) X ABC2 AECl AECO 

RESET STATUS 0 0 0 0 

X = DON'T CARE 

STATUS/ CONTROL REGISTER 
The AD7848 contains two on-chip registers - a status register 
for monitoring the status of the FIFO memory and a control 
register to provide control for the FIFO memory functions. 
Because both registers reside at the same address and much of 
the information is common to both they are treated here as a 
common status/control register. Read operations from the status! 
control register access data from the status register, while write 
operations are to the control register. 

The register is directly accessible through the data bus 
(DBll-DBO) with a read or a write operation when ADDO is 
high. A write operation provides control for the ALMT output, 
DAC register updates and FIFO word count reset. This is nor
mally done on power-up initialization. The FIFO memory 
address pointer is decremented after every DAC register update 
and this pointer is compared with a preprogrammed count in 
the status/control register. When this preprogrammed count is 
reached, the ALMT output is asserted if the ENAL control bit 
is set to O. This ALMT can be used to interrupt the micropro
cessor after any predetermined number of DAC register updates 
(between I and 8). The status of the address pointer, along with 
FIFO underflow, FIFO empty and ALMT status can be 
accessed at any time by reading the status/control register. Note, 
reading from the status/control register does not cause any inter
nal movement in the FIFO memory. 

STATUS/CONTROL REGISTER FUNCTION 
DESCRIPTION 
DBIl (ALMT) 
Almost Empty Flag. Read only. This is the same as the Pin 6 
(ALMT output) status. A logic low indicates that the word 
count in the FIFO memory has reached the preprogrammed 
word count in bit locations DBIO-DB8. ALMT is updated at 
the end of an LDAC opemtion. ALMT is active following a 
device reset because both the FIFO word count and the almost 
empty word count are 000. 

DBIO-DBS (AEC2-AECO) 
Almost Empty Word Count. ReadlWrite. The count value 
determines the number of words in the FIFO memory which 
will cause ALMT to be set. When the FIFO word count equals 
the programmed count in these three bits, then both the ALMT 
output and DBII of the status/control register are set to a logic 
low. For example, when a code of 011 is written to these bits, 
ALMT is set when only Location 0 through Location 3 of the 
FIFO memory contain valid data. AEC2 is the most significant 
bit of the word count. The count value can be read back if 
required. 

DB7 (ENAL) 
Enable Almost Empty. ReadlWrite. Writing a I to this bit dis
ables the ALMT output and status/control register bit DBI1. 
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DB' DB6 DBS DB4 DB3 DB2 OBI DBO 

ENAL FFUL 0 FEMP FUND FC2 FCl FCO 

ENAL RESET LDAC X X X X X 

0 1 0 1 0 0 0 0 

DB6 (FFULIRESET) 2 
FIFO FulllReset. ReadlWrite. Reading a 0 from this bit indi-
cates that there are 8 words in the FIFO memory (i.e. the FIFO 
is full). Writing a I to this bit location will cause a system reset 
as per the RESET input (Pin 27). 

DBS (LDAC) 
Load DAC. Write only. Writing a 0 to this location causes the 
sample in Location 0 of the FIFO to be loaded into the DAC 
register. The function of this bit is the same as the LDAC input 
(Pin 5). 

DB4(FEMP) 
FIFO Empty. Read only. Reading a I indicates that there are 
no words in FIFO memory. When the FIFO is empty, any fur
ther LDAC operations will continue to update the DAC register 
with the contents of Location 0 of the FIFO. 

DB3 (FUND) 
FIFO Underflow. Read only. If the FIFO memory is empty and 
further DAC register updates occur, then this bit is set to a 1. It 
will remain set until an LDAC operation occurs with valid data 
in FIFO Location O. 

DB2-DBO (FC2-FCO) 
FIFO Word Count. Read only. The value read from these bits 
indicates the number of words in FIFO memory. For example, 
reading 011 from these bits indicates that Location 0 through 
Location 3 contain valid data. Note, reading all Os indicates that 
there is either one word or no word in the FIFO memory; in 
this case, the FIFO Empty determines if there is no word in 
memory. FC2 is the most significant bit. 

D/ASECTION 
The AD7848 contains a 12-bit voltage output D/A converter 
consisting of highly stable thin fIlm resistors and high speed 
NMOS single pole, double throw switches. The simplified cir
cuit diagram for the DAC section is shown in Figure 3. The 
three MSBs of the data word are decoded to drive the seven 
switches A-G. The 9 LSBs switch a 9-bit R-2R ladder structure. 
The output voltage from this converter has the same polarity as 
the reference voltage, REF IN. 

• • ]I. 2. 2. 

REF IN* I----I-+�_++<>+~-+I_+_+_' 
AGND 1-----<>-_-+-__ '""-_-' 

-SUfFERED REF IN VOLTAGE 

Figure 3. DAC Ladder Structure 
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The REF IN voltage is internally buffered by a unity gain 
amplifier before being applied to the DI A converter. and the 
bipolar bias circuitry. The D/A converter is configured and 
scaled for a 3 V reference and the device is tested with 3 V 
applied to REF IN. Operating the AD7848 at reference voltages. 
outside the ± 5% tolerance range may result in degraded perfor
mance from the part. 

INTERNAL REFERENCE 
The AD7848 has an on-chip temperature compensated buried 
Zener reference (see Figure 4) which is factory trimmed to 
3 V± 10 mY. The reference voltage is provided at the REF 
OUT pin. This reference can be used to provide both the refer
ence voltage for the .D/A converter and the bipolar bias 
circuitry. This is achieved by connecting the REF OUT pin to 
the REF IN pin of the device. 

VDD 

REF OUT 

Figure 4. Internal Reference 

The reference voltage can also be used as a reference for other 
components in the syStem and is capable of providing up to 
500 ILA to an external load. The maximum recommended capac
itance on REF OUT for normal operation is 50 pF. If the refer
ence is required for external use, it should bedecoupled to 
AGND with a 200 G resistor in series with a parallel combina
tion of a lO ILF tantalum capacitor and a 0.1 ILF ceramic 
capacitor. 

EXTERNAL REFERENCE 
In some applications the user may require a system reference or 
some other external reference to drive the AD7848 reference 
input. Figure 5 shows how the ADS86 5 V reference can be 
conditioned to provide the 3 V reference required by the 
AD7848 REF IN. An alternate source of reference voltage for 
the AD7848 in systems which use both a DAC and an ADC is 
to use the REF OUT voltage of an ADC such as the AD7878. A 
circuit showing this arrangement is outlined in Figure 16. 

+15V 

'AoomoNAL PINS OMmEo FOR CLARITY 

Figure 5. AD586 Driving AD7848 REF IN 
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OP AMP SECTION 
The output from the converter is buffered by a noninverting 
amplifier: Internal scaling resistors on the AD7848 configure the 
output voltage for ±3 V from an input reference voltage of 
+ 3 V. Figure 5 shows the arrangement of these resistors around 
the output op amp. The buffer amplifier is capable of develop
ing ±3 V across a 2 kG and 100 pF load to ground and can pro
duce 6 V peak-to-peak sine wave signals up to a frequency of 
20 kHz. 

The output is updated on the falling edge of the LDAC input. 
For a software DAC update, the output is updated on the next 
rising clock edge after receiving a software LDAC. The ampli
fier settles to within 1/2 LSB of its fmal value in typically less 
than 2 ILS for a full-scale output change. 

TRANSFER FUNCTION 
The basic circuit configuration for the AD7848 is shown. in Fig
ure 6. Table II shows the ideal input code to output voltage 
relationship for this configuration. Input coding to the DAC is 
2s complement with 1 LSB = FS/4096 = 6 V/4096 = 
1.465 mY. The output voltage, VOUT' can be expressed in 
terms of the input code, N, using the following relationship: 

2 ·N·REFIN 
VOUT = 4096-2048:5N:5+2047 

+6V 

-5V 
*ADDlTtoNAL PINS OMITTED FOR CLARITY 

Figure 6. Basic Connection Diagram 

DAC Latch Contents 
MSB LSB Analog Output, VOUT* 

Olll 1111 1111 
Olll 1111 1110 
0000 0000 0001 
0000 0000 0000 
1111 1111 1111 
1000 0000 000 1 
lOOO 0000 0000 

*Assumiog REF IN = + 3 v. 

+2.998535 V 
+2.99707 V 
+0.001465 V 
OV 
-0.001465 V 
-2.998535 V 
-3V 

Table II. Ideal Input/Output Code Table 

INTERNAL FIFO MEMORY 
The internal FIFO memory of the AD7848 consists of eight 
memory locations, each memory location 12 bits wide~ A block 
diagram of the AD7848 FIFO architecture is shown in Figure 7. 

Data is loaded to the FIFO under control of CS and DMWR. 
The FIFO Address Pointer always points to the top of memory 
i.e., the uppermost location which contains valid data. This 
pointer is incremented when a new word is loaded to the FIFO 
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from the data bus. Data is loaded from the FIFO to the DAC 
register under control of an asynchronous LDAC signal. When 
LDAC is assened, the data contained in the bottom location of 
the FIFO (Location 0) is transfened to the DAC register. On 
completion of this transfer operation, each word in the FIFO 
moves down one location and the Address Pointer is decre
mented by one. Therefore, each data word enters at the top of 
memory, propagates down with successive LDAC operations 
until it reaches Location 0 from where it can be transfened to 
the DAC register. 

DB" 

Figure 7. Internal FIFO Architecuture 

The propagation of data words down the FIFO occurs in syn
chronization with the AD7848 input clock (CLK IN). As a 
result, a write operation to the FIFO memory must also be syn
chronous with CLK IN. If the write operation is not synchro
nous with a CLK IN cycle or if the DMWR line goes low 
within 20 ns prior to a rising edge ofCLK IN, the AD7848 
logic will stop operating correctly. This means that in systems 
where the AD7848 CLK IN is not derived from the micropro
cessor clock, the CLK IN and DMWR signals will have to be 
synchronized externaJIy. 

The updating of the status register following data movements in 
the FIFO also occurs in synchronization with CLK IN. The 
status register is updated on the next rising CLK IN edge after 
DMWR goes low. A setup time of 70 ns is required between the 
falling edge of DMWR and the rising edge of CLK IN to 
ensure that the status register update takes place on that rising 
edge; otherwise the update will slip to the next rising edge of 
CLK IN. If the AD7848 is operated with a DMWR to CLK IN 
setup time of less than 70 ns, the updating of the status register 
does not take place on the same clock cycle but data is written 
correctly to the FIFO. This means that in these situations the 
status register should not be read during the CLK IN cycle fol
lowing the write operation. To get the correct infonnation, the 
user will have to allow one clock cycle between the write and 
read operations. 

READIWRITE OPERATIONS 
The AD7848 read/write operations consist of writing to the 
FIFO memory and status/control register and reading from the 
status/control register. These operations are controlled by the 
CS, DMWR, DMRD and ADDO logic inputs. 

Write Operation 
A write operation to the AD7848 FIFO memory consists of 
bringing CS and DMWR low with ADDO low. InternaJly, these 
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AD7848 
signals are gated with CLK IN to provide an INTERNAL 
WRITE signal (see Figure 8). The pulse width of this INTER
NAL WRITE signal is effectively the overlap between the CLK 
IN low time and the CS and DMWR pulses. This may result in 
shoner write pulse widths, setup times and data hold times than 
those given by a microprocessor. The timing on the AD7848 
timing diagram of Figure 9 is therefore given with respect to the 
INTERNAL WRITE signal rather than the DMWR signal. A 
similar situation exists for writing infonnation to the AD7848 
status/control register. A write operation to the status/control 
register consists of bringing CS and DMWR low with ADDO 
high. 

EQUIVALENT CCT ONLY 
ASSUME 0 ns PROP DELAY cs n.._..--___ ~ 

DMWII 

eLK IN ,.,,--- ,,--_~ 

AD" 

INTERNAL 
WRITE 

ADDO 

DATA 

TO 
FIFO 

MEMORY 

Figure 8. DMWR Internal Logic 

Figure 9. AD7848 Write Operation 

Data is intemaJIy latched to the FIFO memory on the rising 
edge of CLK IN after DMWR goes low. Keeping DMWR low 
for numerous CLK IN cycles does not result in numerous FIFO 
write operations. Data is written on the first rising CLK IN 
edge after DMWR goes low. 

Read Operation 
Figure 10 shows the timing diagram for a read operation from 
the status/control register of the AD7848. CS and DMRD going 
low accesses data from the status/control register. The ADDO 
line can either be high or low for a read from the status/control 
register. 

Figure 10. AD7848 Read Operation 
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AD1848 
UPDATING THE DAC OUTPUT 
The DAC output on the AD7848 can be updated under software 
or hardware control. For hardware control, the output is up
dated by asserting the LDAC input; for software control, writ
ing a 0 to DBS of the statuslcontrol register updates the output. 

The LDAC input is an asynchronous input which is indepen
dent of CLK IN. This is essential for applications where' precise 
sampling in time is important. In these applications, the signal 
update must occur at exactly equal intervals to minimize errors 
due to sampling uncertainty or jitter. In these cases, the LDAC 
input is driven from a timer or some precise clock source. 

In applications where precise sampling is not critical, the LDAC 
pulse can be generated from a microprocessor WR line gated 
with a decoded address (different to the AD7848 CS address). 
Note, the LDAC input must stay low for at least 1.5 CLK IN 
cycles. 

The updating of the DAC output occurs directly after the 
LDAC input goes low. However, the shifting of data words 
down the FIFO occurs a number of CLK IN cycles later. If a 
write operation occurs before the shifting of words has happened 
then the FIFO shifting will be delayed until the write operation 
is completed. Care must be taken in this situation because since 
no FIFO shift has occurred the word is still in the FIFO. For 
example, if the FIFO contained eight words before the LDAC 
operation, it would continue to contain eight words until the 
FIFO shift occurred, and in this case no new words could be 
written to the FIFO. 

The alternative method for updating the DAC output is a soft
ware update which is achieved by writing a 0 to DB5 of the sta
tuslcontrol register. In this case, the DAC register is updated on 
the next rising clock edge of CLK IN. Continuous LDAC oper
ations do not take place when there is a 0 in DB5. The update 
only occurs on the next CLK IN rising edge after the 0 is writ
ten to DB5. The LDAC input (Pin 5) should be tied high for 
software control of the DAC update. 

AD7848 DYNAMIC SPECIFICATIONS 
The AD7848 is specified and 100% tested for dynamic perfor
mance specifications rather than traditional dc specifications 
such as Integral and Differential Nonlinearity. These ac specifi
cations are required for the signal processing applications such 
as Speech Synthesis, Servo Control and High Speed Modems. 
These applications require information on the DAC's effect on 
the spectral content of the signal it is creating. Hence, the 
parameters for which the AD7848 is specified include Signal
to-Noise Ratio, Harmonic Distortion and Peak Harmonics. 
These terms are discussed in more detail in the following 
sections. 

Signal-to-Noise Ratio (SNR) 
SNR is the measured signal to noise ratio at the output of the 
DAC. The signal is the rms magnitude of the fundamental. 
Noise is the rms sum of all the nonfundamental signals up to 
half the sampling frequency (fsl2) excluding dc. SNR is depen
dent upon the number of quantization levels used in the digiti
zation process; the more levels, the smaller the quantization 
noise. The theoretical signal to noise ratio for a sine wave output 
is given by 

SNR = (6.02 N + 1.76) dB .................. (1) 

where N is the number of bits. Thus for an ideall2-bit con
verter, SNR = 74 dB. 
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Figure 11 shows a typical 2048 point Fast Fourier Transform 
(FFT) plot of the AD7848KN with an output frequency of 
I kHz and an update rate of 100 kHz. The SNR obtained from 
this graph is 73.3 dB. It should be noted that the harmonics are 
taken into account when calculating the SNR. 

T. = +25'C 
f. = 100kHz 
SNR = 73.3dB 

-HH-------------+-------------~ 

25 
FREQUENCY - kHz 

Figure 11. AD7848 FFT Plot 

Effective Number of Bits 

50 

The formula given in (I) relates the SNR to the number of bits. 
Rewriting the formula, as in (2), it is possible to get a measure 
of performance expressed in effective number of bits (NEFF)' 

SNR - 1.76 
NEFF = 6.02 .' ..................... (2) 

The effective number of bits for a device can be calculated 
directly from its measured SNR. 

Total Harmonic Distortion (THD) 
THD is the ratio of the rms sum of harmonics to the rms value 
of the fundamental. For the AD7848, THD is defined as 

where V I is the rms amplitude of the fundamental and V 2' V 3' 

V., V 5 and V 6 are the rms amplitudes of the second through the 
sixth harmonic. The THD is also derived from the 2048-point 
FFT plot. 

Peak Harmonic or Spurious Noise 
Peak Harmonic or Spurious Noise is defmed as the ratio of the 
rms value of the next largest component in the DAC output 
spectrum (up to fsl2 and excluding dc) to the rms value of the 
fundamental. Normally, the value of this specification will be 
determined by the largest harmonic in the spectrum but for 
parts where the harmonics are buried in the noise floor the peak 
will be a noise peak. 
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Testing the AD7848 
The method used to test the dynamic performance specifications 
is outlined in Figure 12. Data is loaded to the AD7848 under 
control of the microcontroller and associated logic. The output 
of the AD7848 is applied to a 9th order low-pass ftIter. The out
put of the ftIter is in turn applied to a 14-bit accurate digitizer. 
The digitizer samples the signal and the microcontroller gener
ates an FFT plot from which the dynamic performance of the 
AD7848 can be evaluated. 

Figure 12. AD7848 Dynamic Performance Test Circuit 

The digitizer's sampling is synchronized with the AD7848 
update rate to ease FFT calculations. The digitizer samples the 
AD7848 after the output has settled to its new value. Therefore, 
if the digitizer was to sample the output directly; it would effec
tively be sampling a de value each time. As a result, the dy
namic performance of the AD7848 would not be measured 
correctly, giving better results than the actual performance of 
the AD7848. Using a ftIter between the DAC and the digitizer 
means that the digitizer samples a continuously moving signal 
and the true dynamic performance of the AD7848 is measured. 

Some applications will require improved performance versus 
frequency from the AD7848. In these applications, a simple 
sample-and-hold circuit such as that outlined in Figure 13 will 
extend the very good performance of the AD7848 to 20 kHz. 
Other applications will already have an inherent sample-and
hold function following the AD7848. An example of this type of 
application is driving a switched-capacitor ftIter where the 
updating of the DAC is synchronized with the switched
capacitor ftIter. This inherent sample-and-hold function also 
extends the frequency range performance of the AD7848. 

2kll 

330pF 

AD7848 

LDAC ----0 

Figure 13. Sample-and-Hold Circuit 
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Performance versus Frequency 
The typical performance plots of Figures 14 and 15 show the 
performance of the AD7848 over a wide range of input frequen
cies. The plot of Figure 14 is without a sample-and-hold on the 
output while the plot of Figure 15 is generated with the sample
and-hold circuit of Figure 13 on the output. 

8.r---,---~-----r------r-----' 

~r---t----r---r---+---; 

5.~--4----4---~---r--~ 
~ 
I 4O~--4----4---~---r--~ 
~ 
~~--t----r---r---+---; 

m~--~---+--~~::1~ ~ 
TA = +25'"C 

,.~--~---+---t---_+--_i 

.L---~-__ ~ ______ ~ ____ ~ ____ ~ 
• 

FREQUENCY - kHz 

Figure 14. Performance vs. Frequency (No Sample-and
Hold) 

-r----;r-----r----r----, 

7. ~::::::t:::::::=t:::::::~::::::::::1 

6.~---+_---_+---_+-----_i 

~ ~~---+_---_+-----_+---_i 

I 

~ 4O~---+_----_+---_+---_i 

~r_---4r----r_---r_---; 

m~---+_---~ 
VPD = +5V 
Vss= -5V 
TA'" 't-ZSOC 

,.r----t------r----+---~ 

·.~------~------~,.~------,~5------~2. 
FREQUENCY - kHz 

Figure 15. Performance vs. Frequency (with Sample-and
Hold) 
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MICROPROCESSOR INTERFACING 
The AD7848 high speed bus timing allows direct interfacing to 
DSP processors. Due to the complexity of the AD7848 interna1 
logic, only synchronous interfacing is allowed. This means that 
the AD7848 CLK IN must be the same as or a derivative of the 
processor clock. In applications where this is not possible, the 
CLK IN and DMWR signals must be externally gated. Suitable 
processor interfaces are shown in Figures 16 to 19. 

AD7848 - ADSP-2100 Interface 
Figure 16 shows an interface between the AD7848 and the 
ADSP-2100 DSP processor. Also included in the interface is the 
AD7878, a 12-bit AID converter which also contains an on-chip 
FIFO and has dynamic performance specifications. An interface 
like this is suitable for applications such as modems and servo 
control. 

Conversion is initiated on the ADC using an external timer. 
This timer is also used to control the updating of the AD7848 
output. The ALFL output interrupts the microprocessor when 
the FIFO word count of the AD7878 has reached its prepro
grammed value. The processor then reads the conversion results 
from the AD7878's interna1 FIFO memory. Simi1arly, the 
ALMT output interrupts the microprocessor when the 
AD7848's preprogrammed word count is reached. The processor 
then loads another batch of samples to the AD7848's internal 
FIFO memory. 
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RESET 
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RE SET 
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iiMWii 

DMRD 

CLKOUT 

DMD15 
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iiMiffi REF IN 
eLKIN 
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Figure 16. AD78481AD7878 - ADSP-2100 Interface 
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AD7848 - TMS320C25 Interface 
An interface between the AD7848 and the TMS320C25 DSP 
processor is shown in Figure 17. As in the previous interface, 
the updating of the AD7848 output is controlled by an externa1 
timer. The ALMT outpUt of the AD7848 provides an interrupt 
signal to the TMS320C25. The TMS32OC25 CLKOUT2 signal 
must be inverted before being applied to the AD7848 CLK IN 
pin. A single WAIT state is inserted in a read cycle to the 
AD7848 status/control register via the TMS320C25 READY 
input. 

The TMS32OC25 does not have separate RD and WR outputs to 
drive the AD7848 DMWR and DMRD inputs. These are gener
ated from the processor STRB and RJW outpUts with the addi
tion of some logic gates. 

R~--'--------------l 
-ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 17. AD7848 - TMS320C25 Interface 

AD7848 - TMS32010 Interface 
Figure 18 shows an interface between the AD7848 and the 
TMS32010 DSP processor. Once again, an externa1 timer is 
used to update the DAC output. The TMS32010 CLKOUT sig
nal must be inverted before being applied to the AD7848 CLK 
IN pin. 

PAZ 

PAD 

TMS3Z010 

MEN 

O~r-----------~ 
WEI------------~ 

CLKOUT 

mT~----------~ 

0151-----' 

ODI-----------J 

R~--~------------~ 
-ADDITIONAL PINS OMmeD OR ClARITY 

Figure 18. AD7848 - TMS32010 Interface 
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AD7848 - MC68000 Interface 
This interface also uses an external timer for updating the ana
log output as described in the previous three interfaces. It dif
fers from the other interfaces because it needs extra logic due to 
the nature of its interrupts. The MC 68000 has eight levels of 
external interrupt. When interrupting this processor one of these 
levels (0 to 7) has to be encoded onto the IPL2-IPLO inputs. 
This is achieved with a 74148 encoder in Figure 19, (interrupt 
level 1 is taken for example purposes only). The ALMT output 
drives the appropriate input of the 74148 for the required inter
rupt level. The MC68000 places this interrupt level on address 
bits A3 to Al at the start of the interrupt service routine. Addi
tionallogic is used to decode this interrupt level on the address 
bus and the FC2-FCO outputs to generate a VPA signal for the 
MC68000. This results in an autovectored interrupt; the start 
address for the service routine must be loaded into the appropri
ate auto vector location during initialization. For further infor
mation on the 68000 interrupts consult the 68000 users manual. 

The MC68000 AS and RIW outputs are used to generate sepa
rate DMWR and DMRD inputs for the the AD7848. Since the 
UDS line is used to decode the DMWR and DMRD signals, the 
AD7848 is memory-mapped at an even address. 

~~~~---------------------, 

A161------------===:-=='L..:'---------, 

MC68000 

ADDO 

RE~ .-4--------------.-AD- OO--IO-NAl.--p-IN-S-QMITT---ED--FO-R-CiARlTY---', 

Figure 19. AD7848 - MC68000 Interface 
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APPLYING THE AD7848 
Good printed circuit board layout is as important as the overall 
circuit design itself in achieving high speed converter perfor
mance. The AD7848 works on an LSB size of 1.465 mY. 
Therefore, the designer has to be conscious of minimizing noise 
in both the converter itself and in the surrounding circuitry. 
Switching mode power supplies are not recommended as the 
switching spikes can feedthrough to the on-chip amplifier. Other 
causes of concern are ground loops and digital feedthrough from 
microprocessors. These are factors which influence any high 
performance converter, and a proper PCB layout which mini
mizes these effects is essential for best performance. 

LAYOUT HINTS 
Ensure that the layout for the printed circuit board has the digi
tal and analog lines separated as much as possible. Take care not 
to run any digital track alongside an analog signal track. Estab
lish a single point analog ground (star ground) separate from the 
logic system ground. Place this star ground as close as possible 
to the AD7848 as shown in Figure 20. Connect all analog 
grounds to this star ground and also connect the AD7848 
DGND pin to this ground. Do not connect any other digital 
grounds to this analog ground point. 

ANALOG DIGITAL 
SUPPLY SUPPLY 

+15V GND -5V +5V COM 

~t ~t 
-

~f- ~f-< ~~ 
AGND Va VDD DGND 

ANALOG 
AD7848 

DIGITAL 
CIRCUITRY CIRCUITRY 

Figure 20. Power Supply Grounding Practice 

Low impedance analog and digital power supply common 
returns are essential to low noise operation of high performance 
converters. Therefore, the foil width for these tracks should be 
kept as wide as possible. The use of ground planes minimizes 
impedance paths and also guards the analog circuitry from 
digital noise. 

NOISE 
Keep the signal leads on the VOUT signal and the signal return 
leads to AGND as short as possible to minimize noise coupling. 
In applications where this is not possible, use a shielded cable 
between the DAC output and its destination. Reduce the ground 
circuit impedance as much as possible since any potential differ
ence in grounds between the DAC and its destination device 
appears as an error voltage in series with the DAC output. 

FEEDTHROUGH 
The CLK IN feedthrough to the analog output is 2 mV typical. 
This occurs at 10 MHz and since almost all applications will 
have a low pass filter on the output to remove the update fre
quency, the CLK IN feedthrough should not be a problem. 
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r.ANALOG 
WDEVICES 

FEATURES 
250MSPS Update Rate 
Low Glitch Impulse 
Complete Composite Functions 
Internal Voltage Reference 
Single - 5.2V Supply 

APPUCATIONS 
Raster Scan Displays 
Color Graphics 
Automated Test Equipment 
TV Video Reconstruction 

250MSPS Video 
Digital-to-Analog Converter 

7.5 IRE 
o 

o IRE! 

AD9701 I 
FUNCTIONAL BLOCK DIAGRAM 

o--_~!-5.2V' 

~~~~~ {"T1I!f~ t--_~'~=-..--tL_}-r" 
'rr, 
BIT'. 

BIT 8 tLSBI 

GENERAL DESCRIPTION ~ 0.1.' 

The AD9701 is a high-speed, 8-bit digital-to-analog converter L_AD9_'o_, --~===~===::Yi 
with fully integrated composite video functions. High-speed 
ECL input registers provide synchronous operation of data and 
control functions up to 250MSPS. 

The AD9701 incorporates on-board control functions including 
horizontal sync, blanking, reference white level, and a 10% 
bright signal for highlighting. The setup level is also adjustable 
from 0 IRE units to 20 IRE units, through the control pin. An 
internal voltage reference allows the AD9701 to operate as a 
stand-alone video reconstruction DAC. 

The AD9701 is available as an industrial temperature range 
device, - 25°C to + 85°C, and as an extended temperature range 
device, - 55°C to + 125°C. Both grades of the AD9701 are 
packaged in a 22-pin ceramic DIP, with the extended temperature 
device also available in a 28-pin LCC package. 

PIN CONFIGURATIONS 
CI CI CI CI 
2 2 2 2 .. ::. ::. ::. ::. i:! .; 0 !il 0 0 .; II: II: II: ill I " " " " I 

GROUND • 3 2 1 28U 2. 

SETUP 

NO CONNECT 
SIT 1 (MSB) S lJ 25 NO CONNECT 

BIT2 6 24 10% BRIGHT 
10% BRIGHT 

BIT3 7 23 COMPOSITE BLANKING 
COMPOSITE BLANKING AD9701 

BIT' • TOP VIEW 
22 NO CONNECT 

COMPOSITE SYNC BITS • INot to Scalel 21 COMPOSITE SYNC 

REFERENCE WHITE BIT610 20 REFERENCE WHITE 

COMPENSATION BIT7 11 '9 COMPENsAnoN 

CURRENT SET 

OUTPUT 
12 13 I. 15 16 17 ,. 
~ ill ~ 

Q 

~ 
.; ti 2 

GROUND 0 ::. I .. 
E 2 

~ ~ .. z 
Iii 8 0 

0 II: ::. 2 u 
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AD9701 - SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS l 

Supply Voltage (-Vs) •.•..•.......•. 
Digital Input Voltages (including STROBE, SYNC, 

... -7V 

BLANKING, 10% BRIGHT, and REFERENCE 
WHITE) ............•.. 

Analog Output Current • • • • . . . • . 
Power Dissipation ( + 2S'C Free AirJZ . . 

OV to -Vs 
• 37mA 

.. 780mW 

Operating Temperature Range 
AD9701BQ •....... 
AD9701SQ/SE .•...• 

Storage Temperature Range • 
Junction Temperature . • . . 
Lead Soldering Temperature (10sec) 

- 2See to + 8See 
- ssee to + l2See 
- 6See to + ISO"C 

+ 17See 
• • •• +3OO"C 

ELECTRICAL CHARACTERISTICScsupplyYDltageS = -5.2V; R,. = 37.50;Selup = OV, unlessothelwiseslaflldl 

AD9701BQ AD9701SQ/SE 
Parameter Temp Min Typ Max Min Typ Max Unils 

RESOLUTION 8 8 Bits 

DC ACCURACY 
Differential Linearity + 25'C 0.25 0.5' 0.25 0.5 LSB 

Full 1.0 1.0 LSB 
Integral Linearity +25'C 0.25 0.5 0.25 0.5 LSB 

Full 1.0 1.0 LSB 
Monotonicity Full GUARANTEED GUARANTEED 

INITIAL OFFSET ERROR' 
Zero-Scale Offset Error' +25'C 0.05 0.9 0.05 0.9 mV 

Full 0.9 0.9 mV 
Zero-Scale Offset Drift Coefficient Full 2 2 ",VI'C 
Full-Scale Drift Coefficient Full 50 50 ",VI'C 

ANALOG OUTPUT 
Voltage Output' 

10% Bright6 Full -0.9 0 -0.9 0 mV 
Reference White Full -67.45 -71 -74.55 -67.45 -71 -74.55 mV 
Blanking (Setup = 0 IRE)' Full -698.55 -708.5 -718.45 -698.55 -708.5 -718.45 mV 
Sync(Setup = OIRE)8 Full -979.25 -993.5 -1007.75 -979.25 -993.5 -1007.75 mV 

Current Output' 
100/0 Bright6 Full -0.024 0 -0.024 0 mA 
Reference White Full -1.805 -1.9 -1.996 -1.805 -1.9 -1.995 mA 
Blanking (Setup = 0 IRE)' Full -18.63 -18.9 -19.16 -18.63 -18.9 -19.16 mA 
Sync (Setup = 0 IRE)' Full -26.11 -26.5 -26.87 -26.11 -26.5 -26.87 mA 

Output Compliance Range Full -1.6; +0.1 - 1.6; +0.1 V 
Output Resistance +25'C 640 800 640 800 n 

DYNAMIC PERFORMANCE 
Update Rate +25'C 225 250 225 250 MSPS 
Output Propagation Delay' +2S'C 5 6 5 6 ns 
OutputSett1ingTime1o 

Current +2S'C 8 8 ns 
Voltage +25'C 12 12 ns 

Output Slew Rate" +25'C 255 300 255 300 V/",s 
Output Rise Timel 1 +25'C 1.7 2.0 1.7 2.0 ns 
Output Fall Time" +25'C 1.7 2.0 1.7 2.0 ns 
Glitch Impulse +2S'C 60 70 60 70 pV-s 

SETUP CONTROL 12 

Setup Level (Grounded) Full 0 0 IRE 
Setup Level (Open) Full 7.5 7.S IRE 
Setup Level (Tied to - 5 .2V with lIill) Full 10 10 IRE 
Setup Level ( - 5.2V) Full 20 20 IRE 

DIGITAL INPUTS 
Logic "I" Voltage Full -1.1 -1.1 V 
Logic "0" Voltage Full -I.S -1.5 V 
Logic cc 1" Current Full 100 100 ,..A 
Logic ''0'' Current Full IS 15 !LA 
Input Capacitance +2S'C 4 S.S 4 S.5 pF 
Data Setup Time + 25'C 0.1 0.1 ns 
Data Hold Time + 25'C 1.4 1.4 ns 

POWER SUPPLY 13 

Supply Current ( - 5.2V) +2S'C 140 160 140 160 mA 
Full 160 160 mA 

Nominal Power Dissipation +2S'C 728 728 mW 
Power Supply Rejection Ratio" Full 3 6 3 6 mVN 
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NOTES 
I Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

'Typical thermal impedance . . . 
22~PinCeramic 6 j.=64QCIW;8 jc = 16°CIW 
28·Pin Ceramic LCC 6j, = 70"CIW; 6j< = 2IoC/W 

'SYNC, BLANKING, and REFERENCE WHITE are inactive (Logic "I"). 
ISET ~ 1.26V/RsET• 

'AII bits at logic HIGH. 
sAil values are relative to full·scale output, after being normalized 
to nominal value. Typical variation in full~scale output from device to 
device can reach :t 10%, for a fIXed RSET resistor. 

6The effect of 10% BRIGHT algebraically adds to the output waveform. 

AD9701 

'The output level with BLANKING active (Logic "0"), is determined by 
the setup control level. 

'In normal operation, the BLANKING input is activated (Logic "0") prior 
to or in conjunction with the SYNC input. The effect of the SYNC 
output is relative to the setup level. 

'Measured from edge of STROBE to 50% transition point of the output 
signal. 

10 Measured with full-scale change in output level, from the 10% transition 
level to within ± 0.2% of the final output value. 

II Measured from 10% to 90% transition point for full-scale step output. 
"An IRE unit is 1% of the Grey Scale (GS range) with a 0 IRE setup level. 
"Supply Voltage should remain stable within ± 5% for normal operation. 
14Measured at ± 5% of - Vs. 

Specifications subject to change without notice. 

DIGITAL INPUTS VS. ANALOG OUTPUT 

Bit Bit Bit Bit Bit Bit Bit Bit 100/0 Ref. Comp. Analog 
1 2 3 4 5 6 7 8 Bright White Blanking Sync Output (mV) 

1 1 1 1 1 1 1 1 0 1 1 1 0 
1 1 1 1 1 1 1 1 1 1 1 1 -71 
1 0 0 0 0 0 0 0 0 1 1 1 -320 
0 0 0 0 0 0 0 0 0 1 1 1 -637.5 
0 0 0 0 0 0 0 0 1 1 1 1 -708.5 

X X X X X X X X 0 0 1 1 0 
X X X X X X X X 1 0 1 1 -71 
X X X X X X X X 0 1 0 1 -637.501 

X X X X X X X X 0 1 0 1 -690.752 

X X X X X X X X 0 1 0 1 -708.503 

X X X X X X X X 0 1 0 1 -779.50" 

X X X X X X X X 0 1 0 0 -922.501 

X X X X X X X X 0 1 0 0 -975.752 

X X X X X X X X 0 1 0 0 -993.503 

X X X X X X X X 0 1 0 0 -1064.50" 

X X X X X X X X 1 1 0 0 -993.501 

X X X X X X X X 1 1 0 0 -1046.752 

X X X X X X X X 1 1 0 0 -1064.5<P 
X X X X X X X X 1 1 0 0 -1135.50· 

NOTES 
1. Setup (Pin 21) grounded (0 IRE units). 
2. Setup (Pin 21) open (7.5 IRE units). 
3. Setup (Pin 21) to - S.2V through lk (0 IRE units). 
4. Setup (Pin 21) to -S.2V (20 IRE units). 

ORDERING GUIDE 

-
Package 

Device Temperature Range Description Option· 

AD9701BQ - 25"C to + 85°e 22-Pin DIP, Industrial Temperature Q·22 
AD970ISE - 55°e to + 125°e 28·Pin Lee, Extended Temperature E-28A 
AD9701S0 - 55"C to + 125°e 22-Pin DIP Extended Temperature 0-22 

*E = Leadless Ceramic Chip Catrier; Q = Cerdip. For outline information see Package Information section. 
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AD9701 
FUNCTIONAL DESCRIPTION 

PIN NAME 

GROUND 
-Vs 
BIT 1 (MSB) 

BIT2-BIT7 
BIT8(LSB) 

STROBE 
GROUND 
SETUP 

10% BRIGHT 

COMPOSITE BLANKING 

COMPOSITE SYNC 

REFERENCE WHITE 

COMPENSATION 

CURRENT SET 

OUTPUT 
GROUND 

DESCRIPTION 

One of three ground returns. All grounds should be connected together near the AD9701. 
Negative supply pin, nominally - 5 .2V. 

- One of eight digital input bits. BIT 1 (MSB) is the most-signifIcant-bit of the digital input 
word. 
One of eight digital input bits. 
One of eight digital input bits. BIT 8 (LSB) is the least-signifIcant-bit of the digital input 
word. 
Data and control register strobe input. STR.OBE is leading edge triggered. 
One of three ground returns. All grounds should be connected together near the AD9701. 
The SETUP input determines the position of the blanking level relative to the "reference 
black" level (all data bits at logic "0"). The setup level is adjustable from 0 IRE units to 20 
IRE units below the reference black level (an IRE unit is 1 % of the "grey scale" range). 

SETUP LEVEL 

o IRE Units 
7.5 IRE Units 
lOIRE Units 
20 IRE Units 

CONFIGURATION (PIN 21) 

Ground 
Open 
Connection to -5.2Vthrough lkO 
Connection to - 5.2V 

10% BRIGHT adds an additional current to the output level, equal to roughly 10% of the 
"grey scale" range. The 10% BRIGHT is active logic LOW, and operates independently of 
all other inputs. 
The COMPOSITE BLANKING input, active logic LOW, forces output to the blanking 
level set with the SETUP input. 
The COMPOSITE SYNC input, active LOW, creates a negative going horizontal sync· 
chronization pulse relative to the blanking level. Under normal operating conditions the 
COMPOSITE BLANKING signal should precede and extend past the COMPOSITE SYNC 
signal. See SETUP for additional information. 
The REFERENCE WHITE input, active LOW, overrides the data inputs, and forces the 
output to the maximum "grey scale" level. 
The COMPENSATION input insures adequate gain stability for the internal reference 
amplifier. Under normal operating conditions, the COMPENSATION input is decoupled 
to ground through a O.lfJ.F capacitor. 
The CUR.RENT SET input determines the full-scale or "grey scale" range. The effects of the 
video control functions are in addition to the "grey scale" range. (1680$ RSET $ 6000). 
IOUTmax=4IsET = 4(1.26VlRsET) 

- Analog output. 
One of three ground returns. All grounds should be connected together near the AD9701. 

SYSTEM TIMING DIAGRAMS 

REFERENCE WHITE 

D1GlTALDATA 
BIT 1 IMSB) TO 

IIT.!LS8) 

,. ~~~ +VlDEO PICTURE DATA--.t 

2-750 DIGITAL-TO"ANALOG CONVERTERS 

DlGrrALINPUTS =t INCLUDING 
CONTROL INPUTS _,. __ _ 

STROBE 

ts DIGITAL DATA SETUP nME 
tH DIGITAL DATA HOLD TIME 
tPW\1 STROBE PULSE WIDTH HIGH 
tl'WL STROBE PULSE WIDTH LOW 
tST SETTUNG TIME 
tpD MtNIMUM PROPAGATION DELAY 

NOTES 
1. ALL INPUTS,INCLUDING THE VIDEO CONTROL 

FUNCTIONS, ARE SYNCHRONIZED TO THE 
ST~ 

2. THE 10% BRIGHT CON'TROL WILL INCREASE 
THE OUTPUT LEVEL BY APPROXIMATELY 10 
IRE UNITS OVER THE PRESENT OUTPUT 
LEVEL 

3. AN IRe UNIT IS IDeALLY 7.14mV. 
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Dm LAYOUT AND MECHANICAL INFORMATION 

10% 8RI~~~POSIT\E BLANKIN:OMPOSITE SYNC 

-V" "'-. / 
REFERENCE WHITE 

/ 

-Vs 

BIT 1IMSB) 

Die Dimensions 
Pad Dimensions 
MetaIization 
Backing 
Substrate Potential 
Passivation 
Die Attach 
Bond Wire 

SET 

BIT 7 

107 x 104 x 15 (±2) mils 
4x4 mils 

Aluminum 
None 
-Vs 

Oxynitride 
Gold Eutectic 

1.25 mil Aluminum; Ultrasonic Bonding 
or lmi1 Gold; Gold Ball Bonding 

APPLICATIONS INFORMATION 
Raster scan video displays image data on a line by line basis, 
with timing and control signals inserted between the lines. The 
control signals include the horizontal synchronization pulses 
which are used to a1ign the display circuitry at the beginning of 
each line. After the complete video image is displayed on the 
monitor, the process begins again with the next image. The 
vertical reset pulse(s) that initiate this timing sequence are located 
between each video image. 

+5.0V 

={-t-l ..... --l 
1.6k STROBE ____ ..... ---1 

5.1k 

Raster Graphics Configuration for TTL Systems 

The image data is distinguished from the timing information by 
its location relative to the blanking level. The blanking reference 

REV. A 

AD9701 
level is at the blackest extreme of the image data, and all timing 
signals are designed to fall below the blanking level so as not to 
be seen on the monitor. The actual image data is located above 
the blanking level, and it may be further separated from the 
timing signal by the setup level. The setup level is simply a 
buffer zone between the timing and image data. 

Generation of the timing signals for the AD9701 is controlled by 
the COMPOSITE BLANKING and the COMPOSITE SYNC 
inputs. In normal operation the output level of the AD9701 is 
forced to the blanking level (black) with the COMPOSITE 
BLANKING control so that when the synchronization occurs, 
it will not interfere (be seen) with the monitor image. The 
COMPOSITE SYNC control forces the output level below the 
blanking level, generating the synchronization pulse. 

The "grey scale" is the image intensity range, located above the 
blanking level by the amount of the setup level. The setup level 
is "reference black," the darkest displayable picture intensity. 
The top of the "grey scale" is "reference white," or the brightest 
picture intensity. As an 8-bit device, the AD9701 divides the 
"grey scale" into 256 individual levels. 

Normal raster scan waveforms divide the region between the 
blanking level and reference white into 100 IRE units (International 
Radio Engineers). The setup level can range from 0 to 20 IRE 
units, but typically is around 10 IRE units, and the synchronization 
pulse level typically falls 40 IRE units below the blanking level. 
For the AD9701, the reference white level is 10 IRE units below 
the full-scale output range (OmAoUT). 

In terms of priority, the REFERENCE WHITE control over
rides the data inputs, but both COMPOSITE SYNC and 
COMPOSITE BLANKING override the data inputs and the 
REFERENCE WHITE control. A fourth control is active at.all 
times, 10% BRIGHT, which adds approximately 10 IRE units 
to the output level no matter what the input state of the AD9701. 
The 10% BRIGHT control is primarily used to highlight areas 
of the video image. 

As with any high-speed device, the AD9701 requires a substantial 
low impedance ground plane and high quality ground connections 
to achieve the best performance. Performance can also be improved 
with adequate power supply decoupling near the supply pins of 
the AD9701. In ECL mode, the output of the AD9701 is designed 
to drive 750 cable directly, with 750 terminations to ground at 
both ends of the cable. For TTL configurations the output 
should be terminated to + 5.0V through an 820 resistor (see 
circuit below). 

={~ 
STROBE _ ...... __ --1 

-5.2V SETUP 
CONTROL 

-2.GY 

Standard Reconstruction Configuration 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
100 MSPS Update Rate 
Eel/TTL Compatibility 
low Glitch Impulse: 100 pV-s 
Fast Settling: 30 ns to ±1 LSB 
Low Power: 700 mW 

APPLICATIONS 
ATE 
Signal Reconstruction 
Arbitrary Waveform Generators 
Digital Synthesizers 
Signal Generators 

GENERAL DESCRIPTION 
The AD9712 and AD9713 are 12-bit, high speed digital
to-analog converters constructed in an advanced oxide isolated 
bipolar process. The AD9712 is an ECL-compatible device 
featuring update rates of 100 MSPS minimum; the TTL
compatible AD9713 will update at 80 MSPS minimum. 

Designed for direct digital synthesis, waveform reconstruction, 
and high resolution imaging applications, both devices feature 
low glitch impulse of 100 p V -s; and fast settling times of 30 ns 
to :t I LSB. Both units are characterized for dynamic perfor
mance, and have excellent harmonic suppression. 
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0,. (LSa) 

DIGITAL-Va 

ANALOG RETURN 

'OUT 

II, (MSa) 

DIGITAL GROUND 

LATCH ENAaLE 

ANALOG-Vs 

RoE, 
DIGITAL+Vs 

REFERENCE GROUND 

DIGITAL-Va 

REFERENCE OUT 

CONTROL AMP OUT 

REFERENCE IN 

lour 

Plastic DIP Pinout Designations (Top View) 

12-Bit, 100 MSPS 
D/A Converters 

AD9712/AD9713 I 
FUNCTIONAL BLOCK DIAGRAM 

The AD9712 and AD9713 iIre available in 28-pin plastic DIPs 
and PLCCs, with an operating temperature range of 0 to +70"C. 
Contact the factory for availability of military-grade devices. 

" z w 
" ;i 
~ ! iii 
~ t G 

~ d IS IS Q lJ 5 

22 REFERENCE GROUND 

19 CONTROL AMP IN 

PLCC Pinout Designations 

D/GITAL-TO-ANALOG CONVERTERS 2-753 

• 



AD9712/AD9113 -SPECIFICATIONS 
ABSOL~ MAXIMUM RATINGS' 
i>ositive Supply Voltage (+ V s)(AD9713 Only) •....... +(! V 
Negative Supply Voltage (-Vs) 

(AD9712 and A:D9713) ••...•....•••...•....• -7 V 
DAC Outputs to ANALOG RETURN •.••.. +0.5 V to -2 V 
Digital Input Voltages (D1-D12, LATCH ENABLE) 

AD9712 ...........•....•...•••..... 0 V to -Vs 
AD9713 ........••.•..........•••.... 0 V to +Vs 

Internal Reference Output Current ..... -20 ILA to + 500 ,...A 
Control Amplifier Input Voltage Range •....... 0 V to -4 V 
Control Amplifier Output Current ...•.... '.' •••. ±2.5 rnA 

REFERENCEINVoltageRange; .• :, .•.•• -3.7Vto-Vs 
Analog OutpUt Current (lotrr or lOUT) .••..••.•.. 30 inA 
Operating Temperature Range 

AD9712JN/JP ....•••.••••••...•.••..• 0 to +7O"C 
AD9713JN/JP ..• ; •.........••.....••. 0 to +7O"C 

Maximum· Junction Temperanu-e2 ..•............• + 15O"C 
Lead Temperature (Soldering, 10 seconds) •.•.•.••• + 3OO"C 
Storage Temperature Range ............. -65"C to + 15O"C 

ELECTRICAL CHARACTERISTICS (-Vs = .-5.2 V; +Vs = +5 V (A119713 Only); CONTROL AMP IN = "':1.2 V 
(external)' RSEl = 7 5 kG unless otherwise noted) . . 

Test AD9712JN1JP AD9713JNIJP 
Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Units 

RESOLUTION 12 12 Bits 

DC ACCURACY 
Differential Nonlinearity m +25"C I 1.2 2.0 1.2 2.0. LSB 

Full VI 4.0 4.0 LSB 
Integrsl Nonlinearity 0) +2S"C I 3.0 3.0 LSB 
("Best Fit" Straight Line) Full VI 4.0 4.0 LSB 

INITIAL OFFSET ERROR 
Zero-Scale Offset Error +25"C I 0.5 1.5 0.5 1.5 ,...A 

Full VI 5.0 5.0 ,...A 
Full-Scale Gain Error + 25·C I 4.0 8.5 4.0 8.5 % 

Full VI 11.0 11.0 % 
Offset Drift Coefficient +25"C V 0.03 0.03 ,...A1"C 

REFERENCWCONTROLAMP 
Internal Reference Voltage +25"C I -1.13 -1.26 -1.39 -1.13 -1.26 -1.39 V 

Full I -1.11 -1.41 -1.11 -1.41 V 
Internal Reference Voltage Drift Full V 300 300 ILVI"C 
. i'\mplifier Input Impedance +25"C V SO SO kG 
Amplifier Bandwidth +25"C V 300 300 kHz 

REFERENCE INPtJT" 
Reference Input Impedance +2S"C V 3 3 kG 
Reference Multiplying Bandwidths +25"C V 40 40 MHz 

OUTPUT PERFORMANCE 
Full-Scale Output Current6 +2S"C V 20.48 20.48 rnA 
Output Compliance Range + 25·C IV -1.2 +3 -1.2 +3 V 
OutpUt Resistance +2S"C IV 2.0 2.5 3.0 2.0 2.5 3.0 kG 
OutpUt Capacitance +25"C V 30 30 pF 
Output Update Rate7 +2S"C IV 100 110 80 90 MSPS 
Output Settling Time (tST)" 

Current Settling +25"C V 30 30 ns 
Voltage Settling (RL = SO 0) +25"C V 30 30 ns 

OutpUt Propagation Delay (tPD)9 +25"C V 8 11 ns 
Glitch Impulse10 +25"C V 100 100 pV-s 
Output Slew Rate" +25"C V 400 400 V/ILS 
OutpUt Rise Time" +25"C V 3 3 ns 
OutpUt Fall Time" +25"C V 2 2 ns 
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AD9712/AD9713 
Test AD9712JNIJP AD9713JNIJP 

Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Units 

DIGITAL INPUTS 
Logic "1" Voltage Full VI -1.0 -0.8 2.0 V 
Logic "0" Voltage Full VI -1.7 -1.5 0.8 V 
Logic "1" Current Full VI 20 20 .... A 
Logic "0" Current Full VI 10 600 .... A 
Input Capacitance +2S"C V 3 3 pF 
Input Setup Time (tS)'2 +2SoC V 3 3 ns 
Input Hold Time (tH)" + 25°C V 3 3 ns 
Latch Pulse Width (tLPW) 

(Transparent) +2S"C V 2.5 4 ns 

AC LINEARITY'4 
Spurious-Free Dynamic Range +2S"C V -60 -55 dBc 

POWER SUPPLY'S 
Positive Supply Current (+5.0 V) +2S"C I 10 20 rnA 

Full VI 23 rnA 
Negative Supply Current (-5.2 V) +2S"C I 130 160 135 165 rnA 

Full VI 170 175 rnA 
Nominal Power Dissipation +2S"C V 676 726 mW 
Power Supply 

Rejection Ratio (PSRR)16 + 25°C I 50 350 50 350 .... AN 

NOTES 
'Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. 
Functional operability i. not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

'Typical thermal impedances: 28-pin plastic DIP alA = 42"CIW; alc = 7'C/W; 28·pin PLCC alA = 48'C/W; alc = IO'C/W. 
'Measured as error of the ratio of full-scale current to current through RoET (160 iJA nominal); ratio is nominally 128. 
<Full·scale variations among device. are more severe when driving REFERENCE IN directly. 
'Frequency at which a 3 dB reduction in output of DAC is observed; RL = 50 n; 50% modulation at midscale. 
'Based on IFS = 128 (VRE"IRSET) when using internal amplifier. 
'Output settling to 0.1%. 
'Measured at midscale transition, to ±0.024%. 
·Measured from falling edge of LATCH ENABLE signal to 50% point of full·sca1e transition. 

"'Glitch impulse combines the absolute value of positive and negative transitions operating in latched mode. 
II Measured with RL = 50 n and DAC operating in latched mode. 
"Data must remain stable prior to falling edge of LATCH ENABLE signal for specified time. 
"Data must remain stable after rising edge of LATCH ENABLE signal for .pecified time. 
"Update rate ,,;50 MSPS; output frequency = 5 MHz. 
"Supply voltagea should remain .table within ±5% for normal operation. 
"Measured at ±5% of +Vs (AD9713 only) and -Vs (AD9712 or AD9713) using external reference. 

Specifications subject to change without notice. 

EXPLANATION OF TEST LEVELS 

Level 

I - 100% production tested. 
II - 100% production tested at + 25"C, and sample tested at 

specified temperatures. 
III - Sample tested only. 

Model 

AD9712JN 
AD9712JP 

AD9713JN 
AD9713JP 

ORDERING GUIDE 

Description 

ECL-Compatible Plastic DIP 
ECL-Compatible PLCC 

TTL-Compatible Plastic DIP 
TTL-Compatible PLCC 

Package 
Option· 

N-28 
P-28A 

N-28 
P-28A IV - Parameter is guaranteed by design and 

characterization testing. 
V - Parameter is a typical value only. 
VI - All devices are 100% production tested at +2SoC. 100% 

production tested at temperature extremes for extended 
temperature devices; sample tested at temperature 
extremes for commercial/industrial devices. 

*N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline infomIation 
see Package InfomIation section. 
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AD97121AD9713 
AD97U/AD9713 PIN DESCRIPTIONS 

Pin 
No. Name 

1-10 DrDll 

11 D'2 (LSB) 

12 DIGITAL -VS 

13 ANALOG RETURN 

14 lOUT 

IS ANALOG -Vs 

16 lOUT 

17 REFERENCE IN 

18 CONTROL AMP OUT 

19 CONTROL AMP IN 

20 REFERENCE OUT 

21 DIGITAL -Vs 

22 REFERENCE GROUND 

23 DIGITAL +Vs 

24 RsI!T 

25 ANALOG -Vs 

26 LATCH ENABLE 

27 DIGITAL GROUND 

28 D, (MSB) 

Function 

Ten of twelve digital input bits. 

Least Significant Bit (LSB) of digital input word. 

One of two negative digital supply pins; nominally -5.2 V. 

Analog ground return. This point and the .reference side of the 
DAC load resistors should be connected to the same potential 
(nominally ground). 

Analog current output; full-scale output occurs with digital 
inputs at all "1." 

One of two negative analog supply pins; nominally -5.2 V. 

Complementary analog current output; zero scale output occurs 
with digital inputs at all "1." 

Normally connected to (:ONTROL AMP OUT (Pin 18). Direct 
line to DAC current switch network. Voltsge changes at this 
point have a direct effect on the full-scale output. Full-scale 
current output = 128 (Reference voltage/Rgl!T) when using 
internal amplifier. 

Normally connected to REFERENCE IN (Pin 17). Output of 
internal control amplifier, which provides a temperature 
compensated drive level to the current switch network. 

Normally connected to REFERENCE OUT (Pin 20) if not 
connected to external reference. Full-scale current out = 128 
(Reference voltsgeIRsl!T) when using internal amplifier. 

Normally connected to CONTROL AMP IN (Pin 19). Internal 
voltsge reference, nominally -1.26 V. 

One of two negative digital supply pins; nominaIly - 5.2 V. 

Ground return for the internal voltsge reference and amplifier. 

Positive digital supply pin; used only on the AD9713; nominally 
+SV. 

Connection for external resistance reference. Full-scale current 
out = 128 (Reference voltsgelRsl!T) when using internal 
amplifier. 

One of two negative analog supply pins; nominally -5.2 V. 

Transparent latch control line. 

Digital ground return. 

Most Significant Bit (MSB) of digital input word. 

LATCH /\/\. 
ENABLE --1 L.-1 L--

AD9712IAD9713 Timing Diagram 

tLOW - LATCH PULSE WIDTH 
t. - IM'IIT SElUP nlE 
t. _ INPUT HOLD nIE 

tor - 0IJ11IUT SETTLING nlE 
tl'D - OIITPUT'P_AGATION DELAY 
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THEORY AND APPLICATIONS 
The AD9712 and AD9713 high speed digital-to-analog convert
ers utilize Most Significant Bit (MSB) decoding and segmenta
tion techniques to reduce glitch impulse and maintain linearity 
without trimming. 

As shown in the functional block diagram, the design is based 
on four main subsections: the Decoder/Driver circuits, the 
Transparent Latches, the Switch Network and the Control 
Amplifier. An internal band-gap reference is also included to 
allow operation with a minimum of external components. 

Digital Inputs 
The AD9712 employs single-ended ECL-compatible inputs for 
data inputs DCD12 and LATCH ENABLE. The internal ECL 
midpoint reference is designed to match 10K ECL device 
thresholds. On the AD9713, a TTL translator isadded'at 
each input; with this exception, the AD9712 and AD9713 are 
identical. 

In the DecoderlDriver section, the four MSBs (DCD4) are 
decoded to 15 "thermometer code" lines. An l:qualizing delay is 
included for the eight Least Significant Bits (LSBs) and 
LATCH ENABLE. This delay minimizes data skew, and data 
setup and hold times at the latch inputs; this is important when 
operating the latches in the transparent mode. Without the 
delay, skew caused by the decoding circuits would degrade 
glitch impulse. 

The latches operate in their transparent mode when LATCH 
ENABLE (Pin 26) is at logic level "0." The latches can be used 
to synchronize data to the current switches by applying a narrow 
LATCH ENABLE pulse with proper data setup and hold times 
as shown in the timing diagram. With an external'transparent 
latch at each data input clocked out of phase with the DAC, the 
AD97121AD9713 operates in a master slave (edge-triggered) 
mode. 

Although the AD97121AD9713 chip is designed to provide isola
tion from digital inputs to the outputs, some coupling of digital 
transitions is inevitable, especially with TTL or CMOS inputs 
applied to the AD9713. Digital feedthrough can be reduced by 
forming a low-pass filter using a resistor in series with the 
capacitance of each digital input. 

References 
As shown in the functional block diagram, the internal band-gap 
reference, control amplifier and reference input are piuned out 
for maximum user flexibility when setting the reference. 

When using the internal reference, REFERENCE OUT (Pin 20) 
should be connected to CONTROL AMP IN (Pin 19). CON
TROL AMP OUT (Pin 18) should be connected to REFER
ENCE IN (Pin 17) through an 18 n resistor. A 0.1 I1F ceramic 
capacitor from Pin 17 to -V s (Pin 15) improves settling by 
decoupling switching noise from the current sink base line. A 
reference current cell provides feedback to the control amp by 
sinking current through RSET (Pin 24). 

Full-scale output current is determined by the voltage at CON
TROL AMP IN (VREF) and RSET according to the 
equation: 

lOUT (PS) = VREFIRsET x 128. 

The ip.ternal reference is nominally -1.26 V with a tolerance of 
±10% and typical drift over temperature of 300 I1VI"C. If 

REV. A 

AD9712/AD9713 
greater accuracy or better temperature stability is required, an 
external reference can be utilized. The AD589 reference shown 
in Figure 1 features ± 10 ppmfC drift over temperatures from 0 
to +70·C. 

AD589 

-v. 

+ AD9712 
AD9713 

Figure 1. Use of AD589 as External Reference 

Two modes of multiplying operation are possible with the 
AD97l21AD9713. Signals with bandwidths up to 400 kHz and 
input swings from -0.1 V to -1.2 V can be applied to the 
CONTROL AMP input as shown in Figure 2. Because the con
trol amplifier is internally compensated, the 0.1 I1F capacitor at 
Pin 17 can be eliminated to maximize the multiplying band
width. However, it should be noted that settling time for 
changes to the digital inputs will be degraded. 

-o.8Yto·1.2V 

Figure 2. Low Frequency Multiplying Circuit 

The REFERENCE IN pin can also be driven directly for wider 
bandwidth multiplying operation. The analog signal for this 
mode of operation must have a signal swing in the range of 
-4 V to -5.2 V. This can be implemented by capacitively cou
pling into REFERENCE IN an ac signal and establishing a de 
bias of -4.0 V to -5.2 V, as shown in Figure 3; or by driving 
REFERENCE IN with a low impedance op amp whose signal 
swing is limited to the stated range. 

4kU REFERENCE 

AD9712 
AD9713 

ANAL~ » __ O . ..;.I"-tFII-..... ,..., __ .... JN(177)--F---!=~~1-f 

1.2kn -4V 

-v. 

Figure 3. Wideband Multiplying Circuit 
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AD97121AD9713 
Outputs 
The Swi~ch Network controls complementary current outputs 
loUT and lOUT. AIl indicated earlier, D1"':D. are decoded into IS 
"thermometer code" lines which drive matched current sources. 
Ds and D. control weighted current sources; and D7-D12 are 
applied to the R-2R network. 

This segmentation reduces frequency domain errors due to 
glitch impulse. Current is steered to either lOUT or lOUT in pro· 
portion to the digital input code. The sum of the two currents is 
always equal to the full-scale output current minus one LSB. 

The current output can be converted to a voltage by resistive 
loading as shown in Figure 4. Both loUT and lOUT should be 

loaded equally for best overall performance. The voltage which 
is developed is the product of the output current and the value 
of the load resistor. 

D.1"F* ~O.o1"F 
...... 

:~o-+------+----~--~----~ 

Figure 4. Typical Resistive Load Connection 

When operating at the nominal full-scale current of 20.48 mA, 
the voltage swing will be from 0 to -1.024 V across SO n resis
tors. Bipolar outputs are possible by sourcing a current equal to 
half the DAC full-scale current into the load resistor. 

An alternate method of converting the current output to voltage 
is by driving the summing node of an operational amplifier 
directly with a feedback resistor selected according to the 
equation: 

RFB = VOUT (PS) I lOUT (PS) 

A current feedback amplifier such as the AD9610 offers signifi
cantly faster settling and greater bandwidth than a conventional 
voltage feedback Oil amp. The feedback resistor for the AD9610 
must be 1. 5 kn or greater to maintain stabili~. This value for 
RpB, along with the 20.48 mA full-scale output current, results 
in a full~scale output of 30 V, which exceeds the output range of 
the AD9610. 

Full-scale output voltage can be reduced by either reducing the 
DAC's full-scale output current, or by using a current divider at 
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the DAC output as shown in Figure s. Reducing DAC full-scale 
output current degrades both linearity and settling time; there
fore, the current divider method is preferable. 

+V 

VFULLICALl = +5V 
Y ZERO SCALI = -59 

Figure 5. IN Conversion Using Current Feedback Amp 

The DAC output is not clamped at virtual ground in this config
uration because of the series resistance Rpp. The value of Rpp ~ 
selected according to the equation: 

V FiliI Scale 1· 
~+OFF 

As an example, assume the following conditions: 

RL = son 
RFB = 1.5 kG 

Ips = 20.48 mA 

-V Zero Scale 
Iopp = RFB = 3.3 mA 

Given these conditions, Rpp = 103.6 n 

Power and Grounding . 
Maintaining low noise on power supplies and ground is critical 
for obtaining optimum results with the AD9712 or AD9713. 
DACs are most often used in circuits which are predominantly 
digital. To preserve 12-bit performance, especially at conversion 
speeds up to 100 MSPS, special precautions are necessary for 
power supplies and grounding. 

Ideally, the DAC should have a separate analog ground plane. 
All ground pins of the DAC, as well as reference and analog 
output components, should be tied directly to this analog 
ground plane. The DAC's ground plane should be connected to 
the system ground plane at a single point. 

Ferrite beads, along with high frequency, low inductance decou
piing capacitors, should be used for the supply connections to 
isolate digital switching currents from the DAC supply pins. 
Separate isolation networks for the digital and analog supply 
connections will further reduce supply noise coupling to the 
output. 

Molded socket assemblies should be avoided even when proto
~ping circuits with the AD9712 or AD9713. When the DAC 
cannot be directly soldered into the board, individual pin sock
ets such as AMP #6-330808-0 (knock-out end), or #60330808-3 
(open end) should be used. These have much less effect on 
interlead capacitance than do molded assemblies. 
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138 CURRENT SOURCES 
~ 

REF:lljEENCE IN 
17 

...... 
Reference Input 

~CONTROL 
AJlPOUT ,. 

+ + ....... 
Control Amplifier Output 

-v. 

Output Circut 

ECLVMID 

ECL Input Buffer 

TTL~""" IN 

+ ...... 
TTL Input Buffer 

AD97721AD9773 Equivalent Circuits 
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r-IIANALOG 
WDEVICES 

FEATURES 
100 MSPS Update Rate 
ECl/TTl Compatibility 
SFDR @ 1 MHz: 70 dBc 
low Glitch Impulse: 35 pV-s 
Fast Settling: 25 ns 
low Power: 750 mW 
3/4 lSB DNl (K and T Grades) 

APPLICATIONS 
ATE 
Signal Reconstruction 
Arbitrary Waveform Generators 
Digital Synthesizers 
Signal Generators 

GENERAL DESCRIPTION 
The AD9712A and AD9713A D/A conv 
for the AD9712 and AD9713 units 
dc performance. Like their pred 
speed digital-to-analog converters 
oxide isolated bipolar process. The 
compatible device featuring update rates of I 
mum; the TTL-compatible AD9713A will upd 
minimum. 

Designed for direct digital synthesis, waveform reconstruction, 
and high resolution imaging applications, both devices feature 
low glitch impulse of 50 pV-s and fast settling times of 25 ns for 
the AD9712A, and 30 ns for the AD9713A. Both units are char
acterized for dynamic performance and have excellent harmonic 
suppression. The K and T grades have guaranteed limits on 
spurious-free dynamic range (SFDR). 

D, 
THRU 

D'2 

12-Bit, 100 MSPS 
D/A Converters 

AD9712A1AD9713A I 
FUNCTIONAL BLOCK DIAGRAM 

17 REFERENCE 
IN 

J)----{1191}-----.J 

CONTROL 
AMP IN 

The AD9712A and AD9713A are available in 28-pin plastic 
DIPs and PLCCs, with an operating temperature range of O°C 
to + 70°C. Both are also available for extended temperature 
ranges of - 55°C to + 125°C in cerdips and 28-pin J -leaded ce
ramic packages. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD9712A1AD9713A-SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS· Reference Input Voltage Range (VREP) •••••• -3.7 V to -Vs 
Positive Supply Voltage (+Vs) (AD9713A Only) ...•.. +6 V Analog Output Current •.•.•••.. '; •••••••••.•. 30 rnA 
Negative Supply Voltage (-Vs) .•.•............. -7 V Operating Temperature Range 

(AD9712A and AD9713A) AD97l2A1AD9713AJN/JP/KNIKP .....•.. OOC to +70OC 
Analog-to-Digital Ground Voltage Differential ..•.•.•. 0.5 V AD97l2A1AD9713ASJ/SQITJITQ ...... -55°C to + 125°C 
Digital Input Voltages (01-012, LATCH ENABLE) Maximum Junction Temperature2 

AD9712A ....•.•.•.•.•.•.•••••..... 0 V to -Vs AD9712A1AD9713AJN/JP/KNIKP ......•..... +150°C 
AD9713A .•..••....•.•••.•.•.•.• -0.5 V to +Vs AD9712A1 AD9713ASJ/SQITJITQ ............. + 175°C 

Internal Reference Output Current •.•.. -20 !LA to +500 !LA Lead Temperature (Soldering, 10 seconds) •...•... +300°C 
Control Amplifier Input Voltage Range ..•...• 0 V to -4 V Storage Temperature Range .•.•....... -65°C to + 150°C 
Control Amplifier Output Current .•.•.•••.•.•. ±2.5 rnA 

ELECTRICAL CHARACTERISTICS [-Vs = -5.2 V; +Vs = .+5 V (AD9713A only); Reference Voltage = -1.2 V; RSEl = 7.5 kG. unless otherwise noted] 

AD9712AJN/JP AD9712AKNIKP AD9713AJN/JP AD9713AKNIKP 
SJ/SQ TJ/TQ SJISQ TJ/TQ 

Test 
Paramet"" (Conditions) Temp Level Min Typ Max Min Typ Max Min Typ Max Umts 

RESOLUTION 12 12 12 Bits 

DC ACCURACY 
Differential Nonlinearity +25'C I 1.0 1.5 0.5 0.75 LSB 

Full VI 2.0 1.5 LSB 
Integral Nonlinearity +2S'C I 1.5 2.0 0.75 1.0 LSB 
("Best Fit" Straight Line) Full VI 3.0 1.75 LSB 

INITIAL OFFSET ERROR 
Zero-Scale Offset Error 1.5 0.5 1.5 !lA 

5.0 5.0 !lA 
Full-Scale Gain Error' 5 1.0 5 % 

8 8 % 
Offset Drift Coefficient 0.03 !lAI'C 

REFERENCE/CONTROL 
Internal Reference Voltage +2S'C I -1.25 -1.17 -1.21 -1.25 V 

Full VI -1.28 -1.14 -1.28 V 
Internal Reference Voltage Drift Full V SO 50 SO ppml"C 
Amplifier Input Impedance +2S'C V 50 50 SO kO 
Amplifier Bandwidth +25'C V 300 300 300 kHz 

REFERENCE INPUT' 
Reference Input Impedance +2SoC V 3 3 3 3 kO 
Ref. Multiplying Bandwidth' + 25°C V 40 40 40 40 MHz 

OUTPUT PERFORMANCE 
Full-Scale OutpUt Current" +25'C V 20.48 20.48 20.48 20.48 rnA 
Output Compliance Range +25'C IV -1.2 +2 -1.2 +2 -1.2 +2 -1.2 +2 V 
Output Resistance +25'C IV 2.0 2.5 3.0 2.0 2.5 3.0 2.0 2.5 3.0 2.0 2.5 3.0 kO 
Output Capacitance +25°C V 16 16 16 16 pF 
Output Update Rate7 +25'C IV 100 110 100 110 80 90 80 90 MSPS 
Output Settling Time (tST)" +25'C V 22 22 27 27 ns 
Output Propagation Delay (tPD)9 +25'C V 8 8 10 10 ns 
Glitch InIpulselO +25'C V 50 50 SO SO pV-s 
Output Slew Ratell +2SoC V 750 750 750 750 VI,.s 
Output Rise Timell +25'C V 2 2 2 2 ns 
Output Fall Timell +2S'C V 2 2 2 2 ns 

DIGITAL INPUTS 
Logic "I" Voltage Full VI -1.0 -0.8 -1.0 -0.8 2.0 2.0 V 
Logic "0" Voltage Full VI -1.7 -1.5 -1.7 -1.5 0.8 0.8 V 
Logic "I" Current Full VI 20 20 20 20 !lA 
Logic "0" Current Full VI 10 10 600 600 !lA 
Input Capacitance +2S'C V 3 3 3 3 pF 
Input Setup Time (tsl 2 +25°C IV 1 0 1 0 1 0 1 0 ns 

Full IV 2 2 2 2 ns 
Input Hold Time (t"l' +25'C IV 2.5 2.5 2.5 2.5 ns 

Full IV 3.5 3.5 3.5 3.5 ns 
Latch Pulse Width (tLPW) +25°C IV 3 2 3 2 3 2 3 2 ns 
(LOW) (Transparent) Full 4 4 4 4 ns 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Test 

AD9712AJN/JP 
SJ/SQ 

AD9712AKNIKP 
TJffQ 

AD9713AJN/JP 
SJ/SQ 

AD9712A1AD9713A 
AD9713AKNIKP 

TJffQ 

Parameter (Conditions) Temp. Level Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 

AC LINEARITY' 
Spurious-Free Dynamic 

Range (SFDR) 
I MHz Output @ 12.5 MSPS 
5 MHz Output @ 25 MSPS 
10 MHz Output @ 50 MSPS 

POWER SUPPLY' 
Positive Supply Current 

(+5.0 V) 
Negative Supply Current 

(-5.2 V) 
Nominal Power Dissipation 
Power Supply 

Rejection Ratio (PSRR)16 

NOTES 

+25'C V 68 
+25'C V 64 
+25'C V 58 

+25'C 
Full VI 
+25'C I 138 165 
Full VI 175 
+25'C V 676 

+25'C 50 280 

68 68 68 dBc 
64 64 64 dBc 
58 58 58 dBc 

10 10 rnA 
13 13 rnA 

138 165 142 170 142 170 rnA 
175 180 180 rnA 

676 726 726 mW 

50 280 50 280 50 280 tJAIV 

I Absolute maximum ratings are limiting values to be applied individually, and beyond which 
ability is not necessarily implied. Exposure to absolute maximum rating conditions for 

'Typical thermal impedances: 28-pin plastic DIP alA = 42'C/W; 0IC = 7'C/W; 28-p' P 

y of the circuit may be impaired. Functional oper-

28-pin J-Leaded package: alA = 80'C/W; 0IC = 30'C/W; Cerdip: alA = 75 
'Measured as error in ratio of full-scale current to current through RSET 
'Full-scale variations among devices are higher when dtiving REFERE 
'Frequency at which a 3 dB change in output of DAC is observ 
"Based on I FS = 128 (V RE.tRSBT) when using internal am 
'Output settling to 0.1%. 
'Measured as voltage settling at midscale 
"Measured from falling edge of LATCH 

u'Glitch impulse combines the absolute 
1l Measured with RL = 75 n and DAC 
"Data must remsin stable for specified 
"Data must remain stable for specified 

time may affect device reliability. 
; Ole = 10'C/W; 

14SFDR is defmed as the difference in signaI energy spurious frequencies in the output spectrum from de to one-half 
the clock rate, excluding dc. 

ISSupply voltages should remain stable within ±5% for normal operation. 
I"Measured at ±5% of +Vs (AD9713A only) and -Vs (AD9712A or AD97 3A) using external reference. 

Specifications subject to change without notice. 

EXPLANATION OF TEST LEVELS 

Level 

I - 100% production tested. 
II - 100% production tested at + 25'C, and sample tested at 

specified temperatures. 
III - Sample tested only. 
IV - Parameter is guaranteed by design and characterization 

testing. 
V Parameter is a typical value only. 
VI - All devices are 100% production tested at + 25'C. 100% 

production tested at temperature extremes for extended 
temperature devices; sample tested at temperature 
extremes for commercial/industrial devices. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD9712A1AD9l13A 
PIN DESCRIPTIONS 

Pin No. Name Function 

1-10 D2-Du Ten of 12 digital input bits. 

11 D12 (LSB) Least Significant Bit (LSB) of digital input word. 

12 
13 

14 
IS 
16 

17 

18 

19 

20 

Input Coding vs. Current Output 

Input Code D, - D12 lOUT (rnA) lOUT (rnA) 
11 11111111 11 -20.475 0 
000000000000 0 -20.475 

DIGITAL -Vs 

ANALOG RETURN 

lOUT 

ANALOG -Vs 

lOUT 

REFERENCE IN 

CONTROL AMP OUT 

CONTROL AMP IN 

REFERENCE OUT 

One of two negative digital supply pins; nominally -5.2 V. 

Analog ground return. This point and the reference side of the DAC load resistors should 
be connected to the same potential (notninally ground). 

Analog current output; full-scale output occurs with digital inputs at all "I." 
One of two negative analog supply pins; nominally -5.2 V. 

Complementary analog current output; zero-scale output occurs with digital inputs at all 
"I." 
Normally connected to CONTROL AMP OUT (Pin 
network. Voltage changes at this point have a 

). Direct line to DAC current source 
ct on the full-scale output value of 
RsET) when using internal unit. Full-scale current output = 128 ( 

amplifier. 

Normally connected to REF 
amplifier, which pro 
network. 

Normall 

N 
if not connected to external reference. 

(Pin 19). Internal voltage reference, nominally 

21 DIGITAL -Vs 

22 REFERENCE GROUND 

23 DIGITAL +Vs 

24 RSET 

25 
26 
27 
28 

ANALOG -Vs 

LATCH ENABLE 

DIGITAL GROUND 
0 1 (MSB) 

DIP 

ANALOG GROUND 13 

Transparent latch control line. Register is transparent when LATCH ENABLE is LOW. 

Digital ground return. 

Most Significant Bit (MSB) of digital input word. 

PIN CONFIGURATIONS 

D, (MS8) 

DIGITAL GROUND 

LATCH ENABLE 

ANALOG -Vs 

RIEl' 

DIGITAL+Vs 

REFERENCE GROUND 

DIGITAL-V. 

o REFERENCE OUT 

CONTROL AMP IN 

CONTROL AMP OUT 

REFERENCE IN 

PLCC 

AD9712A 
AD9713A 

TOP VIEW 
(Not to Scala) 

~ IJ 3!i 

19 CONTROL 
AMP IN 

5 ANALOG -Vs g ~ 
-"1 ___ -.1 i I 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to. in writing. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
300 MSPS (ECl)/100 MSPS (TTL) Update Rate 
Low Glitch Impulse: 15 pV-s 
Fast Settling: 10 ns to 1/2 LSB 
low Power: 1.1 W 
On-Board Quadrature Logic 

for DDS Applications 
Differential Clock (ECl) 

APPUCATIONS 
Direct Digital Synthesis 
Arbitrary Waveform Synthesis 
Waveform Reconstruction 
High Speed Imaging 

GENERAL DESCRIPTION 
The AD9720 and AD9721 D/A converters 
digital-to-analog converters constructed . 
bipolar process. The AD9720 is 
update up to 300 MSPS; the AD 
will update up to 100 MSPS. 

Designed for direct digital synthesis (DDS), 
struction, and high resolution video applications, th device 
feature low glitch impulse of 15 pV-s; and fast settling times of 
10 ns to 112 LSB. 

On-board logic minimizes external components in DDS applica
tions. AIl that is needed for 300 MHz DDS is the AD9720, the 
AD99s0 Phase Accumulator, and lk x 9 of memory. 

10-Bit, 300 MSPS 
D/A Converters 

AD9720/AD9721 I 
FUNCTIONAL BLOCK DIAGRAM 

CLOCK CLOCK 

lOUT 

lOUT 

REF IN 

,... __ +~2:::~-41CONTROL 
AMP OUT 

. ble in 28-pin DIPs, 28-terminaI PLeCs and 
• Commercial devices are packaged in plastic 

on from O"C to + 70"C; extended temperature range 
for operation from -55°C to + 12s"C are in hermetic 

ramic packages. Contact the factory for information about the 
availability of MIL STD 883 devices. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD9720/AD9721-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS ~~:~ ~t~~s~ ::d~ +5 V (AD9721 only); Reference Voltage = - V; RSET =kO, 

Test ADmoKNIKP AD972OTJfI'Q AD9721KNIKP AD9721TJfI'Q 
Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 

RESOLUTION 10 10 10 10 Bits 

DC ACCURACY 
Differential Nonlinearity +Z5'C I 0.Z5 0.5 0.Z5 0.5 0.Z5 0.5 0.Z5 0.5 LSB 

Full VI 0.75 0.75 0.75 0.75 LSB 
Integral Nonlinearity +Z5'C 1 1 1 LSB 

("Best Fit" Straight Line) 

INmAL OFFSET ERROR 
Zero-Scale Offset Error +Z5'C I 0.5 0.5 IIA 

Full VI 1.0 1.0 I'oA 
Full-Scale Gain Error' +Z5'C I ZO ZO % 

Full VI ZO ZO % 

REFERENCWCONTROLAMP 
Internal Reference Voltage +Z5'C I -1.1 -1.25 -1.3 -1.1 -1.25 V 

Full VI -1.1 -1.3 -1.1 V 
Internal Reference Voltage Drift Full V 440 I'oVI'C 
Amplifier Input Impedance +Z5'C V 50 k!l 
Amplifier Bandwidth +Z5'C V 300 300 kHz 

REFERENCE INPUT2 

Reference Input Impedance +Z5'C 50 k!l 
Reference Multiplying Bandwidth' +Z5'C 70 MHz 

OUTPUT PERFORMANCE 
Full-Scale Output Current" ZO.48 ZO.48 mA 
Output Compliance Range +3 -1.2 +3 V 
Output Resistance k!l 
Output Capacitance 15 15 pF 
Output Update Rate" 100 MSPS 

100 100 MSPS 
Current Settling Time (liZ LSB)" 5 10 5 10 5 10 ns 
Voltage Settling Time (112 LSB)" 5 10 5 10 5 10 ns 
Propagation Delay (tPD)' Z.5 ns 
Glitch Impulses 15 15 15 pV-s 
Output Slew Rate" V 500 VlI'os 
Output Rise Time" V 1.5 ns 
Output Fall Time" V 1.5 ns 

DIGITAL INPUTS 
Logic "I" Voltage Full VI -1.0 -1.0 Z.O Z.O V 
Logic "0" Voltage Full VI -1.5 -1.5 0.8 0.8 V 
Input Capacitance +Z5'C V 3 3 pF 
Input Setup Time (ta)'O +Z5'C IV 1 ns 

Full IV 1.75 1.75 ns 
Input Hold Time (tH)" +25'C IV ns 

Full IV 0.75 1.75 ns 
Clock Pulse Width (Low) +25'C IV 1.25 1.25 ns 
Clock Pulse Width (High) +25'C IV 1.25 1.25 ns 

DYNAMIC PERFORMANCE 
Spurious-Free Dynamic Range (SFDR)12 
1.2 MH2 Output @ 50 MSPS +Z5'C 65 70 65 70 65 70 65 70 dBc 
10 MHz Output @ 100 MSPS +25'C 65 65 65 65 dBc 

POWER SUPPLY" 
Nominal Power Dissipation +25'C V W 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no (lbligation regarding future manufacture unless otherwise agreed to in writing. 
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AD9720/AD9721 

NOTES 
'Measured ss error in ratio of full-scale current to current through RsET (160 ~ nominal); ratio is nominslly 32. 
2PuIl-scale variations among devices are higher when driving REFERENCE IN directly. 
'Prequency at which a 3 dB change in output of DAC is observed; RL = 50 0; 50% modulation at midscale. 
'Based on Ips = 32 (CONTROL AMP INlRsET) when using internal amplifier. 
'Output settling to 0.1%. 
6MeasuIed as voltage settling at midscale transition to ±0.024%; RL = 500. 
7Measured from rising edge of CLOCK signal to 50% transition point of output signal. 
"Glitch impulse combines tbe absolute value of positive and negative transitions. 
"Measured witb RL = 50 0 and DAC operating in latched mode. 

"'Data must remain stable for specified time prior to rising edge of CLOCK. 
"Data must remain stable for specified time after rising edge of CLOCK. 
12SPDR is defined as tbe difference in signal energy between tbe fundamental and worst case spurious frequencies in tbe output spectrum from dc to one-balf 

tbe clock rate, excluding dc. 
"Supply voltages sbould remain stable witbin ±5% for normal operation. 
Specifications subject to change witbout notice. 

ABSOLUTE MAXIMUM RATINGS' 
Positive Supply Voltage (+Vs) (AD9721 only) ... _ .... +6 V 
Negative Supply Voltage (-Vs) ................ _ -7 V 

(A09720 and AD9721) Analog Output Current ..... 30 mA 
Digital Input Voltages (01-010, CLOCK, CLOCK) 

AD9720 .•.•.......•............... 0 
AD9721 .....................•.. -

Internal Reference Output Current . . . . . . 
Control Amplifier Input Voltage Range 
Control Amplifier Output Current 
Reference Input Voltage .....• 

Range (VRBP) 
Operating Temperature Range 

AD9720/AD9721KNIKP . • . • . • • . . . • . • + 
AD97201AD9721TJITQl883 ..•....... -SSOC to + 1 

Maximum Junction Temperature2 

A097201AD9721KNIKP .•..•.......•..... + 150"C 
AD9720/AD9721TJITQ/883 ..•............. + 175°C 

Lead Temperature (soldering, 10 seconds) ....•.... +300°C 
Storage Temperature Range .•......... -65°C to + ISO"C 

NOTES 
'Absolute maximum ratiogs are limiting values to be applied individually, and 
beyond whicb tbe serviceability of tbe circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended perind of time may affect device reliability. 

'Typical tbermal impedances: 28-pin plastic DIP 8JA = 42"CIW; 8JC = rcJW; 
28-pinPLCC 8JA = 48"CIW; 8Je = IO"CIW; 28-pinJ-Leadedpackage: 8JA = 
8O"CIW; 8JC = 3O"CIW; Cerdip: 8JA = 75"CIW; 8JC = 25"CIW. 

arameter is a typical value only. 
s are 100% tested at + 25°C. 100% production 
emperature extremes for extended temperature 

; sample tested at temperature extremes for 
mmerciallindustrial devices. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD97201AD9721 
PIN DESCRIPTIONS 

DIP 
Pin# Name 
1 Dl (MSB) 
2-9 D2-D9 

10 D10 (LSB) 

11 CLOCK 

12 CLOCKINC 

13 INVERT 
14 DIGITAL -Vsf+Vs 
15 GROUND 
16 DIGITAL -Vs 
17 RsET 

18 GROUND 
19 ANALOG RETURN 

20 loUT 

21 loUT 

22 ANALOG -Vs 
23 REFERENCE IN 

24 CONTROL AMP OUT 

25 REFERENCE OUT 
26 CONTROL AMP IN 
27 DIGITAL -Vs 
28 GROUND 

Fwu:tioD 

Most Significant Bit (MSB) of digitsl input word. 
Eight of 10 digitsl input bits. Digitsl inputs are ECL compstible for AD9720; TTL compstible for 
AD9721. See coding table eJsewhere. 
Lesst Significant Bit (LSB) of digitsl input word. 

Input Coding VB. Current Outpnt 
Input Code D1-D10 loUT (rnA) lOUT (rnA) 
1111111111 - 2D.48 0 
OOOOOOOOOO 0 - 2D.48 

Edge-triggered latch enable signal for on-board registers. ECL compstible for AD9720; TTL compstible 
for AD9721. Register loads data on rising edge of CLOCK signal; must be driven in conjunction with 
CLOCK· 
Complementary edge-triggered latch enable signal for on-board registers. ECL compstible for AD9720; 
TTL compstible for AD9721. 
NormaJIy connected to logic LOW. Control signal for on-board quad logic. 
One of three negative digitsl supply pins; nominally - 5.2 V. 
Converter ground return. 
One of three negative digitsl supply pins; nominally - 5.2 V. 
Connection for external resistance reference; nominall 
Full-scale current out = 32 (CONTROL AMP INIR internal amplifier. 
Converter ground return. 
Analog current return. This point and 
the same potential (nominally gro 

PIN CONFIGURATIONS 

"1." With extema110ad resistor, 
y 2000. 

line to DAC current source network. 
full-scale output current of DAC. 

hen using internal amplifier. 
tput of internal control amplifier, which 

PLCC DIP 

D,(MSB) 11 

AD97201 
AD9721 
TOP VIEW 

(Nol To Scale) 

D, (MSB) 

CLOCK (NC) 

INVERT 

DIGITAL-V. (+\Is) 

GROUND 

DIGITAL-V. 

CONTROL AMP IN 

REF OUT 

CONTROL AMP OUT 

REF IN 

ANALOG-v" 

IOIlT 

IOIlT 

ANALOG RETURN 

GROUND 

ROET 

DIGITAL-V. 

GROUND 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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r'III ANALOG 
WDEVICES 

FEATURES 
5ns Settling Time 
100MSPS Update Rate 
20mA Output Current 
ECL-Compatible 
40MHz Multiplying Mode 

APPUCATIONS 
Raster Scan 8r Vector Graphic Displays 
High Speed Waveform Generation 
Digital VCOs 
Ultra-Fast Digital Attenuators 

GENERAL DESCRIPTION 
The Analog Devices AD9768S0 O/A converter is a monolithic 
current -output converter which can accept 8 bits of ECL-level 
digital input voltages and convert them into analog signals at, 
update rates as high as l00MSPS. In addition to its use as a 
standard 01 A converter, it can also be utilized as a two-quadrant 
multiplying O/A at multiplying bandwidths as high as 4OMHz. 

An inherently low glitch design is used, and the complementary 
current outputs are suitable for driving transmission lines directly. 
Nominal full-scale output is 20mA, which corresponds to a 1-
volt drop across a son load, or ± 1 volt across lOOn returned to 
+ 1 volt. The actual output current is detennined by the on-chip 
reference voltage (V REF = -1.26V) and an external current 
setting resistor, R SET. 

Full-scale output current lOUT with digital "1" at all inputs is 
calculated with the equation: 

IOUT=4x VRET - VREF 
RSET 

The setting resistor RSET and the output load resistor should 
both have low temperature coefficients. A complementary 
lOUT is also provided. 

AD9768JDISD PIN CONNECTIONS 

DIGITAl. 
INPUTS 

REV. A 

Ultrahigh Speed IC 
Of A Converter 

A09768 I 
FUNCTIONAL BLOCK DIAGRAM 

v~ 

The reference voltage source is a modified bandgap type and is 
nominally - 1.26 volts. This reference supply requires no external 
regulation. To reduce the possibility of noise generation and/or 
instability, pin IS (REFERENCE OUT) can be decoupled using 
a high-quality ceramic chip capacitor. Stabilization of the internal 
loop amplifier is by a single capacitor connected from pin 17 
(COMPENSATION) to ground. The minimum value for this 
capacitor is 39OOpF, although a O.OIjJ.F ceramic chip capacitor 
is recommended. 

The incredible speed characteristics of the A09768S0 O/A 
converter make it attractive for a wide range of high speed 
applications. The ability of the unit to operate as a two-quadrant 
multiplying 01 A converter adds another dimension to its usefulness 
and makes the A09768S0 a truly versatile device. 

AD9768SE PIN CONNECTIONS 

I 
s ;; J I 
, 2 1 20 1. 

" D3 4 " 18 REfERENCE IN ~ .. • AD8788SE 
17 REFIRENCE OUT 

DO • TOPVlOW 1. OUlPUT(Q 

.. 7 fNotto Salel 11 0UTPUT00I 

D7 • 14 ANALOG RETURN 

I 10 11 12 13 

P !II i ! 
; ~ 
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AD9768 - SPECIFICATIONS (typical @ + 25"C under foIIowirw COIIIfdians IIIIess oIhnise nabld; 
nominal digital input levels; noDinal powar supplies; Rt = !iIIO; lisa = 2200; VIIEJ' = 1M 

RESOLUTlON(FS = FULL SCALE) 

LSB WEIGHT (CUIUUlNT) 

ACCURACY' 
DHI"cm1tia1NODliDearity 
I_NODliDearity 
Mooocoaiclty 
ZeroOf&ct(hUtW) 

TEMPERATURE COEFFICIENTS 
ZeroOf&ct 
Rcfercacc VoI_( -1.26V) 

DIGITAL DATA INPUTS 
J.aoic:Compatibilit, 
Loai<VoI_Leveb"I" = 

"0"= 

OUTPUT 
Cu=ut (Unipolar) FS 
lOUT (@Pin 13) 

AllDigiw"l"[nput 
AU Digiw"O" Input 

IOtJT(@PinI4) 
All Dqptal"I"lnput 
All Diaiw ''0'' Input 

Complianc:c 

Impedance 

SPEED PERPORMANCE 
SettliDoTu..(toO.2%FS)' 
S .... a..: 
Updatca..: 
RiscTime 
G_Eae."y 

REFERENCE 
In ....... MonoJithk' 
Bztemal, Variable· 

V ..... M .. tip1yiqModc 
Cu=ut.Multip1yiqModc 

VOLTAGE-MULTIPLYING MODE'(SceFiaure2) 
V"Rattp (at Pin 16) 
vMCentcr 
_(at Pin 16) 
Transfer FUPCtion-

...... Sipal Bandwidth ( - 3dB Point) 

VDit 

±%FS 
:!:%FS 

ppmI'C 
ppmI'C 

AD91AS)DISDISE 

78 

0.2 
0.2 
Guaranteed 
60 

1.5 
70 

ECL 
V -0.9 
V -1.1 

Bioary(BIN) = Unipolar Out 
Of&ctBiaary(OBN) = BipolarOut 

mA( .... ) 2t020(3O) 

mA 20 
mA 0 

mA 0 
mA 20 
V (Pin 13) -0.710 +3.0 
V (Pin 14) -1.110+3.0 
O(±15%) 750 

DO 5 
VI". 400 
MSPS 100 
os I.B 
pV-se<: 200 

V -1.26 

V( .... ) Oto-1.1(-2) 
mA( .... ) Oto-5(-7.5) 

V ±O.S 
V -0.6 
kfl 800 

MeaauredatPin 13; D.igiw"O'· AppUcd 
to Bits 1-8: 

-0.1 VMlnput "'" 0mA10UT 
-1.1 VMlnput =- OmAloUT 

MeasurcdatPin 13; Digital"." Applied 
toBitsl..a: 

-0.1 VMIDpUl "" 1mA1our 
-1.1VM lnput = 2OmA1otrr 

kHz 250 

REfERENC£ REfERENCE 
OUT IN 

--CURRENT·MULTIPLYINGMODE(SceFiaure4) 
IMRange(BtPins 17 & 18) 
_(atPinIB) 
Tranofcrl'lln<tioa-

...... Sipal Bandwidth ( - 3dB Point) 

POWER REQUIREMENTS 
-S.IV ±0.25 
+5.0V ±0.25 
PowerDissipation 
Power Supply Scnsitivity5 

TEMPERATURE RANGES' 
Operatins 

AD976BJD 
AD97ASDfSE 

S.,.... 

THERMAL RESISTANCE 7 

Junction toAir,OJA(FrccAir) 
Junction toCase, OJA 

PACKAGHOPTION' 
Ccramk(D-18) 

LCC(E-20A) 

NOTES 

Volt AD9168SJDfSD/SI! 

IDA 0105 
o 160 

Measuredat Pin 13; Diaiw"O" Applied 
toBitsl-8: 

lmAlM[nput "" OmAlotrr 
SmA 1M Input = OmAlour 

Meuun:d .. Pin 13; Dqptal"I" Applied 
toBitsl..a: 

lmAlMInput"" 4mAIOUT 
5mAl"l .... = 20mA lour 

MHz 40 

mA(maa) 
mA(maa) 
m'W(max) 
%1% 

'C 
'C 
'C 

66(70) 
14(15) 
410(430) 
0.07 

Oto +70 
-55to+125 
-55to+150 

"CIW 90 
"CIW 20 

AD97AJD 
AD97ASD 
AD97ASE 

IKelIItive to FS. bIcl.udiDa; IiDeariIJ (withiD volAF compIiaoI;:e limiu). 
'Wont cue sdtliIJa: time; iDcludes FS IIId Most SipiflC:lDt Bit (MSB) trlDSitions. 
JA.~.men opcradua AD9768 ullWKlard DlA.. 
4&aaed on RL = 50 ohms; Ran .. 220oIunI; VRIlT .. OV. 
'1% clwIF in either power supply vol. uuaes O.07o/e c:baDge in ~ outpUt. """.....,....... 
7Muimum juDc:tioD. tcmpenture 12S"C. 
'D = Ceramic: DIP; E = Lcadless CerImie Chip Carrier. For outline 
iafonDatioa see Paekqc Informatioa sec:tiou.. 

Spcc:ificatioMNbjec:ttoc:bangcwitboutnotic:c. 

AD9768SD D/A Schematic 
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THEORY OF OPERATION 
Refer to the AD9768SD schematic. 

The transistors pictured on the bottom of the diagram, connected 
to paired transistors in the middle of the schematic, are current 
sources which are always "on". The paired transistors are dif
ferential current switches, designed to steer current from the 
current sources to either pin 13 (10 ) or pin 14 (1;). 

Digital inputs applied to pins 1-8 determine which transistors 
will be operating in each pair and establish what current will 
flow at pins 13 and 14. 

The transistor on the extreme left of the schematic is a base 
reference for the paired current switches and is used to assure 
the switches will be centered around an ECL voltage swing. 
The diodes connected to the base of this transistor are temperature 
compensation devices for the base reference circuit. 

There are three different current sources in the AD9768 D/A. 
The eight transistors shown on the bottom of the schematic are 
structured as two identical groups of four current sources, each 
of which is binarily weighted. The MSB group, comprised of ' 
the four on the right, is connected to the LSB group through a 
15: 1 current divider made up of two son and two 750n resistor 
networks. The geometry of the AD9768 guarantees the binary 
weighing ratios among the 100, 200, 400 and 800 resistors in 
each emitter circuit are correct. 

The resistor values which are shown indicate the ratios among 
the resistors, and not their nominal values. 

The third current source is a single transistor, pictured in the 
lower left portion of the schematic with its collector connected 
to pin 18 RSET. Its function is to help establish the base voltage 
on the eight current sources; it works in conjunction with the 
external RSET resistor selected by the user of the AD9768, and 
the reference amplifier. Current flowing through this transistor 
is referred to as 1M in the figures and text. 

When the AD9768 is operating as a conventional current-output 
DI A converter, 1M develops a voltage across RSET which is one 
of the inputs to the on-board reference amplifier shown in the 
schematic. The other input to this amplifier is the on-chip reference 
voltage of -1.26 volts. 

The output of the reference amplifier adjusts the current-source 
base reference voltage at pin 17; this, in turn, adjusts the value 
of 1M in the single-transistor current source and causes it to 
develop a voltage across RSET which maintains pin 18 at the 
- 1. 26 volts of the on-chip reference supply. 

To maintain good stability in the internal loop reference amplifier, 
a ceramic chip capacitor with a nominal value of O.OlfLF should 
be connected to pin 17 COMPENSATION; minimum recom
mended value for this capacitor is 3900pF. 

The temperature coefficient of the load resistor (Rd can affect 
the performance of the AD9768 DI A converter, as it can with 
any current-output converter. The design and use of the AD9768 
and its dependence on an external RSET resistor, however, make 
it sensitive also to the tempco of RSET. The user is cautioned to 
select RL and RSET resistors which have low temperature 
coefficients. 

DIGITAL GROUND (pin II) and ANALOG RETURN (pin 
12) are normally connected together; this connection should be 
made as close as possible to the device case to minimize possible 
noise problems. The AD9768 D/A is similar to any other high
speed, high performance device: optimum use requires careful 

REV. A 

Theory of Operation -AD9768 
attention to all design details, including the layout of the circuit 
in which the converter is used. 

CONVENTIONAL AD9768 
Refer to Figure I, Conventional AD9768SD. 

The output current of the AD9768 appears at pin 13 (10) and 
develops a voltage across the load resistor RL which is based 
on: 

A. 1M (the current flowing through the single-transistor 
source discussed above) 

B. Value of RL 

+5V o-.---~[O) 

GNDo-~---{i!) 

O.01fLF 

-5.2V o-.... ---{ 

MULTIPliER 
INPUT IVMI 

DIGITAL INPUTS 

Figure 1. Conventional AD9768SD 

1M is a function of the return voltage (VRET), the reference 
voltage (VREF), and the value of RSET; all of these are selected 
by the user for his application. The necessary equations for 
calculating precise values for each are part of Figure 1. As indicated, 
the voltage drop across RL is added to the return voltage; the 
resulting voltage is the total V OUT of the converter. 

VOLTAGE MULTIPLYING MODE 

In addition to its use as an ultra-high speed current output Of A 
converter, the AD9768 can also be used as a two-quadrant 
multiplying DfA in either a voltage mode or a current mode. 

Refer to Figure 2, Multiplying AD9768 (Voltage Mode). 

When operating in tJlis mode, the analog output of the AD9768 
is influenced by the digital inputs and an external mUltiplying 
voltage (VM ) applied to pin 16 REFERENCE IN, which takes 
the place of the internal reference used when the Df A is operating 
in a conventional manner. 

+.V ....... ,....-_-{l, 

GNDo-~----(~ 

-S,2V o-.... ----(:!) 

DIGITAL INPUTS 

Figure 2. Multiplying AD9768 (Voltage Mode) 

The value of 1M flowing through RSET is set by the voltage of 
VRET minus the multiplying voltage (VM), divided by RSET; the 
amount of this current is part of the equation which establishes 
the analog output (V OUT ) of the AD9768 and is chosen by the 
user for his application. As it is when operating the DfA in a 
conventional fashion, V RET can be any value between 0 volts 
and + 3 volts. V M (for purposes of discussion here) is some 
negative voltage and can be varied over a range which is approx
imately 1 volt peak-to-peak. 
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AD9768 
If the load resistor (RrJ has a value of 50 ohms, if RSET has a 
value of 220 ohms, and if V RET is OV, the center of the V M 

voltage will be -0.6V; and it can vary from -O.IV to -1.IV. 
Typically, the frequency of these variations has an upper limit 
of 250kHz when operating in the voltage multiplying mode; that 
frequency is the 3dB point of the bandwidth of the internal 
reference amplifier. 

The combined effects of variations in V M and changes in digital 
input values are shown in Figure 3, lOUT vs. Multiplying Voltage. 
In this illustration, the ordinate of the graph is expressed in 
terms of milliamps of lOUT current at pin 13. VOUT, of course, 
will be a function of the value of RL chosen by the user. 

1 "f---~---+>""', 
I "r----1-~~_t~--+_--_; 
• 
j"f---~~~~~---+---~ 

v .. _Vo/tl. 

Figure 3. lOUT VS. Multiplying Voltage 

The negative value of V M on the horizontal axis is shown starring 
at approximately -O.IV, rather than OV, because the AD9768 
must have some small value of voltage applied to perform a 
multiplying function. For the conditions shown in the figure, 
output current starts to become nonlinear at approximately 
20rnA because of the maximum 30mA output drive capabilities 
of the device. Different values for RSET and RL would alter the 
point where limiting first appears. 

CURRENT MULTIPLYING MODE 
The AD9768 D/A convener can be operated at markedly higher 
multiplying rates when operated in a current-multiplying mode, 
as contrasted with the voltage-multiplying mode. Refer to Figure 
4, Multiplying AD9768SD (Current Mode). 

v,~ C>--J>J"""c ... :----. U,;;o HARNSHAIZAI-S v,. 0---_-+-___ ., 

C • 
• -3pF 

VOI,IT_3.3xIMxl\ 

•• v~~---(!i) 

o.01 .. F 

-5.2V ....... ~---<!} v"'" 

MSB LIB 

""" ... 1NPUtS 

Figure 4. Multiplying AD9768SD (Current Mode) 

In this mode, the internal reference' amplifier and its inherent 
frequency limitations are replaced by a curren,t source comprised 
of U I and associated circuits. These circuits supply a unipolar 
current 1M which is one-fourth the full-scale output current 
(with digital "I" applied to all inputs) and set current flow 
through the load resistor. ' 
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V IN is some voltage chosen by the user for his particular application; 
the value of this voltage is based in pan on me size of the load 
resistor and the OmA to SmA range of 1M , VIN can have frequency 
components as high as 4OMHz. V ADJ and RADJ provide an 
offset adjustment to compensate for the dc component of V IN to 
assure 1M is always a unipolar current between OmA and SmA. 
The values of the required voltages and resistors can be calculated 
using the equations which are part of Figure 4. 

Refer to Figure S, lOUT vs. Multiplying Current. 

~ " , 
~ 10f--~--~~-b~ 
@ 

j 

a,. 
lo-mA 

Figure 5. lOUT VS. Multiplying Current 

As shown, 1M can vary over the range of 0rnA to SmA; a value 
of approximately O.3mA may be the practical lower lhnit because 
of nonlinearities at extremely small current levels. These changes 
in 1M are combined with variations in digital inputs, producing 
complex changes in the output current (at pin 13) and in VOUT• 

The "rounding" of the current curve in the graph is the result 
of lOUT approaching the 30mA maximum drive capabilities of 
the AD9768 and needs to be taken into account to assure optimum 
performance in the selected application. 
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FEATURES 
4 Complete 12-Bit D/A Functions 
Double-Buffered Latches 
Simultaneous Update of All DACs Possible 
±5 V Output Range 
High Stability Bandgap Reference 
Monolithic BiMOS Construction 
Guaranteed Monotonic over Temperature 
3/4 LSB Linearity Guaranteed over Temperature 
4 .... s max Settling Time to 0.01% 
Operates with ±12 V Supplies 
Low Power: 720 mW max Including Reference 
TTL/5 V CMOS Compatible Logic Inputs 
8-Bit Microprocessor Interface 
24-Pin PDIP or 28-Lead PLCC Package 

PRODUCT DESCRIPTION 
The AD75004 contains four complete, voltage output, 12-bit 
digital-to-analog converters, a high stability bandgap reference, 
and double-buffered input latches on a single chip. The convert
ers use 12 precision high speed bipolar current steering switches 
and laser-trimmed thin-film resistor networks to provide fast 
settling time and high accuracy. 

Microprocessor compatibility is achieved by the on-chip 
double-buffered latches. The design of the input latches allows 
direct interface to 8-bit buses. The 12 bits of data from the first 
rank of latches can then be transferred to the second rank, 
avoiding generation of spurious analog output values. The latch 
responds to strobe pulses as short as 50 ns, allowing use with 
fast microprocessors. 

The functional completeness and high performance of the 
AD75004 results from a combination of advanced switch design, 
the BiMOS II fabrication process, and proven laser trimming 
technology. BiMOSII is an epitaxial BiCMOS process optimized 
for analog and converter functions. The AD75004 is trimmed at 
the wafer level and is specified to ± 112 LSB maximum linearity 
error at 25°C and ± 3/4 LSB over the full operating temperature 
range. The on-chip output amplifiers provide an output range of 
±5 V, with 1 LSB equal to 2.44 mY. 

REV. A 

Quad 12-Bit 
O/A Converter 

A075004 I 
FUNCTIONAL BLOCK DIAGRAM 

D7 
DB 
05 
D4 
D3 
D2 
01 
DO ..... ~_ ..... 

V AEFIN 

Cs WR A3 A,2 A1 AO 

V .. 
AGND 
DGNO 

The bandgap reference on the chip has low noise, long term sta
bility and temperature drift characteristics comparable to dis
crete reference diodes. The absolute value of the reference is 
laser trimmed to +5.00 V with 0.6% maximum error. Its tem
perature coefficient is also laser trimmed. 

Typical full-scale gain TC is IS ppmfOC. With guaranteed mono
tonicity over the full temperature range, the AD75004 is well 
suited for wide temperature range performance. 

DIGITAL-TO-ANALOG CONVERTERS 2-773 



AD75004-SPECIFICATIONS (TA = +25°C, ±12.0 V power supplies unless otherwise noted) 

Parameter Symbol Min Typ Max Units 

DIGITAL INPUTS (DO-D7, AO-A3, CS, WR) 
Logic Levels (TTL Compatible) 

Input Voltage, Logic "I" VIH 2.0 5.5 V 
Input Voltage; Logic "0" VIL 0 0.8 V 
Input Current, VIH = 5.S V IIH 10 f1A. 
Input Current, VIL = 0.8 V IlL 10 jJ.A 

Input Capacitance CIN 10 pF 

ACCURACY 
Resolution 12 Bits 
Integral Linearity Error ±114 ±112 LSB 

Integral Linearity Error, T min to T max ±112 ±3/4 LSB 
Differential Linearity Error ±112 ±3/4 LSB 

Differential Linearity Error, T min to T max Guaranteed Monotonic 
Gain (Full-Scale) Errorl ±2 ±10 LSB 

Gain Error Drift, T min to T max 
I ±15 ±30 ppmfC 

Bipolar Zero Errorl ±l ±2 LSB 
Bipolar Zero Error Drift, T min to T max 

I ±3 ±7 ppmfC 

CHANNEL-TO-CHANNEL MISMATCH 
Integral Linearity Error ±112 ±1 LSB 
Gain Errorl ±1 ±4 LSB 
Bipolar Zero Errorl ±I ±2 LSB 

DYNAMIC PERFORMANCE 
Settling TinIe to ±0.0l % of FSR 

for FSR Change, 2 kO II 500 pF Load 2 4 jJ.s 
Slew Rate, 2 kO II 500 pF Load 5 V/jJ.s 
Digital Input Crosstalk (Statici -50 dB 

ANALOG OUTPUTS 
Full-Scale Range (FSR) VOUT ±5 V 
Output Current lOUT ±5 rnA 
Short Circuit Limit Current 40 rnA 

VOLTAGE REFERENCE 
Reference Output Voltage VREFOUT 4.97 5.00 5.03 V 
Temperature Coefficient ±15 ±25 ppmfC 
Reference Output Current' 3.0 5.0 rnA 
Reference Input Voltage VREFIN 4.5 5.0 5.5 V 
Reference Input Current @ 5.0 V IREFIN 3.0 mA 

POWER SUPPLY GAIN SENSITIVITY 
aGainlaVoo, Voo = +10.8 to +13.2 V del ±15 ±25 ppm of FSRI% 
aGainlaVss, Vss = -10.8 to -13.2 V del ±15 ±25 ppm of FSRI% 

POWER SUPPLY REQUIREMENTS 
Voltage Range Voo, Vss ±10.8 ±12 ±13.2 V 
Supply Currents 100, Iss ±25 ±30 mA 

TEMPERATURE RANGE 
Specification Tmin, Truax 0 +70 °C 
Storage -65 +150 °C 

NOTES 
lGain and bipolar zero errors are measured using internal voltage reference and include its errors. 
2Digital crosstalk is defined as the change in anyone output's steady state value as a result of any other output being driven from VOUTMIN to VOUTMAX into a 
2 kO II 500 pF load by means of varying the digital input code. 

'The internal voltage reference is intended to dtive on-chip only; buffer it if using it externally. 
'A11 minimum and maximum specifications are guaranteed, and specifications shown in boldface are tested on all production units at final electrical test. Results 
from those tests are used to calculate outgoing quality levels. 

Specifications subject to change without notice. 
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TIMING CHARACTERISTICS1 (TA = + 25°C, ± 12.0 V power supplies unless otherwise noted) 

Parameter Symbol Min Units 

Address Setup Time tl 30 ns 
ADDRESS INPUTS :mzt 

(A0-A3) __ .....,..-___ ...,.......,... 

Address Hold Time t2 
Data Setup Time t3 
Data Hold Time t4 
Chip Select to Write Setup Time ts 
Write to Chip Select Hold Time t,; 
Write Pulse Width t7 

NOTES 
'Timing measuremenl reference level is 1.5 V. 
Specifications subject to change without notice. 

10 
10 
45 
0 
0 
50 

I, 
ns DATA INPUTS -'T'7"'T":rT'T'7"T'1rt'T'7V----1r--\I-r'T'7"'rT"T'T' 
ns (DO-D7) 

ns 
ns CHIP SELECT ----"""" 

(CS) 
ns 
ns WRITE -----;....;:-.1..._ 

(WR) 

ABSOLUTE MAXIMUM RATINGS* (TA = +25'C unless otherwise noted) 

Min Max Units Conditions 

Vooto DGND -0.3 +18 V 
Vss to DGND -18 +0.3 V 
Voo to Vss -0.3 +26.4 V 
V REFIN to AGND -0.3 Voo V 
Digital Inputs to DGND -0.3 Voo V 
AGNDto DGND -0.3 +0.3 V 
Short to AGND on Analog Outputs Indefinite sec 
Power Dissipation 1.0 W TA:s 75·C 
Specillcation Temperature Range 0 +70 ·C 
Storage Temperature -65 +150 ·C 
Lead Temperature +300 OC Soldering, 10 seconds 

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

TRUTH TABLE 

Control and Address Lines 

cs WR A3 A2 Al AO Operation 

1 X X X X X No operation 
X 1 X X X X No operation 
0 0 0 0 Al* AO* 8 LSBs --+ one input latch 
0 0 0 1 AI* AO* 4 MSBs --+ one input latch 
0 0 I 0 Al* AO* Update one DAC latch 
0 0 1 1 X X Update all 4 DAC latches 
NOTE 
*The Al and AO inputs specify the relevant channel. 

Al AO Channel 

0 0 0 
0 1 I 
I 0 2 
I 1 3 

CAUTION 
ESD (electroststic discharge) sensitive device. The diaital control inputs are Zener protected; 
however, permanent damaae may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discliarged to the destination socket before devices are removed. 
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AD75004 
PIN DESCRIPTION 

Plastic: 
PLCC DIP 
Pin Pin Name Description 

1 1 D7 Data Input Bit 7 
2 2 D6 Data Input Bit 6 
3 3 D5 Data Input Bit 5 
5 4 D4 Data Input Bit 4 
6 5 D3 Data Input Bit 3 or 11 (MSB) 
7 6 D2 Data Input Bit 2 or 10 
9 7 Dl Data Input Bit 1 or 9 

10 8 !2!! Data Input Bit 0 (LSB) or 8 
11 9 !;§... Chip Select Input; Active Low 
13 10 WR Write Input; Active Low 
14 11 A3 Address Input Bit 3 (MSB) 
15 12 A2 Address Input Bit 2 
16 13 Al Address Input Bit 1 
17 14 AO Address Input Bit 0 (LSB) 
18 15 DGND Digital Ground 
19 16 AGND AnalOS Ground 
20 17 Vss -12 V Power Supply 
21 18 VRBFOUT + 5 V Reference Output 
22 19 VREPIN Reference Input 
23 20 VOUTO AnaIOS Output 0 
24 21 VOUT1 AnalOS Output I 
26 22 VOUT2 AnalOS Output 2 
27 23 VOUT3 AnalOS Output 3 
28 24 VDD + 12 V Power Supply 
4 NC No Internal Connection 
8 NC No Internal Connection 

12 NC No Internal Connection 
25 NC No Internal Connection 

BINARY CODE TABLE 

Twos Complement Analog Outpnt 
Value in DAC Latch Voltage 

MSB LSB 

Olll llli llli (2047/2048) * VREFIN 
0000 0000 0001 (112048) * VREFIN 
0000 0000 0000 OV 
Illl 1111 1111 - (112048) * VREFIN 
1000 0000 0000 -VREFIN 
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Model 

AD75004KN 
AD75004KP 

PIN CONFIGURATIONS 
24.Pin Plastic DIP 

28-Pin PLCC 

g § ~ 
> > > 

AD75004KP 

TOP VIEW 
(Nol to Seale) 

ORDERING GUIDE 

Temperature Range 

O·C to +70·C 
OOC to +70·C 

Package Option* 

N-24A 
P-28A 

*N = Plastic DIP; P = Plastic Leaded Chip Carrier. For oudine information 
see Package Information section. 
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WDEVICES 

FEATURES 
Eight Complete Voltage Output DACs 
On·Chip Voltage Reference 
On·Chip Data Latches with Readback Feature 
Variety of Output Voltage Ranges: +7.5 V/-2.5 V, 

;I: 5 V. ;1:10 V 
Compact 44-Pin PLCC lind Ceramic JLCC Packages 

APPLICA nONS 
Autometic Test Equipment 
Instrumentation 
Avionics 
Robotics 
Process Control 

PRODUCT DESCRIPTION 
The AD75069/AD75089/AD75090 DACPOR 
complete 12-bit, voltage output digital
one monolithic IC. They thus 0 

D/A functions available. The three 
voltage ranges: the AD75069 outpu 2.5 
AD75089 outputs ±5 V, and the AD75090 

Each DAC offers flexibility, accuracy and good 'c 
mance. The R-2R structure is fabricated from thin-film resisto 
that are laser-trimmed to achieve guaranteed monotonicity over 
the full operating temperature range. DAC-to-DAC matching 
performance is specified. 

The output amplifier combines the best features of bipolar and 
MOS devices to achieve good dynamic performance and low off
set. Settling time is under 10 .... s, and each output can drive a 
2 mA, 500 pF load. Short circuit protection allows indefInite 
shorts to Vee, VDD, Vss, and GND. 

Digital circuitry is implemented in CMOS logic. The fast, low 
power, digital interface allows these DACPORTs to interface 
with most microprocessors through a single 12-bit wide bus. A 
readback feature allows the internal DAC registers to be read 
back through the digital port, as 12-bit words. When disabled, 
the readback drivers are placed in a high impedance mode. 

A RESET control pin is provided to allow simultaneous asyn
chronous reset of all DAC data latches, causing the DAC out
puts to go to the negative extreme of their range. 

DACPORT i. a trademark of Analog Devices, Inc. 

Monolithic Octal 
12-Bit DACPORTs 

AD75069/AD75089/AD75090 I 

VAEF 
GND 

AGND 

FUNCTIONAL BLOCK DIAGRAM 

VDD 

Vss 

VOllT7 

VRE17 

..... ---oVR£T8 

iiD CE WR A2 A1 AD RST 

Vo"," 
VRETS 
V0UT4 
VRET4 
VOU11 
VRET3 
VOUT2 
VRET2 
vou., 
VRm 

VOUTO 

The analog portion of these DACPORTs consists of eight DAC 
cells, eight output amplifiers, a voltage reference, a control 
amplifIer and switches. Each DAC cell is an inverting R-2R 
type. The output current from each DAC is switched to the 
on-chip application resistors and output amplifier. The chip may 
be operated from the internal reference or an external reference. 

The high performance and functional completeness of these 
DACPORTs result from their fabrication in Analog Devices' 
BiMOS II process. This epitaxial BiCMOS process features 
bipolar transistors for precise analog circuitry, CMOS transistors 
for dense logic and analog switches, laser-trimmed thin-film 
resistors and double-level metal interconnects. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD75069/AD75089/AD75090 -SPECIFICATIONS 
(Vee = +5 V, Villi =+12 V, Vss = -12 V, VREF = +5 V, T, = +25"C unless otherwise noted.) 

Parameter Min Typ Max Units 

RESOLUTION 12 Bits 

ANALOG OUTPUT 
Voltage Range, VOUT max to VOUT min 

AD75069 -2.51+7.5 Volts 
AD75089 ±5 Volts 
AD75090 ±IO Volts 

Output Current (Each Channel, Source or Sink) 2 mA 
Load Capacitance 500 pF 
Short Circuit Current (Each Channel) 25 40 mA 

ACCURACY 
Gain Error, Including Internal Reference ±5 10 LSB 
Midscale Error ±112 4 LSB 
Integral Linearity .Error ±114 112 LSB 
Integral Linearity Error, TMIN to TMAX ±112 +1.5 LSB 
Differential Linearity Error ±114 112 LSB 
Differential Linearity Error, T MIN to T MAX +3/4 LSB 
Gain Error Drift 10 ppmofFSRfC 
Midscale Drift 10 ppmofFSRfC 
Reference Temperature Coefficient 25 ppmfC 
Noise, 0.1 to 2 MHz Band 

AD75069, AD75089 (10 V Span) 300 ... Vrms 
AD75090 (20 Span) 600 ... Vrms 

REFERENCE INPUT 
Input Resistance MO 
Voltage Range +5.5 Volts 

POWER REQUIREMENTS 
Va; 5.5 Volts 
Ia; 1 mA 
VDD,VSS ±12.0 ±13.2 Volts 
IDD 15 20 mA 
Iss -14 -16 mA 
Tots! Power 350 432 mW 

ANALOG GROUND CURRENTI PER EACH OF 8 CHANNELS -600 +600 .,.A 
MATCHING PERFORMANCE 

Gain2 -5 ±2.5 5 LSB 
Midscale3 -4 ±2 4 LSB 
Linearity4 -1 ±1/2 1 LSB 

CROSSTALK 
Analog (DC) -90 dB 
Digits! (Transient) -60 dB 

DYNAMIC PERFORMANCE (RL = 5 kO, CL = 500 pF) 
Slew Rate 2.0 2.5 V/.,.s 
Sett1ing Time to ± 112 LSB 

VOUT max to VOUT min or VOUT min to VOUT max 
AD75069, AD75089 (10 V Span) 6 8 .,.s 
AD75090 (20 V Span) 8 10 .,.s 

POWER SUPPLY GAIN SENSITIVlTY 
11.4 V :S VDD :S 13.2 V ±6 ±10 ppm/% 
-13.2 V:s Vss:S -11.4 V ±1 ±2 ppml% 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD75069/AD75089/AD75090 
Parameter 

DIGITAL INPUTS 
VIH 
VIL 
IIH @ VIN = VLL 

IlL @ VIN = DGND 

DIGITAL OUTPUTS 
VOL @ ISINK = 1.6 rnA 
VOH @ ISOURCE = 0.5 rnA 

DIGITAL TIMINGs 
Data Write Mode (Figure 1) 

Data Setup Time, tDsU 
Address Setup Time, tASU 
Chip Enable-Write Time, teaw 
Write Pulse Width, T w 
Write-Chip Enable Time, tWeE 
Address Hold Time, tAH 
Data Hold Time, tDH 

Data Readback Mode (Figure 2) 
Address Setup Time, tASU 
Chip Enable-Read Time, teaR 
Read Pulse Width, tR 
Access Time from Read, tRO 
Access Time from Chip Enable, teaD 
Access Time from Address Change, 
Data Bus Release Time, tRE 
Read-Chip Enable Time, tR 
Address Hold Time, tAR 

Asynchronous Reset 
Reset Pulse Width, tRST 

TEMPERATURE RANGE (T MIN, T MAX) 
A Versions 
J Versions 

NOTES 
1 Analog ground current is input code dependent. 

Min 

2.0 
o 
-10 
-10 

2.4 

-40 
o 

Typ 

±l 
±l 

'Gain matching error is the largest difference in gain error between any two DACs in one package. 
'Midscale matching error is the largest difference in midscale values between any two DACs in one package. 
'Linearity matching error is the difference in the worst case integral linearity error between any two DACs in one package. 
'Reference level for timing measurements = 1.5 V. 
See definitions of specifications later on in this data sheet. 
Specifications subject to change without notice. 

Max 

0.8 
10 
10 

0.4 

75 
85 
120 
30 

+85 
+70 

Units 

Volts 
Volts 
IIA 
f1A. 

Volts 
Volts 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 

·C 
·C 

Specifications in boldface are tested on all production units at ftual electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max speciftcatiODS are guaranteed, although ouly those shown in boldface are tested on all production units. 

TIMING DIAGRAMS 

DATA INPUTS 
(DO-Dll) 

ADDRESS INPUTS -TT..,....,..Jr--!------+"\r..;...,"T"lr-rrr 
(AD-A2) -L..L.L.L.If''--+--.-------t-'l'I..-L.I..-L.I..-L.I-

CHIP ENABLE 
(CE) 

WRITE 
(WR) 

Figure 1. Write Timing Diagram 

ADDRESS 
INPUTS 
(AD-A2) 

CHIP 
ENABLE 

(CE) 

READ 
(RD) 

DATA 
OUTPUTS 

(Do-Dll) 

tRELr-

tD~7r-r77"-'7--

Figure 2. Readback Timing Diagram 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV. 0 DIGITAL-TO-ANALOG CONVERTERS 2-779 

• 



AD75069/AD75089/AD75090 
ABSOLUTE MAXIMUM RATINGS* 
(Specifications apply to all grades except where noted) 

Vee to DGND orIOGND ............... 0 V to + 7 V 
VDD to AGND •.......•••••......... 0 V to + IS V 
Vss to AGND .••........•..•........ -IS V to 0 V 
AGND to DGND .....•••••.......... -1 V to +1 V 
AGND to VREFGND •.•..•............... ± 13.2 V 
AGND to VRET0-7 ....•...•.••.......... ± 13.2 V 
V REFIN Input ..........•...........•. V DD to V ss 
VDD to Vss ...............•....... 0 V to +26.4 V 
Digital Inputs ...•...........••.... -0.3 V to + 7 V 
Analog Outputs 

......... Indeftnite Shons to Vee,VDD'VSS' and AGND 
Soldering Temperature ..•............. +300"C, 10 sec 
Power Dissipation ......•................ 1000 mW 

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

ORDERING GUIDE 

Output 
Voltage Temperature Package 

Model Range Range Option* 

AD7S069JP -2.5 V/+7.S V O"C to + 70°C P-44A 
AD7S069AJ -2.5 V/+7.5 V -40OC to +S5OC J-44A 
AD750S9JP ±5V O"C to +70OC P-44A 
AD7S0S9AJ ±5V -4O"C to +SSOC J-44A 
AD75090JP ±10V O°C to +70°C P-44A 
AD75090AJ ±10V -40OC to +S5OC J-44A 

*J = J-Lead.ed Ceramic Chip Carrier; p = Plastic Leaded Chip Carrier 
CAUTION (PLCC) package. For outline information see Package Information section. -------------------------------------------ESD (electrostatic discharge) sensitive device. The digital control inputs are diode prot 
however, permanent damage may occur on unconnected devices subject to high ener 
static fields. Unused devices must be stored in conductive foam or shunts. 
should be discharged to the destination socket before devices are removed 

DATA 
BUS 

AD750691 
AD750891 
AD75090 

Figure 3. Recommended Circuit Schematic 

O.l~F 
CERAMIC 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

2-780 DIGITAL-TO-ANALOG CONVERTERS REV. 0 



PIN CONFIGURATION 

VOUT2 7 

VRETO 

VOUTO 11 

Vss 

VDD 

DGNO 

Vee 
IOGNO 

011 

44-Pin PLCC Package 

AD75069/AD750891 AD75090 
TOP VIEW 

(Nollo Scale) 

DEFINITIONS OF SPECIFICA 
INTEGRAL LINEARITY ERRO 
the maximum deviation of the ac 
ideal analog output (a straight line drawn from 
+full scale) for any digital input code. 

MONOTONICITY: A DAC is said to be monotonic if the out
put' either increases or remains constant for increasing digital 
inputs such that the output will always be a nondecreasing func
tion of input. All versions of the AD75069/AD75089/AD75090 
are monotonic over their full operating temperature range. 

DIFFERENTIAL LINEARITY ERROR: Monotonic behavior 
requires that the differential linearity error be less than I LSB 
over the temperature range of interest. Differential nonlinearity 
is the measure of the variation in analog value, normalized to 
full scale, associated with a I LSB change in digital input code. 
For example, for a 10 V output span, a change of I LSB in digi
tal input code should result in a 2.44 m V change in the analog 
output (1 LSB = 10 V/4096 = 2.44 mV). If in actual use, how
ever, a I LSB change in the input code results in a change of 
only 0.61 mV (114 LSB) in analog output, the differential non
linearity error would be -1.83 mY, or -3/4 LSB. 

GAIN ERROR: DAC gain error is a measure of the difference 
between the output span of an ideal DAC and an actual device. 

MIDSCALE ERROR: Midscale error is the difference between 
the ideal midscale output and the actual output of a DAC when 
the input code is loaded with the MSB = "I" and the rest of 
the bits = "0." 

SETTLING TIME: Settling time is the tiDle required for the 
output to reach and remain within a specified error band about 
its fmal value, measured from the digital input transition. 

AD75069/AD75089/AD75090 
PIN DESCRIPTIONS 

Pin 
I 
2 
3 
4 
5 

8 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

Name 
V REFIN 

VREFOUT 

VREFGND 

VOUT3 

V RET3 

V RET2 

VOUT2 

VOUTl 

VRET1 

V RETO 

VOUTO 

Vss 
VDD 

DGND 
V 

2 
Dl 
DO 
RST 
WR 
RD 
CE 
AO 
Al 
A2 
AGND 
VOUT7 

VRET7 

V RET6 

VOUT6 

VOUTS 

V RETS 

V RET4 

V OUT4 

Description 
Reference Input 
5 V Reference Output 
Reference Ground 
Analog Output 3 
Analog Return 3 
Analog Return 2 
Analog Output 2 
Analog Output I 
Analog Return I 
Analog Return 0 
Analog Output 0 
-12 V Analog Power Supply 
+ 12 V Analog Power Supply 
Digital Ground 
+ 5 V Digital Power Supply 
Bus Interface Ground 
Data Input Bit 11 (MSB) 
Data Input Bit 10 
Data Input Bit 9 

ata Input Bit 8 
Data Input Bit 7 
Data Input Bit 6 
Data Input Bit 5 
Data Input Bit 4 
Data Input Bit 3 
Data Input Bit 2 
Data Input Bit I 
Data Input Bit 0 (LSB) 
Reset Input; Active High 
Write Input; Active Low 
Read Input; Active Low 
Chip Enable Input; Active Low 
Address Input Bit 0 (LSB) 
Address Input Bit I 
Address Input Bit 2 (MSB) 
Analog Ground 
Analog Output 7 
Analog Return 7 
Analog Return 6 
Analog Output 6 
Analog Output 5 
Analog Return 5 
Analog Return 4 
Analog Output 4 

CROSSTALK: Crosstalk is the change in an output caused by a 
change in one or more of the other inputs or outputs. It is due 
to capacitive and thermal coupling between channels. 

FULL-SCALE RANGE: FSR is 20 V for ± 10 V range and 
10 V for ±5 V and -2.5/+7.5 V ranges. 

TRANSISTOR COUNT 
The AD75069/AD75089/AD75090 contains 5,225 transistors. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD75069/AD75089/AD75090 
BINARY CODE TABLE 

Offset Binary 
Value in DAC Latch 

MSB LSB 
1111 1111 1111 
1000 0000 0000 

0000 0000 0000 

Analog Output 
Voltage 

VOUT max 
Midscale = (V OUT max 
+ 1 LSB - VOUT min)/2 
VOUTmin 

ANALOG CIRCUIT CONSIDERATIONS 
Grounding Recommendations 
The AD75069/AD75089/AD75090 have twelve pins for analog 
and digital grounds, designated AGND, VRETO-VRE'I7' 
VREPGND' IOGND, and DGND. The AGND pin is the ground 
reference point for the device. V REPGND is the ground reference 
point for the on-chip voltage reference. V RETO through V RE'I7 
are the 8 ground return pins for the 8 DACs and their outpUt 
amplifiers. The 10 analog ground pins should be connected radi
ally to the analog ground point in the system. The external ref
erence and any external loads should also be returned to the 
analog ground point. To minimize crosstalk, all paths to the sin
gle analog ground point must be short and direct. 

The IOGND and DGND pins should be connected to the 
tal ground point in the circuit. These pins return current 
the bus interface and logic .portions, respectively, 
AD75069/AD75089/AD75090 circuitry to 

Analog and digital grounds should be 
the system. If there is a possibility that 
broken or otherwise disconnected, then 
connected in inverse parallel between the analo 
ground pins of the AD75069/AD75089/AD75090 to 
maximum ground voltage difference. 

Power Supplies and Decoupling 
The AD75069/AD75089/AD75090 require three power supplies 
for proper operation. Vee powers the logic portions of the 
device and requires +5 volts. VDD and Vss power the remain
ing portions of the circuitry and require ± 12 V. 

Decoupling capacitors should be used on all power supply pins. 
Good engineering practice dictates that the bypass capacitors be 
located as near as possible to the package pins. Recommended 
values are 4.7 ",F tantalum and 0.1 ",F ceramic from VDD and 
Vss to analog ground, and 0.1 ",F from Vee to digital ground. 

Voltage Reference 
The AD75069/AD75089/AD75090 are designed to operate from 
a reference voltage of 5 V. The internal reference can serve the 
entire chip. If superior tolerance, PSRR, or temperature perfor
mance are needed, external devices, such as the AD586, may 
be used. 

Output Considerations 
Each DAC output can source or sink ±2 mA of current to an 
external load. Short-circuit protection limits load current to a 
maximum load current of 40 mAo Load capacitance of up to 
500 pF can be accommodated with no effect on stability. 

AD75069/AD75089/AD75090 output voltage settling time is 
10 ",s maximum. Figure 4 shows the output voltage sett1ing 
time of the AD75069 with a fixed 5 V reference and all bits 
switched from 1 to 0 and from 0 to 1. 

15.0 

10.0 

\ 
NEGAnve GOING \ 

5.0 

> '\.. 
E r 

-5.0 
{ 

-10.0 
POSITIVE GOING 

-15.0 

J 
-211.0 

o 1.0 2.0. 3.0 4.0 5.0 6.0 7.0 8.0 8.0 

"" 
Figure 4. Settling Time; Full-Scale Output Change 

Crosstalk 
Crosstalk is a spurious signa1 on one DAC outpUt caused by a 
change in one or more of the other DACs. Crosstalk can be 
induced by or load-current induced feed-
through. crosstalk. The upper trace of 
the top switching from -2.5 V to +7.5 V 
and trace shows brief spikes in the 

capacitive feedthrough from the 
are caused by analog feed

The loads of both DACs are 
pF. The lower photo shows the detail 

6 (large trace) and the effect on 
under the same conditions. 

Figure 5. Output Crosstalk 

DIGITAL INTERFACING 
To write to the chip, apply the desired address, and then take 
Chip Enable (CE) and Write (WR) low. Typically, CE is tied to 
the system address decoder, and WR connects to the system 
write strobe. 

If the data is changed while CE and WR are low, the DAC reg
ister is transparent, and it will follow the input data. 

Readback 
To read data back from the chip, apply the desired address, and 
then take Chip Enable (CE) and Read (RD) low. Typically, CE 
is tied to the system address decoder, and RD connects to the 
system read strobe. 

If the address is changed while CE and RD are low, the data 
output will follow the selected address after a delay of tAD' 

Data Reset 
To reset all data latches asynchronously, take Reset (RST) high. 
This clears all datalatehes and causes the DAC outputs to go to 
the negative end of their output range, i.e., -2.5 V for the 
AD75069, -5 V for the AD75089, and -10 V for the AD75090. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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WDEVICES 

FEATURES 
Single Chip Construction 
On-Board Output Amplifier 
Low Power Dissipation: 300mW 
Monotonicity Guaranteed over Temperature 
Guaranteed for Operation with:!: 12V Supplies 
Improved Replacement for Standard DAC80, DAC800 

HI-5680 
High Stability, High Current Output 

Buried Zener Reference 
Laser Trimmed to High Accuracy: 

:!: 1/2LSB max Nonlinearity 
Low Cost Plastic Packaging 

PRODUCT DESCRIPTION 
The AD DAC80 Series is a family oflow cost 12-bit digital-to-ana
log converters with both a high stability voltage reference and 
output amplifier combined on a single monolithic chip. The AD 
DAC80 Series is recommended for all low cost l2-bit DI A converter 
applications where reliability and cost are of paramount 
importance. 

Advanced circuit design and precision processing techniques 
result in significant performance advantages over conventional 
DAC80 devices. Innovative circuit design reduces the total 
power consumption to 300mW which not only improves reliability 
but also improves long term stability. 

The AD DAC80 incorporates a fully differential, non-saturating 
precision current switching cell structure which provides greatly 
increased immuuity to supply voltage variation. This same struc
ture also reduces nonlinearities due to thermal transients as the 
various bits are switched; nearly all critical components operate 
at constant power dissipation. High stability, SiCr thin film 
resistors are trimmed with a fme resolution laser, resulting in 
lower differential nonlinearity errors. A low noise, high stability, 
subsurface Zener diode is used to produce a reference voltage 
with excellent long term stability, high external current capability 
and temperature drift characteristics which challenge the best 
discrete Zener references. 

The AD DAC80 Series is available in three performance grades 
and two package types. The AD DAC80 is specified for use 
over the 0 to + 70°C temperature range and is available in 
both plastic and ceramic DIP packages. The AD DAC8S and 
AD DAC87 are available in hermetically sealed ceramic packages 
and are specified for the - 2SoC to + 8SoC and - SsoC to + l2SoC 
temperature ranges. 

REV. A 

Complete Low Cost 12-Bit 
Of A Converters 

AD DAC80/ AD DAC85/AD DAC87 
FUNCTIONAL BLOCK DIAGRAMS 

"NC_CBIVERSIONS 
.5V_CCOVfRSIONS 

PRODUCT HIGHLIGHTS 

'Nt_COIVERSIONS 
,SV-CCI)VEASIONS 

1. The AD DAC80 series of DI A converters directly replaces all 
other devices of this type with significant increases in 
performance. 

2. Single chip construction and low power consumption provides 
the optimum choice for applications where low cost and high 
reliability are major considerations. 

3. The high speed output amplifier has been designed to settle 
within 1I2LSB for a lOY full scale transition in 2.0.,.s, when 
properly compensated. 

4. The precision buried Zener reference can supply up to 2.5mA 
for use elsewhere in the application. 

S. The low TC binary ladder goarantees that all units are 
monotonic over the specified temperature range. 

6. System performance upgrading is possible without redesign. 

PRODUCT OFFERING 
Analog Devices has developed a number of technologies to 
support products within the data acquisition market. In serving 
the market new products are implemented with the technology 
best suited to the application. The DAC80 series of products 
was first implemented in hybrid form and now it is available in 
a single monolithic chip. We will provide both the hybrid and 
monolithic versions of the family so that in existing designs 
changes to documentation or product qualification will not have 
to be done. Specifications and ordering information for both 
versions are delineated in this data sheet. 
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ADDAC80/AD DAC85/AD DAC87 -SPECIFICATIONS ITA = +25°C, rated power 
supplies unless otherwise noted.) 

Model ADDACBO AnDACBS ADDAC8? .... Typ M" Min Typ M", .... Tn> M .. Units 

TECHNOLOGY Monolithic Monolithic Monolithic 

DIGITALINPUT 
Binary-CRl 12 12 12 Bits 

BCD-ceO Digi1s 
l.otK"Leve1s(T'fLCompatibie) 

VIHCLoak"t") +2.' +5.5 +2.0 +5.5 +2.0 +5.5 V 
Vn. (Logic "0") • +0.8 • +0.8 • +0.8 V 
IIH(VIH = S.sV) 25. 259 250 .A 
IldVn. = O.8V) 100 100 100 .A 

TRANSFER CHARACTERISTICS 
ACCURACY 

Linearity Error «~ + 250C 
CHI :t112 ::!:1/2 :t1l2 LSD' 
ceo LSD 

T,,@T .. lntoT ..... :!:l/4 ~I12 :tIl4 ~112 :::112 :31. LSD 
Differet&tialLincIlrityError@+2S"C 

CDI :31' ±3/4 ~3I' LSD 
ceo LSD 

TA,«tTrnln 1oT ...... =31, =1 U LSD 

GlinErrml :to.l :to.3 :to.1 :0.2 ::to.l ::to.2 %FSRJ 

Offoet ........ :to.OS :to.IS :to.OS :to.l :to.OS ::0.1 %FSR) 

Tempen.tul'C Range forGU8l'8Jltccd 
Monoumicity +7' -2' +85 -55 +125 "C 

DRIFrCTlllln toT ..... ) 
Total Bipolar Drifl.max(includcllJllin, 

oft'tct,andlincaritydrifl') :!:20 ::!:20 :dO ppmofFSRI"C 
TotaiErrorCTmintoT_Y' 

Unipolar ::!:0.08 :to.IS ::to.12 :to.2 ::to.IS ±0.3 %ofFSR 
HipoW :to.06 :to. 10 ::to.08 :to.12 ::to.l4 :to.24 %o(FSR 

Gain 
Induding Internal Reference: :!:15 :3. =20 =20 ppmofFSRloC 

Excluding Internal Reference ,. H ±IO ±10 ppmofFSRrC 
UnipolarOffset " =. =. •• ppmofFSRrC 
HipoWOffoet ., U. =1' =1. ppm ofFSR/OC 

CONVERSION SPEED 
VoltaseModel(V)5 

SettlingTimeto ±O.OI%ofFSRfor 
FSItc"-C2kIl!ISOOpFIood) 

with 10knFeedback .' with SldlFccdback .' For LSB Change .' Slew Rate " I. ID V/ .... s 

ANALOG OUTPUT 
VoltigeModeis 

_-CHI ±2.5, ±5, ±IO, ±2.5,±5, ±IO, .:!:2.5, ±5, .:!:IO, V 
+5, +10 +5, +10 +5, +10 

-ceo V 
OUtput Current ,5 " ., mA 

OutputImpedancc(dc) 0.05 0.05 0.05 II 
ShonCirc:uitCurrent 40 40 40 mA 

Internal Reference Voltage (Va) +6.23 +6.3 +6.r7 +6.:23 +6.3 +6.37 +6.23 +6.3 +6.37 V 
Output Impedance 1.5 1.5 I., n 

Max External Current' +2.5 +2.5 +2.5 mA 
TcmpcoofDri{t :10 ,20 ±IO ±20 ±IO ppmofVRrc 

POWER SUPPLY SENSITIVITY 
.:!: 15V ± 10%. 5Vsupplywhenapplicable :0.002 :0.002 :0.002 %ofFSRI%Vs 
±12V:!::S% :0.002 2:0.002 :0.002 %ofFSRI%Vs 

POWER SUPPLY REQUIREMENTS 
Rated VoltqCS :!::15 ±15 ±15 V 
Ran .. 

ADalo,Supp1ics ±11.47 ±16.5 ::!:11.47 ::16.5 ::11.47 ::16.5 V 
LoPe Supplko V 

Supply Drain 
+12,+15V 1. I. I. mA 
-~2, -ISV I. 20 14 20 I. 20 mA 

TEMI'I!ItA 111IIE RANGE 
Spedflcalicm • +70 -25 +85 -55 +125 "C 

"""'"'" -25 +85 -55 +125 -55 +125 "C 

S ...... -25 +125 -65 +150 -65 +150 "C 

NOTI!S 7 A mJJUJnUm of ± 12.3V 1$ required fw a :t: lOY fuU scali: ourput IUId 
'u.st SitnificantBit. :t: 1l.4V is required for all other voltqe ranpI. 
2AdjUltlbie to zero with ClI~ trim potentiometer. Specifications subject 10 cbaDF witbout notke. 
JPSIl mans "Full Scale Raaae" and is 20V for the ± IOV nqe IDClIOV for the ±SV RaDae. SpecifICations shown in boldface are tested onlD production units It linal elec:tri-"GI1n mel ofi'lel errotI IdjUited to :Ilel'O II + 25"C. cal h:S1. Results from thoae te&1ll arc: used to cah:ullte outsoinI qllliity kvels. AU 
sc..=O,see F'lJUfe la. min uui max specificatiom; arc: guuanteed. although only those shown in 
6Maximwn with no depadltion of apecification, must be. COJlIWItload. boJdfac:earetestedotlallproductioounill. 
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AD DAC8D/AD DAC85/AD DAC87 
Mode. ADDACBO AODAC8SC ADDAC85 

Min Typ M .. Min TJP - Min Typ M .. Units 

TECHNOLOGY Hybrid Hybrid Hybrid 

DlGITALINPUT 
Binary-CBI 12 12 12 Bits 

DCD-ceO 3 3 3 Digits 

LGgic Levels(TTLCompalibJe) 

V1H(Logk"I") +2.0 +5.5 +2.0 +5.5 +2.0 +5.5 

V1L (Lo,ic "0") 0 +0.8 0 +0.8 0 +0.8 

IIH(V1H = S.SV) +250 +250 +250 .A 
In.(VII. =O.BV) -'00 -.00 -'00 .A 

TRANSFER CHARACTERISTICS 
ACCURACY 

Linclrhy Error 01 + 25"C 
CD. =114 :t1/2 .:tIl2 :t112 LS&l 

ceo =118 ::til. :t1l4 :!: 1/4 LSD 
T,,(i, Tl'llin1OT ....... ::114 ::tll2 ::!: 114 :!:Jl2 :!:1/2 :t1l2 LSD 

Differential Linearity Error (I, + 25"C 

CD' =112 ::3/4 :!:IIZ =112 LSD 
ceo :!:l/4 :t1/2 :112 :t1f2 LSD 
TII(i1 T ... lnlOT ...... o. o. o. LSD 

Gain Error :to.1 ::!:0.3 ::to.1 :0.1 %FSR3 

Off SCI Error :to.OS =0.15 :0.05 ::0.05 %FSR1 

Temperature RanseforGuUllllCcd 
Monotonicity +70 +70 -25 +85 'C 

DRIFT (T llIin toT 1M.) 

ToW Bipolll' Drift, mu(includelpin, 
offset •• ndlincarilydrifts) 020 ppmofFSRrC 

Total Error(TmLntoTIIIII.)· 

Unipollir :!::0.08 :to.1S %ofFSR 

Bipolar :!::O.06 :0.10 %o[FSR 

o.m 
Includina Inwnal Rcferen« :tIS 03. 020 020 ppmofFSRI"C 
Exc:ludiDa Intetnld Rcfemlcc 05 ~7 :!:lO ::10 ppmofFSRI"C 

UnipolarOfl'act o. 03 o. o. ppmofFSRt"C 

BipolarOfJaet 05 :t10 ::t1O ::tIO ppmofFSIVC 

CONVERSION SPEED 
VoltqeModeI(V)' 

SenlinlTimeto ±O.Ol'%ofFSRfor 
FSR, ...... (2k1l11SOOpFIo .. ) 

wilh 10kflFcedbaclc .. 
wiEh SkOFeedbKk 3 .. 

ForLSBChange 1.5 1.5 I.S .. 
Slew Rate •• IS 20 20 VI .. 

CurrentModel(l) 
SettlilllTimcto:!: O.OI%ofFSR 

for FSRChangc IOto lOOOLoad 300 300 300 

forlkOLoad .. 
ANALOGOUTPVT 

VoltageMode!a 
Ranges-CBI ::2.5,±5, ::!:IO, :!:2.5,:!:S. =10, :2.5, :t5. :!:10, V 

+5. +10 +5, +10 +5, +10 

-ceo ::10 + •• + •• V 
OutputCurrcnt 05 05 05 mA 
Output Impedance (dc) 0.65 0.05 0.05 n 
Shan Circuit Duration Indefinite IOCommon IndcfmitetoCommon IndefmitetoCommon 

Current Models 
Ranges- Unipolar -2.0 -2.0 -2.0 rnA 

-Bipolar :!:1.0 :1.0 ±1.0 rnA 
Output Impedance-Bipolar 3.2 3.2 3.2 kO 

-Unipolar 6.6 6.6 6.6 kO 

Compliance: -1.5, +10 -2.5. +10 -2.5, +10 V 

Internal Rcfcrcncc Volc.sc (VII.) +6.11 +6.3 +6.43 +6.11 +6.3 +6.43 ··106.17 +6.3 +6.43 V 
Output Impedance 1.5 1.5 1.5 n 

Max ExternliCurrent' +2.5 +2.5 +2.5 mA 
TempcoofDrifc zlO 020 :!:lO :t20 ::tIO ±20 ppmofVkrc 

POWER SUPPLY SENsmVITY 
::!:JSV:!: 100000,SVsupplywbenapplic:able ±0.002 ±0.002 :to.D02 %ofFSRI%Vs 

POWERSUPPLYREQUIRIlMENTS 
RaI<dV_ :tIS,S ::15.5 :t15,5 V ...... 

AnaIos Supplies ~'4 ::!:16 ;!;;1".5 ;!;;IS.5 ;!;;14.S ±lS.S V 

LoskSupplics +4.5 +.6 +4.5 +15.5 +4.5 +15.5 V 

Supply Drain7 

+15V •• 2. 15 20 15 20 mA 

-15V 20 35 25 30 25 30 mA 

+SV' 8 20 15 20 15 20 mA 

TEMPERATURE RANGE 
Specif'ICIUon • +70 • +70 -2S +85 'C 
Opcntina: -25 +8S -25 +85 -55 +US 'C 

S ..... -55 +.30 -65 +.so -65 +150 'C 

NOTES 
ILeut Sipd6cant Bit. 'Cp ... O, see FiBUre la. 
2Adjumhle to zero with external trim. potentiometer. 6Muimum with DO depadation of Ipeciflcation, must be a constant load. 
JpsR meaDI "Full Scale Ranae" and il20V for the :!: 10V J'aDIC and IOV for the ± SV l'UIF. """_SmA ..... 
"Gain aDd oJIicr erron adjusted 10 zero at + 25OC. • + 5V supply requiml only for CCO venionl. 

Specifications subject to chaDJe: without aotic:c. 
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ADDAcaO/AD DAC85/AD DACa7 -SPECIFICATIONS (1, = +25"1:, rated power 
supplies unless otherwise notad.) 

M ..... ADDACSSLD ADDAC8SMIL ADDAC87 - Typ .... - Typ .... - Tn> .... Vnita 

TECHNOLOGY Hybrid Hybrid Hybrid 

DIGITAL INPUT 
Binary-CDI 12 12 .2 Bits 

BCD-CCD Digits 

Logic Lcvels(ITLCompatible) 
VIH(Logic"''') +2.0 +5.5 +2.0 +S.s +2.0 +5.5 V 

Vn.(Logic"O") • +0,8 +0.8 • +0.8 V 

IIH(VIH = S.5V) +250 +250 +250 .A 
In.(Vu. = O.8V) -'00 -'00 -'00 .A 

TRANSFER CHARACTERISTICS 
ACCURACY 

LinearityErrortj/ +Z5"C 
CD. ::tI/Z ::tll2 :t1l4 :t1l2 LSD' 

CCD LSD 

TA(jf TmlntoTmlx ::t1l2 ::!:3/4 ::t3/4 LSD 
Differential Linearity Error 41, + 250C 

CD. ::tIl2 :!:112 :t1l2 LSD 

CCD LSD 

TAW' TmlntoT ..... •• •• •• LSD 

Gain Error ::to.1 ::to.1 :to.1 ::to.2 %FSR3 

Offset Error ::to.OS ::to.OS :to.OS ::to.1 %FSR3 

Temperature Range for Guaranteed 
Monotonic.ity -25 +8l -55 +125 -55 +125 "C 

DRlFT(TmintoTma.) 
Total Bipolar Drift, max{includesgain, 

offset, and linearity drifts) ::tIS ". ppmofFSRfOC 
Total Error(Tmin to T ....... )4 

Unipolar ::!:O.13 :to.30 %ofFSR 
Bipolar ±O.12 :to.24 %ofFSR 

Gain 
Including Internal Reference ::!:IO .20 ::!:IO 25 ppmofFSRI"C 
Excluding Internal Reference • 5 •• ppmofFSRFC 

UnipolarOffstt •• • 2 •• 3 ppmofFSRrC 
Bipolar Offset .5 :t:lO .5 •• ppmofFSRrC 

CONVERSION SPEED 
VoltageModel(V)s 

SenlingTimeto ::!:O.OI%ofFSRfor 
FSR_<2kIlIiSOOpFlood) 

with IOknFeedback .. 
with SkOFeedback .. 

For LSBChange I., I.S I.S .. 
Slew Rate 2. 2. 2. VI",s 

Current Model (I) 
Settling Time to ::!:O.OI%ofFSR 

for FSR Change 10 to lOOn Load 300 300 300 
for IIdlLoad .' ANALOG OUTPUT 

Voltage Models 
.......,.-CD. ::!:2.5, ::!:5, ::!:IO, ::2.5, :!:5, ±IO, ±2.5, :±5, :tIO, V 

+5, +10 +5, +10 +5,+10 
-CCO V 

Output Current .5 ., .5 mA 
Output Impedance{dc) •• OS 0.05 0.05 n 
Short Circuit Duration Indefinite to Common IndefinitetoCommon Indefinite to Common 

Current Models 
Ranges- Unipolar -2.0 -2.0 -2.0 mA 

-Bipolar ::!:1.0 ::!:1.0 ::!:1.0 mA 
Output Impedance- Bipolar 3.2 3.2 2.5 3.2 4.' kIl 

-Unipolar 6.6 6.6 5 .• 6.6 '.2 kIl 
Compliance -2.5, +10 -2.5, +10 -1.5, +10 V 

Internal Reference Voltage (V ~ +6.17 +6.3 +6.43 +6.17 +6.3 +6.43 +6.17 +6.3 +6.43 V 
Output Impedance 1.5 I.S I.' n 

Max Elaernal Curren~ +2.S +2.5 +2.5 mA 
TempcoofDrift ::!:10 20 •• 2. ., •• ppmofV.FC 

POWER SUPPLY SENSITIVITY 
::!:lSV ± IO%,5Vsupplywher.applicable ::!:0.002 ±0.OO2 ::0.002 ::!:0.003 %ofFSRI%Vs 

POWER SUPPLY REQUIREMENTS 
RattdVoltages :t15,5 ±15,5 ::!:15,5 V ...... 

Analog Supplies :I:: 14.S :!:ts.S :!:14.S :!:15.S :!:13.5 ±16.S V 

LogicSupplics +4.5 +15.S +4.5 +15.5 +4.5 +16.5 V 

SUpply Drain? 
+15V 15 20 .S 2. •• 2. mA 
-15V 25 30 2' 30 20 " mA 

+5V' 15 20 15 2. 10 2. mA 

TEMPERATURE RANGE 
Specification -" +8S -" +125 -55 +125 "C 
Opm.ting -55 +125 -55 +I" -SS +125 "C 
S"""", -55 +125 -" +120 -6S +.SO "C 

NOTES 
lLeast Signifu:ant Bit. SCF = 0, see Figure lao 
2Adjustable to zero with external aim potentiometer. 'Maximum with no degradation of specifICation, mUll be. constant load. 
)FSR means "Full Scale Ranse" and is 20V COl' the ± 10V range and IOV for the ::!: 5V taDJe. 7Including SmA load. 
4Gain and offset errors adjusted to zero at + 25"C. ' 1+ SV supply required only Cor CCD versions. 

Specificltions .ubject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 

+ v s to Power Ground ... . . . . . 
- V s to Power Ground . . . . . . . . 
Digital Inputs (Pins 1 to 12) to Power Ground 

-Ne - CBI VERSIONS 
+5V - CCD VERSIONS 

OV to + 18V 
OV to -18V 

-l.OV to 
+7V 

Voltage Model Functional Diagram and Pin Configuration 

AD DAC8D/AD DAC85/AD DAC87 

Ref In to Reference Ground . . . . . ± 12V 
Bipolar Offset to Reference Ground. ± 12V 
lOY Span R to Reference Ground . . ± 12V 
20V Span R to Reference Ground . . ± 24V 
Ref Out . . . . . . . Indefinite short to power ground or + V s 

-NC _ CBI VERSIONS 
+5V - CCD VERSIONS 

Current Model Functional Diagram and Pin Configuration 

ORDERING GUIDE 

Input Output Temperature Linearity Package 
Model Code Mode Technology Range Error Option· 

ADDAC80N-CBI-V Binary Voltage Monolithic Oto +70°C ±1I2LSB N-24 
AD DAC80D-CBI-V Binary Voltage Monolithic Oto +70°C ±1I2LSB D-24 

ADDAC85D-CBI-V Binary Voltage Monolithic - 25°C to + 85°C ±1I2LSB D-24 

ADDAC87D-CBI-V Binary Voltage Monolithic - 55°C to + 12SoC ± 1I2LSB D-24 

ADDAC80-CBI-V Binary Voltage Hybrid Oto +70°C ±1I2LSB DH-24A 
AD DAC80-CBI-I Binary Current Hybrid Oto +70°C ±1I2LSB DH-24A 
AD DAC80-CCD-V Binary Coded Decimal Voltage Hybrid Oto +70°C ±1I4LSB DH-24A 
AD DAC80-CCD-I Binary Coded Decimal Current Hybrid Oto +70°C ±1I4LSB DH-24A 
AD DAC80Z-CBI-V·* Binary Voltage Hybrid Oto +70°C ±1I2LSB DH-24A 
AD DAC80Z-CBI-I·* Binary Current Hybrid Oto +70°C ± 1I2LSB DH-24A 
AD DAC80Z-CCD-V** Binary Coded Decimal Voltage Hybrid Oto +70°C ±1I4LSB DH-24A 
AD DAC80Z-CCD-I** Binary Coded Decimal Current Hybrid Oto +70°C ±1I4LSB DH-24A 

AD DAC85C-CBI-V Binary Voltage Hybrid Oto +70°C ± 1I2LSB DH-24A 
AD DAC85C-CBI-I Binary Current Hybrid Oto +700C ±1I2LSB DH-24A 
AD DAC85-CBI-V Binary Voltage Hybrid - 25°C to + 85°C ±1I2LSB DH-24A 
AD DAC85-CBI-I Binary Current Hybrid - 25°C to + 85°C ±1I2LSB DH-24A 
AD DAC85LD-CBI-V Binary Voltage Hybrid - 25°C to + 850C ±1I2LSB DH-24A 
AD DAC85LD-CBI-I Binary Current Hybrid - 25°C to + 85°C ±1I2LSB DH-24A 
AD DAC85MIL-CBI-V Binary Voltage Hybrid - 55°C to + 12SoC ±1I2LSB DH-24A 
AD DAC85MIL-CBI-I Binary Current Hybrid - 55°C to + 125°C ±1I2LSB DH-24A 
AD DAC85C-CCD-V Binary Coded Decimal Voltage Hybrid Oto +70°C ±1I4LSB DH-24A 
AD DAC85C-CCD-I Binary Coded Decimal Current Hybrid Oto +70°C ±1I4LSB DH-24A 
AD DAC85-CCD-V Binary Coded Decimal Voltage Hybrid - 25°C to + 85°C ±1I4LSB DH-24A 
AD DAC8S-CCD-I Binary Coded Decimal Current Hybrid -25°Cto + 85°C ±1I4LSB DH-24A 

AD DAC87-CBI-V Binary Voltage Hybrid - 55°C to + 12SoC ±1I2LSB DH-24A 
AD DAC87-CBI-I Binary Current Hybrid - 55°C to + 125°C ± 1I2LSB DH-24A 

"For outline information see Package Information section. 

""Z-SufflX devices guarantee performance of 0 to +5Vand ±5V spans with minimum supply voltages of ± lIAV. 
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AD DAC8D/AD DAC85/AD DAC87 
DIGITAL INPUT CODES 
The AD DAC80 Series accepts complementary digital input 
code in binary (CBI) format. The CBI model may be connected 
by the user for anyone of three complementary codes: CSB, 
COB or CTC. 

Table I. Digital Input Codes 

Digital Input Analog output 

CSBCompl. COBCompl. CTC*Compl. 
MSB LSB Straight Bioary Offset Binary Two's Compl. 

000000000000 + Full Scale + Full Scale -ILSB 
o I II I 11111 II + 112 Full Scale Zero -Full Scale 
100000000000 Mid·Scale -ILSB + Full Scale 
111111111111 Zero -Full Scale Zero 

·Invert the MSB of the COB COdeW1th an external inverter toobtain eTC code. 

ACCURACY 
Accuracy error of a DI A converter is the difference between the 
analog output that is expected when a given digital code is applied 
and the output that is actually measured with that code applied 
to the converter. Accuracy error can be caused by gain error, 
zero error, linearity error, or any combination of the three. Of 
these three specifications, the linearity error specification is the 
most important since it cannot be corrected. Linearity error is 
specified over its entire temperature range. This means that the 
analog output will not vary by more than its maximum specifi
cation, from an ideal straight line drawn between the end points 
(inputs all "1"s and all "O"s) over the specified temperature 
range. 

Differential linearity error of a DI A converter is the deviation 
from an ideal lLSB voltage change from one adjacent output 
state to the next. A differential linearity error specification of 
± 1I2LSB means that the output voltage step sizes can range 
from 1I2LSB to 1 1I2LSB when the input changes from one 
adjacent input state to the next. 

DRIFT 
Gain Drift is a measure of the change in the full scale range 
output over temperature expressed in parts per million of full 
scale range per °C (ppm of FSRf'C). Gain drift is established 
by: 1) testing the end point differences for each AD DAC80 
model at the lowest operating temperature, + 25°C and the 
highest operating temperature; 2) calculating the gain error with 
respect to the + 25°C value and; 3) dividing by the temperature 
change. 

Offset Drift is a measure of the actual change in output with all 
"1 "s on the input over the specified temperature range. The 
maximum change in offset is referenced to the offset at + 25°C 
and is divided by the temperature range. This drift is expressed 
in parts per million of full scale range per °C (ppm of FSRf'C). 

SETTLING TIME 
Settling time for each model is the total time (including slew 
time) required for the output to settle within an error band 
around its fmal value after a change in input. 

Voltage Output Models. Three settling times are specified to 
±0.01% offull scale range (FSR); two for maximum full scale 
range changes of 20V, 10V and one for a lLSB change. The 
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lLSB change is measured at the major carry (0 1 1 1 ... 1 I to 
1 0 0 0 ... 0 0), the point at which the worst case settling time 
occurs. The settling time characteristic depends on the compen
sation capacitor selected, the optimum value is 25pF as shown 
in Figure la. 

Current Output Models. Two settling times are specified to ± 0.01 % 
of FSR. Each is given for current models connected with two 
different resistive loads: 10 to 100 ohms and 1000 to 1875 ohms. 
Internal resistors are provided for connecting nominal load 
resistances of approximately 1000 to 1800 ohms for output voltage 
ranges of ± IV and 0 to -2V. 

Figure 1a. Voltage Model Settiing Time Circuit 

Figure 1b. Voltage Model Settling Time CF = 25pF 

POWER SUPPLY SENSITIVITY 
Power supply sensitivity is a measure of the effect of a power 
supply change on the DI A converter output. It is defined as a 
per cent of FSR per per cent of change in either the positive or 
negative supplies about the nominal power supply voltages. 

REFERENCE SUPPLY 
All models are supplied with an internal 6.3 volt reference voltage 
supply. This voltage (pin 24) is accurate to ± 1% and must be 
connected to the Reference Input (pin 16) for specified operation. 
This reference may also be used externally with external current 
drain limited to 2.5mA. An external buffer amplifier is recom
mended if this reference is to be used to drive other system 
components. Otherwise, variations in the load driven by the 
reference will result in gain variations. All gain adjustments 
should be made under constant load conditions. 
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Performance Over Temperature - AD DAC8D/AD DAC85/AD DAC87 
ANALYZING DEVICE ACCURACY OVER THE 
TEMPERATURE RANGE 
For the purposes of temperature drift analysis, the major device 
components are shown in Figure 2. The reference element and 
buffer amplifier drifts are combined to give the total reference 
temperature coefficient. The input reference current to the 
DAC, lREF, is developed from the internal reference and will 
show the same drift rate as the reference voltage. The DAC 
output current, IoAc, which is a function of the digital input 
codes, is designed to track lREF; if there is a slight mismatch in 
these currents over temperature, it will contribute to the gain 
T. C. The bipolar offset resistor, RBP, and gain setting resistor, 
RGA1N, also have temperature coefficients which contribute to 
system drift errors. The input offset voltage drift of the output 
amplifier, OA, also contributes a small error. 

There are three types of drift errors over temperature: offset, 
gain, and linearity. Offset drift causes a vertical translation of 
the entire transfer curve; gain drift is a change in the slope of 
the curve; and linearity drift represents a change in the shape of 
the curve. The combination of these three drifts results in the 
complete specification for total error over temperature. 

Total error is defmed as the deviation from a true straight line 
transfer characteristic from exactly zero at a digital input which 
calls for zero output to a point which is defined as full scale. A 
specification for total error over temperature assumes that both 
the zero and full scale points have been trimmed for zero error 
at + 25°C. Total error is normally expressed a percentage of the 
full scale range. In the bipolar situation, this means the total 
range from - Vps to + Vps. 

Several new design concepts not previously used in DAC80-type 
devices contribute to a reduction in all the error factors over 
temperature. The incorporation of low temperature coefficient 
silicon-chromium thin-ftlm resistors deposited on a single chip, 
a patented, fully differential, emitter weighted, precision current 
steering cell structure, and a T.C. trimmed buried zener diode 
reference element results in superior wide temperature range 
performance. The gain setting resistors and bipolar offset resistor 
are also fabricated on the chip with the same SiCr material as 
the ladder network, resulting in low gain and offset drift. 

+15V 

Figure 2. Bipolar Configuration 
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MONOTONICITY AND LINEARITY 
The initial linearity error of ± 1I2LSB max and the differential 
linearity error of ± 3/4LSB max guarantee monotonic performance 
over the specified range. It can, therefore, be assumed that 
linearity errors are insignificant in computation of total temperature 
errors. 

UNIPOLAR ERRORS 
Temperature error analysis in the unipolar mode is straightforward: 
there is an offset drift and a gain drift. The offset drift (which 
comes from leakage currents and drift in the output amplifier 
(OA)) causes a linear shift in the transfer curve as shown in 
Figure 3. The gain drift causes a change in the slope of the 
curve and results from reference drift, DAC drift, and drift in 
RuAlN relative to the DAC resistors. 

BIPOLAR RANGE ERRORS 
The analysis is slightly more complex in the bipolar mode. In 
this mode RBP is connected to the summing node of the output 
amplifier (see Figure 2) to generate a current which, exactly 
balances the current of the MSB so that the output voltage is 
zero with only the MSB on. 

Note that if the DAC and application resistors track perfectly, 
the bipolar offset drift will be zero even if the reference drifts. 
A change in the reference voltage, which causes a shift in the 
bipolar offset, will also cause an equivalent change in IREP and 
thus IOAc, so that IoAc will always be exactly balanced by IBP 
with the MSB turned on. This effect is shown in Figure 3. The 
net effect of the reference drift then is simply to cause a rotation 
in the transfer around bipolar zero. However, consideration of 
second order effects (which are often overlooked) reveals the 
errors in the bipolar mode. The unipolar offset drifts discussed 
before will have the same effect on the bipolar offset. A mismatch 
of RBP to the DAC resistors is usually the largest component of 
bipolar drift, but in the AD DAC80 this error is held to IOppmrc 
max. Gain drift in the DAC also contributes to bipolar offset 
drift, as well as full scale drift, but again is held to IOppm/"C 
max. 

UNIPOLAR INPUT ~ 

t 
!; ---- GAIN SHIFT 

§ ~--~~~---------------

BIPOLAR (IDEAL CASE) 

Figure 3. Unipolar and Bipolar Drifts 
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AD DAC80/ADDAC85/AD ;DAC87 

Using the AD DAC8D Series 
POWER SUPPLY CONNECTIONS 
For optimum performance power s,!-pply decoupJing capacitors 
should be added as shown in the c01l1l,ection diagrams. These 
capacitors (l jl.F electrolytic recommended) should be located 
close to the AD DAC80. Electrolytic capacitors, if used, should 
be paralleled with O.OlIJoF ceramic capacitors for optimum high 
frequency performance. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 
Offset and gain may be trimrned by ins~lling external OFF
SET and. GAIN potentiometers. These potentiometers should be 
co1l1l,ected as shown in the block diagrams and adjusted as described 
below. TCR of the potentiometers should be l00ppml"C or less. 
The 3.9MO and 10MO resistors (20% carbon or better) should 
be located close to the AD DAC80 to prevent noise pickup. If it 

+Vs 

-lis 

"-+_..-_-<>+Vs 

j.--_--oO-vs 

Figure 4. External Adjustment and Voltage Supply 
Connection Diagram, Current Model 

IOMn 
-.-.0 

3.aMn -

is not convenient to use these high-value resistors, a functionally 
equivalent "T" network, as shown in Figure 6 may be substituted 
in each case. The gain adjust (pin 23) is a high impedance point 
and a O.OIIJoF ceramic capacitor should be connected from this 
pin to common to prevent noise pickup. 

Offset Adjustment; For unipolar (CSB) configurations, apply the 
digital input code that should produce zero potential output and 
adjust the OFFSET potentiometer for zero output. For bipolar 
(COB, CTC) configurations, apply the digital input code that 
should produce the maximum negative output voltage. Example: 
If the FULL SCALE RANGE is connected for 20 volts, the 
maximum negative output voltage is -10V. See Table II for 
corresponding codes. 

Gain Adjustment. For clther unipolar or bipolar configurations, 
apply the digital input that should give tile maximum positive 
voltage output. Adjust the GAIN potentiometer for this positive 
full scale voltage. See Table II for positive full scale voltages. 

'--_..-..... oO+vs 

I---..---<>-v, 

Figure 5. External Adjustment and Voltage Supply 
Connection Diagram, Voltage Model 

270IcSl 27lIkn -r
=·~l: 

Figure 6. Equivalent Resistances 

Table II. Digital Input/Analog Output 

Digital Input Analog Output 

12 Bit Resolution Voltage* Current 

MSB LSB Oto +lOV :tolOV Oto-2mA 

000000000000 +9.9976V +9.99S1V -l.999SmA 
011111111111 +S.OOOOV O.OOOOV -l.OOOOmA 
100000000000 +4.9976V 4.88mV -0.999SmA 
I 11 1 1 I 1 1 1 11 1 O.OOOOV -10.0000V O.OOOOmA 
lLSB 2.44mV -0.0049V 0.4881JoA 

*To obtain values for other binary ranges 0 to + SV range: divide 0 to + 10 values by 2; 
±SVrange:divide ± 10V range values by 2; ±2.SVrange: divide ± 10V range values by 4. 
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±lmA 

-O.999SmA 
O.OOOOmA 
+O.OOOSmA 
-l.OOmA 
0.4881JoA 
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Applying the AD DAC80/AD DAC85/AD DAC87 
VOLTAGE OUTPUT MODELS 
Internal scaling resistors provided in the AD DAC80 may be 
connected to produce bipolar output voltage ranges of ± 10, ± 5 
or ± 2. 5V or unipolar output voltage ranges of 0 to + 5 or 0 to 
+ 10V (see Figure 7). 

REF 
INPUT 

~'. _ ___ ..... ---....... 6.31dl_------,r.:1 BIPOLAR 
CONT~LR~rRCUIT" ...... i.!!J OFFSET 

FROM WEIGHTED 

SUMMING 
JUNCTION 

~COM 

RESISTOR --..... - __ - .... - ...... _--1 
NETWORK ~ 

OUTPUT 

Figure 7. Output Amplifier Voltage Range 
Scaling Circuit 

Gain and offset drift are minimized in the AD DAC80 because 
of the thermal tracking of the scaling resistors with other device 
components. Connections for various output voltage ranges are 
shown in Table III. Settling time is specified for a full scale 
range change: 4 microseconds for a 10kn feedback resistor; 3 
microseconds for a 5kn feedback resistor when using the com
pensation capacitor shown in Figure 1. 

The equivalent resistive scaling network and output circuit of 
the current model are shown in Figures 8 and 9. External RLS 
resistors are required to produce exactly 0 to - 2V or ± 1 V 
output. TCR of these resistors should be ± l00ppml"C or less to 
maintain the AD DAC80 output specifications. If exact output 
ranges are not required, the external resistors are not needed. 

[

TO REF CONTROL CIRCUIT 

r::1 6.3k0 r.:;'l 
REF IN 12!Jf-.... - .... VtA ~ 

Figure 8. Internal Scaling Resistors 

Internal resistors are provided to scale an external op amp or to 
configure a resistive load to offer two output voltage ranges of 
± IV or 0 to -2V. These resistors (RLl: TCR = 20ppmI"C) are 
an integral part of the AD DAC80 and maintain gain imd bipolar 
offset drift specifications. If the internal resistors are not used, 
external RL (or RF) resistors should have a TCR of ±~5ppml"C 
or less to minimize drift. This will typically add ± 50ppml"C + 
the TCR of RL (or RF) to the total drift. 

17 a.3ka 
BIPOLAR OFfSE T 

16 1 TO REF 
CONTROL REFERENCE INPUT 
CIRCUIT 

16 

q ~ o TO'2mA ! 6.6kO 
21 ~MMON -

V B.3V 

i' 24 REFERENCE OUT 

Figure 9. AD DACBO Current Model Equivalent 
Output Circuit 

Table III. Output Voltage Range Connections-Voltage Mode/AD DAC80 

Output Digital Connect Connect Connect Connect 
Range Input Codes Pin 15 to Pin 17 to Pin 19 to Pin16to 

±10V COB or CTC 19 20 15 24 
±5V COBorCTC 18 20 N.C. 24 
±2.5V COBorCTC 18 20 20 24 
Oto +10V CSB 18 21 N.C. 24 
Oto +5V CSB 18 21 20 24 
Oto +10V CCD 19 N.C. 15 24 

Table IV. Current Model/Resistive Load Connections 

1% 
Metal Film RLl Connections Reference Bipolar Offset 

Internal Extema! 
Digital Output Resistance Resistance Connect Connect Connect Connect Connect 
Input Codes Range RLl RLS Pin 15 to Pin 18 to Pin 20 to Pin 16 to Pin 17 to RLS 

CSB Oto -2V 0.968kO 2100 20 19&RLs 15 24 Com (21) Between 
Pin18& 
Com (21) 

COBorCTC ±IV 1.2kO 2490 18 19 RLS 24 15 Between 
Pin20& 
Com (21) 

CCD Oto ±2V 3kn N/A N.C. 21 N.C. 24 N.C. NIA 
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AD DAC80/AD'DAC85/AD DAC87 
DRMNG A RESISTIVE LOAD UNIPOLAR 
A load resistance, RL = Ru , + RLS, Connected as shown in 
Figure 10 will generate a voltage range, VOUT, determined by: 

( 6.6k x RL) 
VOUT = -2mA 6.6k+ RL 

Where RL max = l.S4kO 

and VOUT max = -2.SV 

To achieve specified drift, connect the interDal scaling resistor 
(Ru) as shown in Table IV to an exteri1al metal film trim resistor 
(RLS) to provide full scale output voltage range of 0 to - 2V. 
With RLS= 0, VOUT = -i.69V. 

'I 

(~DTO ~~ 18 flu 

2mA 1.1kn 
2' COMMON I ~ CURRENT CONTROLLEO 

+ 

BY DIGITAL INPUT 

Figure 10. Equivalent Circuit AD DACBO-CBI-I 
Connected for Unipolar Voltage Output with 
Resistive Load 

DRMNG A RESISTOR LOAD BIPOLAR 
The equivalent output circuit for a bipolar output voltage range 
is shown in Figure 11, RL = Ru + Ru. VOUT is determined 
by: 

( RL x 3.22k) 
VOUT = :!: lmA RL + 3.22k 

WhereRLmax = 1l.ISkO 

and VOUT max = :!:2.5V 

To achieve specified drift, connect the internal scaling resistors 
(Ru) as shown in Table IV for the COB or CTC codes and add 
an external metal film resistor (Rw in series to obtain a full 
scale output range of :!: IV. In 'thisconfiguration, with RLS 
equal to zero, the full scale range will be :!:O.874V. 

DRMNG AN EXTERNAL OP AMP 
The current model AD DACSO will drive the summing junction 
of an op amp used as a current to voltage converter to produce 
an. output voltage. As seen in Figure 12, 

VOUT = loUT X Rp 

where lOUT is the AD DACSO output current and Rp is the 
feedback resistor. Using the internal feedback resistors of the 
current model AD DACSO provides output voltage ranges the 

'I tRLI 
~ t>-'mA 

,.an 20 Au 

" 
, 322~ 1 

CURRENT CONtROLLED 
21 COMMON 

BY DIGITAL INPUT 

+ 
OUT 

Figure 11. AD DACBO-CBI-I Connected for Bipolar 
Output Voltage with Resistive Load 

same as the voltage model AD DACSO. To obtain the desired 
output voltage range when connecting an external op amp, refer 
to Table V and Figure 12. . 

, 
19 20VRANGE 

~CSI 
. 

18 . 
L 6k1l 

lC1VRANGE 
16 
~ 

( DOTo'2rnA fa8kO 
21 r ~&09KH. VOUT 

... 
·FOR FAST SETTLING TIMES 

Figure 12. External Op AmfrUsing Internal 
Feedback Resistors 

OUTPUT LARGER THAN 20V RANGE 
For output voltage ranges larger than :!: 10 volts, a high voltage 
op amp may be employed with an external feedback resistor. 
Use lOUT values of :!: ImA for bipolar voltage ranges and - 2mA 
for unipolar voltage ranges (see Figure 13). Use protection diodes 
when a high voltage op amp is used. 

The feedback resistor, Rp, should have a temperature coefficient 
as low as possible .. Using an external feedback resistor, overall 
drift of the circuit increases due to the lack of temperature 
tracking between Rp and the internal scaling resistor network. 
This will typically add SOppmfC + Rp drift to total drift. 

·FOR OUTPUT VOLTAGE SWINGS UP TO 140V p-p. 

Figure 13. External Op AmfrUsing 
External Feedback Resistors 

Table V. External Op Amp Voltage Mode Connections 

Output Digital Connect Connect Connect Connect 
Range Input Codes Ato Pin 17 to Pin 19 to Pinl6to 

:!:IOV COB or CTC 19 IS A 24 
:!:SV COBorCTC 18 IS N.C. 24 
:!:2.SV COBorCTC IS IS IS 24 
Oto +IOV CSB 18 21 N.C. 24 
Oto +5" CSB 18 21 IS 24 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
80 MHz Pipelined Operation 
Triple 8-Bit D/A Converters 
RS-343A/RS-110 Compatible Outputs 
TTL Compatible Inputs 
+5 V CMOS Monolithic Construction 
4G-Pin DIP or 44-Pin PLCC Package 
Plug-In Replacement for BT101 
Power Dissipation: 400 mW 

APPUCATIONS 
High Resolution Color Graphics 
CAE/CAD/CAM Applications 
Image Processing 
Instrumentation 
Video Signal Reconstruction 
Desktop Publishing 

SPEED GRADES 
BOMHz 
so MHz 
30 MHz 

GENERAL DESCRIPTION 
The ADVIOI (ADVGP) is a digital-to-analog video converter on a 
single monolithic chip. The part is specifically designed for high 
resolution color graphics and video systems. It consists of three, 
high speed, 8-bit, video D/A converters (RGB); a standard TTL 
input interface and high impedance, analog output, current 
sources. 

The ADVlOl has three separate, 8-bit, pixel input ports, one 
each for red, green and blue video data. Additional video input 
controls on the part include sync, blank and reference white. A 
single + S V supply, an external 1.23 V reference and pixel clock 
input are all that are required to make the part operational. 

The ADVIOI is capable of generating RGB video output signals, 
which are compatible with RS-343A and RS-170 video stan
dards, without requiring external buffering. 

The ADVIOI is fabricated in a +S V CMOS process. Its mono
lithic CMOS construction ensures greater functionality with low 
power dissipation. The part is packaged in both a 0.6", 4O-pin 
plastic DIP and a 44-pin plastic leaded (J -lead) chip carrier, 
PLCC. 

ADV is a registered trademark of Analot! Devices Inc. 
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CMOS 
80 MHz, Triple 8-Bit Video DAC 

ADV10l I 
FUNCTIONAL BLOCK DIAGRAM 

FS 
VAA ADJUST VREF 

CLOCK 

RO 

R7 

PIXEL GO 
INPUT 
PORT G7 

so 
B7 

REFWHtTE 

BLANK 

SYNC 

GND 

PRODUCT IDGHUGHTS 
1. Fast video refresh rate, 80 MHz. 

2. Compatible with a wide variety of high resolution color 
graphics video systems. 

COMP 

lOR 

lOG 

lOB 

ISYNC 

3. Guaranteed monotonic with a maximum differential non
linearity of ±OS LSB. Integral nonlinearity is guaranteed to 
be a maximum of ± I LSB. 
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(VAl = +5 V :t 5%; VREF = +1.235 V; RL = 37.50, CL = 10 pF; RSET = 
ADVl 01-SPECIFICATIONS ::~.ISYNC connected to lOG. All Specifications Tm1n to Tmax1 unless otherwise 

Parameter All Versions 

STATIC PERFORMANCE 
Resolution (Each DAC) S 
Accuracy (Each DAC) 

Integral Nonlinearity, INL ±1 
Differential Nonlinearity, DNL ±0.5 
Gray Scale Error ±5 

Coding Binary 

DIGITAL INPUTS 
Input High Voltage, VINH 2 
Input Low Voltage, VINL O.S 
Input Current, lIN ±1 
Input Capacitance, CIN2 10 

ANALOG OUTPUTS 
Gray Scale Current Range 15 

22 
Output Current 

White Level Relative to Blank 17.69 
20.40 

White Level Relative to Black 16.74 
IS.50 

Black Level Relative to Blank 0.95 
1.90 

Blank Level on lOR, lOB 0 
50 

Blank Level on lOG 6.29 
9.5 

Sync Level on lOG 0 
50 

LSB Size 69.1 
DAC to DAC Matching 2 
Output Compliance, V oc -1 

+1.4 
Output Impedance, ROUT 2 100 
Output Capacitance, Coui 30 

VOLTAGE REFERENCE 
Voltage Reference Range, VRBP 1.14/1.26 
Input Current, IVRBP +10 

POWER REQUIREMENTS 
VAA 5 
lAA 125 

100 
Power Supply Rejection Ratio 0.5 
Power Dissipation 625 

500 

DYNAMIC PERFORMANCE 
Glitch Impulse2• 3 50 
DAC Noise2, 3, 4 200 
Analog Output Skew 2 

NOTES 
'Temperature Range (T ..... to T ~,.); 0 to + 70"<:. 
'Sample tested at + 25"<: to ensure compliance. 

Units Test Conditions/Comments 

Bits 

LSBmax 
LSBmax Guaranteed Monotonic 
% Gray Scale max Max Gray Scale Current: lOG = <VREP* 12,OS2IRsET) mA 

lOR, lOB = (VREP* S,627IRsBT) mA 

V min 
V max 
jJ.Amax VIN = 0.4 V or 2.4 V 
pFmax 

mAmin 
mAmax 

mAmin Typically 19.05 mA 
mAmax 
mAmin Typically 17.62 mA 
mAmax 
mAmin Typically 1.44 mA 
mAmax 
~min Typically 5 jJ.A 
~max 
mAmin Typically 7.62 mA 
mAmax 
~min Typically 5 jJ.A 
~max 
~typ 
% typ 
V min 
V max 
kOtyp 
pFmax lOUT = OmA 

VminlVmax VRBP = 1.235 V for Specified Performance 
jJ.A typ 

V nom 
mAmax Typically SO mA: SO MHz Parts 
mAmax Typically 70 mA: 50 MHz & 35 MHz Parts 
%1% max Typically 0.12%1%: f = 1 kHz, COMP = 0.1 jJ.F 
mWmax Typically 400 mW: SO MHz Parts 
mWmax Typically 350 mW: SO MHz & 30 MHz Parts 

pV sees typ 
pV sees typ 
nsmax Typically 1 ns 

'TTL input values are 0 to 3 volts, with input rise/fall times ,,;3 ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. See timing nOtes in Figure 1. 

'This includes effects due to clock and data feedthrongh as well as RGB analog crosstalk. 
Specifications subject to change without notice. 
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ADV10l 

TIMING CHARACTERISTICSl (VAA = +5 V ± 5%; YREF = +1.235 V; RL = 31.50, CL = 10 pF; RSET = 560 O. 
ISYNC connected to lOG. All Specifications T min to T m./ unless otherwise noted.) 

Parameter 80 MHz Version SO MHz Version 30 MHz Version Units Conditions/Comments 

fmax 80 50 30 MHz max Clock Rate 
t1 3 6 8 nsmin Data & Control Setup Time 
t2 2 2 2 nsmin Data & Control Hold Time 
t3 12.5 20 33.3 nsmin Clock Cycle Time 

4 4 7 9 nsmin Clock Pulse Width High Time 
ts 4 7 9 nsmin Clock Pulse Width Low Time 
t,; 30 30 30 nsmax Analog Output Delay 

20 20 20 ns typ 
t7 3 3 3 nsmax Analog Output RiseJFall Time 
ta3 12 IS IS ns typ Analog Output Transition Time 

NOTES 
'TTL Input values are 0 to 3 volts, with input riselfall times :53 ns, mea.ured between the 10% and 90% point •. Timing reference point. at SO% for inputs and 
outputs. See timing notes in Figure 1. 

'Temperature range (T min to T .... ): 0 to + 10'<: 
'Sample tested at + 2S'C to ensure compliance. 
Specifications subject to change without notice. 

REV. A 

CLOCK 

DIGITAL INPUTS ,..,..,..,...,..,..,..,..,..,...,.,....,...,..,...,..,..,..,...,." r--~h ,.".,..,.........,...",.,...,..,""""''''''''''..,..,..,..,.,.. 
(RO-R1, GO-G7, BO-B7; 

SYNC, BLANK, ":"'::";":"'::':":"'::~:"::"::''':'''::'';olo..>.~ '--__ -+..-J ~..:...::.:..:...::~:..::..::.:..:...::~:..::..::.~ 

REF WHITE) 

ANALOG OUTPUTS 
(lOR, IOG,IOB, ISYNC> ----------------1 

NOTES 
1. OUTPUT DELAY (t6) MEASURED FROM THE 50"10 POINT OF THE RISING EDGE OF 

CLOCK TO THE 50"10 POINT OF FULL-SCALE TRANSITION. 
2. TRANSITION TIME (ta) MEASURED FROM THE 50"10 POINT OF FULL-SCALE 

TRANSITION TO WITHIN 2"10 OF THE FINAL OUTPUT VALUE. 
3. OUTPUT RISE/FALL TIME (t7 ) MEASURED BETWEEN THE 10"10 AND 90"10 POINTS 

OF FULL TRANSITION. 

Figure ,. Video Input/Output Timing 
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ADV10l 
RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max 

Power Supply VAA 4.75 5.00 5.25 
Ambient Operating 

Temperature TA 0 +70 
Output Load RL 37.5 
Reference Voltage VRBF 1.14 1.235 1.26 

ORDERING GUIDE 

Temperature 
Model Speed Range 

ADVIOIKNSO SO MHz O"C to +700(; 
ADVIOIKN50 50 MHz O"C to +700(; 
ADVIOIKN30 30 MHz O·C to +70·C 
ADVIOIKPS()2 SO MHz O"C to +700(; 
ADVIOIKP502 50 MHz O"C to +700(; 
ADVIOIKP3()2 30 MHz O"C to +700(; 

NOTES 
'N = Plastic DIP; P = Plastic Leaded Chip Carrier (pLCC). 
'PLCC: Plastic Leaded Chip Carrier a-lead). 

Units 

Volts 

0(; 
n 
Volts 

Package 
Option' 

N-40A 
N-40A 
N-40A 
P-44A 
P-44A 
P-44A 

ABSOLUTE MAXIMUM RATINGS· 
VAA to GND. ............................ ,'. +7V 
Voltage on Any Digital Pin .... GND -0.5 V to V AA +0.5 V 
Ambient Operating Temperature (T A) ....•..•• 0 to + 70·C 
Storage Temperature (T s) ......•...... -65·C to + 150·C 
Junction Temperature (T J) ••..•.••.•.......•• + 1750(; 
Soldering Temperature (I 0 sees) ................ 300·C 
Vapor Phase Soldering (l minute) ............... 220"C 
lOR, lOB, lOG, IsYNC to GND' ............ 0 V to V AA 

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

I Analog output shon circuit to any power supply or common can be of an 
indefinite duration. 

CAUTION ________________________________________________ _ 

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

DIP 

ADV10l 

TOP VIEW 
(Not to ScBte) 
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Pin 
Mnemonic 

BLANK 

CLOCK 

REF WHITE 

RO-R7, 
GQ-G7, 
BO-B7 

lOR, lOG, lOB 

FS ADJUST 

COMP 

VAA 

GND 

REV. A 

ADV10l 

PIN FUNCTION DESCRIPTION 

Function 

Composite blank control input (TTL compatible). A logic zero on this control input drives the analog outputs, lOR, 
lOB and lOG, to the blanking level. The BLANK signal is latched on the rising edge of CLOCK. While BLANK 
is a logical zero, the RO-R7, GO-G7, RO-R7 and REF WHITE pixel and control inputs are ignored. 

Composite sync control input (TTL compatible). A logical zero on the SYNC input; switches off a 40 IRE current 
source on the IsyNC output. SYNC does not override any other control or data input, therefore, it should only be 
asserted during the blanking interval. SYNC is latched on the rising edge of CLOCK. 

Clock input (TTL compatible). The rising edge of CLOCK latches the RO-R7, GQ-G7, BO-B7, SYNC, BLANK 
and REF WHITE pixel and control inputs. It is typically the pixel clock rate of the video system. CLOCK should 
be driven by a dedicated TTL buffer. 

Reference white control input (TTL compatible). A logical one on this input forces the lOR, lOG and lOB 
outputs to the white level, regardless of the pixel input data (RO-R7, GO-G7 and BO-B7). REF WHITE is 
latched on the rising edge of clock. 

Red, green and blue pixel data inputs (TTL compatible). Pixel data is latched on the rising edge of CLOCK. RO, 
GO and BO are the least significant data bits. Unused pixel data inputs should be connected to either the regular 
PCB power or ground plane. 

Red, green and blue current outputs. These high impedance current sources are capable of directly driving 
a doubly terminated 75 n coaxial cable. All three current outputs should have similar output loads whether or not 
they are all being used. 

Sync current output. This high impedance current source can be directly connected to the lOG output. This 
allows sync information to be encoded onto the green channel. IsyNC does not output any current while SYNC is 
at logical zero. The amount of current output at IsYNC while SYNC is at logical one is given by: 

[SYNC (rnA) = 3,455 x V REF (V)/ RSET (n) 

If sync information is not required on the green channel, IsyNC should be connected to AGND. 

Full-scale adjust control. A resistor (RsET) connected between this pin and GND, controls the magnitude of the 
full-scale video signal. Note that the IRE relationships are maintained, regardless of the full-scale output current. 

The relationship between RSET and the full-scale output current on lOG (assuming ISYNC is connected to lOG) is 
given by: 

RSET (n) = 12,082 x V REF (V)//OG (rnA) 

The relationship between RSET and the full-scale output current on lOR and lOB is given by: 

/OR, /oB (rnA) = 8,628 x V REF (V)I RSET (n) 

Compensation pin. This is a compensation pin for the internal reference amplifier. A 0.1 IJ.F ceramic capacitor 
must be connected between COMP and V AA. 

Voltage reference input. An external 1.2 V voltage reference must be connected to this pin. The use of an 
external resistor divider network is not recommended. A 0.1 IJ.F decoupling ceramic capacitor should be connected 
between VREF and V AA. 

Analog power supply (5 V ± 5%). All V AA pins on the ADVIOI must be connected. 

Ground. All GND pins must be connected. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
66MHz Pipelined Operation 
Triple a-Bit D/A Converters 
256x24 Color Palette RAM 
3x24 Overlay Registers 
RS-343A/RS-170 Compatible Outputs 
+5V CMOS Monolithic Construction 
4O-Pin DIP or Small 44-Pin PLCC Package 
Power ~issipation: 1000mW 

APPLICATIONS 
High Resolution Color Graphics 
CAE/CAD/CAM Applications 
Image Processing 
Instrumentation 
Desktop Publishing 

AVAILABLE CLOCK RATES 
66MHz 
40MHz 

GENERAL DESCRIPTION 
The ADV453 (ADV@) is a complete analog video output RAM
DAC on a single monolithic chip. It is specifically designed for 
high resolution color graphics systems. The part contains a 
256 x 24 color lookup table, a 3 x 24 overlay palette as well as 
triple 8-bit video D/A converters. The ADV453 is capable of 
simultaneously displaying up to 259 colors, 256 from the lookup 
table and three from the overlay registers, out of a total color 
palette of 16.8 million addressable colors. 

The three overlay registers allow for the implementation of over
laying cursors, pull down menus and grids. There is an indepen
dent, asynchronous MPU bus which allows access to the color 
lookup table without affecting the input of video data via the 
pixel port. The ADV453 is capable of generating RGB video 
output signals which are compatible with RS-343A and RS-170 
video standards, without requiring external buffering. 

The ADV453 is fabricated in a +5V CMOS process. Its mono
lithic CMOS construction ensures greater functionality with low 
power dissipation. The part is packaged in both a 0.6", 4Q-pin 
DIP and a 44-pin plastic leaded (]-lead) chip carrier, PLCC. 

ADV is • registered trademark of Analog Devices, Inc. 
*VGA is • trademark of International Business Machines Corp. 

**Macintosh II is a registered trademark of Apple Computer Inc. 

REV. A 

CMOS 66 MHz Monolithic 256 x 24 
Color Palette RAM-OAC 

AOV453 I 
FUNCTIONAL BLOCK DIAGRAM 

Cl9CK 
COM. 

PO 

.7 10" 

SYNC '''''NC 
lOG 

BLANK 

OLD lOB 

GNO DO D7 cs Rii Wii C1 co 

PRODUCT fDGHLIGHTS 
1. Fast video refresh rate, 66MHz. 

2. Compatible with a wide variety of high resolution color 
graphics systems including VGA * and Macintosh II**. 

3. Three overlay registers allow for implementation of overlay
ing cursors, pull down menus and grids. 

4. Guaranteed monotonic. Integral and differential nonJinearities 
guaranteed to be a maximum of ± lLSB. 

5. Low glitch energy, SOp V sees. 
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AO"A53 -Sp.EC·IFICA'JIONS (VAA=:+:~V ~5%, VREF =+1.235V, RSET =280n.lsYNc connected to lOG. 
yat "All specifications Tmin to Tmu' unless otherwise noted.) 

Parameter All Versions Units Test Conditions/Comments 

STATIC PERFORMANCE 
Resolution (Each DAC) 8 Bits 
Accuracy (Each DAC) 

Integral Nonlinearity ±1 LSBmax 
Differential Nonlinearity ±1 LSBmax Guaranteed Monotonic 
Gray Scale Error ±5% Gray Scale max 
Coding Binary 

DIGITAL INPUTS 
Input High Voltage, VINH 2 V min 
Input Low Voltage, VINL 0.8 V max 
Input Current, lIN ± 1 jJA max VIN = 0.4Vor 2AV 
Input Capacitance, CIN 10 pF typ 

DIGITAL OUTPUTS 
Output High Voltage, VOH 204 V tnin ISOURCE = 400jJA 
Output Low Voltage, VOL 004 V max ISINK = 3.2mA 
Floating State Leakage Current 20 jJA max 
Floating State Output Capacitance 20 pFtyp 

ANALOG OUTPUTS 
Gray Scale Current Range 15 mAmin 

22 mAmax 
Output Current 

White Level Relative to Blank 17.69 mAmin Typically 19.05mA 
20040 mAmax 

White Level Relative to Black 16.74 mAmin Typically 17.62mA 
18.50 mAmax 

Black Level Relative to Blank 0.95 mAmin Typically l.44mA 
1.90 mAmax 

Blank Level on lOR, lOB 0 jJA min Typically 5jJA 
SO jJA max 

Blank Level on lOG 6.29 mAmin Typically 7.62mA 
8.96 mAmax 

Sync Level on lOG 0 ILA min Typically 5 jJA 
50 jJA max 

LSB Size 69.1 jJA typ 
DAC to DAC Matching 5 % max Typically 2% 
Output Compliance, Voc -1 V min 

+104 V max 
Output Impedance, RoUT 10 kOtyp 
Output Capacitance, COUT 30 pFtyp lOUT = 0mA 

VOLTAGE REFERENCE 
Voltage Reference Range, VREF 1.1411.26 V minIV max 
Input Current, IVREF -5 mAtyp 

POWER SUPPLY 
Supply Voltage, V AA 4.7515.25 V minIV max 
Supply Current, lAA 275 mAmax Typically 220mA, 66MHz Parts 

250 mAmax Typically 190mA, 40MHz Parts 
Power Supply Rejection Ratio 0.5 %1% max Typically 0.12%1%, f = 1kHz, COMP =O.IILF 
Power Dissipation 1375 mWmax Typically 1000mW, 66MHz Parts 

1250 mWmax Typically 9OOmW, 40MHz Parts 

DYNAMIC PERFORMANCE 
Clock and Data Feedthrough2,3 -30 dBtyp 
Glitch Impulse2,3 SO pV sees typ 
DAC to DAC Crosstalk -23 dBtyp 

NOTE 
'Temperature Range (T..,;. to T_); 0 to +70,,{; 
'TTL input values are 0 to 3 volts, with input riseifaU times s;3ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. Analog output load s;IOpF, 37.50. OO-D7 output load s;5OpF. See timing notes in Figure 2. 

'Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test, the digital inputs have a lkO resistor 
to ground and are driven by 74HC logic. Glitch impulse includes clock and data feedthrough, - 3dB test bandwidth = 2 x clock rate. 

Specifications subject to cbange without notice. 
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TIMING CHARACTERISTlCS1 (VU = +5V ±5%, VREF = + 1.235V, RSET = 2800. ,SYNC 

connected to lOG. All Specifications lmin to lrna/I. 

Parameter 66MHz Version 40MHz Version Units Conditions/Comments 

fmax 66 40 MHz max Clock Rate 
tl 35 35 ns min CS, CO, Cl Setup Time 
t2 35 35 ns min CS, CO, Cl Hold Time 
t3 25 25 ns min RD, WR High Time 
t. 10 10 nsmin RD Asserted to Data Bus Driven 
ts 100 100 ns max RD Asserted to Data Valid 
t6 15 15 ns max RD Negated to Data Bus Three Stated 
t7 50 50 ns min WRLowTime 
ts 35 35 ns min Write Data Setup Time 

t.. 0 0 nsmin Write Data Hold Time 
tlO 5 7 ns min Pixel & Control Setup Time 
til 2 3 nsmin Pixel & Control Hold Time 
tl2 15 25 ns min Clock Cycle Time 
tn 5 7 ns min Clock Pulse Width High Time 

tl' 5 7 nsmin Clock Pulse Width Low Time 
tIS 20 20 ns typ Analog Output Delay 

30 30 nsmax 
t l6 3 3 ns typ Analog Output Rise!Fall Time 
tl7 3 25 25 ns typ Analog Output Settling Time 
tpo 2Xt12 2Xt12 nsmax Pipeline Delay 
tSK 1 1 nstyp Analog Output Skew 

2 2 nsmax 

NQTI;S 

ADV453 

'TIL input values are 0 to 3 volts, with input rise/fall times s3ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. Analog output load 5\OpF, 37.5ft DO-D7 output load 550pF. See timing notes in Figure 2. 

2Temperature Range (T min to T max); 0 to + 70OC. 
3Settling time does not include clock and data feedthrough. For this test, the digital inputs have a lk!l resistor to ground and are driven by He logic. 
Specifications subject to change without notice. 

REV. A 

READID~7)---------1::~~~~~========~~~L-----______ ___ 

Figure 1. MPU ReadIWrite Timing 

CLOCK 

. ~"I-t171 

lOR, lOG, lOB 

NOTES ......j t 16 

1. OUTPUT DELAY It,,) MEASURED FROM THE 50% POINT OF THE RISING 
EDGE OF CLOCK TO THE 50% POINT OF FUll SCALE TRANSITION. 

2. SETTLING TIME( t,,) MEASURE!) FROM THE 50% POINT OF FULL SCALE 
TRANSITION TO THE OUTPUT REMAINING WITHIN % 1 LSB. 

3. OUTPUT RISE/FALL TIME It,,) MEASURED BETWEEN THE 10% AND 90% POINTS 
OF FULL SCALE TRANSITION. 

Figure 2. Video Input/Output Timing 
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ADV453 
RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 Volts 
Ambient Operating 

Temperature TA 0 +70 °C 
Output Load RI. 37.5 U 
Reference Voltage VREF 1.14 1.235 1.26 Volts 

CAUTION ______________________________________________ ___ 

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

ABSOLUTE MAXIMUM RATINGS* 
VAA to GND ........•.................... +7V NOTES 
Voltage on Any Digital Pin ..... GND -0.5V to V AA +O.5V 
Ambient Operating Temperature (TA ) ••••••••• 0 to +700c 
Storage Temperature (Ts) ............. -65°C to + 150"C 
Junction Temperature (TJ) ••••••••••••..••••• + 1750C 
Lead Temperature (Soldering, 10 sees) ........... +300°C 

"Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 1ms is a stress rating only and functional 
operation of the device at these or any other conditions above those listed 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
relisbility. 

Vapor Phase Soldering (I minute) ...•.......... +220°C 
lOR, lOB, lOG to GNDI ............•..•. OV to V AA 

1 Analog Output Short Circuit to any Power Supply or Common can be of an 
indefinite duration. 

PIN CONFIGURATIONS 

DIP PLCC 

~ 
~ Go 

8&SSo·81f} ~~ 
• 5 4 

P3 17 

ORDERING GUIDE 

Temperature Package 
Model Range Speed Option* 

ADV453KN66 OOC to + 70"C 66MHz N-40A 
ADV453KN40 O"C to + 700C 40MHz N-40A 
ADV453KP66 O"C to + 700C 66MHz P-44A 
ADV453KP40 O"C to + 700C 40MHz P-44A 

NOTES 
"N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline 
information see Package Information section.· 
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ADV453 
PIN FUNCTION DESCRIPfION 

Pin 
Mnemonic 

BLANK 

Function 

Composite blank control input (TTL compatible). A logic zero on this control input drives the analog outputs to 
the blanking level, as shown in Table V. The BLANK signal is latched on the rising edge of CLOCK. While 
BLANK is at logical zero, the pixel and overlay inputs are ignored. 

Composite sync control input (TTL compatible). A logical zero on the SYNC input switches off a 40 IRE current 
source on the IsYNC output (see Figure 5). SYNC does not override any other control or data input, as shown in • 
Table V; therefore, it should only be asserted during the blanking interval. SYNC is latched on the rising edge of 
CLOCK. 

CLOCK Clock input (TTL compatible). The rising edge of CLOCK latches the PO-P7 and OLG-OLI data inputs as well 
as the SYNC and BLANK control inputs. It is typically the pixel clock rate of the video system. CLOCK should 
be driven by a dedicated TTL buffer. 

PO-P7 Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which one of the 256 entries in the 
color palette RAM is to be used to provide color information. PO-P7 pixel select inputs are latched on the rising 
edge of CLOCK. PO is the LSB. Unused pixel select inputs should be connected to GND. 

OLG-OLI Overlay select inputs (TTL compatible). These inputs specify which palette is to be used to provide color 
information (see Table IV), i.e., the 256x24 color palette or the 3x24 overlay palette. When accessing the 
overlay palette, the PO-P7 inputs are ignored. OLG-OLl are latched on the rising edge of CLOCK. OLO is the 
LSB. Unused inputs should be connected to GND. 

lOR, lOG, lOB Red, green, and blue current outputs. These high impedance current sources are capable of directly driving a 
doubly terminated 750 coaxial cable, as shown in Figure 4a. All three current outputs should have similar output 
loads whether or not they are all being used. 

IsYNC Sync current output. This high impedance current source can be directly connected to the lOG output (see 
Fignre 3). This allows sync information to be encoded onto the green channel. IsYNC does not output any current 
while SYNC is at logical zero. The amount of current output at IsYNC while SYNC is at logical one is given by: 

IsYNC (mA)= 1,728 * VREp(V)! RSBT (0). 
If sync information is not required on the green channel, IsYNC should be connected to GND. 

FS ADJUST Full scale adjust control. A resistor (RsBT) connected between this pin and GND (see Fignre 6) controls the 
magnitude of the full scale video signal. Note that the IRE relationships in Figure 5 are maintained, regardless of 
the full scale output current. 

COMP 

VAA 

GND 

CS 

CO, CI 

DO-D7 

REV. A 

The relationship between RSBT and the full scale output current on lOG (assuming IsYNC is connected to lOG) is 
given by: 

lOG (mA) = (K + 326 + 1,728) * VRBF(V)IRSBT (0) 

The relationship between RSBT and the full scale output current on lOR and lOB is given by: 
lOR, lOB (mA)=(K + 326)* VREP(V)/Rs=<O) 

where K = 3,993 

Compensation pin. This is a compensation pin for the internal reference amplifier. A O.IIJ.F ceramic capacitor 
must be connected between COMP and V AA (Figure 6). 

Voltage reference input. An external1.235V voltage reference must be connected to this pin. The use of an 
external resistor divider network is not recommended. A O.IIJ.F decoupling ceramic capacitor should be connected 
between VRBP and V AA (Figure 6.) 

Analog power supply (5V±5%). All V AA pins on the ADV453 must be connected. 

Analog ground. All GND pins must be connected. 

Chip select control input (TTL compatible). CS must be at logical zero to enable the reading and writing of data 
to and from the device. The lOR, lOG and lOB outputs are forced to the black level while CS is at logical zero. 
Note that the ADV453 will not operate properly if CS, RD and WR are simultaneously at logical zero. 

Write control input (TTL compatible). CS and WR must both be at logical zero when writing data to the device. 
DO-D7 data is latched on the rising edge of WR or CS. See Figure 1. 
Read control input (TTL compatible). CS and RD must both be at logical zero when reading data from the 
device. See Figure 1. 

Command control inputs (TTL compatible). CO and CI specify the type of read or write operation being carried 
out, i.e., address register, color palette RAM or overlay registers read or write operations. See Tables I, II, III. 

Data bus (TTL compatible). Data is transferred to and from the address register, the color palette RAM and the 
overlay registers over this 8-bit bidirectional data bus. DO is the least significant bit. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
ADV478/ADV471 (ADVII!l) Register Level Compatible 
IBM PS/2*. VGA*/XGA* Compatible 
100 MHz Pipelined Operation 
Triple 8-Bit D/A Converters 
Triple 256 x 8 (256 x 24) Color Palette RAM 
Three 15 x 8 Overlay Registers 
On·Board Voltage Reference 
RS-343A/RS-170 Compatible Analog Outputs 
TTL Compatible Digital Inputs and Outputs 
Sync on All Three Channels 
Programmable Pedestal (0 or 7.5 IREI 
Standard MPU I/O Interface 
+5 V CMOS Monolithic Construction 
68-Pin PLCC 

APPLICATIONS 
High Resolution Color Graphics 
True·Color Visualization 
CAE/CAD/CAM 
Image Processing 
Desktop Publishing 

SYNC 
iLAiiiK 

so 
Sl 

CMOS 100 MHz True-Color Graphics 
Triple 8-Bit Video RAM-OAC 

MODES 
24-Bit True Color 
8-Bit Pseudo Color 
15-Bit True Color 
8-Bit True Color 

AOV473* I 
SPEED GRADES 
100 MHz 
so MHz 
66 MHz 
50 MHz. 35 MHz 

GENERAL DESCRIPTION 
The ADV473 is a complete analog output, Video RAM-DAC 
on a single CMOS monolithic chip. The part is specifically 
designed for true-color computer graphics systems. 

;ti 
The ADV473 in lli:es a number of graphic functions onto one 

direct true-color operation at the maxi
ate of 100 MHz. It can also be used in 
g IS-bit true color and 8-bit pseudo or 
DV473 is fully PS/2 and VGA register 

capable of implementing IBM's XGA 

s of three, high speed, 8-bit, video D/A con
B), a 2S6 x 24 RAM which can be configured as a 

(Continued on page 2-808) 

>--OOPA 

t---~COMP 

lOR 

lOG 

lOB 

ADV473 

DO-07 RSO RSl RS2 
ADV is a registered trademark of Analog Devices Inc. 

·Personal System12 and VGA are trademarks of International Business Machines Corp. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AOV473 SPECIFICA'JIONS (lI.,,! = 5 V; VREF = 1.235 V; RL = 37.5 O. CL = 10 pF; Rm = 140 O. 
. - "All specifications T MIN to T MAX 2 unless otherwise noted.) 

Parameter 

STATIC PERFORMANCE 
Resolution (Each DAC) 
Accuracy (EachDAC) 

Integral Nonlinearity 
Differential Nonlinearity 
Gray Scale Error 

Coding 

DIGITAL INPUTS 
Input High Voltage, VINH 

Input Low Voltage, VINL 
Input Current, lIN 
Input Capacitance, em 

DIGITAL OUTPUTS 
Output High Voltage, VOH 
Output Low Voltage, VOL 
Floating-State Leakage Current 
Floating-State Leakage Capacitance 

ANALOG OUTPUTS 
Gray Scale Current Range 
Output Current 

White Level Relative to Black 

Black Level Relative to Blank 
(pedestal = 7.5 IRE) 

Black Level Relative to Blank 
(Pedestal = 0 IRE) 

Blank Level 

Sync Level 

LSB Size 
DAC-to-DAC Matching 
Output Compliance, Voc 

Output Capacitance, COUT 
Output Impedance, RoUT 

VOLTAGE REFERENCE 
Internal Voltage Reference (VREPOUT) 
External Voltage Reference Range 
Input Current, IVREF (Internal Reference) 
Input Current (External Reference) 

All Versions 

8 

±I 
±I 
±5 

2 
0.8 
±I 
7 

2.4 
0.4 
50 
7 

20 

1.08/1.32 
1.1411.26 
100 
10 

Units 

Bits 

LSB max 
LSBmax 
% Gray Scale 
Binary 

V min 
V max 
...,A max 
pFmax 

V min 
V max 
...,A max 
pFmax 

ax 
j.,Atyp 
% max 
V min 
V max 
30 pF max 
kOtyp 

V minlVmax 
V minIV max 
...,Atyp 
...,A typ 

Test Conditions/Comments 

Guaranteed Monotonic 

VIN = 0.4 V or 2.4 V 
f = 1 MHz, VIN = 2.4 V 

ISOURCE = 400 !LA 
ISINK = 3.2 mA 

ically 1.44 mA 

Typically 5 ...,A 

Typically 7.62 mA 

Typically 5 ...,A 

Typically 2% 

f = 1 MHz, lOUT = 0 mA 

Typically 1.235 V 
Typically 1.235 V 

POWER SUPPLY 
Supply Voltage, V AA 4.7515.25 

4.50/5.50 
220 

VminlVmax 
VminlVmax 
mAmax 

100 MHz, 80 MHz and 66 MHz Parts 
50 MHz and 35 MHz Parts 

Supply Current, lAA 

DYNAMIC PERFORMANCE 
Clock and Data Feedthrough3, 4 

Glitch Impulse3, 4 

DAC-to-DAC Cross~ 

NOTES 

-30 
75 
-23 

'±5% for 100 MHz, 80 MHz and 66 MHz parts. ±IO% for 50 MHz and 3S MHz parts. 
'Temperature range (TMIN to TMAX); OOC to +700c. 

dBtyp 
pV sees typ 
dBtyp 

'Clock and dsta feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. Glitch impulse includes clock and dsta feedthrough. 
'TTL input values are 0 to 3 volts, with input rise/faU times :503 ns, measured at the 10% and 90% puints. Timing reference points at 50% for inputs and out
puts. 
'DAC to DAC Crosstalk is measured by holding one DAC high while the other two are making low to high and high to low transitions. 

Specifications subject to change without notice. 

This information applies to a· product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADV473 

MING CHARAC ERIST CSl (VAAl = 5 V; VREF = 1.235 V; RL = 37.50, CL = 10 pF; RSET = 140 O. 
TI T I All specifications T MIN to T MAX 2 unless otherwise noted.) 

100 MHz 80 MHz 
Parameter Version Version 

fmax 100 80 

tl 10 10 

tz 10 10 
t,4 3 3 

t/ 40 40 
tss 20 20 
los 5 5 

t7 10 10 

ts 10 10 

~ 100 100 

tlO 50 50 

til 40 40 

tlZ 3 3 

tl3 3 3 

tl4 10 12.5 

tiS 3 4 

t l6 3 4 

tl7 30 30 

tiS 3 3 

t l96 13 13 

tSK 2 2 

tpD 4 X tl4 4 X tl4 

NOTES 

66 MHz 50 MHz 35 MHz 
Version Version Version 

66 50 35 
10 10 10 
10 10 10 

3 3 3 
40 40 40 

20 20 20 

5 5 5 
10 10 10 

10 10 10 

100 100 

50 50 

40 40 

3 

Units 

MHz 
nsmin 

nsmin 

nsmin 
nsmax 

nsmax 

nsmin 

nsmin 

nsmax 

nsmax 

ns 

Conditions/Comments 

Clock Rate 
RSO-RS2 Setup Time 

RSO-RS2 Hold Time 

RD Asserted to Data Bus Driven 
RD Asserted to Data Valid 

RD Negated to Data Bus 3-Stated 

Read Data Hold Time 
Write Data Setup Time 

Write Data Hold Time 
CRO-CR3 Delay Time 

RD, WR Pulse Width Low 

RD, WR Pulse Width High 

Pixel & Control Setup Time 

Pixel & Control Hold Time 

Clock Cycle Time 

Clock Pulse Width High Time 

Clock Pulse Width Low Time 

Analog Output Delay 

Analog Output Rise/Fall Time 

Analog Output Settling Time 
Analog Output Skew 

Pipeline Delay 

'TTL input values are 0 to 3 volts, with input rise/fa)) times"" 3 ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. Analog output load"" 10 pF, DO-D7 output load "" 50 pF. See timing notes in Figure 2. 

2±5% for 100 MHz, 80 MHz and 66 MHz parts. ± 10% for 50 MHz and 35 MHz parts. 
'Temperature range (TMlN to TM..,v; O"C to +70"<:. 
"t. and to are measured with the load circuit of Figure 3 and defined as the time required for an output to cross 0.4 V or 2.4 V. 
't, and t" are derived from the measured time taken by the data outputs to change by 0.5 V when loaded with the circuit of Figure 3. The measured number is 
then extrapolated back to remove the effects of charging the 50 pF capacitor. This means that the times, t, and t", quored in the timing characteristics are the 
true values for the device and, as such, are independent of external bus loading capacitances. 

·SettIing time does not include clock and data feedthrough. 

Specifications subject to change without notice . 

.... R.'. --.I"":"'~--=~---------
~~~~--~-----------------

iiD,Wii 

DO·D7 ------V===+=V----
(WRIT£) - ____ ~===:p.II'----

C~R3-----------~r_----

Figure 1. MPU ReadlWrite Timing 

CLOCK 

lOR. lOG. lOB --------+-:11 
NOTES 
1. OUTPUT DELAY MEASURED FROM THE 50% POINT OF THE RISING 

EDOE OF CLOCK TO THE 50% POINT OF FULL-scALE TRANSITION. 
2. SEm.ING TillE MEASURED FROM THE 50% POINT OF FULL-scALE 

TRANsmON TO THE OUTPUT REMAINING wmtlN ±1 LSB. 
3. OUTPUT R1SElFALL TIME MEASURED BETWEEN THE 10% AND 8D% 

POINTS OF FULL-SCALE TRANSITION. 

Figure 2. Video Input/Output Timing 

TO 
OI1l1'UT 

PIN 
+2.'V 

Figure 3. Load Circuit for Bus 
Access and Relinquish Time 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADV473 

RECOMMENDED OPERATING CONDITIONS 
Parameter Symbol 

Power Supply VAA 

100 MHz, 80 MHz, 66 MHz Parts 
50 MHz, 35 MHz Parts 

Ambient Operating Temperature . TA 
Output Load RL 
Voltage Reference Configuration 

Reference Voltage VREF 
Current Reference Configuration 

lREF Current lREF 
Standard RS-343A 
PS/2 Compatible 

ABSOLUTE MAXIMUM RATINGS l 

VAAtoGND ......•....................... 7V 
Voltage on Any Digital Pin ..... GND-0.5 V to V AA +0.5 V 
Ambient Operating Temperature (TA) •.... -SS·C to +l2S·C 
Storage Temperature (T s) ............. -65"C to + 15O"C 
Junction Temperature (T J) .•••.•••...•....... + 17S"C 
Lead Temperature (Soldering, 10 secs) ........•.. + 300"C 
Vapor Phase Soldering (2 minutes) .............. +2200C 
lOR, lOG, lOB to GND2 ••••••••••••••••• 0 V to V 
NOTES 
'Stresses above those listed under "Absolute Maximum 
permanent damage to the device. This is a stress ra . 
operation of the device at these or any other co 
operational sections of this specification is n 
maximum rating conditions for extended peri 

'Analog outpUt short circuit to any power su 
indefinite duration. 

ORDERING GUIDE 

Temperature 
Model Speed Range 
ADV473KPl00 100 MHz O"C to + 7O"C 
ADV473KP80 80 MHZ O"C to + 70"C 
ADV473KP66 66 MHZ OOC to +700C 
ADV473KPSO 50 MHz O·C to +70·C 
ADV473KP35 35 MHz O"C to +70"C 

68 P-68A 
68 P-68A 
68 P-68A 
68 P-68A 
68 P-68A 

'All devices are packaged in a 68-pin plaatic 1eaded (Head) chip carrier. 
'P = Plastic Leaded Chip Carrier. For outline information see Package 
Information section. 

Min 

4.75 
4.5 
0 

1.14 

-3 
-3 

Typ Max 

5.00 5.25 
5.00 5.5 

+70 
37.5 

1.235 1.26 

-8.39 -10 
-8.88 -10 

PIN CONFIGURATION 
• PLCC 

>:I>:I:;;:;lllillli!a;~ii! 
3216867666564636261 

ADV473 
TOP VIEW 

(Not To Scale) 

Units 

Volts 
Volts 
"C 
n 

Volts 

mA 
mA 

44 VREFOUT 

CAUTION ______________________________________________ ___ 

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

WARNING! cJ 
~~[DE'ICE 

(Continued from page 2-805) 

look-up table or a linearization RAM, a 24-bit wide parallel 
pixel input port and three 15 x 8 overlay registers. The part is 
controlled through the MPU port by the various on-board con
trol/command registers. 

The individual red, green and blue pixel input ports allow true
color, image rendition. True-color image rendition, at speeds of 
up to 100 MHz, is achiev.ed through the 24-bit pixel input port. 
The ADV473 is also capable of implementing 8-bit true-color, 
8-bit pseudo color and IS-bit true color. 

The ADV473 is capable of generating RGB video output signals, 
without requiring external buffering, and which are compatible 
with RS-343A and RS-170 video standards. All digital inputs 
and outputs are TTL compatible. 

The part can be driven by the on-board voltage reference or an 
external voltage/current reference. 

The part is packaged in a 68-pin Plastic Leaded Chip Carrier 
(pLCC). 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADV473 
PIN FUNCTION DESCRIPTION 

CLOCK 

RO-R7 
BO-B7 
GO-G7 

Composite Blank Control Input (TTL Compatible). A logic zero drives the analog outputs to the blanking level. 
It is latched on the rising edge of CLOCK. When BLANK is a logical zero, the pixel and overlay inputs are 
ignored. 

Composite SYNC Control Input (TTL Compatible). A logical zero on this input switches off a 40 IRE current 
source on the analog outputs. SYNC does not override any other control or data input; therefore, it should be 
asserted only during the blanking interval. It is latched on the rising edge of CLOCK. If sync infortnation is not 
required on the analog outputs, SYNC should be connected to ground. • 
Clock Input (TTL Compatible). The rising edge of CLOCK latches the RO-R7, GO-G7, SO, Sl, OLO-OL3, 
SYNC, and BLANK inputs. It is typically the pixel clock rate of the video system. It is recommended that 
CLOCK be driven by a dedicated TTL buffer. 

Red, Green and Blue Select Inputs (TTL Compatible). These inputs specify, on a pixel basis, the color value to 
be written to the DACs. They are latched on the rising edge of CLOCK. RO, GO and BO are the LSBs. Unused 
inputs should be connected to GND. 

SO, SI Color Mode Select Inputs (TTL Compatible). These inputs sp mode of operation as shown in Table III. 
They are latched on the rising edge of CLOCK. 

OLO-OL3 Overlay Select Inputs (TTL Compatible). These inputs 
infortnation. When accessing the overlay palette, 

alene is to be used to provide color 
,BO-B7, SO and SI inputs are ignored. They 
inputs should be connected to GND. are latched on the rising edge of CLOCK. a 

lOR, lOG, lOB Red, Green, and Blue Current Outp ces are capable of directly driving a 

lREF 

CaMP 

OPA 

RSO, RSl, RS2 

DO-D7 

CRO-CR7 

doubly terminated 75 n coaxial ca 

output is: 

lREF (mA) = lOUT (mA)l3.195 
lREF (mA) = lOUT (mA)l3.025 

ed between this pin and GND controls the 
een RSET and the full-scale output current on each 

Compensation Pin. If an external voltage reference is used, this pin should be connected to OPA. If an external 
current reference is used, this pin should be connected to lREF. A 0.1 ,...p ceramic capacitor must always be used 
to bypass this pin to V AA. 

Voltage Reference Input. If an external voltage reference is used, it must supply this input with a 1.2 V (typical) 
reference. If an external current reference is used, this pin should be left floating, except for the bypass capacitor. 
A 0.1 ,...p ceramic capacitor must always be used to decouple this input to V AA. 

Reference amplifier output. If an external voltage reference is used, this pin must be connected to CaMP. When 
using an external current reference, this pin should be left floating. 

Voltage Reference Output. This output provides a 1.2 V reference and may be connected directly to the VREF 
pin. If it is preferred to use an external voltage reference, this pin may be left floating. Up to four ADV473s can 
be driven from V REFOUT. 

Analog power. All V AA pins must be connected. 

Analog Ground. All GND pins must be connected. 

Write Control Input (TTL Compatible). DO-D7 data is latched on the rising edge of WR, and RSO-RS2 are 
latched on the falling edge of WR during MPU write operations. RD and WR should not be asserted 
simultaneously. 

Read Control Input (TTL Compatible). To read data from the device, RD must be a logical zero. RSO-RS2 are 
latched on the falling edge of RD during MPU read operations. RD and WR should not be asserted 
simultaneously. 

Register Select Inputs (TTL Compatible). RSO-RS2 specify the type of read or write operation being performed. 

Data Bus (TTL Compatible). Data is transferred into and out of the device over this eight-bit bidirectional data 
bus. DO is the least significant bit. 

Control Outputs (TTL Compatible). These outputs are used to control application specific features. The output 
values are determined by the contents of the command register (CR). 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADV473 
TERMINOLOGY 
BLANKING LEVEL 
The level separating the SYNC portion from the video portion 
of the waveform. Usually referred to as the front porch or back 
porch. At 0 IRE units, it is the level which will shut off the pic
ture tube, resulting in the blackest possible picture. 

COLOR VIDEO (RGB) 
This usually refers to the technique of combining the three pri
mary colors of red, green and blue to produce color pictures 
within the usual spectrum. In RGB monitors, three DACs are 
required, one for each color. 

COMPOSITE SYNC SIGNAL (SYNC) 
The position of the composite video signal which synchronizes 
the scanning process. 

COMPOSITE VIDEO SIGNAL 
The video signal with or without setup, plus the composite 
SYNC signal. 

GRAYSCALE 
The discrete levels of video signal between reference black and 
reference white levels. An 8-bit DAC contains 256 different lev
els while a 6-bit DAC contains 64. 

RASTER SCAN 
The most basic method of sweeping a 
generate and to display images. 

REFERENCE BLACK LEVEL 

REFERENCE WHITE LEVEL 
The maximum positive polarity amplitude of the video signal. 

SETUP 
The difference between the reference black level and the blank
ing level. 

SYNC LEVEL 
The peak level of the composite SYNC signal. 

VIDEO SIGNAL 
That portion of the composite video signal which varies in gray 
scale levels between reference white and reference black. Alao 
referred to as the picture signal, this is the portion which may 
be visually observed. 

CIltCUIT DESCRIPTION 
MPU Interface 
The ADV473 supports a standard MPU bus interface, allowing 
the MPU direct access to the color palette RAM and overlay 
color registers. 

Three address decode lines, RSO-RS2, specify whether the 
MPU is accessing the address registet, the color palette RAM, 
the overlay registers, or read mask register. These controls also 
detetmine whether this access is a read or write function. Table 
I illustrates this decoding. The 8-bit address register is used to 
address the contents of the color palette RAM and overlay 
registers. 

Table I. Control Inpnt Truth Table 

RS2 RSI RSO Addressed by MPU 

o 0 Address Register (RAM Write Mode) 
o I Address Register (RAM Read Mode) 
o 0 lor Palette RAM 
o I Read Mask Register 

ss Register (Overlay Write Mode) 
ddress Register (Overlay Read Mode) 

Overlay Registers 
Command Registet 

the address register (selecting RAM write 
RSI = 0 and RSO = 0) with the address of the 

tion to be modified. The MPU performs 
cycles (8 or 6 bits each of red, green, and 

2 to select the color palette RAM (RS2 = 
o = 1). Mer the BLUE write cycle, the three 

color information are concatenated into a 24-bit word or 
18-bit word and written to the location specified by the 

address register. The address register then increments to the 
next location which the MPU may modify by simply writing 
another sequence of red, green, and blue data. A complete set of 
colors can be loaded into the palette by initially writing the start 
address and then performing a sequence of RED, GREEN and 
BLUE writes. The address automatically increments to the next 
highest location after a BLUE write. 

Color Palette Reads 
The MPU writes to the address register (selecting RAM read 
mode, RS2 = 0, RSI = 1 and RSO = I) with the address of the 
color palette RAM location to be read back. The contents of the 
palette RAM are copied to the RED, GREEN and BLUE regis
ters and the address register increments to point to the next pal
ette RAM location. The MPU then performs three successive 
read cycles (8 or 6 bits each of red, green, and blue), using 
RSO-RS2 to select the color palette RAM (RS2 = 0, RSI = 0, 
RSO = I). Mer the BLUE read cycle, the 24118 bit contents of 
the palette RAM at the location specified by the address registet 
is loaded into the RED, GREEN and BLUE registers. The 
address register then increments to the next location which the 
MPU can read back by simply reading another sequence of red, 
green, and blue data. A complete set of colors can be read back 
from the palette by initially writing the start address and then 
performing a sequence of RED, GREEN and BLUE reads. The 
address automatically increments to the next highest location 
after a BLUE read. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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TABLE II. Address Register (ADDR) Operation 

Value 

ADDRa,b (Counts Modulo 3) 00 
01 
10 

ADDR0--7 (Counts Binary) OOH-FFH 
XXXXOOOO 
XXXXOOOI 
XXXXOOIO 

XXXX llli 

Overlay Color Writes 
The MPU writes to the address register (selecting OVERLAY 
REGISTER write mode, RS2 = I, RSI = 0 and RSO = 0) with 
the address of the overlay register to be modified. The MPU 
performs three successive write cycles (8 or 6 bits each of red, 
green, and blue), using RSO--RS2 to select the Overlay 
(RS2 = I, RSI = 0, RSO = I). Mter the BLUE write 
three bytes of color information are concatenat . 
word or an 18-bit word and are written to 
specified by the address register. The a 
increments to the next overlay re 
modify by simply writing another s 
blue data. A complete set of colors c 
lay registers by initially writing the start ad 
forming a sequence of RED, GREEN and BLU ·tes. The 
address automatically increments to the next highest location 
after a BLUE write. 

Overlay Color Reads 
The MPU writes to the address register (selecting OVERLAY 
REGISTER read mode, RS2 = I, RSI = I and RSO = I) with 
the address of the overlay register to be read back. The contents 
of the overlay register are copied to the RED, GREEN and 
BLUE registers and the address register increments to point to 
the next highest overlay register. The MPU then performs three 
successive read cycles (8 or 6 bits each of red, green, and blue), 
using RSO - RS2 to select the Overlay Registers (RS2 = I, RS I 
= 0, RSO = I). Mter the BLUE read cycle, the 24118 bit con
tents of the overlay register at the specified address register loca
tion is loaded into the RED, GREEN and BLUE registers. The 
address register then increments to the next overlay register 
which the MPU can read back by simply reading another 
sequence of red, green, and blue data. A complete set of colors 
can be read back from the overlay registers by initially writing 
the start address and then performing a sequence of RED, 
GREEN and BLUE reads. The address automatically incre
ments to the next highest location after a BLUE read. 

Internal Address Register (ADDR) 
When accessing the color palette RAM, the address register 
resets to OOH following a blue read or write cycle to RAM loca
tion FFH. When accessing the overlay color registers, the 
address register increments following a blue read or write cycle. 

RS2 RS! RSO Addressed by MPU 

X 
X 
X 

0 
I 
I 
I 

I 

0 
0 
0 

0 
0 
0 
0 

0 

I Red Value 
I Green Value 
I Blue Value 

I Color Palette RAM 
I Reserved 
I Overlay Color I 
I Overlay Color 2 

I Overlay Color IS 

. ng the overlay color registers, the four 
. ce there are only 15 overlay registers) of 
DDR4-7) are ignored. 

red, green, and blue read/write cycles, the 
o additional bits (ADDRa, ADDRb) that 
, own in Table II. They are reset to 

writes to the address register, and are not 
en the MPU reads the address register. The 

s not have access to these bits. The other eight bits of 
. ster, incremented following a blue read or write 

are accessible to the MPU, and are used to 
ette RAM locations and overlay registers, as 

Table II. ADDRO is the LSB when the MPU is 
the RAM or overlay registers. The MPU may read the 

address register at any time without modifying its contents or 
the existing read/write mode. 

Synchronization 
The MPU interface operates asynchronously to the pixel port. 
Data transfers between the color palette RAM/overlay registers 
and the color registers (R, G, and B as shown in the block dia
gram) are synchronized by internal logic, and occur in the 
period between MPU accesses. The MPU can be accessed at any 
time, even when the pixel CLOCK is stopped. 

8·Bitl6-Bit Color Operation 
The Command Register on the ADV473 specifies whether the 
MPU is reading/writing 8 bits or 6 bits of color information each 
cycle. 

For 8-bit operation, DO is the LSB and D7 is the MSB. 

For 6-bit operation, color data is contained on the lower six bits 
of the data bus, with DO being the LSB and OS the MSB of 
color data. When writing color data, D6 and D7 are ignored. 
During color read cycles, D6 and D7 will be a logical "0." It 
should be noted that when the ADV473 is in 6-bit mode, full
scale output current will be reduced by approximately 1.5% rel
ative to the 8-bit mode. This is the case since the 2 LSBs of 
each of the three DACs are always set to zero in 6-bit mode. 

This information applies to a product under development. Its characteristics and sp~cifications an: sub!~ct to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwIse agreed to m wntmg. 
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ADV473 
Command Register (CR) 
The ADV473 has an internal command register (CR). This reg
ister is 8 bits wide, CRO-CR7 and is directly mapped to the 
MPU data bus on the part, DO-D7. The command register can 
be written to or read from. It is not initialized, therefore it must 
be set. Figure 4 shows what each bit of the CR register controls 
and shows the values it must be programmed to for various 
modes of operation. 

Color Modes 
The ADV473 supports four color modes, 24-bit true-color, 
IS-bit true-color, 8-bit true-color and 8-bit pseudo color. The 
mode of operation is determined by the SO and SI inputs, in 
conjunction with CR7 and CR6 of the command register. SO and 
SI are pipeJined to maintain synchronization with the video 
data. Table III illustrates the modes of operation. 

Table III. Color Operation Modes 

OL3-0LO Sl, SO CR7, CR6 Mode R7-RO G7-60 87·80 

1111 XX XX Overlay Color IS $XX $XX $XX 

0001 XX XX Overlay Color 1 $XX $XX $XX 

0000 00 00 24-Bit True-Color R7-RO G7-GO B7-BO 
0000 00 01 24-Bit True-Color R7-RO G7-GO B7-BO 
0000 00 10 24-Bit True-Color G7-GO B7-BO 
0000 00 11 Reserved Reserved Reserved 

0000 01 00 G7-GO B7-BO 
0000 01 01 G7-GO B7-BO 
0000 01 10 G7-GO B7-BO 
0000 01 11 Reserved Reserved 

0000 10 00 Ignored Ignored 
0000 10 01 P7-PO Ignored 
0000 10 10 Ignored P7-PO 
0000 10 11 gggbbbbb Ignored 

0000 11 00 Ignored Ignored 
0000 11 01 rrrgggbb Ignored 
0000 11 10 Ignored rrrgggbb 
0000 11 11 gggbbbbb Ignored 

I ( CR7 I CRS I ~RD ICCR4) Ie CR3 I CR2 CR1 I CRO I 
I 

COLOR MODE 
SELECT 

(SEE TABLE III) 
CONTROL OUTPUTS 

PEDESTAL ENABLE THESE BITS ARE OUTPUT 

CONTROL (SETUP) 
ONTO THE CR3-CRO PINS 

CRS I 
o lOIRE 
1 7.SIRE 

a·BITt6·BIT 
COLOR SELECT 

CR4 I 
o la-BIT 
1 8-BIT 

Figure 4. Command Register (CR) 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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VIDEO MODES 
24-Bit True-Color Mode 
Twenty-four bits of RGB color information may be input into 
the ADV473 every clock cycle. The 24 bits of pixel information 
are input via the RO--R7, GO-G7, and BO--B7 inputs. RO--R7 
address the red color palette RAM, GO-G7 address the green 
color palette RAM, and BO--B7 address the blue color palette 
RAM. Each RAM provides 8 bits of color information to the 
corresponding DI A converter. The pixel read mask register is 
used in this mode. 

24-Bit True-Color Bypass Mode 
Twenty-four bits of pixel information may be input into the 
ADV473 every clock cycle. The 24 bits of pixel information are 
input via the RO--R7, Go-G7, and BO--B7 inputs. RO--R7 drive 
the red DAC directly, GO-G7 drive the green DAC directly, and 
BO--B7 drive the blue DAC directly. The color palette RAMs 
and pixel read mask register are bypassed. 

8-Bit Pseudo-Color Mode 
Eight bits of pixel information may be input into the ADV473 
every clock cycle. The 8 bits of pixel information (PO-P7) are 
input via the RO--R7, GO-G7 or BO--B7 inputs, as specified 
CR7 and CR6. All three color palette RAMs are ad 
the same 8 bits of pixel data (PO-P7). Each RAM 
bits of color information to the correspondin 
The pixel read mask register is used in 

8-Bit True-Color Bypass Mode 
Eight bits of pixel information ma 
every clock cycle. The 8 bits of pix fo 
the RO--R7, GO-G7 or BO--B7 inputs, as spec 
CR6. 

Table IV. 8-Bit True-Color Bypass Video Input Format 

RO--R7 GO-G7 BO-B7 
Inputs Inputs Input Inputs 
Selected Selected Selected Format 

R7 G7 B7 R7 
R6 G6 B6 R6 
RS GS B5 RS 
R4 G4 B4 G7 
R3 G3 B3 G6 
R2 G2 B2 GS 
RI GI Bl B7 
RO GO BO B6 

As seen in the table, 3 bits of red, 3 bits of green, and 2 bits of 
blue data are input. The 3 MSBs of the red and green DACs are 
driven directly by the inputs, while the 2 MSBs of the blue 
DAC are driven directly. The 5 LSBs for the red and green 
DACs, and the 6 LSBs for the blue DAC, are a logical zero. 
The color palette RAMs and pixel read mask register are 
bypassed. 

ADV473 
IS-Bit True-Color Bypass Mode 
Fifteen bits of pixel information may be input into the ADV473 
every clock cycle. The 15 bits of pixel information (5 bits of 
red, 5 bits of green, and 5 bits of blue) are input via the RO--R7 
and Go-G7 inputs. 

Table V. IS-Bit True-Color Video Input Format 

Pixel 
Inputs 

R7 
R6 
R5 
R4 
R3 

Input 
Format 

o 
R7 
R6 
RS 
R4 
R3 
G7 
G6 

G5 
G4 
G3 
B7 
B6 
B5 
B4 
B3 

of the red, green, and blue DACs are driven 
y the inputs. The 3 LSBs are a logical zero. The color 

e RAMs and pixel read mask register are bypassed. 

Overlays 
The overlay inputs, OLO-OL3, have priority regardless of the 
color mode as shown in Table III. 

Pixel Read Mask Register 
The 8-bit pixel read mask register is implemented as three 8-bit 
pixel read mask registers, one each for the RO--R7, GO-G7, and 
BO--B7 inputs. When writing to the pixel read mask register, the 
same data is written to all three registers. The read mask regis
ters are located just before the color palette RAMs. Thus, they 
are used only in the 24-bit true-color and 8-bit pseudo-color 
modes since these are the only modes that use the color palette 
RAMs. 

The contents of the pixel read mask register, which may be 
accessed by the MPU at any time, are bit-wise logically ANDed 
with the 8-bit inputs prior to addressing the color palette 
RAMs. Bit DO of the pixel read mask register corresponds to 
pixel input PO (RO, GO, or BO depending on the mode). Bit DO 
also corresponds to data bus Bit DO. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADV473 
MA V 

26.67 1.000 

9.05 0.340 

7.62 0.286 

0.00 0.000 

NOTE: 
750 OOUBLY·TERMINATED LOAD, SETUP=7.5IRE, VREF =1.235 V, RSET =14Oll 
Rs.343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 

NOTE 
Typical with full-scale lOR, lOG, lOB = 26.67 mA, SETUP = 7.S IRE, 
VREP = 1.235 V, RsBT = 140 n. Extemal voltage or current reference 
adjusted for 26.67 mA full-scale output. 

WHITE LEVEL 

BLACK LEVEL 

BLANK LEVEL 

SYNC LEVEL 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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MA V 

25.24 0.950 

7.62 0.266 

0.00 0.000 

NOTE: 

100 IRE 

43 IRE 

WHITE LEVEL 

BLACK/BLANK 
LEVEL 

SYNC LEVEL 

ADV473 

750 DOUBLY-TERMINATED LOAD, SETUP. 0 IRE, V REF =1.235 V, RSET =1400 
RS-343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 

Figure 6. Composite Video Output Waveform ( = 0 IRE) 

Data 

NOTE 
Typical with fuU-scale lOR, I = 25.24 rnA, SETUP = 0 IRE, VREF 

= 1.235 V, RSBT = 140 O. External voltage or current reference adjusted for 
26.67 rnA fuU-scale output. 

PC BOARD LAYOUT CONSIDERATIONS 
The layout should be optimized for lowest noise on the ADV473 
power and ground lines by shielding the digital inputs and pro
viding good decoupling. The lead length between groups of V AA 

and GND pins should be minimized so as to minimize inductive 
ringing_ 

Ground Planes 
The ground plane should encompass all ADV473 ground pins, 
current/voltage reference circuitry, power supply bypass cir
cuitry for the ADV473, the analog output traces, and all the 
digital signal traces leading up to the ADV473. 

Power Planes 
The ADV 473 and any associated analog circuitry should have its 
own power plane, referred to as the analog power plane. This 
power plane should be connected to the regular PCB power 
plane 01 cx;) at a single point through a ferrite bead, as illus
trated in Figures 7, 8 and 9. This bead should be located within 
three inches of the ADV473. 

The PCB power plane should provide power to all digital logic 
on the PC board, and the analog power plane should provide 
power to all ADV473 power pins and current/voltage reference 
circuitry. 

Plane-to-plane noise coupling can be reduced by ensuring that 
portions of the regular PCB power and ground planes do not 
overlay portions of the analog power plane, unless they can be 
arranged such that the plane-to-plane noise is common mode. 

Supply DecoupJing 
For optimum performance, bypass capacitors should be installed 
using the shortest leads possible, consistent with reliable opera
tion, to reduce the lead inductance. Best performance is 
obtained with a 0.1 IJ.F ceramic capacitor decoupling each of the 
two groups of V AA pins to GND. These capacitors should be 
placed as close as possible to the device. 

It is important to note that while the A,DV473 contains circuitry 
to reject power supply noise, this rejection decreases with fre
quency. If a high frequency switching power supply is used, the 
designer should pay close attention to reducing power supply 
noise and should consider using a three-terminsl voltage regula
tor for supplying power to the analog power plane. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV. 0 DIGITAL-TO-ANALOGCONVERTERS 2-815 

• 



ADV473 
Digital Signal Interc:olUlect 
The digital inputs to the ADV473 should be isolated as much as 
possible from the analog outputs and other analog circuitry. 
Also, these input signals should not overlay the analog power 
plane. 

Due to the high clock rates involved, long clock lines to the 
ADV473 should be avoided to reduce noise pickup. 

Any active termination resistors for the digital inputs should be 
COlUlected to the regular PCB power plane (V cx;), and not to the 
analog power plane. 

ANALOG POWER PLANE 

COMP 

OPA 

VREF O:::-----f------. 

lOB 

COMPONENT DESCRIPTION 

Cl-C5 O.I~F CERAMIC CAPACITOR 
C6 1~ TANTALUM CAPACITOR 
Ll FERRITE BEAD 
R1, H2, R3 75<11% METAL FILM RESISTOR 

R4 lkO 5% RESISTOR 

ASET 1% METAL FILM RESISTOR 

ZI I.23V VOLTAGE REFERENCE AD5I19JN 

Figure 7. Typical Connection Diagram (External Voltage 
Reference) 

Analog Signal IntercolUlect 
The ADV473 should be located as close as possible to the out
put connectors to minimize noise pickup and reflections due to 
impedance mismatch. 

The video output signals should overlay the ground plane, and 
not the analog power plane, to maximize the high frequency 
power supply rejection. 

For maximum performance, the analog outputs should each 
have a 75 n load resistor connected to GND. The connection 
between the current output and GND should be as close as pos
sible to the ADV473 to minimize reflections. 

For more information on circuit board design and layout, see 
application note entitled "Design and Layout of a Video Graph
ics System for Reduced EMI" available from Analog Devices, 
Publication No. E1309-15-10/89. 

ANALOG POWER PLANE VAACli!:=--------, 
COMP 

OPA 
VREF 

VREFOUT 

GND tI:.====+~i==4;:::.:~~-...... --.... GROUND 

R2 R3 
75<1 75<1 

IREF TI-___ ... _.J-_-I-_~r:=:::::;~ 
10RC 

11-_____ J..._-I-_~r:=:::::;~AGB lOG C VIDEO 

L __ ~~--------,--~==~O~T lOB 

COMPONENT DESCRIPTION VENDOR PART NUMBER 

ERIE RPEII2Z5Ul04M50V 
MALLORY CSRl3Gl06KM 
FAIR·RITE 2743001111 
DALECMF 

RSET = 1.22IIREF 

~~--~--"--~"~iI---~----__ GROUND 
GROUND PLANE 

lOR b---l,:=-f.:.:::....:t-:.::;=~~ 
AGB 

lOG b.-----'--.J---t:==~ VIDEO 

~ _______ .... _.===~ OUTPUT 
lOB ( 

COMPONENT DESCRIPTION VENDOR PART NUMBER. 

Cl C5 O.I~F CERAMIC CAPACITOR ERIE RPEI12Z5Ul04M50V 

C6 1~ TANTALUM CAPACITOR MALLORY CSRl3Gl0BKM 

cr,ce 1~ TANTALUM CAPACITOR MALLORY CSRI3G106KM 

Ll FERRITE BEAD FAIR-RITE 2743001111 

Rl, R2, R3 75<1 1% METAL FILM RESISTOR DALECMF 

ZI ADJUSTABLE REGULATOR LM317LZ 

RBET 1% METAL FILM RESISTOR 

Figure 9. Typical Connection Diagram (External Current 
Reference) 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Personal System/2* and VGA * Compatible 
Plug-in Replacement for INMOS 171/176 
66MHz Pipelined Operation 
Three 6-Bit D/A Converters 
256x18 Color Palette RAM 
RS-343A/RS-170 Compatible Outputs 
Blank on All Three Channels 
Standard MPU Interface 
Asynchronous Access to All Internal Registers 
+5V CMOS Monolithic Construction 
Low Power Dissipation 
Standard 28-Pin, 0.6" DIP and 44-Pin PLCC 

APPLICATIONS 
High Resolution Color Graphics 
CAE/CAD/CAM Applications 
Image Processing 
Instrumentation 
Desktop Publishing 

AVAILABLE CLOCK RATES 
66MHz 
50MHz 
35MHz 

GENERAL DESCRIPTION 
The ADV476 (ADVGII) is a pin compatible and software compati
ble RAM-DAC designed specifically for VGA and Personal Sys
rem/2 color graphics. 

The ADV476 is a complete analog output RAM-DAC on a sin
gle monolithic chip. The part contains a 2S6x 18 color lookup 
table, a pixel mask register as well as a triple 6-bit video D/A 
converter. The ADV476 is capable of simultaneously displaying 
up to 2S6 colors, from a total color palette of 262,144 address
able colors. 

The on-chip asynchronous MPU bus allows access to the color 
lookup table without affecting the input video data via the pixel 
port. The pixel read mask register provides a convenient way of 
altering the displayed colors without updating the color lookup 
table. The ADV476 is capable of generating RGB video output 
signals which are compatible with RS-343A and RS-170 video 
standards, without requiring external buffering. 

The ADV476 is fabricated in a +SV CMOS process. Its mono
lithic CMOS construction ensures greater functionality with low 
power dissipation and small board area. The part is packaged in 
a 0.6", 28-pin DIP and a 44-pin PLCC. 

"l'enouaI SystemlZ and VGA are trademarb of latetaatio'aal BIIIiDeos 
Machine. Corp. 

ADV, is a resiateJecl trademark of AaalOC Device., lac. 

REV. A 

CMOS Monolithic 256 x 18 
Color Palette RAM-OAC 

AOV476 I 
FUNCTIONAL BLOCK DIAGRAM 

RED 

GREEN 

BLUE 

v .. (GND) DO D7 R6 Wii RSO AS1 

PRODUCT HIGHLIGHTS 
1. Standard video refresh rates, 3SMHz, SOMHz and 66MHz. 

2. Fully compatible with VGA and Personal Sysrem/2 color 
graphics. 

3. Guaranteed monotonic. Integral and differential linearity 
guaranteed to be a maximum of ± ILSB. 

4. Low glitch energy, 7SpV sees. 
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10"476 SPECIFICATIONS (Vee = +5V ±10%, IREF = B.BBmA. 
"., , " " ,,- ," ",,~, All Specifications Tmi• to T .... l unless otherwise noted.) 

.. . '1 

r.BlDeter AU Versions Units Test Conditions/Comments 

STATIC PERFORMANCE 
Resolution (Each DAC) 6 Bits 
ACCuracy (Eac,h DAC) 

Integral Nonlinearity ±0.5 LSB max Guaranteed Monotonic 
Full Scsle Error ±5 %nIaX Full Scsle=2.l5XlREFxRL' IREP=8.39!nA 
Blank Level ±0.5 LSB max BLANK = Logic Low 
Offset Error ±0.5 LSB max BLANK = Logic High 

DIGITAL INPUTS 
Input High Voltage, V1NH 2 V min 
Input Low Voltage, V1NL 0.8 V max 
Input Current, lIN ±10 !LA max Vee =5.5V, VIN = 0.4V to Vee 
Input Current (RD Input Only) ±IOO !LA max Vee =5.5V, VIN = 0.4V to Vee 
Input Capacitance, CIN 7 pFtyp 

DIGITAL OUTPUTS 
Output High Voltage, VOH 2.4 V min ISOURCE=,500!LA, Vee =4.5V 
Output Low Voltage, VOL 0.4 V max ISINK= 5.0mA, Vee =4.5V 
Floating-State Leakage Current ±50 !LA max Vee =5.5V,0.4V<V1N<Vee 
Floating-State Output Capacitance 7 pFtyp 

ANALOG OUTPUTS 
Max Output Voltage 1.5 V min 10.s10mA,10=2.l5xIRl!P 
Max Output Current 21 mAmin VO.slV 
DAC to DAC Matchini ±2.5 % max 
Analog Output Capacitance 10 pFtyp BLANK = Logic Low 

CURRENT REFERENCE 
Input Current (IRI!P) Range -31-10 mA minimA max 
Voltage at lREP Vee -3Nee VminNmax IRI!P=8.88mA 

POWER SUPPLY 
Supply Voltage, Vee 4.515.5 VminNmax 
Supply Current, lee 220 mAmax fMAX=66MHz, IO=2.15xIRl!P' DO to D7 Unloaded 
Power Supply Rejection Ratio 6 %N 4.5<Vee<5.5V, 10=2.15xIREP ' RL=37.5fi, 

CL =3OpF, IREP =8.88mA 

DYNAMIC PERFORMANCE 
Clock and Data Feedthrough3• 4 -35 dB typ 
Glitch Impuise3, 4 75 pV sees typ 

NOTES 
'Temperature range (T m;n to T mox); 0 to + 70'C. 
'Relative to the midpoint of the distribution of the three DACs measured at full scale. 
'TTL input values are 0 to 3 volts, with input rise/fall times s3ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outpUts. Analog output load sIOpF, 37.50. DO-D7 output load s5OpF. See timing notes in Figure 2. 

<clock and data feedthrough is a function of the amount of oversboot and undershoot on the digital inputs. For this test, the digital inputs have a 11<11 resistor 
to ground and are driven by 74HC logic. Glitch impulse includes clock and data feedthrough, -3dB test bandwidth=2xclock rate. 

Specification. subject to change without notice. 
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ADV416 

TIMING CHARACTERISTICS1 (Vee = +5V±10%. All Specifications TmlR to Tma/l 

Parameter 66MHz Version 50MBz Version 35MHz Version Units Conditions/Comments 

fmax 66 50 35 MHz Clock Rate 
t, 10 10 15 ns min RSO, RSI Setup Time 
t2 10 10 15 nsmin RSO, RSI Hold Time 
t, 5 '5 5 nsmin RD Asserted to Data Bus Driven 
t. 40 40 40 nsmax RD Asserted to Data Valid 
ts 20 20 20 nsmax RD Negated to Data Bus 3-Stated 
t6 10 10 15 nsmin Write Data Setup Time 
t7 10 10 15 ns min Write Data Hold Time 
ts 50 50 50 ns min RD, WR Pulse Width Low 

~ 4Xt12 4Xt'2 4 Xt'2 nsmin RD, WR Pulse Width High 
tlO 3 3 4 nsmin Pixel & Control Setup Time 
til 3 3 4 ns min Pixel & Control Hold Time 

t'2 15.3 20 28 nsmin Clock Cycle Time 
t13 5 6 7 nsmin Clock Pulse Width High Time 
t,. 5 6 9 nsmin Clock Pulse Width Low Time 
t,s 30 30 30 nsmax Analog Output Delay 

5 5 5 nsmin 

t'6 6 8 8 nsmax Analog Output Rise/Fall Time 
11/ 15.3 20 25 ns typ Analog Output Settling Time 
t,s 2 2 2 nsmin Analog Output Skew 
tpD 4 4 4 clocks Pipeline Delay 

NOTES 
'TTL input val""" are 0 to 3 volts, with input rise/fall times :$3 ns, measured between the 10% and 90% points. Timing reference points at SO% for inputs and 
outputs. Analog output load:$l0 pF, 37.S0. DI}..D7 output load:$SO pF. See timing notes in Figure 2. 

'Temperature Range (Tm1n to Tm • .J; 0 to +70"(; 
'Settling time does not include clock and data feedthrough. For this test, the digital inputs have a IkO resistor to ground and are driven by 74HC logic. 

Specifications subject to change without notice. 

REV. A 

READID~7) ----------~~~~SS~::::::::~~)J~------------

Figure 1. MPU ReadlWrite Timing 

RED'C:~LUE ____________________ _ 

NOTES 
1. OUTPUT DELAY It..! MEASURED FROM THE 50% POINT OF THE RISING EDGE OF THE PCLK TO 

THE 50% POINT OF FULL SCALE TRANSIltON. 
2. SETTUNG' nME It .. ) MEASURED FROM THE 50% POINT OF FULL SCALE TRANSITION TO THE 

OUTPUT REMAINING WITHIN :t:1I4 LSB. 
3. OUTPUT RISE/FALL nME 1t.,J MEASURED BETWEEN THE 10% AND 90% POINTS DF FULL SCALE 

TRANSITION. 

Figure 2. Video Input/Output Timing 
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ADV476 
ABSOLUTE MAXIMUM RATINGS· 
Vcr; to GND ..•.•............•....••..... +7V 
Voltage on any Digital Pin .•.•••• GND-O.SV to Vcr;+O.SV 
Ambient Operating Temperature (T A) •••.• - SS"{; to + 12S,,{; 
Storage Temperature (Ts) •..• ' ........• -6S·C to +lS00C 
Junction Temperature (TJ) ...•.............•• + 17S,,{; 
Lead Temperature (Soldering, lO sees) ...•.•..... + 3000c 
Vapor Phase Soldering (1 minute) ...•.........• +2200C 
Red, Green, Blue to GNDI •..•••..•.......• OV to Vcr; 

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

1 Analog outpUt sbott circuit to any power supply orconunon can be of an 
indefmite duration. 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max 

Power Supply Vee 4.5 5.00 5.5 
Ambient Operating Temperature TA 0 +70 
Output Load RL 37.5 
Reference Current IREF -3 -10 

ORDERING GUIDEl • 2 

Package 
Model Speed Package Type Option3 

ADV476KN3S 3SMHz 28-Pin DIP N-28 
ADV476KNSO SOMHz 28-Pin DIP N-28 
ADV476KN66 66MHz 28-Pin DIP N-28 
ADV476KP3S 3SMHz 44-Pin PLCC P-44A 
ADV476KPSO SOMHz 44-PinPLCC P-44A 
ADV476KP66 66MHz 44-Pin PLCC P-44A 

NOTES 
1 All devices are specified for 0 to + 7O"C operation. 
'Devices are packaged in 0.6' 28-pin plastic DIPs (N-28), and 44-pin 
Headed PLCC (p-44A). 
'N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information 
see Package InfonnatiOD section. 

Units 

Volts 
°C 
n 
rnA 

CAUTlON ____________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or sbunts. The protective foam 
sbould be discbarged to the destination socket before devices are removed. 

PLCC PIN CONFIGURATION DIP PIN CONFIGURATION 

BLANK 7 

ADV476 

TOP VIEW 
(NotTo_1 

39P7 

"V MUST BE TERMlNATm THROUGH A 0. 'p.F CERAMIC CAPACITOR TBV .. _OPA IS LEFT UNCONNECTED; COMP IS CONNECTm TO 100. 
ISEE fIOURE '1. 

""Ne • NO CONNECT 

The above pins ellow the ADV476KP (44-Pin PLCC) to be 
alternatively driven by a voltage reference. If it is desired to use 
a voltage reference configuration instead of the current reference 
configuration described in this data sbeet, the above listed pins 
must be connected as described in Figure 6 of the 
ADV4781ADV471 data sbeet of this reference manual. 
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Pin 
Mnemonic 

BLANK 

PCLK 

PO-P7 

RED,GREEN, 
BLUE 

Vee 

GND 

IREF 

RSO, RSI 

DO-D7 

ADV476 
PIN FUNCTION DESCRIPTION 

Function 

Composite blank control input (TTL compatible). A logic zero on this control input drives the analog outputs 
to the blanking level, as shown in Table V. The BLANK signal is latched on the rising edge of PCLK. While 
BLANK is a logical zero, the pixel inputs are ignored. 

Clock input (TTL compatible). The rising edge of PCLK latches the PO-P7 data inputs and the BLANK 
control input. It is typically the pixel clock rate of the video system. PCLK should be driven by a dedicated 
TTL buffer. 

Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which one of the 256 entries in 
the color palette RAM is to be used to provide color information. PO-P7 pixel select inputs are latched on the 
rising edge of PCLK. PO is the LSB. Unused pixel select inputs should be connected to GND. 

Red, green and blue current outputs. These high impedance current sources are capable of directly driving a 
doubly terminated 75n coaxial cable, as shown in Figure 41. All three current outputs should have similar 
output loads whether or not they are all being used. 

Analog power supply (5V ±10%). 

Analog ground. 

Current reference input. The relationship between the current input and the full scale output voltage of the 
DACs is given by the following expression: 

IREF = VO (Full Scale)/2.IS x RL 
RL = Load Resistance 

Write control input (TTL compatible). WR must be at logical zero when writing data to the device. DO-D7 
data is latched on the rising edge of WR. See Figure 1. 

Read control input (TTL compatible). RD must both be at logical zero when reading data from the device. 
See Figure 1. 

Command control inputs (TTL compatible). RSO and RSI specify the type of read or write operation being 
carried out, i.e., address register or color palette RAM read or write operations. See Tables I, II, III. 

Data bus (TTL compatible). Data is transferred to and from the address register and the color palette RAM 
over this 8-bit bidirectional data bus. DO is the least significant bit. 

TERMINOLOGY 
Blaukiog Level 

Reference Black Level 
The maximum negative polarity amplitude of the video signal. 

The level separating the SYNC portion from the Video portion 
of the waveform. Usually referred to as the Front Porch or Back 
Porch. At 0 IRE Units, it is the level which will shut off the 
picture tube, resulting in the blackest possible picture. 

Color Video (RGB) 
This usually refers to the technique of combining the three pri
mary colors of Red, Green and Blue to produce color pictures 
within the usual spectrum. In RGB monitors, three DACs are 
required, one for each color. 

Gray Scale 
The discrete levels of video signal between Reference Black and 
Reference White levels. An 8-bit DAC contains 256 different 
levels while a 6-bit DAC contains 64. 

Raster Scan 
The most basic method of sweeping a CRT one line at a time to 
generate and display images. 

REV. A 

Reference White Level 
The maximum positive polarity amplitude of the video signal. 

Video Signal 
That portion of the composite video signal which varies in gray 
scale levels between Reference White and Reference Black. Also 
referred to as the picture signal, this is the portion which may 
be visually observed. 
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ADV476 
MPU Interface 
As illustrated in the functional block diagram, the ADV476 sup
ports a standard MPU bus interface, allowing the MPU direct 
access to the color palette RAM . 

The RSO and RS I control inputs specify whether the MPU is 
accessing the .address register or the color palette RAM, as 
shown in Table I. The 8-bit address register is used to address 
the color palette RAM, eliminating the requirement for external 
address multiplexers. 

RSI RSO Addressed by MPU 

o 0 Pixel Address Register (RAM Write Mode) 
1 1 Pixel Address RegiSter (RAM Read Mode) 
o I Color Palette RAM 
I 0 Pixel Read Mask Register 

Table I. Control Input Truth Table 

To write color data, the MPU writes to the address register with 
the 8-bit address of the color palette RAM location which is to 
be modified. The MPU performs three successive write cycles 
(six bits of red data, six bits of green data and six bits of blue 
data). During the blue write cycle, the three bytes of color in
formation are concatenated into an 18-bit word and written to 
the location specified by the address register. The address regis
ter then automatically increments to the next location which the 
MPU may modify by simply writing another sequence of red, 
green and blue data. 

To read back color data, the MPU loads the address register 
with the address of the color palette RAM location to be read. 
The MPU performs three successive read cyCles (6 bits each of 
red, green and blue data). Following the blue read cycle, the 
address register increments to the next location which the MPU 

may read by simply reading another sequence of red, green and 
blue data. 

This 6-bit color data is right justified, i.e., the lower six bits of 
the data bus with DO being the LSB and D5 the MSB. D6 and 
D7 are ignored during a color write cycle and are set to zero 
during a color read cycle. 

During color palette RAM access, the address register resets to 
OOH following a blue read or write operation' to RAM location 
FFH. 

The MPU interface operates asynchronously to the pixel clock. 
Data transfers between the color palette RAM and the color reg
isters (R, G, and B in the block diagram) are synchronized by 
internal logic, and occur in the period between MPU accesses. 
Color (RGB) data is normally loaded to the color palette RAM 
during video screen retrace, i.e., during the video waveform 
blanking period, see Figure 5. 

To keep track of the red, green and blue read/write cycles, the 
address register has two additional bits (ADDRa, ADDRb) that 
count modulo three, as shown in Table II. They are reset to 
zero when the MPU writes to the address register, and are not 
reset to zero when the MPU reads the address register. The 
MPU does not have access to these bits. The other eight bits of 
the address register, incremented following a blue read or write 
cycle, (ADDRO--7) are accessible to the MPU, and are used to 
address color palette RAM locations, as shown in Table III. 
ADDRO is the LSB when the MPU is accessing the RAM. The 
MPU may read the address register at any time without modify
ing its contents or the existing read/write mode. 

Figure 1 illustrates the MPU read/write timing and Table III 
shows the associated functional instructions. 

Value RSI RSO Addressed by MPU 

ADDRa,b (Counts Modulo 3) 00 Red Value 
01 Green Value 
10 Blue Value 

ADDRO-7 (Counts Binary) OOH-FFH 0 I Color Palette RAM 

Table II. Address Register (ADDR) Operation 

RD WR RSO RSI ADDRa ADDRb Operation Performed 

0 0 0 X X Write Address Register; DO--D7 ..... ADDR0--7 
O ..... ADDRa,b 

0 0 0 0 Write Red Value; Increment ADDRa-b 
0 0 0 I Write Green Value; Increment ADDRa-b 
0 0 1 0 Write Blue Value; Modify RAM Location 

Increment ADDRO-7 
Increment ADDRa-b 

0 I X X Read Address Register; ADDRO-7 ..... DO--D7 
0 0 0 0 Read Red Value; Increment ADDRa-b 
0 0 0 I Read Green Value; Increment ADDRa-b 
0 0 1 0 Read Blue Value; Increment ADDR0--7 

Increment ADDRa-b 

0 0 X X X X Invalid Operation 

Table III. Truth Table for ReadIWrite Operations 
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Frame Buffer Interface 
The PO-P7 inputs are used to address the color palette RAM, as 
shown in Table IV. These inputs are latched on the rising edge 
of PCLK and address any of the 256 locations in the color pal
ette RAM. The addressed location contains 18 bits of color (6 
bits of red, 6 bits of green and 6 bits of blue) infonnation. This 
data is transferred to the three DACs and is then converted to 
an analog output (RED, GREEN, BLUE), these outputs then 
conttol the red, green and blue electron guns in the monitor. 

The BLANK input is also latched on the rising edge of PCLK. 
This is to maintain synchronization with the color data. 

PO-P7 Addressed by Frame Buffer 

OOH Color Palette RAM Location OOH 
OIH Color Palette RAM Location OIH 

FFH Color Palette RAM Location FFH 

Table ,V. Pixel Select/Color Palette Control Truth Table 

Pixel Read Mask Register 
The Pixel Read Mask Register in the ADV476 can be used to 
implement register level pixel processing, thereby cutting down 
on software overhead. This is achieved by gating the input pixel 
stream (PO-P7) with the contents of the pixel read mask regis
ter. The operation is a bitwise logical ANDing of the pixel data. 
The contents of this register can be accessed and altered at any 
time by the MPU (DO-D7). Table I shows the relevant control 
signals. 

This pixel masking operation can be used to alter the displayed 
colors without changing the contents of either the video frame 

Analog Interface 
The ADV476 has three analog outputs, corresponding to the 
Red, Green and Blue video signals. 

The Red, Green and Blue analog outputs of the ADV476 are 
high impedance current sources. Each one of these three RGB 
current outputs is capable of directly driving a 37.50 load, such 
as a doubly-terminated 750 coaxial cable. Figure 4a shows the 
required conftguration for each of the three RGB outputs con
nected into a doubly-terminated 750 load. This arrangement 
will develop RS-343A video output voltage levels across a 750 
monitor. A simple method of driving RS-170 video levels into a 
750 monitor is shown in Figure 4b. The output current levels 
of the DACs remain unchanged but the source termination resis-

RED. GREEN. BLUE 

Zs=150 
(SOURCE 

TERMINATIONI 

Zo=150 

(CABLEI Z.=150 
(MONITORI 

Figure 4a. Recommended Analog Output Termination for 
RS-343A 
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ADV476 
buffer or the color palette RAM. The effect of this operation is 
to partition the color palette into a user determined number of 
color planes. This process can be used for special effects includ
ing animation, overlays and flashing objects. 

(See also application note entitled "Animation Using the 
Pixel Read Mask Register of the ADV47x Series of Video RAM
DACs," available from Analog Devices (Pub No. 
El3l6-15-10/89). 

L 
PO, ----'" A 

: T 
P7 C 

H 

PIXEL 
READ 
MASK 

REGISTER COLOR 
PALETTE 

RAM 

BIDIRECTIONALMPU DATA BUS 

00---07 

Figure 3. Block Diagram Showing Pixel Read Mask Register 

tance, Zs, on each of the three DACs is increased from 750 to 
1500. 

More detailed infonnation regarding load terminations for vari
ous output conftgurations, including RS-343A and RS-170, is 
available in an application note entitled "Video Formats & 
Required Load Terminations" available from Analog Devices. 

Figure 5 shows the video waveforms associated with the three 
RGB outputs, driving the doubly terminated 750 load of Fig
ure 4a. The BLANK control input drives the analog outputs to 
the Black Level. BLANK is asserted prior to horizontal and 
vertical screen retrace. Table V details how the BLANK input 
modiftes the output levels. 

RED. GREEN. BLUE 
Zo=1S0 

(CABLEI Z.=150 
(MONITORI 

Figure 4b. Recommended Analog Output Termination for 
RS-170 
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ADV476 
mA V 

19.05 0.714 ....... ---=--------------,r---- WHITE LEVEL 

0.00 0.000 
....I. ______ ~ ___ ...L _________ BLACKIBLANK 

LEVEL 

NOTES 
1. OUTPUTS CONNECTED TO A DOUBLY TERMINATED 750 LOAD. 
2. IREF=8.88mA. 
3. RS-343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 

Figure 5. RGB Video Output Waveform 

RED,GREEN, DAt 
Description BLUE, (mA)1 BLANK Input Data 

WHITE LEVEL 19.05 1 FFH 
VIDEO Video 1 DATA 
BLACK LEVEL 0 1 OOH 
BLANK LEVEL 0 0 xxH 

NOTE 
'Typical with full scale RED, GREEN, BLUE = J9.OSmA. IREF = 8.88mA. 

Table V. Video Output Truth Table 

Reference Input 
The ADV476 requires an active current reference to enable the 
DACs provide stable and accurate video output levels. The rela
tionship between the output voltage and the required input ref
erence current is given by: 

I VO (FULL SCALE) 
REF- 2.1SxRL 

where RL = 37.S0 
= 7S0 

and VO = 0.714V 
= l.OV 

(for doubly terminated 7S0 load) 
(for singly terminated 7S0 load) 

(RS-343A video levels) 
(RS-170 video levels). 
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In a standard application which requires RS-343A video levels to 
be driven into a doubly terminated 750 load (RL = 37.S0), the 
necessary reference input current is: 

I REF =8.88mA. 

To drive the same levels into a singly terminated 7S0 load 
(RL = 7S0), the reference current is: 

IREF = 4.44mA. 

A suggested current reference design for the doubly terminated 
case, with RS-343A video levels and based on the LM334, a 
three-terminal adjustable current source, is shown in Figure 6. 
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CURRENT 
SOURCE 

LM334 

CR1 
IN4148 

r------~ IREF 

R 

R1 
150 

R2 
1500 

Figure 6. Current Reference Design Using an LM334 
Current Source 

PC BOARD LAYOUT CONSIDERATIONS 
The ADV476 is optimally designed for lowest noise perform
ance, both radiated and conducted noise. For optimum system 
noise performance, it is imperative that great care be given to 
the PC board layout. The layout should be optimized for lowest 
noise on the ADV476 power and ground lines. This can be 
achieved by shielding the digital inputs and providing good 
decoupling. The lead length between groups of V cc and GND 
pins should by minimized so as to minimize inductive ringing. 

Ground Planes 
The ground plane should encompass all ADV476 ground pins, 
voltage reference circuitry, power supply bypass circuitry, the 
analog output traces and all the digital signal traces leading up 
to the ADV476. 

Power Planes 
The PC board layout should have two distinct power planes, one 
for analog circuitry and one for digital circuitry. The analog 
power plane (Vcc) should encompass the ADV476 and all asso
ciated analog circuitry. This power plane should be connected to 
the regular PCB power plane at a single point through a ferrite 
bead, as illustrated in Figure 7. This bead should be located 
within three inches of the ADV476. 

REV. A 

ADV476 
The PCB power plane should provide power to all digital logic 
on the PC board, and the analog power plane should provide 
power to all ADV476 power pins, current reference circuitry 
and any output amplifiers. 

The PCB power and grmmd planes should not overlay portions 
of the analog power plane. Keeping the PCB power and ground 
planes from overlaying the analog power plane will contribute to 
a reduction in plane-to-plane noise coupling. 

Supply Decoupling 
Noise on the analog power plane can be further reduced by the 
use of multiple decoupling capacitors, see Figure 7. 

Optimum performance is achieved by the use ofO.llLF ceramic 
capacitors. This should be done by placing the capacitors as 
close as possible to the device with the capacitor leads as short 
as possible, thus minimizing lead inductance. 

It is important to note that while the ADV476 contains circuitry 
to reject power supply noise, this rejection decreases with fre
quency. If a high frequency switching power supply is used, the 
designer should pay close attention to reducing power supply 
noise. A de power supply filter (Murata BNX002) will provide 
EMI suppression between the switching power supply and the 
main PCB. Alternatively, consideration could be given to using 
a three terminal voltage regulator. 

Digital Signal Interconnect 
The digital signal lines to the ADV476 should be isolated as 
much as possible from the analog outputs and other analog cir
cuitry. Digital signal lines should not overlay the analog power 
plane. 

Due to the high clock rates used, long clock lines to the 
ADV476 should be avoided so as to minimize noise pickup. 

Any active pull-up termination resistors for the digital inputs 
should be connected to the regular PCB power plane and not 
the analog power plane. 

Analog Signal Interconnect 
The ADV476 should be located as close as possible to the out
put connectors thus minimizing noise pickup and reflections due 
to impedance mismatch. 

The video output signals should overlay the ground plane, and 
not the analog power plane, thereby maximizing the high fre
quency power supply rejection. 

For optimum performance, the analog outputs should each have 
a source termination resistance to ground of 750. This termina
tion resistance should be as close as possible to the ADV476 to 
minimize reflections. 

Note: For additional information on PC Board Layout see appli
cation note "Design and Layout of a Video Graphics System for 
Reduced EMI," available from Analog Devices (Pub. No. 
E1309-15-10/89). 
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ADV476 

ANALOG POWER PLANE 

V~~ .. """""""~"""""~ 

L 1 (FERRITE BEAD) 

)00 ... - .... +SV (PCB POWER PLANE) 

IREF 1'----+-----... 

ADV476 ~ I 
C1 

GND GROUND 

R1 R2 R3 

RED I-----e--+-~-... ---
TO 

VIDEO 
CONNECTOR GREEN ~------J~-4--I~~~~ 

BLUE ~-----~~~~~~ 

COMPONENT DESCRIPTION 

C1-01 
CS 
C6 
L1 
R1, R2, R3 

0.1,.F CERAMIC CAPACITOR 
10,.F TANTALUM CAPACITOR 
47,.F TANTALUM CAPACITOR 
FERRITE BEAD 
7501% METAL FILM RESISTOR 

VENDOR PART NUMBER 

ERIE RPE112Z5U104M50V 
MALLORY CSR13G106KM 
MALLORY CSR13F476KM 
FAIR-RITE 2743001111 
DALE CMF-SSC 

Figure 7. ADV476 Typical Connection Diagram and Component List 

O.l~F 

Vee t-.::~ __ AN __ ALO=G_PO_W~E_R_Pl.A=N_E __ 

I"EF t"'-~p---------

COMP 

Figure 8. Connection of VREF and COMP with the 
ADV476KP (44-Pin PLCC) 

2-826 DIGITAL-TO-ANALOG CONVERTERS REV. A 



1IIIIIIII ANALOG 
WDEVICES 

CMOS, 80 MHz Monolithic 256 Word 
Power-Down Color Palette RAM-oACs 

FEATURES 
Personal System/2* and VGA* Compatible 
80. 66. 50 and 35 MHz Pipelined Operation 
ADV478/ADV471 IADV~) Pin and Functional 

Compatible 
Power·Down Mode 
On·Board Voltage Reference 
Antisparkle Circuit 
Analog Output Comparators 
ADV477: 

Triple 8·Bit D/A Converters 
256 x 24 Color Palette RAM 
15 x 24 Overlay Registers 

ADV475: 
Triple 6·Bit D/A Converters 
256 x 18 Color Palette RAM 
15 x 18 Overlay Registers 

RS·343A/RS·170 Compatible Outputs 
Sync on all Three Channels 
Programmable Pedestal 
+5 V CMOS Monolithic Co 
44·Pin PLCC Package 

APPLICATIONS 
High Resolution Color Graphics 
CAE/CAD/CAM Applications 
Image Processing 
Instrumentation 
Laptop Computers 
Desktop Publishing 

AVAILABLE CLOCK RATES 
80 MHz 
66 MHz 
50 MHz 
35 MHz 

GENERAL DESCRIPTION 
The ADV477 and ADV475 are pin·, functional·, and software· 
compatible RAM·DACs designed specifically for Personal Sys
teml2 (PS/2) compatible color graphics. They are a direct plug
in upgrade for the ADV478 and ADV47I. Both support the 
existing 6-bit color VGA standard while also allowing for an 
upgrade path to 8-bit color resolution. 

ADV is a trademark of Analog Devices, Inc. 
*Personal Systeml2, PS/2, VGA and XGA are trademarks of International 
Business Machines Corp. 

CLOCK 

PO 
P7 

AoV477/AoV475 I 
FUNCTIONAL BLOCK DIAGRAM 

v ... 

>-----¢OPA 
,....--....., - ... ----~ COMP 

)--_--ilIOR 

}-_-+--cl1OG 

>-.-+-+--cl108 

SETUP 

475147t 
(477147t) 

477 has a 256 x 24 color lookup table with triple 8-bit 
'deo D/A converters. The ADV475 has a 256 x 18 color 

lookup table with triple 6-bit video D/A converters. New fea
tures on the ADV477/ADV475 include an on-board 1.2 V volt
age reference, analog output comparators for self diagnostics and 
debugging as well as a power-down or sleep mode. 

The power-down mode allows the ADV477/ADV475 to be put 
into a sleep mode with significant reduction in power consump
tion. This is ideal for laptop computers that may occasionally 
require the optional ability to drive an analog RGB monitor, 
but whose design is dictated by a desire to minimize power 
consumption. 

Options on both parts include a programmable pedestal (0 or 
7.5 IRE) and use of an external voltage or current reference. 
15 overlay registers provide for overlaying cursors, grids, 
menus, EGA emulation, etc., at the hardware level. Also sup
ported is a pixel read mask register and the ability to encode 
sync information on all three channels. 

The ADV477/ADV475 generates RS343A compatible video sig
nals into a doubly terminated 75 0 load, and RS-170 compatible 
video signals into a singly terminated 75 0 load, without requir
ing external buffering. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV. 0 DIGITAL-TO-ANALOG CONVERTERS 2-827 



(VAXI = 5 V; SETUP = 4771471 = VAX; VREF =1.235 V; 

ADV477 IADV4 75 -SPECIFICATIONS ~~I;to3~:AX~'u~le: ;h:~i~:~:a~r O. All specifications 

Parameter 

STATIC PERFORMANCE 
Resolution (Each DAC) 
Accuracy (Each DAC) 

Integral Nonlinearity 
Differential Nonlinearity 
Gray Scale Error 

Coding 

DIGITAL INPUTS 
Input High Voltage, VINH 
Input Low Voltage, V INL 

Input Current, lIN 
Input Capacitance, em 

DIGITAL OUTPUTS 
OutpUt High Voltage, VOH 
Output Low Voltage, VOL 
Floating-State Leakage Current 
Floating-State Leakage Capacitance 

ANALOG OUTPUTS 
Gtay Scale Current Range 
Output Current 

White Level Relative to Black 

Black Level Relative to Blank 
(Pedestal = 7.5 IRE) 

Black Level Relative to Blank 
(Pedestal = 0 IRE) 

Blank Level 
(Sync Enabled) 

Blank Level 
(Sync Disabled) 

Sync Level 

LSB size 
DAC to DAC Matching 
OutpUt Compliance, V DC 

Output Capacitance, CoUT 
Output Impedance, RoUT 

VOLTAGE REFERENCE 
Internal Voltage Reference 
External Voltage Reference Range 

POWER SUPPLY 
Supply Voltage, V AA 

Supply Current, lAA 

Normal Operation 
Power Down Mode' 

Power Supply Rejection Ratio 

DYNAMIC PERFORMANCE 
Oock and Data Feedthrough" , 
Glitch Impulse" , 
DAC to DAC Crosstalk" 

NOTES 

ADV477 

8 

±I 
±I 
±5 

2 
0.8 
±I 
7 

2.4 
0.4 
SO 
7 

20 

1.111.3 
1.1411.26 

4.75/5.25 
4.5015.50 

200 
10 
0.5 

-30 
75 
-23 

ADV475 

6 

±0.25 
±0.25 
±5 

2 
0.8 
±I 
7 

2.4 
0.4 
SO 
7 

20 

1.1/1.3 
1.1411.26 

4.7515.25 
4.50/5.50 

200 
10 
0.5 

-30 
75 
-23 

'±5% for 80 MHz and 66 MHz partS; ±IO% for 50 MHz and 35 MHz partS. 
'Temperature Range (TMIN to T~: O"C to + 70"C. 

Units 

Bits 

LSBmax 
LSB max 
% Gtay Scale 
Binary 

V min 
V max 
..,A max 
pFmax 

V min 
V max 
..,A max 
pFmax 

VminlVmax 
VminlVmax 

VminlVmax 
VminlVmax 

mAmax 
mAmax 
%1%00 

dBtyp 
pV sees typ 
dBtyp 

'External Voltage/Current Reference disabled. Temperature: +25 "C to +70 "C. All digital inputs at 0.4 V. 

"test Conditions/Comments 

Guaranteed Monotonic 

VIN = 0.4 V or 2.4 V 
f= 1 MHz, VIN = 2.4 V 

ISOURCE = 400 ..,A 
ISINK = 3.2 mA 

Typically 17.62 mA 

TypicaUy 1.44 mA, SETUP = V AA 

Typically 5 )loA, SETUP = GND 

Typically 7.62 mA 

TypicaUy 5 )loA 

Typically 5 )loA 

Typically 2% 

f=IMHz,IouT=OmA 

Typically 1.235 V 

80 MHz and 66 MHz Parts 
SO MHz and 35 MHz Parts 

Typically 160 mA 
Typically 5 mA 
f = 1 kHz, COMP = 0.1 )loF 

<cJock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. Glitch impulse includes clock and data feedthrough. 
'TTL input values are 0 to 3 volts, with input rise/fall times ,,;3 us, measured the 10% and 90% points. Timing reference points at 50% for inputs and outputs. 
6DAC-to-DAC Crosstalk is measured by holding one DAC high while the other two are making low to high and high to low transitions. 
Specifications subject to change without notice. 

This information .applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADV477/ADV475 

TIMING CHARACTERISTICSl (VM2 = 5 V; SETUP = 4771471 = vM; VREF = 1.235 V; Rl = 37.5 n, Cl = 10 pF; 
RSET = 147 n. All specifications TMIN to TMAlt3, unless otherwise noted.) 

so MHz 66 MHz 50 MHz 35 MHz 
Parameter 

fmax 
tl 
t2 
t: 
t/ 
t55 
t.,5 

t7 
ts 
t" 
t lO 
tu 
tl2 
t13 
tl4 
t l5 
t l6 
tl7 
t ls6 

t l9 

NOTES 

Version 

80 
10 
10 
5 
40 
20 
5 
10 
10 
50 
6 X t13 
3 
3 
12.5 
4 
4 
30 
3 
13 
1 
2 
4 X t13 

Version 

66 
10 
10 
5 
40 
20 
5 
10 
10 
50 
6 X t l3 
3 
3 
15.15 
5 
5 
30 

'TIL input values are 0 to 3 volts, with input rise/fall 

Version 

50 
10 
10 
5 
40 
20 
5 
10 
10 
50 
6 x t l3 
3 
3 
20 
6 

outputs. Analog output load s 10 pF, DO-D7 output load s 50 pF. See 
2±5% for 80 MHz and 66 MHz parts; ± 10% for 50 MHz and 35 MHz 
'Temperature Range (TMIN to TMAX): O"C to +7O"C. 

Version Units 

35 MHz 
10 nsmin 
10 nsmin 
5 nsmin 
40 nsmax 
20 nsmax 
5 nsmin 
10 nsmin 
10 nsmin 
50 nsmin 
6 X t13 
3 

Conditions/Comments 

Clock Rate 
RSO-RS2 Setup Time 
RSO-RS2 Hold Time 
RD Asserted to Data Bus Driven 
RD Asserted to Data Valid 
RD Negated to Data Bus 3-Stated 
Read Data Hold Time 
Write Data Setup Time 
Write Data Hold Time 
RD, WR Pulse Width Low 
RD, WR Pulse Width High 
Pixel and Control Setup Time 
Pixel and Control Hold Time 
Clock Cycle Time 
Clock Pulse Width High Time 
Clock Pulse Width Low Time 
Analog Output Delay 
Analog Output Rise/Fall Time 
Analog Output Settling Time 
SENSE Output Delay 
Analog Output Skew 
Pipeline Delay 

the 10% and 90% points. Timing reference points at 50% for inputs aod 
notes in Figure 2a. 

"t, and r. are measured with the load circuit of Figure 3 and are defined as the time required for ao output to cross 0.4 V or 2.4 V. 
'I, and 10 are derived from the measured time taken by the dats outputs to change by 0.5 V when loaded with the circuit of Figure 3. The measured number is 
then extrapolated back to remove the effects of chargins the 50 pF capacitor. This means that the times, I, and 10, quoted in the timing characteristics are the 
true values for the device aod as sucb are independent of external bus loading capacitances. 

·Sett1ins time does not include clock and dats feedthroogh. 

Specifications subiect to change without notice. 

_ ~t, t.~ 

AS1, RB2 

RD,Wii 

Figure 1. MPU ReadIWrite Timing 

CLOCK 

DIQITALINPUTS ~~~~~~O~~~~~~~~~~~ (PO-_~ • .o~; 
SYNC, BLANK) 

ANALOG OUTPUTS 

(lOR. lOG. lOB) -----------11--.:::-11 
NOTES 

1. OUTPUT DELAV MEASURED FROM THE 50% POINT OF THE RISING EDGE OF CLOCK TO THE 
50% POINT OF FULL-SCALE TRANSITION. 

2. SETTUNG TIME MEASURED FROM THE 50% POINT OF FULL-SCALE TRANSITION TO THE 
OUTPUT REMAINING WITHIN ±1 LSB (ADV477) AN ±G.25 LSBa (ADV475). 

3. OUTPUT RISE/FALL nilE MEASURED BETWEEN THE 10% AND 90% POINTS OF FULL-scALE 

TRANSmON Figure 2a. Video Input/Output Timing 

ANALOG r---------
(IOR,~~:.,': ~x'----------

SENSe ______ +-,....~.335mv 
t,.-I-4=---"=-----

Figure 2b. Video Output vs. SENSE Timing 

TO 
OUTPUT O--..... -4( +2.1V 

PIN 

Figure 3. Load Circuit for Bus Access and Relinquish Time 

This information applies to a product undar development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADV417/ADV475 

RECOMMENDED OPERATING CONDITIONS 
Parameter Symbol Min Typ Max Units 

Power Supply VAA 
SO MHz, 66 MHz Parts 4.75 5.00 5.25 Volts 
50 MHz, 3S MHz Parts 4.5 5.00 5.5 Volts 

Ambient Operating Temperature TA 0 +70 "C 
OutpUt Load RL 37.5 n 
Voltage Reference Configuration 

Reference Voltage VREF 1.14 1.235 1.26 Volts 
Current Reference Configuration 

lREF Current lREF 
Standard RS-343A -3 -S.39 -10 rnA 
PS/2 Compatible -3 -S.SS -10 rnA 

CAUTlO~ ____________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy el 
static fields. Unused devices must be stored in conductive foam or shunts. The prot . 

WARNING! ~ 

~~EDEVICE should be discharged to the destination socket before devices are inserted. 

ABSOLUTE MAXIMUM RATINGS* 
VAAtOGND ....••.....•...•..........•... 7 
Voltage on any Digital Pin ... GND - 0.5 V to V + 
Ambient Operating Temperature CTA) ....• -5 
Storage Temperature CT s) ........•... 
Junction Temperature CTJ) ••••••• 

Lead Temperature (Soldering, 10 sees) 
Vapor Phase Soldering (2 minutes) ... 
lOR, lOG, lOB to GNDI •....•...•...•. 

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

1 Analog outpUt short circuit to any power supply or common can be of an 
indefinite duration. 

ORDERING GUIDE 

DAC Palette Temperature Package 
Model Speed Resolution Size Range Option* 

ADV477KPSO SO MHz S-Bit 256 x 240°C to +70"C P-44A 
ADV477KP66 66 MHz S-Bit 256 x 24 WC to +700c P-44A 
ADV477KP50 50 MHz S-Bit 256 x 24 O"C to +7WC P-44A 
ADV477KP35 35 MHz S-Bit 256 x 24 OOC to +70"C P-44A 
ADV475KPSO SO MHz 6-Bit 256 x IS O"C to +70"C P-44A 
ADV475KP66 66 MHz 6-Bit 256 x IS WC to +70"C P-44A 
ADV475KP50 50 MHz 6-Bit 256 x IS WC to +70"C P-44A 
ADV475KP35 35 MHz 6-Bit 256 x IS OOC to +70"C P-44A 

.p = Plastic Leaded <I-Lead) Chip Carrier (PLCC). For outline information 
see Package Information section. 

RSO 17 

ADV477/ADV475 
TOP VIEW 

(Not to Scale) 

29 COMP 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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ADV477/ADV475 
PIN FUNCTION DESCRIPTION 

Pin Mnemonic 

SETUP 

CLOCK 

PO-P7 

OLO-OL3 

lOR, lOG, lOB 

lREF 

COMP 

OPA 

Function 

Composite blank control input (TTL compatible). A logic zero drives the analog outputs to the blanking level. It 
is latched on the rising edge of CLOCK. When BLANK is a logical zero, the pixel and overlay inputs are 
ignored. 

Setup control input. Used to specify either a 0 IRE (SETUP = GND) or 7.5 IRE (SETUP = V AA) blanking 
pedestal. 

Composite sync control input (TTL compatible). A logical zero on this input switches off a 40 IRE current 
source on the analog outputs. SYNC does not override any other control or data input; therefore, it should be 
asserted only during the blanking interval. It is latched on the rising edge of CLOCK. 

Clock input (TTL compatible). The rising edge of CLOCK latches the PO-P7, OLO-OL3, SYNC, and BLANK 
inputs. It is typically the pixel clock rate of the video system. It is recommended that CLOCK be driven by a 
dedicated TTL buffer. 
Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which one of the 256 entries in the 
color palette RAM is to be used to provide color information. They are latched on the rising edge of CLOCK. PO 
is the LSB. Unused inputs should be connected to GND. 

Overlay select inputs (TTL compatible). These inputs speci 
information. When accessing the overlay palette, the 

ette is to be used to provide color 
ored. They are latched on the rising 

edge of CLOCK. OLO is the LSB. Unused inp ed toGND. 

current. 
When using an ex 
magnitude of 
output is: 

K is defrned in the table 
terminated 75 n loads (RS- 3A appli 
doesn't have SYNC encoded, a 182 n 

) connected between this pin and GND controls the 
RSET and the full-scale output current on each 

a 147 n value of RSET resistor be used for doubly 
PS/2 applications, where 0.7 V is driven into 50 n and which 

is recommended. 

When using an external current reference, the relationship between lREF and the full-scale output current on each 
output is: 

lREF (rnA) = lOUT (rnA) I K 

Part Color Resolution Pedestal K (SYNC Enabled) K (SYNC Disabled) 

ADV477 6-Bit 7.5 IRE 3.170 2.26 
8-Bit 7.5 IRE 3.195 2.28 
6-Bit o IRE 3.000 2.10 
8-Bit o IRE 3.025 2.12 

ADV475 6-Bit 7.5 IRE 3.170 2.26 
8-Bit o IRE 3.000 2.10 

Compensation pin. If an external voltage reference is used, this pin should be connected to OPA. If an external 
current reference is used, this pin should be connected to IREF. A 0.1 tJF ceramic capacitor must always be used 
to bypass this pin to V AA' 

Voltage reference input. If an external voltage reference is used, it must supply this input with a 1.2v (typical) 
reference. If an external current reference is used, this pin should be left floating, except for the bypass capacitor. 
A 0.1 .... F ceramic capacitor must always be used to decouple this input to V AA' When using the internal 
reference circuitry, this pin should only be connected to the bypass capacitor. 

Reference amplifier output. If an externa1 voltage reference is used, this pin must be connected to COMPo When 
using an externa1 current reference, this pin should be left floating. 

This information applies to a product under development. Its characteristics and specifications are subject to change without 
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ADV4771ADV475 
PIN FUNCTION DESCRIPTION (continued) 

Pin Mnemonic Function 

Analog power. All V AA pins must be connected. 

Analog ground. All GNDpins must be connected. 

Write control input (TIL compatible). DO-D7 data is lstched on the rising edge of WR, and RSO-RS2 are 
lstched on the falling edge of WR during MPU write operations. 

Read control input (TTL compatible). To read data from the device, RD must be a logical zero. RSO-RS2 are 
lstched on the falling edge of RD during MPU read operations. 

RSO, RSI, RS2 

DO-D7 
Register select inputs (TIL compatible). RSO-RS2 specify the type of read or write operation being performed. 

Data bus (TIL compatible). Data is transferred into and out of the device over this eighi bit bidirectional data 
bus. DO is the least significant bit. 

475/471 (4771471) ADV475 (ADV477) or ADV471 select input (TIL compatible). When this input is floating or a logical zero, the 
ADV477/ADV475 behaves exactly as an ADV471 with antisparlde capabilities. When this input is at a logical 
one, the extra capabilities of the ADV477/ADV475 are available. The Command Register (CR) becomes active. 

Sense Output (TIL compatible). SENSE is a logical zero if one or more of the lOR, lOG and lOB outputs have 
exceeded the internal voltage reference level (335 m V). 

TERMINOLOGY 
BLANKING LEVEL 
The level separating the SYNC portion from the Video portion 
of the waveform. Usually referred to as the front porch or back 
porch. At 0 IRE Units, it is the level which will shut off the 
picture tube, resulting in the blsckest possible picture. 

COLOR VIDEO (KGB) 
This usually refers to the technique of comb' 
mary colors of red, green and blue to p 
within the usual spectrum. In RGB m 
would be required, one for each color. 

COMPOSITE SYNC SIGNAL (SYNC) 
The position of the composite video signal which s 
the scanning process. 

COMPOSITE VIDEO SIGNAL 
The video signal with or without setup, plus the composite 
SYNC signal. 

GRAYSCALE 
The discrete levels of video signal between Reference BIsek and 
Reference White levels. An 8-bit DAC contains 256 different 
levels while a 6-bit DAC contains 64. 

RASTER SCAN 
The most basic method of sweeping a CRT one line at a time to 
generate and displsy images. 

REFERENCE BLACK LEVEL 
The maximum negative polsrity amplitude of the video signal. 

REFERENCE WHITE LEVEL 
The maximum positive polsrity amplitude of the video signal. 

SETUP 
The difference between the Reference BIsek level and the blsnk
ing level. 

SYNC LEVEL 
The peak level of the composite SYNC signal. 

VIDEO SIGNAL 
That portion of the composite video signal which varies in gray 
scale levels between Reference White and Reference Blsek. Also 
referred to as the picture signal, this is the portion which may 
be visually observed. 

support a standard MPU bus inter
access to the color palette RAM 

SO-RS2, specify whether the 
register, the color palette RAM, 

or read mask re~ster. These controls also 
this access is a read or write function. 

decoding. The 8-bit address register is 
tents of the color palette RAM and over-

RSO Addressed by MPU 

Address Register (RAM Write Mode) 
Address Register (RAM Read Mode) 
Color Palette RAM 
Pixel Read Mask Register 
Address Register (Overlsy Write Mode) 
Address Register (Overlsy Read Mode) 
Overlsy Registers 
Command Register· 

*Avai1able only when the 475/471 (477/471) pin is a logic "I." 

Color Palette Writes 
The MPU writes to the address register (selecting RAM write 
mode, RS2 = 0, RSI = 0 and RSO = 0) with the address of the 
color palette RAM location to be modified. The MPU performs 
three successive write cycles (8 or 6 bits each of red, green, and 
blue), using RSO-RS2 to select the color palette RAM (RS2 = 0, 
RSI = 0, RSO = I). After the blue write cycle, the three bytes 
of color information are concatenated into a 24-bit word or an 
18-bit word and are written to the location specified by the 
address register. The address register then increments to the 
next location, which the MPU may modify by simply writing 
another sequence of red, green, and blue data. A complete set of 
colors can be loaded into the palette by initially writing the start 
address and then performing a sequence of red, green and blue 
writes. The address automatically increments to the next highest 
location after a blue write. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

2-832 DIGITAL-TO-ANALOG CONVERTERS REV. 0 



Color Palette Reads 
The MPU writes to the address register (selecting RAM read 
mode, RS2 = 0, RSI = I and RSO = 1) with the address of the 
color palette RAM location to be read back. The contents of the 
palette RAM are copied to the red, green and blue registers and 
the address register increments to point to the next palette RAM 
location. The MPU then perform three successive read cycles (8 
or 6 bits each of red, green, and blue), using RSO-RS2 to select 
the color palette RAM (RS2 = 0, RSI = 0, RSO = 1). After the 
blue read cycle, the 24118 bit contents of the palette RAM at the 
location specified by the address register is loaded into the red, 
green and blue registers. The address register then increments 
to the next location which the MPU can read back by simply 
reading another sequence of red, green, and blue data. A com
plete set of colors can be read back from the palette by initially 
writing the start address and then performing a sequence of red, 
green and blue reads. The address automatically increments to 
the next highest location after a blue read. 

Overlay Color Writes 
The MPU writes to the address register (selecting OVERLAY 
REGISTER write mode, RS2 = 1, RSI = 0 and RSO = 0) with 
the address of the overlay register to be modified. The MPU 
performs three successive write cycles (8 or 6 bits each 
green, and blue), using RSO-RS2 to select the ov 
(RS2 = 1, RSI = 0, RSO = 1). Mter the blu 
three bytes of color information are co 
word or an 18-bit word and writt 
fied by the address register. The a 
ments to the next overlay register w 
by simply writing another sequence of red, 
data. A complete set of colors can be loaded in e overlay 
registers by initially writing the start address and then perform
ing a sequence of red, green and blue writes. The address auto
matically increments to the next highest location after a blue 
write. 

Overlay Color Reads 
The MPU writes to the address register (selecting OVERLAY 
REGISTER read mode, RS2 = 1, RSI = 1 and RSO = 1) with 
the address of the overlay register to be read back. The contents 
of the overlay register are copied to the red, green and blue reg
isters and the address register increments to point to the next 
highest overlay register. The MPU then perform three succes
sive read cycles (8 or 6 bits each of red, green, and blue), using 

ADV417/ADV475 
RSO-RS2 to select the Overlay Registers (RS2 = 1, RSI = 0, 
RSO = 1). Mter the blue read cycle, the 24/18 bit contents of 
the overlay register at the specified address register location is 
loaded into the red, green and blue registers. The address regis
ter then increments to the next overlay register which the MPU 
can read back by simply reading another sequence of red, green, 
and blue data. A complete set of colors can be read back from 
the overlay registers by initially writing the start address and 
then performing a sequence of red, green and blue reads. The 
address automatically increments to the next highest location 
after a blue read. 

Internal AdI:lr£,ss Register (ADDR) 
When accessing the color palette RAM, the address register re
sets to OOH following a blue read or write cycle to RAM location 
FFH. When accessing the overlay color registers, the address 

owing a blue read or write cycle. How-
e overlay color registers, the four most 
ere are only 15 overlay registers) of the 
4-7) are ignored. 

red, green, and blue read/write cycles, the 
o additional bits (ADDRa, ADDRb) that 

own in Table II. They are reset to 
writes to the address register, and are not 

the MPU reads the address register. The 
not have access to these bits. The other eight bits of 

. er, incremented following a blue read or write 
) are accessible to the MPU, and are used to 

palette RAM locations and overlay registers, as 
able II. ADDRO is the LSB when the MPU is ac

the RAM or overlay registers. The MPU may read the 
address register at any time without modifying its contents or 
the existing read/write mode. 

Note: The pixel clock must be active for MPU accesses to the 
color palette. 

Synchronization 
The MPU interface operates asynchronously to the pixel port. 
Data transfers between the color palette RAM/overlay registers 
and the color registers (R, G, and B as shown in the block dia
gram) are synchronized by interna11ogic, and occur in the pe
riod between MPU accesses. Internal circuitry has been included 
to reduce noticeable sparkling on some CRT systems which can 
occur during MPU accesses to the color palette RAM. 

Table II. Address Register (ADDR) Operation 

Value RS2 RSI RSO Addressed by MPU 

ADDRa, b (Counts Modulo 3) 00 Red Value 
01 Green Value 
10 Blue Value 

ADDRO-7 (Counts Binary) OOH-FFH 0 0 1 Color Palette RAM 
xxxx 0000 1 0 1 Reserved 
xxxx 0001 1 0 I Overlay Color 1 
xxxx 0010 1 0 1 Overlay Color 2 

xxxx 1111 1 0 1 Overlay Color 15 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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ADV477/ADV475 
ADV471 Compatibility 
The ADV477/ADV475 can be made to operate as an ADV471 
by setting the 477/471 input of the ADV477 and 475/471 input 
of the 475/471 to a logic "0". The internal Command Register 
(CR) is disabled and 6-bit color resolution is automatically 
selected. Color data is contained on the lower six bits of the data 
bus, with DO being the LSB and D5 the MSB of color data. 
When writing color data, D6 and D7 are ignored. During color 
read cycles, D6 and D7 will be a logical "0." It should be noted 
that when the ADV477 is in 6-bit mode, full-scale output cur
rent will be reduced by approximately 1.5% relative to the 8-bit 
mode. This is the case since the 2 LSBs of each of the three 
DACs are always set to zero in 6-bit mode. 

ADV477/ADV475 Enhancements 
The enhanced modes of operation provided by the ADV4771 
ADV475 can be implemented when the 477/471 and 475/471 
pins on the ADV477 and ADV475, respectively, are at a logic 
"I." The internal Command Register (CR) now becomes active, 
thereby allowing for full programmability of these enhanced 
modes. Command bit CRl sets the ADV477 to operate in 6-bit 
or 8-bit color resolution. 

Command Register (CR) 
The ADV477/ADV475 has an internal command register which 
becomes active when the 475/471 (477/471) pin is a logic "I." 
This register is 8 bits wide, CRO-CR7 and is directly map 
the MPU data bus on the part, DO-D7. The com 
register can be written to or read from. It . . 
therefore it must be set if the 477/471 
Figure 4 shows what each bit of the C 
shows the values it must be programme 
of operation. 

PEDESTAL ENABLE 
CONTROL (SETUP)-

CRS 

OIRE 
7.SIRE 

BLUE SYNC ENABLE 
CR4 

o NO SYNC ON BLUE 
SYNC ON BLUE 

Power-Down Mode 
The ADV477/ADV475 can be placed into a power-down or 
sleep mode. This is especially useful in power sensitive systems 
such as portable or lap-top computers. This power-down mode 
is controlled by the Power-Down bit (CRO) of the command reg
ister. When CRO is "0", the device goes into power-down mode. 
When CRO is "l", the part operates normally. 

The power to three DACs and the RAM is turned off while 
CRO is low. The contents of the palette RAM, however, remain 
valid in the power-down state and normal read/write operations 
can be made to the part over the MPU port. During the actual 
read/write operations (when CRO = 0) the RAM will be tempo
rarily powered up, and on completion of MPU accesses the 
RAM returns to its shut-down state. 

The three DACs in the ADV477/ADV475 will be shut off in the 
power-down mode only when the part is operated in the voltage 
reference configuration (internal or external reference). A fur
ther decrease in power consumption can be achieved by turning 
off the external vo 

erence configuration, the IREF cur-
o rnA when in the power-down 

mize the total power consumption. 

ors can be used in conjunction 
ntrol to determine whether or not a 

the RGB analog outputs. 

CRO 

o NORMAL 
OPERATION 
POWER-DOWN 

RAM-DAC 
RESOLUTION CONTROL 
CRl 

o 6-BIT 
a-BIT 

RED SYNC ENABLE 
CR2 

o NO SYNC ON RED 
SYNC ON RED 

• A LOGIC "0" MUST BE WRITIEN TO 
CR7 AND A LOGIC "1" MUST BE 
WRITIEN TO CRG. 

GREEN SYNC ENABLE 
CR3 

o NO SYNC ON GREEN 
SYNC ON GREEN 

Figure 4. Command Register fCR) 
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This internal voltage reference level has a ±5% tolerance when 
using an external voltage reference. A tolerance of ± 10% is 
achievable with the ADV 477/ADV475's internal voltage reference. 

Frame Buffer Interface 
The PO-P7 and OLO-OL3 inputs, which are latched in on the 
rising edge of CLOCK, are used to address the color palette 
RAM and overlay registers, as shown in Table III. The contents 
of the pixel read mask register, which may be accessed by the 
MPU at any time, are bit-wise logically ANDed with the PO-P7 
inputs. Bit DO of the pixel read mask register corresponds to 
pixel input PO. The addressed location provides an RGB word 
(24 bits for the ADV477 and 18 bits for the ADV475) of color 
information for the three RGB D/A converters. 

The SYNC and BLANK inputs, also latched on the rising edge 
of CLOCK to maintain synchronization with the color data, add 
appropriately weighted currents to the analog outputs, produc
ing the specific output levels required for video applications, as 
illustrated in Figures 5 and 6. Tables IV and V detail how the 
SYNC and BLANK inputs modify the output levels. 

MA V 

26.67 1.000 

9.05 0.340 
7.5 IRE 

7.62 0.286 

40 IRE 

0.00 0.000 

NOTES 

ADV477/ADV475 
Table III. Pixel and Overlay Control Truth Table 

(Pixel Read Mask Register = FFH) 

OLO-OL3 PO-P7 

OH OOH 
OH OIH 

OH FFH 
IH xxH 
2H xxH 

FH xxH 

Addressed by Frame Buffer 

Color Palette RAM Location OOH 
Color Palette RAM Location OIH 

Color Palette RAM Location FFH 
Overlay Color 1 
Overlay Color 2 

Overlay Color 15 

The SETUP input is used to specify whether a 0 IRE (SETUP 
= GND) or 7.5 (SETUP = V AA) blanking pedestal is to be 
used. 

the ADV477 and ADV475 are capable of 
.5 n load, such as a doubly terminated 75 n 

~"---- WHITE LEVEL 

"-"--------- BLACK LEVEL 

;....1--__________ BLANK LEVEL 

SYNC LEVEL 

1. CONNECTED WITH A 750 DOUBLY TERMINATED LOAD, SETUP = VAA. 
2. EXTERNAL VOLTAGE OR CURRENT REFERENCE ADJUSTED FOR 26.67 mA FULL-SCALE OUTPUT. 
3. RS-343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 

Figure 5. Composite Video Output Waveform (SETUP = V AA) 

Table IV. Video Output Truth Table (SETUP = V AA) 

DAC 
Description lOUT (mA) SYNC BLANK Input Data 

WHITE 26.67 1 1 FFH 
DATA data + 9.05 1 I data 
DATA-SYNC data + 1.44 0 1 data 
BLACK 9.05 1 1 OOH 
BLACK-SYNC 1.44 0 1 OOH 
BLANK 7.62 1 0 xxH 
SYNC 0 0 0 xxH 

NOTES 
1. Typical with fuD scale lOG = 26.67 mA, SETUP = V AA' 

2. External voltage or current reference adjusted for 26.67 mA CuD-scale 
output. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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ADV477/ADV475 
MA V 

26.67 1.000 

8.05 0.302 

0.00 0.000 

NOTES 

100 IRE 

43 IRE 

WHITE LEVEL 

BLACKIBLANK 
LEVEL 

SYNC LEVEL 

1. CONNECTED WITH A 750 DOUBLY TERMINATED LOAD, SETUP = GND. 
2. EXTERNAL VOLTAGE OR CURRENT REFERENCE ADJUSTED FOR 26.67mA FULL-SCALE OUTPUT. 
3. Rs-343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 

Figure 6. Composite Video Output Waveform (SETUP = GND) 

Description 

WHITE 
DATA 
DATA-SYNC 
BLACK 
BLAC 
B 
S 

outpUt. 

PC BOARD LAYOUT CONSIDERATIONS 

PC Board Considerations 
The layout should be optimized for lowest noise on the 
ADV477/ADV475 power and ground lines by shielding the digi
tal inputs and providing good decoupling. The lead length 
between groups of V AA and GND pins should by minimized so 
as to minimize inductive ringing. 

Ground Planes 
The ground plane should encompass all ADV477/ADV475 
ground pins, currentlvoltage reference circuitry, power supply 
bypass circuitry for the ADV477/ADV475, the analog output 
traces, and all the digital signal traces leading up to the 
ADV4771ADV475. 

Power Planes 
The ADV4771ADV475 and any associated analog circuitry 
should have its own power plane, referred to as the analog 
power plane. This power plane should be connected to the regu
lar PCB power plane (V cCJ at a single point through a ferrite 
bead, as illustrated in Figures 7, 8 and 9. This l?ead should be 
located within three inches of the ADV4771ADV475. 

The PCB power plane should provide power to all digital logic 
on the PC board, and the analog power plane should provide 
power to all ADV477/ADV475 power pins and current/voltage 
reference circuitry. 

Plane-ta-plane noise coupling can be reduced by ensuring that 
portions of the regu1ar PCB power and ground planes do not 
overlay portions of the analog power plane, unless they can be 
arranged such that the plane-ta-plane noise is common mode. 

Supply Decoupling 
For optimum performance, bypass capacitors should be installed 
using the shortest leads possible, consistent with reliable opera
tion, to reduce the lead inductance. Best performance is 
obtained with a 0.1 j1F ceramic capacitor decoupling each of the 
two groups of V AA pins to GND. These capacitors should be 
placed as close as possible to the device. 

It is important to note that while the ADV475 and ADV477 
contain circuitry to reject power supply noise, this rejection 
decreases with frequency. If a high frequency switching power 
supply is used, the designer should pay close attention to reduc
ing power supply noise and should consider using a three
terminal voltage regulator for supplying power to the analog 
power plane. 

Digital Signal Interconnect 
The digital inputs to the ADV477/ADV475 should be isolated as 
much as possible from the analog outputs and other analog cir
cuitry. Also, these input signals should not overlay the analog 
power plane. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

2-836 DIGITAL-TO"ANALOGCONVERTERS REV. 0 



Due to the high clock rates involved, long clock lines to the 
ADV477/ADV475 should be avoided to reduce noise pickup. 

Any active termination resistors for the digital inputs should be 
connected to the regular PCB power plane (V cc), and not the 
analog power plane. 

Analog Signal Interc:onnect 
The ADV477/ADV475 should be located as close as possible to 
the output connectors to minimize noise pickup and reflections 
due to impedance mismatch. 

The video output signals should overlay the ground plane, and 
not the analog power plane, to maximize the high frequency 
power supply rejection. 

For maximum performance, the analog outputs should each 
have a 75 a load resistor connected to GND. The connection 
between the current output and GND should be as close as pos
sible to the ADV477/ADV475 to minimize reflections. 

COMP 

OPA 

v ... 0::---+-----. 
GND~==~_.~~~~~~~ 

ADV4771 
ADV475 

I REF 

~o-----~--;---+---~--~~. 

lOG !----~--1--.t:=~ 
108 

COMPONENT DESCRIPTION 
Cl-CS 

C8 
Ll 

Rl,R2,R3 

R4 
Rsu 
Zl 

G.1~F CERAMIC CAPACITOR ERIE RPE112Z5U1Q4M5OV 

lCIiIF TANTALUM CAPACITOR MALLORY CSRl3G1D6K11 

FERRITE BEAD FAIR-RITE 2743001111 

75CIl% METAL RLM RESISTOR DALE CMF 

lkn 5% RESISTOR 

1% METAL RLM RESISTOR 

1.Z3V VOLTAGE REFERENCE AD589JN 

Figure 7. Typical Connection Diagram 
(External Voltage Reference) 

ADV477/ADV475 
ANALOG POWER PLANE 

V ... 0;=--------, 
COUP 

OPA C2-C3 
O.l~ 

GND~~ .. ~._--~--~--~t_~----... GROUND 

ADV4771 
ADV475 

Rl R2 R3 
75n 75n 75n 

IREFT~ ______ '-__ 4-__ ~ __ ~r:::~~ 
IORC 

l~ __________ ~ __ ~ __ ~r:::~~ RGB 
lOG C VIDEO 

lOB 
OUTPUT 

VENDOR PART NUMBER 
ERIE RPE112Z5Ul04M50V 

MALLORY CSRl3G106KM 
FAIR-RITE 2743001111 

DALECMF 

0:-;...-4 .... -4 .... -4 .......... - .. --.. GROUND 

~~-l~~+=~==~ 
1~ ________ '-__ 4-__ ~t:::::~RGB 

10GC VIDEO 

~ ____________ ... ____ -=::::~~ OUTPUT 
lOBe 

COMPONENT DESCRIPTION VENDOR PART NUMBER 
Cl-CS 

C8 
C7 
Ll 

R1, R2, R3 

Z1 

Rsu 

G.1~F CERAMIC CAPACITOR ERIE RPE112Z5Ul04M50V 

lC1!lFTANTALUM CAPACITOR MALLORY CSRl3Gl06KM 

1~ TANTALUM CAPACITOR MALLORY CSRl3Gl06KM 

FERRITE BEAD FAIR-RITE 2743001111 

75n 1% METAL FILM RESISTOR DALECMF 

ADJUSTABLE REGULATOR LM317LZ 

1% METAL RLM RESISTOR 

Figure 9. Typical Connection Diagram 
(External Current Reference) 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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1IIIIIIII ANALOG 
WDEVICES 

CMOS 80MHz Monolithic 256 x 24(18) 
Color Palette RAM-OACs 

FEATURES 
Personal Systeml2* Compatible 
80MHz Pipelined Operation 
Triple 8-Bit (6-Bit) DIA Converters 
256 x 24(18) Color Palette RAM 
15 x 24(18) Overlay Registers 
RS-343A1RS-170 Compatible Outputs 
Sync on All Three Channels 
Programmable Pedestal (0 or 7.5 IRE) 
External Voltage or Current Reference 
Standard MPU Interface 
+ 5V CMOS Monolithic Construction 
44-Pin PLCC Package 
Power Dissipation: 800mW 

APPLICA nONS 
High Resolution Color Graphics 
CAE/CAD/CAM Applications 
Image Processing 
Instrumentation 
Desktop Publishing 

AVAILABLE CLOCK RATES 
80MHz 
66MHz 
50MHz 
35MHz 

GENERAL DESCRIPTION 
The ADV478 (ADV®) and ADV471 are pin compatible and 
software compatible RAM-DACs designed specifically for Personal 
Systeml2 compatible color graphics. 

The ADV478 has a 256x24 color lookup table with triple 8-bit 
video D/A converters. It may be configured for either 6 bits or 
8 bits per color operation. The ADV471 has a 256 x 18 color 
lookup table with triple 6-bit video DI A converters. 

ADV is a registered trademark of Analog Devices, Inc. 
-Personal Systeml2 is a trademark of International Business Machiues 
Corp. 

REV. A 

AOV478/AOV471 I 

FUNCTIONAL BLOCK DIAGRAM 

OLl 

GND GND D. D7 RD iNA RSO RSl AS2 

NOTES 
1. NUMBERS IN PARENTHESIS INDICATE PIN NAMES FOR THE ADV471. 
2. NC=NO CONNECT 

Options on both parts include a programmable pedestal (0 or 
7.s IRE) and use of an external voltage or current reference. 
Fifteen overlay registers provide for overlaying cursors, grids, 
menus, EGA emulation, etc. Also supported is a pixel read 
mask register and sync generation on all three channels. 

The ADV478 and ADV471 generate RS-343A compatible video 
signals into a doubly terminated 750 load, and RS-170 compatible 
video signals into a singly terminated 750 load, without requiring 
external buffering. Differential and integral linearity errors are 
guaranteed to be a maximum of ± lLSB for the ADV478 and 
± 1I4LSB for the ADV471 over the full temperature range. 
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Parameter AU Versions 

STATIC PERFORMANCE 
Resolution (Each DACi 8(6) 
Accuracy (Each DAC)3 

Integral Nonlinearity ± 1(1/4) 
Differential Nonlinearity ±1(1/4) 
Gray Scale Error ±5 

Coding Binary 

DlGlTALlNPUTS 
Input High Voltage, V INH 2 
Input Low Voltage, V1NL 0.8 
Input Current, lIN ±l 
Input Capacitance, CIN 7 

DIGITAL OUTPUTS 
Output High Voltage, VOH 2.4 
Output Low Voltage, VOL 0.4 
Floating-State Leakage Current 50 
Floating-State Output Capacitance 7 

ANALOG OUTPUTS 
Gray Scale Current Range 20 
Output Current 

White Level Relative to Blank 17.69 
20.40 

White Level Relative to Black 16.74 
18.50 

Black Level Relative to Blank 0.95 
(SETUP = VAA) 1.90 

Black Level Relative to Blank 0 
(SETUP=GND) 50 

Blank Level 6.29 
8.96 

Sync Level 0 
50 

LSBSize' 69.1 (279.68) 
DAC to DAC Matching 5 
Output Compliance, Voc -I 

+ 1.5 
Output Impedance, RoUT 10 
Output Capacitance, CoUT 30 

VOLTAGE REFERENCE 
Voltage Reference Range, VREP 1.1411.26 
Input Current, IVREP 10 

POWER SUPPLY 
Supply Voltage, V AA 4.7515.25 

4.50/5.50 
Supply Current, lAA 220 
Power Supply Rejection Ratio 0.5 
Power Dissipation BOO 

DYNAMIC PERFORMANCE 
Clock and Data Feedthrough4,S -30 
Glitch Impulse4,s 75 
DAC to DAC Crossta1k6 -23 

NOTES 
I ± 5% for 80MHz and 66MHz pariS; ± 10% for 50MHz and 35MHz paris. 
'Temperature Range (T m;n to T m .. ); 0 to + 70"C. 
'Numbers in parentheses indicate ADV471 parameter value. 

Units Test Conditions/Comments 

Bits 

LSBmax 
LSBmax Guaranteed Monotonic 
% Gray Scale max 

V min 
V max 
",A max VIN = O.4V or 2.4V 
pFmax 

V min IsoURcE = 4OOf.LA 
V max ISINK = 3.2mA 
",A max 
pFmax 

mAmax 

mAmin Typically 19.05mA 
mAmax 
mAmin Typically l7.62mA 
mAmax 
mAmin Typically l.44mA 
mAmax 
f.LAmin Typically 5f.LA 
",A max 
mAmin Typically 7.62mA 
mAmax 
",A min Typically 5",A 
",A max 
f.LAtyp 8/6 = Logical I for ADV478 
%max Typically 2% 
V min 
V max 
kOtyp 
pFmax IOUT=OmA 

V minIV max 
",Atyp Tested in Voltage Reference 

ConfIguration with VREF = 1.235V 

VminlVmax 80MHz and 66MHz Parts 
VminIVmax 50MHz and 35MHz Parts 
mAmax Typically 180mA 
%/%max f= 1kHz, COMP= O.I",F 
mWmax Typically 900mW, V AA = 5V 

dBtyp 
pVsecstyp 
dBtyp 

'C1ock and data feedrbrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test, the digital inputs have a 
IkO resistor to ground and are driven by 74HC logic. Glitch impulse includes clock and data feedthrough, - 3dB test bandwidth = 2 x clock rate. 

'TTL input values are 0 to 3 volts, with input rise/fall times ,;;3ns, measured berween the 10% and 90% points. Timing reference points at 50% 
for inputs and outputs. Analog output load ,;;IOpF, DO - D7 output load ';;SOpF. See timing notes in Figure 2. 

6DAC to DAC crosstalk is measured by holdiug one DAC high while the other two are making low to high and high to low transitions. 

Specifications subject to change without notice. 
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ADV478/ADV471 

TIMING CHARACTERISTICS 1 (YM2= +5V, SElUP=8I6=VMo VRfF=1.235V. Rsa= 14m. AU Specifications Tmil to T .... 3.) 

Parameter KPSOVersion KP66 Version KP50 Version KP35 Version Units Conditions/Comments 

fmax 80 66 50 35 MHz Clock Rate 
tl 10 10 10 10 nsmin RSO - RS2 Setup Time 
t2 10 10 10 10 nsmin RSO - RS2 Hold Time 
t3 5 5 5 5 nsmin RD Asserted to Data Bus Driven 

4 40 40 '40 40 nsmax RD Asserted to Data Valid 
ts 20 20 20 20 nsmax RD Negated to Data Bus 3-Stated 
1(; 10 10 10 10 nsmin Write Data Setup Time 
t7 10 10 10 10 nsmin Write Data Hold Time 
ts SO SO SO SO nsmin RD,WR Pulse Width Low 

~ 6XtI2 6XtI2 6XtI2 6XtI2 nsmin RD, WRPulse Width High 
tlO 3 3 3 3 nsmin Pixel and Control Setup Time 
tll 3 3 3 3 nsmin Pixel and Control Hold Time 
tI2 12.5 15.3 20 28 nsmin Clock Cycle Time 
t13 4 5 6 7 nsmin Clock Pulse Width High Time 
tI4 4 5 6 9 nsmin Clock Pulse Width Low Time 
tIS 30 30 30 30 nsmax Analog Output Delay 
tI6 3 3 3 3 nstyp Analog Output Rise/Fall Time 
tI74 13 15.3 20 28 nstyp Analog Output Settling Time 
tIS 2 2 2 2 nsmax Analog Output Skew 
tpo 4x t12 4x t12 4XtI2 4XtI2 nsmin Pipeline Delay 

NOTES 
'TIL input values are 0 to 3 volts, with input rise/fall times "'3ns, measured between the 10% and 90% points. Timing reference 
points at 50% for inputs and outputs. Analog output load "'IOpF, 37.50. DO - D7 output load s50pF. See timing notes in Figore 2. 

2 ± 5% for 80MHz and 66MHz parts; ± 5% for 50MHz and 35MHz parts. 
'Temperature Range (T min to T mol; 0 to + 70"C. 
'Settling time does not include clock and data feedthrough. For this test, the digital inputs have a lid! resistor to ground and are 
driven by 74HC logic. 

Specifications subject to cbange without notice 

TIMING DIAGRAMS 

REV. A 

READ (DO-D71 ----------~~~~~~~========~==~---------------

Figure 1. MPU ReadIWrite Timing 

CLOCK 

PO - P7. OLO - 0L3. ~~~~~~~~§~:::::~~~tJ,~~~ SYNC. BLANK ~ u..~~'-.:l":"';~~ _p-t15 
t" 

lOR. lOG. lOB ______________________________ _ 

t,. 
NOTES 
1. OUTPUT DELAY (t,,1 MEASURED FROM THE 50% POINT OF THE RISING EDGE OF CLOCK TO 

THE 50% POINT OF FULL SCALE TRANSITION. 
2. SETTLING TIME (t,,1 MEASURED FROM THE 50% POINT OF FULL SCALE TRANSITION TO THE 

OUTPUT REMAINING WITHIN ±1LSB (ADV4781 OR ±1/4LSB (ADV471I. 
3. OUTPUT RISE/FALL TIME (t,.1 MEASURED BETWEEN THE 10% AND 90% POINTS OF FULL SCALE 

TRANSITION. 

Figure 2. Video Input/Output Timing 
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ADV478/ADV471 
RECOMMENDED OPERATING CONDITIONS 
Parameter Symbol Min Typ Max Units 

Power Supply VAA 

80MHz, 66MHz Parts 4.75 5.00 5.25 Volts 
SO, 35MHz Parts 4.5 5.00 5.5 Volts 

Ambient Operating Temperature TA 0 +70 ·C 
Output Load RL 37.5 n 
Voltage Reference Coilfiguration 

Reference Voltage VREF 1.14 1.235 1.26 Volts 
Current Reference Configuration 

Reference Current lREF -3 -10 mA 

CAUTION ____________ ~ ________________________________ ___ 

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

WARNING! d 
~~EDEJICE 

ABSOLUTE MAXIMUM RATlNGS* 

VAA to GND ....................... +7V. 
Voltage on Any Digital Pin . .. GND - 0.5V to V AA + 0.5V 
Ambient Operating Temperature (TA) - 55·C to + 125·C 
Storage Temperature (T s) .. . . . . . - 65·C to + 150·C 
Lead Temperature (Soldering, 10 secs) + 300·C 
Junction Temperature (TJ) •••• • + 175·C 
Vapor Phase Soldering (1 minute) . .. 220·C 
lOR, lOB, lOG to GND' . . . . . OV to V AA 

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

I Analog output short circuit to any power supply or common can be of an 
indefmite duration. 

PLCC PIN CONFIGURATION 

NOTES 

ADV4781ADV471 
TOP VIEW 

(Not to Scale' 

29 COMP 

1. NUMBERS IN PARENTHESIS INDICATE PIN NAMES FOR THE ADV411. 
2. NC=NO CONNECT 

ORDERING GUIDE 

Temperature Color Palette Package 
Model Range RAM Speed Option* 

ADV471KP80 OOCto +700c 256 x 18 80MHz P-44A 
ADV471KP66 O"C to + 70"C 256 x 18 66MHz P-44A 
ADV471KP50 O"C to + 70"C 256 x 18 50MHz P-44A 
ADV471KP35 OOC to + 70"C 256 x 18 35MHz P-44A 
ADV478KPSO O"C to + 700c 256 x 24 80MHz P-44A 
ADV478KP66 OOCto +700C 256 x 24 66MHz P-44A 
ADV478KP50 O·C to + 70"C 256 x 24 50MHz P-44A 
ADV478KP35 O·Cto +70·C 256 x 24 35MHz P-44A 

*p = Plastic Leaded Chip Carrier (PLCC). For outline information see Package 
Information section. 
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Pin 
Mnemonic 

SETUP 

CLOCK 

ADV478/ADV471 
PIN FUNCTION DESCRIPTION 

Function 

Composite blank control input (TTL compatible). A logic zero drives the analog outputs to the blanking level 
as illustrated in Tables IV and V. It is latched on the rising edge of CLOCK. When BLANK is a logical zero, 
the pixel and overlay inputs are ignored 

Setup control input. Used to specify either a 0 IRE (SETUP = GND) or 7.5 IRE (SETUP = V AA) 

blanking pedestal. 

Composite sync control input (TTL compatible). A logical zero on this input switches off a 40 IRE current 
source on the analog outputs (see Figures 3 and 4). SYNC does not override any other control or data input, 
as shown in Tables IV and V; therefore, it should be asserted only during the blanking interval. It is latched 
on the rising edge of CLOCK. 

Clock input (TTL compatible). The rising edge of CLOCK latches the PO - P7, OLO - OL3, SYNC, and 
BLANK inputs. It is typically the pixel clock rate of the video system. It is recommended that CLOCK be 
driven by a dedicated TTL buffer. 

PO - P7 Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which one of the 256 entries in 
the color palette RAM is to be used to provide color information. They are latched on the rising edge of CLOCK. 
PO is the LSB. Unused inputs should be connected to GND. 

OLO - OL3 Overlay select inputs (TTL compatible). These inputs specify which palette is to be used to provide color 
information, as illustrated in Table III. When accessing the overlay palette, the PO - P7 inputs are ignored. 
They are latched on the rising edge of CLOCK. OLO is the LSB. Unused inputs should be connected to 
GND. 

lOR, lOG, lOB Red, green, and blue current outputs. These high impedance current sources are capable of directly driving a 
doubly terminated 750 coaxia1 cable (Figures 5 and 6). 

lREF Full-scale adjust control. Note that the IRE relationships in Figures 3 and 4 are maintained, regardless of the 
full-scale output current. 

COMP 

VREF 

OPA 

VAA 

GND 

WR 

REV. A 

When using an external voltage reference (Figure 5), a resistor (RSET) connected between this pin and GND 
controls the magnitude of the full-scale video signal. The relationship between RSET and the full-scale output 
current on each output is: 

RSET (0)= K * 1,000 * VREF (V)IIOUT (rnA) 

K is defmed in the table below, along with corresponding RSET values for doubly terminated 750 loads. 

When using an external current reference (Figure 6), the relationship between IREF and the full-scale output 
current on each output is: 

lREF (mA) = lOUT (mA)lK 

Mode Pedestal K RSET(O) 

6-Bit 7.5 IRE 3.170 147 
8-Bit 7.5 IRE 3.195 147 
6-Bit o IRE 3.000 147 
8-Bit o IRE 3.025 147 

Compensation pin. If an external voltage reference is used (Figure 5), this pin should be connected to OPA. If 
an external current reference is used, this pin should be connected to lREF. A O.I .... F ceramic capacitor must 
always be used to bypass this pin to V AA. 

Voltage reference input. If an external voltage reference is used (Figure 5), it must supply this input with a 
1.2V (typical) reference. If an external current reference is used (Figure 6), this pin should be left floating, 
except for the bypass capacitor. A O.I .... F ceramic capacitor must always be used to decouple this input to 
V AA as shown in Figures 5 and 6. 

Reference amplifier output. If an external voltage reference is used (Figure 5), this pin must be connected to 
COMPo When using an external current reference (Figure 6), this pin should be left floating. 

Analog power. All V AA pins must be connected to the Analog Power Plane. 

Analog ground. All GND pins must be connected to the Ground Plane. 

Write control input (TTL compatible). DO - D7 data is latched on the rising edge of WR, and RSO - RS2 are 
latched on the falling edge of WR during MPU write operations. See Figure 1. 
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ADV478/ADV471 
PIN FUNCTION DESCRIPTION (Continued) 

Pin 
Mnemonic Function 

RD Read control input (TTL compatible). To read data from the device, RD must be a logical zero. RSO - RS2 
are latched on the falling edge of RD during MPU read operations. 

RSO,RSl,RS2 Register select inputs (TTL compatible). RSO - RS2 specify the type of read or write operation being performed 
as illustrated in Tables I and II. -

DO - D7 Data bus (TTL compatible). Data is transferred into and out of the device over this 8-bit bidirectional data 
bus. DO is the least significant bit. 

8/6 8-bitl6-bit select input (TTL compatible). This control input specifies whether the MPU is reading and writing 
8-bits (logical one) or 6-bits (logical zero) of color information each cycle. For 8-bit operation, D7 is the most 
significant data bit during color read/write cycles. For 6-bit operation, D5 is the most significant data bit 
during color read/write cycles (D6 and D7 are ignored durhtg color write cycles and are logical zero during 
color read cycles). This control input is implemented only on the ADV478. 

TERMINOLOGY 

Blanking Level 
The level seperating the SYNC portion from the video portion 
of the waveform. Usually referred to as the front porch or back 
porch. At 0 IRE units, it is the level which will shut off the 
picture tube, resulting in the blackest possible picture. 

Color Video (RGB) 
This usually refers to the technique of combining the three 
primary colors of red, green and blue to produce color pictures 
within the usual spectrum. In RGB monitors, three DACs would 
be required, one for each color. 

Composite SYNC Signal (SYNC) 
The position of the composite video signal which synchronizes 
the scanning process. 

Composite Video Signal 
The video signaI with or without setup, plus the composite 
SYNC signal. 

Gray Scale 
The discrete levels of video signal between reference black and 
reference white levels. An 8-bit DAC contains 256 different 
levels while a 6-bit DAC contains 64. 

2-844 DIGITAL-TO-ANALOG CONVERTERS 

Raster Scan 
The most basic method of sweeping a CRT one line at a time to 
generate and display images. 

Reference Black Level 
The maximum negative polarity amplitude of the video signaI. 

Reference White Level 
The maximum positive polarity amplitude of the video signal. 

Setup 
The difference between the reference black level and the blanking 
level. 

SYNC Level 
The peak level of the composite SYNC signal. 

Video Signal 
That portion of the composite video signal which varies in gray 
scale levels between reference white and reference black. Also 
referred to as the picture signal, this is the portion which may 
be visually observed. 

REV. A 



CIRCUIT DESCRIPTION 
MPU Interface 
As illustrated in the functional block diagram, the ADV478 and 
ADV471 support a standard MPU bus interface, allowing the 
MPU direct access to the color palette RAM and overlay color 
registers. 

The RSO - RS2 select inputs specify whether the MPU is accessing 
the address register, color palette RAM, overlay registers or 
read mask register, as shown in Table 1. The 8-bit address 
register is used to address the color palette RAM and overlay 
registers, eliminating the requirement for external address 
multiplexers. 

To write color data, the MPU writes to the address register 
(selecting RAM or overlay write mode) with the address of the 
color palette RAM location or overlay register to be modified. 
The MPU performs three successive write cycles (8 or 6 bits 
each of red, green and blue), using RSO - RS2 to select either 
the color palette RAM or overlay registers. During the blue 
write cycle, the three bytes of color information are concatenated 
into a 24-bit word (I8-bit word for the ADV471) and written to 
the location specified by the address register. The address register 
then increments to the next location which the MPU may modify 
by simply writing another sequence of red, green and blue data. 

RS2 

0 
0 
0 
0 

RSI 

0 
1 
0 

o 
1 
o 
1 

RSO 

0 
1 
1 
0 

o 
1 
1 
o 

Addressed by MPU 

Address Register (RAM Write Mode) 
Address Register (RAM Read Mode) 
Color Palette RAM 
Pixel Read Mask Register 

Address Register (Overlay Write Mode) 
Address Register (Overlay Read Mode) 
Overlay Registers 
Reserved 

Table I. Control Input Truth Table 

Value 

ADDRa,b (Counts Modulo 3) 00 
01 
10 

ADDRO -7(CountsBinary) OOH-FFH 
XXXXOOOO 
XXXXOOOI 
XXXXOOIO 

XXXXIlll 

ADV478/ADV471 
To read color data, the MPU loads the address register (selecting 
RAM or overlay read mode) with the address of the color palette 
RAM location or overlay register to be read. The MPU performs 
three successive read cycles (8 or 6 bits each of red, green and 
blue), using RSO - RS2 to select either the color palette RAM 
or overlay registers. Following the blue read cycle, the address 
register increments to the next location which the MPU may 
read by simply reading another sequence of red, green and blue 
data. 

When accessing the color palette RAM, the address register • 
resets to OOH following a blue read or write cycle to RAM location 
FFH. When accessing the overlay color registers, the address 
register increments following a blue read or write cycle. However, 
while accessing the overlay color registers, the four most significant 
bits of the address register (ADDR4 - 7) are ignored. 

The MPU interface operates asynchronously to the pixel clock. 
Data transfers between the color palette RAM/overlay registers 
and the color registers (R, G and B in the block diagram) are 
synchronized by internal logic and occur in the period between 
MPU accesses. As only one pixel clock cycle is required to 
complete the transfer, the color palette RAM and overlay registers 
may be accessed at any time with no noticeable disturbance on 
the display screen. 

To keep track of the red, green and blue read/write cycles, the 
address register has two additional bits (ADDRa, ADDRb) that 
count modulo three, as shown in Table II. They. are reset to 
zero when the MPU writes to the address register and are not 
reset to zero when the MPU reads the address register. The 
MPU does not have access to these bits. The other eight bits of 
the address register, incremented follo,",ing a blue read or write 
cycle (ADDRO - 7), are accessible to the MPU and are used to 
address color palette RAM locations and overlay registers, as 
shown in Table II. ADDRO is the LSB when the MPU is accessing 
the RAM or overlay registers. The MPU may read the address 
register at any time without modifying its contents or the existing 
read/write mode. 

Figure 1 illustrates the MPU read/write timing. 

RS2 RSI RSO AddressedBv MPU 

Red Value 
Green Value 
Blue Value 

0 0 Color Palette RAM 
1 0 Reserved 
1 0 Overlay Color 1 
1 0 Overlay Color 2 

0 Overlay Color IS 

Table II. Address Register rADDR) Operation 
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ADV478/ADV471 
ADV478 Data Bus Interface Frame ButTer Interface 
On the ADV478, the 8/6 control input is used to specify whether 
the MPU is reading and writing 8 bits (8/6 = logical one) or 6 
bits (8/6 = logical zero) of color information each cycle. 

The PO - P7 and OLO - OL3 inputs are used to address the 
color palette RAM and overlay registers, as shown in Table III. 

OLO - OL3 PO - P7 Addressed by Frame Buffer For 8-bit operation, DO is the LSB and 07 is the MSB of color 
data. 

For 6-bit operation (and also when using the ADV471), color 
data is contained on the lower six bits of the data bus, with DO 
being the LSB and D5 the MSB of color data. When writing 
color data, D6 and D7 are ignored. During color read cycles, 
D6 and D7 will be a logical zero. 

OH OOH 
OH 01H 

Color Palette RAM Location OOH 
Color Palette RAM Location 01H 

OH FFH 
IH XXH 

Color Palette RAM Location FFH 
Overlay Color I 

ADV471 Data Bus Interface 
Overlay Color 2 2H XXH 

FH XXH Overlay Color 15 

Color data is contained on the lower six bits of the data bus, 
with DO being the LSB and D5 the MSB of color data. When 
writing color data, D6 and D7 are ignored. During color read 
cycles, D6 and D7 will be a logical zero. Table III. Pixel and Overlay Control Truth Table (Pixel Read 

Mask Register = FFH) 

mA V 

26.67 1.000 .... --""7'..------------"""',----- WHITE LEVEL 

9.05 0.340 

7.62 0.286 

-t-------1~---+--------- BLACK LEVEL 

r--'---------- BLANK LEVEL 

40 IRE 
0.00 0.000 ~--------~~~----------SYNCLEVEL 

NOTES 
1. CONNECTED WITH A 750 DOUBLY TERMINATED LOAD. SETUP=VAA• 
2. EXTERNAL VOLTAGE OR CURRENT REFERENCE ADJUSTED FOR 26.67mA FULL-SCALE OUTPUT. 
3. RS-343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 

Figure 3. Composite Video Output Waveform (SETUP=VAA ) 

DAC 
Description lour (mA)l SYNC BLANK Input Data 

WHITE LEVEL 26.67 1 1 FFH 
DATA data+9.05 1 1 data 
DATA-SYNC data + 1.44 0 1 data 
BLACK LEVEL 9.05 1 1 OOH 
BLACK-SYNC 1.44 0 1 OOH 
BLANK LEVEL 7.62 1 0 xxH 
SYNC LEVEL 0 0 0 xxH 

NOTES 
'Typical with full-scale lOG = 26.67mA, SETUP = V AA. 

External voltage or current reference adjusted for 26.61mA full-scale output. 

TablelV. Video Output Truth Table (SETUP= V AA) 

2-846 DIGITAL-TO-ANALOG CONVERTERS REV. A 



The contents of the pixel read mask register, which may be 
accessed by the MPU at any time, are bit-wise logically ANDed 
with the PO - P7 inputs. Bit DO of the pixel read mask register 
corresponds to pixel input PO. The addressed location provides 
24 bits (18 bits for the ADV471) of color information to the 
three D/ A converters. 

For additional information on Pixel Mask Register, see application 
note "Animation Using the Pixel Read Mask Register of the 
ADV47X Series of Video RAM-DACs"(Publication Number 
El3l6-1s-IO/89). 

The SYNC and BLANK inputs, also latched on the rising edge 

mA V 

ADV478/ADV471 
of CLOCK to maintain synchronization with the color data; add 
appropriately weighted currents to the analog outputs, producing 
the specific output levels required for video applications, as 
illustrated in Figures ~ and 4. Tables IV and V detail how the 
SYNC and BLANK inputs modify the output levels. 

The SETUP input is used to specify whether a 0 IRE (SETUP 
= GND) or 7.5 IRE (SETUP = VAA) blanking pedestal is to 
be used. 

The analog outputs of the ADV478 and ADV471 are capable of 2 
directly driving a 37.50 load, such as a doubly terminated 750 
coaxial cable. 

26.67 1.000 T'--~..------------... ,.----WHITE LEVEL 

8.05 0.302 r-..J'---------- BLACKIBLANK 
LEVEL 

0.00 0.000 ~--------~--I-----------SYNCLEVEL 

NOTES 
1. CONNECTED WITH A 750 DOUBLY TERMINATED LOAD. SETUP=GND. 
2. EXTERNAL VOLTAGE OR CURRENT REFERENCE ADJUSTED FOR 26.67mA FULL-SCALE OUTPUT. 
3. RS-343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 

Figure 4. Composite Video Output Waveform (SETUP=GND) 

DAC 
Description IoVT(mA)l SYNC BLANK Input Data 

WHITE LEVEL 26.67 1 1 FFH 
DATA data + 8.05 1 1 data 
DATA-SYNC data 0 1 data 
BLACK LEVEL 8.05 1 1 OOH 
BLACK-SYNC 0 0 I OOH 
BLANK LEVEL 8.05 1 0 xxH 
SYNC LEVEL 0 0 0 xxH 

NOTES 
'Typical with full-scaJe lOG = 26.67mA, SETUP = GND 
External voltage or current reference adjusted for 26.67mAfuJI-scaJe output. 

Table V. Video Output Truth Table (SETUP= GND) 
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ADV478/ADV471 
PC BOARD LAYOUT CONSIDERATIONS 
PC Board Considerations 
The layout should be optimized for lowest noise on the ADV478/ 
ADV471 power and ground lines by shielding the digital inputs 
and providing good decoupling. The lead length between groups 
of V AA and GND pins should by minimized so as to minimize 
inductive ringing. 

Ground Planes 
The ground plane should encompass all ADV478/ADV471 ground 
pins, current/voltage reference circuitry, power supply bypass 
circuitry for the ADV478/ADV471, the analog output traces and 
all the digital signal traces leading up to the ADV478/ADV471. 

Power Planes 
The ADV478/ADV471 and any associated analog circuitry should 
have its own power plane, referred to as the analog power plane. 
This power plane should be connected to the regular PCB power 
plane (V cd at a single point through a ferrite bead, as illustrated 
in Figures 5 and 6. This bead should be located within three 
inches of the ADV478/ADV471. 

The PCB power plane should provide power to all digital logic 
on the PC board, and the analog power plane should provide 

power to all ADV478/ADV471 power pins and current/voltage 
reference circuitry. 

Plane-to-plane noise coupling can be reduced by ensuring that 
portions of the regolar PCB power and ground planes do not 
overlay ponions of the analog power plane, unless they can be 
arranged such that the plane-to-plane noise is common mode. 

Supply Decoupling 
For optimum performance, bypass capacitors should be installed 
using the shortest leads possible, consistent with reliable operation, 
to reduce the lead inductance. 

Best perfonnance is obtained with a O.l",F ceramic capacitor 
decoupling each of the two groups of V AA pins to GND. These 
capacitors should be placed as close as possible to the device. 

It is imponant to note that while the ADV478 and ADV471 
contain circuitry to reject power supply noise, this rejection 
decreases with frequency. If a high frequency switching power 
supply is used, the designer should pay close attention to reducing 
power supply noise and consider using a three terminal voltage 
regulator for supplying power to the analog power plane. 

ANALOG POWER PLANE VAA '-~ ____ ... _ ... __ ., 

)-.. - .... +5V (Veel 

C1 

GND'~~-"--1~-1~"p--t-~--------~----GROUND 
ADV4781 
ADV471 

R1 R2 R3 

IOR~-----e~~--~-~---

VIDEO 
] 

TO 

IOGJ--------4I~-f_-t_- CONNECTOR 

IOB~----------------~-------

COMPONENT 
C1-CS 
C6 
L1 
R1,RZ,R3 
R4 
Rs.-r 
Z1 

DESCRIPTION 
0.1 p.F Ceramic Capacitor 
10"F Tantalum Capacitor 
FerrlteBeed 
750 1"10 Metal Film Resistor 
1kO 5% Resistor 
1% Metel Film Resistor 
1.2V Voltage Reference 

VENDOR PART NUMBER 
Erie RPE112Z5U104M50V 
Mallory CSR13G106KM 
Fair-Rite 2743001111 
Dale CMF-55C 

Dale CMF-SSC 
Analog Devices AD589KH 

Figure 5. Typical Connection Diagram and Component List 
(External Voltage Reference) 
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Digital Signal Interconnect 
The digital inputs to the ADV478/ADV471 should be isolated 
as much as possible from the analog outputs and other analog 
circuitry. Also, these input signals should not overlay the analog 
power plane. 

Due to the high clock rates involved, long clock lines to the 
ADV478/ADV471 should be avoided to reduce noise pickup. 

Any active termination resistors for the digital inputs should be 
connected to the regular PCB power plane (Vee), and not the 
analog power plane. 

ADV4781 
ADV471 

ADV478/ADV471 
Analog Signal Interconnect 
The ADV478/ADV471 should be located as close as possible to 
the output connectors to minimize noise pickup and reflections 
due to impedance mismatch. 

The video output signals should overlay the ground plane, and 
not the analog power plane, to maximize the high frequency 
power supply rejection. 

For maximum performance, the analog outputs should each 
have a 750 load resistor connected to GND. The connection 
between the current output and GND should be as close as 
possible to the ADV478/ADV471 to minimize reflections. 

NOTE: Additional information on PC Board layout can be 
obtained in an application note entitled "Design and Layout of 
a Video Graphics System for Reduced EMI" from Analog Devices 
(Publication Note E1309-1S-10/89). 

)-+--+5V (Vee! 

C1 

GND~-t--~-~~-t---"----~---GROUND 

R1 R2 R3 ] 
IORt-~~-+--+--+--

V~~O 
lOG t----..... -+-..... -- CONNECTOR 

IOBt-------~-----

L-__ --' 

COMPONENT 
C1-C5 
C6 
C7 
L1 
R1.R2.R3 

DESCRIPTION 
O.1",F Cerami. Capacitor 
10",F Tantalum Capacitor 
47",F Tantalum Capacitor 
Ferrite Bead 
750 1% Metal Aim Resistor 

VENDOR PART NUMBER 
Erie RPE11225U104M50V 
MalloryCSR13G106KM 
Ma/ioryCSR13F476KM 
Fair·RIte 2743001111 
Dal.CMF-55C 

Figure 6. Typical Connection Diagram and Component List 
(External Current Reference) 

APPLICATION INFORMATION 
External Voltage vs. Current Reference 

RS·170 Video Generation 
For generation of RS·170 compatible video, it is recommended 
that the DAC outputs be connected to a singly terminated 7SOload. 
If the ADV478/ADV471 is not driving a large capacitive load, 
there will be negligible difference in video quality between 
doubly terminated 750 and singly terminated 750 loads. 

The ADV4781ADV471 is designed to have excellent performance 
using either an external voltage or current reference. The voltage 
reference design (Figure 5) has the advantages of temperature 
compensation, simplicity, lower cost and provides excellent 
power supply rejection. The current reference design (Figure 6) 
requires more components to provide adequate power supply 
rejection and temperature compensation (two transistors, three 
resistors and additional capacitors). 

REV. A 

If driving a large capacitive load (load RC> 1/(2'11"fc», it is reo 
commended that an output buffer (such as an AD848 or AD9617 
with an unloaded gain> 2) be used to drive a doubly terminated 
750 load. 
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~ANALOG 
WDEVICES 

FEATURES 
80 MHz Pipelined Operation 
Triple 8-Bit D/A Converters 
RS-343A/RS-170 Compatible Outputs 
TTL Compatible Inputs 
+5 V CMOS Monolithic Construction 
4O-Pin DIP or 44-Pin PLCC Package 
Power Dissipation: 400 mW 

APPLICATIONS 
High Resolution Color Graphics 
CAE/CAD/CAM Applications 
Image Processing 
Instrumentation 
Video Signal Reconstruction 
Desktop Publishing 
Direct Digital Synthesis (DDS) 

SPEED GRADES 
80 MHz 
50 MHz 
30 MHz 

GENERAL DESCRIPTION 
The ADV7120 (ADV®) is a digital to analog video converter on 
a single monolithic chip. The part is specifically designed for 
high resolution color graphics and video systems. It consists of 
three, high speed, 8-bit, video D/A converters (RGB); a stan
dard TTL input interface and high impedance, analog output, 
current sources. 

The ADV7l20 has three separate, 8-bit, pixel input ports, one 
each for red, green and blue video data. Additional video input 
controls on the part include composite sync, blank and reference 
white. A single +5 V supply, an externa11.23 V reference and 
pixel clock input are all that are required to make the part 
operational. 

The ADV7120 is capable of generating RGB video output sig
nals, which are compatible with RS-343A and RS-170 video 
standards, without requiring external buffering. 

The ADV7120 is fabricated in a +5 V CMOS process. Its 
monolithic CMOS construction ensures greater functionality 
with low power dissipation. The part is packaged in both a 0.6", 
4O-pin plastic DIP and a 44-pin plastic leaded a -lead) chip car
rier, PLCC. 

ADV is a registered trademark of Analog Devices Inc. 

REV. A 

CMOS 
80 MHz, Triple 8-Bit Video OAC 

AOV7120 I 
FUNCTIONAL BLOCK DIAGRAM 

FS 
VAA ADJUST VREF 

CLOCK 

RO 

R7 

PIXEL GO 
INPUT 
PORT G7 

BO 

B7 

REF WHITE 

BLANK 

SYNC 

GND 

PRODUCT HIGHLIGHTS 
1. Fast video refresh rate, 80 MHz. 

2. Compatible with a wide variety of high resolution color 
graphics video systems. 

COMP 

lOR 

lOG 

lOB 

ISYNC 

3. Guaranteed monotonic with a maximum differential non
linearity of ± 0.5 LSB. Integral nonlinearity is guaranteed to 
be a maximum of ±1 LSB. 
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(VAA = +5 V ::1:5%; VREF = +1.235 V; RL = 37.5 n, CL = 10 pF; Rm = 

ADV7120-SPECIFICATIONS :e~~":~;)~nected to lOG. All Specifications TMIN to T_I unless 

Parameter I All Versions I Units I Test Conditions/Comments 
~~-

STATIC PERFORMANCE 
Resolution (Each DAC) 8 Bits 
Accuracy (Each DAC) 

Integral N onIinearity, INL ±1 LSB max 
Differential Nonlinearity, DNL ±0.5 LSBmax Guaranteed Monotonic 
Gray Scale Error ±5 % Gray Scale max Max Gray Scale Current: lOG = (VREF* 12,0821RsET) mA 

lOR, lOB = (VREF* 8,627IRsET) mA 
Coding Binaty 

DIGITAL INPUTS 
Input High Voltage, VINH 2 
Input Low Voltage, VINL 0.8 
Input Current, lIN ±l 
Input Capacitance, CIN 2 10 

ANALOG OUTPUTS 
Gray Scale Current Range 15 

22 
Output Current 

White Level Relative to Blank 17.69 
20.40 

White Level Relative to Black 16.74 
18.50 

Black Level Relative to Blank 0.95 
1.90 

Blank Level on lOR, lOB 0 
50 

Blank Level on lOG 6.29 
9.5 

Sync Level on lOG 0 
50 

LSB Size 69.1 
DAC to DAC Matching 5 
Output Compliance, Voc. -1 

+1.4 
Output Impedance, RoUT2 100 
Output Capacitance, COL'T 2 30 

VOLTAGE REFERENCE 
Voltage Reference Range, VREF 1.14/1.26 
Input Current, IVREF -5 

POWER REQUIREMENTS 
VAA 5 
IAA 125 

100 
Power Supply Rejection Ratio 0.5 
Power Dissipation 625 

500 

DYNAMIC PERFORMANCE 
Glitch Impulse2• 3 50 
DAC Noise2• 3. 4 200 
Analog Output Skew 2 

NOTES 
'Tempera!Ure Range (T m;n to T _); 0 to + 7O"C. 
2Sample tested at + 25"(; to ensure compliance. 

V min 
V max 
IlAmax VIN = 0.4 Vor 2.4 V 
pFmax 

mAmin 
mAmax 

mAmin Typically 19.05 mA 
mAmax 
mAmin Typically 17.62 mA 
mAmax 
mAmin Typically 1.44 mA 
mAmax 
joLAmin Typically 5 IlA 
IlAmax 
mAmin Typically 7.62 mA 
mAmax 
joLAmin Typically 5 joLA 
IlAmax 
joLA typ 
% max Typically 2% 
V min 
V max 
kOtyp 
pFmax lOUT = OmA 

V minIV max V REF = 1.235 V for Specified Performance 
mAtyp 

V nom 
mAmax Typically 80 mA: 80 MHz Parts 
mAmax Typically 70 mA: 50 MHz & 35 MHz Parts 
%1% max Typically 0.12%1%: f = 1 kHz, COMP = 0.1 joLF 
mWmax Typically 400 mW: 80 MHz Parts 
mWmax Typically 350 mW: 50 MHz & 30 MHz Parts 

pVsecstyp 
pV sees typ 
nsmax Typically 1 ns 

'TTL input values are 0 to 3 volts, with input rise/fall times ,,;3 ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. See timing notes in Figure 1. 

'This includes effects due 10 clock and data feedthrough as well as RGB analog crosstalk. 

Specifications subject to change without notice. 
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ADV7120 

TIMING CHARACTERISTICS1 (VAA = +5 V ::1:5%; VREF = +1.235 V; RL = 37.50, CL = 10 pF; RSET = 560 o. 
ISYNC connected to lOG. All Specifications Tmin to T ... / unless othelWise noted.) 

Parameter 80 MHz Version 50 MHz Version 30 MHz Version Units Conditions/Comments 

fmax 80 50 30 MHz max Clock Rate 
tj 3 6 8 nsmin Data & Control Setup Time 
t2 2 2 2 nsmin Data & Control Hold Time 
t3 12.5 20 33.3 nsmin Clock Cycle Time 
t4 4 7 9 nsmin Clock Pulse Width High Time 
ts 4 7 9 nsmin Clock Pulse Width Low Time 
t,; 30 30 30 nsmax Analog Output Delay 

20 20 20 ns typ 
t7 3 3 3 nsmax Analog Output Rise/Fall Time 
to' 12 15 IS ns typ Analog Output Transition Time 

NOTES 
'TTL input values are 0 to 3 volts, with input rise/fall times ,,;3ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. See timing notes in Figure I. 

2Temperature range (T min to T....,J: 0 to + 70"(; 
'Sample tested at + 25"(; to ensure compliance. 

Specifications subject to change without notice. 

REV. A 

CLOCK 

DIGITAL INPUTS '"""".....,...,..."....,...,.....,...,..."....,...,~.I,...---j......... C"0:"'"'~""''''"'~''''''''"'~ 
(RG-R7, GG-G7, BG-B7; 

SYNC. BLANK, ':";";>">":>;:":";'':'':'';>''>'':>;:'':'';'':'':'';>::,;:1 '-__ -+....J 1I:o..:..:..:..::.;:u.;:..:..::.;:u.;:..:.:..~..::..:..~ 

REF WHITE) 

ANALOG OUTPUTS 
(IOR,IOG, IOB,lSYNcl _______________ -{ 

NOTES 
1. OUTPUT DELAY (t6) MEASURED FROM THE 50% POINT OF THE RISING EDGE OF 

CLOCK TO THE 50% POINT OF FULL-SCALE TRANSITION. 
2. TRANSITION TIME (ta) MEASURED FROM THE 50% POINT OF FULL-SCALE 

TRANSITION TO WITHIN 2% OF THE FINAL OUTPUT VALUE. 
3. OUTPUT RISE/FALL TIME (t7 ) MEASURED BETWEEN THE 10% AND 90% POINTS 

OF FULL TRANSITION. 

Figure 1. Video Input/Output Timing 
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ADV7120 
RECOMMENDED OPERATING CONDITIONS 

Parameter 

Power Suppiy VAA 4.75 5.00 5.25 
Ambient Operating 

Temperature TA 0 +70 
Output Load RL 37.5 
Reference Voltage VREF 1.14 1.235 1.26 

Volts 

·e 
n 
Volts 

ABSOLUTE MAXIMUM RATINGS* 

VAA toGND ............................. +7V 
Voltage on Any Digital Pin .... GND -0.5 V to V AA +0.5 V 
Ambient Operating Temperature (TA) ......... 0 to +70°(; 
Storage Temperature (Ts) ............. -65·e to + 1500e 
Junction Temperature (T J) ................... + 175·e 
Soldering Temperature (10 secs) ................ 300·e 
Vapor Phase Soldering (I minute) ............... 220·e 
lOR, lOB, lOG, IsyNC to GND i •••••••••••• 0 V to V AA 
NOTES 
*Stresses above those listed under U Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

1 Analog Output Short Circuit to any Power Supply or Common can be of an 
indefinite duration. 

CAUTION ______________________________________________ ___ 

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

ORDERING GUIDE 

WARNING! LJ 
~~EDEVICE 

Temperature Package 
Model Speed Range Option* 

ADV7120KN80 80 MHz O·C to +70OC N-40A 
ADV7120KN50 50 MHz o·e to +70OC N-40A 
ADV7120KN30 30 MHz OOC to +70·e N-40A 
ADV7120KP80 80 MHz ooe to +700e P-44A 
ADV7120KPSO SO MHz OOC to +70OC P-44A 
ADV7120KP30 30 MHz OOC to +70·e P-44A 

*N = rlastic DIP; P = Plastic Leaded Chip Cartier. For outline information 
see Package Information section. 

DIP 

ADV7120 

TOPYIEW 
(Not to Scale) 
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PLCC 
Iii 
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Pin 
Mnemonic 

BLANK 

CLOCK 

REF WHITE 

Ro-R7, 
GO-G7, 
Bo-B7 

lOR, lOG, lOB 

FS ADJUST 

COMP 

VREF 

REV. A 

ADV7120 
PIN FUNCTION DESCRIPTION 

Function 

Composite blank control input (TTL compatible). A logic zero on this control input drives the analog outputs, lOR, 
lOB and lOG, to the blanking level. The BLANK signal is latched on the rising edge of CLOCK. While BLANK 
is a logical zero, the Ro-R7, GO-G7, RO-R7 and REF WHITE pixel and control inputs are ignored. 

Composite sync control input (TTL compatible). A logical zero on the SYNC input switches off a 40 IRE current 
source on the ISYNC output. SYNC does not override any other control or data input; therefore, it should only be 
asserted during the blanking interval. SYNC is latched on the rising edge of CLOCK. 

Clock input (TTL compatible). The rising edge of CLOCK latches the Ro-R7, GO-G7, Bo-B7, SYNC, BLANK 
and REF WHITE pixel and control inputs. It is typically the pixel clock rate of the video system. CLOCK should 
be driven by a dedicated TTL buffer. 

Reference white control input (TTL compatible). A logical one on this input forces the lOR, lOG and lOB 
outputs to the white level, regardless of the pixel input data (Ro-R7, Go-G7 and Bo-B7). REF WHITE is 
latched on the rising edge of clock. 

Red, green and blue pixel data inputs (TTL compatible). Pixel data is latched on the rising edge of CLOCK. RO, 
GO and BO are the least significant data bits. Unused pixel data inputs should be connected to either the regular 
PCB power or ground plane. 

Red, green, and blue current outputs. These high impedance current sources are capable of directly driving 
a doubly terminated 75 0 coaxial cable. All three current outputs should have similar output loads whether or not 
they are all being used. 

Sync current output. This high impedance current source can be directly connected to the lOG output. This 
allows sync information to be encoded onto the green channel. ISYNC does not output any current while SYNC is 
at logical zero. The amount of current output at ISYNC while SYNC is at logical one is given by: 

[SYNC (rnA) = 3,455 x V REF (V)/ RSET (0) 

If sync information is not required on the green channel, ISYNC should be connected to AGND. 

Full-scale adjust control. A resistor (RSET) connected between this pin and GND, controls the magnitude of the 
full-scale video signal. Note that the IRE relationships are maintained, regardless of the full-scale output current. 

The relationship between RSET and the full-scale output current on lOG (assuming ISYNC is connected to lOG) is 
given by: 

RSET (0) = 12,082 x V REF (V)!IOG (rnA) 

The relationship between RSET and the full-scale output current on lOR and lOB is given by: 

IOR, IOB (rnA) = 8,628 x V REF (V)! RSET (0) 

Compensation pin. This is a compensation pin for the internal reference amplifier. A 0.1 fLF ceramic capacitor 
must be connected between COMP and V AA. 

Voltage reference input. An external 1.2 V voltage reference must be connected to this pin. The use of an 
external resistor divider network is not recommended. A 0.1 fLF decoupling ceramic capacitor should be connected 
between V REF and V AA. 

Analog power supply (5 V ± 5%). All V AA pins on the ADV7120 must be connected. 

Ground. All GND pins must be connected. 
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ADV7120 
TERMINOLOGY 
Blanking Level 
The level separating the SYNC portion from the video portion 
of the waveform. Usually referred to as the front porch or back 
porch. At 0 IRE units, it is the level which will shut off the pic
ture tube, resulting in the blackest possible picture. 

Color Video (RGB) 
This usually refers to the technique of combining the three pri
mary colors of red, green and blue to produce color pictures 
within the usual spectrum. In RGB monitors, three DACs are 
required, one for each color. 

Sync Signal (SYNC) 
The position of the composite video signal which synchronizes 
the scanning process. 

Gray Scale 
The discrete levels of video signal between reference black and 
reference white levels. An 8-bit DAC contains 256 different lev
els while a 6-bit DAC contains 64. 

2-856 DIGITAL-TO-ANALOG CONVERTERS 

Raster Scan 
The most basic method of sweeping a CRT one line at a time to 
g--.nerate and display images. 

Reference Black Level 
The maximum negative polarity amplitude of the video signal. 

Reference White Level 
The maximum positive polarity amplitude of the video signal. 

Sync Level 
The peak level of the SYNC signal. 

Video Signal 
That portion of the composite video signal which varies in gray 
scale levels between reference white and reference black. Also 
referred to as the picture signal, this is the portion which may 
be visually observed. 
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r.ANALOG 
WDEVICES 

FEATURES 
80 MHz Pipelined Operation 
Triple 10-Bit D/A Converters 
RS-343A1RS-170 Compatible Outputs 
TTL Compatible Inputs 
+5 V CMOS Monolithic Construction 
40-Pin DIP Package (ADV7121) 
44-Pin PLCC Package (ADV7122) 
Power Dissipation: 400 mW 

APPLICATIONS 
High Definition Television (HDTV) 
High Resolution Color Graphics 
CAE/CAD/CAM Applications 
Image Processing 
Instrumentation 
Video Signal Reconstruction 
Direct Digital Synthesis (DDS) 

GENERAL DESCRIPTION 

SPEED GRADES 
80 MHz 
50 MHz 
30 MHz 

The ADV71211ADV7122 (ADV"') is a video speed, digital-to
analog converter on a single monolithic chip. The part is 
specifically designed for high resolution color graphics and video 
systems including high definition television (HDTV). It consists 
of three, high speed, lO-bit, video D/A converters (RGB), a 
standard TTL input interface and high impedance, analog out
put, current sources. 

The ADV71211ADV7122 has three separate, 10-bit, pixel input 
ports, one each for red, green and blue video data. A single +5 
V power supply, an external 1.23 V reference and pixel clock 
input is all that is required to make the part operational. The 
ADV7122 has additional video control signals, composite SYNC 
and BLANK. 

The ADV71211ADV7122 is capable of generating RGB video 
output signals which are compatible with RS-343A, RS-170 and 
most proposed production system HDTV video standards, in
cluding SMPTE 240M. 

The ADV71211ADV7122 is fabricated in a +5 V CMOS pro
cess. Its monolithic CMOS construction ensures greater func
tionality with low power dissipation. The ADV7121 is packaged 
in a 0.6", 4O-pin plastic DIP package. The ADV7122 is pack
aged in a 44-pin plastic leaded (J-lead) chip carrier, PLCC. 

AnV is a registered trademark of Analog Devices, Inc. 
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CMOS 
80 MHz, Triple 1 O-Bit Video DACs 

ADV7121/ADV7122 I 
FS 

v .. ADJUST VAu 

CLOCK L_v"'---YCOMP 

108 

lOR 

.'XEL[::~ I~~~ G9 C· }--+::""-.L==.l 

B', }----,--"j 
BO 

lOG 

OND 

ADV7121 Functional Block Diagram 

FS 
v.... ADJUST VREf 

CLOCK L-==t/'j--,<?COM. 

iiLiiiKO-----1 
~O-----L__~ 

GNO 

ADV7122 Functional Block Diagram 

PRODUCT HIGHLIGHTS 
1. Fast video refresh rate, 80 MHz. 

lOR 

lOG 

JOB 

2. Guaranteed monotonic to 10 bits. Ten bits of resolution al
lows for implementation of linearization functions such as 
gamma correction and contrast enhancement. 

3. Compatible with a wide variety of high resolution color 
graphics systems including RS-343NRS-170 and the pro
posed SMPTE 240M standard for HDTV. 
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ADV7121 SPECIFICA'TIONS (VAA = +5 V ± 5%: VREF = +1.235 V: RL = 37.5 0, CL = 10 pF: RSET = 
- "560 O. All Specifications 1ml• to 1m_xl unless otherwise noted.) 

Parameter J Version 

STATIC PERFORMANCE 
Resolution (Each DAC) 10 
Accuracy (Each DAC) 

Integral N' onlinearity, INL ±3 
Differential Nonlinearity, DNL + 1.5/-1.0 
Gray Scale Error ±5 

Coding 

DIGITAL INPUTS 
Input High Voltage, VINH 2 
Input Low Voltage, VINL 0.8 
Input Current, lIN ±1 
Input Capacitance, CIN 

2 10 

ANALOG OUTPUTS 
Gray Scale Current Range IS 

22 
Output Current 

White Level 16.74 
18.50 

Black Level 0 
SO 

LSB Size 17.28 
DAC to DAC Matching 5 
Output Compliance, Voc -1 

+1.4 
Output Impedance, ROUT 2 100 
Output Capacitance, COUT2 30 

VOLTAGE REFERENCE 
Voltage Reference Range, VREF 1.1411.26 
Input Current, IVREF -5 

POWER REQUIREMENTS 
VAA 5 
IAA 125 

100 
Power Supply Rejection Rati02 0.5 
Power Dissipation 625 

500 

DYNAMIC PERFORMANCE 
Glitch Impulse" 3 50 
DAC Noise2• 3. 4 200 
Analog Output Skew 2 

NOTES 
lTemperature Range (Tmin to Tmu): 0 to +70"C. 
2Sample tested at 250C to ensure compliance. 

K Version Units Test Conditions/Comments 

10 Bits 

±2 LSB max 
±1 LSB max Guaranteed Monotonic 
±5 % Gray Scale max Max Gray Scale Current = (VREF* 7,9691 RSET) mA 

Binary 

2 V min 
0.8 V max 
±1 fLAmax VIN = 0.4 V or 2.4 V 
10 pFmax 

IS mAmin 
22 rnA max 

16.74 rnA min Typically 17.62 rnA 
18.50 mAmax 
0 fLA,min Typically 5 ~ 
SO fLA max 
17.28 ~typ 
5 % max Typically 2% 
-1 V min 
+1.4 V max 
100 klltyp 
30 pFmax lOUT = OmA 

1.14/1.26 VminlVmax V REF = 1.235 V for Specified Performance 
-5 mAtyp 

5 V nom 
125 mAmax Typically 80 rnA: 80 MHz Parts 
100 mAmax Typically 70 rnA: 50 MHz & 35 MHz Parts 
0.5 %I%max Typically 0.12 %1%: f = 1 kHz, COMP = 0.1 fLF 
625 mWmax Typically 400 mW: 80 MHz Parts 
500 mWmax Typically 350 mW: 50 MHz & 35 MHz Parts 

50 pV sees typ 
200 pV secs typ 
2 ns max Typically 1 ns 

'TTL input values are 0 to 3 volts, with input rise/fall times ,;;;3 ns, messured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. See timing notes in Figure I. 

"This includes effects due to clock and data feedthrough as well as RGB analog crosstalk. 

Specifications subject to .change without notice. 
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ADV7121/ADV7122 
ADV7122 SPECIFICA'JIONS (VAA = +5 V:!: 5%; VREF = +1.235 V; RL = 37.5 n, CL = 10 pF; RSET = 

- "560 n. All Specifications T min to T maxI unless otherwise noted.) 

Parameter J Version 

STATIC PERFORMANCE 
Resolution (Each DAC) 10 
Accuracy (Each DAC) 

Integral Nonlinearity, INL ±3 
Differential Nonlinearity, DNL + 1.5/-1.0 
Gray Scale Error ±5 

Coding 

DIGITAL INPUTS 
Input High Voltage, VINH 2 
Input Low Voltage, V INL O.S 
Input Current, lIN ±1 
Input Capacitance, CIN 2 10 

ANALOG OUTPUTS 
Gray Scale Current Range 15 

22 
Output Current 

White Level Relative to Blank 17.69 
20.40 

White Level Relative to Black 16.74 
IS.50 

Black Level Relative to Blank 0.95 
1.90 

Black Level on lOR, lOB 0 
50 

Black Level on lOG 6.29 
9.5 

Sync Level on lOG 0 
50 

LSB Size 17.2S 
DAC to DAC Matching 5 
Output Compliance, Voc -1 

+1.4 
Output Impedance, ROUT 

, 
100 

Output Capacitance, COUT 
, 

30 

VOLTAGE REFERENCE 
Voltage Reference Range, V REF l.I4/1.26 
Input Current, IVREF -5 

POWER REQUIREMENTS 
VAA 5 

IAA 125 
100 

Power Supply Rejection Ratio' 0.5 
Power Dissipation 625 

500 

DYNAMIC PERFORMANCE 
Glitch Impulse" 3 50 
DAC Noise" 3, 4 200 
Analog Output Skew 2 

NOTES 
'Temperature Range (T min to T mu): 0 to + 70'C. 
2Sample tested at 25°C to ensure compliance. 

K Version Units Test Conditions/Comments 

10 Bits 

±2 LSB max 
±1 LSB max Guaranteed Monotonic 
±5 % Gray Scale max Max Gray Scale Current: lOG = (VREF*12.0S2/RsET) rnA 

lOR, lOB = (VREF*S,627IRsET) rnA 
Binary 

2 V min 
O.S V max 
±1 ,...Amax VIN = 0.4 V or 2.4 V 
10 pF max 

15 rnA min 
22 rnA max 

17.69 mAmin Typically 19.05 rnA 

20.40 rnA max 
16.74 rnA min Typically 17.62 rnA 
IS.50 rnA max 
0.95 rnA min Typically 1.44 rnA 
1.90 rnA max 
0 ,...Amin Typically 5 ,...A 
50 ,...A max 
6.29 rnA min Typically 7.62 rnA 
9.5 mAmax 
0 ,...Amin Typically 5 ,...A 
50 fLAmax 
17.2S ,...Atyp 
5 % max Typically 2% 
-I V min 
+1.4 V max 
100 kOtyp 

30 pFmax lOUT = 0 rnA 

l.I4/1.26 VminlVmax V REF = 1.235 V for Specified Performance 
-5 rnAtyp 

5 V nom 
125 rnA max Typically 80 rnA: SO MHz Parts 
100 mAmax Typically 70 rnA: 50 MHz & 35 MHz Parts 
0.5 %/%max Typically 0.12%/%: f = 1 kHz, COMP = 0.01 fLF 
625 mWmax Typically 400 mW: SO MHz Parts 
500 mWmax Typically 350 mW: 50 MHz & 35 MHz Parts 

50 pV sees typ 
200 pV sees typ 

2 ns max Typically I ns 

'TTL input values are 0 to 3 volts, with input rise/fall times ,;;3 ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. See timing notes in Figure 1. 

4This includes effects due to clock and data feedthrough as well as RGB analog crosstalk. 

Specifications subject to change without notice. 
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ADV7121/ADV7122 
TIMING CHARACTERISTICS1 (VAA = +5 V ± 5%; VREF = +1.235 V; RL = 37.5 n, CL = 10 pF; RSET = 560 n. 

All Specifications Tm;. to Tm./ unless otherwise noted.) 

I I i i 

Parameter 80 MHz Versions 50 MHz Versions 30 MHz Versions Units Conditions/Comments 

fmax 80 50 30 MHz max Clock Rate 
t, 3 6 8 nsmin Data & Control Setup Time 
t2 2 2 2 ns min Data & Control Hold Time 
t, 12.5 20 33.3 nsmin Clock Cycle Time 
t, 4 7 9 nsmin Clock Pulse Width High Time 
t, 4 7 9 nsmin Clock Pulse Width Low Time 
t6 30 30 30 nsmax Analog Output Delay 

20 20 20 ns typ 
t7 3 3 3 nsmax Analog Output RiseIFall Time 
t ' 8 12 15 15 nstyp Analog Output Transition Time 

NOTES 
lTIL input values are 0 to 3 volts, with input rise/fall times :53 ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. See timing notes in Figure 1. 

'Temperature range (T min to T mo.): 0 to + 70'C. 
3Sample tested at + 250C to ensure compliance. 

Specifications subject to change without notice. 

t, 

ANALOG OUTPUTS 
(IOR,IOG,IOB) _____________ ~ 

NOTES 
1. OUTPUT DELAY (t. ) MEASURED FROM THE 50% POINT OF THE 

RISING EDGE OF THE CLOCK TO THE 50% POINT OF 
FULL-SCALE TRANSmON. 

2. TRANSmON TIME (t, ) MEASURED FROM THE 50% POINT OF 
FULL-SCALE TRANSITION TO WITHIN 2% OF THE FINAL OUTPUT 
VALUE. 

3. OUTPUT RISE/FALL TIME ( t7 ) MEASURED BETWEEN THE 10% 
AND 90% POINTS OF FULL-SCALE TRANSITION. 

4. SYNC AND BLANK DIGITAL INPUTS ARE NOT PROVIDED ON 
THE ADV7121. 

Figure 1. Video Input/Output Timing 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 Volts 
Ambient Operating 

Temperature TA 0 +70 °C 
Output Load RL 37.5 n 
Reference Voltage VREF 1.14 1.235 1.26 Volts 
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ORDERING GUIDE 

Accuracy Package 
Model Speed DNL INL Temperature Option' 

ADV7121JN80 80 MHz +1.5 ±3 O°C to +70°C N-40A 
ADV7I2I]N50 50 MHz +1.5 ±3 O°C to +70°C N-40A 
ADV7I2I]N30 30 MHz +1.5 ±3 O°C to +70'C N-40A 
ADV7I2IKN80 80MHz ±I ±2 O'C to +70'C N-40A 
ADV7I2IKN50 50MHz ±I ±2 O'C to +70°C N-40A 
ADV7I2IKN30 30 MHz ±I ±2 O°C to +70°C N-40A 

ADV7122JP80 80 MHz +1.5 ±3 O°C to +70'C P_44A2 

ADV7I22JP50 80 MHz + 1.5 ±3 (J°C to +70'C P-44A2 

ADV7I22JP30 80 MHz +1.5 ±3 O'C to +70'C P-44A2 

ADV7I22KP80 80 MHz ±I ±2 O'C to +70'C P_44A2 

ADV7I22KP50 50 MHz ±I ±2 O'C to +70'C P_44A2 

ADV7I22KP30 30 MHz ±I ±2 O'C to +70'C P_44A2 

NOTES 
IN = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information see 
Package Information section. 

'PLCC: Plastic Leaded Chip Carrier (J-lead), 

ADV71211ADV7122 
ABSOLUTE MAXIMUM RATlNGS* 
V AA to GND , , , .......................... +7 V 
Voltage on Any Digital Pin ..... GND -0.5 V to V AA +0.5 V 
Ambient Operating Temperature (T A) •••.•.•.. 0 to + 70'C 
Storage Temperature (Ts) ............. -65'C to + 150'C 

Junction Temperature (TJ) •••••.•.••••••••••• + 175°C 
Soldering Temperature (5 secs) ................. 220°C 
Vapor Phase Soldering (I minute) ............... 220°C 
lOR, lOB, lOG to GND t ••••••••••••••••• 0 V to V AA 

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

I Analog output short circuit to any power supply or common can be of an 
indefinite duration. 

CAUTION ______________________________________________ ___ 

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

WARNING! c:J 
~~EDEVICE 

REV. A 

PLCC (P-44A) Package 

ADV7122 PLCC 

TOP VIEW 
(Not to Scale) 

PIN CONFIGURATIONS 

DIP (N-40A) Package 

ADV7121 DIP 

TOP VIEW 
(Not to Scale) 
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ADV7121/ADV7122 

Pin 
Mnemonic 

CLOCK 

RO-R9, 
GO-G9, 
BO-B9 

lOR, lOG, lOB 

FS ADJUST 

COMP 

VREF 

VAA 

GND 

PIN FUNCTION DESCRIPTION 

Function 

Composite blank control input (TTL compatible). A logic zero on this control input drives the analog outputs, 
lOR, lOB and lOG, to the blanking level. The BLANK signal is latched. on the rising edge of CLOCK. While 
BLANK is a logical zero, the RO-R9, G0-G9 and RO-R9 pixel inputs are ignored. 

Composite sync control input (TTL compatible). A logical zero on the SYNC input switches off a 40 IRE 
current source. This is internaJly connected to the lOG analog output. SYNC does not override any other 
control or data input, therefore, it should only be asserted during the blanking intervaJ. SYNC is latched on the 
rising edge of CLOCK. 
If sync information is not required on the green channel, the SYNC input should be tied to logical zero. 

Oock input (TTL compatible). The rising edge of CLOCK latches the RO-R9, GO-G9, BO-B9, SYNC and 
BLANK pixel and control inputs. It is typicaJly the pixel clock rate of the video system. CLOCK should be 
driven by a dedicated TTL buffer. 

Red, green and blue pixel data inputs (TTL compatible). Pixel data is latched on the rising edge of CLOCK. 
RO, GO and BO are the least significant data bits. Unused pixel data inputs should be connected to either the 
regular PCB power or ground plane. 

Red, green, and blue current outputs. These high impedance current sources are capable of directly driving a 
doubly terminated 7S n coaxial cable. All three current outputs should have simiJar output loads whether or not 
they are all being used. 

Full-scale adjust control. A resistor (RSET) connected between this pin and GND, controls the magnitude of the 
full-scaJe video signaJ. Note that the IRE relationships are maintained, regardless of the full-scale output 
current. 

The relationship between RSET and the fuJI-scale output current on lOG (assuming IsYNC is connected to lOG) 
is given by: 

RSET (n) 12,082 x VREF (V)IIOG (mA) 

The relationship between RSET and the fuJI-scale output current on lOR, lOG and lOB is given by: 

IOG* (mA) 12,082 x VREF (V)/RSET (n) (SYNC being asserted) 
lOR, lOB (mA) 8,628 x V REF (V)lRSET (n) 

The equation for lOG will be the same as that for lOR and lOB when SYNC is not being used, i.e., SYNC 
tied permanently low. For the ADV7121, all three analog output currents are as described by: 

lOR, lOG, lOB (mA) 7,969 x VREF (V)lRSET (n) 

Compensation pin. This is a compensation pin for the internaJ reference amplifier. A 0.1 jIoF ceramic capacitor 
must be connected between COMP and V AA. 

Voltage reference input. An externaJ 1.23V voltage reference must be connected to this pin. The use of an 
externaJ resistor divider network is not recommended. A 0.1 jIoF decoupling ceramic capacitor should be 
connected between VREF and V AA. 

Analog power supply (S V ± S%). All V AA pins on the ADV7121/ADV7122 must be connected. 

Ground. All GND pins must be connected. 

*SYNC and BLANK functions are not provided on the ADV7121. 
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TERMINOLOGY 
Blanking Level 
The level separating the SYNC portion from the video portion 
of the waveform. Usually referred to as the front porch or back 
porch. At 0 IRE units, it is the level which will shut off the pic
ture tube, resulting in the blackest possible picture. 

Color Video (RGB) 
This usually refers to the technique of combining the three pri
mary colors of red, green and blue to produce color pictures 
within the usual spectrum. In RGB monitors, three DACs are 
required, one for each color. 

Sync Signal (SYNC) 
The position of the composite video signal which synchronizes 
the scanning process. 

Gray Scale 
The discrete levels of video signal between reference black and 
reference white levels. A lO-bit DAC contains 1024 different 
levels, while an 8-bit DAC contains 256. 

CIRCUIT DESCRIPTION & OPERATION 
The ADV7121/ADV7122 contains three lO-bit D/A converters, 
with three input channels, each containing a 10-bit register. Also 
integrated on board the part is a reference amplifier. CRT con· 
trol functions BLANK and SYNC are integrated on board the 
ADV7122. 

Digital Inputs 
Thirty bits of pixel data (color information) RO-R9, GO-G9 and 
BO-B9 are latched into the device on the rising edge of each 
clock cycle. This data is presented to to the three lO-bit DACs 
and is then converted to three analog (RGB) output waveforms. 
See Figure 2. 

The ADV7122 has two additional control signals, which are 
latched to the analog video outputs in a similar fashion. 
BLANK and SYNC are each latched on the rising edge of 
CLOCK to maintain synchronization with the pixel data stream. 

The BLANK and SYNC functions allow for the encoding of 
these video synchronization signals onto the RGB video output. 
This is done by adding appropriately weighted current sources 
to the analog outputs, as determined by the logic levels on the 
BLANK and SYNC digital inputs. Figure 3 shows the analog 
output, RGB video waveform of the ADV712l/ADV7122 . The 
influence of SYNC and BLANK on the analog video waveform 
is illustrated. 

CLOCK 

ADV71211ADV7122 
Raster Scan 
The most basic method of sweeping a CRT one line at a time to 
generate and display images. 

Reference Black Level 
The maximum negative polarity amplitude of the video signal. 

Reference White Level 
The maximum positive polarity amplitude of the video signal. 

Sync Level 
The peak level of the SYNC signal. 

Video Signal 
That portion of the composite video signal which varies in gray 
scale levels between reference white and reference black. Also 
referred to as the picture signal, this is the portion which may 
be visually observed. 

Table I details the resultant effect on the analog outputs of 
BLANK and SYNC. 

All these digital inputs are specified to accept TTL logic levels. 

Qock Input 
The CLOCK input of the ADV71211ADV7122 is-typically the 
pixel clock rate of the system. It is also known as the dot rate. 
The dot rate, and hence the required CLOCK frequency, will 
be determined by the on-screen resolution, according to the fol
lowing equation: 

Dot Rate = (Horiz Res) x (Vert Res) x (Refresh Rate )/ 
(Retrace Factor) 

Horiz Res 

Vert Res 

Refresh Rate 

Retrace Factor 

Number of PixelslLine. 

Number of Lines/Frame. 

Horizontal Scan Rate. This is the rate at 
which the screen must be refreshed, typ
ically 60 Hz for a noninterlaced system 
or 30 Hz for an interlaced system. 

Total Blank Time Factor. This takes 
into account that the display is blanked 
for a certam fraction of the total dura
tion of each frame (e.g., 0.8). 

DIGITAL INPUTS ======"",,-__ +"\}=======,,, 
(RO-R9..Q!!::G9.BO-B9 

SYNC. BLANK) =="""""""""''''''''''' '----+ ..... "'..:.:.;:=:.=""""""~:..:.. 

ANALOG OUTPUTS 
(lOR. lOG. lOB) -----------1---' 

Figure 2. Video Data Input/Output 
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ADV7121/ADV7122 
If we therefore have a graphics system with a 1024 x 1024 reso
lution, a noninterlaced 60 Hz refresh rate and a retrace factor of 
0.8, then: 

The required CLOCK frequency is thus 78.6 MHz. 

All video data and control inputs are latched into the 
ADV71211ADV7122 on the rising edge of CLOCK, as previ
ously described in the "Digital Inputs" section. It is recom
mended that the CLOCK input to the ADV7121/ADV7122 be 
driven by a TTL buffer (e.g., 74F244). 

Dot Rate i024 x i024 x 60/0.8 
78.6 MHz 

RED,BLUE GREEN 

mA V mA V 

19.05 0.714 26.67 1.000 -,-----,.,:-------------,.,.----- WHITE LEVEL 

1.44 0.054 9.05 0.340 ;-------+----~---------BLACKLEVEL 

0 0 7.62 0.286 ;------~--~~--~--------- BLANK LEVEL 

0 0 ~-------~~----------- SYNC LEVEL 

NOTES 
1. OUTPUTS CONNECTED TO A DOUBLY TERMINATED 75(.1 LOAD. 
2. VREF = 1.235V, RSET= 560(.1. 
3. RS-343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 

Figure 3. RGB Video Output Waveform 

Description lOG lOR, lOB SYNC BLANK DAC 
(rnA)' (rnA) Input Data 

WHITE LEVEL 26.67 19.05 I I 3FFH 
VIDEO video + 9.05 video + 1.44 1 1 data 
VIDEO to BLANK video + 1.44 video + 1.44 0 I data 
BLACK LEVEL 9;05 1.44 I I OOH 
BLACK to BLANK 1.44 1.44 0 1 OOH 
BLANK LEVEL 7.62 0 I 0 xxH 
SYNC LEVEL 0 0 0 0 xxH 

NOTE 
'Typical with full-scale lOG = 26.67 mAo VRHF = 1.235 V, RsBT = 560 n, ISYNC connected to lOG. 

Table la. Video Output Truth Table for the ADV7122 

DesCription 

WHITE LEVEL 
VIDEO 
VIDEO to BLACK 
BLACK LEVEL 

NOTE 

lOR, lOG, lOB (mA)' 

17.62 
video 
video 
o 

DAC Input Data 

3FF 
data 
data 
OOH 

'Typical with full-scale = 17.62 mAo vRBF = 1.235 V, RsBT = 560 n. 

Table lb. Video Output Truth. Table for the ADV7121 
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Video Synchronization & Control 
The ADV7122 has a single composite sync (SYNC) input con
trol. Many graphics processors and CRT controllers have the 
ability of generating horizontal sync (HSYNC), vertical sync 
(VSYNC) and composite SYNC. 

In a graphics system which does not automatically generate a 
composite SYNC signal, the inclusion of some additional logic 
circuitry will enable the generation of a composite SYNC signal. 

The sync current is internally connected directly to the lOG 
output, thus encoding video synchronization information onto 
the green video channel. If it is not required to encode sync in
formation onto the ADV7122, the SYNC input should be tied to 
logic low. 

Reference Input 
An external 1.23 V voltage reference is required to drive the 
ADV712l1ADV7122. The AD589 from Analog Devices is an 
ideal choice of reference. It is a two-terminal, low cost, tempera
ture compensated bandgap voltage reference which provides a 
fixed 1.23 V output voltage for input currents between 50 IJoA 
and 5 mAo Figure 4 shows a typical reference circuit connection 
diagram. The voltage reference gets its current drive from the 
ADV71211ADV7122's V AA through an on-board I kO resistor to 
the VREF pin. A O.IIJoF ceramic capacitor is required between 
the COMP pin and V AA' This is necessary so as to provide com
pensation for the internal reference amplifier. 

A resistance RSET connected between FS ADJUST and GND 
determines the amplitude of the output video level according to 
Equations I and 2 for the ADV7122 and Equation 3 for the 
ADV7121: 

IOG* (mA) = 12,082 x V REF (V)/RSBT (0) ......... (I) 

lOR, lOB (mA) = 8,628 x V REF (V)/RSBT (0) ...... (2) 

lOR, lOG, lOB (mA) = 7,969 x V REF (V)/RSBT (0) .. (3) 

*Only applies to the ADV7122 when SYNC is being used. If 
SYNC is not being encoded onto the green channel, then 
Equation 1 will be similar to Equation 2. 

ADV7121/ADV7122" 

'ADDITIONAL CIRCUITRY, INCLUDING 
DECOUPUNG COMPONENTS, 
EXCLUDED FOR CLARITY 

.5V 

IREF =:=5mA 

500{1 

RSET{ 
5600 

1000 

Figure 4. Reference Circuit 

REV. A 

AD589 
(l.235V 
VOLTAGE 
REFERENCE) 

ADV71211ADV7122 
Using a variable value of RSET> as shown in Figure 4, allows for 
accurate adjustment of the analog output video levels. Use of a 
fixed 560 0 RSET resistor yields the analog output levels as 
quoted in the specification page. These values typically corre
spond to the RS-343A video waveform values as shown in 
Figure 3. 

D/A Converters 
The ADV71211ADV7122 contains three matched 10-bit D/A 
converters. The DACs are designed using an advanced, high 2 
speed, segmented architecture. The bit currents corresponding 
to each digital input are routed to either the analog output 
(bit = "I") or GND (bit = "0") by a sophisticated decoding 
scheme. As all this circuitry is on one monolithic device, match-
ing between the three DACs is optimized. As well as matching, 
the use of identical current sources in a monolithic design guar-
antees monotonicity and low glitcb. The on-board operational 
amplifier stabilizes the full-scale output current against tempera-
ture and power supply variations. 

Analog Outputs 
The ADV71211ADV7122 has three analog outputs, correspond
ing to the red, green and blue video signals. 

The red, green and blue analog outputs of the ADV71211 
ADV7122 are high impedance current sources. Eacb one of 
these three RGB current outputs is capable of directly driving a 
37.5 0 load, such as a doubly terminated 75 0 coaxial cable. 
Figure 5a shows the required configuration for each of the three 
RGB outputs connected into a doubly termiuated 75 0 load. 
This arrangement will develop RS-343A video output voltage 
levels across a 75 0 monitor. 

A suggested method of driving RS-170 video levels into a 750 
monitor is shown in Figure 5b. The output current levels of the 
DACs remain unchanged, but the source termiuation resistance, 
Zs, on each of the three DACs is increased from 75 0 to 150 O~ 

...---..... lOR, lOG, lOB Zo: 750 
~ ~-~~~~-~ 

Zs: 750 
(SOURCE 

TERMINATION) .. __ oJ 

(CABLE) 

TERMINATION REPEATED THREE TIMES 
FOR RED, GREEN AND BLUE DACs 

ZL: 750 
(MONITOR) 

Figure 5a. Analog Output Termination for RS-343A 

.-__ ..... I~G, IOB~ __ Z::o~::...:.:75=0:.-_---:.. 

Zs: 1500 
(SOURCE 

TERMINATION) .... __ ..J 

(CABLE) 

TERMINATION REPEATED THREE TIMES 
FOR RED, GREEN AND BLUE DACs 

ZL:7S0 
(MONITOR) 

Figure 5b. Analog Output Termination for RS-170 
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ADV7121/ADV7122 
More detailed information regarding load terminations for vari
ous output configurations, including RS-343A and RS-170, is 
available in an ApplicationNote entitled "Video Formats & 
Required Load Terminations;; available from Analog Devices, 
publication no. EI228-15-1I89. 

Figure 3 shows the video waveforms associated with the three 
RGB outputs driving the doubly terminated 75 0 load of Fig
ure Sa. As well as the gray scale levels, Black Level to White 
Level, the diagram also shows the contributions of SYNC and 
BLANK for the ADV7122. These control inputs add appro
priately weighted currents to the analog outputs, producing 
the specific output level requirements for video applications. 
Table la details how the SYNC and BLANK inputs modify 
the output levels. 

Gray Scale Operation 
The ADV71211ADV7122 can be used for stand-alone, gray scale 
(monochrome) or composite video applications (i.e., only one 
channel used for video information). Anyone of the three chan
nels, RED, GREEN or BLUE can be used to input the digital 
video data. The two unused video data channels should be tied 
to logical zero. The unused analog outputs should be terminated 
with the same load as that for the used channel. In other words, 
if the red channel is used and lOR is terminated with a doubly
terminated 75 0 load (37.5 0), lOB and lOG should be termi
nated with 37.5 0 resistors. See Figure 6. 

DOUBLY 
lOR VIDEO .. TERMINATED 

IIO'UT .. 7SULOAD 

lOG .. 
GO .. 

lOB 
BI 

GNO 

Figure 6. Input and Output Connections for Stand-Alone 
Gray Scale or Composite Video 

PC Board Layout Considerations' 
The ADV71211ADV7122 is optimally designed for lowest noise 
performance, both radiated and conducted noise. To comple
ment the excellent noise performance of the ADV7l211 
ADV7122 it is imperative that great care be given to the PC 
board layout. Figure 8 shows a recommended connection dia
gram for the ADV71211ADV7122. 

The layout should be optimized for lowest noise on the 
ADV7121/ADV7122 power and ground lines. This can be 
achieved by shielding the digital inputs and providing good 
decoup1ing. The lead length between groups of V AA and GND 
pins should by minimized so as to minimize inductive ringing. 

Ground Planes 
The ADV71211ADV7122 and associated analog circuitry, should 
have a separate ground plane referred to as the analog ground 
plane. This ground plane should connect to the regular PCB 
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Video Output Buffers 
The ADV71211ADV7122 is specified to drive transmission line 
loads, which is what most monitors are rated as. The analog 
output configurations to drive such loads are described in the 
Analog Interface section and illustrated in Figure 5. However, 
in some applications it may be required to drive long "transmis
sion line" cable lengths. Cable lengths greater than 10 meters 
can attenuate and distort high frequency analog output pulses. 
The inclusion of output buffers will compensate for some cable 
distortion. Buffers with large full power bandwidths and gains 
between 1 and 4 will be required. These buffers will also need 
to be able to supply sufficient current over the complete output 
voltage swing. Analog Devices produces a range of suitable op 
amps for such applications. These include the AD84x series of 
monolithic op amps. In very high.frequency applications (80 
MHz), the AD9617 is recommended. More information on line 
driver buffering circuits is given in the relevant op amp data 
sheets. 

Use of buffer amplifiers also allows implementation of other 
video standards besides RS-343A and RS-170. Altering the gain 
components of the buffer circuit will result in any desired video 
level. 

75U 
Zo= 75U 

GAIN (G) = 1 +~ 

Figure 7. AD848 As an Output Buffer 

ZL=75.1.l 
(MONITOR) 

ground plane at a single point throul\h a ferrite bead, as illus
trated in Figure 8. This bead should be located as close as possi
ble (within 3 inches) to the ADV71211ADV7122. 

The analog ground plane should encompass all ADV71211 
ADV7122 ground pins, voltage reference circuitry, power sup
ply bypass circuitry, the analog output traces and any output 
amplifiers. 

The regular PCB ground plane area should encompass all the 
digital signal traces, excluding the ground pins, leading up to 
the ADV7121/ADV7122. 

Power Planes 
The PC board layout should have two distinct power planes, one 
for analog circuitry and one for digital circuitry. The analog 
power plane should encompass the ADV71211ADV7122 (V AA) 

and all associated analog circuitry. This power plane should be 
connected to the regular PCB power plane (Vee) at a single 
point through a ferrite bead, as illustrated in Figure 8. This 
bead should be located within three inches of the 
ADV7121/ADV7122. 
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The PCB power plane should provide power to all digital logic 
on the PC board, and the analog power plane should provide 
power to all ADV71211ADV7122 power pins, voltage reference 
circuitry and any output amplifiers. 

The PCB power and ground planes should not overlay portions 
of the analog power plane. Keeping the PCB power and ground 
planes from overlaying the analog power plane will contribute to 
a reduction in plane-to-plane noise coupling. 

Supply Decoupling 
Noise on the analog power plane can be further reduced by the 
use of multiple decoupling capacitors (see Figure 8). 

Optimum performance is achieved by the use of O.I""F ceramic 
capacitors. Each of the two groups of V AA should be individu
ally decoupled to ground. This should be done by placing the 
capacitors as close as possible to the device with the capacitor 
leads as short as possible, thus minimizing lead inductance. 

It is important to note that while the ADV71211ADV7122 
contains circuitry to reject power supply noise, this rejection 
decreases with frequency. If a high frequency switching power 
supply is used, the designer should pay close attention to reduc
ing power supply noise. A dc power supply filter (Murata 
BNX002) will provide EMI suppression between the switching 
power supply and the main PCB. Alternatively, consideration 
could be given to using a three terminal voltage regulator. 

RO 

ADV7121/ADV7122 
Digital Signal Interconnect 
The digital signal lines to the ADV71211ADV7122 should be 
isolated as much as possible from the analog outputs and other 
analog circuitry. Digital signal lines should not overlay the ana
log power plane. 

Due to the high clock rates used, long clock lines to the 
ADV71211ADV7122 should be avoided so as to minimize noise 
pickUp. 

Any ,active pull-up termination resistors for the digital inputs 2 
should be connected to the regular PCB power plane (Vee), and 
not the analog power plane. 

Analog Signal Interconnect 
The ADV71211ADV7122 should be located as close as possible 
to the output connectors thus minimizing noise pickup and 
reflections due to impedance mismatch. 

The video output signals should overlay the ground plane, and 
not the analog power plane, thereby maximizing the high fre
quency power supply rejection. 

For optimum performance, the analog outputs should each have 
a source termination resistance to ground of 75 n (doubly termi
nated 75 n configuration). This termination resistance should be 
as close as possible to the ADV71211ADV7122 so as to minimize 
reflections. 

Additional information on PCB design is available in an applica
tion note entitled "Design and Layout of a Video Graphics Sys
tem for Reduced EM!." This application note is available from 
Analog Devices, publication no. E1309--15-10/89. 

-1 
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DATA 
INPUTS 

VIDEO { 
CONTROL 

INPUTS 

GO 

G9 

BO 

B9 

Rl R2 
75U 75U 

C5 
O.1JlF 

ZI (AD589) 

R3 
7512 

II (FERRITE BEAD) 

Cl 
33JlF 

L2 (FERRITE BEAD) 

RGB 
VIDEO 
OUTPUT 

'-______ J ·SYNC and BLANK functions are not provided on the ADV7121. 

COMPONENT 
Cl 
C. 

C3, C4, C5,C6 
L1,l2 

Rl, R2. R3 
RSET 

ZI 

DESCRIPTION 
33.F TANTALUM CAPACITOR 
10~F TANTALUM 
O.1IlF CERAMIC CAPACITOR 
FERRITE BEAD 
75111% METAL FILM RESISTOR 
560'11% METAL FILM RESISTER 
1.235V VOLTAGE REFERENCE 

VENDOR PART NUMBER 

FAIR-RITE 274300111 OR MURATA BL01/D2/03 
DALE eMF-SSe 
DALE eMF-sse 
ANALOG DEVICES AD589JH 

Figure 8. ADV7121IADV7122 Typical Connection Diagram and Component List 

+5V(Vcd 

GROUND 
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WDEVICES 

FEATURES 
Proprietary Antialiasing Function 

Dejagging of Lines. Arcs. Circles. Fonts. etc. 
Effective 24-Bit True Color Performance 

Dynamic Palette Load (DPL) Function 
Plug-in Upgrade for Standard VGA RAM-DACs 

ADV478/ADV471. ADV476 (ADVIII» It Inmos 171/176t 
Fully PS/2t. VGAt and 8514/At Compatible 
66 MHz Pipelined Operation 
Triple 8-Bit/6-Bit D/A Converters 
256 x 24 (18) Color Palette RAM 
On-Board Gamma-Correction 
On-Board Antisparkle Circuit 
RS-343A/RS-170 Compatible Outputs 
External Voltage or Current Reference 
Standard MPU Interface 
+5 V CMOS Monolithic Construction 

APPLICATIONS 
High Resolution Color Graphics 
True Color Graphics 
Digital Typography (Smooth Fonts) 
Scientific Visualization 
3-D Solids Modeling 
CAE/CAD/CAM Applications 
Image Processing 
Instrumentation 
Desktop Publishing 

AVAILABLE CLOCK RATES 
66 MHz 
so MHz 
35 MHz 

GENERAL DESCRIPTION 
The Analog Devices' Continuous Edge Graphicst RAM-DAC 
(CEGtIDAC) dramatically improves image quality of standard 
analog color systems, by eliminating the jagged edges of com
puter generated images (antialiasing) and by providing an 
extended color palette for 3D modeling. This increased perfor
mance is achieved while at the same time msintaining full pin 
and functional compatibility with existing video RAM-DACs 
and color palettes used in VGA graphics systems. 

The CEG/DAC implements a proprietary antialiasing or 
"dejagging" function. This is used to smooth the jagged edges 
associated with lines, circles and other nonrectangular objects 
displayed on a regular CRT screen. The part also allows for the 
effective display of 24-bit true color images on a standard 8-bit 
system, without the requirement of increased memory. More 
than 740,000 colors can be simultaneously displayed on an 
8-bit/pixel system as against the 256 colors normally associated 
with 8-bit/pixel systems. This is achieved by a combination of 
the antialiasing function and a unique dynamic palette load 

REV. 0 

CMOS Continuous Edge Graphics 
RAM-DACs (CEGIDACs) 

ADV7141/ADV7146/ADV714S* I 
FUNCTIONAL BLOCK DIAGRAM 

(DPL) feature. DPL allows for color palette writes (color alter
ations) duriog a single frame image. 

The CEGIDAC combines a color lookup table (CLUT), three 
matched video speed computational units and associated control 
logic as well as three digital-ta-analog converters (DACs). These 
all combine to significantly enbance the video image display 
quality of standard 8-bit/pixel graphics systems. 

The ADV7148 and ADV7141 are pin and functional compatible 
with the ADV478 and ADV471, with the exception that the 
ADV7148 and the ADV7141 do not contain the overlay palette. 
The ADV7146 is pin and functional compatible with the 
ADV476 and the Inmos IMSGl71/176. 

CEG requires two closely connected components-the CEGI 
DAC chip and the software driver. Conventional antialiasing 
schemes are implemented entirely in software and operate on 
the pixel data in the graphics pipeline, resulting in a significant 
speed performance penalty. In contrast, the CEG software 
'driver takes application software information and encodes the 
frame buffer with a sequence of data and commands for the 
CEG/DAC. The CEGIDAC hardware performs all of the anti
aliasing calculations. In this way, the visual benefits of anti
aliased graphics are provided with a minimal increase in 
software overhead. 

'Protected by U.S. Patent Nos, 4,482,893 and 4,704,605. 
tInmos is • trademark of Inmos Ltd. 
Petsonal Systeml2, VGA and 85141A are trademarks of International 
Business Machines Corp. 
Edson Continuous Edge Gtaphics and CEG are registered trademarks of 

Edson Laboratories, Inc. 
ADV is a registered trademark of Analog Devices, Inc, 
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ADV7141/ADV7146/ADV7148-SPECIFICATIONS ~~:1:1~2~5S~~~V~I::A;7~4\); 
IREF = -8.39 rnA (ADV7146); RL = 37.50., CL = 10 pF; RSET = 147 0.. All Specifications Tml• to Tm./ unless otherwise noted.) 

Parameter All Versions 

STATIC PERFOlU.LI\NCE 
Resolution (Each DAC) 8 
Accuracy (Each DAC) 

Integral N onlinearity3 ±I (±1I2) 
Differential Nonlinearity ±1 
Gray Scale Error ±5 

Coding 

DIGITAL INPUTS 
Input High Voltage, VINH 2 
Input Low Voltage, VINL 0.8 
Input Current, lIN ±I 
Input Capacitance, CIN 7 

DIGITAL OUTPUTS 
Output High Voltage, VOH 2.4 
Output Low Voltage, VOL 0.4 
Floating-State Leakage Current 50 
Floating-State Leakage Capacitance 7 

ANALOG OUTPUTS 
Gray Scale Current Range 20 
Output Current 

White Level Relative to BlanklBlack 17.4/20.40 
White Level Relative to Black' 16.5/18.50 
Black Level Relative to Blank' 0.95 

(Pedestal = 7.5 IRE) 1.90 
Black Level Relative to Blank 0 

(Pedestal = 0 IRE) 50 
Blank Level' 6.29 

(Sync Enabled) 8.96 
Blank Level 0 

(Sync Disabled) 50 
Sync Level' 0 

50 
LSB size 69.1 
DAC to DAC Matching 5 
Output Compliance, Voc 0/+ 1.5 
Output Impedance, RoUT 10 
Output Capacitance, COUT 30 

VOLTAGE REFERENCE 
Voltage Reference Range 1.1411.26 
Input Current, IVREF 10 

CURRENT REFERENCE 
Input Current (IREF) Range -3/-10 
Voltage at IREF Vee - 3Ncc 

POWER SUPPLY 
Supply Voltage, V AA 4.7515.25 

4.50/5.50 
Supply Current, lAA 350 
Power Supply Rejection Ratio 0.5 

DYNAMIC PERFORMANCE 
Clock and Data Feedthrough5, 6 -30 
Glitch Impulse" 6 . 75 
DAC to DAC Crossta1k7 -23 

NOTES . 
':t 5% for 66 MHz parts; :t 10% for 50 MHz & 35 MHz parts. 
'Temperature range (T mi. to T ... ,): 0 to + 70"C. 
'Tested to 8-bit linearity (tested to 6-bit linearity, ADV7l46 only). 
4ADV7l4l and ADV7148 only. 

Units Test Conditions/Comments 

Bits 

LSBmax 
LSBmax Guaranteed Monotonic 
% Gray Scale 
Binary 

V min 
V max 
.,A max VIN = 0.4 V or 2.4 V 
pFmax f = 1 MHz, VIN = 2.4 V 

V min ISOURCE = 400 /LA 
V max ISINK = 3.2 mA 
.,A max 
pFmax 

mAmax 

mA minimA max Typically' 19.05 mA 
mA minimA max Typically 17.62 mA, SETUP = V AA 

mAmin Typically 1.44 mA, SETUP = V AA 

mAmax 
.,A min Typically 5 /LA, SETUP = GNP 
.,A max 
mAmin Typically 7.62 mA 
mAmax 
.,A min Typically 5 .,A 
.,A max 
.,A min Typically 5 .,A 
.,A max 
/LA typ 
% max Typically 2% 
V minIV max 
kOtyp 
pFmax 

ADV7148 & ADV7141 Only 
V minIV max 
/LA typ 

ADV7146 Only 
rnA minimA max 
V minimax 

V minIV max 66 MHz Parts 
V minN max 50 & 35 MHz Parts 
mAmax Typically 200 rnA 
%1% max f = 1 kHz, COMP = 0.1 /LF 

dB typ 
pV secs typ 
dB typ 

5C1ock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. Glitch impulse includes clock and data feedthrough. 
6"J'TL input values are 0 to 3 volts, with input rise/fall times ,,;;3 ns, measured at the 10% and 90% points. Timing reference points at 50% for inputs and outputs. 
'DAC to DAC crosstalk is measured by holding one DAC high while the other rwo are making low to high and high to low transitions. 
Specifications subject to change without notice. 
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ADV7141/ADV7146/ADV7148 

TIMING CHARACTERISTICS1 Nu2 = 5 V; SETUP = 8/6 = Vu; VREF = 1.235 V (ADV7148/ADV7141); IRV = -8.39 rnA (ADV7146); 
RL = 375 0 CL = 10 pF' RSET = 147 0 All Specifications T I to T unless otherwise noted) , , mn ma, 

66 MHz 50 MHz 35 MHz 
Parameter Version Version Version Units Conditions/Comments 

fmax 66 50 35 MHz Clock Rate 

t1 10 10 15 ns min RSO-RSI Setup Time 

t2 10 10 15 nsmin RSO-RSI Hold Time 

t/ 2 2 2 nsmin RD Asserted to Data Bus Driven 

t: 40 40 40 nsmax RD Asserted to Data VaIid 
ts5 20 20 20 nsmax RD Negated to Data Bus 3-Stated 
t 5 6 5 5 5 ns min Read Data Hold Time 

t7 10 10 15 ns min Write Data Setup Time 

t. 15 15 15 nsmin Write Data Hold Time 

to 50 50 50 nsmin RD, WR Pulse Width Low 

tlO 6 X t13 6 X t13 6 X t13 nsmin RD, WR Pulse Width High 

til 3 3 4 nsmin Pixel & Control Setup Time 

t12 3 3 4 ns min Pixel & Control Hold Time 

t13 15 20 28 nsmin Clock Cycle Time 

t14 5 6 7 nsmin Clock Pulse Width High Time 

tiS 5 6 9 nsmin Oock Pulse Width Low Time 

t16 30 30 30 ns max Analog Output Delay 

t17 3 3 3 ns typ Analog Output Rise/Fall Time 

t 186 13 20 28 ns max Analog Output Setding Time 

tSK 2 2 2 nsmax Analog Output Skew 

tpD Pipeline Delay 
Compatibility Mode 3 x t13 3 X t13 3 X t13 nsmin 
CEGMode 6 x t13 6 X t13 6 X t13 nsmin 

NOTES 
JTTL input values are 0 to 3 volts, with input rise/fall times :53 ns, measured. between the 10% and 90% points. Timing reference points at 50% for inputs and outputs. 
Analog output load =::;10 pF, DO-D7 output load :::;50 pF. See timing notes in Figure 2. 

2±S% for 66 MHz parts; ±1O% for SO MHz & 35 MHz parts; tiS measured at VAA = 5 V for 66 MHz parts. 
3Temperature Range (T min to T max): 0 to + 70°C. 
4(3 and t4 are measured with the load circuit of Figure 3 and dermed as the time required for an output to cross 0.4 V or 2.4 V. 
Sts and t6 are derived from the measured time taken by the data outputs to change by 0.5 V when loaded with the circuit of Figure 3. The measured number is then ex
trapolated back to remove the effects of charging the 50 pF capacitor. This means that the times, ts and 4" quoted in the timing characteristics are the true values for the 
device and as such are independent of external bus loading capacitances. 

6Settling time does not include clock and data feedthrough. 
Specifications subject to change without notice. 

RSO, RSt 

RD,WR 

00-07 
(READ) 

DO-D7 
(WArfE) 

CLOCK 

ANALOG 

OUTPUTS 

t, 

Figure 1. MPU ReadIWrite Timing 

(IOR,IOG,IOB) ------------{Ji---,-(I 

Figure 2. Video Input/Output Timing 

REV. 0 

Figure 3. Load Circuit for Bus Access and Relinquish Time 

NOTES 
1. OUTPUT DELAY MEASURED FROM THE 50% POINT OF THE RISING 

EDGE OF CLOCK TO THE 50% POINT OF FULL SCALE TRANrTION. 
2. SETTLING TIME MEASURED FROM THE 50% POINT OF FULL SCALE 

TRANsmON TO THE OUTPUT REMAINING WITHIN :1:1 LSB. 
3. OUTPUT RISE/FALL TIME MEASURED BETWEEN THE 10% 

AND 90% POINTS OF FULL SCALE TRANSmoN. 
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ADV7141/ADV7146/ADV7148 

RECOMMENDED OPERATING CONDITIONS 
Parameter . I Symbol Min Typ Max 
POWER SUPPLY VAA 

66 MHz Pans 4.75 5.00 5.25 
50,35 MHz Parts 4.5 5.00 5.5 

AMBIENT OPERATING TEMPERATURE TA 0 +70 

OUTPUT LOAD RL 37.5 

VOLTAGE REFERENCE CONFIGURATION 
Voltage Reference VREF 1.14 1.235 1.26 

CURRENT REFERENCE CONFIGURATION 
lREF CURRENT lREF 

STANDARD RS-343A -3 -8.39 -10 
PS/2 Compatible -3 -8.88 -10 

CAUTION ______________________________________________ ___ 

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

ABSOLUTE MAXIMUM RATINGS 
VAA to GND ...................... -0.5 V to +7 V 
Voltage on Any Digital Pin .... GND -0.5 V to V AA + 0.5 V 
Ambient Operating Temperature (T A) ..... - 55°C to + 125°C 
Storage Temperature (Ts) ............. -45°C to + 125°C 
Junction Temperature (T J) ....•.............• + 175°C 
Lead Temperature (Soldering, 10 secs) . _ ......... + 300"C 
Vapor Phase Soldering (2 minutes) ....... ____ . _ . +220°C 
lOR, lOG, lOB to GND' . ___________ . ____ 0 V to V AA 

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

1 Analog output shon circuit to any power supply or common can be of an 
indefinite duration. 

ORDERING GUIDE 

Package 
Modell Speed Resolution' Option3• 4 

ADV7146KN66 66 MHz 6-Bit N-28 
ADV7146KN50 50 MHz 6-Bit N-28 
ADV7146KN35 35 MHz 6-Bit N-28 

ADV7141KP66 66 MHz 6-Bit P-44A 
ADV7141KP50 50 MHz 6-Bit P-44A 
ADV7141KP35 35 MHz 6-Bit P-44A 

ADV7148KP66 66 MHz 8-Bitl6-Bit P-44A 
ADV7148KP50 50 MHz 8-Bitl6-Bit P-44A 
ADV7148KP35 35 MHz 8-Bitl6-Bit P-44A 

NOTES 
1 All devices are specified for O"C to + 70"C operation. 
2Refers to "Compatibility Mode." In ''CEG Mode," resolution for all options 
is 8 bits. 

'28-pin DIP devic .. are packaged in 28-pin 0.6" plastic dual-in-line packages. 
44-pin PLCC devices are packaged in 44-pin plastic leaded (Head) chip 
carriers. 

4N = Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC). For outline 
information see Package Information section. 
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PIN CONFIGURATIONS 

28-Pin DIP 

VAA 

RSI 

RSO 

07 

OS 

D5 

D4 

03 

P5 D2 

P6 01 

P7 DO 

CLOCK BLANK 

GNO AD 

44-Pin PLCC 

I" ~ ~ g 
Ii ~ § I'i ~ ~ fA ~ ¥ d 

ADV7141/ADV7148 

TOP VIEW 
(Not to Scate) 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ j 

HC = NO CONNECT; THESE PINS MAY BE LEFT UNCONNECTED 
* (HC) INDICATES THE ADV7141 ONLY 

Units 

Volts 
Volts 

"C 

0. 

Volts 

rnA 
rnA 
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ADV7141/ADV7146/ADV7148 
PIN FUNCTION DESCRIPTION 

Pin 
Mnemonic 

SETUP 

CLOCK 

PO-P7 

lOR, lOG, lOB 

CaMP 

OPA 

VAA 

GND 

WR 

RSO, RSI 

DO-D7 

8/6 

CEGDIS 

REV. 0 

Function 

Composite blank control input (TIL compatible). A Logic 0 drives the analog outputs to the blanking level. It is 
latched on the rising edge of CLOCK. When BLANK is a logical zero, the pixel and overlay inputs are ignored. 

Setup control input. Used to specify either a 0 IRE (SETUP = GND) or 7.5 IRE (SETUP = V AA) blanking pedestal 
(ADV71411ADV7148 only). 

Composite sync control input (TTL compatible). A logical zero on this input switches off a 40 IRE current source on 
the analog outputs. SYNC does not override any other control or data input, therefore it should be asserted only during 
the blanking interval. It is latched on the rising edge of CLOCK (ADV71411ADV7148 only). 

Clock input (TIL compatible). The rising edge of CLOCK latches the PO-P7, SYNC, and BLANK inputs. It is typi
cally the pixel clock rate of the video system. It is recommended that CLOCK be driven by a dedicated TTL buffer. 

Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which one of the 256 entries in the color 
palette RAM is to be used to provide color information. They are latched on the rising edge of CLOCK. PO is the LSB. 
Unused inputs should be connected to GND. 

Red, green, and blue current outputs. These high impedance current sources are capable of directly driving a doubly 
terminated 75 0 coaxial cable. 

Current Reference input (Current Reference eonfiguration)/Full-sca1e adjust control (Voltage Reference configuration). 

When using an external voltage reference, a resistor (RSET) connected between this pin and GND controls the mag
nitude of the full-scale video signal. The relationship between RSET and the full-scale output current on each output is: 

RSET (0) = K x 1,000 x V REF (V)/IOUT (rnA) 
K is defined in the table below, along with corresponding RSET values for doubly terminated 75 0 loads. 

When using an external current reference, the relationship between IREF and the full-scale output current on each 
output is: 

lREF (rnA) = lOUT (rnA)/K 

Mode Pedestal K RSETCO)* 

6-Bit 7.S IRE 3.170 147 
8-Bit 7.S IRE 3.195 147 
6-Bit o IRE 3.000 147 
8-Bit o IRE 3.025 147 

*For PS/2 applications (i.e., 0.7 V into 50 n with no SYNC), 
a 182 n RSET resistor is recommended. 

Compensation pin. If an external voltage reference is used, this pin should be connected to OPA. If an external current 
reference is used, this pin should be connected to IREF. A 0.1 floF ceramic capacitor must always be used to bypass this 
pin to V AA (ADV71411ADV7148 only). 

Voltage reference input. If an external voltage reference is used, it must supply this input with a 1.2 V (typical) refer
ence. If an external current reference is used, this pin should be left floating, except for the bypass capacitor. A 0.1 floF 
ceramic capacitor must always be used to decouple this input to V AA (ADV71411ADV7148 only). 

Reference amplifier output. If an external voltage reference is used, this pin must be connected to CaMP. When using 
an external current reference, this pin should be left floating (ADV71411ADV7148 only). 

Analog power. All V AA pins must be connected. 

Analog ground. All GND pins must be connected. 

Write control input (TIL compatible). DO-D7 data is latched on the rising edge of WR, and RSO-RSI are latched on 
the falling edge of WR during MPU write operations. 

Read control input (TIL compatible). To read data from the device, RD must be a logical zero. RSO-RSI are latched 
on the falling edge of RD during MPU read operations. 

Register select inputs (TIL compatible). RSO-RSI specify the type of read or write operation being performed. 

Data bus (TTL compatible). Data is transferred into and out of the device over this 8-bit bidirectional data bus. DO is 
the least significant bit. 

8-bitl6-bit select input (TIL compatible). This input specifies whether the MPU is reading and writing 8 bits (logical 
one) or 6 bits (logical zero) of color information each cycle. For 8-bit operation, D7 is the most significant bit (MSB) 
while for 6-bit operation, D5 is the MSB. D6 and D7 are ignored during 6-bit operation. All parts operate in 8-bit for
mat while in CEG mode. 6-Bit operation is the default VGA mode on the ADV7146 and ADV7141. The 8/6 bit must be 
set to Logical 0 on the ADV7148 to make it VGA compatible. If left unconnected, this pin remains in a low state. 

CEG disable (TIL compatible). Driving this pin active high disables all CEG functions. Software will detect a non-CEG 
device if this pin is high (ADV71411ADV7148 only). If left unconnected, this pin remains in a low state. 
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Functional Block Diagram of CEGIDAC 
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TERMINOLOGY 
Blanking Level 
The level separating the SYNC portion from the video portion 
of the waveform. Usually referred to as the front porch or back 
porch. At 0 IRE units, it is the level which will shut off the pic
ture tube, resulting in the blackest possible picture. 

Color Video (RGB) 
This usually refers to the technique of combining the three pri
mary colors of red, green and blue to produce color pictures 
within the usual spectrum. In RGB monitors, three DACs 
would be required, one for each color. 

Composite Sync Signal (SYNC) 
The position of the composite video signal which synchronizes 
the scanning process. 

Composite Video Signal 
The video signal with or without setup, plus the composite 
SYNC signal. 

Gray Scale 
The discrete levels of video signal between Reference Black and 
Reference White levels. An 8-bit DAC contains 256 different 
levels while a 6-bit DAC contains 64. 

Raster Scan 
The most basic method of sweeping a CRT one line at a time to 
generate and display images. 

Reference Black Level 
The maximum negative polarity amplitude of the video signal. 

Reference White Level 
The maximum positive polarity amplitude of the video signal. 

Setup 
The difference between the reference black level and the blank
ing level. 

Sync Level 
The peak level of the composite SYNC sigrtai. 

Video Signal 
That portion of the composite video signal which varies in gray 
scale levels between Reference White and Reference Black . .Also 
referred to as the picture signal, this is the portion which may 
be visually observed. 

ANTIALIASING 
Antialiasing is a technique used to smooth the jagged edges asso
ciated with lines, circles, and other nonrectangu1ar objects repre
sented on a CRT screen. Without antialiasing, each pixel (picture 
element) on a CRT is either "on" or "off." If the edge of a smooth 
shape passes through a pixel, the software is forced to approxi
mate the edge as best it can (i.e., the pixel is "on" if more than 
half of the pixel is covered by the object). Even when a large 
number of pixels are used to represent an object, the eye quickly 
detects the se,ries of "on" and "off' dots along the picture edge. 

CEG achieves antialiasing by allowing the software to choose not 
only the discrete palette colors, but also a linear mix of those 
colors. For example, if only 1/3 of the pixel is covered by an 
object, the pixel would be displayed in the ratio of 33:67 be
tween the object color and the background color. The eye 
perceives the new boundary as a completely smooth edge. The 
software driver defines the value of every pixel on a shape 
boundary, thereby dramatically increasing the perceived resolu
tion of any computer display. By mixing colors in real time, the 
CEG/DAC can generate up to 800,000 simultaneously display-
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o 3 21 38 57 75 83 100 100 100 
ACTUAL COLOR 2 - "" 

Figure 4. An Edge Crossing Scan Line 

able colors without altering the contents of the standard 256 
color look-up-table. 

Figure 4 shows an enlargement of an object edge, with each 
square representing a screen pixel. An object is drawn in Color 
2 on a background of Color 1-the actual colors are determined 
by the contents of the CLUT. 

Without CEG, pixels labelled "A" through "E" will be displayed 
as Color I (Figure 5). Pixels are defmed as Color 2 when more 
than 50% of the pixel is defmed by that color, as shown 
in pixels "F" through "J." CEG blends colors to more closely 
approximate the intended color boundary as shown in Figure 6. 

o 0 3 Z1 38 57 75 83 100 100 100 

ACTUAL COLOR 2 - "" 

Figure 5. Traditional Pixel Coverage (Aliasing) 

o 3 21 38 57 75 83 100 100 100 

AClVAL COLOR 2 - "" 

Figure 6. Dejagging or Antialiasing Using CEG 
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CEG FUNCTIONAL DESCRIPTION 
CEG uses two data ports, a pixel port and an MPU data port. 
Three analog signals are produced which can directly drive the 
red, green, and biue inputs of a standard analog display moni
tor. The CEG/DAC consists of four major blocks: CEG logic, 
three 8-bit DACs, 256 x 24 lookup table RAM, and MPU 
control. 

The CEGIDAC is. a real-time signal processor which interprets 
data in the frame buffer as either colors, mix commands, or 
both. CEG uses a special sequence of lookup table accesses to 
enable and disable the CEG logic. The nonCEG mode allows 
full backward compatibility with current video palette products. 
The circuit is powered-up in nonCEG mode. CEG-aware soft
ware activates CEG modes and provides the advantages of alias
free images. 

In nonCEG systems and software applications, the CEG/DAC 
behaves identical to normal palette DACs, providing complete 
physical and functional compatibility with all VGA compatible 
PCs. The CEGIDAC is available in packages compatible with 
the most popular palette DACs, including ADV471, ADV476, 
and ADV478 devices. 

MPU Data Port 
The MPU data port allows the system processor to access the 
color palette address register, color palette RAM and pixel mask 
register. Register selection is identical to the associated non
CEG, VGA compatible parts. 

If the CEG device is operating in 8-bit mode, all 8 bits of the 
lookup table color data register are significant. In 6-bit modes, 
lookup table color data should be written and read back right
justified to/from O5-DO. During readback, in 6-bit modes, D6 
and D7 are forced to Logic O. 

Pixel Port 
Pixel information is latched into the CEG/DAC via the pixel 
port. For each clock cycle, the state of the P7-PO, BLANK and 
SYNC defme the state of the DAC outputs. 

Pixel port inputs are logically "AND"ed with the contents of the 
pixel mask register, for simple animation applications. The pixel 
mask register is accessed via the MPU interface. In general, the 
pixel mask register should be set to FFH for any of the CEG 
modes. See Appendix A for sample code to access the.pixel 
mask register. 

Two selectable features in CEG mode are "partial shading" and 
"pixel replication." Certain video controllers repeat each pixel 
twice in low resolution modes. In these modes, the pixel data is 
sampled every other CLOCK. 

Systems which use only 4 bits per pixel should be connected to 
P3-PO, tying P7-P4 to ground. This type of system must use 
the "partial shading" Advanced-4 Method, which allows 8 colors 
(0-7) and 8 mix commands (8-15) in increments of 12%. 

CEG PROGRAMMING BASICS 
CEG Computation 
When CEG is active, the CEGIDAC computes a real time 
weighted average on each of the primary colors which are read 
out of the palette RAM. This calculation, as represented by the 
generalized diagram of Figure 7, is expressed by the following 
equation: 

PMC = [(Color B x Mix) + (Color A x (31-Mix) + 16)] 131 

where: rMC = mixed color. 

Or alternatively, it can be described by: 

Mixed color = (ratio of previous color x previous color) + 
(ratio of new color x new color) 

The tnixed colors, one mixed color each for red, green and blue 
are then input to a gamma correction circuit. The output of this 
circuit drive each of the three RGB-DACs. 

CEGMODES 
Although there is one algorithm in the CEGIDAC, there are 
three ways of encoding the pixels in the frame buffer, namely, 
the Basic-8, Advanced-4 and Advanced-8 methods. These are 
described as follows: 

Basic-8 16 drawing colors with 8 mixes plus explicit 
loading of new or old color (suitable for CAD 
type applications where few colors are needed). 

Advanced-4 8 drawing colors with 8-mix shading (suitable for 
antialiasing in 4-bitslpixel systems). 

Advanced-8 223 drawing colors with full 32-mix shading 
(suitable for 3-D solid modeling and true-color 
image rendition). 

.------------------------
INTENSITY 

s::.~--........... O(, ~---+--~ VIDEO 

Figure 7 .. Block Diagram Representation of the CEG Algorithm 
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CIRCUIT DESCRIPTION 

MPU Interface 
As illustrated in the functional block diagram, the ADV71411 
ADV7146/ADV7148 supports a standard MPU bus interface, 
allowing the MPU direct access to the color palette RAM, pixel 
mask register and address register. 

The RSO-RS I select inputs specify whether the MPU is access
ing the address register, color palette RAM, or pixel mask regis
ter, as illustrated in Table I. The 8-bit address register is used 
to address the color palette RAM. 

Table I. Control Input Truth Table 

RSI RSO Addressed by MPU 

0 0 Address Register (RAM Write Mode) 
I I Address Register (RAM Read Mode) 
0 I Color Palette RAM 
I 0 Pixel Read Mask Register 

To write color data, the MPU writes the address register with 
the address of the color palette RAM location to be modified. 
The MPU performs three successive write cycles (8 or 6 bits 
each of red, green and blue). During the blue write cycle, the 
three bytes of color information are concatenated into a 24-bit 
word (l8-bit word for VGA backward compatible data). This 
color value is then written to the location in the palette RAM 
pointed to by the address register. The address register then 
increments and points to the next palette RAM location which 
the MPU may modify by simply writing another sequence of 
red, green and blue data. See Appendix A for sample code to 
write to the palette. 

To read color data, the MPU loads the address register with the 
address of the color palette RAM location to be read. The MPU 
performs three successive read cycles (8 or 6 bits each of red, 
green, and blue), using RSO-RSI to select the color palette 
RAM. Following the blue read cycle, the address register incre
ments to the next location which the MPU may read by simply 
reading another sequence of red, green, and blue data. See Ap
pendix A for sample code to read from the palette. 

When accessing the color palette RAM, the address register re
sets to OOH following a blue read or write cycle to RAM location 
FFH. 

For 8-bit operation, DO is the LSB, and D7 is the MSB of color 
data. 

For 6-bit operation, color data is contained on the lower six bits 
of the data bus, with DO being the LSB and DS the MSB of 
color data. When writing color data, D6 and D7 are ignored. 
During color read cycles, D6 and D7 will be a logical zero. 

See Compatibility section for details of 6/8-bit operation. 

REV. a 

ADV7141/ADV7146/ADV7148 
Table II. Address Register (ADDR) Operation 

Value RSI RSO Addressed by MPU 

ADDRa, b 
Counts Modulo 3 00 Red Value 

01 Green Value 
10 Blue Value 

ADDRO-7 
Counts Binary OOH-FFH 0 I Color Palette RAM 

The MPU interface operates asynchronously to the pixel clock. 
Data transfers between the color palette RAM and the color reg
isters (R, G, and B in the block diagram) are synchronized by 
internal logic, and occur in the .period between MPU accesses. 
As only one pixel clock cycle is required to complete the trans
rer, the color ,palette RAM may be accessed at any time with no 
noticeable disturbance on the display screen. 

To keep track of the red, green, and blue read/write cycles, the 
address register has two additional bits (ADDRa, ADDRb) that 
count modulo three, as shown in Table II. They are reset to 
zero when the MPU writes to the address register, and are not 
reset to zero when the MPU reads the address register. The 
MPU does not have access to these bits. The other eight bits of 
the address register (ADDR0-7), incremented following a blue 
read or write cycle, are accessible to the MPU, and are used to 
address color palette RAM locations, as shown in Table II. 
ADDRO is the LSB when the MPU is accessing the RAM. The 
MPU may read the address register at any time without modify
ing its contents or the existing read/write mode. 

Figure I illustrates the MPU read/write timing. 

Frame Buffer Interface 
The PO-P7 inputs are used to address the color palette RAM, as 
shown in Table III. 

Table III. Pixel Input Truth Table (Pixel Read Mask 
Register = FFH) 

PO-P7 Addressed by Frame Buffer 

OOH Color Palette RAM Location OOH 
OIH Color Palette RAM Location OIH 

FFH Color Palette RAM Location FFH 

The contents of the pixel read mask register, which may be ac
cessed by the MPU at any time, are bit-wise logically ANDed 
with the PO-P7 inputs. Bit DO of the pixel read mask register 
corresponds to pixel input PO. The addressed location provides 
24 bits (18 bits in compatibility mode) of color information to 
the three DI A converters. 

(See Application Note entitled "Animation Using the Pixel Read 
Mask Register of the ADV47X Series of Video RAM-DACs" 
available from Analog Devices, Publication No. E1316-IS-10/89.) 
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~ 26.67
1

1.000 WHITE LEVEL t /\ , 

92.5 IRE 

9.05 0.340 BLACK LEVEL 

7.5 IRE 

7.62 0.296 BLANK LEVEL 

40 IRE 

0.00 0.000 SYNC LEVEL 

NOTES 
1. CONNECTED WITH A 75 Q DOUBLY TERMINATED LOAD. 
2. EXTERNAL VOLTAGE OR CURRENT REFERENCE ADJUSTED FOR 26.67 mA FULL SCALE OUTPUT. 
3. RS • 343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 

Figure 8. ADV7141IADV7148 RGB Video Output Waveform (SETUP = VAA) 

Table IV. ADV7141/ADV7148 RGB Video Output Truth Table (SETUP = V AA) 

Description lOUT (mA)' SYNC BLANK DAC Input Data 

WHITE 26.67 1 I FFH 
DATA Data + 9.05 I I Data 
DATA·SYNC Data + 1.44 0 I Data 
BLACK 9.05 I I OOH 
BLACK·SYNC 1.44 0 I OOH 
BLANK 7.62 I 0 xxH 
SYNC 0 0 0 xxH 

NOTES 
'Typical with full·scale IOG = 26.67 rnA. 
External voltage or current reference adjusted for 26.67 rnA full·scale output. 

The SYNC and BLANK inputs, also latched on the rising edge 
of CLOCK to maintain synchronization with the color data, add 
appropriately weighted currents to the analog outputs, produc· 
ing the specific output levels required for video applications, as 
illustrated in Figures 8, 9 and 10. Tables IV, V and VI detail 
how the SYNC and BLANK inputs modify the output levels. 

The SETUP input, on the ADV7I41 and ADV7I48, is used to 
specify whether a 0 IRE (SETUP = GND) or 7.5 IRE (SETUP 
= V AA) blanking pedestal is to be used. 

MA V 
26.67 1.000 

8.05 0.302 

0.00 0.000 

NOTES 
1. CONNECTED WITH A 75 Q DOUBLY TERMINATED LOAD. 
2. EXTERNAL VOLTAGE OR CURRENT REFERENCE ADJUSTED FOR 26.67 mA FULL SCALE OUTPUT. 
3. RS • 343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 

WHITE LEVEL 

BLACK LEVEll 
BLANK LEVEL 

SYNC LEVEL 

Figure 9. ADV71411ADV7148 RGB Video Output Waveform (SETUP = GND) 
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Table V. ADV7141/ADV7148 RGB Video Output Truth Table (SETUP = GND) 

Description lOUT (mA)1 SYNC BLANK DAC Input Data 

WHITE 26.67 I I FFH 
DATA Data + 8.05 I I Data 
DATA· SYNC Data 0 I Data 
BLACK 8.05 I I OOH 
BLACK-SYNC 0 0 I OOH 
BLANK 8.05 I 0 xxH 
SYNC 0 0 0 xxH 

NOTE 
'Typical with full-scale lOG = 26.67 rnA. 
External voltage or current reference adjusted for 26.67 rnA full-scale output. 

MA V 
19.05 0.714 

0.00 0.000 

NOTES 
1. CONNECTED WITH A 75" DOUBLY TERMINATED LOAD. 
2. EXTERNAL CURRENT REFERENCE ADJUSTED FOR 19.05 mA FULL SCALE OUTPUT. 
3. RS - 343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 

Figure 10. ADV7146 RGB Video Output Waveform 

Table VI. ADV7146 RGB Video Output Truth Table 

Description lOUT (mA)1 BLANK DAC Input Data 

WHITE Level 19.05 I FFH 
VIDEO Video 1 Data 
BLACK Level 0 1 OOH 
BLANK Level 0 0 xxH 

NOTE 
'Typical with full-scale lOR, lOG, lOB = 19.05 rnA, lREF = 8.88 mAo 

WHITE LEVEL 

BLACKLEVEW 
BLANK LEVEL 

DIGITAL-TO-ANALOGCONVERTERS 2-879 

• 



ADV7141/ADV7146/ADV7148 
PC BOARD LAYOUT CONSIDERATIONS 
The ADV7141, ADV7146 and ADV7148 CEGIDACs are opti
mally designed for lowest noise performance, both radiated and 
conducted noise. To complement the excellent noise perfor
mance of these parts, it is imperative that great care be given to 
the PC board layout. Figures 11, 12 and 13 show recommended 
connection diagrams for the ADV71411ADV7148 in voltage ref
erence and current reference modes and the ADV7146. 

OPA 

COMP 

vAAOF~--~~--~---, 
ADV71411 
ADV7148 

VREFO-ll--... - .... C1 
0.1.F 

,~ __ .-~ __ .-'-.-_p-~ ____ ~ GROUND 

'REF 
10RO--+-+--i---'F=(§) RGB 

looO----... -i---'F=(§) VIDEO 
lOB OUTPUT 

COMPONENT DESCRIPTION VENDOR PART NUMBER 

C1-a; 

C6 
L1 

R1. R2. R3 

RoET 
Z1 

0.1 .. F CERAMIC CAPACITOR 
10 .. F TANTALUM CAPACITOR 
FERRITE BEAD FAIR·RITE 27430011 1 ORI 

MURATA BL01/02/03 
75fi 1% METAL FILM RESISTOR DALE CMF-55C 
147/1 1% METAL FILM RESISTOR DALE CMF-55C 
1.236V VOLTAGE REFERENCE ANALOG DEVICES AD589JH 

Figure 11. ADV7148/ADV7141 Typical Connection Diagram 
and Component List (Voltage Reference Configuration) 

V REF 

VAA,~~~-------'---' 
ADV71411 
ADV7148 

COMP 

10RO--'--+--+--F=(§) RGB 

10G;O----.. -+---'F=(§) VIDEO 

L __ ~~t------it--=='{§] OUTPUT lOB 

COMPONENT DESCRIPTION VENDOR PART NUMBER 

C1-a; 
C&-G7 

L1 

R1. R2, R3 

0.1 .. F CERAMIC CAPACITOR 
10 .. F TANTALUM CAPACITOR 
FERRITE BEAD FAIR·RITE 274300111 ORI 

MURATA BL01/02/03 
7511 1% METAL FILM RESISTOR DALE CMF·55C 

Figure 12. ADV7148IADV7141 Typical Connection Diagram 
and Component List (Current Reference Configuration) 
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ADV7146 

C1 
0.1.F 

GNDc;---p-~~~,-~p-+----~ GROUND 

roRo---__ -~-+---'~~ RGB 

10GO----.. -i---'F=(§) VIDEO 

10BO------.... -==(§) OUTPUT 

COMPONENT DESCRIPTION VENDOR PART NUMBER 

C1-c4 0.1 .. F CERAMIC CAPACITOR 
C5-c5 10 .. F TANTALUM CAPACITOR 
L 1 FERRITE BEAD FAIR·RITE 274300111 ORI 

MURATA BL01/02/03 
R1, R2. R3 75fi 1% METAL FILM RESISTOR DALE CMF·55C 

Figure 13. ADV7146 Typical Connection Diagram and 
Component List (Current Reference Configuration) 

The layout should be optimized for lowest noise on the CEGI 
DAC power and ground lines. This is achieved by shielding the 
digital inputs and providing good decoupling. The lead length 
between groups of V AA and GND pins should by minimized so 
as to minimize inductive ringing. 

Ground Planes 
The ground plane should encompass all the CEGIDAC ground 
pins, current/voltage reference circuitry, power supply bypass 
circuitry, the analog output traces, any output amplifiers and all 
the digital signal traces leading up to the CEG/DAC. 

Power Planes 
The PC board layout should have two distinct power planes, one 
for analog circuitry and one digital circuitry. The analog power 
plane should encompass all the CEGIDAC power pins and all 
associated analog circuitry, This power plane should be con
nected to the regular PCB power plane (V cc) at a single point 
through a ferrite bead, as illustrated in Figures 11, 12 and 13. 
This bead should be located within three inches of the part. 

The PCB power plane should provide power to all digital logic 
on the PC board, and the analog power plane should provide 
power to all the CEG/DACs power pins, voltage reference cir
cuitry and any output amplifiers. 

The PCB power and ground planes should not overlay portions 
of the analog power plane. Keeping the PCB power and ground 
planes from overlaying the analog power plane will contribute to 
a reduction in plane-to-plane noise coupling. 

Supply Decoupling 
Noise on the analog power plane can be further reduced by the 
use of multiple decoupling capacitors. 
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Optimum performance is achieved by the use of 0.1 fLF ceramic 
capacitors. Each of the two groups of V AA (ADV71411AD7148) 
should be individually decoupled to ground. This should be 
done by placing the capacitors as close as possible to the device 
with the capacitor leads as short as possible, thus minimizing 
lead inductance. 

It is important to note that while the CEG/DAC contains cir
cuitry to reject power supply noise, this rejection decreases with 
frequency. If a high frequency switching power supply is used, 
the designer should pay close attention to reducing power sup
ply noise. A dc power supply filter (Murata BNX002) will pro
vide EMI suppression between the switching power supply and 
the main PCB. Alternatively, consideration could be given to 
using a three terminal voltage regulator. 

Digital Signal Interconnect 
The digital signal lines to the CEGIDAC should be isolated as 
much as possible from the analog outputs and other analog cir
cuitry. Digital signal lines should not overlay the analog power 
plane. 

Due to the high clock rates used, long clock lines to the CEGI 
DAC should be avoided so as to minimize noise pickUp. 

Any active pull-up termination resistors for the digital inputs 
should be connected to the regular PCB power plane (V eel, and 
not the analog power plane. 

Analog Signal Interconnect 
The CEG/DAC should be located as close as possible to the out
put connectors thus minimizing noise pick-up and reflections 
due to impedance mismatch. 

The video output signals should overlay the ground plane, and 
not the analog power plane, thereby maximizing the high fre
quency power supply rejection. 

For optimum performance, the analog outputs should each have 
a source termination resistance to ground of 75 n (doubly 
terminated 75 n configuration). This termination resistance 
should be as close as possible to the CEGIDAC so as to mini
mize reflections. 

Additional information on PCB design is available in an Applica
tion Note entitled "Design and Layout of a Video Graphics Sys
tem for Reduced EM!." This application note is available from 
Analog Devices, Publication No. E1309-15-10/89. 
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REGISTER LEVEL PROGRAMMING OF THE CEGIDAC 
Compatibility 
CEG/DACs are available in several plug-in compatible replace
ments for most popular palette DACs including the Analog 
Devices ADV471, ADV476 and ADV478, the Inmos IMSGI71 
and IMSGl76 and the Brooktree BT471 and BT478. All are 
compatible with standard VGA controllers. 

The CEG/DAC powers-up in compatibility mode with the CEG 
circuitry bypassed. CEG mode is enabled with a software key 
sequence of reserved palette accesses. See Appendix A for a soft
ware example of setting the CEG mode. 

In compatibility mode the ADV7l41 and ADV7146 always use 
six bits for each red, green and blue palette component. The 
ADV7148 uses either 6 or 8 bits, depending on the setting of 
the 8/6 pin (see Table VII below). 

Table VII. CEGIDAC Bits per Color Component 

Compatibility Mode CEGMode 

CEGIDAC 6-Bit Colors 8·Bit Colors 8-Bit Colors 

ADV7141 * * 
ADV7146 * * 
ADV7148 * * * 

In 6-bit compatibility mode the CEG/DAC shifts color data as it 
writes to and reads from the palette. The microprocessor writes 
right justified data in bits D5 to DO into the palette. In the pal
ette the data is stored left justified with bits D I and DO set to O. 
During palette read operations the data is returned to the micro
processor in bits D5 to DO with bits D7 and D6 set to O. 

The CEG mode byte, which is written to the blue palette loca
tion 223, is also shifted when it is written, but not when read. 

All eight bits of the palette data register are significant when 
CEG is enabled. Set the CEG mode before writing CEG 8-bit 
palette information to avoid the shifting operations that occur 
when the chip is in compatibility mode. 

The Encoding Methods 
The Continuous Edge Graphics Level 3 specification describes 
in detail the two advanced encoding methods. Table VIII lists 
the characteristics of each CEG encoding method. 

Basic-8 encoding provides 16 colors with 8 mixes, plus explicit 
loading of the A or B color registers. The Basic-8 method is ap
propriate for applications where 8-bits per pixel are available 
and a moderate number of colors are required, such as CAD 
applications. 

Table VIII. CEG Encoding Methods 

Encoding Bits per Palette CEG 
Method Pixel Colors Mixes Colors DPL Notes 

Basic-8 8 16 + 16 8 16 x 16 x 8 = 2048 Mixes and Colors in the Same Pixel 

Advanced-4 4 8 8 8 x 8 x 7/2 = 224 Yes Mixes and Colors in Different Pixels 

Advanced-8 8 223 32 223 x 222 x 32/2 = 792,096 Yes Mixes and Colors in Different Pixels 
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The two Advanced methods store colors and op codes in differ
ent pixels. The Advanced-4 encoding supports 4-bits-per-pixel 
graphics, making it the CEG method to use in 4-bit systems 
such as the standard mM VGA. Advanced-4 provides eight pal
ette colors and eight mixes. Advanced-S provides 223 drawing 
colors with full 32-mix ~hading. Use the Advanced-S encoding 
method when there is a requirement for many colors, such as 
solid model rendering and computer imaging. 

In the Advanced methods, an ~ntry in the palette can also be 
reserved for the DPL op code. The dynamic palette further ex
pands the number of colors available. 

Basic-S Encoding 
The Basic-8 method encodes the 16 drawing colors and eight 
mixes into the eight bit pixel as shown in Figure 14. Table IX 
below shows the mix ratios that correspond to each pixel value 
in the mix field. 

p71pslps P4 P3 1P2 Ip1 IPO 

<--- MIX 0-7 ---> <------> <---- COLOR 0-15 ----> 
REGISTER 

Figure 14. Pixel Encoding for Basic-8 

Table IX. Basic-S Mix Values 

Mix Ratio 
Value Color i\ Color B 

0 31/31 0131 
I 27/31 4131 
2 22/31 9131 
3 IS/31 13131 
4 13/31 IS/31 
5 9/31 22131 
6 4/31 27131 
7 0131 31/31 

The register bit selects whether the color is placed in the A reg
ister or the B register. When the register bit is set to 0, the A 
register is used. When the register bit is set to 1, the B register 
is used. The register bit also selects which portion of the palette 
is accessed by the color field, because the A and B registers use 
different palette ranges. 

The color field of the pixel data refers to the first 16 colors in 
the palette (Colors 0-15) when the register bit equals 0 (for the 
A register). When the register bit equals 1 (for theB register), 
the color field refers to the second 16 colors in the palette (col
ors 16 to 31). To fmd the palette location for the B register, add 
16 to the color bits in PO-P3 (e.g., when the register bit = 1, 
color 0 refers to palette location 16). Generally, these two palette 
banks are loaded with the same sets of colors, but different col
ors can be used to increase the possible number of colors. 
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Advanced Encoding 
In the two. Advanced encoding methods, the pixel contains 
either a color or an op code. Mix op codes operate on the 
colors in the A and B registers. The companion publication, 
Continuous Edge Graphics Level 3, describes how the two col
ors are stored in the registers and how they are displayed. The 
Advanced-4 encoding method combines eight palette colors with 
eight mixes in the 4-bit pixel, providing 224 CEG colors. The 4 
LSBs of the pixel value refer to either palette locations 0-7 or a 
mix op code as shown in Table X below. 

As shown in the Figure 15, when using the Advanced-4 encod
ing, inputs P3-PO contain data and inputs P7-P4 are ignored. 

Figure 15. Pixel Encoding for Advanced-4 

Table X. Advanced-4 Mix Values 

Mix Ratio 
Value ColorA Color B Description 

0 Palette Color 0 
1 - - Palette Color 1 
2 - - Palette Color 2 
3 - - Palette Color 3 
4 - - Palette Color 4 
5 - - Palette Color 5 
6 - - Palette Color 6 
7 - - Palette Color 7 

or DPL Op Code 
8 31131 0/31 MixOp Code 
9 27/31 4/31 Mix Op Code 
10 22131 9131 Mix Op Code· 
11 IS/31 13/31 Mix Op Code 
12 13131 IS131 Mix Op Code 
13 9131 22131 Mix Op Code 
14 4131 27131 Mix Op Code 
15 0131 31/31 MixOp Code 

Advanced-S encoding uses S-bit pixels and offers 223 palette 
colors with 32 mixes, resulting in 792,096 CEG colors. The 
eight bits of the pixel value refer to either a color in the palette 
or to an op code as shown in Table XI. 

Table XI. Advanced-S Mix Values 

Mix Ratio 
Value Color A ColorB Description 

0-190 - - Palette Colors 
191 - - Palette Color 

or DPL Op Code 
192 31/31 0/31 Mix Op Code 
193 30/31 1/31 Mix Op Code 
194 29131 2131 Mix Op Code 
195 2S/31 3131 Mix Op Code 

221 2131 29131 Mix OpCode 
222 1/31 30/31 MixOp Code 
223 0/31 31/31 Mix OpCode 
224-255 - - Palette Colors 
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DYNAMIC PALETTE LOADING (DPL) 
The two Advanced CEG encoding methods can use dynamic 
palette loading, allowing the CEGtDAC to load palette colors 
from the bit map. With DPL enabled, an entry from the color 
palette is reserved as the DPL op code (7 in Advanced-4, 191 in 
Advanced-8). The data following this op code describes the new 
color to load and specifies the palette address. Note that CEGt 
DAC addresses are ANDed with the pixel mask register. To 
avoid misaddressing a DPL entry, load the mask with 255. See 
Mask Register for more information. 

The DPL op code and data are not displayed on the screen. In
stead, the color value preceding the DPL op code is repeated in 
place of the palette load sequence pixels. The two pixels preced
ing the DPL op code must be of the same kind (two colors or 
two mixes). For example, Color 1 Color 2 DPL is a valid se
quence but Color Mix DPL is not. 

DPL Examples 
In the Advanced-8 encoding method, a DPL sequence requires 
five pixels, one for the op code, three for the new color and on!! 
for the palette address. Table XII below shows the sequence. 

Table XII. DPL Op Code Sequence for Advanced-8 

Pixel No. 1 2 3 4 5 

Contents DPL New New New Palette 
OpCode Red Green Blue Address 

In 4-bits-per-pixel graphics two pixels are needed to specify one 
8-bit color value. Therefore, in the Advanced-4 encoding, a 
DPL requires eight pixels; one for the op code, six for the new 
color (two each red, green and blue), and one for the palette 
address. Table XII shows the DPL op code sequence. 

ADV7141/ADV7146/ADV7148 
Figure 16 shows an example of a DPL op code sequence in the 
Advanced-4 encoding method and how the op code alters the 
palette and affects the display. In this example the color at pal
ette address 2 is reassigned with the DPL. As the new color is 
loaded into the palette the CEG chip displays the pixel color to 
the left of the op code, Color 3, on the screen. After CEG loads 
the new color (shown as R2G2B2) at palette address 2, it is dis
played whenever Color 2 is used. 

Pixel Replication Compensation 
Some VGA controllers repeat each pixel twice in low resolution 
displays (such as 320 x 200). The CEG chip, however, expects 
pixels in sequences and therefore it provides pixel replication 
compensation to undo this duplication. When pixel replication 
compensation is enabled, the CEG/DAC chip samples P7-PO on 
every second CLOCK to ignore the repeated data (see Figure 
17). Because the CEGIDAC is reversing a duplication made by 
the controller hardware, the compensation does not affect the 
graphics programmer. The bit map is written as before. 

If the scan line period (video time plus BLANK time) has an 
even number of clock cycles, then even numbered pixels are 
displayed. That is, after the end of BLANK, the first pixel is 
ignored, the second displayed, the third ignored, the fourth dis
played etc. If the scan line period has an odd number of clock 
periods, then the first pixel after the end of BLANK is dis
played, and the second is also displayed, and thereafter only 
even numbered pixels are displayed (the fourth, the sixth, etc.). 

o:!:. New New New ::~::. 
, {Red YGre.n¥Blue\ / 

0 0 

1 1 

2 R,R , G,G, B,B, 2 R2R2 G,G 8 2B2 

3 3 

4 4 

V 
[NY 

V 
~ 

PALETTE BEFORE PALETTE AFTER 
EDP EDP 

Figure 16. DPL Op Code in the Bit Map 

Table XIII. DPL Op Code Sequence for Advanced-4 

Pixel No. 1 2 3 4 5 6 7 8 

Contents DPL New New New New New New Palette 
Op code Red Red Green Green Blue Blue Address 

Color bits R7-R4 R3-RO G7-G4 G3-GO B7-B4 B3-BO 
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BITMAP CEG/DAC 
P1 P2 P3 P4 P4 P3 P2 P1 VGA \.!P~4!P!4 ~P3!.!P~3!P~2 ~P2!.!P~1!P.!..1 ~r-=;:--l!P!4 ~P3!.!P~2!P!..1 1-. 
1 1 I. 1 1 I CONTROLLER I II REP~:~~~ON I . . . . . II COMPENSATION I 

Figure 17. Pixel Replication Compensation 

CEGIDAC MODES 
The CEGIDAC supports a number of modes. A mode is a com
bination of attributes. The possible attributes are: 

• CEG Encoding (Basic-8 or Advanced-4 or Advanced-8) 

• Dynamic Palette Loading (DPL) 

• Pixel Replication Compensation 

The mode is selected under software control by a key sequence 
followed by a mode byte. 

EnablingCEG 
The CEG/DAC employs an unused sequence of palette accesses 
to enable the CEG logic. This long sequence was specially de
signed to prevent accidental mode changes. To enable the CEGI 
DAC the software must perform the following steps: 

1. Write a palette read address (222). 

2. Write three specific bytes of palette RAM data. 

3. Repeat Steps I and 2 twice more. 

There are eight bytes of special palette RAM data followed by 
the CEG mode byte. The mode byte determines the CEG func
tionality. Table XIV shows the special palette RAM data and 
the mode byte. The CEGIDAC Modes table shows the mode 
byte values. Appendix A contains sample software routines to 
set the VGA CEGIDAC mode. 

Table XIV. CEG Key Sequence (Decimal Values) 

Byte 1 Byte 9 

67 Mode 

The key sequence must be written exactly as shown and cannot 
be interrupted by any other palette accesses. The entire key 
sequence must be reentered to change CEG modes. If the key 
sequence is wrong or the CEGDIS pin is high, the chip remains 
in compatibility mode. After the mode is set it can be read from 
palette location 223 blue. Note that, as with other palette data, 
the mode byte is shifted as it is written to the palette (see Com
patibility section). 

Table XV shows the CEGIDAC modes. Unpredictable results 
can occur if a mode not listed in the table is used. 

Table XV. CEGIDAC Modes 

CEG Encoding Pixel 
Mode Method DPL Replication 

5 Basic-8 
6 Basic-8 * 
9 Advanced-4 
10 Advanced-4 * 
11 Advanced-4 * 
13 Advanced-8 
14 Advanced-8 * 
15 Advanced-8 * 
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Writing palette data to location 223 immediately disables CEG 
operations, and returns the device to full power-up compatibility 
mode (there are no side effects to this and no need to clear any 
registers). Appendix A contains sample software that clears the 
CEG/DAC mode and returns the hardware to its initial power-
up compatibility mode (in a VGA system). 

Gamma Correction 
The CEGIDAC automatically applies full gamma correction in 
all CEG modes. Gamma correctiom is required to compensate for 
the nonlinear relationship between the CEGIDAC outputs and 
the CRT display. To avoid any incompatibility, gamma correc
tion is disabled in compatibility mode. The CEG/DAC uses a 
gamma value of 2.3 to perform this correction. 

Identifying a CEGIDAC 
Software determines whether a CEG/DAC is present by reading 
the mask register. Whenever a CEG mode set is selected, the 
four most significant bits of the mask register become write 
only. When read, these four MSBs do not relay the contents of 
the mask, but rather, give information about the CEG hardware 
installed. 

Mask register Bit D7 is reserved and Bits D6-D4 read back the 
revision code of the CEGIDAC chip. The revision number al
ways contains at least one "0" to allow software to distinguish 
CEG/DAC chips from other DACs. An ordinary palette DAC 
returns the full eight bits of the mask register. 

In other words, by enabling CEG, loading the mask register 
with 255 and then reading the mask register, the software can 
determine whether or not the hardware uses a CEGIDAC. De
vices that return the value loaded (those which read back 255) 
do not have CEG. Those that return a different value use a 
CEG/DAC. Appendix A contains sample software which deter
mines the version by inspecting the mask register. 
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APPENDIX A. CEG SAMPLE CODE 
The following code samples are available on diskette 

Setting the CEGIDAC Mode 

SET _CEG~ODE: ; Set the CEG/DAC mode by entering a key sequence. 

PUSH 
PUSH AX 

RVRT equ 

MOV 

SYNCO: IN 
TEST 
]NZ 

SYNCI: IN 
TEST 
JZ 

ENTElLKEY: 
MOV 
MOV 
OUT 

MOV 

MOV 
OUT 

MOV 
OUT 

MOV 
OUT 

MOV 
MOV 
OUT 

MOV 
MOV 
OUT 

MOV 
OUT 

MOV 
OUT 

MOV 
MOV 
OUT 

MOV 

MOV 
OUT 

MOV 
OUT 

POP 
OUT 
POP 
RET 

REV. 0 

; 8086/286/386/486 assembler for a CEG/DAC in a VGA 
; Desired MOOE is passed in AL 

OX ; Save OX 
; Save MOOE for later 

OOOOlOOOb ; Vertical retrace bit 

OX, 030AH ; Set to Video status port 

AL, OX ; Get from Status Port 
AL, RVRT ; Are we in vertical retrace ? 
SYNCO ; Yes, wait until we aren't 

AL, OX ; Get from status port 
AL, RVRT ; Are we in vertical retrace ? 
SYNC I ; No, loop until we are 

OX, 03C7H ; Set up OAC for read from 222 
AL, 222 
OX, AL 

OX, 03C9H ; Put write data address in OX 

AL, 67 ; Write key byte I 
OX, AL 

AL, 69 ; Write key byte 2 
OX, AL 

AL, 71 ; Write key byte 3 
OX, AL 

OX, 03C7H ; Set up OAC for read from 222 
AL, 222 
OX, AL 

OX, 03C9H ; Put write data address in OX 
AL, 69 ; Write key byte 4 
OX, AL 

AL, 68 ; Write key byte 5 
OX, AL 

AL, 83 ; Write key byte 6 
OX, AL 

OX, 03C7H ; Set up OAC for read from 222 
AL, 222 
OX, AL 

OX, 03C9H ; Put write address in OX 

AL, 85 ; Write key byte 7 
OX, AL 

AL, 78 ; Write key byte 8 
OX, AL 

AX ; Retrieve desired MOOE 
OX, AL ; Write the MOOE 
OX ; Restore OX 

; return from subroutine 
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ADV7141/ADV7146/ADV7148· 
Clearing the CEGIDAC Mode 

CLEAlLCEGjiODE: 
; Clear CEG mode and return to 
; power-up compatibility mode 

; 80861286/386/486 assembler code to clear the CEG/DAC mode and 
; return the hardware to its initial power-up Compatibility mode 
; (in a VGA system) 

To clear CEG mode: 
1) Wait for the Beginning of a vertical retrace 

RVRT 

2) Write to palette location 223d 

PUSH DX 
PUSH AX 

equ OOOOIOOOb 

; Save DX 
; Save MODE for later 

; Vertical retrace bit 

; Trigger during vertical retrace so DPLs won't interrupt reset 

MOV DX, 03DAH ; Set to Video status port 

SYNCO: IN AL, DX ; Get from Status Port 
TEST AL, RVRT ; Are we in vertical retrace ? 
JNZ SYNCO ; Yes, wait until we aren't 

SYNCI: IN AL, DX ; Get from status port 
TEST AL, RVRT ; Are we in vertical retrace ? 
JZ SYNC} ; No, loop until we are 

; Safe to write 
MOV DX, 03C8H 
MOV AL, 223 ; Set write address 
OUT DX, AL 

MOV DX, 03C9H 
MOV AL, 0 ; Clear CEG mode 
OUT DX, AL ; Write the byte 

POP AX ; Restore AX 
POP DX ; Restore DX 
RET 

Determining the CEGIDAC Version (Reading the Mask Register) 

GET _VERSION: ; Identify CEG version number 

; 8086\286\386\486 assembler code for the VGA sequence to 
; determine the version by inspecting the mask register 

MOV AL, OJ3DH ; Any legal mode will do 
CALL SELCEGjiODE; Set the mode 

MOV DX, 03C6H 
MOV AL, 255 
OUT OX, AL 
IN AL, OX 
SHR AL,} 
SHR AL,} 
SHR AL,} 
SHR AL, I 
AND AX, 7 

; The revision code is now in the low nibble of AL 
; Valid revision codes are 0-6 
; Revision code 7 indicates Non CEG compatible device 
; This specification refers to chip revision 00 
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; Set OX to mask reg. address 
; Write mask bits to all ones 

; Read contents of mask reg 
; Shift result to lowest bits 

; Mask to keep only three bits 
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Writing the Palette 

; 8086128613861486 assembler code for the VGA sequence to 
; write to the palette 

WRITILPAL: 
MOV OX, 03C8h 
MOV AL, 0 
OUT OX, AL 

MOV OX, 03C9h 
OUT OX, AL 
OUT OX, AL 
OUT OX, AL 

; Palette Address will Auto-increment - keep writing 
OUT OX, AL 
OUT OX, AL 
OUT OX, AL 

Reading the Palette 

; 8086128613861486 assembler code for the VGA sequence to 
; read from the palette 

REAO....PAL: 
MOV OX, 03C7h 
MOV AL, 50 
OUT OX, AL 

MOV OX, 03C9h 
IN AL, OX 
IN AH, OX 
IN BL, OX 

; Palette Address will Auto-increment - keep reading 
IN AL, OX 
IN AH, OX 
IN BL, OX 

Accessing the Pixel Mask Register 

; 8086128613861486 assembler code for the VGA sequence to access the 
; Pixel Mask Register 

ACCESS...REG 

REV. 0 

MOV OX, 
MOV AL, 
OUT OX, 

IN OX, 

3C6h 
255 
AL 

AL 

ADV7141/ADV7146/ADV7148 

; Write to Palette locations 
; Set up CEGIDAC for Write 
; Will write location zero 

; Put data address into OX 
; Write Red Byte 
; Write Green Byte 
; Write Blue Byte 

; Write Red Byte 
; Write Green Byte 
; Write Blue Byte 

; Read From Palette locations 
; Set up CEGIDAC for read 
; Will read from location 50 

; Put Oata address into OX 
; Read Red Byte into AL 
; Read Green Byte into AH 
; Read Blue Byte into BL 

; Read Red Byte 
; Read Green Byte 
; Read Blue Byte 

; Pixel Mask Register Port Address 
; Write all ones to register 

; Read back contents of register 

Location 0 
Location 0 
Location 0 

Location 1 
Location 1 
Location 1 

Location 51 
Location 51 
Location 51 
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11IIIIIIII ANALOG 
WDEVICES 

CMOS 170 MHz True-Color Graphics 
10-Bit Video RAM-OACs 

FEATURES 
170 MHz Pipelined Operation 
Triple 10-Bit D/A Converters 
Triple 256 x 10 (256 x 30) Color Palette RAM 
On-Chip Clock Control Circuit 
Palette Priority Select Registers 
RS-343A/RS-170 Compatible Analog Outputs 
TTL Compatible Digital Inputs 
Standard MPU 110 Interface 

1G-Bit Parallel Structure 
8+2 Byte Structure 

Pixel Data Serializer 
Multiplexed Pixellnput Ports; 1 :1. 2:1. 4:1 (ADV7150) 
Multiplexed Pixel Input Ports; 1:1.2:1 (ADV7152) 

+5 V CMOS Monolithic Construction 
160-Pin POFP (ADV7150) 
100-Pin POFP (ADV7152) 

SPEED GRADES 
170 MHz 
135 MHz 
110 MHz 
85 MHz 

A 

• RED 
C 

A 

GREEN B 
C 

A 

• BLUE 
C 

o 

LOADIN 

LOADOUT~~ SCKIN 
SCKOUT 

PIIGCKOUT 
CLOCK 

CiOCKI-;~~J-9I.----,::=.JL..., 

AOV7150/AOV7152 I 
MODES FOR ALL SPEED GRADES 

24-Bit True Color 
Three 8-Bit Pseudo-Color Modes 

On Red Pixel Port 2 
On Green Pixel Port 
On Blue Pixel Port 

15-Bit True Color 
5 Bits Red. 5 Bits Green and 5 Bits Blue 
8 Bits Red and 7 Bits Green 

52 (ADV<B) is a complete analog output, 
single CMOS monolithic chip. The part 

ed for use in the graphics systems of high 
phics workstations. The ADV71501 

mber of graphic functions onto one 
True-Color operation at the maxi

te rate of 170 MHz. It can also be used in 
including IS-bit true color and g-bit pseudo or 
. Either the RED, GREEN or BLUE input pixel 

for pseudo color. 

Continued on page 2-893 

"'>---.0 COIIP 

REDOUT 

NOTE: THE ADYn52 HAS A MAXIMUM MULTIPLEX RATE OF 2:1. HENCE IT HAS 48 PIXEL INPUTS AS DISTINCT TO 16 ON THE ADV7150. 

ADV is a registered trademark of Analog Devices, Inc. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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(VAAl = +5 V; VREF = +1.235 V; RL = 37.50, CL = 10 pF; 

ADV7150/ADV7152 -SPECIFICATIONS ::';is!B::d.~1 specifications TMIN to TMAl unless 

Parameter 

STATIC PERFORMANCE 
Resolution (Each DAC) 
Accuracy (Each DAC) 

Integral Nonlinesrity 
Differential Nonlinesrity 
Gray Scale Error 

Coding 

DIGITAL INPUTS (Excluding CLOCK, CLOCK) 
Input High Voltsge, VINH 
Input Low Voltsge, VINL 
Input Current, lIN 
Input Capacitsnce, C1N 

CLOCK INPUTS (CLOCK, CLOCK) 
Input High Voltsge, V1NH 
Input Low Voltsge, VINL 
Input Current, lIN 
Input Capacitsnce, C1N 

DIGITAL OUTPUTS 
Output High Voltsge, VOH 
Output Low Voltsge, VOL 
Floating-State Leakage Current 
Floating-Stste Output Capacitsnce 

ANALOG OUTPUTS 
Gray Scale Current Range 

Output Current 
White Level Relative to Blank 

White Level Relative to Black 

Black Level Relative to Blank 

Blank Level on RED OUT, BLUE OUT 

Blank Level on GREEN OUT 

Sync Level on GREEN OUT 

LSB Size 
DAC-to-DAC Matching 
Output Compliance, Voc 

Output Impedance, RoUT 
Output Capacitsnce, COUT 

VOLTAGE REFERENCE 
Voltsge Reference Range, VREF 
Input Current, IVREF 

POWER REQUIREMENTS 
VAA 
IAA 

All Versions Units Test ConditicmslCollUllents 

10 

±1 
±1 
±5 
Binary 

2 
0.8 
±10 
10 

VAA - 1.0 
VAA - 1.6 
±10 
10 

2.4 
0.4 
20 
20 

50 
6.29 
8.96 
0 
50 
17.22 
5 
-1 
+1.4 
100 
30 

1.14/1.26 
-5 

5 
500 

Bits 

LSBmax 
LSB max . Guaranteed Monotonic 
% Gray Scale max 

V min 
V max 
,..A max VIN = 0.4 V or 2.4 V 
pFmax 

V min 
V max 
,..A max VIN = 0.4 V or 2.4 V 
pFmax 

Typically 5 ,..A 

min Typically 7.62 mA 
mAmax 
,..A min Typically 5 fLA 
fLAmax 
,..Atyp 
% max Typically 2% 
V min 
V max 
kOtyp 
pFmax lOUT = OmA 

V minlVmax V REF = 1.235 V for Specified Performance 
mAtyp 

V nom 
mAmax 170 MHz Parts 

Power Supply Rejection Ratio 
Power Dissipation 

0.5 %1% max Typically 0.12%1%: f = 1 kHz, COMP = 0.1 ~ 

DYNAMIC PERFORMANCE 
Clock and Dats Feedthrough3, 4 

Glitch Impulse 
DAC-to-DAC Crosstslk' 

NOTES 
l±S% for all versions. 

2500 

-30 
50 
-23 

2Temperature range (T MIN to T MAX); 0'C to + 7O'C. . 

mWmax 170 MHz Parts: V AA = 5 V 

dBtyp 
pV sees typ 
dBtyp 

'Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. Glitch impulse include. clock and data feedthrough. 
"TrL inpot values are 0 to 3 volts, with input rise/fall times $3 ns, niea.ured the 10% and 90% points. Timing reference points at 50% for inputs and outpots. 
'DAC-to·DAC crosstalk is measured by holding one DAC high while the other two are making low to high and high to low transitions. 
Specifications subiect to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADV7150/ADV7152 

TIMING CHARACTERISTICS1 
riAl = +5 V; VREF = +1.235 V; RL = 37.5 fl, CL = 10 pF; RSET = 280 fl. All specifications 
TMIN to TMAX3 unless otherwise noted.) 

170 MHz 13S MHz 110 MHz 8SMHz 
Parameter Version Version Version Version Units Conditions/Comments 

fMAX 170 135 no 85 MHz Clock Rate 
LOADOUT 

1:1 MUXMode 
Frequency 68 68 68 68 MHz LOADOUT Clocking Rate 
Period 14.71 14.71 14.71 14.71 nsmax LOADOUT Period 
High Time 6 6 6 6 nsmin LOADOUT High Time 
Low Time 6 6 6 6 nsmin LOADOUT Low Time 

2:1 MUXMode 
Frequency 68 68 55 42.5 MHz LOADOUT Clocking Rate 
Period 14.71 14.81 18.18 21.25 LOADOUT Period 
High Time 6 6 8 8.5 LOADOUT High Time 
Low Time 6 6 8 8.5 LOADOUT Low Time 

4:1 MUXMode 
Frequency 42.5 33.75 LOADOUT Clocking Rate 
Period 23.5 30 LOADOUT Period 
High Time 10 12 LOADOUT High Time 
Low Time 10 12 LOADOUT Low Time 

t, 15 Pixel CLOCK to LOADOUT Delay 
t, 15 Pixel CLOCK to PRGCKOUT Delay 
t, 5 LOADIN to LOADOUT Setup Time 
4 0 Video and Pixel Data Setup Time 
ts 5 Video and Pixel Data Hold Time 

t6 5 SCKIN to SCKOUT Delay 

t7 5.88 Clock Cycle Time 
ts 2.5 nsmin Clock Pulse Width High Time 
r.. 2.5 nsmin Clock Pulse Width Low Time 
tlO 12 nsmin Analog Output Delay 
tll 2 nsmin Analog Output RiseIFall Time 
t124 6 nsmin Analog Output Settling Time 

t13 0 0 0 0 nsmin RiW, CO, Cl Setup Time 
t14 15 15 15 15 nsmin RiW, CO, Cl Hold Time 
tiS 50 50 50 50 nsmin CE Low Time 
t16 25 25 25 25 nsmin CE High Time 
tl? 5 5 5 5 nsmin CE Asserted to Data Bus Driven 
tis' 50 50 50 50 nsmax CE Asserted to Data Valid 
tl." 15 15 15 15 nsmax CE Disabled to Data Bus Three Stated 

5 5 5 5 nsmin 
t20 20 20 20 20 nsmin Write Data Setup Time 
t21 5 5 5 5 nsmin Write Data Hold Time 

tSK 2 2 2 2 nsmax Analog Output Skew 
0 0 0 0 nstyp 

tPD 6 6 6 6 Clocks Pipeline Delay 
NOTES 
'TTL ioput values are 0 to 3 volts, with input rise/fall times '" 3 os, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. Analog output load'" 10 pF, DG-D7 output load '" SO pF. See timing ootes in Figure 5. 

2±S% for all versions. 
'Temperature range (T MIN to T MAX); 0"<: to + 70·C. 
'Settling time does oot include clock and data feedthrough. 
't" and t'8 are measured with the load circuit of Figure I and are defined as the time required for an output to cross 0.4 V or 2.4 V. 
"1:'9 is derived from the measured time taken by the data outputs to change by 0.5 V wheo loaded with the circuit of Figure I. The measured number is theo 
extrapolated bock to remove the effect8 of cbsrging the SO pF capacitor. This means that the time, t'9' quoted in the timing characteristics is the true value for 
the device and as such is independent of external bus loading capacitances. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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I.SmA 

A 

TO 
OUTPUT 0--........ +2.1V 

PIN 

Figure 1. Load Circuit for Bus Access and Relinquish Time 

TIMING WAVEFORMS 

CLOCK 

LOADOUT 
(2:1 MIlK) 

LOADOUT 
(4:1 MuK) 

PROGCKOUT 

Figure 2. Video Output Clock Controls vs. Pixel Clock Input 

'PIXEL DATA INCLUDES THE RED. GREEN AND BLUE PIXEL PORTS (A - D) 

Figure 3. LOADOUT Timing vs. LOADIN and Pixel Data 

SCKIN --I1.Il..JLIU1. -11 - Lf1..f1..[,"U"" 
3b:!s ~ 

BLANK '1 I JJ ry-
SCKOUT -.nJl JJ nJ 

+ + END OF SCAN UNE 
(N) 

START OF SCAN LINE 
(N+l) 

Figure 4. Video Data Serial Clock Input (SCKIN) vs. Serial 
Clock Output (SCKOUT) 

URED FROM THE 50% POINT OF THE RISING 
TO THE 50% POINT OF FULL-SCALE TRANSmON. 

ME MEASURED FROM 50% POINT OF FULL-SCALE 
NSITlON TO THE OUTPUT REMAINING WITHIN ±1LSB. 

OUTPUT RISE/FALL nME MEASURED BETWEEN THE 10% AND 60% 
POINTS OF FULL-scALE TIIANSIT10N. 

Figure 5. Analog Outputs vs. Pixel Clock 

RIW. 
CO •. Cl 

Figure 6. MPU Port ReadIWrite' Timing 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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RECOMMENDED OPERATING CONDITIONS 
Parameter Symbol 

Power Supply VAA 
Ambient Operating Temperature TA 
Reference Voltage VREF 

Output Load RL 

ABSOLUTE MAXIMUM RATINGS' 
VAAtoGND .............................. 7V 
Voltage on any Digital Pin ...•. GND-0.5 V to V AA +0.5 V 
Ambient Operating Temperature (TA) ..... -55°C to +125°C 
Storage Temperature (Ts) .....•....... -65°C to + 1500C 
Junction Temperature (T J) ............••.••.• + 175"C 
Lead Temperature (Soldeting, 10 sees) .•.•....... + 3000C 
Vapor Phase Soldering (2 minutes) .............. +2200C 
lOR, lOG, lOB to GND2 •••••••••••••• -1.5 V to V AA 

NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and fun 
operation of the device at these or any other conditions above those 
operational sections of this specification is not implied. Expos 
maximum rating conditions for extended periods ma 

'Analog output sbort circuit to any power supply 
indefinite duration. 

CAUTION ______ ~,... 

ESD (electrostatic discharge) sensi 
however, permanent damage may on 
static fields. Unused devices must be stored in 
should be discharged to the destination socket b 

Continued from page 2-889 

The device consists of three, high speed, to-bit, video D/A con
verters (RGB), three 256 x 10 (one 256 x 30) color look-up 
tables, palette priority registers, a pixel input data multiplexerl 
serializer and a clock generator/divider circuit. The ADV7150 is 
capable of 1:1, 2:1 and 4:1 multiplexing while the ADV7152 
implements I: I and 2: I multiplexing. The on-board palette 
priority select registers enable multiple palette devices to be 
connected together for use in multipalette and window applica
tions. The part is controlled (i.e., mode selection and multiplex 
selection) through the MPU port by the various on-board con
trol/command registers. The part also contains a number of 
on-board test registers, associated with self diagnostic testing of 
the device. 

The individual red, green and blue pixel input ports allow true
color, image rendition. True-color image rendition, at speeds of 
up to 170 MHz, is aclrieved through the use of the on-board 
data multiplexer/serializer. The pixel input port's flexibility 
allows for direct interface to most standard frame buffer mem
ory configurations, including general purpose DRAM and 
VRAM designs. 

The 30 bits of resolution, associated with the color look-up table 
and triple to-bit DAC, realizes 24-bit true color resolution, 
while also allowing for the on-board implementation of lineariza
tion algorithms, such as gamma correction. 

Min 

4.75 
0 
1.14 

Model 

ADV7150KS170 
ADV7150KS135 
ADV7150KSIIO 
ADV7150K 

ADV71 
I 

ADV71501ADV7152 

Typ Max Units 

5.00 5.25 Volts 
+70 "C 

1.235 1.26 Volts 
37.5 n 

ORDERING GUIDE 

Temperature No. of Package 
Speed Range Pins Option· 

170 MHz O°C to +70°C 160 S-160 
135 MHz O°C to +70°C 160 S-I60 

O°C to +70°C 160 S-160 
OOC to + 70"C 160 S-I60 

OOC to + 70"C 100 S-I00 
O°C to +70°C 100 S-I00 
O°C to +70°C 100 S-IOO 
OOC to +700C 100 S-IOO 

WARNING! d 
~~EDevlce 

The on-chip video clock controller circuit generates all the inter
nal clocking and some additional external clocking signals. An 
external ECL oscillator with differential outputs is all that is 
required to drive the CLOCK and CLOCK inputs of the 
ADV7150/ADV7152. The part can also be driven by an external 
clock generator chip circuit. 

The ADV7150/ADV7152 is capable of generating RGB video 
output signals which are compatible with RS-343A and RS-170 
video standards, without requiring external buffering. 

Test diagnostic circuitry has been included to complement the 
user's system level debugging. 

The ADV7150/ADV7152 is fabricated in a +5 V CMOS pro
cess. Its monolithic CMOS construction ensures greater func
tionality with low power dissipation. 

The ADV7150 is packaged in a 160-pin plastic quad flatpack 
(PQFP). The ADV7152 is packaged in a lOO-pin plastic quad 
flatpack (PQFP). 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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ADV7150/ADV7152 
ADV71S0 PIN ASSIGNMENTS . 

Pin No. Mnemonic Pi-'l No, Mnemonic Pin No. Mnemonic Pin No. Mnemoni., 

G3A 41 PSln 81 NC* 121 RIA 
2 G3B 42 BOA 82 02 122 RIB 
3 G3c 43 BOB 83 NC* 123 RIc 
4 G30 44 BOc 84 NC* 124 RIo 
5 G4A 45 BOn 85 GNO 125 R2A 
6 G4s 46 BIA 86 GNO 126 R2B 
7 G4c 47 BIB 87 03 127 R2c 
8 G40 48 Blc 88 D4 128 R2n 
9 GSA 49 Blo 89 05 129 R3A 
10 G5B 50 B2A 90 VAA 130 R3l;J 
11 G5c 51 B2B 91 06 131 R3c 
12 G5n 52 B2c 92 07 132 R30 
13 CLKIN 53 B2n 93 133 R4A 
14 CLKIN 54 B3A 134 R4s 
15 LOAOIN 55 B3B 135 R4c 
16 LOAOOUT 56 B3c 136 R40 
17 VAA 57 B30 137 R5A 
18 VAA 58 B4 138 RSB 
19 PRGCKOUT 59 139 RSc 
20 SCKIN 140 R50 
21 SCKOUT 6 141 R6A 
22 GNO 142 R6B 
23 GNO 143 R6c 
24 GNO 64 VAA 144 R60 
25 GNO 65 B5n VAA 145 R7A 
26 G6A 66 B6A lOR 146 R7B 
27 G6B 67 B6B 107 COMP 147 R7c 
28 G6c 68 B6c 108 VRBF 148 R70 
29 G60 69 B60 109 RsBT 149 GOA 
30 G7A 70 B7A 110 IpLL 150 GOB 
31 G7B 71 B7B 111 GNO 151 GOc 
32 G7c 72 B7c 112 VAA 152 GOo 
33 G70 73 B7n 113 VAA 153 GlA 
34 PSOA 74 CE 114 VAA 154 GIB 
35 PSOs 75 R/W 115 SYNC 155 Glc 
36 PSOc 76 CO 116 BLANK 156 Glo 
37 PSOo 77 Cl 117 ROA 157 G2A 
38 PSIA 78 DO 118 ROB 158 G2B 
39 PSIB 79 D1 119 ROc 159 G2c 
40 PSlc 80 NC* 120 ROo 160 G20 

*NC = NO CONNECT. 

This information applies to a product under develppment. Its characteristics and specifications are subject to change without notice. 
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ADV7150/ADV7152 
ADV7152 PIN ASSIGNMENTS PIN CONFIGURATIONS 

Pin No. Mnemonic Pin No. Mnemonic Pin No. Mnemonic l00-Pin PQFP 

1 SYNC 41 SCKOUT 81 D5 100 81 
2 BLANK 42 GND 82 VAA 

3 ROA 43 GND 83 D6 
4 ROB 44 GND 84 D7 
5 GND 45 GND 85 D8 
6 RIA 46 GND 86 D9 
7 RIB 47 G6A 87 GND 
8 R2A 48 G6B 88 GND 
9 R2B 49 G7A 89 lOB ADV7152 PQFP 

10 R3A 50 G7B 90 lOR TOP VIEW 

11 R3B 51 PSOA 91 lOG 
(Not to Scale) 

12 R4A 52 PSOB 92 lOB 
13 R4a 53 PSIA 93 lOG 
14 R5A 54 PSIB 94 

15 R5B 55 BOA 95 
16 R6A 56 BOB 
17 R6B 57 BIA 
18 R7A 58 
19 R7B 59 
20 GOA 60 
21 GOB 61 
22 GIA 62 
23 GIB 63 
24 G2A 64 • ROWD 120 

25 G2B 65 B5A 
'"-PIN NO. 1 26 NC· 66 B5B IDENTIFIER 

27 G3A 67 B6A 
28 G3B 68 B6B 

29 G4A 69 B7A 
30 G4a 70 B7B 

ADV7150 PQFP 
TOP VIEW 

31 GSA 71 CE (Not to Scale) 
32 G5B 72 RiW 
33 CLOCK 73 Cl 
34 CLOCK 74 CO 
35 LOADIN 75 DO 
36 LOADOUT 76 DI 
37 VAA 77 D2 
38 VAA 78 GND 81 

39 PRGCKOUT 79 D3 
40 SCKIN 80 D4 41 80 

*NC = NO CONNECT. 
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ADV7150/ADV7152 

Pin 

RED (ROA-ROoiR7A-R1o), 
GREEN (GOA-GOdG7 A-G7o ), 
BLUE (BOA-BOdB7A-B7o ) 

PSOA-PSOo,PSIA-PSlo 

LOADIN,LOADOUT,PRGCKOUT 
SCKIN, SCKOUT 

CLOCK, CLOCK 

DO-D9 

CE, RIW, CO, CI 

lOR, lOG, lOB 
(lOR, lOG, lOB) 

VREF 

COMP 

VAA 

GND 

PIN DESCRIPTION 

I ::~::: 96 pixel select inputs, 8 bits for red, green and blue. Each bit is multiplexed 
(A-D)· 4:1, 2:1 or 1:1. All inputs are TTL compatible. 

Palette Priority Select Inputs: These inputs allow for switching between multiple. palette 
devices at the pixel rate. The device can be preprogrammed to completely shut off the DAC 
analog OlPs. If the values of PSO and PSI match the values programmed into bits MRI6 
and MRI7 of the Mode Register, then the device is selected. Each bit is multiplexed 
(A-D)· 4:1, 2:1 or 1:1. All inputs are TTL compatible. 

Video Data Control InputsiOutputs: These inputs/outputs are used to load pixel data and, 
optionally, to control external video frame buffer timing and control synchronization. 

Clock Inputs: These differential clock inputs are designed to be driven by ECL logic 
configured for single supply (+ 5 V) operation. The clock rate is typically the pixel clock 
rate of the system. 

Composite Blank: Drives the analog outputs to the blanking level. 

Composite Sync Input: Drives the lOG analog ou . the sync level. It can ouly be 
asserted during the blanking period. 

Data Bus: Data is written to and is read 
databus. lO-bit data or 8-bit da 
lO-bit parallel data or byte 

from the address reg, color 
c., of the device. 

uts): These RGB video outputs are 
'deo levels into doubly terminated 75 n 

. it is not required to have differential 

voltage reference is required to drive this 
voltage reference) is recommended. 

A resistor connected berween this pin and analog ground 
of the output video signal. To maintain RS-343A video 

Compensation Pin: A 0.1 ",F capacitor should be connected between this pin and V AA' 

Phase Lock Loop Output Current: This is used to enable multiple ADV7150/ADV7152s 
along with ADV71s1s to be synchronized with pixel resolution. 

Power Supply (+5 V ± 5%): The part contains multiple power supply pins; all should be 
connected to one common + 5 V analog power supply. 

Analog Ground: The part contains multiple ground pins; all should be connected to one 
common analog ground. 

"The ADV7IS2 has only bits A-B (2:1 and 1:1 multiplexing). 

COLOR VIDEO MODES (PIXEL PORT) 
24-BIT TRUE COLOR 
This mode is selected by writing to Command Register 2. In 
this mode 24-bit true color images can be generated on screen at 
video rates of up to 170 MHz. A 24-bit pixel word is latched at 
the pixel clock rate to the RAM and out to the RGB DACs. 

IS-BIT TRUE COLOR 
The ADV71501ADV71s2 can be programmed to run in IS-bit 
true-color mode. There are two 15-bit true-color modes; the first 
mode uses the red, green and blue pixel ports while the second 
mode uses only the red and green pixel ports. Command Regis
ter 2 sets the various IS-bit modes. The diagrams show the vari
ous pixel port mapping schemes for IS-bit true-color. 

IS-Bit True Color (Mode 1) 
When this mode is set, IS bits of video data are latched to the 
device over the upper five bits of each of the RED (R7-R3), 
GREEN (G7-G3) and BLUE (B7-B3) pixel ports (see Figure 7). 
The lower 3 bits are ignored. Internally this data is shifted to 
the lower 5 bits of the LUT decode register, therefore address
ing locations 0 to 32 of the look-up table. Each of these 32 
addressed locations for the red, green and blue channels can 
contain an 8- or 10-bit color value, which is latched to each of 
the three DACs. 

IS-Bit True Color (Mode 2) 
When this mode is set, 15 bits of video data are latched to the 
device over all 8 bits of the RED (R7-RO) and 7 bits of the 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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GREEN (G6-G0) pixel ports (see Figure 8 ). G7 and the data on 
the BLUE (B7-BO) pixel port is ignored. Internally, this data is 
shifted to the lower 5 bits of the red, green and blue LUT 
decode registers, therefore addressing locations 0 to 32 of the 
look-up table. Each of these 32 addressed locations for the red, 
green and blue channels can contain an 8- or 100bit color value 
which is latched to each of the three DACs. 

8-BIT PSEUDO COLOR 
This mode is again selected by writing to Command Register 2. 
In this mode 8-bit pseudo color images can be generated on 

R4 

R3 

R2 

R1 

AD 

x 
x 

x 

G4 

G3 "";;;~-1G3 

G2 

G1 

GO 

x 

x 

B4 

B3 

B2 

B1 

BO 

x 

x 

x 

::i I :~~: ~~HED 
DATA I :'sIGN- :a. 

MENTS PORT 

o 
o 

DATA 
INTERNALLY 
SHIFTED 
TO 5 LSBS 

256 x 10 
RAM 

(REDLUT) 

LOCATION "0" 

256 x 10 
RAM 

(BLUE LUT) 

TO 
BLUE 

LOCATION "0" DAC 

DATA LATCHES 
FIRST 32 
LOCAllONS 
OF RAM 

Figure 7. 15-Bit True-Color Mapping Using Red, Green 
and Blue Pixel Ports (Mode 1) 

ADV7150/ADV7152 
screen at video rates of up to 170 MHz. 256 colors can be dis
played out of a total color palette of 16.7 million addressable 
colors. 

This mode has three further submodes. The pixel input data can 
be encoded onto either the RED, GREEN or BLUE input pixel 
stream. 

SUBMODE a: 8-bit pseudo color on RED 
SUBMODE b: 8-bit pseudo color on GREEN 
SUBMODE c: 8-bit pseudo color on BLUE 

R1 

= I :O~: ~~HED 
DATA I :UGH- ~~L 

MENTS PORT 

o 
o 

DATA 
INTERNALLY 
SHIFTED 
TOSLSBS 

256 x 10 
RAM 

(REDLUT) 

LOCATION ''0'' 

256 x 10 
RAM 

(GREENLUT) 

LOCATION ''0" 

256 x 10 
RAM 

(BLUELUT) 

LOCATION ''0'' 

DATA LATCHES 
FIRST 32 
LOCATIONS 
OF RAM 

Figure 8. 15-8it True-Color Mapping Using Red and Green 
Pixel Ports (Mode 2) 
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ADV7150/ADV7152 
MPU INTERFACE & CONTROL 
The ADV71S0/ADV715Z supports a standard MPU Interface. 
All the functions of the part are controlled via this MPU port. 
Direct access is gained to the address register, mode register and 

all the control registers as well as the color palette. The. follow
ing tables describe the setup for reading and writing to all of the 
devices registers. 

Table I. Interface Tl'lith Table (A) 

RJW Cl CO D9-DO Action! 

0 0 0 DB7-DBO Write DB7-DBO to Address Register (A7-AO) 
0 I I DB7-DBO Write DB7-DBO to Mode Register (MR7-MRO) 

0 0 DB9-DBO Write DB9-DBO to Red RAM Latch 
0 0 DB9-DBO Write DB9-DBO to Green RAM Latch 
0 0 DB9-DBO Write DB9-DBO to Blue RAM Latch & 

Write RGD Data to RAM Location A7-AO & 
Address Register = Address Register + I 

0 0 DB7-DBO Write to Register (AZ-AO? 

0 0 DB7-DBO 
I I DB7-DBO 
0 1 DB9-DBO 
0 1 DB9-DBO 
0 1 DB9-DBO 

0 

RJW Cl CO 

0 0 0 Write -DBO to Address Register (A7-AO) 
0 1 1 Write DB7-DBO to Mode Register (MR7-MRO) 

0 0 DB9-DBZ Write DB9-DBZ to Red RAM Latch (9-Z) 
0 0 DBI-DBO Write DBI-DBO to Red RAM Latch (1-0) 
0 0 DB9-DBZ Write DB9-DBZ to Green RAM Latch (9-Z) 
0 0 DBI-DBO Write DBI-DBO to Green RAM Latch (1-0) 
0 0 DB9-DBZ Write DB9-DBZ to Blue RAM Latch (9-Z) 
0 0 DBI-DBO Write DBI-DBO to Blue RAM Latch (1-0) & 

Write RGB Data to RAM Location A7-AO & 
Address Register = Address Register + 1 

0 0 DB7-DBO Write to Register (AZ-AO? 

0 0 DB7-DBO Read Address Register (A7-AO) 
1 1 DB7-DBO Read Mode Register (MRI7-MRIO) 

0 DB9-DBZ Read Red RAM (9-Z) Location A7-AO 
0 DBI-DBO Read Red RAM (1-0) Location A7-AO 
0 DB9-DBZ Read Green RAM (9-Z) Location A7-AO 
0 DBI-DBO Read Green RAM (1-0) Location A7-AO 
0 DB9-DBZ Read Blue RAM (9-Z) Location A7-AO 
0 DBI-DBO Read Blue RAM (1-0) Location A7-AO 

Address Register = Address Register + 1 

0 DB7-DBO Read Register (AZ-AO)' 
IS-bit wide databus, i.e., MRl2 = "0" and 10-Bit RAM & DACs, i.e., MRll = "I." 
2Refer to Table III. 
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REGISTER PROGRAMMING 
Direct writes and reads can be made to the address register and 
the mode register. The control registers, seven of which are 
listed in the table, are indexed addressable. The first write to 
the control register specilles which particular register is to be 
accessed. 

Address Register (ADDR) A7-AO 
As illustrated in the previous tables, the CO and C I control 
inputs, in conjunction with this address register, specify which 
control/mode register or color palette location is accessed by the 
MPU port. The address register is 8 bits wide and can be read 
from as well as written to. When writing to or reading from the 
color palette on a sequential basis, only the start address needs 
to be written. After a red, green and blue write sequence, the 
address register is automatically incremented. 

Mode Register 1 (MRl) 
The mode register is a 10-bit wide register. However, for pro
gramming purposes it may be considered as an 8-bit wide 
register (MRI8 and MRI9 are both reserved). 

The diagram below shows the various operations under the con
trol of the mode register. This register can be read from as 
as written to. In read mode, MRI8 and MRI9 are bo 
as zeros. 

ADV7150/ADV7152 
MODE REGISTER (MRl) BIT DESCRIPTION 
Reset Control (MRIO) 
This bit is used to reset the pixel port sampling sequence. This 
ensures that the pixel sequence ABCD starts at A. It is reset by 
writing a I followed by a zero followed by a 1. 

RAM-DAC Resolution Control (MRll) 
When this is programmed with a I, the RAM is 30 bits deep 
(10 bits each for red, green and blue), and each of the three 
DACs is configured for 10-bit resolution. 

When MRII is programmed with a 0, the RAM is 24 bits deep 
(8 bits each for red, green and blue), and the DACs are config
ured for g-bit resolution. The two LSBs of the 10-bit DACs are 
pulled down to zero. 

MPU Data Bus Width (MR12) 
This bit determines the width of the MPU port. It is configured 
as either a 10- . (D9-DO) or 8-bit wide (D7-DO) bus. 
lO-bit data en to the device when configured 8-bit 
wide MSBs are first written on D7-DO, then 

·tten over DI-DO. Bits D9-D8 are zeros in 

1 (Test/Normal) (MRl4-MR13) 
, the part operates in normal mode. All 

s are used in conjunction with the device's 
ostic modes (see Test Diaguostics section). 

atch Bits Control (MR17-MR16) 
ultiple palette devices to work together. 

o match MRI7-MRI6, the device is selected (see 
rity Select Inputs section). 

o a-BIT (07-00) 
1 10-BIT (09-00) 

RAM-DAC 
RESOLUTION CONTROL 

o 8-BIT 
1 10-BIT 

o 
o 
1 
1 

o 
1 
o 
1 

NORMAL OPERATION 
FAST TRIGGER TEST (R7) 
RAM/FAST PORT TEST 
OACTEST 

RESET CONTROL 

MR10 1..f 

Mode Register 1 (MR1) 
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ADV7150/ADV7152. 
CONTROL REGISTERS 
The ADV71501ADV7152 has seven control registers. To access 
each register, two write operations must be performed. The first 
write to the address register specifies which of the. seven regis
ters is to be accessed. The second access determines the value 
written to that particular control register. 

Table III lists the various control registers and their respective 
addresses. 

Table m. Control Registers oescriptions 

ADOR Register 

OOH 
OIH 
02H 
03H 
04H 
OSH 
06H 
07H 

*CI = I; CO = o. 
Pixel Test Register 

Control Registers* (Al-AO) 

Pixel Test Register 
DAC Test Register 
SYNC, BLANK and IpLL Test Register 
10 Register (Read Only) 
Pixel Mask Register 
Reserved 
Command Register 2 
Command Register 3 

This register is used when the device is in test/diagnostic 
It is an 8-bit wide read-only register which allows 
to the pixel port (see Test Diagnostics section). 

o 
1 

o IRE 
7.5 IRE 

DAC Test Register 
This register is used when the device is in testldiagnostic mode. 
It is a IO-bit wide readlwrite register which allows 1'I~nu access 
to the DAC port (see Test Diagnostics section) .. 

SYNC, BLANK & IPLL Test Register: 
This register is used when the device is in test/diagnostic mode. 
It is a 3-bit wide (3 LSBs) readlwrite register which allows MPU 
access to these particuI8r pixel control bits (see Test Diagnostics 
section). 

ID Register 
This is an 8-bit wide read-only register. For the ADV7150, it 
will always return the hexadecimal value 8EH and for the 
ADV7152, 8CH will be returned. 

Pixel Mask Register 
The contents of the pixel read mask register are individually bit
wise logically ANDed with the red, green and blue pixel input 
stream of data. It is an readlwrite register with DO corre
sponding t? RO, 

Command 

CR22 

o 
1 

IGNORE 
DECODE 

of control bits as shown in the 
. However, for program

as an 8-bit wide register 

TRUE COLORIPSEUDO COLOR MODE CONTROL 

IPLL TRIGGER 
CONTROL 

0 0 X X 8-8rr PSEUDO COLOR ON R7-RO 
0 1 X X 8-Brr PSEUDO COLOR ON G7-GO 
1 0 X X 8-8rr PSEUDO COLOR ON B7-8O 

1 0 0 1Mrr TRUE COLOR ON R7TRIGGER 
R7-R3, G7.o3, B7·B3 POLARITY CONTROL 

0 150arr TRUE COLOR ON 
R7-RO, G6-GO 

X 24-Brr TRUE COLOR 
R7-RO, 07-GO, B7·8O 

Command Register 2 (CR2) 
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COMMAND REGISTER 2 (CRl) BIT DESCRIPTION 

R7 Trigger Polarity Control (CRlO) 
This bit is used when the device is in test/diagnostic mode. 
It determines whether the pixel data is latched into the test 
registers in the rising or falling edge of R7 (see test diagnostics 
section). 

IPLL Trigger Control (CRll) 
This bit specifies whether the PLL output is triggered from 
BLANK or SYNC. 

SYNC Recognition Control (CRl2) 
This bit specifies whether the video SYNC input is to be 
encoded onto the lOG analog output or ignored. 

Pedestal Enable Control (CRl3) 
This bit specifies whether a 0 IRE or a 7. S IRE blanking pedes
tal is to be generated on the video outputs. 

True-<:OlorlPseudo-Color Mode Control (CRl7-CR24) 
These 4 bits specify the various color modes. These include a 
24-bit true-color mode, two IS-bit true-color modes and three 
8-bit pseudo color modes. 

Command Regiater 3 (CR3) 
This register contains a number of control bits as sho 

o 
o 
o 

o 
o 
o 

o 
o 
1 

PIXEL MULTIPLEX CONTROL 

ADV7150/ADV7152 
diagram. CR3 is a 100bit wide register. However, for program
ming purposes, it may be considered as an 8.-bit wide register 
(CR38 and CR39 are both reserved). 

The diagram below shows the various operations under the con
trol of CR3. This register can be read from as well as written to. 
In read mode, CR38 and CR39 are both returned as zeros. 

COMMAND REGISTER 3 (CR3) BIT DESCRIPTION 
PRGCKOUT Frequency Control (CR31-CR30) 2 
These bits specify the output frequency of the PRGCKOUT 
output. PRGCKOUT is a divided down version of the pixel 
CLOCK. 

BLANK Pipeline Delay Control (CR35-CR32) 
These bits specify the additional pipeline delay that can be 
added to the BLANK function, relative to the overall device 
pipeline delay (t ) s the BLANK control norma1ly enters the 
video DAC rter pipeline than the video pixel data, 
this deskewing the pipeline differential. 

o 
1 
o 

tPD 

I (CR37-CR36) 
device's multiplex mode. It, therefore, 

uency of the LOADOUT signal. 
down version of the pixel CLOCK. 

tpD + 1 x LOADOUT 
bD + 2 x LOADOUT 

tpD + 15 x LOADOUT 

PRGCKOUT 
FREQUENCY CONTROL 

o 
o 

o 
1 
o 
1 

1:1 MUXlNG: LOADOUT=CLOCK+1 
2:1 MUXING: LOADOUT = CLOCK +2 
RESERVED 

o 
o 
1 
1 

o 
1 
o 
1 

CLOCK +4 
CLOCK +8 
CLOCK +16 
CLOCK +32 

'4:1 MUXING: LOADOUT = CLOCK +4 

'ON THE ADV7152, THIS STATE IS RESERVED. 

Command Register 3 (CR3) 
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ADV7150/ADV7152 
lOR, lOG, lOB 

B J(), 
ZS=750~ 
(SOURCE 

TERMINATION) 

ZO=750 

(CABLE) 

Figure 9. RS-343A Termination 

RED; BLUE GREEN 
mA V mA 

19.05 0.714 26.67 

1.44 0.054 9.05 

0 0 7.62 

0 

WHITE 
LEVEL 

BLACK 
LEVEL 

BLANK 
LEVEL 

SYNC 
LEVEL 

GREEN OUT RED OUT, BLUE OUT DAC 
Description (mA) (mA) 

WHITE LEVEL 26.67 19.05 
VIDEO video + 9.05 video + 1.44 
VIDEO to BLANK video + 1.44 video + 1.44 
BLACK LEVEL 9.05 1.44 
BLACK to BLANK 1.44 1.44 
BLANK LEVEL 7.62 0 
SYNC LEVEL 0 0 

CLOCK CONTROLLER CIRCUIT 
The ADV7150/ADV7152 has an on-board clock controller cir
cuit. This is driven by an external crystal oscillator which must 
be capable of generating differential clock inputs to drive 
CLOCK and CLOCK of the ADV7150/ADV7152. 

No additional external clocking devices are necessary. A sophis
ticated on-board clocking arrangement generates all the required 
internal clocking signals. 

SYNC BLANK Inpnt Data 

1 1 3FFH 
1 1 data 
0 1 data 
1 1 OOOH 
0 1 OOOH 
1 0 XXXH 
0 0 XXXH 

Additional functions are included to ease system design. The 
PRGCKOUT can be sufficiently divided down and can be used 
to drive the video. clock of the graphics processor. 

In its simplest form, the LOADOUT pin can be tied directly to 
the LOADIN pin, as shown. The pixel data LOADIN rate will 
be determined by the multiplex rate. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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CLOCK 
GENERATORI 

DIVIDER 
CIRCUITRY 
+1, +2,->4 

Figure 11. Clock Circuitry 

TEST DIAGNOSTICS 
Test diagnostic circuitry on the ADV7 
user to debug both the device it 
components in the system. Essen 
through the device can be monitore 
points, in the form of test registers are pos 
PORT, RAM and DAC PORT. Control of the modes is 
determined by the Mode Register CMR1) and Command Re 
ter 2. Data is latched to the various test registers along the video 
path by either the pixel CLOCK or by using one bit of pixel 
data as a trigger bit (R7). This latter case is useful when the 
pixel CLOCK is connected to a free running source. 

EL DATA-PATH PIXEL DAC 
PORT 

... RAM f+- PORT 

PIX 

TEST TEST TEST I TRIGGER f-- REGISTER - REGISTER f- REGISTER 

I I I 
fMPUPORT 

Figure 12. 

Mode 0 
Normal Chip Operation. In this mode, the test registers are con
fIgured as in Figure 13. Both the pixel test register and the 
DAC test register are triggered every clock cycle. This is trans
parent to the general user. It becomes useful when there is 

ADV7150/ADV7152 
independent control over the CLOCK. By stopping the clock 
in the low state, the data in the test registers can be read out 
and verilled. 

PIXEL DATA-PATH 

...... 0 Q~ 
TEST 

MPUPORT 

REGISTER 

I TRIGGER 

RD_EN 

I 
RD 

Figure 13. 

r. In this mode, the test register trigger 
. n on the R7 bit of the pixel port, Fig

register 2 controls whether the trigger 
rising edge or a falling edge of R7. The trigger 

ugh the chip along with the pixel data. This 
test register captures the pixel with the transi
is piped through the chip. Once the data has 

can be read out at any time, even if the 
tical with the same pixel repeatedly activating the 

PIXEL DATA-PATH 

MPU PORT --.-IT Q-

WR----iP' 

Mode 2 

TEST 
REGISTER 

Figure 14. 

RAM Fast-Port Test. Is this mode, the pixel test register is con
fIgured as in Figure 13, and the DAC test register confJ.gured as 
in Figure 14. The DAC test register is triggered every clock 
cycle. Data written into the pixel test register enters the fast 
data path, passes through the palette, and gets captured at the 
DAC test register. 

Mode 3 
DAC Test. In this mode, the DAC test register and the SYNC, 
BLANK & PLL test register are confIgured as in Figure 14. 
Data written to the DAC test register, and the SYNC, BLANK 
and PLL test register is reflected at the DAC outputs. This 
allows the DACs to be tested over the microport. 
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ADV71501ADV7152 
Palette PrioritY Select Inputs 
The palette priority- selection function allows up to 4 palette 
devices to be used with their analog OlPs Connected tolJether. 

ADV7150 

RD-R7 

OO-G7 

80-87 

__ - ... 1IIIIj1 256 x 30 

RAM 

PS(PALETTE 
SELECT) 

PALETTE SELECT 
REO 

P.W.~1 .. ~~~ __ ~~ 

ADV7151 (1) 

PALETTE SELECT 
REO 

ADV7151 (3) 

ANALOG 
OIP 

" 
" 

During initialization, internal registers, which prioritize each 
device, are progtaIlllIled. PSO and PS I inputs will select one of 
the preprogrammed devices at any instant. PSO and PSI are 
multiplexed similar to the pixei data, thus allowing for subpixel 
resolution. This enables the user to have multiple palettes 
and/or windows. 

Note: Only one palette device is selected at any particular 
instant. The analog OlPs of the unselected devices should be 
at 0 mAo 

Figure 15. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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PC Board Considerations 
The layout should be optimized for lowest noise on the 
ADV7150/ADV7152 power and ground lines by shielding the 
digital inputs and providing good decoupling. The lead length 
between groups of V AA and GND pins should by minimized so 
as to minimize inductive ringing. 

Ground Planes 
The ground plane should encompass all ADV7150/ADV7152 
ground pins, voltage reference circuitry, power supply bypass 
circuitry for the ADV7150/ADV7152, the analog output traces, 
and all the digital signal traces leading up to the ADV71501 
ADV7152. 

Power Planes 
The ADV7150/ADV7152 and any associated analog circuitry 
should have its own power plane, referred to as the analog 
power plane. This power plane should be connected to the regu
lar PCB power plane 01 cd) at a single point through a ferrite 
bead. This bead should be located within three inches of the 
ADV7150/ADV7152. 

The PCB power plane should provide power to all digital logic 
on the PC board, and the analog power plane should provi 
power to all ADV7150/ADV7152 power pins and volt 
ence circuitry. 

Plane-to-plane noise coupling can be red 
portions of the regular PCB power an 
overlay portions of the analog pow 
arranged such that the plane-to-pl 

Supply Decoupling 
For optimum performance, bypass capacitors sh IDS 

using the shortest leads possible, consistent with reliable opera
tion, to reduce the lead inductance. Best performance is 
obtained with a 0.1 IJ.F ceramic capacitor decoupling each of the 
two groups of V AA pins to GND. These capacitors should be 
placed as close as possible to the device. 

It is important to note that while the ADV7150/ADV7152 con
tain circuitry to reject power supply noise, this rejection 
decreases with frequency. If a high frequency switching power 
supply is used, the designer should pay close attention to reduc
ing power supply noise and should consider using a three termi
nal voltage regulator for supplying power to the analog power 
plane. 

ADV7150/ADV7152 
Digital Signal Interconnect 
The digital inputs to the ADV7150/ADV7152 should be isolated 
as much as possible from the analog outputs and other analog 
circuitry. Also, these input signals should not overlay the analog 
power plane. 

Due to the high clock rates involved, long clock lines to the 
ADV7150/ADV7152 should be avoided to reduce noise pickup. 

Any active termination resistors for the digital inputs should be 
connected to the regular PCB power plane 01 cd, and not the 
analog power plane. 

Analog Signal Interconnect 
The ADV7150/ADV7152 should be located as close as possible 
to the output connectors to minimize noise pickup and reflec
tions due to impedance mismatch. 

The video output s should overlay the ground plane, and 
not the anal e, to maximize the high frequency 

ce, the analog outputs should each 
sistor connected to GND. The connection 

ut and GND should be as close as pos
V7152 to minimize reflections. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
170 MHz Pipelined Operation 
Triple 10·Bit DIA Converters 
Triple 256 x 10 (256 x 30) Color Palette RAM 
On-thip Clock Control Circuit 
Palette Priority Select Registers 
RS·343A/RS·170 Compatible Analog Outputs 
TTL Compatible Digital Inputs 
32·Bit Pixel Input Port (8·Bit Pixel Words) 
Standard MPU 1/0 Interface 

10·Bit Parallel Structure 
8+2 Byte Structure 

Pixel Data Serializer 
Multiplexed Pixellnput Ports; 1:1,2:1,4:1 

+5 V CMOS Monolithic Construction 
100·Pin POFP 

SPEED GRADES 
170 MHz 
135 MHz 
110 MHz 
85 MHz 

GENERAL DESCRIPTION 
The ADV7151 (ADVIII» is a compl 
RAM-DAC on a single CMOS mono 

A 
PIXEL • 

=.~ c 

LOADIN 

LOADOUT ~§.~~~a SCKlN 
SCKOUT 

PROCKOUT 
ClOCK 

ClOCK 

ADV is a registered trademark of Analog Devices, Inc. 

CMOS 170 MHz Pseudo-Color Graphics 
1 O-Bit Video RAM-OAC 

AOV7151 I 
cifically designed for use in the graphics systems of high perfor
mance, color graphics workstations. The ADV7151 integrates a 
number of graphic functions onto one device allowing 8-bit 
indexed Pseudo-Color operation at the maximum screen update 
rate of 170 MHz. 

The device consists of three, high speed, 10-bit, video D/A con
verters (RGB), three 256 x 10 (one 256 x 30) color look-up 
tables, palette priority registers, a pixel input data multiplexer/ 
serializer and a clock generator/divider circuit. The on-board 
palette priority select registers enable multiple palette devices to 
be connected toge for use in multipalette and window appli-
cations. The p ntrolled (i.e., mode selection and multi-
plex sele . the MPU port by the various on-board 

ters. The part also contains a number of 
rs, associated with self diagnostic testing of 

·tion, at speeds of up to 170 MHz, is 
e use of the on-board data multiplexer/serial

put port's flexibility allows for direct interface 
frame buffer memory configurations, including 

DRAM and VRAM designs. 

(continued on page 2-911) 

REDOUT 

BLUE OUT 

J-------------~~I~l 
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ADV'15-1 - -S-PECIFICATIONS riM1 =.:-5 ~;VREF = +1.235 V; RL = 3,7.5. n, CL = 10 pF; RSEl = 280 n. 
'I - - - -- H. All specifications TMIM to TMAl unless othelWlse noted.) 

1>arameter 

STATIC PERFORMANCE 
Resolution (Each DAC) 
Accuracy (Each DAC) 

Integral Nonlinearity 
Differential Nonlinearity 
Gray Scale Error 

Coding 

DIGITAL INPUTS (Excluding CLOCK, CLOCK) 
Input High Voltage, VINH 
Input Low Voltage, VINL 

Input Current, lIN 

Input Capacitance, CIN 

CLOCK INPUTS (CLOCK, CLOCK) 
Input High Voltage, VINH 
Input Low Voltage, VINL 
Input ClUTent, lIN 
Input Capacitance, CIN 

DIGITAL OUTPUTS 
Output High Voltage, VOH 
Output Low Voltage, VOL 
Floating-State Leakage Current 
Floating-State Output Capacitance 

ANALOG OUTPUTS 
Gray Scale Current Range 

Output Current 
White Level Relative to Blank 

White Level Relative to Black 

Black Level Relative to Blank 

Blank Level on GREEN OUT 

Sync Level on GREEN OUT 

LSB Size 
DAC-to-DAC Matching 
Output Compliance, Voc 

Output Impedance, RoUT 
Output Capacitance, CoUT 

VOLTAGE REFERENCE 
Voltage Reference Range, VREF 
Input Current, IVREP 

POWER REQUIREMENTS 
VAA 

lAA 

AU Versions 

10 

±1 
±1 
±5 

2 
0.8 
±10 
10 

VAA - 1.0 
VAA - 1.6 
±10 
10 

2.4 
0.4 
20 
20 

1.1411.26 
10 

Units 

Bits 

LSBmax 
LSBmax 
% Gray Scale max 
Binary 

V min 
V max 
jJA max 
pFmax 

V min 
V max 
jJAmax 
pFmax 

max 
jJAmin 
jJAmax 
jJAtyp 
% max 
V min 
V max 
kOtyp 
pFmax 

VminlVmax 
jJAtyp 

Test ConditiODlIfCODUiients 

Guaranteed Monotonic 

VIN = 0.4 V or 2.4 V 

VIN = 0.4 V or 2.4 V 

Typically 7.62 mA 

Typically 5 jJA 

Typically 2% 

loUT = OmA 

VREF = 1.235 V for Specified Performance 

170 MHz Parts 
Power Supply Rejection Ratio 
Power Dissipation 

5 
500 
0.5 
2500 

V nom 
mAmax 
%/%max 
mWmax 

Typically 0.12%1%: f = 1 kHz, COMP = 0.1 ... F 
170 MHz parts: V AA = 5 V 

DYNAMIC PERFORMANCE 
Qock and Data Feedthrough3, 4 

Glitch Impulse 
DAC-to-DAC Crosstalk5 

NOTES 
l±S% for all versions. 
'Temperature range (1' MIN 10 T....0; O'C 10 + 7O'C. 

-30 
50 
-23 

dBtyp 
pVsecstyp 
dBtyp 

'Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. Glitch impulse includes clock and data feedthrough. 
'TTL input values are 0 10 3 volts, with input riselfall times ,;;3 ns, measured the 10% and 90% points. Timing reference points at 50% for inputs and outputs. 
'DAC-to-DAC crosstalk is measured by holding one DAC high while the other two are making low 10 high and high 10 low transitions. 
Specifications subject 10 cltsnge without notice. 
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ADV7151 

TIMING CHARACTERISTICS1 
(VAA2 = +5 V; VREF = +1.235 V; RL = 37.5 0, CL = 10 pF; RSET = 280 o. All specifications 
TMIN to TMAl(3 unless otherwise noted.) 

170 MHz 13S MHz 110 MHz 8SMHz 
Parameter Version Version Version Version Units Conditions/Comments 

fMAX 170 135 110 85 MHz Clock Rate 
LOADOUT 

1:1 MUX Mode 
Frequency 68 68 68 68 MHz LOADOUT Clocking Rate 
Period 14.71 14.71 14.71 14.71 nsmax LOADOUT Period 
High Time 6 6 6 6 nsmin LOADOUT High Time 
Low Time 6 6 6 6 nsmin LOADOUT Low Time 

2:1 MUXMode 
Frequency 68 67.5 55 42.5 MHz LOADOUT Clocking Rate 
Period 14.71 14.81 18.18 21.25 nsmax LOADOUT Period 
High Time 6 6 8 8.5 LOADOUT High Time 
Low Time 6 6 8 8.5 LOADOUT Low Time 

4:1 MUXMode 
Frequency 42.5 33.75 LOADOUT Clocking Rate 
Period 23.5 30 LOADOUT Period 
High Time 10 12 LOADOUT High Time 
Low Time 10 12 LOADOUT Low Time 

t, 15 Pixel CLOCK to LOADOUT Delay 
t, 15 Pixel CLOCK to PROGCKOUT Delay 
t3 5 LOADIN to LOADOUT Setup Time 

4 0 Video and Pixel Data Setup Time 
1, 5 Video and Pixel Data Hold Time 

~ 5 SCKIN to SCKOUT Delay 

t7 5.88 Clock Cycle Time 
t8 2.5 nsmin Clock Pulse Width High Time 

~ 2.5 nsmin Clock Pulse Width Low Time 
tlO 12 nsmin Analog Output Delay 
tll 2 nsmin Analog Output RiseJFaIl Time 
t124 6 nsmin Analog Output Settling Time 

t13 0 0 0 0 nsmin RiW, CO, Cl Setup Time 
tl4 15 15 15 15 nsmin RiW, CO, Cl Hold Time 
t l5 50 50 50 50 nsmin CE Low Time 
t l6 25 25 25 25 nsmin CE High Time 
tl/ 5 5 5 5 nsmin CE Asserted to Data Bus Driven 
tl/ 50 50 50 50 nsmax CE Asserted to Data Valid 
t l96 15 15 15 15 nsmax CE Disabled to Data Bus Three Stated 

5 5 5 5 nsmin 
t20 20 20 20 20 nsmin Write Data Setup Time 
t21 5 5 5 5 nsmin Write Data Hold Time 

t8K 2 2 2 2 nsmax Analog Output Skew 
0 0 0 0 ns typ 

tpD 6 6 6 6 Clocks Pipeline Delay 
NOTES 
'TTL input values are 0 to 3 volts, with input rise/fall times '" 3 ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. Anslog output load'" 10 pF, DO-D7 output load'" SO pF. See timing nores in Figure s. 

2±S% for aU versions. 
'Temperature range (T MIN to T MAX); 0"(; to + 7O"C. 
'Settling time does not include clock and data feedthrongh. 
't17 and t,. are measured with the load circuit of Figure I and defined as the time required for an output to cross 0.4 V or 2.4 V. 
'1,• is derived from the measured time taken by the data outputs to change by 0.5 V when loaded with the circuit of Figure 1. The measured number is then 
extrapolated back to remove the effects of c1targing the 50 pF capacitor. This means that the time, t .. , quoted in the timing characteristics is the true value for 
the device and, as such, is independent of external bus loading capacitances. 

Specifications subject to change without notice. 
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ADV7151 
1.6mA 

e 
TO 

OUTPUT o--_-4( +2.1 V 
PIN 

Figure 1. Load Circuit for Bus Access and Relinquish Time 

CLOCK 

LOADOUT 
(2:1 Mux) 

LOADOUT 
(4:1 Mux) 

PROGCKOUT 

Figure 2. Video Output Clock Contr 

'PIXEL DATA INCLUDES THE REO. GREEN & BLUE PIXEL PORTS (A - D) 

Figure 3. LOADOUT Timing VS. LOADIN and Pixel Data 

SCKIN JlJ"1...nJ"l.JL -H -"""LJ"ULJ";Lr 
-+1l.- t 6 " ..... '-' ~ •. 

BLANK --,-.. J~ 
SCKOUT~J ru 

+ + 
END OF SCAN LINE 

(N) 
START OF SCAN LINE 

(N+1) 

Figure 4. Video Data Serial Clock Input (SCKIN) vs. Serial 
Clock Output (SCKOUT) 

{

REDOUT 
ANALOG GREEN OUT 
OUTPUTS BLUE OUT 

PLL 

D FROM THE 50% POINT OF THE RISING 
INT OF FULL-SCALE TRANSITION. 

FROM 50% POINT FULL-SCALE 
E OUTPUT REMAINING WITHIN ± 1LSB. 

ALL TIME MEASURED BETWEEN THE 10% AND 90% 
FULL-SCALE TRANSmON. 

Analog Outputs vs. Pixel Clock 

Figure 6. MPU Port ReadIWrite Timing 
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RECOMMENDED OPERATING CONDITIONS 
Parameter Symbol 

Power Supply VAA 
Ambient Operating Temperature TA 
Reference Voltage VREF 
Output Load RL 

ABSOLUTE MAXIMUM RATINGS l 

V AA to GND .......•...................... 7 V 
Voltage on any Digital Pin ..... GND-0.5 V to V AA +0.5 V 
Ambient Operating Temperature (fA) ..... - 55·C to + 125°C 
Storage Temperature (Ts) ............. -65°C to +l50°C 
Junction Temperature (T J) ..............•.... + 175°C 
Lead Temperature (Soldering, 10 sees) ........... + 300°C 
Vapor Phase Soldering (2 minutes) . . . . . . . . . . . . . . + 220·C 
lOR, IOG, lOB to GND2 •••••••••••••• -1.5 V to V AA 

CAUTION __________________________ ~ 

ESD (electrostatic discharge) sensitive device. The digital 
however, permanent damage may occur on unconneet 
static fields. Unused devices must be stored in c 
should be discharged to the destination sock 

(continued from page 2-907) 

The 30 bits of resolution, associated th 
and triple 10-bit DAC, realizes 8-bit pseudo-c 
while also allowing for the on-board implementa 
tion algorithms, such as gamma correction. 

The on-chip video clock controller circuit generates all the inter
nal clocking and some additional external clocking signals. An 
external ECL oscillator with differential outputs is all that is 
required to drive the CLOCK and CLOCK inputs of the 
ADV7151. The part can also be driven by an externa1 clock gen
erator chip circuit. 

The ADV7151 is capable of generating RGB video output sig
nals which are compatible with RS-343A and RS-170 video stan
dards, without requiring external buffering. 

Test diagnostic circuitry has been included to complement the 
users system level debugging. 

The ADV7151 is fabricated in a +5 V CMOS process. Its 
monolithic CMOS construction ensures greater functionality 
with low power dissipation. 

The part is packaged in an 100-lead PQFP. 

ADV7151 

Min Typ Max Units 

4.75 5.00 5.25 Volts 
0 +70 "C 
1.14 1.235 1.26 Volts 

37.5 n 

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

2 Analog output short circuit to any power supply or common can be of an 
indefinite duration. 

WARNING! d 
~~EDEVICE 

ORDERING GUIDE 

Temperature No. of Package 
Speed Range Pins Option* 

ADV7151KS170 170 MHz O°C to +70°C 100 S-loo 
ADV7151KS135 135 MHz O°C to +70°C 100 S-loo 
ADV7151KS110 110 MHz O°C to +70°C 100 S-100 
ADV7I51KS85 85 MHz O°C to +70°C 100 S-loo 

·S = Plastic Quad Flat Pack. For outline information see Package Information 
section. 
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ADV7151 
PIN ASSIGNMENTS PIN CONFIGURATION 

lOO-Pin PQFP 
Pin Pin Pin Pin Pin Pin 
No. Mnemonic No. Mnemonic No. Mnemonic 100 81 

VAA 41 GND 81 VAA 

2 SYNC 42 GND 82 D6 80 

3 BLANK 43 NC* 83 D7 
4 NC* 44 GND 84 D8 
5 NC* 45 GND 85 D9 
6 NC* 46 NC* 86 GND 
7 POA 47 NC* 87 GND ADV7151 PQFP 
8 Pas 48 PSOA 88 lOB TOP VIEW 
9 POe 49 PSOa 89 lOR (Not to Scale) 

10 POn 50 PSOc 90 lOG 
11 PIA 51 PSOn 91 lOB 
12 PIB 52 PSIA 92 lOG 
13 PIc 53 PSIB 93 VAA 
14 PIn 54 PSlc 94 VAA 51 

15 NC* 55 PSln 95 lOR 
16 P2A 56 P5A 96 COMP 
17 P2B 57 P5B 97 
18 P2c 58 . P5c 98 
19 P2n 59 P5n 
20 NC* 60 P6A 
21 NC* 61 P6e 
22 P3A 62 P6c 
23 P3B 63 P6n 
24 P3c 64 NC* 
25 P3n 65 P7A 
26 NC* 66 P7B 

27 NC* 67 P7c 
28 P4A 68 P7n 
29 P4e 69 NC* 
30 P4c 70 CE 
31 P4n 71 RiW 
32 CLOCK 72 CO 
33 CLOCK 73 Cl 
34 LOADIN 74 DO 
35 LOADOUT 75 D1 

36 VAA 76 D2 
37 VAA 77 GND 
38 PRGCKOUT 78 D3 
39 SCKIN 79 D4 
40 SCKOUT 80 D5 

*NC = NO CONNECT. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice 
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Pin 

Pixel Select Inputs 
(PO A ••• POo-P7 A ••• P7 0) 

PSOA •• PSOo , PSIA ••• PSlo 

LOADIN, LOADOUT, PRGCKOUT, 
SCKIN, SCKOUT 

CLOCK,CLOCK 

DO-D9 

CE, RIW, CO, CI 

lOR, lOG, lOB 
(lOR, lOG, lOB) 

VREF 

COMP 

IPLL 

VAA 

GND 

ADV7151 

PIN DESCRIPTION 

Function 

Pixel Port: 32 Pixel Select Inputs. Each 8-bit index word selects either a 24-bit or 30-bit 
color value. Each bit is multiplexed (A-D) 4:1, 2:1 or 1:1. All inputs are TTL compatible. 

Palette Priority Select Inputs: These inputs allow for switching between multiple palette 
devices at the pixel rate. The device can be preprogrammed to completely shut off the DAC 
analog OlPs. If the values of PSO and PSI match the values programmed into bits MR6 and 
MR7 of the Mode Register, then the device is selected. 

Video Data Control Inputs/Outputs: These inputs/outputs are used to load pixel data and, 
optionally, to control external video frame buffer timing and control synchronization. 

Clock Inputs: These differential clock inputs are designed to be driven by ECL logic 
configured for single supply (+ 5 V ) operation. The clock rate is typically the pixel clock 
rate of the system. 

Composite Blank: Drives the analog outputs to 

Composite Sync Input: Drives the lOG 
asserted during the blanking period. 

tput to the sync level. It can only be 

Data Bus: Data is written to 
bus. 10-bit data or 8-bit 
parallel data or byte 

Control Inp 
palette, 

device over this lO-bit, bidirectional data 
bus can be configured for either 10-bit 

justified, i.e., 8 LSBs first, then 2 MSBs. 

d reading from the address reg, color 
sters etc., of the device. 

ia1 Outputs): These RGB video outputs are 
d RS-170 video levels into doubly terminated 75 0 

D if it is not required to have differential 

V voltage reference is required to drive this 
al voltage reference) is recommended. 

trol: A resistor connected between this pin and analog ground 
controls the absolut litude of the output video signa1. To maintain RS-343A video 
output levels, RsET = 2800 

Compensation Pin: A 0.1 ",F capacitor should be connected between this pin and V AA' 

Phase Lock Loop Output Current: This is used to enable multiple ADV7151s and 
ADV7150/ADV7152s to be synchronized with pixel resolution. 

Power Supply (+5 V ± 5%): The part contains multiple power supply pins; all should be 
connected to one common +5 V analog power supply. 

Analog Ground: The part contains multiple ground pins; all should be connected to one 
common analog ground. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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ADV7151 
COLOR VIDEO MODES (PIXEL PORT) 
8-BIT PSEUDO COLOR 
This mode is selected by writing to Command Register 2. In 
this mode 8-bit pseudo color images can be generated on screen 
at video rates of up to 170 MHz. Two hundred fifty-six colors 

P7 

P6 

P5 

P4 

P3 

P2 

P1 

PO 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1-r----~R7 

I-+..,----~ R6 
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R4 

R3 
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1-t+t+lH-r-~ R1 

1-t+t+lH-h-~Ro 

1+-H-I-I++-oo-lG7 

t-++t+t+~ G6 

can be displayed out of a total color palette of 16.7 million 
addressable colors. The 8-bit pixel select or pixel index word 
selects a 24-bit or 30-bit RGB value which drives the red, green 
and blue DACs. 

8 

8 

256 x 10 
RAM 

(RED LUT) 

LOCATION "0" 

LOCATION "0" 

TO BLUE DAC 

PIXEL I ADV7151 
INPUT I PIN 
DATA I ASSIGNMENTS 

DATA 
LATCHED TO 

PIXEL 
PORT 

DATA 
INTERNALLY 

INDEXED 

DATA LATCHES 
FIRST 256 

LOCATIONS 
OF RAM I 

I 

Figure 7. 8-Bit Pseudo-Color (Indexed Color) Mapping 
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ADV7151 
MPU INTERFACE & CONTROL control registers as well as the color palette. The following tables 

describe the setup for reading and writing to all of the devices 
registers. 

The ADV7151 supports a standard MPU Interface. All the 
functions of the part are controlled via this MPU port. Direct 
access is gained to the address register, mode register and all the 

RiW Cl CO D9-DO Action l 

0 0 0 DB7-DBO Write DB7-DBO to Address Register (A7-AO) 
0 1 I DB7-DBO Write DB7-DBO to Mode Register (MR7-MRO) 

0 0 DB9-DBO Write DB9-DBO toRed RAM Latch 
0 0 DB9-DBO Write DB9-DBO to Green RAM Latch 
0 0 DB9-DBO Write DB9-DBO to Blue RAM Latch & 

Write RGB Data To RAM Location A7-AO & 
Address Register = Address Register + I 

0 0 DB7-DBO Write to Register (Al_AO)2 

0 0 DB7-DBO Read Address Register (A7-
1 I DB7-DBO Read Mode Regist 

0 I DB9-DBO Read Red 
0 1 DB9-DBO Read 
0 I DB9-DBO Read 

ster + 1 

0 

RiW 
0 0 0 DB7-DBO to Address Register (A7-AO) 
0 1 1 Write DB7-DBO to Mode Register (MR7-MRO) 

0 0 DB9-DB2 Write DB9-DB2 to Red RAM Latch (9-2) 
0 0 DBI-DBO Write DBI-DBO to Red RAM Latch (1-0) 
0 0 DB9-DB2 Write DB9-DB2 to Green RAM Latch (9-2) 
0 0 DBI-DBO Write DBI-DBO to Green RAM Latch (1-0) 
0 0 DB9-DB2 Write DB9-DB2 to Blue RAM Latch (9-2) 
0 0 DBI-DBO Write DBI-DBO to Blue RAM Latch (1-0) & 

Write RGB Data to RAM Location A7-AO & 
Address Register = Address Register + 1 

0 0 DB7-DBO Write to Register (Al-AO)' 

0 0 DB7-DBO Read Address Register (A7-AO) 
1 1 DB7-DBO Read Mode Register (MRI7-MRIO) 

0 DB9-DB2 Read Red RAM (9-2) Location A7-AO 
0 DBI-DBO Read Red RAM (1-0) Location A7-AO 
0 DB9-DB2 Read Green RAM (9-2) Location A7-AO 
0 DBI-DBO Read Green RAM (1-0) Location A7-AO 
0 DB9-DB2 Read Blue RAM (9-2) Location A7-AO 
0 DBI-DBO Read Blue RAM (1-0) Location A7-AO 

Address Register = Address Register + 1 

0 DB7-DBO Read Register (Al-AD)' 

'S·bit wide databus, i.e., MRl2 = "0" and IO·Bit RAM & DACs, i.e., MRII = "I." 
'Refer to table entitled ''Control Registers Description." 
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:ADV7151 , 
REGISTER PROGRAMMING 
Direct writes and J:eads can be made to the address register and 
the mode register. The control registers, the 7 of which are 
listed in the table are indexed adressable. The flrst write to the 
control register specifles which particular register is to be 
accessed. 

Address Register (ADDR) A7-AO 
As illustrated in the previous tables, the CO and CI control 
inputs, in conjunction with this address register specify which 
control/mode register, or color palette location is accessed by the 
MPU port. The address register is 8 bits wide and can be read . 
from as well as written to. When writing to or reading from the 
color palette on a sequential basis, only the start address needs 
to be written. After a red, green and blue write sequence, the 
address register is automatically incremented. . 

Mode Register 1 (MRl) 
The mode register is a lO-bit wide register. However, for pro
gramming purposes, it may be considered as an 8-bit wide regis
ter (MR18 and MRI9 are both reserved). 

The diagram below shows the various operations under the con
trol of the mode register. This register can be read from as well 
written to. In read mode, MRl8 and MRI9 are both returned as 
zeroes. 

MODE REGISTER (MRl) BIT DESCRIPTION 
Reset Control (MRIO) 
This bit is used to reset the pixel port samp 
ensures that the pixel sequence ABCD 
writing a I followed by a zero followed 

RAM-DAC Resolution Control (MRll 
When this is programmed with a I, the RAM is 3 
bits each for red, green and blue) and each of the 
conflgured for lO-bit resolution. 

When MRll is programmed with a 0, the RAM is 24-bits deep 
(8 bits each for red, green and blue) and the DACs are conflg
ured for 8-bit resolution. The two LSBs of the 10-bit DACs are 
pulled down to zero. 

MPU Data Bus Width (MR12) 
This bit determines the width of the MPU port. It isconflgured 
as either a IO-bit wide :(09-DO) .or 8-bit wide (D7-DO) bus. 
10-bit data can be written to the device when conflgured 8-bit 
wide mode. The 8 MSBs are rust written on D7-00,. then the 
two LSBs are written over DI-OO. Bits D9-D8 are zeroes in 
8-bitmode. 

Operational Mode Control (TestINormal) (MRl4-MR13) 
When these 'bits are zero the part operates in normal mode. All 
other combinations are used in conjunction with the devices var
ious test/diagnostic modes (see Test Diagnostics section). 

Palette Select Match Bits Control (MR17-MR16) 
These bits allow multiple palette devices to work together. 
When PSI-PSO match MRI7-MRI6, the device is selected (see 
Palette Priority Select Inputs section). 

Control Registers 
The ADV71SI has 7 control registers. To access each register, 
two write operations must e performed. The flrst write to the 
address register s' . ch of the 7 registers is to be 
accessed. The determines the value written to that 
parti 

Control Registers· 

Pixel Test Register 
DAC Test Register 
SYNC, BLANK and IpLL Test Register 
ID Register (Read Only) 
Pixel Mask Register 
Reserved 
Command Register 2 
Command Register 3 

'Cl = 1; co = o. 

8-alT (07-DO) 
100BlTI_) 

RAM-DAC 
RESOLUTION CONTROL 

HIT 
100aIT 

Mode Register 1 (MR1) 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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Pixel Test Register 
This register is used when the device is in test/diagnostic mode. 
It is an 8-bit wide read-only register which allows MPU access 
to the pixel port (see Test Diagnostics section). 

DAC Test Register 
This register is used when the device is in test/diagnostic mode. 
It is a IO-bit wide read/write register which allows MPU access 
to the DAC port (see Test Diagnostics section). 

SYNC, BLANK & IPLL Test Register 
This register is used when the device is in test/diagnostic mode. 
It is a 3-bit wide (3 LSBs) read/write register which allows MPU 
access to these particular pixel control bits (see Test Diagnostics 
section). 

ID Register 
This is an 8-bit wide read-only register. For the ADV7151 it 
will always return the hexadecimal value 8FH. 

Pixel Mask Register 
The contents of the pixel read mask register are individually bit
wise logically ANDed with the red, green and blue pixel input 
stream of data. It is an 8-bit read/write register with DO corre
sponding to RO, GO and BO. 

Command Register 2 (CRl) 
This register contsins a number of control bits 
diagram. CR2 is a IO-bit wide register. 
ming purposes, it may be considered 
(CR28 and CRl9 are both 

ADV7151 
The diagram below shows the various operations under the con
trol of CRl. This register can be read from as well as written to. 
In read mode, CR28 and CR29 are both returned as zeroes. 

COMMAND REGISTER 2 (CRl) BIT DESCRIPTION 
P7 Trigger Polarity Control (CR20) 
This bit is used when the device is in test/diagnostic mode. It 
determines whether the pixel data is latched into the test regis
ters in the rising or falling edge of R7 (see Test Diagnostics 
section). 

IpLL Trigger Control (CRlI) 
This bit specifies whether the PLL output is triggered from 
BLANK or SYNC. 

SYNC Recognition Control (CRl2) 
This bit specifies whether the video SYNC input is to be 
encoded onto the I analog output or ignored. 

Pedestal I (CRl3) 
This b' er a 0 IRE or a 7.5 IRE blanking pedes-

on the video outputs. 

Control (CR27-CR24) 
t up the 8-bit pseudo-color mode. 

described in the fIgure. 

IPLL TRIGGER 
CONTROL 

SYNC 

BLANK 

P7TRIGGER 
POLARITY CONTROL 

Command Register 2 (CR2) 
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ADV7151 
Command Register .3 (CR3) 
This register contains a number of control bits as shown in the 
diagram. CR3 is a IO-bit wide register. However, for program
ming purposes, it may be considered as an 8-bit wide register 
(CR38 and CR39 are both reserved). 

The diagram below shows the various operations under the con
trol of CR3. This register can be read from as well written to .. 
In read mode, CR.38 and CR39 are both returned as zeroes. 

COMMAND REGISTER .3 (CR3) BIT DESCRIPTION 
PRGCKOUT Frequency Control (CR31-CR30) 
These bits specify the output frequency of the PRGCKOUT 
output. PRGCKOUT is a divided down version of the pixel 
CLOCK. 

BLANK Pipeline Delay Control (CR35-CR32) . 
These bits specify the additional pipeline delay that can be 
added to the BLANK function, relative to the overall device 
pipeline delay (tPD). As the BLANK control normally enters the 
video DAC from a shorter pipeline than the video pixel data, 
this control is useful in deskewing the pipeline differential. 

Pixel Multiplex Control (CR37-cR36) 
These bits specify the device's multiplex mode. It, therefore, 
also determines the frequency of the LOADOUT signal. 
LOADOUT is a divided down version of the pixel CLOCK. 

1:1 MUXINO: LOADOUT=CL<IC"+1'II_ 
2:1 MUXlNG: LOADQUT = CLOCK +2 CLOCK +4 

CLOCK.a 
CLOCK +16 
CLOCK +32 

RESERVED 
·4:1 MUXlNG: LOADQUT = 

Command Register 3 (CR3) 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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Figure 8. RGB Output Termination for RS-343A 

RED, BLUE GREEN 
mA V 

19.05 0.714 

1.44 0.054 

0 0 

Video Output Truth Table 

REDOUT, 
GREEN OUT BLUE OUT 

Description (mA) (mA) SYNC 

WHITE LEVEL 26.67 19.05 1 
VIDEO video + 9.05 video + 1.44 1 
VIDEO to BLANK video + 1.44 video + 1.44 0 
BLACK LEVEL 9.05 1.44 1 
BLACK to BLANK 1.44 1.44 0 
BLANK LEVEL 7.62 0 1 
SYNC LEVEL 0 0 0 

BLANK 

1 
1 
1 
1 
1 
0 
0 

ADV7151 

WHITE 
LEVEL 

BLACK 
LEVEL 

BLANK 
LEVEL 

SYNC 
LEVEL 

DAC 
Input Data 

3FFH 
data 
data 
OOOH 
OOOH 
XXXH 
XXXH 
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·AOV7151 
Clock Controller CirCllit 
The ADV7151 has an on-board clock controller circl1it. This is 
driven by an external crystal oscillator which must be capable 
of generating differential clock inputs to drive CLOCK and 
CLOCK of the ADV7151. 

No additional external clocking devices are necessary. A sophis
ticated on-board clocking arrangement generates all the reqllired 
internal clocking signals. 

Additional functions are included to ease system design. The 
PRGCKOUT can be sufficiently divided down and can be used 
to drive the video clock of the graphics processor. 

In its simplest form, the LOADOUT pin can be tied directly to 
the LOADIN pin, as shown. The pixel data LOADIN rate will 
be determined by the multiplex rate. 

SCKIN 

SCKOUT 

Figure 10. 

TEST DIAGNOSTICS 
Test diagnostic circl1itry on the ADV715 1 allows the user to 
debug both the device itself and its interface to other compo
nents in the system. Essentially, the video or pixel path through 
the device can be monitored via the MPU. Monitoring points, in 
the form oftest registers, are positioned at the PIXEL PORT, 
RAM and DAC PORT. Control of the test modes is determined 
by the Mode Register (MR1) and Command Register 2. Data is 

LOATA-PATH PIXEL 
~ ~ 

OAC 
PORT 

RAM 
PORT 

PlXE 

TEST TEST TEST I TRIGGER _I--- REGISTER f-- REGISTER r- REGISTER 

I I 
MPUPORT 

Figure 11. 

latched to the various test registers along the video path by 
either the pixel CLOCK or by using one bit of pixel data as a 
trigger bit (P7). This latter case is useful when the pixel 
CLOCK is connected to a free rumling source. 

Mode 0 
Norma! chip operation. In this mode, the test registers are con
figured as in Figure. 12. Both the pixel test register and the 
DAC test register are triggered every clock cycle. This is traos
parent to the general user. It becomes useful when there is 
independent control over the CLOCK. By stopping the clock in 
the low state, the data in the test registers can be read out and 
verified. 

PIXEL DATA·PATH 

TEST 
REGISTER 

Q MPUPORT 

ath Trigger. In this mode, the test register trigger is 
.. n on the P7 bit of the pixel port, Figure 

Register 2 controls whether the trigger is 
a edge or a falling edge of P7. The trigger bit 
Ugh the chip along with the pixel data. This means 

h test register captures the pixel with the traosition on 
7 as it is piped through the chip. Once the data has been cap

tured, it can be read out at any time, even if the pattern is cycli
cal with the same pixel repeatedly activating the trigger. 

Mode 2 
RAM Fast Port Test. In this mode, the pixel test register is con
figUred as in Figure 12, and the DAC test register configured as 
in Figure 13. The DAC test register is triggered every clock 
cycle. Data written into the pixel test register enters the fast 
data path, passes throngh the palette, and gets captured at the 
DAC test register. 

MPUPORT T Q 

WR -----It> 

TEST 
REGISTER 

Figure 13. 
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Mode 3 
DAC Test. In this mode, the DAC test register and the SYNC, 
BLANK & PLL test register are configured as in Figure 13. 
Data written to the DAC test register, and the SYNC, BLANK 
and PLL test register is reflected at the DAC outputs. This 
allows the DACs to be tested over the MPU port. 

Palette Priority Select Inputs 
The palette priority selection function allows up to four palette 
devices to be used with their analog OlPs connected together. 

ADV7150 

RO-R7 

GQ..G7 x30 ANALOG 

110-87 RAM OIP 

PS(PALETTE PALETTE SELECT 
SELECT) REG 

PSO,PS1 " 

ADV7151 
During initialization, internal registers, which prioritize each 
device, are programmed. PSO and PSI inputs will select one of 
the preprogrammed devices at any instant. PSO and PS I are 
multiplexed similar to the pixel data, thus allowing for subpixel 
resolution. This enables the user to have multiple palettes and/or 
windows. 

Note: Only one palette device is selected at any particular 
instant. The analog OlPs of the unselected devices should be 
at 0 mAo 

VIDEO TO MONITOR 

ADV7151 (2) 

ANALOG 
OIP 

PALETTE SELECT 
.... .... 

REG .... .... .... .... .... .... .... .... 
.... .... 

ANALOG 
OIP 

PALETTE SELECT 
REG 

Figure 14. 
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ADV7151 
PC Board Considerations 
The layout should be optimized for lowest noise on the 
ADV71S 1 power and ground lines by shielding the digital inputs 
and providing good decoupling. The lead length between groups 
of V AA and GND pins should by minimized so as to minimize 
inductive ringing. 

Ground Planes 
The ground plane should encompass all ADV71S1 ground pins, 
voltage reference circuitry, power supply bypass circuitry for the 
ADV71S1, the analog output traces, and all the digital signal 
traces leading up to the ADV71Sl. 

Power Planes 
The ADV71S 1 and any associated analog circuitry should have 
its own power plane, referred to as the analog power plane. This 
power plane should be connected to the regular PCB power 
plane ry cc) at a single point through a ferrite bead. This bead 
should be located within three inches of the ADV71Sl. 

The PCB power plane should provide power to all digital logic 
on the PC board, and the analog power plane should provide 
power to all ADV7lSI power pins and voltage reference 
circuitry. 

Plane-to-plane noise coupling can be reduced by ensuring that 
portions of the regular PCB power and ground planes do not 
overlay portions of the analog power plane, unless they can 
arranged such that the plane-to-plane noise is co 

Supply Decoupling 
For optimum performance, bypass ca 
using the shortest leads possible, con 
tion, to reduce the lead inductance. Bes 0 

obtained with a 0.1 fLF ceramic capacitor deco 
rwo groups of V AA pins to GND. These capacito 
placed as close as possible to the device. It is impo t to note 
that while the ADV71S 1 contains circuitry to reject power sup
ply noise, this rejection decreases with frequency. If a high fre
quency switching power supply is used, the designer should pay 
close attention to reducing power supply noise and should con
sider using a three terminal voltage regulator for supplying 
power to the analog power plane. 

Digital Signal Interconnect 
The digital inputs to the ADV71S 1 should be isolated as much 
as possible from the analog outputs and other analog circuitry. 
Also, these input signals should not overlay the analog power 
plane; 

Due to the high clock rates involved, long clock lines to the 
ADV71S1 should be avoided to reduce noise pickup. 

Any active termination resistors for the digital inputs should be 
connected to the regular PCB power plane (V cc), and not the 
analog power plane. 

Analog Signal Interconnect 
The ADV7151 should be located as close as possible to the out
put connectors to minimize noise pickUp and reflections due to 
impedance mismatch. 

The video output signals should overlay the ground plane, and 
not the analog power plane, to maximize the high frequency 
power supply rejection. 

, the analog outputs should each 
nnected to GND. The connection 
and GND should be as close as pos-

minimize reflections. 
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~ANALOG 
WDEVICES 

8-Bit, High Speed, Multiplying O/A Converter 
(Universal Digital Logic Interface) 

FEATURES 

• Fast Settling Output Current ..................... 85ns 
• Full-Scale Current Prematched to ± 1 lSB 
• Direct Interface to TTL, CMOS, ECl, HTl, PMOS 
• Nonlinearity to .0.1 % Maximum Over Temperature Range 
• High Output Impedance and 

Compliance ........................... -10V to +18V 
• Complementary Current Outputs 
• Wide Range Multiplying Capability ... 1MHz Bandwidth 
• low FS Current Drift ..................... ± 10ppm/o C 
• Wide Power Supply Range ............. ±4.5V to ±18V 
• low Power Consumption ............... 33mW @ ± 5V 
• low Cost 
• Available in Die Form 

GENERAL DESCRIPTION 
The DAC-08 series of 8-bit monolithic digital-to-analog 
converters provide very high-speed performance coupled 
with low cost and outstanding applications flexibility. 

Advanced circuit design achieves 85ns settling times with 
very low "glitch" energy and at low power consumption. 
Monotonic multiplying performance is attained over a wide 
20 to 1 reference current range. Matching to within 1 LSB 
between reference and full-scale currents eliminates the 
need for full-scale trimming in most applications. Direct 

EQUIVALENT CIRCUIT 

VREF (+J 14 

VAEF (-01----'15"+-__ --1 

REV. A 

OAC-08 I 
interface to all popular logic families with full noise immunity 
is provided by the high swing, adjustable threshold logic 
input. 

High voltage compliance complementary current outputs are 
provided, increasing versatility and enabling differential 
operation to effectively double the peak-to-peak output 
swing. In many applications, the outputs can be directly 
converted to voltage without the need for an external op amp. 

All DAC-08 series models guarantee full8-bit monotonicity, 
and nonlinearities as tight as ±0.1 % over the entire operating 
temperature range are available. Device performance is 
essentially unchanged over the ±4.5 to ± 18V power supply 
range, with 33mW power consumption attainable at ±5V 
supplies. 

The compact size and low power consumption make the 
DAC-08 attractive for portable and military/aerospace appli
cations; devices processed to MIL-STD-883, Level Bare 
available. 

DAC-08 applications include 8-bit, 1,.s AID converters, servo 
motor and pen drivers, waveform generators, audio encoders 
and attenuators, analog meter drivers, programmable power 
supplies, CRT display drivers, high-speed modems and other 
applications where low cost, high speed and complete input! 
output versatility are required. 

4"" lOUT 
2 ... -

lOUT 
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OAC-08 
ABSOLUTE MAXIMUM RATINGS (Note 1) 

Operating Temperature 

DAC-08Aa, a ........................................... -55·C to + 125'C 

DAC-08Ha, Ea, ca, HP, EP, CP, CS ........... O·C to +70'C 
Junction Temperature (Ti ............................. -65·C to +150'C 

Storage Temperature a package .................. -65·C to +150'C 

Storage Temperature P Package .................. -65'C to + 125'C 

Lead Temperature (Soldering, 60 sec) ........................... 300·C 

V + Supply to V- Supply ...................................................... 36V 

Logic Inputs .................................................. V-to V- plus 36V 
V LC ............................................................................. V-toV+ 

Analog Current Outputs (atVs-= 15V) ........................ 4.25mA 

Reference Input (V14to V 15) ....... > ................................. V-to V+ 

Reference Input Differential Voltage 

(V14 to V 15) ................................................................... :i:18V 
Reference Input Current (1 14) ......................................... 5.0mA 

PACKAGE TYPE alA (NOTE 2) a lC UNITS 

16·Pln Hermetic DIP (0) 100 16 'C/W 

16·Pln Plastic DIP (P) 82 39 'C/W 

20·Contact LCC (RC) 76 36 'C/W 

16·Pln SO (5) 111 35 'C/W 

NOTES: 
1. Absolule maximum ratings apply 10 both ulCE anJ packaged parts, unless 

otherwise noled. 
2. elA Is specified lor worsl case mounting condilions, I.e., alA is specified lor 

device in socket lor CerDIP, P·DIP, and LCC packages; alA is spacified for 
device soldered to printed circuil board lor SO package. 

ELECTRICAL CHARACTERISTICS at Vs =±15V, IREF=2.0mA, -55' C :STA:S+125' C for DAC-08/0SA, O°C :STA:S+ 70' C for 
DAC-OSC, E & H, unless otherwise noted. Output characteristics refer to both lOUT and lOUT. 

DAC-OSA/H DAC-OSE DAC-OSC 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TVP MAX UNITS 

Resolution Bits 

Monotoniclty Bits 

Nonlinearity NL ±O.1 ±O.19 ±O.39 %FS 

Settling Time IS 
To ± 112 LSB, all bits switched 

85 135 85 150 85 150 
ON or OFF,TA =25°C, (Note) 

ns 

Propagation Delay 

Each bit tpLH TA = 25°C 35 60 35 60 35 60 
All bits switched tpHL (Note) 35 60 35 60 35 60 

ns 

Full-Scale Tempeo ±10 ±50 ±1Q ±80 ±10 ±80 
INole) 

TCI FS DAC·08E ±50 
ppm/oC 

Output Voltage Compliance Full-Scale current change 
!True Compliance) Voe <1/2lSB, ROUT> 20Mn typical 

-10 +18 -10 +18 -10 +18 V 

VREF ~ 10.000V 
Full Range Current IFR4 R14, R15 = 5.000kn 1.984 1.992 2.000 1.94 1.99 2.04 1.94 1.99 2.04 rnA 

TA=+25°C 

Full Range Symmetry 'FRS IFR4 -I FR2 ±O.5 ±4 ±1 ±8 ±2 ±16 pA 

Zero-Scale Current IzS 0.1 0.2 0.2 pA 

lOA, A,., A,s ~ 5.000kll 2.1 2.1 2.1 
Output Current Range VREF ~ +15.0V, V- ~ -10V rnA 

IOA2 VREF ~ + 25.0V, V- ~ -12V 4.2 4.2 4.2 

Output Current Noise IREF =2mA 25 25 25 nA 

logic Input Levels 

Logic "0" V,L VLC~OV 0.8 0.8 0.8 
V 

Logic Input "1" V,L 

logic Input Current VLC~OV 

Logic "0" I,L Y,N ~ -10V 10 +0.8V -2 -10 -2 -10 -2 -10 
Logic Input "1" I'H Y,N ~ 2.0V 10 18V 0.002 10 0.002 10 0.002 10 

pA 

Logic Input Swing V'S V- ~ -15V -10 +18 -10 +18 -10 +18 V 

Logic Threshold Range VTHR Vs == ±15V, (Notel -10 +13.5 -10 +13.5 -10 +13.5 V 

Reference Bias Current 1'5 -1 -3 -1 -3 -1 -3 pA 

AEQ~20011 See fast pulsed 

Reference Input Slew Rate dl/dl RL == lOOn ref. info. mAlps 

Cc~OpF following. (Note) 

V+ ~ 4.5V 10 18V -±0.OO03 ±0.01 -±0.0003 ±O.Ol -±0.0003 ±0.01 %~Io/%~V+ 
Power Supply Sensitivity 

PSSI FS+ V- ~ -4.5V 10 -18V - ±0.002 ±0.01 - ±0.002 ±0.01 - ±0.002 ±0.01 %~Io/%~V-
PSSI FS-

IREF= 1.0mA 

NOTE: Guaranteed by design. 

2-924 DIGITAL-TO-ANALOG CONVERTERS REV. A 



OAC-OB 
ELECTRICAL CHARACTERISTICS at Vs=± 15V, IREF= 2.0mA, -55° C:s TA:S+ 125°C for DAC-OB/OBA, 0° C:s TA:S + 70° C for 
DAC-OBC, E & H, unless otherwise noted. Output characteristics refer to both lOUT and lOUT. (Continued) 

DAC-OSA/H DAC-OSE DAC-OSC 
PARAMETER SYMBOL CONDITIONS MIN 

1+ Vs =±5V,IREF = 1.0mA 
1-

1+ Vs = +5V, -15V, IREF = 2.0mA 
1-

Power Supply Current 

1+ Vs = ± 15V, I REF = 2.0mA 
1-

±5V, IREF = 1.0mA 
Power Dissipation Pd +5V, -15V, IREF = 2.0mA 

±15V,IREF = 2.0mA 

NOTE: Guaranteed by design. 

ORDERING INFORMATIONt 

NL 

0.1% 

0.19% 

0.39% 

16-PIN DUAL-IN-LiNE PACKAGE 

HERMETIC PLASTIC LCC 

DACOBAO' 
DACOBHO DACOSHP 

DAC080' DACOSRC/883 

DAC08EO DAC08EP 

DAC08CO DAC08CP 

DAC08CStt 

OPERATING 

TEMPERATURE 

RANGE 

MIL 

COM 

MIL 

COM 

COM 

• For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-In is available on commercial and industrial temperature range parts In 
CerDIP, plastic DIP, and TO-can packages. 

It For availability and burn-In information on SO and PLCC packages, contact 
your local sales office. 

REV. A 

TYP MAX MIN TYP MAX 

2.3 3.8 2.3 3.8 
-4.3 -5.8 -4.3 -5.S 

2.4 3.S 2.4 3.8 
-S.4 -7.8 -6.4 -7.8 

2.5 3.8 2.5 3.8 
-8.5 -7.8 -6.5 -7.8 

33 4B 33 48 

108 136 103 136 

135 174 135 174 

PIN CONNECTIONS 

16-PIN DUAL-IN-LINE 
PACKAGE 
(Q-Sufflx) 

16-LEAD SO 
(S-Suffix) 

MIN TYP MAX 

2.3 3.S 

-4.3 -5.8 

2.4 3.S 
-6.4 -7.8 

2.5 3.8 
-6.5 -7.8 

33 48 

108 136 

135 174 

DAC-OSRC/SS3 
20-LEAD LCC 

(RC-Suffix) 

UNITS 

mA 

mW 
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OAC-08 
DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE) 

DIE SIZE 0.087 x 0.063 inch, 5,270 sq. mils 
(2.209 x 1.60 mm, 3.54 sq. mm) 

1. VLe 
2. lOUT 
3. V-
4. lOUT 
5. BIT 1 (MSB) 
6. BIT2 
7. BIT3 
6. BIT4 

9. BITS 
10. BIT6 
11. BIT 7 
12. BIT 6 (LSB) 
13. V+ 
14. VREF (+) 
15. VREF (-) 

16. COMP 

WAFER TEST LIMITS at Vs = ±15V, IREF = 2.0mA. TA = 125°C for DAC-OBNT. DAC-OBGT devices; TA = 25°C for DAC-OBN. 

DAC-OBG and DAC-OBGR devices. unless otherwise noted. Output characteristics apply to both lOUT and lOUT. 

DAC-OSNT DAC-OSN DAC-OSGT DAC-OSG DAC-OSGR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Resolution 8 8 8 8 Bits MIN 

Monotonicity 8 8 8 8 Bits MIN 

Nonlinearity NL ±0.1 ±0.1 ±0.19 ±0.19 ±0.39 %FSMAX 

OutPut Voltage 
V~e 

Full~Scale Current +18 +18 +18 +18 +18 VMAX 
Compliance Change < 112 LSB -10 -10 -10 -10 -10 VMIN 

Full-Scale Current 'FS4or VREF = 10.000V 2.04 2.04 2.04 2.04 2.04 mAMAX 

'FS2 R'4' R'5 = 5.000k!l 1.94 1.94 1.94 1.94 1.94 mAMIN 

Full-Scale Symmetry 'FSS ±8 ±8 ±8 ±8 ±16 ~AMAX 

Zero-Scale Current Izs 4 ~AMAX 

V-=-10V. 

'FSl or VREF = +15V 
·2.1 2.1 2.1 2.1 2.1 mAMIN 

Output Current Range V-=-12V. 

'FS2 
VREF = +25V 

4.2 4.2 4.2 4.2 4.2 mAMIN 
R'4' R'5 = 5.000k!l 

Logic Input "0" VIL 0.8 0.8 0.8 0.8 0.8 V MAX 

Logic Input "1" V'H VMIN 

Logic Input Current VLe = OV 
Logic "0" I'L V'N=-10Vto+0.8V ±10 ±10 ±10 ±10 ±10 
Logic "1" I'H V'N = 2.0V to 18V ±10 ±10 ±10 ±10 ±10 

~AMAX 

Logic Input Swing 
+18 +18 +18 +18 +18 VMAX 

V's V- = -15V 
-10 -10 -10 -10 VMIN -10 

Reference Bias 
1'5 Current 

-3 -3 -3 -3 -3 ~AMAX 

Power Supply PSSI FS+ 
V+ = 4.5V to 18V 
V- = -4.5V to -18V 0.01 0.01 0.01 0.01 0.01 %FS/%V MAX 

Sensitivity PSSI FS-
IREF= 1.0mA 

Power Supply Current 
1+ Vs= ±15V 3.8 3.8 3.8 3.8 3.8 

mAMAX 
IREF 52.0mA -7.8 -7.8 -7.8 -7.8 -7.8 

Power Dissipation Pd 
Vs =±15V 

IREF 52.0mA 
174 174 174 174 174 mWMAX 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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OAC-OB 
TYPICAL ELECTRICAL CHARACTERISTICS at Vs 
characteristics apply to both lOUT and lOUT. 

±15V, and IREF = 2.0mA, unless otherwise noted. Output 

PARAMETER SYMBOL CONDITIONS 

Reference Input 
dlldt 

Slew Rale 

Propagation Delay tpLH • tpHL TA = 25°C, Any Bit 

To ± 112 LSB, All Bits 
Settling Time ts Switched ON or OFF, 

TA=25°C 

NOTE: 
For DAC08NT & GT 25° C characteristics. see DAC08N & G characteristics 
respectively. 

ALL GRADES 
TYPICAL UNITS 

8 mAIl's 

35 ns 

85 ns 

PULSED REFERENCE OPERATION BURN-IN CIRCUIT 

"'N 

ov.1"l. 

TYPICAL VALUES: 
RIN == 5kn 
+VIN::: lOY 

2.5V-

D.5V-

-O.SmA-

lOUT 

-2.5mA-

! OPTIONAL RESISTOR 
RREF FOR OFFSET INPUTS 

14 

FAST PULSED 
REFERENCE OPERATION 

Rea'" 200n 2OONSEC/OIVISION 
RL = loon 
CO =0 

TRUE AND COMPLEMENTARY 
OUTPUT OPERATION 

OmA' 

1.0mA -

2.DmA -

'REF = 2mA 

REV. A 

lOUT 

lOUT 

11111)1111) 

2.4V-

O.4V
ov-

""A-
0-

"l...r 
"L 

LSB SWITCHING 
• .,.11 ~ 

l~ ____ -,-»>5 

5ONSEC/DIVISION 

, 

, 

C2 

~ 

C3 

~ 
RT =9kn. 
Cl '" O.OOlpF 
C2, C3 = O.Ol}tF 

lOGIC INPUT 

+18V 

OAC·OS 

-18VMIN 

FULL-SCALE SETTLING TIME 
ALL BITS SWITCHED ON 

OUTPUT -l/2LSB
SeTILING 0-

+l/2LSB-

I 

l~ 1 ~ 

SETTLING TIME FIXTURE 50NSEC/DIVISION 
IFS = 2mA, Rt = TkO 
1/2LSB = 4/.IA 
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DAC-08 

TYPICAL PERFORMANCE CHARACTERISTICS 

5.0 

1.0 

4.0 

3.6 

3.2 

i 2.8 .. 
~ 2A 
0: 
0: G 2.0 

~ 1.6 

5 1.2 

.. 8 

0.4 

FULL·SCALE CURRENT vs 
REFERENCE CURRENT 

T A" TMIN TO TMAX 
LIMIT FOR 

ALL BITS "HIGH" V-c;>'6V 

~ 
V 

1/ LIMIT FOR 
V-=-6V 

V 
1.0 2.0 3.0 4.0 

'REF. REFERENCE CURRENT (mAl 

REFERENCE AMP 
COMMON·MODE RANGE 

I I I I ALL BITS ON 
T A .. TMIN TO TMAX 

6 .• 

- NO-i., ..isll:lvk COJMON ~D.I_ 
RANGE IS ALWAYS (V+) -1.SV 

I I 
V-"'-1SV V_ so -5V V+" +16V 

[ I IREF" 2mA 

1 1 

I 
IREF = 1mA 

IREF '" O.2mA 

_ _ ~ ~ 2 ro U ~ 

""5. REFERENCE COMMON MODE VOLTAGE (VOLTS) 

4.0 

3.6 

3.2 

< 2.8 • ~ 2.4 

'~·2.0 
0: 

" CJ 1.6 
!; 51.2 

00.8 

0.4 

OUTPUT CURRENT va 
OUTPUT VOLTAGE (OUTPUT 

VOLTAGE COMPLIANCE) 

ALL BITS ON 

T A '"' TMIN TO TMAX 

V- '" -15V V- = -5V IREF '" 2mA 

J I 
I~'F _I'rnA 

I IR~F' .!2mA 

-14 -10 -6 -2 2 6 10 14 18 
OUPUT VOLTAGE (VOL TSI 

LSB PROPAGATION 
DELAYvs IFS 

500 r-TTmrm-"T"1.,..".mr-nm.'111I""Trnmm 

1 
j 300 I-t-HHtltIf-t-H-tttfIf-l-tl-ttltIf-t-H-ttlttII 
i!l 
i!i r-

1200 

lLSB • 7."A Httt-t-ttffitlt-t+tffilttll 

1\ 
f 100 1-+++l+I+H--f.''l.HfllII-j-+l-+Hl!l-+++lf1Hll 

10.0 

< 8.0 

"" 
~ 
~ 6.0 

" " ~ 
~ 4.0 

" ~ 
2.0 

0.05 0.02 0.1 0.5 2.0 10 
0.01 0.05 0.2 1.0 5.0 

'FS. OUTPUT FULL SCALE CURRENT (rnA) 

LOGIC INPUT CURRENT vs 
INPUT VOLTAGE 

Il 
\ 

-12.0 -8.0 -4.0 4.0 B.O 12.0 16.0 
LOGIC INPUT VOL TAGE (VOLTS) 

OUTPUT VOLTAGE COMPLIANCE 
vs TEMPERATURE 

+28.0 ,...-.,...--,---,--,.---,-, 

+24.0 r+--r---t--r--j--I 

iii +20.0 1-+--1---+--+---1--1 
~ +16.0 
2: 

! +:::: 
> '+4.0 

! 
.... 0 

~.O 

-12.0 I-..J.... __ '-_-'-__ ""'_-''-.J 
-50 +50 +100, +160 

TEMPERATURE fOe} 
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10 

iii 4 
~ 

~ 2 

5 0 

~~ 
2:-4 

~ 
0: 

-8 

-10 

-12 

-14 

REFERENCE INPUT 
FREQUENCY RESPONSE 

Rio: Rl~ = \k~ I 
RL" soon 
ALL SITS "ON" 

VR1S" OV 

V 
""-

1\ '\ 
1\1 

1. Cc = 15pF, VIN" 2.OVp-p , 
CENTERED AT +1.OV LARGE :\ 
LARGE SIGNAL 

2. Cc '" 16pF, VIN '" 5OmVp·p 
CENTERED AT +200mV 
SMALL SIGNAL 

0.1 0.2 0.6 1.0 2.0 5.0 10 

2.0 

1.6 

0;0 

1.8 

1.6 

1.0 

i1.2 
~ 1.0 
0: a "8 .. 
~ 0,8 

0 .. 0 

0.2 

FREQUENCV (MHz) 

VTH - VLC vs TEMPERATURE 

........... 
I"'-.... 

............ 
~ 

o +60 +100 

TEMPERATURE (OC) 

BIT TRANSFER 
CHARACTERISTICS 

+150 

NOTE: 81 THROUGH B8 HAY( IDENTICAL TRANSFER 
CHARACTERISTIcs. BITS ARE FULL V SWITCHED, WITH 
leSS THAN 1/2 UB ERROR, AT LESS THAN ±100mV 
FROM ACTUAL THRESHOLD. THESE SW1TCHING 
POINTS ARE GUARANTEED TO LIE BElWEEN O.B AND 
2.0 VOLTS OVER THE OPERATING TEMPERATURE 
RANGE CVLe .. o.oVI. 

IRE!"2.~A Bl 

B2 I--

V --51/ B4 83 B5 

V-=-15V \1 
-12.0 -B.O --4.0 0 4.0 8.0 12.0 16.0 

LOGIC INPUT VOLTAGE (VOLTS) 

REV. A 



TYPICAL PERFORMANCE CHARACTERISTICS 

10.0 

9.0 

"< ao .s 
ffi 1.0 

~ 6.0 

" ~ 5.0 

t 4.0 
iil 
'" 3.0 
~ 
I( 2.0 

I .• 

o 

POWER SUPPLY 
CURRENTvsV+ 

Al~ BI;. "H:GH'" OR \O~" 

1- -

I. -

t 

I--

-

-

o 2.0 4.0 6.0 aD 10.0 12.0 14.0 16.0 18.0 20.0 

V+. POSITIVE POWER SUPPLY (Vdc) 

10.0 

9.0 

1.0 

POWER SUPPLY 
CURRENT vs V-

BI~ Mlv B~ "HllH"~R "~OW'! 
I I 

1- JITH ~REF;; 2mA -

I-liTH IIRE~ = l~A 
I WITH 'REF - O.2mA _ 

I. 

-4.0 -8.0 -12.0 -16.0 -20.0 
-2.0 -6.0 -10.0 -14.0 -18,0 

V-, NEGATIVE POWER SUPPLY (Vdc) 

10.0 

9.0 

la.o .. 
ffi 7.0 

'" § 6.0 
u 

~ 5.0 

ijJ 4.0 

'" ~ 3.0 

I( 2.0 

1.0 

OAC-OB 

POWER SUPPLY CURRENT 
vs TEMPERATURE 

A~l BITS "~'GH" OR '''lOW'' 

il 
- r- vJ. -15V +--

'REF = 2.OmA 

I 
- t--- v+ ~ +15V I---

I 
I 

-50 o +50 +100 
TEMPERATURE ('Ie) 

1-- -

1.- -

.,50 

BASIC CONNECTIONS BASIC POSITIVE REFERENCE OPERATION 

ACCOMMODATING BIPOLAR REFERENCES 

+VREF 

RREF IIREF 

'IN t 
~ 

14 
RIN 

15 

RREF'" R1S 

IREF ;;lo PEAK NEGATIVE SWING OF liN 

+VREF RREF 
I. 

RIS 
~ (OPTIONAL) 

VIN~ ----... 15 
HIGH INPUT L.. _______ J 

IMPEDANCE 
+VREF MUST BE ABOVE PEAK POSITIVE SWING OF VIN 

BASIC UNIPOLAR NEGATIVE OPERATION 

MS8 LSB 
B1 B2 B384 B5 B6 B7 B8 EO FULL RANGE 

HALF-SCALE + LSB 
IREF = 
2.000mA 

HALF-SCALE 
I. HALF-SCALE -LSB 

10 2 ZERO-SCALE +LSB 

ZERO-SCALE 

REV. A 

B1 

0 

0 

0 

MSB LSB 
81 B283B4 85 8881 B8 

I~ VREF(+) r-~~~~~~",*", 
+'VREF o-~W"""''''':'=-'-'-I 

RREF 

IFR=~ xli 
IO+iQ""'FRFOR 
ALL LOGIC STATES 

B2 B3 B4 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

IR141 
R15 

v-

B5 B6 B7 B8 

0 0 0 

0 0 0 0 

0 0 0 

0 0 0 0 

VREF ;; +10.000V 
RREF "" 5.000k 
R,S" RREF 
tc = O.OlI'F 
VLC = OV (GROUND) 

V+ VLC 

lamA lamA Eo Eo 
1.992 0.000 -9.960 - .000 

1.008 0.984 -5.040 -4.920 

1.000 0.992 -5.000 -4.960 

0.992 1.000 -4.960 -5.000 

0.008 1.984 -0.040 -9.920 

0.000 1.992 0.000 -9.960 
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OAC-OB 
BASIC CONNECTIONS 

BASIC BIPOLAR OUTPUT OPERATION 

+10.000v 

MOB LOB 
81 82 B3 B4 B6 B8 87 B8 

10.0CJClkn 

IREF(+) = 
2.000mA ,. 

i0 2 

RECOMMENDED FULL-SCALE ADJUSTMENT CIRCUIT 

VREF 
LOWT.C. 

4.5kI1 .,oy o-_~W.-, 
381<11 ,. 

IREF(+) "" 2mA 

,Okl! 
~1V ,. 

POT 
APPROX 

5.11 , 
.". 

OFFSET BINARY OPERATION 

'OkI! 

MSB LSB 5.0kO 
S1 B2 B3 84 B6 B6B7 B8 

•. 000kIl 

5.Okll 

-15V 

2-930 DIGITAL-TO-ANALOG CONVERTERS 

B1 B2 B3 B4 B5 B8 B7 B8 Eo EO 
POS. FULL RANGE - 9.920 +10.000 

POS. FULL RANGE -LSB 1 1 0 - 9.840 + 9.920 

ZERO-SCALE +LSB 0 0 0 0 0 0 - 0.080 + 0.160 

ZERO-SCALE 0 0 0 0 0 0 0 0.000 + 0.080 

ZERO-SCALE -LSB 0 + 0.080 0.000 

NEG. FULL-SCALE +LSB 0 0 0 0 0 0 0 + 9.920 - 9.840 

NEG. FULL-SCALE 0 0 0 0 0 0 0 0 +10.000 - 9.920 

BASIC NEGATIVE REFERENCE OPERATION 

r-----",..,..--I,. 

::YlIEE 
IFS"" RREF 

POS. FULL RANGE 

ZERO-SCALE 

R'. 

NEG. FULL-SCALE +1 LSB 

NEG. FULL-SCALE 

'5 

B1 

0 

0 

B2 

0 

0 

0 

NOTE. RREF SETS IFS: R1Ei IS fOR 
BIAS CURRENT CANCELLATION. 

B3 B4 B5 B8 B7 B8 EO 
1 1 +4.960 

0 0 0 0 0 0 0.000 

0 0 0 0 0 -4.980 

0 0 0 0 0 0 -5.000 

REV. A 



BASIC CONNECTIONS 

POSITIVE LOW IMPEDANCE OUTPUT OPERATION 

RL 

'FR =~IREF 
FOR COMPLEMENTARY OUTPUT (OPERATION AS A NEGATIVE LOGIC DAti. 
CONNECT INVERTING INPUT OF OP-AMP TO iO (PIN 2); CONNECT 10 (PIN 4, 
TO GROUND. 

INTERFACING WITH VARIOUS LOGIC FAMILIES 

TTL. DTl 
VTH =+1AV 

APPLICATIONS INFORMATION 

REFERENCE AMPLIFIER SET-UP 

VTH = VLC +1.4V 
+15V CMOS 

VTH = +7.8V 

+16V 

B.llen 

The DAC-08 is a multiplying D/A converter In which the 
output current is the product of a digital number and the 
input reference current. The reference current may be fixed 
or may vary from nearly zero to +4.0mA. The full-scale output 
current is a linear function of the reference current and is 
given by: 

255 
IFR= 256 X IREF' where IREF= 114. 

I n positive reference applications, an external positive refer
ence voltage forces current through R14 into the VREF(+) ter
minal (pin 14) of the reference amplifier. Alternatively, a neg
ative reference may be applied to VREF(-) at pin 15; reference 
current flows from ground through R14 into VREF(+) as in the 
positive reference case. This negative reference connection 
has the advantage of a very high impedance presented at pin 

REV. A 

OAC-OB 

NEGATIVE LOW IMPEDANCE OUTPUT OPERATION 

13kn 

RL 
'FR <: ~ 'REF 

FOR COMPLEMENTARY OUTPUT (OPERATION AS A NEGATIVE LOGIC DAC), 
CONNECT NON INVERTING INPUT OF OP·AMP TO 10 (PIN 2); CONNECT 10 (PIN 
41 TO GROUND. 

ECL 

-6.2V 

TO PIN 1 

VLC 

Uk!! 

CMOS, HTL, NMOS 

V+ 

20k!! 

TO PIN 1 

'--+--oVLC 

R3 

..... A 

~ 

TEMPERATURE COMPENSATING VLC CIRCUITS 

15. The voltage at pin 14 is equal to and tracks the voltage at 
pin 15 due to the high gain of the internal reference amplifier. 
R15 (nominally equal to R14) Is used to cancel bias current 
errors; R15 may be eliminated with only a minor increase in 
error. 

Bipolar references may be accommodated by offsetting VREF 
or pin 15. The negative common-mode range of the reference 
amplifier is given by: VCM-= V-plus (IREFX 1kO) plus 2.5V. 
The positive common-mode range is V+ less 1.5V. 

When a DC reference is used, a reference bypass capacitor is 
recommended. A 5.0V TTL loglcsupply is not recommended 
as a reference. if a regulated power supply is used as a 
reference, R14 should be split into two resistors with the 
junction bypassed to ground with a O.1/o1F capacitor. 

For most applications the tight relationship between IREFand 
IFS will eliminate the need for trimming IREF. If required, 
full-scale trimming may be accomplished by adjusting the 
value of R 14, or by using a potentiometer for R14. An improved 
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OAC-OB 
method of full-scale trimming which eliminates potentiome
ter T.C. effects is shown in the recommended full-sca!e 
adjustment circuit. 

Using lower values of reference current reduces negative 
power supply current and increases reference amplifier neg~ 
ative common-mode range. The recommended range for 
operation with a OC reference current is + 0.2mA to + 4.0mA. 

REFERENCE AMPLIFIER COMPENSATION FOR 
.MULTIPLYING APPLICATIONS 
AC reference applications will require the reference amplifier 
to be compensated using a capacitor from pin 16 to V-. The 
value of this capacitor depends on the impedance presented 
to pin 14: for R14 values of 1.0, 2.5 and 5.0kO, minimum values 
of Cc are 15, 37, and 75pF. Larger values of· R14 require 
proportionately increased values of Cc for proper phase 
margin, such that the ratio of Cc(pF) to R14 (kO) = 15. 

For fastest response to a pulse, low values of R14 enabling 
small Cc values should be used. If pin 14 is driven by a high 
impedance such as a transistor current source, none of the 
above values will suffice and the amplifier must be heavily 
compensated which will decrease overall bandwidth and 
slew rate. For R14 = 1 kO and Cc = 15pF, the reference ampli
fier slews at 4mA/!'s enabling a transition from IREF = 0 to 
IREF= 2mA in 500ns. 

Operation with pulse inputs to the reference amplifier may be 
accomodated by an alternate compensation scheme. This 
technique provides lowest full-scale transition times. An 
internal clamp allows quick recovery of the reference ampli
fier from a cutoff (I REF = 0) condition. Full-scale transition 
(Ot02mA) occurs in 120nswhen the equivalent impedance at 
pin 14 is 2000 and Cc=O. This yields a reference slew rate of 
16mA/!,s which is relatively independent of RIN and VIN 
values. 

LOGIC INPUTS 

The OAC-OB design incorporates a unique logic input circuit 
which enables direct interface to all popular logic families 
and provides maximum noise immunity. This feature is made 
possible by the large input sWing capability, 2!'A logic input 
current and completely adjustable logic threshold voltage. 
ForV-=-15V, the. logic inputs may swing between -10V and 
+lBV. This enables direct interface with +15V CMOS logic, 
even when the OAC-OB is powered from a +5V supply. Min
imum input logic swing and minimum logic threshold voltage 
are given by: V- plus (IREFX lkO).plus 2.5V. The logic thresh
old may .be adjusted over a wide range by placing an 
appropriate voltage at the logic threshold control pin (pin 1., 
VLC). The appropriate graph shows the relationship between 
VLC and VTH over the temperature range, with VTH nominally 
1.4 above VLC For'TTL and OTt interface, simply ground pin 
1. When interfacing ECL, an IREF= 1 mA is recommended. For 
interfacing other logic families, see preceding page. For gen
eral set-up of the logic control circuit, it should be noted that 
pin 1 will source 100ltA typical; external circuitry should be 
designed to accommodate this current. 

Fastest settling times are obtained when pin 1 sees a low 
impedance. If pin 1 is connected to a 1 kO divider, for exam
ple, it should be bypassed to ground by a O.Ol!,F capacitor. 

2-932 DIGITAL-TO-ANALOG CONVERTERS 

ANALOG OUTPUT CURRENTS 
Both true and compiemented output sink currents are pro
vided where 10 + iO = IF5- Current appears at the ''true'' (10) 
output when a ''1'' (logiC high) is applied to each logic input. 
As the binary count increases, the sink current at pin 4 
increases proportionally, in the fashion of a "positive logic" 
O/A converter. When a "0" is applied to any input bit, that 
current is turned off at pin 4 and turned on at pin 2. A 
decreasing logic count increases iQ as in a negative or 
inverted logic O/A converter. Both outputs may be used 
simultaneously. If one of the outputs is not required it must 
be connected to ground orto a point capable ofsourcing IFS; 
do not leave an unused output pin open. 

Both outputs have an extremely wide voltage compliance 
enabling fast direct current-ta-voltage conversion through a 
resistor tied to ground or·other voltage source. Positive 
compliance is 36V above V- and is independent of the 
positive supply. Negative compliance is given by V- plus 
(I REF X 1 kO) plus 2.5V. 

The dual outputs enable double the usual peak-to-peak load 
swing when driving loads in quasi-differential fashion. This 
feature is especially useful in cable driving, CRT deflection 
and in other balanced applications such as driving center
tapped coils and transformers. 

POWER SUPPLIES'· 
The OAC-OB operates over a wide range of power supply 
voltages from a total supply of 9V to 36V. When operating at 
supplies of ±5V or less, IREF ~ 1mA is recommended. Low 
reference current operation decreases power consumption 
and increases negative compliance, reference amplifier neg
ative common-mode range, negative logic input range, and 
negative logic threshold range; consult the various figures 
for guidance. For example, operation at -4.5V with IREF = 
2mA is not recommended because negative output com
pliance would be reduced to near zero. Operation from lower 
supplies is possible, however at least BVtotal must be applied 
to insure turn-on of the internal bias network. 

Symmetrical supplies are not required, as the OAC-OB is 
quite insensitive to variations in supply voltage. Battery 
operation is feasible as no ground connection is required: 
however, an artificial ground may be used to insure logic 
swings, etc. remain between acceptable limits. 

Power consumption may be calculated as follows: 

Pd = (1+) (V+) + (1-) (V.-). A useful feature of the OAC-OB 
design is that supply current is constant and independent of 
input logic states; this is useful in cryptographic applications 
and further serves to reduce the size of the power supply 
bypass capaCitors. 

TEMPERATURE PERFORMANCE 
The nonlinearity and tnonotonicity specifications of the 
OAC-OB are guaranteed to apply over the entire rated operat
ing temperature range. Full-scale output current drift is low, 
typically ± 10ppm/o C, with zero-scale output current and 
drift essentially negligible compared to 1/2 LSB. 

The temperature coefficient of the reference resistor R14 
should match and track that of the output resistor for min-
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imum overall full-scale drift. Settling times of the DAC-08 
decrease approximately 10% at-SSO C; at + 12So C an increase 
of about 1S% is typical. 

The reference amplifier must be compensated by using a 
capacitor from pin 16 to V-. For fixed reference operation, a 
0.011'F capacitor is recommended For variable reference 
applications, see previous section entitled "Reference Ampli
fier Compensation for Multiplying Applications". 

MULTIPLYING OPERATION 
The DAC-08 provides excellent multiplying performance 
with an extremely linear relationship between IFS and IREF 
over a range of 4mA to 41'A. Monotonic operation is main
tained over a typical range of I REF from 100l'A to 4.0mA. 

SETTLING TIME 
The DAC-08 is capable of extremely fast settling times, 
typically 8Sns at IREF = 2.0mA. JUdicious circuit design and 
careful board layout must be employed to obtain full perfor
mance potential during testing and application. The logic 
switch design enables propagation delays of only 3Sns for 
each of the 8 bits. Settling time to within 1/2 LSB of the LSB is 
therefore 3Sns, with each progressively larger bit taking 
successively longer. The MSB settles in 8Sns, thus deter
mining the overall settling time of 8Sns. Settling to 6-bit 
accuracy requires about 6S to 70ns. The output capacitance 
of the DAC-08 including the package is approximately 1SpF, 
therefore the output RC time constant dominates settling 
time if RL > SOOO. 

Settling time and propagation delay are relatively insensitive 

SETTLING TIME MEASUREMENT 

FOR TURN·ON, VL = 2.7V 
FOR TURN..()FF, VL = O.7V 

OAC-OB 
to logic input amplitude and rise and fall times, due to the 
high gain of the logic switches. Settling time also remains 
essentially constant for IREFvalues. The principal advantage 
of higher IREFvalues lies in the ability to attain a given output 
level with lower load resistors, thus reducing the output RC 
time constant. 

Measurement of settling time requires the ability to ac
curately resolve ±41'A, therefore a 1kO load is needed to 
provide adequate drive for most oscilloscopes. The settling 
time fixture shown in schematic labelled "Settling Time 
Measurement" uses a cascode design to permit driving a 1 kO 
load with less than SpF of parasitic capacitance at the 
measurement node. At IREF values of less than 1.0mA, 
excessive RC damping of the output is difficult to prevent 
while maintaining adequate sensitivity. However, the major 
carry from 01111111 to 10000000 provides an accurate 
indicator of settling time. This code change does not require 
the normal 6.2 time constants to settle to within ±0.2% of the 
final value, and thus settling times may be observed at lower 
values of IREF. 

DAC-08 switching transients or "glitches" are very low and 
may be further reduced by small capacitive loads at the 
output at a minor sacrifice in settling time. 

Fastest operation can be obtained by using short leads, 
minimizing output capacitance and load resistor values, and 
by adequate bypassing at the supply, reference and VLC 
terminals. Supplies do not require large electrolytic bypass 
capacitors as the supply current drain is independent of input 
logic states; 0.11'F capacitors at the supply pins provide full 
transient protection. 

+5V 

lkn 

MINIMUM 
CAPACITANCE t---------i: 

~.~~ o----~-------' 

+VREF 

R15 15 
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VOUT lX 
PROBE 

15k!) 

-1SV -= 

+O.4V 

~ 
OIl -.-r 

-O.4V 
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r'III ANALOG 
WDEVICES 

10-Bit High-Speed Multiplying DtA Converter 
(Universal Digital Logic Interface) 

FEATURES 
• Fast Settling .................................... 85nl 
• low Full-Scale Drift .........•............. 10ppm/O C 
• Nonlinearity to 0.05% Max Over Temp Range 
• Complementary Current Outputs .......•..•. 0 to 4mA 
• Wide Range Multiplying Capability '" 1 MHz Bandwidth 
• Wide Power Supply Range .. +5, -7.5 Min to ±18V Max 
• Direct Interface to TTL, CMOS, ECl, PMOS, NMOS 
• Available in Die Form 

ORDERING INFORMATION t 

PACKAGE: 1S-PIN CERDIP 

NL 
LSB 

COMMERCIAL TEMPERATURE 
O"Cto +70·C 

,.,/2 
,.1 
,.1 

DACIOFX 
DACIOGX 
DACIOGS 

• For devices processed in lolal compliance 10 MIL·STD·883. add /883 after pari 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and induslrlallemperalure range parts in 
CerDIP, plastiC DIP, and TO-can packages. 

GENERAL DESCRIPTION 
The DAC-l0 series of 10-bit monolithic multiplying digital
to-analog converters provide high-speed performance and 
full-scale accuracy. 

Advanced circuit design achieves 85ns settling times with 
very low 'glitch' energy and low power consumption. Direct 
interface to all-popular logic families with full noise immunity 
is provided by the high-swing, adjustable-threshold logic 
inputs. 

SIMPLIFIED SCHEMATIC 

VREF1+) o.-::'6=+-_~-+=== 

17 
VREFI-IO--+-----1 

v-

DAC-l0 I 
All DAC-l0 series models guarantee fulll0-bit monotonicity, 
and nonlinearities as tight as ±O.05% over the entire oper
ating temperature range are available. Device performance is 
essentially unchanged over the ± 18V power supply range, 
with 85mW power consumption attainable at lower supplies. 

A highly stable, unique trim method is used, which selectively 
shorts zener diodes, to provide 1/2 LSB full-scale accuracy 
without the need for laser trimming. 

Single-chip reliability coupled with low cost and outstanding 
flexibility make the DAC-l0 device an ideal building block for 
AID converters, Data Acquisition systems, CRT display, 
programmable test equipment, and other applications where 
low power consumption, input/output versatility, and long
term stability are required. 

PIN CONNECTIONS 

18-PIN HERMETIC DIP 
(X-Suffix) 

Manufactured under one or more of the following patents. 4,055,770, 4,056,740, 4,092,639. 
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DAC-l0 
ABSOLUTE MAXIMUM RATINGS {Note 1) 

Operating Tempeiatuie 

DAC-10FX, GX, GS ........................................ O'C to + 70'C 

Junction Temperatre (T.) ................................ -65'C to + 150'C 

Storage Temperature .. ! .................................. -65'C to + 150'C 
Lead Temperature (Soldering, 60 sec) ........................... 300·C 

V+ Supplyto'V-Supply ...................................................... 36V 
Logic Inputs .................................................. V- to V- plus 36V 

V LC .............................................................................. V-toV+ 

Analog Current Outputs ...................................... + 18V to -18V 

Reference Inputs (VIS to V 17) ................. : ...... , ............. V- to V+ 
Reference Input Differential Voltage 

(V1S toVI7) .................................................................. ·:t18V 
Reference Input Current (11,) ......................................... 2.5mA 

PACKAGE TYPE alA (NOTE 2) UNITS 

18·Pin HermetiC DIP (X) 84 15 'C/w 
NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. alA is specified for worst case mounting conditions, i.e., alA is specified for 

device In socket for CerDIP packages. 

ELECTRICAL CHARACTERISTICS at V ~:t15V; IREF = 2mA; O'C s TA s 70'C FOR DAC-1 OF and G, unless otherwise noted. 

Output characteristics apply to both lOUT and lOUT' . 

DAC-10F DAC-1OG 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Monotonicity 10 10 Bits 

Nonlinearity NL 0.3 0.5 0.6 LSB 

Differential Nonlinearity DNL 0.3 0.7 LSB 

Settling Time ts 
All Bits Switched ON or OFF 

85 Settle to 0.05% of FS (See Note) 135 85 150 ns 

Output Capacitance Co 18 18 pF 

Propagation Delay tpLH All Bits Switched 
RL = 5kl! 50 50 

tpHL RL =0 50 50 ns 

Output Voltage 
Voe 

Full-Scale Current 
<1 LSB 

-5.5 -5.5 
Compliance Change +10 +10 V 

Gain TempeD TCI FS (See Note) ±10 ±25 ±10 ±50 ppml'C 

Full-Scale Symmetry 'FSS IFA -IFA 0.1 4 0.1 4 p.A 

Zero-Scale Current Izs 0.01 0.5 0.01 0.5 p.A 

Full-Scale Current IFA (See Note) 3.960 3.996 4.032 3.920 3.996 4.072 mA 

Reference Input Slew Rate Dlldt 6 6 mAIl'S 

Reference Bias Current 16 -1 -3 -1 -3 p.A 

Power Supply Sensitivity 
PSSI FS+ 4.5V:5 V+ :518V 0.001 0.01 0.001 0.01 

%aIFS/%aV PSSI FS- -18V:5 V-:5 -10V 0.0012 0.01 0.0012 0.01 

1+ 2.3 4 2.3 4 
1- Vs = ±15V; IAEF = 2mA -9 -15 -9 -15 

Power Supply Current 1+ 1.8 4 1.8 4 rnA 

1- Vs = +5V, -7.5V; IAEF = lmA -5.9 -9 -5.9 -9 

Power Dissipation 
Vs = ±15V; IAEF = 2mA 231 285 231 285 

Pd Vs = +5V. -7.5V; IAEF= lmA 85 88 85 88 mW 

V,L 0.8 0.8 
Logic Input Levels V,H VLe=O V 

I'L VLe = 0; V,N = 0.8V -10 -5 -10 -5 
Logic Input Currents 

I'H V,N = 2.0V 0.001 10 0.001 10 p.A 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V; IREF = 2mA; TA = 25°C, unless otherwise noted. Output characteristics 

apply to both lOUT and lOUT. 

DAC-10F DAC-10G 
PARAMETER SYMBOL COI'IDITIOI'IS MIN TYP MAX MIN TYP MAX UNITS 

Monotonicity 10 10 Bits 

Nonlinearity NL 0.3 0.5 0.6 LSB 

Differential Nonlinearity DNL 0.3 0.7 LSB 

Output Voltage 
Voe 

Full-Scale Current 
<1 LSB 

Compliance Change -5 -6/+18 +10 -5 -6/+15 +10 V 

Full-Scale Current IFS 
VAEF = 10.000V. 
R" ~ R,5 = 5.000kll 

3.978 3.996 4.014 3.956 3.996 4.036 mA 

Full-Scale Symmetry I FSS IFR-I FR 0.1 4 0.1 p.A 

Zero-Scale Current Izs 0.01 0.5 0.01 0.5 p.A 

NOTE: Guaranteed by design. 
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DAC-l0 

DICE CHARACTERISTICS 

1. VLC (LOGIC) 10. B6 
THRESHOLD CONTROL 11. B7 

DIE SIZE 0.091 X 0.087 inch, 7917 sq. mils 
(2.311 X 2.210 mm, 5.107 sq. mm) 

2. iO 
3. V-
4.10 
5. Bl (MSB) 
6. B2 
7. B3 
8. B4 
9. B5 

12. B8 
13. B9 
14. Bl0 (LSB) 
15. V+ 
16. VREF(+) 
17. VREF (-) 
18. COMPENSATION 

WAFER TEST LIMITS at Vs= ± 15V, IREF= 2m A, TA = 25°C, unless otherwise noted. Output characteristics refer to both 

lOUT and lOUT' 

DAC-10N DAC-10G 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT UNITS 

Resolution 10 10 Bits MIN 

Monotonicity 10 10 Bits MIN 

Nonlinearity NL ±0.5 ±1 LSB MAX 

Outpul Voltage Compliance Voc True 1 LSB 
+10 +10 V MAX 
-5 -5 VMIN 

Output Current Range IFS ±3.996 MA ±18 ±40 "A MAX 

Zero-Scale Current Izs All Bits OFF 0.5 0.5 "A MAX 

Logie I nput "I" V'H I'N= 100nA 2 2 V MIN 

Logic Input "0" V'L 
VLc@Ground 

0.8 0.8 V MAX 
I'N=-I00"A 

Positive Supply Current 1+ V+=15V 4 4 mAMAX 

Negative Supply Current 1- V-=-15V -15 -15 mAMAX 

NOTE: 
Electrical tests are performed al wafer probe 10 the limits shown. Due to variations in assembly methods and normal yield loss, yield alter packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, and IREF = 2mA, unless otherwise noted. Output 

characteristics refer to both lOUT and lOUT. 

PARAMETER 

Settling Time 

Gain Temperature 
Coefficient (TC) 

Output Capacitance 

Output Resistance 

REV.S 

SYMBOL 

ts 

CONDITIONS 

To ±1/2 LSB When Output is 
Switched from 0 to FS 

VREF Tempco Excluded 

DAC-10N DAC-10G 
TYPICAL TYPICAL UNITS 

85 85 ns 

±10 ±10 ppm FS/oC 

18 18 pF 

10 10 MO 

DIGITAL-TO-ANALOG CONVERTERS 2-937 



DAC-l0 
TYPICAL PERFORMANCE CHARACTERIST!CS 

TRUE AND COMPLEMENTARY 
OUTPUT OPERATIONS 

'REF = 2mA 

OUTPUT CURRENT VI OUTPUT 
VOLTAGE (OUTPUT 

VOLTAGE COMPLIANCE) 
•. 0 

7.2 

6.4 

< 6.6 
E 
;: 4.8 

ffi 
a: 4.0 

'" :> 
CJ 3.2 

!; 
~ 2.4 

0 1.6 

0 •• 

ALL BITS ON 

T A = TMIN TO TMAX 

v- = -15V V- = -10V 'REF'" 2mA 

r 
-I~EF _11mA 

I IR~F' 012mA 

__ ~ ~ 2 ro w rn 
OUTPUT VOLTAGE (VOLTS) 

OUTPUT VOLTAGE 
COMPLIANCE VI 

TEMPERATURE 
+28.0 

+24.0 

+20.0 

~ +16.0 6 
? 
w 

+12.0 

~ +8.0 

0 +4.0 > ... 
:> 
eo 
:> 
0 -4-0 

-8.0 

-12.0 

'-50 +50 +'00 +'50 
TEMPERATURE (OC) 

POWER SUPPLY CURRENT 
POWER SUPPLY CURRENT VI V+ 

'0.0 rA:":L""L'-=.:::IT"'S-::"H"',C!:G:::H'::'" O::R:'7."L':O:::W"''' -'-'T'"-r--. 

9.0 t--t--I-"""~+-+-+-1--:-"t--t 

18.0 J--t---j-+--t---j-+--t---1-+--l 

~ 7.0 t-+-t-t--+-t-t--+-t-t----I 
~ 6.0 1-+--+-+-+--+-+-+--+-+---1 
il 
~ 5.0 1-+--+-+-+--+-+-+--+-+---1 
~ 4.0 I-+-t-t--+-t-t--+-t-t----I 
'" ao 1-+--+-+-+--+-+-+--+-+---1 
~ 
i( 2.0 1--~~~~**::j::~l,t+:::j-1---

'.0 I-+-t-t--+-t-t--+-t-t----I 

o 2.0 4.0 6.0 ao 10,012.0 14.0 16.0 18.0 20.0 

V+, POSITIVE POWER SUPPLY (Vdc) 

BASIC CONNECTIONS 

POWER SUPPLY CURRENT VI V-
10.0 

9.0 

1 ,~.o 
~ 7.0 

~ 6.0 
:> 

" > 5.0 
~ 
~ 4.0 

~ 3.0 

i( 2.0 

1.0 

BITS MAY BE "HIGH" OR "LOW" J 
1- WITH 'REF = 2mA 

I I I 
'i WI!" 'iEF -I,mi-

t- WITH 'REF" O.2mA 

IJ J 
11 1 

I WITH 'REF'" O.2mA 

I I I 
o --4.0 -8.0 -12.0 -16.0 -20,0 

-2.0 --6.0 -10.0 -14.0 -18.0 
V-, NEGATIVE POWER SUPPLY (VdcJ 

VI TEMPERATURE 
10.0 

V- '" -15V 1-
9.0 

r- IREF c 2.0mA 

I 
I 

18.0 ... 
~ 7.0 

'" § 6.0 

" ALL BITS "HIGH" OR "LOW" 

I 
v+ '" !,5V 

1+ 

~ 5.0 

8: 
~ 4.0 

'" ~ 3.0 
o 

I 
I 

D. 2.0 

'.0 

+50 +100 

TEMPERATURE (OC) 

BASIC POSITIVE REFERENCE OPERATION ACCOMMODATING BIPOLAR REFERENCES 

IFR" +~~~~ x ~g~~ x 2 

10 + iQ= IFR FOR 
ALL LOGIC STATES 

IREF----" 

R17 

MSB LSB 
B1 B2B3B4B5B6B7B8B9B10 

10 

VREF = +10.ClOOV 
RREF '" 5.000k 
R15 = RREF 
CC = 0.01pF 

v- V+ VLC VlC = OV (GROUND) 

+VREF 

RIN 
OAC-lO 

17 

IREF > PEAK NEGATIVE SWING OF liN 

RREF "'" R17 +VREF o----,\R/lRE/lF,.---"",6-1 

R17 DAC-10 
~_ (OPTIONAL) 17 
VIN~_ 

HIGH INPUT L-_______ J 

IMPEDANCE 

+150 

+VREF MUST BE ABOVE PEAK POSITIVE SWING OF VIN 
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BASIC NEGATIVE REFERENCE OPERATION 

RREF 1 

OAe-10 
R17 

-VREFo-~~~1L71-____________ --' 

IFS"'=~X2 NOTE: RREF SETS IFS; R15 IS FOR 
BIAS CURRENT CANCELLATION. 

BASIC UNIPOLAR NEGATIVE OPERATION 

MSB LSB 
81 B2B3B4B586B7B8B9Bl0 EO 

FULL RANGE 

DAC-l0 
RECOMMENDED FULL-SCALE ADJUSTMENT CIRCUIT 

LOWT.C. 

VREF 4.Skn 

+lDV ---...-b!-39k!! 
IREF(+) "'" 2mA OAe-tO 

10kfl ~1V 17 
POT 

; APPROX 
5k!! 

":" 

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 lomA lomA Eo EO 
3.996 0.000 -4.995 -0.000 

IREF= 10 HALF-SCALE + LSB 0 0 0 0 0 0 0 0 2.004 1.992 -2.505 -2.490 
2.000mA HALF-SCALE 0 0 0 0 0 0 0 0 0 2.000 1.996 -2.500 -2.495 OAC-tO 

16 
iQ HALF-SCALE -LSB 0 1.996 2.000 -2.495 2.500 

ZERO-SCALE +LSB 0 0 0 0 0 0 0 0 0 0.004 3.992 -0.005 -4.990 
":" 

ZERO-SCALE 0 0 0 0 0 0 0 0 0 0 0.000 3.996 -0.000 -4.995 

BASIC BIPOLAR OUTPUT OPERATION 

Bl B2 B3 B4 B5 B6 B7 B8 B9 B10 Eo EO 
+5V 

POS FULL RANGE -4.990 +5.000 
MSB LSB 

S1 B283B4B6B6B7BBB9Bl0 POS FULL RANGE -LSB 0 -4.960 +4.990 
2.5k ZERO-SCALE +LSB 0 0 0 0 0 0 0 0 -0.010 +0.020 

10 ZERO-SCALE 0 0 0 0 0 0 0 0 0 0.000 +0.010 
IREF(+l = OAC-tO 
2.000mA 16 ZERO-SCALE -LSB +0.010 0.000 

10 
NEG FULL-SCALE +LSB 0 0 0 0 0 0 0 0 0 +4.990 -4.980 

NEG FULL-SCALE 0 0 0 0 0 0 0 0 0 0 +5.000 -4.990 

OFFSET BINARY OPERATION 

5k 

+15V 2.Sk 

B1 B2 B3 B4 85 B8 B7 B8 B9 B10 Eo 
POS FULL RANGE 1 1 1 1 1 +4.990 

5.000kn r..J....l-J..J.....L...L-.I....L..~~~j ..... 
+1OV 

EO ZERO-SCALE 0 0 0 0 0 0 0 0 0 0.00 

NEG FULL-SCALE + LSB 0 0 0 0 0 0 0 0 0 -4.990 

NEG FULL-SCALE 0 0 0 0 0 0 0 0 -5.000 

":" 
v+ v- -15V 
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DAC-l0 

SETTLING TIME MEASUREMJ:NT 

lOW TO HIGH SETTLING VL • 18.5OOV:tO.OOTV 
HIGH TO LOW SETTLING VL .. O.500V±O.OOTV 

O.600V±O.OOTV 

+---------4~-------_I::: 2N.,.~ •. 7.F 1 
Vo \J175mV 

=.6%. CARBON T 
-15V 

112LSB SETTLING" 7.8mV 

NOTES: 
1. CASE OF 2N9185 MUST BE GROUNDED. 
2. RESISTORS ARE 1/4W. MF, ,% UNLESS OTHERWISE SPECIFIED. 
3. USE FETPROBE (7Al1 SCOPE PLUG IN). 

POSITIVE LOW IMPEDANCE OUTPUT OPERATION INTERFACING WITH VARIOUS LOGIC FAMILIES 

Rl 

OAC-TO 

FOR COMPLEMENTARY OUTPUT (OPERATION AS A NEGATIVE LOGIC DACI. 
CONNECT INVERTING INPUT OF OP·AMP TO TO (PIN 21: CONNECT 10 (PIN 4) 
TO GROUND. 

NEGATIVE LOW IMPEDANCE OUTPUT OPERATION 

OAe-10 

FOR COMPLEMENTARY OUTPUT (OPERATION AS A NEGATIVE LOGIC DAe), 
CONNECT NON·INVERTING INPUT OF OP-AMP TO TO (PIN 21; CONNECT 10 (PIN 
41 TO GROUND. 

2-940 DIGITAL-TO-ANALOG CONVERTERS 

TTL 
VTH = +1.4V 

13k!) 

Eel 

+15V 

9.1kf/. 

VTH = VLC +1.4V 
+15V CMOS 

VTH = +7.6V 

+----<1---0 Vle 

6.2kn 

2N3904 

TO PIN 1 

'-----+--o Vle 

6.2kf! 

-S.2V 
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PULSED REFERENCE OPERATION 

9+VREF 
I 
~ IOPTIONAL RESISTOR 

:::RREF FOR OFFSET INPUTS 

RL 1 16r-----------~ 
o-~~~R~E~Q=' ~~~~~ 

ovJL. 
TYPICAL VALUES: 
RIN = 1kn 
+VIN = 2V 

800n DAC-1O 

NO CAP 

APPLICATIONS INFORMATION 

REFERENCE AMPLIFIER SETUP 

RL 

The DAC-l0 is a multiplying D/A converter in which the 
output current is the product of a digital number and the 
input reference current. The reference current may be fixed 
or may vary from nearly zero to 2mA. The full-scale output 
current is a linear function of the reference current and is 
given by: 

1023 
IFR= 1024 X2X(IREF)whereIREF=116 

In positive reference applications. an external positive reference 
voltage forces current through R16 into the VREF (+) terminal 
(pin 16) olthe reference amplifier. Alternatively. a negative refer
ence may be applied to VREFH at pin 17; referencecurrentflows 
from ground through R16 into V(+) as in the positive reference 
case. This negative reference connection hasthe advantage of a 
very high impedance presented at pin 17. R17 (nominally equal 
to R16) is used to cancel bias current errors; R17 may be elimi
nated with only a minor increase in error. 

Bipolar references may be accomodated by offsetting VREF 
or pin 17. The negative common-mode range olthe reference 
amplifier is given by: VCM-= V- plus (I REF x 2kO) plus 2V. The 
positive common-mode range is V+ less 1.8V. 

When a DC reference is used. a reference bypass capacitor is 
recommended. A 5V TTL logic supply is not recommended 
as a reference. If a regulated power supply is used as a 
reference. R16 should be split into two resistors with the 
junction bypassed to ground with a O.l~F capacitor. 

For most applications the tight relationship between I REF and 
IFS will eliminate the need for trimming I REF. If required. 
full-scale trimming may be accomplished by adjusting the 
value of R16. or by using a potentiometer for R16. An 
improved method effects is shown in the Recommended Full
Scale Adjustment circuit. 

The reference amplifier must be compensated by using a 
capacitor from pin 18 to V-. For fixed reference operation. a 
O.Ol~F capacitor is recommended. For variable reference 
applications, see section entitled "Reference Amplifier 
Compensation for Multiplying Applications." 

REV. B 

DAC-l0 
MULTIPLYING OPERATION 
The DAC-l0 provides excellent multiplying performance 
with an extremely linear relationship between IFS and IREF 
over a range of 4mA to 4~A. Monotonic operation is main
tained over a typical range of I REF from 100jLA to 2mA. 

REFERENCE AMPLIFIER COMPENSATION FOR 
MULTIPLYING APPLICATIONS 
AC reference applications will require the reference amplifier 
to be compensated using a capacitor from pin 18 to V-. The 
value of this capacitor depends on the impedance presented 
to pin 16for R16 values of 1.0, 2.5and 5.0kO, minimum values 
of Cc are 15, 37, and 75pF. Larger values of R16 require 
proportionately increased values of Cc for proper phase 
margin. 

For fastest response to a pulse, low values of R16 enabling 
small Cc values should be used. If pin 16 is driven by a high 
impedance such as a transistor current source, none of the 
above values will suffice and the amplifier must be heavily 
compensated which will decrease overall bandwidth and 
slew rate. For R16 = 1 kO and Cc = lSpF, the reference 
amplifier slews at 4mNjLs enabling a transition from IREF= 0 
to I REF = 2mA in SOOns. 

Operation with pulse inputs to the reference amplifier may 
be accommodated by an alternate compensation scheme. 
This technique provides lowest full-scale transition times. 
An internal clamp allows quick recovery of the reference 
amplifier from a cutoff (lREF = 0) condition. Full-scale 
transition (0 to 2mA) occurs in 120ns when the equivalent 
impedance at pin 16 is 2000 and Cc = O. This yields a 
reference slew rate of 16mNjLs which is relatively indepen
dent of RIN and V1N values. 

LOGIC INPUTS 
The DAC-l0 design incorporates a unique logiC input circuit 
which enables direct interface to all popular logic families 
and provides maximum noise immunity. This feature is made 
possible by the large input swing capability, 2jLA logic input 
current and completely adjustable logic threshold voltage. 
For V- = -lSV, the logic inputs may swing between -S and 
+18V. This enables direct interface with +15V CMOS logic, 
even when the DAC-l0 is powered from a +SV supply. 
Minimum input logic swing and minimum logic threshold 
voltage are given by: V-plus (lREFX 2kO) plus 3V. The logic 
threshold may be adjusted over a wide range by placing an 
appropriate voltage at the logiC threshold control pin 
(pin 1, VLc). The appropriate graph shows the relationship 
between VLC and VTH over the temperature range, with VTH 
nominally l.4V above VLC. For TTL interface, simply ground 
pin 1. When interfacing ECL, an IREF= 1 mA is recommended. 
For interfacing other logic families, see previous page. For 
general setup of the logic control circuit, it should be noted 
that pin 1 will sink 1. 1 mA typical; external circuitry should be 
designed to accommodate this current. 

Fastest settling times are obtained when pin 1 sees a low 
impedance. If pin 1 is connected to a 1 kO divider, for 
example, it should be bypassed to ground by a O.OljLF 
capacitor. 
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DAC-l0 
ANALOG OUTPUT CURRENTS 
Both true and complemented output sink currents are pro
vided where 10 + iO = I FS. Current appears atthe "true" output 
when a "1" is applied to each logic input. As the binary count 
increases, the sink current at pin 4 increases proportionally, 
in the fashion of a "positive logic" D/A converter. When a "0" 
is applied to any input bit, that current is turned off at pin 4 
and turned on at pin 2. A decreasing logic coun,t increases iO 
as in a negative or inverted logic D/A converter. Both outputs 
may be used simultaneously. If one of the outputs is not 
required it must still be connected to ground or to a point 
capable of sourcing IFS; DO NOT LEAVE AN UNUSED 
OUTPUT PIN OPEN. 

Both outputs have an extremely wide'voltage compliance 
enabling fast direct current-to-voltage conversion through a 
resistor tied to ground or other voltage source. Positive 
compliance is 36V above V- and is independent of the 
positive supply. Negative compliance is +10V above V-. 

The dual outputs enable double the usual peak-to-peak load 
swing when driving loads in quasi-differential fashion. This 
feature is especially useful in cable driving, CRT deflection 
and in other balanced applications such as driving center
tapped coils and transformers. 

POWER SUPPLIES 
The DAC-l0 operates over a wide range of power supply 
voltages from a total supply of 9V to 36V. When operating with 
V- supplies of -10Vor less,IREF$l mA Is recommended. Low 
reference current operation decreases power consumption 
and increases negative compliance, reference amplifier 
negative common-mode range, negative logiC input range, 
and negative logic threshold range; consult the various 
figures for guidance. For example, operation at -9V with 
IREF = 2mA is not recommended because negative output 
compliance would be, reduced to near zero. Operation from 
lower supplies is possible, however at least BV total must be 
applied to insure turn-on of the internal, bias network. 

Symmetrical supplies are not required, as the DAC-l0 is quite 
insensitive to variations in supply voltage. Battery operation 
is feasible as no ground connection is required; however, an 
artificial ground may be used to insure logiC swings, etc. 
remain within acceptable limits. 

TEMPERATURE PERFORMANCE 
The nonlinearity and monotonicity specifications of the 
DAC-l0 are guaranteed to apply over the entire rated oper
ating temperature range. Full-scale output current drift is 
tight, typically ± 10ppm/· C, with zero-scale output current 
and drift essentially negligible compared to 1/2 LSB. 
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The temperatura coefficient of the reference resistor Ri4 
should match and track that of the output resistor for 
minimum overall full-scale drift. Settling times ofthe DAC-l0 
decrease approximately 10% at-55· C; at + 1250 C an increase 
of about 15% is typical. 

SETTLING TIME 
The DAC-10 is capable of extremely fast settling times; 
typically 85ns at IREF = 2mA. JUdicious circuit deSign and 
careful board layout must be employed to obtain full 
performance potential during testing and application. The 
logic switch deSign enables propagation delays of only 35ns 
for each of the 10 bits. Settling time to within 1/2 LSB of the 
LSB is therefore 35ns, with each progressively larger bit 
taking successively longer. The MSB settles in 85ns, thus 
determining the overall settling time of 130ns. Settling to 8-bit 
accuracy requires about 60 to 78ns. The output capacitance 
of the DAC-l0 including the package is approximately 18pF; 
therefore the output RC time constant dominates settling 
time if RL > 5000.. 

Settling time and propagation delay are relatively insensitive 
to logic input amplitude and rise and fall times, due to the 
high gain of the logic switches. Settling time also remains 
essentially constant for IREF values down to lmA, with 
gradual increases for lower IREF values lies in the ability to 
attain a given output level with lower load resistors, thus 
redUCing the output RC time constant. 

Measurement of settling time requires the ability to accu
rately resolve ±21'A, therefore a 4ko.load is needed to provide 
adequate drive for most oscilloscopes. The settling time 
fixture of schematic titled "Settling Time Measurement" uses 
a cascode design to permit driving a 4ko.load with less than 
5pF of parasitic capaCitance at the measurement node. At 
IREF values of less than lmA, excessive RC damping of the 
output is difficult to prevent while maintaining adequate 
sensitivity. However, the major carry from 0111111111 to 
1000000000 provides an accurate indicator of settling time. 
This code change does not require the normal 6.2 time 
constants to settle to within ±0.2% ofthe final value, and thus 
settling times may be observed at lower values of IREF. 

DAC-l0 switching transients or "glitches" are very low and 
may be further reduced by small capacitive loads at the 
output at a minor sacrifice in settling time. 

Fastest operation can be obtained by using short leads, 
minimizing output capaCitance and load resistor values, and 
by adequate bypassing at the supply, reference and VLC 
terminals. Supplies do not require large electrolytic bypass 
capacitors as the supply current drain is independent of input 
logic states; O.lI'F capaCitors at the supply pins provide full 
transient protection. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
± 1 LSB Differential Linearity 
±2 LSB Integral Linearity 
500 ns Settling Time 
4 mA Full-Scale Output 
2 MHz Multiplying Bandwidth 
TTL/CMOS Compatible 
10:1 Reference Input Range 
Monotonic over Full Temperature Range 
Available in Die Form 

APPLICATIONS 
Communications 
Process Control 
Digital Attenuators 
Servos 

GENERAL DESCRIPTION 
The DAC-16 is a 16-bit high speed, multi 
digital-to-analog converter with a settli 
and a mUltiplying bandwidth of 2 
of low distortion, high signal-to-n 
make the DAC-16 ideally suited to 
thesis and modulation in communications, i 
ATE systems. Input reference current is buffi with a gain 
eight, resulting in a full-scale output current of 4 rnA from a 
reference current of.only 500 foLA. The 16-bit parallel digital in
put bus is TTL/CMOS compatible. Operating from + 5 V and 

DBO-IIB15 
5V/DIV 

FULL SCALE 

BUFFERED 
OUTPUT 

WIDIV 

Figure 1. FuIJ-Scale Transient Response 

16-Bit, High Speed 
Multiplying OAC 

OAC-16 I 
FUNCTIONAL BLOCK DIAGRAM 

CCOMP 

lOUT 

AGND 

REFGND 

DBO(LSB) 

'-----{~ DB, 

DB2 

DB3 

DB4 

DBS 

DB8 

, the DAC-16 consumes 190 mW ryp and is 
-pin plastic skinny-DIP package and in die 

ications conforming to MIL-STD-883B, contact your 
cal ADI sales office for DAC-16 specifications for operation 

over the -55°C to + 125°C temperature range. 

80 

40 
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V 
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~ .... 
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1111111 
1M 

Figure 2. Multiplying Bandwidth 

10M 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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DAC-16-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (@ vc~ = +5:~ v, VEE = -15.0 V, IREF = o.~ ~A, -40·C :=; TA :=; +85·C unlesS 

.. otherwise specified. See Note 1 for supply varrations.) 

Parameter Condition 

Integral Linearity "E" INL TA = +25°C 
Integral Linearity "E" INL 
Differential Linearity "E" DNL TA = +25°C 
Differential Linearity "E" DNL 

Integral Linearity "F" INL TA = +25°C 
Integral Linearity "F" INL 
Differential Linearity "F" DNL TA = +25°C 
Differential Linearity "F" DNL 

Zero Scale Error IZSE 
Gain Error IpSE 
Zero Scale Tempco TClzE 
Gain Tempco TClps 

REFERENCE2 

Reference Input Current IREP 
Multiplying Bandwidth -3 dB 

OUTPUT CHARACTERISTICS 
Output Current lOUT 
Output Capacitance COUT 
Settling Time ts 

LOGIC CHARACTERISTICS 
Logic Input High Voltage 
Logic Input Low Voltage 
Logic Input Current 
Logic Input Current 
Input Capacitance 

SUPPLY CHARACTERISTICS 
Power Supply Sensitivity Pss 
Positive Supply Current lee 
Negative Supply Current lEE 
Power Dissipation Pmss 

NOTES 
'All supplies can be varied ±S% and operation is guaranteed. Device is tested with nontinal supplies. 
20peration is guaranteed over this reference range, but linearity is neither tested nor guaranteed. 

Min Typ Max Units 

-2 ±1.2 +2 LSB 
-4 ±1.6 +4 LSB 
-I ±.5 +1 LSB 
-I ±.7 +1.5 LSB 

-4 ±1.4 +4 LSB 
-6 ±2 +6 LSB 
-I ±.5 +1.5 LSB 
-I ±.6 +2 LSB 

±2 LSB 
0.3 %FS 

0.025 ppml"C 
5 ppml"C 

500 !LA 
2 MHz 

+4 mA 
10 pF 
500 ns 

V 
0.8 V 
5 !LA 
75 !LA 

8 pF 

10 ppmN 
IS 20 mA 
7.5 10 mA 
190 250 mW 

3These proposed specifications are prior to complete electrical characterization and are not guaranteed. Contact your local sales office for complete information. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
Operating Temperature Range ........... -40°C to +85°C 
Junction Temperature ............... -65°C to + 150°C 
Storage Temperature ................... , .. + 150°C 
Lead Temperature (Soldering, 60 sec) ........... + 300°C 
Vee to GND .............................. 8 V 
VEE to GND ............................ -18 V 

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

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

2-944 DIGITAL-TO-ANALOG CONVERTERS REV. A 



11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Fast Settling ........ 22Snsec (8 Bits), 37Snsec (10 Bits) 
• Stable.................. Tempcos to ± 1Sppm/o C Max 
• Commercial, Industrial and Military Models Available 
• TTL Compatible Logic Inputs 
• Wide Supply Range ..................... ±6V to ±18V 
• Available in Die Form 

GENERAL DESCRIPTION 

The DAC-100 is a complete 10-bit resolution digital-to-analog 
converter constructed on two monolithic chips in a single 
16-pin DIP. Featuring excellent linearity vs. temperature 
performance, the DAC-100 includes a low tempco voltage 
reference, ten current source/switches and a high stability 
thin-film R-2R ladder network. Maximum application flexi
bility is provided by the fast current output, matched bipolar 
offset and feedback resistors. Resistors are included for use 
with an external op amp for voltage output applications. 

Although all units have 10-bit resolution, a wide choice of 
linearity and temperature coefficient options are provided to 
allow price/performance optimization. 

ORDERING INFORMATION t 

N.L.· TEMPCO· 
%FS ppml"C MILITARY TEMPERATURE 
MAX MAX Vo=:J:JSVl10V Vo=¥J.·5V15V 

±O.OS :1:60 DAC100AC05l883 DAC100AC06J883 
±O.10 ~O 

±O.10 :1:60 DAC100BC05J883 
±O.20 :1:60 DAC10OCC05l883 DAC100CCQ6I883 
±O.30 ±120 

Part number construction: The 1 st letter following DAC-100 (A-D) refers to the 
nonlinearity specification; the 2nd letter (A-D) refers to the full-scale tempco; 
the letter 0 refers to the package; and the end numeral indicates the output 
voltage and temperature. 

SIMPLIFIED SCHEMATIC 

lO-Bit Current-Output 
D/A Converter 

DAC-100 I 
The small size, wide operating temperature range, and high 
reliability construction make the DAC-100 ideal for aerospace 
applications. Other applications include use in servo
pOSitioning systems, X-V plotters, CRT displays, program
mable power supplies, analog meter movement drivers, 
waveform generators and high speed analog-to-digital 
converters. 

PIN CONNECTIONS 

INDUSTRIAL TEMPERATURE 
Vo =:J:JSVl10V Vo .. ¥J..5V15V 

DAC100AC07 DAC100AC08 
DAC100BB07 DAC100BBOB 

DAC100cC07 

16-PIN HERMETIC 
DUAL-IN-LiNE 

PACKAGE 
(a-Suffix) 

COMMERCIAL TEMPERATURE 
Vo=:J:JSVl10V Vo=¥J..5V/5V 

DAC100ACQ3 DAC100AC04 

DAC100BC03 DAC100BC04 
DAC100CCQ3 DAC100CC04 
DAC100DDQ3 

Burn~in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

,----------OIGITAL LOGIC INPUTS --------" 
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~1 ~2 ~3 ~4 ~5 ~. ~7 ~8 ~9 ~w 

13 12 11 10 9 

V+ <>-'4=;::+:::::;:t::::::;:t:::::;::t:=;t:=;:t::::;:t::::;:t::::;t:::;:t~ 
r-+-1 ..... -t+p-+l~-t+p--H~-t+p-+-~--t-+.-+-H--1 ..... t-=-3 -o~~;;~~ 

1. 
Rs 

RS 6.12kn 

BIPOLAR REF Re 

"FOR 10V OR ±5V OPERATION, 
RS = 4.88kn (PACKAGE 03, 

05, Q71 
FOR 5V OR ±2.5V OPERATION, 

RS = 2.44k,Q (PACKAGE Q4. 
06, as) 
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DAC-l00 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
V + Supply to v- Supply ............................................. 0 to +36V 
V+ Supply to Output ........................ ,",""",", .......... 0 to +18V 
V- Supply to Output .•................................................ 0 to -1aV 
Logic Inputs to Output ............................................. -1Vto +6V 
Operating Temperature Range 03, 04 ............... O·C to + 70·C 
05,06, 07, oa ................ : ........................... ,. -55·Cto +125·C 
Junction Temperature ................................... -25·C to +150·C 

Storage Temperature Range ........................ -65°C to + 150·C 
Lead Temperature (Soldering, 60 sec) ........................ +300t'C 

PACKAGE TYPE alA (Note 2) UNITS 

16-Pln Hermetic OIP (0) 94 12 ·C/W 

NOTES: 
1. Ratings apply to DICE and psckaged psrts, unless otherise noted. 
2. alA is specified lor worst case mounting condlUons, i.e., elA Is specified for device 

in socket for CerDlP package. 

ELECTRICAL CHARACTERISTICS atVs=± 15V, -250 CS TAS+a5° C for07 and oa devices; O· CS TAS+ 70° C for03and 
04; -55· C S TA S + 125° C for 05 and 06 devices, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS DAC-l00 MIN TYP MAX UNITS 

Resolution 10 Bits 

Nonlinearity (±1/2LSB -10 bits) A- ±0.05 
(For nonllnearity/lempco 

NL 
(±1/2LSB - 9 bils) B- ±0.1 

combinations, see Ordering (±1/2LSB - 8 bits) C- ±0.2 
%FS 

Information) (±3/4LSB - 8 bils) 0- ±0.3 

-B ±30 
Full-Scale Tempco 

Tc -C ±60 
(See Full-Scale Test Circuit) -0 ±120 

ppm/·C 

to ±0.05% FS ALL 375 
to ±0.1% FS ALL 300 

Settling Time TA = 25'C ts to ±0.2% FS ALL 225 ns 
to ±0.4% FS ALL 150 
to ±0.8% FS ALL 100 

Full-Range Output Vbltage 
Connect FS Adjust to V-
10V Models (03. 05, 07) 10 11.1 

(Limits guarantee adjustability 
(See Full-Scale Test Circuit) 

to exact 10.0 (5.0)V with a VFR 5V Models (04. 06, 08) 
200n Trimpot8 between 

V,N =0.7V 5.55 
Adjust and V-I 

V 

'(See Basic Unipolar Vbltage Output Circuit) 

Zero-Scale Output Voltage Vzs V,N =2.1V ALL 0.013 %FS 

Logic Inputs: High V,NH 
Measured with respect to 

ALL 2.1 
output pin 

v 

Logic Inputs: Low V,NL Measured with respect to 
ALL 0.7 

output pin 
V 

Logic Input Current, Each Input liN V,N =Oto+6V ALL 5 

Logic Input Resistance R'N V,N = Oto+6V ALL 3 mO 

Logic Input Capacitance C 'N ALL 2 pF 

Output Resistance Ro ALL 500 kO 

Output capaCitance Co ALL 13 pF 

Applied Power Supplies: V+ ALL +6 +18 V 

Applied Power Supplies: V- ALL -6 -18 V 

Power Supply Sensitivity PSG Vs= ±6V to ±18V ALL ±0.10 % per Volt 

V.= ±15V 03,04 200 300 
Power Consumption Po Vs =±6V 03,04 80 mW 

Vs =±15V 05,06,07,08 200 250 

Positive Supply Current 1+ 
Vs =+15V 03,04 10 
Vs =+15V 05, 06, 07, 08 8.33 

mA 

Negative Supply Current 1-
Vs = -15V 03,04 -10 
Vs =-15V 05, 06, 07, 08 -8.33 

mA 

NOTE: 
For applications where long·term stability is critical, an external voltage reference 
is recommended (see PMI REF·Ol/02). 
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DICE CHARACTERISTICS 

DAR..(J1 

DIE SIZE .090 x .064 Inch, 5760 sq. mils 
(2.286 x 1.701 mm, 3.888 sq. mm) 

1. Re 
2. V-
3. OUTPUT 

15. FULL-SCALE ADJ 
16. Rs 

R - Pads are conneclecllo similarly 
marked pads on DAI-D1 

Nole: Pads 4 - 14, See DAI-01 

OAC-100 

DAI-01 

DIE SIZE 0.080 x 0.067 inch, 5,360 sq. mils 
(2.032 x 1.702 mm, 3.458 sq. mm) 

2. V-
3. OUTPUT 
4. BIT 10 (LSB) 
5. BIT9 
6. BIT8 
7. BIT7 
8. BIT6 
9. BITS 

10. BIT4 
11. BIT3 
12. BIT2 
13. BIT 1 (MSB) 
14. V+ 

R - Pads are connected 10 similarly 
marked pads on DAR-G1 

Nota: Pads 1, 2, 15, 16, See DAR-01 

These die versions are available on special order; contact your PMI sales olllce. 

WAFER TEST LIMITS at TA = 25°C for the R-2R Ladder Network comprised of R1-R8. R12. R23. R34. R45 and R56 when 
connected to an ideal DAI-01. unless otherwise noted. 

DAR-01-N DAR-01-G 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Nonlinearity VR1 =3.2V - ±0.035 ±0.05 % 

WAFER TEST LIMITS at TA = 25°C. VR1 = 3.2V. unless otherwise noted. 

DAR-01 
PARAMETER CONDITIONS MIN TYP MAX UNITS 

Resistance R1 Absolute Measurement 2.56 3.84 kO 

Ratio RC1 to R1 Ideal = 1.00503 to 1 -1 +1 % 

Ratio R1 to RS1 Ideal = 1.29959 to 1 -1 +1 % 

Ratio R1 to RS2 Ideal = 1.29959 to 1 -1 +1 % 

Ratio RB to R1 Ideal = 1.92211 to 1 -1 +1 % 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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OAC-100 

TYPICAL ELECTRICAL CHARACTERISTICS in common to all grades. 

DAR-01 
PARAMETER CONDITIONS MIN TYP MAX UNITS 

Absolute Temperature Coefficient All Resistors ±180 ppm/OC 

Tracking Temperature Coefficient All Resistors with Re~pect to R1 3 ppm/'C 

WAFER TEST LIMITS at TA = 25°C when connected to an ideal DAR-01. unless otherwise noted. 

DAI-01-N DAI-01-G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Nonlinearity NL Vs= ±lSV ±O.OS ±0.1 % 

I nternal Reference 
VMCR Vs =±lSV 6 .. 6 6.900 6.6 6.900 V 

Voltage 

WAFER TEST LIMITS at Vs = ±15V. TA = 25°C when connected to an ideal DAR-01. unless otherwise noted. 

DAI-01 
PARAMETER CONDITIONS MIN TYP MAX UNITS 

Resolution 10 10 Bits 

Analog Output CUrrent All Bits Low, V- Connected to FS Adjust 1840 2274 p.A 

Zero-Scale Output CUrrent All Bits High, V- Connected to FS Adjust ±0.011 %IFS 

Logic Input "0" Measured with Respect to Output 0.7 V 

Logic Input "1" Measured with Respect to Output 2.1 V 

Supply Current All Bits High, V- Connected to FS Adjust 8.33 mA 

Power Supply Rejection Vs = ±6V to ±18V 0.1 %IFSN 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V. and when connected to an ideal DAR-01. unless otherwise 
noted. 

PARAMETER .CONDITIONS 

Full-Scale Temperature Coefficient (Note) 

NOTE: 
Full-Scale Temperature Coefficient is defined as the change in output voltage 
measured In the basic unipolar voltage output test circuit shown on the 
DAC-100 data sheet and is expressed In ppm between 2S'C and either 
temperature extreme divided by the corresponding temperature change. 
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DAI-01-N 
MIN TYP 

±60 

DAI-01-G 
MAX MIN TYP MAX UNITS 

±60 ppm/'C 
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BASIC CONNECTIONS 

BASic UNIPOLAR VOLTAGE OUTPUT CIRCUIT 

v+ 

TYPICAL SETTLING TIME 
FOR 1/2 SCALE CHANGE 

""1.0j.lS 

6 Your 

BASIC BIPOLAR VOLTAGE OUTPUT CIRCUIT 

v- VOUT v+ 

APPLICATIONS INFORMATION 

FULL RANGE OUTPUT ADJUSTMENT - The output cur
rent of the DAC-100 may be reduced to produce an exact 
10.000 (5.000) volt output by connecting a 2000 adjustable 
resistance between the fUll-scale adjust pin and V-. Adjust
ment should be made with an input of all "zeroes." 

LOWER RESOLUTION APPLICATIONS - The DAC-100 
may be used in applications requiring less than 10 bits of 
resolution. All unused logic inputs must be tied to logic high 
for proper operation. "Floating" logic inputs can cause 
improper operation. 

REV. A 

OAC-100 
REDUCED RESOLUTION APPLICATION 

lOUT 

LOGIC CODING - The DAC-100 uses complementary or 
inverted binary logic coding, i.e., an all "zeroes" input produ
ces a full range output, while an all "ones" input produces a 
zero-scale output. Each lesser significant bit's weight is one
half the previous more significant bit's value. High logic input 
turns the bit "OFF," low logic input level turns the bit "ON". 

LOGIC COMPATIBILITY - The input logic levels are directly 
compatible with TTL logic and may also be used with CMOS 
logic powered from a single +5 volt supply. 

NONLINEARITY (NL) - The maximum deviation from an 
ideal straight line drawn between the end pOints, expressed 
as a percent of full-scale range (FSR) or given in terms of 
LSB value. The end points are zero-scale output to full-scale 
output for unipolar operation and minus full-scale to positive 
fUll-scale for bipolar operation. 

BIPOLAR OPERATION - The DAC-100 may be converted to 
bipolar operation by injecting a half-scale current into the 
output; this is accomplished by connecting the internal bipo
lar resistor to a +6.4 volt reference. Trimming of the zero 
output may be facilitated by placing a 5000 adjustable re
sistance in series with the +6.4 volts. 

VOLTAGE AT OUTPUT PIN - The DAC-100 is designed to 
be operated with the voltage at the output pin held very close 
to zero volts. Input logic threshold levels are directly affected 
by output pin voltage changes; voltage swings at the output 
may cause loss of linearity due to improper switching of bits. 
Large voltage swings may cause permanent damage and 
should be avoided. Proper operation can be obtained with 
output voltages held within ±0.7 volts; a pair of back-to-back 
silicon diodes tied from the output to ground is a convenient 
way of clamping the output to this limit. 
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DAC·l00 
TYPICAL APPLICATIONS 

EXTERNAL REFERENCE CONNECTION 

+16V +lSV 

ANALOG SUM OF TWO DIGITAL NUMBERS 

v-

DIGITALLY PROGRAMMED LEVEL DETECTOR 

VREF 

, "'VIN>VREF 
O"VIN<REF 

2-950 DIGITAL· TO-ANALOG CONVERTERS 

BINARY-CODED-DECIMAL D/A CONVERSION 

+5V 
·0 

~l 9TOl 
)----t----1 CURRENT" 

DIVIDER 

loan 
1/2% 

v-

"'CAN BE EXPANDED TO 3 DIGITS BY ADDITION OF A THIRD OAe AND 
99 TO 1 CURRENT DIVIDER. 

INTERFACING WITH CMOS LOGIC 

The DAC-100 requires only about 1~A of input current into 
each logic stage. This enables use with CMOS inputs as long 
as one rule is observed; logic input voltages should not 
exceed 6.5 volts or V+, whichever is smaller. To provide an 
understanding of this rule, it is necessary to discuss the logic 
input stage design. 

LOGIC INPUT STAGE DESIGN 

For simplicity, only one of the ten identical input circuits is 
shown below. The DAC-100 uses a fast current-ste~ring 
technique that switches a bit-weighted current between the 
positive supply (V+) and the analog output, which is usually 
constrained to be at zero volts (virtual ground) by an external 
summing amplifier. 

DAC-100 - LOGIC INPUT STAGE 

V+ 

.ANALOG 
OUTPUT 

ZERO 
VOLTS 

-0.7 VOLTS 
"ON" CONDITION 
ONLY 



Switching is accomplished by forward biasing 04, diode
connected transistor, for the bit "ON" condition and back 
biasing 04 in the "OFF" condition. For the "ON" condition 
(V,N ~ 0.7 volts), 03 is "OFF" - all of the bit-weighted cur
rent, 11, flows from the analog output through 04 and ulti
mately to V-. In the "OFF" condition (V,N 2: 2.1 volts), 03 is 
"ON", 04 is back biased, and the bit-weighted current is 
sourced from the positive power supply instead of the analog 
output. 

If V,N is too high, 04's emitter-base junction will experience 
reverse breakdown and a fault condition will occur. Equation 
1 describes this condition: 

1) BV,H = VBE1 + VBE2 + VBE3 + BVEB4 '" 7.7 volts 

Using this relationship, it can be seen that a conservative 
input voltage limit would be around 6.5 volts. When the 6.5V 
input limit is observed, DAC-100 operation with CMOS 
inputs is easily achieved. 

±6 VOLT POWER SUPPLY OPERATION 

This is the most convenient method of interfacing the 
DAC-100 with CMOS logic. At ±6 volts the DAC-100 power 
dissipation is only BOmW, which is very small considering the 
inclusion of a complete internal reference. No interfacing 
components are required with ±5% power supplies, and the 
CMOS logic and DAC-100 can use the same +6 volt power 
supply. In this application the device is directly CMOS 
compatible. 

BLOCK DIAGRAM - CMOS TO DAC-100 INTERFACE 

*MUST BE CURRENT LIMITED TO AVOID DAMAGING 
THE LEVEL SHIFTING BUFFER. 

REV. A 

ANALOG 
OUTPUT 

OAC-100 
HIGH LEVEL CMOS INTERFACING 

The block diagram below illustrates a convenient method for 
interfacing CMOS input levels between 6.5 volts and 15 volts 
with the DAC-100. Inexpensive and readily available CMOS 
hex buffer/converters step down the high-level inputs to TTL 
levels that cannot exceed 5 volts - clearly satisfying the 
input stage voltage rule. 

In addition to level shifting, buffer/converters provide input 
coding flexibility since they are available as inverting 
(CD4049A) or non-inverting (CD4050A) devices. This gives 
the user a choice between negative-true and positive-true 
binary coding and allows the same basic DAC-100 to CMOS 
interfacing method to be used in either type of application. 

Since buffer/converter power consumption is very low, the 
required +5 volts can be provided by a simple regulator or 
even a resistive divider in some applications. In a multi-DAC 
system, one central, inexpensive three-terminal IC regulator 
can supply several level shifting devices. 

NOTE: 
For a more complete explanatiorHInd detal/ed circuit connections, refer to 
AN-14, "Interfacing PMI D/A's with CMOS LogIc." 

BURN-IN CIRCUIT 

+18V 

10n 

lon 

-18V 

OAe·l00 

NOTES: 
1. RESISTOR IS 1kO 1/4WMETAL FILM, 1%. 
2. ALL SHORTED DEVICE PINS TO BE MADE AT DEVICE. 
3, ONLY +18V. -18V, AND GROUND LINES ARE TO BE 

CARRIED PARALLEL TO BOARD CONNECTORS. 
4. 100 RESISTORS ARE 1/4W ce, 5%. 
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OAC-100 
SUCCESSIVE APPROXIMATION AID CONVERTER (a-SIT) 

FULL 

SCALE t=:-~'-U~.,;;;",.=,..,.,,..!;i~ ADJUST 

LSB BIT 8 '----++-I-+++-H 

BIT 6 '----++-1-++-+ 
BIT 5 '----++-1-+--+ 
BIT 4 ------t-+H 
BIT 3 .----++-+ 
BIT2'----+-+ 

MSB 81T 1 .-----+ 
MSBBiTT 

SERIAL 
OUTPUT 

START.------' 

~~~:~~ON--------' 

~~~:~---------~ 
NOTE: 

+15V +15V 

+15V .. O.01PF:t Ol±: 11l~ +15V 

50V T T ~ ANALOG rf7 O.OI,F:l J± I.F GROUND 

-15V /OVT T ~V ~ -15V 

FOR A COMPLETE TREATMENT OF SA AOC'S CONSTRUCTED WITH THE OAC.TOO, 
REFER TO AN-11, "A LOW COST, EASY-TO-BUILD SUCCESSIVE APPROXIMATION 
AID CONVERTER". 

TRACKING (SERVO-TYPE) AID CONVERTER 

r--~----~------~~--------OCLOCKIN 

240<2 
·1/47400 

~LOCK 
... ... OUT 

C 

FOR CLOCK RATE'"" 3.5MHz C = 470pF 

VIN = 0 TO +lOV 
RIN ~ 4.Bkn 

~~t~OGo-____________ 4-__ -+ ____ ~ 
MAXIMUM FULL SCALE 
SINE WAVE INPUT 
IS 4500Hz 

NOTE: 

MAXIMUM CLOCK RATE'" 3.5MHz 

+5V TRACK HOLD 

.. r--~----o""V 

~-*------O-IW 

FOR A COMPLETE TREATMENT OF TRACKING Aoe's CONSTRUCTED 
WITH THE OAC-Too, REFER TO AN-6. "A LOW COST, HIGH PERFORM· 
ANCE TRACKING AID CONVERTER", 
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r-IIANALOG 
WDEVICES 

FEATURES 
• Differential Nonlinearity ..................... ±1/2lSB 
• Nonlinearity .................................. 0.05% 
• Fast Settling Time ............................. 250ns 
• High Compliance .......•.............•• -5V to + 10V 
• Differential Outputs ......................... 0 to 4mA 
• Guaranteed Monotonicity ..................... , 12 Bits 
• low Full-Scale Tempco ..•................• 10ppm/o C 
• Circuit Interface to TTL, CMOS, ECl, PMOS/NMOS 
• low Power Consumption ..................... 225mW 
• Industry Standard AM6012 Pinout 
• Available In Ole Form 

ORDERING INFORMATION t 
PACKAGE OPERATING 

CERDIP PLASTIC TEMPERATURE 
DNl 2O-PiN 2O-PIN RANGE 

±II2LSB DAC312ER* COM 
±lLSB DAC312FR XIND 
±ILSB DAC312HR XIND 
±ILSB DAC312HP XIND 
±ILSB DAC312HS XIND 
For devices processed in IOtal compliance 10 MIL-STD-883, add 1883 after part 
number. Consult factory lor 883 data sheet. 
Burn-in Is available on commercial and Industrial temperature range parts in 
CarDIP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 
The DAC-312 series of 12-bit multiplying digital-to-analog 
converters provide high speed with guaranteed performance 
to 0.012% differential nonlinearity over the full commercial 
operating temperature range. 

FUNCTIONAL DIAGRAM 

12-Bit High-Speed Multiplying 
D/A Converter 

DAC-312 I 
Based on the segmented deSign approach pioneered by PMI 
with the COMDAC® line of data converters, the DAC-312 
combines a 9-bit master DlA converter with a 3-bit (MSB's) 
segment generator to form an accurate 12-bit DlA converter 
at low cost. This technique guarantees a very uniform step 
size (up to ±112 LSB from the ideal), monotonicity to 12 bits 
and integral nonlinearity to 0.05% at its differential current 
outputs. In order to provide the same performance with a 
12-bit R-2R ladder design, an integral nonlinearity over 
temperature of 1/2 LSB (0.012%) would be required. 

The 250ns settling time with low glitch energy and low power 
consumption are achieved by careful attention to the circuit 
design and stringent process controls. Direct interface with 
all popular logic families is achieved through the logic 
threshold terminal. 

PIN CONNECTIONS 

20-PIN HERMETIC DIP 
(R-Suffix) 

20-PIN PLASTIC DIP 
(P-Sufflx) 

2O-PiNSOL 
(S-Suffix) 

B2 B3 B4 B5 B6 

16 17 

caMP V(-) 

r-------~~~-f~_+~_H~~--+.--~~~~~-OIO 

r-----~_.++~~~4_.+~~~~~++~~~~__o~ 

Manufactured und~r one or more of the following patents: 4,055,773; 4,056,740; 4,092,639 
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DAC .. 312 

High compliance and low drift characteristics (as low as 
10ppm/oC) are also features of the DAC-3l2 along with an 
excellent power supply rejection ratio of ±.OOl% FS/%l!.V. 
Operaiing over a power supply range of +5/-l1V to ±18V the 
device consumes 225mW at the lower supply voltages with an 
absolute maximum dissipation of 375mW at the higher supply 
levels. 

With their guaranteed specifications, single chip reliability 
and low cost, the DAC-3l2 device makes excellent building 
blocks for AID converters, data acquisition systems, video 
display drivers, programmable test equipment and other 
applications where low power consumption and complete 
input/output versatility are required. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Operating Temperature . . 

DAC-312E ......................................................... O°C to +70°C 
DAC-312F, DAC-312H ................................. -40°Cto+85°C 

Junction Temperature .....................•..........•.• -65°C to + 150°C 
Storage Temperature (TI) .............................. -65°C to + 125°C 

Lead Temperature (Soldering, 60 set) .......•...........•..... : 300·C 
Power Supply Voltage ; ..................................................... ",18V 
Logic Inputs ..........•............................. " .... " .......... -5Vto+18V 
Analog Current Outputs ......•...........•...................... -8V to + 12V 
Reference Inputs V14, VIS ...................................................... V-to V+ 
Reference Input Differential Voltage (V 14' VIS) ............... '" l8V 
Reference Input Current (11 J ........................................ 1.25mA 

PACKAGE TYPE alA (Note 2) UNITS 

2O-Pin Hermetic DIP (R) 76 11 'C/W 
2O-Pin Plastic DIP (P) 69 27 'C/W 
2O-Pin SOL (S) 88 25 'C/W 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts. unless other

w/senoted. 
2. alA Is specified lor worst case mounting conditions, i.e., alA Is specified lor device 

In socket lor CerDtP and P-DIP packages; ajA is specllle(lior device soldered to 
printed circuR board lor SOL package. 

ELECTRICAL CHARACTERISTICS at V s = '" l5V, IREF = 1.0mA, O°C:s: T A :s: 70°C for DAC-312E and -40°C:s: T A:S: +85°C for DAC-
312F, DAC-312H, unless otherwise noted. Output characteristics refer to both lOUT and lOUT' 

DAC-312E DAC·312F DAC·312H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Resolution 12 12 12 Bits 

Monotonicity 12 12 12 Bits 

Differential Deviation from ideal ±0.0125 ±0.0250 ±0.0250 %FS 
Nonlinearity 

DNL step size (Note 2) ±0.5 ±1 ±1 LSB 

Nonlinearity INL Deviation from ideal ±0.05 ±0.05 ±0.05 %FS straight line (Note 2) 

Full-Scale VREF ~ 10.000V 
IFS R'4 ~ R15 ~ 10.000kll 3.967 3.999 4.031 3.935 3.999 4.063 3.935 3.999 4.063 mA 

Current (Note 2) 

Full-Scale ±5 ±20 ±10 ±40 ±BO ppm/'C 
Tampeo 

TCI FS ±0.OO5 ±0.002 ±0.001 ±0.OO4 ±0.008 %FS/'C 

Output Voltage DNL Specification 

Voe guaranteed over -5 +10 -5 +10 -5 +10 V 
Compliance 

compliance range 

Full-Scale 
i FSS II FS I - II FS I ±0.4 ±1 

Symmetry 
±0.4 ±2 ±O.4 ±2 pA 

Zero-Scale Izs 0.10 0.10 0.10 ~A 
Current 

To ±1/2 LSB, all bits 
Settling Time ts switched ON or OFF 250 500 250 500 250 500 ns 

(Note 1) 

Propagation 
All bits switched 

Delay - tpLH 50% point logic swing 25 50 25 50 25 50 ns 
all bits tpHL to 50% point output 

(Note 1) 

Output 
Ro >10 >10 >10 Mil 

Resistance 

Output 
COUT 20 20 20 pF 

Capacitance 

2-954 DIGITAL-TO-ANALOGCONVERTERS REV.B 



OAC-3l2 
ELECTRICAL CHARACTERISTICS atVs =:!:15V, IREF= 1.0mA, O·C:sTA :s70·CforDAC-312Eand-40·C:sTA :s+85·CforDAC-
312F, DAC-312H, unless otherwise noted. Output characteristics refer to both lOUT and lOUT' Continued 

DAC-312E DAC·312F DAC·312H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN .TYP MAX MIN TYP MAX UNITS 

logic Input 
V'L VLe~ GND 

Levels "0" 
0.8 0.8 0.8 V 

Logic Input 
V'H VLe ~ GND V 

Levels "1" 

Logic Input 
I'N V'N ~ -5 to +18V 40 40 40 p.A 

Current 

Logic Input 
V's -5 +18 -5 +18 -5 +18 V 

Swing 

Reference Bias 
1'5 Current 

0 -0.5 -2 0 -0.5 -2 0 -0.5 -2 p.A 

Reference Input dlldt R '4(eql ~ 800n 4 4 4 mAIl's 
Slew Rate Ce ~ OpF (Note 1) 

V+ ~ +13.5V to + 16.5V. 
- ±0.0005 ±0.001 - ±0.0005 ±0.OO1 - ±0.0005 ±0.OO1 

Power Supply PSSI F.+ V- ~-15V 
Sensitivity PSSI F._ V- ~ -13.5V to -16.5V, 

%FS/%AV 

V+ ~ +15V 
- ±0.00025 ±0.001 - ±0.00025 ±0.001 - ±0.00025 ±0.001 

Power Supply V+ 4.5 18 4.5 18 4.5 18 
Range V- VOUT~ OV -18 -10.8 -18 -10.8 -18 

V 
-10.8 

1+ 3.3 7 3.3 7 3.3 7 
Power Supply 1- V+ = +5V, V- ~ -15V -13.9 -18 -13.9 -18 -13.9 -18 
Current 1+ V+ ~ +15V, v- ~ -15V 3.9 7 3.9 7 3.9 7 mA 

1- -13.9 -18 -13.9 -18 -13.9 -18 

Power 
Pd 

V+ = +5V, V- ~ -15V 225 305 225 305 225 305 
Dissipation V+ ~ +15V. V- ~ -15V 267 375 267 375 267 375 

mW 

NOTES: 
1. Guaranteed by design. 
2. TA ~ 25'C for DAC-312H grade only. 
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OAC-3l2 
DICE CHARACTERISTICS 

I . 
1. B1 (MSB) 
2. B2 
3. B3 
4. B4 
5. B5 
6. B6 
7. B7 
8. sa 
9. B9 

10. B10 

DIE SIZE 0.141 X 0.096 inch, 13,536 sq. mils (3.58 X 2.44 mm, 8.74 sq. mm) 

11. 811 
12. B12 (LSB) 

13. VLclAGND 
14. VREF (+) 
15. VREF(-) 
16. COMP 
17. V-
18.10 

19·10 
20. V+ 

WAFER TEST LIMITS at Vs= :1: 15V, 'REF= 1.0mA, TA = 25°C, unless otherwise noted. Output characteristics refer to 

both lOUT and lOUT' 

DAC-312N DAC-312G 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT UNITS 

Resolution 12 12 Bits MIN 

Monotonicity 12 12 Bits MIN 

Nonlinearity ±0.05 ±0.05 %FSMAX 

Output Voltage 
VOC 

Full-Scale Current +10 +10 V MAX 
Compliance Change <1/2 LSB -5 -5 VMIN 

Full-Scale VREF =; 10.000V 4.031 4.063 mAMAX 
Current R'40 R,. = 10.000kO 3.967 3.935 mAMIN 

Full-Scale Symmetry IFSS ±1 ±2 "A MAX 

Zero-Scale Current Izs 0.1 0.1 "A MAX 

Differential 
DNL 

Deviation from ±0.012 ±O.025 %FSMAX 
Nonlinearity ideal step size ±112 ±1 Bits (LSB) MAX 

Lagle I nput Levels "0" V'L VLc=GND 0.8 0.8 V MAX 

Logie I nput Levels "1" V'H VLc=GND 2 2 VMIN 

Logic Input Swing V,s 
+18 +18 V MAX 
-5 -5 VMIN 

Reference Bias 
I,. -2 -2 "A MAX Current 

Power Supply PSSI FS+ V+=+13.5Vto+16.5V, V-=-15V ±O.OOI ±O.OOI 
%/%MAX 

Sensitivity PSSIF8- V-=-13.5Vto-16.5V, V+=+15V ±O.OOI ±O.OOI 

Power Supply 1+ Vs =±15V 7 7 
mAMAX 

Current 1- IREFS 1.0mA -18 -18 

Power 
Po 

Vs =+15V 
375 375 mWMAX 

Dissipation IREFS 1.0mA 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at 25°C; Vs = ±15V, and 'REF = 1.0mA, unless otherwise noted. Output 

characteristics refer to both lOUT and 'OUT. 

DAC-312N DAC-312G 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

Reference Input 
dl/dl 8 8 mN"s Slew Rate 

Propagation Delay tPLH,lPHL AnyBiI 25 25 ns 

To ±112 LSB, All 
Settling Time ts Bits Switched ON 250 250 ns 

or OFF. 

Full-Scale TC'FS ±10 ±10 ppml"C 
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TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT CURRENT VB 

OUTPUT VOLTAGE 
(OUTPUT VOLTAGE COMPLIANCE) 

5.0 
IREF'" 1.OmA 

'.0 

3.6 

<i 3.2 
,g 
i- 2.8 
ffi 

2.' a: 

VI-J =1- '5Vf Htl-l.JD.8V I 
I 1 J 

I I TA=TMINTOTMAX 

I ALLIBITSON 

!5 
" 2.0 
i-
:J 

1.6 I!: 
:J 
0 1.2 

IREF O.5mA 

I r I I 
I IRE~ = a.21A - I--

0.8 

D.' I I 
I I 0.0 

-14 -10 -6 -2 2 6 10 1. 
OUTPUT VOLTAGE (VOLTS) 

POWER SUPPLY CURRENT VB 

POWER SUPPLY VOLTAGE 

:~ll UJH#ft 
r ~ -9 

a -10 

i -11 

IX -12 

~ -13 

-1' 
-15 

, '1-1 '7EF ~ ,.D~A 

o 2 4 6 8 10 12 14 16 18 20 

12 

10 

POWER SUPPLY VOLTAGE (VOL TSI 

REFERENCE AMPLIFIER 
SMALL-SIGNAL 

FREQUENCY RESPONSE 

I II IIllt I I 
I II 11111 I 

R14 = R15 -lkn 
RL=20on 
VR1S-0V 
Vnil = 5OmVp-p 
CENTERED AT +1DDmV 

.J' 

~ , 
Wlti 
~ 

-2 

-4 

-6 

-8 
1. CC -OpF 
2. CC" 5pF 
3. CC= 10pF 

-10 

-12 
0.01 0.1 

FREOUENCY (MHz) 

REV. B 

10 

'.2 

'.0 

3.6 

<i 3.2 
,g 
i- 2.8 
ffi 
a: 

2.' a: 
:J 

" 2.0 i-

~ 1.6 
:J 
0 

1.2 

0.8 

D.' 

REFERENCE AMPLIFIER 
COMMON-MODE RANGE 

'REF = 1.0mA I I 
r rl I I I 
~ 

N~TES' 1 1 1 1 
!--- I POSITIVE COMMON MODE VOLTAGE 

IS ALWAYS (V+I-1.2SV. 
~ t-- NEGATIVE COMMON MODE VOLTAGE 

IS ALWAYS (V-) +1.8+U REF x 3kn). 

'REF - a.SmA I I 
r r I I TA=+M'N -IOTMAlx_ 

I I ALL BITS ON 

'REF = O.2mA I I 
1 r I I I I 

-14 -10 -6 -2 10 ,. 

-14.2 

-14.0 

-13.8 

V15 REFERENCE COMMON MODE (VOLTS) 

POWER SUPPLY CURRENT 
VB TEMPERATURE 

,L- VS=±16V 

/' I---'~ 
r-1REF = 1.DmA-

r-.... 
I 

1 -13.6 

ffi -13.4 

a: 
a: a 
i 

-13.2 

~IHH·II J 
-100 -50 a 60 100 150 200 250 

2 

10 

8 

-2 

-4 

-6 

-8 

-10 

-12 
0.01 

TEMPERATURE (OCI 

REFERENCE AMPLIFIER 
LARGE-SIGNAL 

FREQUENCY RESPONSE 

111111111 I I 
111111111 I I 

R14" R15 '" 1kO 
RL'" 1000, Cc = 5pF 
V15" oV 
VIN l:1Vp.p 
CENTERED AT +500mV 

I""\. 

0.1 
FREQUENCY {MHz) 

10 

DAC-312 

OUTPUT COMPLIANCE 
VB TEMPERATURE 

-50 50 100 150 

TEMPERATURE (GC) 

200 

TRUE AND COMPLEMENTARY 
OUTPUT OPERATION 

(0000 0000 00001 IREF = 1.0mA (111111111111) 

GAIN ACCURACY vs 
REFERENCE CURRENT ,.DOOtmiH!§iffim 

'it 0.9 
~ 

~ 0.8!1~~I~I~II~I~~ ~ 0.7 

~ 0.6 
o 
~ 0.5 

~O'4 ___ a 0.3 
~ 
z 0.2 
<i 

~ D':afa~~~~ij~~;t;iJ 
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

REFERENCE INPUT CURRENT (rnA) 
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DAC-312 
BASIC CONNECTIONS 

NEGATIVE LOW IMPEDANCE OUTPUT OPERATION 

OAC-3l2 

FOR COMPlEME;NTARV OUTPUT (OPERATION AS A NEGATIVE LOGIC DAC), 
CONNECT INVERTING INPUT OF OP-AMP TO ro (PIN 19); CONNECT '0 (PIN 1B) 
TO GROUND. 

ACCOMMODATING BIPOLAR REFERENCES 

"::" 

R15 
(OPTIONAL) 

-HIGH INPUT 
IMPEDANCE 

tlREF 

...... -----. 
OAC-312 

16 

'REF;;' PEAK NEGATIVE SWING OF 'IN 

I. ' 

DAC -312 
15 

VREF(+) MUST BE ABOVE PEAK POSITIVE SWING OF VIN 

BASIC POSITIVE REFERENCE OPERATION 

MSB LSS 
B1 B2 B3 B4 B5 B6 87 B8 89 810 Bl1 812 

20 13 

'0 

FOR FIXED REfERENCE. 
TTL OPERATION, 
TYPICAL VALUES ARE: 

v(-} 

VREF(+) 4095 

'FR '" RREF )( 4096 x 4 

'0 + ro '" 'FR FOR ALL 
LOGIC STATES. 

VREF = +10.000v 

V(+) VLC RREF = 10.000kn 
R15'" RREF 

Cc" O.D1.uF 
V LC " OV (GROUND) 

2-958 DIGITAL-TO-ANALOG CONVERTERS 

POSITIVE LOW IMPEDANCE OUTPUT OPERATION 

OAC-3l2 

4095 
'FR = 4096 x 4 X 'REF 

FO~ COMPLEMENTARY OUTPUT (OPERATION AS A NEGATIVE LOGIC OAC). 
CONNECT NON-INVERTING INPUT OF OP-AMP TO ro (PIN '9); CONNECT 
'0 (PIN 18) TO GROUND. 

BASIC NEGATIVE REFERENCE OPERATION 

RREF 1 • .------""" 

DAC-312 
R15 

VREFH 0---""'1'--1"'61-_______ .) 
NOTE: 

RREF SETS IFS; R1S IS FOR A 
BIAS CURRENT CANCELLATION. 

RECOMMENDED FULL-SCALE 
ADJUSTMENT CIRCUIT 

VREFO_~~~~~-------~ 
+6.000V 

10k!! 
POT 

DAC-312 

PULSED REFERENCE OPERATION 

VREF(+) 

<;> 
J R (OPTIONAL RESISTOR := REF FOR OFFSET INPUTS 
,. 14. 

ov-IL 
TYPICAL VALUES: 
niN ., nn 
Rp" 4kO 
VIN(+I = 1V 

Rp 

__ 1 __ 

1 1 1 
REa - RIN + R; + RREF 

DAC-312 
15 

16 

NO CAP 
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OAC-3l2 
BASIC CONNECTIONS 

INTERFACING WITH VARIOUS LOGIC FAMILIES 

TTL HTL ECl 
VTH = +1.4V V(+) 

+15V 

Vz = 6.2V 

VTH = V LC + 1.4V 

FOR +15V CMOS 

,kH VTH = +7.6V 

BIPOLAR OFFSET (TRUE ZERO) 

R1. 
10kn 

V REF(+) 
REF-01 

+10V 

ROFF 
5.000ld1 

DAC..a12 

VREF 
R14=-- =R15 

1.0mA R1' OPTIONAL FOR 
10kn 2's COMPLEMENT 

VREF 
ROFF =2.0mA 

OPERATION 

-=- MSB 

NOTE: 
CODe MAY BE COMPLEMENTED BY REVERSING 10 & iQ 

MSB 
CODE FORMAT OUTPUT SCALE Bl B2 

Offset binary; Positive full-scale 
true zero output. Positive full-scale -LSB 

+LSB. 0 
Zero-scale 0 
-LSB 0 
Negative full-scale + LSB 0 0 
Negative full-scale 0 

2'5 complement; Positive full-scale 0 
true zero output Positive full-scale -LSB 0 1 
MSB complemented +1 LSB 0 0 
(Need inverter at Bl I. Zero-scale 0 

-1 LSB 1 
Negative full-scale + LSB 0 
Negative full-scale 0 

REV. B 

20kfl 13kn 

TO PIN 13 
VlC 

20kS1 
R 

39kn 
~ 400,uA 

B3 

0 
0 

0 
0 

1 
0 

0 

NOTES: 
1. SET THE VOLTAGE "A" TO THE DESIRED LOGIC 

INPUT SWITCHING THRESHOLD. 

2. ALLOWABLE RANGE OF LOGIC THRESHOLD IS 
TYPICALl V -5V TO +13.SV WHEN OPERATING 
THE OAe ON ±,5V SUPPLIES. 

2.000mA 
R1 
.kn 

lSB -=- -=-

LSB 
B4 BS B6 B7 B8 B9 Bl0 Bll B12 

1 0 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
1 1 1 1 1 

0 0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 

1 1 
1 1 1 1 1 0 
0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 0 
1 1 1 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

10 
(mAl 

3.999 
3.998 
2.001 
2.000 
1.999 
0.001 
0.000 

3.999 
3.998 
2.001 
2.000 
1.999 
0.001 
0.000 

TO PIN 13 
VlC 

6.2kn 

-5,2V 

Your 

10 
(mAl VOUT 

0.000 9.9951 
0.001 9.9902 
1.998 0.0049 
1.999 0.000 
2.000 -0.0049 
3.998 -9.9951 
3.999 -10.000 

0.000 9.9951 
0.001 9.9902 
1.998 0.0049 
1.999 0.000 
2.000 -0.0049 
3.998 -9.9951 
3.999 -10.000 
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DAC-312· 

BASIC CONNECTIONS 

BASIC UNIPOLAR OPERATION 

REF...Q1 .,ov 

R'. , .. " 
DAC-312 

B'2 

R' 
2.51< 

VREF R15 R2 
R14 = 1.omA ". R16 10kG 2,Sk 

MSB LOB 

NO~~~E MAY BE COMPLEMENTED BY REVERSING '0 &: iQ 

MSB LSB to 
CODE FORMAT OUTPUT SCALE B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 (mAl 

Straight Binary; Positive full-scale 1 3.999 
unipolar with true Positive full-Scale - LSB 1 1 1 1 1 1 1 1 0 3.998 
input code, true LSB 0 0 0 0 0 0 0 0 0 0 1 0.001 
zero output. Zero-scale 0 0 0 0 0 0 0 0 0 0 0 0 0.000 

Complementary binary; Positive full-scale 0 0 0 0 0 0 0 0 0 0 0 0 0.000 
unipolar with Positive full-scale -LSB 0 0 0 0 0 0 0 0 0 0 0 1 0.001 
complementary input LSB 0 3.998 
code, true zero output. Zero-scale 3.999 

SYMMETRICAL OFFSET OPERATION 

R' 
2.5. 

R,' 
10kn 

VREF'+) 

~ REF-01 ;f-+,ov 
DAC-312 

V 
r- VREFH 

B1 B'2 

VREF 
R14"";:o;;;p; =R16 

R'. 

'" ~OPTIONAL 
R" R2 

'Ok!l 2.50 1.25. 

.". .". .". 
MSB L08 

NOTE: 
CODe MAY BE COMPLEMENTED BY REVERSING '0 & iQ 

MSB LSB 10 
CODE FORMAT OUTPUT SCALE B1 B2 B3 B4 B5 B6 B7 B8 B9 Bl0 B11 B12 (mAl 

Straight offset binary; Positive full-scale 1 1 1 1 1 1 1 1 1 1 1 1 3.999 
symmetrical about zero, Positive full-scale -LSB 1 1 1 1 1 1 1 1 1 1 1 0 3.998 
no true zero output. (+) Zero-scale 1 0 0 0 0 0 0 0 0 0 0 0 2.000 

(-I Zero-scale 0 1 1 1 1 1 1 1 1 1 1 1 1.999 
Negative full-scale -LSB 0 0 0 0 0 0 0 0 0 0 0 1 0.001 
Negative full-scale 0 0 0 0 0 0 0 0 0 0 0 0 0.000 

1'8 complement; Positive full-scale 0 1 1 1 1 1 1 1 1 1 1 1 3.999 
symmetrical about zero, Positive full-scale -LSB 0 1 1 1 1 1 1 1 1 1 1 0 3.998 
no true zero output. (+ I Zero-scale 0 0 0 0 0 0 0 0 0 0 0 0 2.000 
MSB complemented (-) Zero-scale 1 1 1 1 1 1 1 1 1 1 1 1 1.999 
{need inverter at 81). Negative full-scale -LSB 1 0 0 0 0 0 0 0 0 0 0 1 0.001 

Negative full-scale 1 0 0 0 0 0 0 0 0 0 0 0 0.000 

2-960 DIGITAL-TO-ANALOG CONVERTERS 

Your 

to 
(mAl YOUT 

0.000 9.9976 
0.001 9.9951 
3.998 0.0024 
3.999 0.0000 

3.999 9.9976 
3.998 9.9951 
0.001 0.0024 
0.000 0.0000 

VOUT 

to 
(mAl YOUT 

0.00 9.9976 
0.001 9.9927 
1.999 0.0024 
2.000 -0.0024 
3.998 -9.9927 
3.999 -9.997.6 

0.000 9.9976 
0.001 9.9927 
1.999 0.0024 
2.000 -0.0024 
3.998 -9.9927 
3.999 -9.9976 
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APPLICATIONS INFORMATION 
REFERENCE AMPLIFIER SETUP 
The DAC-312 is a multiplying D/A converter in which the 
output current is the product of a digital number and the 
input reference current. The reference current may be fixed 
or may vary from nearly zero to +1.0mA. The full range output 
current is a linear function of the reference current and is 
given by: 

4095 
IFR = 4096 X 4 X (lREF) = 3.999 IREF' 

where I REF = 114 

In positive reference applications, an external positive refer
ence voltage forces current through R14 into the VREF(+I 
terminal (pin 14) of the reference amplifier. Alternatively, a 
negative reference may be applied to V REFH at pin 15. Refer
ence current flows from ground through R14 into VREF(+I as 
in the positive reference case. This negative reference con
nection has the advantage of a very high impedance pre
sented at pin 15. The voltage at pin 14 is equal to and tracks 
the voltage at pin 15 due to the high gain of the internal 
reference amplifier. R15 (nominally equal to R14) is used to 
cancel bias current errors. 

Bipolar references may be accomodated by offsetting VREF 
or pin 15. The negative common-mode range of the reference 
amplifier is given by: VCM-= V- plus (IREF X 3kO) plus 1.23V. 
The positive common-mode range is V+ less 1.8V. 

When a DC reference is used, a reference bypass capaCitor is 
recommended. A 5.OV TTL logic supply is not recommended 
as a reference. If a regulated power supply is used as a 
reference, R14 should be split into two resistors with the 
junction bypassed to ground with a 0.11tF capacitor. 

For most applications the tight relationship between IREF and 
IFS will eliminate the need for trimming IREF. If required, full 
scale trimming may be accomplished by adjusting the value 
of R14, or by using a potentiometer for R14. An improved 
method of full-scale trimming which eliminates potentiome
ter T.C. effects is shown in the Recommended Full-Scale 
Adjustment circuit. 

The reference amplifier must be compensated by using a 
capacitor from pin 16 to V-. For fixed reference operation, a 
0.011tF capacitor is recommended. For variable reference 
applications, see section entitled "Reference Amplifier Com
pensation for Multiplying Applications." 

MULTIPLYING OPERATION 

The DAC-312 provides excellent multiplying performance 
with an extremely linear relationship between IFs and IREF 
over a range of 1 mA to 11tA. Monotonic operation is main
tained over a typical range of IREF from 100itA to 1.0mA. 
Although some degradation of gain accuracy will be realized 

REV.S 

OAC-3l2 
at reduced values of IREF. (See Gain Accuracy vs Reference 
Current). 

REFERENCE AMPLIFIER COMPENSATION FOR 
MULTIPLYING APPLICATIONS 

AC reference applications will require the reference amplifier 
to be compensated using a capacitor from pin 16 to V-. The 
value of this capacitor depends on the impedance presented 
to pin 14 for R14 values of 1.0, 2.5 and 5.OkO, minimum values 
of Ccare 5,10, and 25pF. Largervalues of R14 require propor
tionately increased values of Cc for proper phase margin. 

For fastest response to a pulse, low values of R14 enabling 
small Cc values should be used. If pin 14 is driven by a high 
impedance such as a transistor current source, none of the 
above values will suffice and the amplifier must be heavily 
compensated which will decrease overall bandwidth and 
slew rate. For R14 = 1 kO and Cc= 5pF, the reference amplifier 
slews at 4mAlits enabling a transition from I REF = 0 to I REF = 
1 mA in 250ns. 

Operation with pulse inputs to the reference amplifier may 
be accommodated by an alternate compensation scheme. 
This technique provides lowest full-scale transition times. 
An internal clamp allows quick recovery of the reference 
amplifier from a cutoff (IREF = 0) condition. Full-scale 
transition (0 to 1 mAl occurs in 62.5ns when the equivalent 
impedance at pin 14 is 8000 and Cc = O. This yields a 
reference slew rate of 8mA/its which is relatively indepen
dent of RIN and VIN values. 

lOGIC INPUTS 

The DAC-312 design incorporates a unique logic input circuit 
which enables direct interface to all popular logic families 
and provides maximum noise immunity. This feature is made 
possible by the large inputswing capability, 40ltA logic input 
current, and completely adjustable logic threshold voltage. 
For V- = -15V, the logic inputs may swing between -5 and 
+10V. This enables direct interface with +15V CMOS logic, 
even when the DAC-312 is powered from a +5V supply. Min
imum input logic swing and minimum logic threshold voltage 
are given by : V- plus (JREF X 3kO) plus 1.8V. The logic 
threshold may be adjusted over a wide range by placing an 
appropriate voltage althe logic threshold control pin (pin 13, 
VLc). The appropriate graph shows the relationship between 
VLc and VTH over the temperature range, with VTH nominally 
1.4 above VLC. For TTL interface, Simply ground pin 13. When 
interfacing ECl, an IREF~ 1mA is recommended. For inter
facing other logic families, see block titled "Interfacing With 
Various Logic Families". For general setup of the logic con
trol circuit, it should be noted that pin 13 will sink 7mA typical; 
external circuitry should be designed to accommodate this 
current. 
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DAC-312 
ANALOG OUTPUT CURRENTS 

Both true and complemented output sink currents are pro
vided where 10+ TO=I FR. Current appears atthe "true" output 
when a "1" is applied to each iogic input. As the binary count 
increases, the sink current at pin 18 increases proportionally, 
in the fashion of a "positive logic" O/A converter. When a "0" 
is applied to any input bit, that current is turned off at pin 18 
and turned on at pin 19. A decreasing logic count increases TO 
as in a negative or inverted logic 01 A converter. Both outputs 
may be used simultaneously. If one of the outputs is not 
required it must still be connected to ground or to a point 
capable of sourcing IFR; do not leave an unused output pin 
open. 

Both outputs have an extremely wide voltage compliance 
enabling fast direct current-to-voltage conversion through a 
resistor tied to ground or other voltage source. Positive com
pliance is 25V above V- and is independent of the positive 
supply. Negative compliance is +10V above V-. 

The dual outputs enable double the usual peak-to-peak load 
swing when driving loads in quasi-differential fashion. This 
feature is especially useful in cable driving, CRT deflection 
and in other balanced applications such as driving center
tapped coils and transformers. 

POWER SUPPLIES 

The OAC-312 operates over a wide range of power supply 
voltages from a total supply of 20V to 36V. When operating 
with V-supplies of-10Vor lesS,IREF:51 mA is recommended. 
Low reference current operation decreases power consump
tion and increases negative compliance, reference amplifier 
negative common-mode range, negative logic input range, 
and negative logic threshold range; consult the various fig
ures for guidance. For example, operation at -9V with IREF= 
1 mA is not recommended because negative output com
pliance would be reduced to near zero. Operation from lower 
supplies is possible, however at least 8V total must be applied 
to insure turn-on of the internal bias network. 

Symmetrical supplies are not required, as the OAC-312 is 
quite insensitive to variations in supply voltage. Battery 
operation is feasible as no ground connection is required; 
however, an artificial ground may be used to insure logic 
swings, etc. remain between acceptable limits. 

TEMPERATURE PERFORMANCE 
The nonlinearity and monotonicity specifications of the 
OAC-312 are guaranteed to apply over the entire rated oper
ating temperature range. Full-Scale output current drift is 
tight, typically ± 10ppm/o C, with zero-scale output current 
and drift essentially negligible compared to 1/2 LSB. 

The temperature coefficient of the reference resistor R14 
should match and track that of the output resistor for min-

2-962 DIGITAL-TO-ANALOG CONVERTERS 

imum overall full-scale drift. Settling times of the OAC-312 
decrease approximately 10% at-55° C; at+ 125° C an increase 
of about 15% is typical. . 

SETTLING TIME 

The OAC-312 is capable of extremely fast settling times, 
typically 250ns at I REF= 1.0mA. JUdicious circuit design and 
careful board layout must be employed to obtain full perfor
mance potential during testing and application. The logic 
switch design enables propagation delays of only 25ns for 
each of the 12 bits. Settling time to within 1/2 LSB of the LSB 
is therefore 25ns, with each progressively larger bit taking 
successively longer. The MSB settles in 250ns, thus deter
mining the overall settling time of 250ns. Settling to 10-bit 
accuracy requires about 90 to 130ns. The output capacitance 
of the OAC-312 including the package is approximately 20pF; 
therefore, the output RC time constant dominates settling 
time if RL > 5000 

Settling time and propagation delay are relatively insensitive 
to logic input amplitude and rise and fall times, due to the 
high gain of the logic switches. Settling time also remains 
essentially constant for IREF values down to 0.5mA, with 
gradual increases for lower IREF values lies in the ability to 
attain a given output level with lower load resistors, thus 
reducing the output RC time constant. 

Measurement of the settling time requires the abilityto accu
rately resolve ± 1/2 LSB of current, which is ±500nA for4mA 
FSR. In order to assure the measurement is of the actual 
settling time and not the R.C. time of the output network, the 
resistive termination on the output of the OAC must be 
500 ohms or less. This does, however, place certain limita
tions on the testing apparatus. At IREF values of less than 
0.5mA, it is difficult to prevent RC damping of the output and 
maintain adequate sensitivity. Because the OAC-312 has 8 
equal current sources for the 3 most significant bits, the 
major carry occurs at the code change of 000111111111 to 
111000000000. The worst case settling time occurs at the zero 
to full-scale transition and it requires 9.2 time constants for 
the OAC output to settle to within ±1/2 LSB (0.0125%) of its 
final value. 

The OAC-312 switching transients or "glitches" are on the 
order of 500mV-ns. This is most evident when switching 
through the major carry and may be further reduced by 
adding small capacitive loads at the output with a minor 
sacrifice in transition speeds. 

Fastest operation can be obtained by using short leads, min
imizing output capacitance and load resistor values, and by 
adequate bypassing at the supply, reference, and VLC termi
nals. Supplies do not require large electrolytic bypass capac
itorsas the supply current drain is independent of input logic 
states; 0.1/lF capacitors at the supply pins provide full tran
sient protection. 
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DIFFERENTIAL vs INTEGRAL NONLINEARITY 

Integral nonlinearity, forthe purposes ofthe discussion, refers to 
the ·straightness·ofthe line drawn through the individual response 
points of a data converter. Differential nonlinearity, on the other 
hand, refers to the deviation of the spacing of the adjacent pOints 
from a 1 LSB ideal spacing. Both may be expressed as either a 
percentage of full-scale output or as fractional LSBs or both. The 
following figures define the manner in which these parameters 
are specified. The left figure shows a portion ofthe transfer curve 
of a DAC with 112 LSB INL and the (implied) DNLspecof 1 LSB. 
Below this is a graphic representation of the way this would ap
pear on a CRT, for example, if the D/A converter output were to 
be applied to the Y input of a CRT as shown in the application 
schematic titled "CRT Display Drive.· On the right is a portion of 
the transfer curve of a DAC specified for 2 LSB INL with 112 LSB 
DNL specified and the graphic display below it. 

DIFFERENTIAL LINEARITY COMPARISON 

REV. B 

01 A CONVERTER WITH 
±1/2 LSB INL, ±1 LSB DNL 

o IDEAL OUTPUTS 
• ACTUAL OUTPUTS 

XX01_XX10 TRANSITION 

0000 0010 0100 0110 1000 1010 1100 1110 
0001 0011 0101 0111 1001 101' 1101 1111 

DIGITAL INPUTS 

VIDEO DEFLECTION BY DACs 

-
-

ENLARGED "POSITIONAL" OUTPUTS 

OAC-3l2 

One of the characteristics of an R-2R DAC in standard form is 
that any transition which causes azero LSB change (i.e., the same 
output for two different codes) will exhibit the same output each 
time that transition occurs. The same holds true for transitions 
causing a 2 LSB change. These two problem transitions are al
lowableforthe standard definition of monotonicity and also allow 
the device to be specified very tightly for INL. The major problem 
arising from this error type is in AID converter implementations. 
Inputs producing the same output are now represented by am
biguous output codes for an identical input. Also, 2 LSB gaps can 
cause large errors at those input levels (assuming 112 LSB 
quantizing levels). It can be seen from the two figures that the 
DNL specified D/A converter will yield much finer grained data 
than the INLspecified part, thus improving the abilityofthe AID to 
resolve changes in the analog input. 

D/A CONVERTER WITH 
±2 LSB INL, ±1/2 LSB DNL 

DIGITAL INPUTS 

VIDEO DEFLECTION BY DACs 

ENLARGED "POSITIONAL" OUTPUTS 
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DAC~312 

DESCRIPTION OF OPERATION 
The OAC-312 is divided into two major sections, an S
segment generator and a 9-bit master/slave O/A Converter. 
In operation the device performs as follClws (See Simplified 
Schematic):,' ' 

The three most signifioant'bits (MS8's) are il'lputs to a 3-to-S 
line decoder. The selected resistor (R5 in the figure) is con
nected to the master/slave 9-bit 0/ A Converter. All lower 
order resistors (Rl through R4) are summed into the 10 line, 
while all higher order resistors (R6 through RS) are summed 
into the TO line. The R5 current supplies 512 steps of current 
(0 to 0.499mA for almA reference current) which are also 
summecti nto the 10 or TO lines depending on the bits selected. 
In the figure, the code selected is: 100110000000. Therefore, 
2mA (4 X 0.5mA/segment) +0.375mA (from master/slave 0/ A 
Converter) are summed into 10 giving an 10 of 2.375mA. 10 
has a current of 1.625mA with this code. As the three MS8's 
are incremented, each successively higher code adds 0.5mA 
to 10 and subtracts 0.5mA from 10, with the selected resistor 
feeding its current to the master/slave O/A Converter; thus 
each increment of the 3 MS8's allows the current in the 9-bit 
O/A Converter to be added to a pedestal consisting of the 
sum of all lower order currents from the segment generator. 
This configuration guarantees monotonicity. 

SIMPLIFIED SCHEMATIC 

VI+I VL/AGND 82 

,. 17 

COMP VI-} 
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EXPANDED TRANSFER CHARACTERISTIC 
SEGMENT (001010011) 

,.60' 
'.600 
U99 

UKn 
',000 
D .... 

(00111',.,',11.! ttOl0 OOOOOOO~~)~I010 111111111)1 teOt1oooooo0001 
DIGITAL INPUT 

84 B6 B6 87 88 B9 Bl0 B11 

18 10 

19 10 
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12·BIT FAST AID CONVERTER 

CLOCK 

SERIAL 
DATA OUT 

LSB 

VREF ANALOG IN 
(O-lOV) 

10.DOQkfl 

NOTE: 

DAC-312 

COMP 

LSB 

'0 

DEVICE(S) CONNECTED TO ANALOG INPUT MUST BE CAPABLE OF SOURCING 4.0mA. 
A BUFFER (eg. BUF.(3) MAY BE REQUIRED. 

REV. B 

~ 
> 
~ 
a: 
::> 

~ 

OAC-3l2 

CONVERSION TIME VI ACCURACY 

1.25 

1.00 

I \ 
(WORST CASE)'\ 

PM-6012 
eMP·05 

0.75 

0.60 

0.25 

- P~~ 1\ 
CMP.()5 \ (TYP), 

"-I 1\ 

0.00 
100 200 300 400 500 600 700 800 

CONVERSION TIME PER TRIAL (ns) 

CONVERSION 
TIME (ns) 

CIIP..Q5 

TOTAL 

)( .. 
TVP 

33 

•• 
371n8 

.... s 

WORST 
CASE 

55 

125 

ISOnS 

..8,,8 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• Data Readback Capability for System Self Check 
• Fast TTL/CMOS Compatible Data Register 
• ±1/2 LSB Max Linearity Error Over the Full Operating 

Temperature Range 
• ±1 LSB Max Gain Error - No User Adjustment Required 
• Less Than 0.04 LSB Max Zero Scale Error (10nA) 
• Single +5V to +15V Supply 
• Small 20-Pin 0.3" Wide DIP 
• Improved ESD Resistance 
• Latch-Up Resistant 
• Adds Data Readback Feature to PM-7545 Pinout 
• Available in Die Form 

GENERAL DESCRIPTION 

The DAC-8012 is a monolithic 12-bit CMOS multiplying DAC 
with internal data latches and three-state data read back buffers. 
The latches and read back buffers perform like a "memory" 
location. Data loads into the latches as a single 12-bit wide word 
allowing direct connection to 12-bit and 16-bit busses. 

Four-quadrant multiplying capability and 12-bit linearity simpli
fies wide-bandwidth, low-distortion, digitally-controlled preci
Sion attenuator and filter applications. 

The powerful data read back function allows users to perform 
data path verification between the controlling processor and 
the DAC-8012. System self check results after writing a data 
word to the DAC-8012, then reading it back to the processor, 
verifying no change in data takes place. The read back function 
simplifies the design of automatic test equipment, industrial 
automation, robotics, and processor-controlled instrumenta
tion. Reduction of software coding results with processors 
using direct memory execution instructions. In remote sys
tems, data set-points are held in the DAC register which can be 
interrogated upon system fault recovery. 

FUNCTIONAL DIAGRAM 

CMOS 12-Bit Multiplying 
D/A Converter "With Memory" 

DAC-8012 I 
ORDERING INFORMATION' 

PACKAGE: 2o-PIN 

MAXIMUM MILITARY" EXTENDED COMMERCIAL 
GAIN ERROR TEMPERATURE INDUSTRIAL TEMPERATURE 

RELATIVE TA =+2S·C -5S·Cto TEMPERATURE o·Cto 
ACCURACY VDD =+5V +125·C -40·C to +85"C +70"C 

,.1/2LSB ,.1 LSB DACBOI2AR DAC8012ER DAC8012GP 
,.1 LSB ±3LSB DAC8012BR DAC8012FR DAC8012HP 
±1 LSB ±3LSB DACB012FP 
±1 LSB ±3LSB DAC8012FPC 

• For devices processed in total compliance to MIL·STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDlP, plastic DIP, and TO-can packages. 

It For availability and burn-In information on SO and PLCC packages, contact 
your local sales office. 

PIN CONNECTIONS 

20-LEAD PLCC 
(PC-Suffix) 

RF• 

20-PIN EPOXY DIP 
(P-Suffix) 

20-PIN HERMETIC DIP 
(R-Suffix) 

r~~~\----1..------1~OUTl 

REV. A 

VREFo--t----------i 
L.....:~_t---------lI"AGND 

RDiWllo--t--...,...---'("""" 
~o--t--~-~~-' 
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OAC-80l2 
ABSOLUTE MAXIMUM RATINGS 

(T A = +2S'C, unless otherwise noted.) 

V~~ to DGND .•.. ;....................................... . ... -a.av, +17V 

Dig;tallnp!ltvoltageto DGND ............................... -o.3V, Voo 

AGND to DGND •.••.••....••....••.. ; .•....•.••.••.••..•••••...••....•• -0.3, V DO 

V RFB' V REF to DGND ....•..•.••.•.••••••••.•••••••••••••.••.•••••..••••..••. :l:25V 

V plN 1 to DGND ...................................................... : -o.3V, Voo 

Operating Temp"erature Range 

Military (AR, BR) Grades •••••.•.••.•..•.....•.•..•• -55'C to + 125'C 

Industrial (ER, FR, FP, FPC) Grades •..••...•• -40'C to +S5'C 

Commercial (GP, HP) Grades .•.•.••..•••.••.••.••.... O'C to +70'C 

Junction Temperature .................................................. + 1S0'C 

Storage Temperature .................................... -65'C to + 150'C 

Lead Temperature (Soldering, 60 sec) ••••.••.•..•••.•••••...• +300'C 

PACKAGE TYPE 9 1A (Note 1) 9 1c UNITS 

20-Pln Hermetic DIP (R) 76 11 'C/W 

20·Pin Piastic DIP (P) 69 27 'C/W 

20-Contact PLCC (PC) 73 33 'C/W 
NOTE: 
1. 9 1A is specified for worst case mounting conditions, i.e., 9 1A is specified for device 

in socket for CerDIP and P-DIP packagas; 9 lA Is spacH1ed for device soldered to 
printed circuit board for SO package. 

CAUTION: 
1. Stresses above those listed under 'Absolute Maximum Ratings' may cause 

permanent damage to the device. This is a stress rating only and functional 
operation at or above this specification is not implied. Exposure to above 
maximum rating conditions for extended periods may affect device reliability. 

2. Do not apply voltages higher than V DOor less than GND potential on any ter
minal exceptVREF. 

3. The digital inputs are zener protected, however,. permanent damage may 
occur on unprotected units from high-energy electrostatic fields. Keep unils in 
conductive foam at all times until ready to use. uSe proper antistatic handling 
procedures. 

4. Remove power before inserting or removing units from their sockets. 

ELECTRICAL CHARACTERISTICS atVoo = +SVor+1SV, V REF = +10V, V OUT 1 =OV,AGND=DGND=OV, TA =-5S'Cto +12S'C 

apply for DAC-S012AR/BR, T A = -40'C to +SS'C apply for DAC-S012ER/FR/FP/FPC, T A = O'C to + 70'C apply for DAC-S012GP/HP, 

unless otherwise noted. 

DAC-8012A1E/G DAC-8012B/F/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

STATIC ACCURACY 

Resolution 12 12 Bits 

Relative 
INL TA = Full Temp. Range 

Accuracy 
±1/2 ±1 LSB 

Differential 
Nonlinearity DNL TA = Full Temp. Range ±1 ±1 LSB 
(Note 1) 

Gain Error 
GFSE 

TA =+25'C ±1 ±3 
(Notes 2, 3) TA = Full Temp. Range ±2 ±4 

LSB 

Gain Temperature 

Coefficient 
TCG FS 

~Gain/ ATemperature 
±5 ±5 ppm/'C 

(Notes 4, 5) 

DC Supply Rejection 
PSR TA = +25'C (AV = +5%) 0.002 0.002 

%/% 
~Gain/AVDD (Note 4) TA = Full Temp. Range DO - 0.004 0.004 

TA = +25'C, RDIWR = OS = OV, 
10 10 

Output Leakage 
All Digital Inputs = OV 

'LKG nA 
Current at OUT 1 TA = Full Temp. Range 

A/B Versions 200 200 
E/F /G/H Versions 25 25 

DYNAMIC PERFORMANCE 

Propagation Delay 
tpo 

TA=+25'C 
300 300 ns 

(Notes 4, 6, & 7) (OUT 1 Load = lOOn. CEXT = 13pF) 

Current Settling Time 
TA = Full Temp. Range 

(Notes 4, 7) ts (To 1/2 LSB) I'S 

lOUT 1 Load = loon 

Glitch Energy 
TA="+25'C 400 400 

nVs 
(Note 4) 

Q TA = Full Temp. Range 500 500 

VREF=AGND 

AC Feedthrough 
TA = Full Temp. Range 

at lOUT 1 FT 
VREF = ±10V, f = 10kHz 

5 mVp•p 
(Note 4) 

REFERENCE INPUT 

Input Resistance 
RREF 

TA = Full Temp. Range 
11 15 7 11 15 kll 

(Pin 19 to GND) Input Resistance 
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DAC-8012 
ELECTRICAL CHARACTERISTICS atVDD = +SV, VREF = +10V, VOUT 1 =OV,AGND = DGND =OV, TA =-5S'Cto +12S'Capply 
for DAC-8012AR/BR, T A = -40'C to +8S'C apply for DAC-8012ER/FR/FP/FPC, T A = O'C to + 70'C apply for DAC-8012GP/HP, unless 
otherwise noted. 

DAC-8012A/E/G DAC-8012B/F/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

ANALOG OUTPUTS 

Output Capacitance 
Vaa ~ +5V or + 15V 

(Nole4) 
T A ~ Full Temp. Range 
DBO-DBll ~ OV, RD/WR ~ OS ~ OV 70 70 

COUT1 COUT DBO-DBll ~ Voo, RD/WR ~ OS ~ OV 150 150 
pF 

DIGITAL INPUTS 

Inpul High Voltage V 1NH 2.4 2.4 
Input Low Voltage V 1NL 

TA ~ Full Temp. Range 
O.S O.S 

V 

Input Current liN 
TA = +25°C 

"A TA ~ Full Temp. Range 10 10 

Input Capacitance 

DBO-DBll 
C'N 

12 12 
RD/WR, OS 

TA ~ Full Temp. Range 
6 6 

pF 

(Note 4) 

DIGITAL OUTPUTS 

Output High Voltage VOH lo~400"A 4.0 4.0 V 

Output Low Voltage VOL lo~-1.6mA 0.4 0.4 V 

Three-State Output 
Leakage Current 

10 10 "A 

SWITCHING CHARACTERISTICS See Timing Diagram 

(NoteS) 

Write to Data Strobe TA ~+25°C 0 0 
Setup Time 

twsu TA ~ Full Temp. Range 0 0 
ns 

Data Strobe to TA~+25°C 0 
Write Hold Time tWH TA ~ Full Temp. Range 0 0 

ns 

Read to Data Strobe TA~+25°C 0 
Setup Time 

tRSU T A ~ Full Temp. Range 0 0 
ns 

Data Strobe to TA ~+25°C 0 
Read Hold Time tRH TA ~ Full Temp. Range 0 0 

ns 

Write Mode Data Strobe TA ~ +25°C ISO ISO 

Width tWAS TA ~ Full Temp. Range 250 250 
ns 

Read Mode Data Strobe TA~ +25°C 220 220 
Width tAOS TA = Full Temp. Range 290 290 

ns 

Data Setup Time 
TA ~ +25°C 210 210 

tosu TA ~ Full Temp. Range 250 250 
ns 

Data Hold Time 
TA ~+25°C 0 0 

tOH T A ~ Full Temp. Range 0 
ns 

Data Strobe to 
TA ~ +25°C 

Data Valid Ti me 
300 300 

teo TA = Full Temp. Range 400 400 
ns 

(Notes 4, 9) 

Output Active Time 
TA ~+25°C 215 215 

from Oeselection tOTO ns 
(Notes 4, 9) 

TA ~ Full Temp. Range 375 375 

POWER SUPPLY 

loa 
TA = Full Temp. Range 

mA 
(All Digital Inputs V,NL or V,NHl 

Supply Current 

100 
TA = Full Temp. Range 

10 100 10 100 "A (All Digital Inputs OV or Voo) 
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OAC-B012 

ELECTRICALCHARACTERISTICSatVoo = :t15V. V REF = +10V. V OUT1 =OV.AGND=DGND=OV. TA ,,-55°Cto +125°C apply 

for DAC-8012AR/BR. T A = -40°C to +85°C apply for DAC-8012ER/FR/FP/FPC. T A = O°C to + 70°C apply for DAC-8012GP/HP. unless 

otherwise noted. 

DAC-8012A1E/G DAC-8012B/F/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

DIGITAL INPUTS 

Input High Voltage V,NH 
TA = Full Temp. Range 

13.5 13.5 
Input Low Voltage V1NL 1.5 1.5 

V 

Input Current liN 
TA=+25°C 

~A TA = Full Temp. Range 10 10 

Input Capacitance 
DBO-DBll 

C,N TA = Full Temp. Range 
12 12 

RD/WR, OS 10 10 
pF 

(Note 4) 

DIGITAL OUTPUTS 

Output High Voltage VOH 10= 3mA 13.5 13.5 V 

Output Low Voltage VOL 10=-3mA 1.5 1.5 V 

Three-State Output 
Leakage Current 

10 10 ~A 

SWITCHING CHARACTERISTICS See Timing Diagram 
(Note B) 

Write to Data Strobe TA = +25°C 0 0 
Setup Time twsu TA = Full Temp. Range 0 0 

ns 

Data Strobe to TA = +25°C 0 0 
Write HoldTime tWH TA = Full Temp. Range 0 0 

ns 

Read to Data Strobe TA =+25°C 0 0 
Setup Time tRSU T A = Full Temp. Range 0 0 

ns 

Data Strobe to TA = +25°C 0 0 
Read Hold Ti me tRH T A = Full Temp. Range 0 0 

ns 

Write Mode Data Strobe TA = +25°C 100 100 

Width tWAS T A = Full Temp. Range 120 120 
ns 

Read Mode Data Strobe TA=+25°C 110 110 
Width tAOS T A = Full Temp. Range 150 150 

ns 

Data Setup Time 
TA =+25°C 90 90 

tosu TA = Full Temp. Range 120 120 
ns 

Data Hold Time 
TA=+25°C 0 

tOH TA = Full Temp. Range 0 
ns 

Data Strobe to 
TA =+25°C 180 180 

Output valid Time tco TA = Full Temp. Range 220 220 
ns 

(Note 9) 

Output Active Time 
TA =+25°C 180 lBO 

for Deselect ion tOTO ns 
(Note 9) 

TA = Full Temp. Range 250 250 

POWER SUPPLY 

100 
TA = Full Temp. Range 

mA 
(All Digital Inputs V,NL or V,NH) 

Supply Current 

100 
T A = Full Temp. Range 

10 
(All Digital Inputs OV or Voo) 

100 10 100 ~A 

NOTES: 
1. 12~bit monotonic over full temperature range. 6. From digital input change to 90% of final analog output. 
2. Includes the effects of 5ppm max. gain T.G. 7. All digital inputs = OV to Voo; or Voo to OV. 
3. Using internal RFB. DAC register loaded with 11111111 1111. Gain error is B. Sample tested at +25Q C to ensure compliance. 

adjustable using the circuits of Figures 4 and 5. 9. See load circuits for switching tests. 
4. GUARANTEED but NOT TESTED. 
5. Typical value is 2ppm/oC for Voo = +511. 
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DICE CHARACTERISTICS 

DIE SIZE 0.121 X 0.112 Inch, 13,552 sq. mils 
(3.07 X 2.85 mm, 8.75 sq. mm) 

1.0UTl 
2. AGND 
3.DGND 
4. DB11 (MSB) 
5.DB10 
6.DB9 
7.DBS 
S.DB7 
9.DB6 

10.DB5 

11. DB4 
12. DB3 
13.DB2 
14. DBl 

DAC-8012 

15. DBO (LSB) 
16. OS 
17. RD/WR 
18. VDD 
19. VREF 

20. RFB 

WAFER TEST LIMITS at VDD = +5V or +15V, VREF= +10V, VOUT 1 = OV, AGND = DGND = OV, TA = 25°C, unless otherwise noted. 

DAC-8012G 
PARAMETER SYMBOL CONDITIONS LIMIT UNITS 

Relative Accuracy INL Endpoint linearity Error ±1/2 LSB MAX 

Differential Nonlinearity DNL ±1 LSB MAX 

Gain Error GFSE DAC Latches Loaded with 1111 1111 1111 ±3 LSB MAX 

Output Leakage 'LKG 
DAC Latches Loaded with 0000 0000 0000 

±10 nAMAX 
Pad 1 

Input Resistance RREF Pad 19 6/1S 
kllMINI 
kllMAX 

Output High Voltage VOH Voo ~ SV. 10 ~ 400!,A 4.0 VMIN 

Output Low Voltage VOL Voo ~ SV. 10 ~ -1.6mA 0.4 V MAX 

Digital Input 
V 1NH 

Voo ~ SV 2.4 
High Voo~ 1SV 13.S 

VMIN 

Digital Input Voo~SV 0.8 
Low 

V 1NL 
Voo~ 15V 1.5 

V MAX 

Input Current liN V,N ~ OV or Voo ±1 !'AMAX 

Supply Current 100 
All Digital Inputs V1NL or VrNH 

mAMAX 
All Digital Inputs OV or Voo 0.1 

DC Supply Rejection 
PSRR Voo~ ±S% 0.004 %1% MAX 

(~Gain/~Voo) 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss. yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS atVDD=+5Vor+15V, VREF=+10V, VOUT1 =OV; TA=25°C, unless otherwise noted. 

PARAMETER 

Digital Input Capacitance 

Output Capacitance 

Propagation Delay 

REV. A 

SYMBOL 

COUT1 

COUT1 

CONDITIONS 

DAC Latches Loaded with 0000 0000 0000 

DAC Latches Loaded with 111111111111 

Voo~ 15V 

Voo~ 5V 

DAC-8012G 
TYPICAL UNITS 

12 pF 

70 pF 

1S0 pF 

300 ns 
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OAC-B012 
LOAD CIRCUITS FOR SWITCHING TESTS 

FOR DATA GOING HIGH 

TODATABIT~: 

~'00PF ~3kO 

FOR DATA GOING LOW 

T3kO 
TO DATA BIT..-f 

~1OOPF 

PARAMETER DEFINITIONS 

RELATIVE ACCURACY 

FOR LOW DATA GOING HIGH-r 

TODATABIT~. 

I~PF 13kO 
~ VOO 

FOR HIGH DATA GOING HIGH-Z· 

TO DATA B1T--r:1: 

~'DPF ~3kn 

-TO 5% OUTPUT CHANGE 

Sometimes referred to as endpoint nonlinearity, and is a 
measure ofthe maximum deviation from a straight line passing 
through the endpoints of the DAC transfer function. Relative 
Accuracy is measured after the zero and full-scale pOints have 
been adjusted, and is normally expressed in LSB or as a 
percentage of full scale. 

DIFFERENTIAL NONLINEARITY 

This is the difference between the measured change and the 
ideal change between any two adjacent codes. A differential 
nonlinearity of ±1 LSB maximum over the full operating 
temperature range will ensure that a device is monotonic (the 
output will not decrease for an increase in digital code applied). 

GAIN ERROR 

Gain or full scale error is the amount of output error between 
the ideal output and the actual output. The ideal output is VREF 
minus 1 LSB. The gain error is adjustable to zero using external 
resistance. 

OUTPUT CAPACITANCE 

The capacitance from OUT1 to AGND. 

PROPAGATION DELAY 

This is measured from the digital input change to the analog 
output current reaching 90% of its final value. 

FEEDTHROUGH GLITCH ~NERGY 

This is a measure ofthe amount of charge injected to the analog 
output from the digital inputs, when the digital inputs change 
states. It is the area of the glitch and is specified in nVsec; it is 
measured with VREF = AGND. 

2-972 DIGITAL-TO-ANALOGCONVERTERS 

LOGIC INFORMATION 

D/A CONVERTER SECTION 

Figure 1 shows a simplified ci rcuit of the D/A Converter section 
of the DAC-8012, and Figure 2 gives an approximate equivalent 
switch circuit. R is typically 11kQ. 

The binary-weighted currents are switched between OUT 1 and 
AGNI? by N-channel switches, ,thus maintaining a constant 
current in each ladder leg independent of the switch state. 

The capacitance at the OUT 1 terminal, COUT 10 is code 
dependent and varies from 70pF (all switches to AGND) to 
150pF (all switches to OUT 1). One of the current switches is 
shown in Figure 2. 

The input resistance al VREF (Figure 1) is always equal to RLDR 
(RLDR is the R/2R ladder characteristics resistance and is equal 
to valu(! "R"). Since the input resistance at the VREF pin is 
constant, the reference terminal can be driven by a reference 
voltage or a reference current, ac or dc, of positive or negative 
polarity. (If a current source is used, a low-temperature
coefficient external RFB is recommended to define scale factor.) 

The internal feedback resistor (RFB) has a normally closed 
switch in series as shown in Figure 1.This switch improves 
performance over temperature and power supply rejection; 
however, when the circuit is not powered up the switch assumes 
an open state. 

BURN-IN CIRCUIT 
+'0 +15 

VR.' V t-D_D ___ ~' 
R' ,. 'k" 

AGNP VREF 

DONO VDD 
18 

D11 (MSB) 

D10 

D9 ,. R2 
D8 D1 ,. 6k" 
D7 D2 

D6 D3 '2 

10 D5 D4 " 
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TIMING DIAGRAM 

FIGURE 1: Simplified D/A Circuit of DAC-8012 

RFS 

FIGURE 2: N-Channel Current Steering Switch 

TO LADDER 

FROM~ INTERfACE 

LOGIC 0---1 
AGND OUT 1 

DIGITAL SECTION 
Figure 3 shows the digital I/O structure for one bit. When the 
data strobe (DS) and the RD/WR lines are held low, data at the 
digital input is fed through the input buffers and the data latches 
which control the DAC current output switches are transparent. 
Data is latched when either DS or RDIWR go high. When the data 
strobe DS is held low and the RDIWR line is held high, the 
three-state buffer becomes active and the data from the latches is 

REV. A 

NOTES: 
YDO = +SV; I, "" IF = 20ns 
YOD "" +15V; tr =., "" 40n, 
ALL INPUT SIGNAL RISE AND 
fAll TIMES MEASURED FROM 
10% TO 90% OF VDD 

DAC-8012 

TIMING MEASUREMENT REFERENCE LEVEL 
V1H + V1L 

1$--2-

FIGURE 3: Digital Input/Output Structure 

.--------RD 

fed through the three-state buffers to the digital input/output 
lines. This is known as the Read Cycle, or data read back. 

The input buffers are simple CMOS inverters designed such 
that when the DAC-8012 is operated with Voo = +S\I, the buffers 
convert TTL input levels (2.4V and O.8V) into CMOS logic levels. 
When the digital input is in the region of 1.0V to 3.0V, the input 
buffers operate in their linear region and draw current from 
the power supply. To minimize power supply currents, it is 
recommended that the digital input voltages be as close to the 
supply rails (Voo and DGNO) as is practically possible. The 
DAC-8012 may be operated with any supply voltage in the range 
SV :5Voo :51SV. With Voo =+lSV, the input logic levels are CMOS 
compatible only, i.e., l.SV and 13.S\I. 

The three-state output buffers, in the active mode, provide TTL
compatible digital outputs with a fan-out of one TTL load when 
the DAC-8012 is operated with +SV power supply. When 
powered from +lSV, the output buffers provide output logic 
levels of 1.SV and 13.SV. Three-state output leakage is typically 
10nA. 
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DAC-8012 
FIGURE 4: Unipolar Binary Operation 

DBll-DBO ·SEE TABLE 1. 

BASIC APPLICATIONS 
Figures 4 and 5 show simple unipolar and bipolar circuits using 
the DAC-8012. Resistor R1 is used to trim for full scale. The 
following versions: DAC-8012AR, DAC-8012ER, DAC-8012GP, 
have a guaranteed maximum gain error of ±1 LSB at +25°C and 
Voo = +5V, and in many applications the gain trim resistors are 
not required. Capacitor C1 provides phase compensation and 
helps prevent overshoot and ringing when using high speed op 
amps. The circuits of Figures 4 and 5 have constant input 
impedance at the VREF terminal. 

The circuit of Figure 4 can either be used as a fixed reference 
D/A converter so that it provides an analog output voltage in the 
range 0 to -VIN (the inversion is introduced by the op amp): or 
VIN can be an ac signal in which case the circuit behaves as an 
attenuator (2-Quadrant Multiplier). V1N can be any voltage in the 
range -20V :5V1N :5+20V (provided the op amp can handle such 
voltages) since VREF is permitted to exceed Voo. Table II shows 
the code relationship for the circuit of Figure 4. 

Figure 5 and Table III illustrate the recommended circuit and 
code relationship for bipolar operation. The D/A function itself 
uses offset binary code, and inverter U1 on the MSB line, 
converts 2's-complement input code to offset binary code. The 
inverter U1 may be omitted if the inversion is done in software, 
using an exclusive OR instruction, 

R3, R4 and R5 must match withinO.01 % and should be the same 
type of resistors (preferably wire-wound or metal foil), so that 
their temperature coefficients match. Mismatch of R3 value to 
R4 causes both offset and full scale error. Mismatch of R5 to R4 
and R3 causes full scale error. 

FIGURE 5: Bipolar Operation (2's Complement Code) 

U, 
(SEE TeXT) 
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DATA INPUT 

TABLE I: Recommended Trim ResistorValue vi;. Grades 

TRIM 
RESISTOR HP/FR/BR GP/ER/AR 

R1 1000 200 
R2 330 6.80 

TABLE II: Unipolar Binary Code Table for Circuit of Figure 4 

BINARY NUMBER IN 
DAe REGISTER ANALOG OUTPUT 

1 1 1 1 1 1 1 1 1 1 1 1 -VIN" ( 4095 ) 
4096 

1000 0000 0000 -VIN" ( 2048 ) 4096 = -1/2 VIN 

0000 0000 0001 -VIN" (40~6 ) 

0000 0000 0000 o Volts 

TABLE III: 2's Complement Code Table for Circuit of Figure 5 

01 1 1 

0000 

0000 

1 1 1 1 

1000 

ANALOG 
COMMON 

DATA INPUT 

1 1 1 1 1 1 1 1 

0000 0001 

0000 0000 

1 1 1 1 1 1 1 1 

0000 0000 

·SEE TABLE 1. 

ANALOG OUTPUT 

+VIN" ( 2047 ) 
2048 

+VIN" (20~8 ) 

o Volts 

-VIN" (20~8 ) 

-VIN" ( 2048 ) 
2048 

VOUT 
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APPLICATIONS HINTS 

Output Offset: CMOS D/A converters exhibit a code-dependent 
output resistance that causes a code-dependent error voltage 
at the output of the amplifier. The maximum amplitude of this 
offset, which adds to the D/A converter nonlinearity, is 0.67 Vos 
where Vas is the amplifier input-offset voltage. To maintain 
monotonic operation, it is recommended that Vas be no greater 
than 10% of 1 LSB over the temperature range of operation. 

General Ground Management: AC or transient voltages be
tween AGND and DGND can cause noise injection into the 
analog output. The simplest method of ensuring that voltages at 
AGNDand DGNDareequal istotieAGNDand DGNDtogether 
at the DAC-8012. It is recommended that two diodes (1 N914 or 
equivalent) be connected in inverse parallel between AGND 
and DGND pins in complex systems where AGND and DGND 
tie on the backplane. 

Digital Glitches: When RD/WR and DS are both low, the latches 
are transparent and the D/A converter inputs follow the data 
inputs. Some bus systems do not always have data valid for the 
whole period during which RDIWR is low. This will allow invalid 
data to briefly appear at the DAC inputs during the write cycle. 
This can cause unwanted glitches at the DAC output. Retiming 
the write pulse RD/WR, so that it only occurs when data is valid, 
will eliminate the problem. 

FIGURE 7: 8-Bit Processor to DAC-8012 Interface 

OAC-B012 
INTERFACING THE DAC-8012TO MICROPROCESSORS 
Figure 6 shows the interface configuration for the 68000 16-bit 
microprocessor. No external logic is required to write data into 
the DAC orto read back data from the DAC-8012 latches. Analog 
circuitry has been removed for clarity. 

FIGURE 6: 68000 16-Bit Microprocessorto DAC-8012 Interface 

68000 ADDRESS BUS ,J 
CPU 

ClACK 
I ADDRESS I os I DECODER I 

RiW RD!Wl! 

A 0811 

DATA BUS 12t 
~ 080 

*00 = DECODED ADDRESS FOR LATCH TO DAC OPERATIONS 

REV. A 

PROCESSOR 
SYSTEM 

a, = DECODED ADDRESS FOR DATA BUS TO INPUT LATCH OPERAnON 
02 := DECODED ADDRESS FOR OUTPUT LATCH TO DATA BUS OPERATION 

A,.t--------------------------.....J\ 
ADDRESS BUS 

Aot------, 
.... ......;;:..,.:;....., a.' 

~------, 

00 0,* 

WRP-----i=~~====~ 

8-BIT DATA BUS 
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~ANALOG 
WDEVICES 

FEATURES 
• 12-Bit Accuracy in an S-Pin Mini-Dip 
• Fast Serial Data Input 
• Double Data Buffers 
• Low ±1/2 LSB Max INL and DNL 
• Max Gain Error: ±1 LSB 
• Low 5ppmrC Max Tempco 
• ESD Resistant 
• LowCost 
• Available in Die Form 

APPLICATIONS 
• Auto-Calibration Systems 
• Process Control and Industrial Automation 
• Programmable Amplifiers and Attenuators 
• Digitally-Controlled Filters 

ORDERING INFORMATIONt 

PACKAGE 

EXTENDED 
MIUTARY" INDUSTRIAL COMMERCIAL 

RELATIVE TEMPERATURE TEMPERATURE TEMPERATURE 
ACCURACY -!5"CTO +125"C -40"CTO +85"C D"C TO+7O"C 

±1I2LSB DAC8043AZ DAC8043EZ DAC8043GP 
±1I2LSB DAC8043AZI883 
±1LS8 DAC8043FZ 
±1LS8 DAC8043FP 

• Fordevices processed in IOtal compliance 10 MIL-STD-883, add 1883 after part 
number. Consult factory lor 883 data sheet. 
Ali commercial and Industrial temperature range parts are available with bum
in. 

PIN CONNECTIONS 

BURN-IN CIRCUIT 

+lOVo--",~"",,-_~ 

NOTES: 
R, =101J1 
C, = 1Op.F 
0 1 = 1N4001 OR EQUIVALENT 

S-PIN EPOXY DIP 
(P-Suffix) 

S-PIN CERDIP 
(Z-Suffix) 

1-"-_-.,Jw-~ __ --o+5V 

0, 

MAXIMUM POWER SUPPLY CURRENT PER DEVICE IS +1.l5mA,-OmA 
POWEA-UP SEQUENCE: +5V, +1OV 
POWER-DOWN SEQUENCE: +1OV, +SV 

REV. B 

12-Bit Serial Input 
Multiplying CMOS D/A Converter 

DAC-8043 I 
GENERAL DESCRIPTION 
The DAC-S043 is a high accuracy 12-bit CMOS multiplying 
DAC in a space-saving S-pin mini-DIP package. Featuring 
serial data input, double buffering, and excellent analog per
formance, the DAC-S043 is ideal for applications where PC 
board space is at a premium. Also, improved linearity and gain 
error performance permit reduced parts count through the 
elimination of trimming components. Separate input clock and 
load-DAC control lines allow full user control of data loading 
and analog output. 

The circuit consists of a 12-bit serial-in, parallel-out shift regis
ter, a 12-bit DAC register, a 12-bit CMOS DAC, and control 
logic. Serial data is clocked into the input register on the rising 
edge of the CLOCK pulse. When the new data word has been 
clocked in, it is loaded into the DAC register with the LD input 
pin. Data in the DAC register is converted to an output current 
by the D/A converter. 

The DAC-S043's fast interface timing may reduce timing design 
considerations while minimizing microprocessor wait states. 
For applications requiring an asynchronous CLEAR function or 
more versatile microprocessor interface logic, refer to the PM-
7543. 

Operating from a single +5V power supply, the DAC-S043 is the 
ideal low power, small size, high performance solution to many 
application problems. It is available in plastic and cerdip pack
ages that are compatible with auto-insertion equipment. 

FUNCTIONAL BLOCK DIAGRAM 

CLKO-4----.I 
SRlo-!!.i----.I 

..-..1\I\I'~i!-ORF8 

}-.... _R.,:F8=--f!--oloUT 

~-!!-oOND 
I--__ ...J 
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OAC-8M3 
ABSOLUTE MAXIMUM RATINGS 
(TA = +25'C unless otherwise noted.) 
VDD to GND ...................................................................... +17V 
V REF to GND ..................................................................... ±25V 
VRFB to GND .. , ................................ ; ................................. ±25V 
Digital Input Voltage Range ................................. -o.3V to VDD 
Output Voltage (Pin 3) .......................................... -o.3V to VDD 
Operating Temperature Range 

AZ Versions ................................................. -55'C to + 125'C 
EZlFZlFP Versions ........................................ -40'C to +85"C 
GP Version ........................................................ O'C to +70'C 

Junction Temperature .................................................. + 150'C 
Storage Temperature .................................... -65'C to + 150'C 
Lead Temperature (Soldering. 60 sec) ........................ +300'C 

PACKAGE TYPE 8 IA (N0TE1) UNITS 

8-Pin Hermetic DIP (Z) 134 12 'CIW 

s..Pin Plastic DIP (Pj 96 31 

NOTE: 
1. 8 1A Is specified for worst case mounting conditions, I.e., 8 iA Is specified for 

device in socket for CerDlP and P-DIP packages. 

CAUTION: 
1. 00 not apply voltages higher !han V DJ) or less !han GND potential on any ter

minal except VREF (Pin 1) and ~B(Pin 2). 
2. The digital conlrDl inputs are zener·protected; however, permanent damage 

may oocur on unprotected units from high-energy elecb'DBtatlc fields. Keep 
units in conductive foam at all times until ready to use. 

3. Use proper anti-static handling procedures. 
4. Absolute Maximum Ratings apply to both packaged devices and DICE. 

Stresses above !hose listed under Absolute Maximum Ratings may cause 
permanent damage to the device. 

ELECTRICAL CHARACTERISTICS at V DO = +5V; VREF = + 1 OV; lOUT =GND = OV; T A - Full Temperature Range specified under 
Absolute Maximum Ratings unless otherwise noted. 

DAC-8043 
PARAMETER SYMBOL CONDITIONS MIN TYP "'!AX UNITS 

STATIC ACCURACY 

Resolution N 12 Bits 

Nonlinearity 
INL 

DAC-8043AJEiG ±112 
LSB 

(Note 1) DAC-8043F 

Differential Nonlinearity 
DNL 

DAC-8043AJE ±112 
LSB 

(Note 2) DAC-8043FiG ±1 

TA=+2S'C 

Gain Error 
DAC-8043AJE 1 

(Note 3) 
GFSE DAC-8043FiG 2 LSB 

T A = Full T amperarure Range 
All Grades 2 

Gain Tempco 
(A GainiA Temp) TCGFS ±S ppml"C 
(NoteS) 

Power Supply 
Rejection Ratio PSRR AVDD =±5% ±o.oOO6 ±o.o02 %1% 

(A GairliA VDD) 

TA • +2S"C ±5 
Output Leakage Current 

ILKG 
T A = Full TamperaMa Range 

nA 
(Note 4) DAC-8043A ±100 

DAC-8043E1FiG ±25 

TA-+2S'C 0.03 
Zero Scale Error 

IZSE 
T A = Full T amperarure Ranga 

LSB 
(Notes 7; 12) DAC-8043A 0.61 

DAC-8043E1FiG 0.15 

Input Resistance 
R'N 7 11 15 

(Note 8) 

AC PERFORMANCE 

Output Current 
Settling Time ts TA _+2S"C 0.25 J1S 
(Notes 5,6) 
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DAC-8043 
ELECTRICAL CHARACTERISTICS at V DO = +5V; V REF = + 1 OV; lOUT = GND = OV; T A = Full Temperature Range specified under 

Absolute Maximum Ratinss unless otherwise noted. Continued 

DAC-8043 

PARAMETER SYMBOL CONDITIONS MIN TVP MAX 

VREF=OV 
Digital to Analog lOUT Load = 10012 

Giilch Energy Q CEXT = 13pF 20 
(NoteS,10) DAC register loaded alternately with 

all Os and allIs 
Feedthrough Error VREF=20Vp.p@f=IOkHz 

(VAEF to lOUT) FT DigitallnpUl = 0000 0000 0000 0.7 
(NoteS, 11) TA = +2S"C 

Total Harmonic Distortion 
THO 

VAEF = 6V RMS@ 1kHz 
-85 

(NoteS) DAC register loaded with aliI s 

Output Noise 
Voltage Density en 10Hz to 100kHz between RFBand lOUT 17 

(Notes 5, 13) 

DIGITAL INPUTS 

Digital Input 
V,H 2.4 

HIGH 

Digital Input 
V,L 0.8 

LOW 

Input Leakage Current 
I'L V,N = OV to +5V "I (Note 9) 

Input Capacltanca 
C'N V,N=OV 8 

(Note5,11) 

ANALOG OUTPUTS 

Output Capacitanca 
Digital Inputs = V,H 110 

(NoteS) COUT 
Digital Inputs = V,L 80 

TIMING CHARACTERISTICS (NOTES 5, 14) 

Data Setup Time tos Til = Full Temperature Range 40 

Data Hold Time tOH T A = Full Temperature Range 80 

Clock Pulse Width High tCH T A = Full Temperature Range 90 

Clock Pulse Width Low tCL T A = Full Temperature Range 120 

Load Pulse Width tLO T A = Full Temperature Range 120 

LSB Clock Into Input Register 
tASB T A = Full Temperature Range 0 

to Load DAC Register Time 

POWER SUPPLY 

Supply Voltage VOO 4.75 5 5.25 

Supply Current 100 
Digital Inputs = V, H or V,L - 500 
Digital Inputs = OVorVoo 100 

NOTES: 

1. ,,1/2 LSB = ,,0.012% of Full Scale. 9. Digital inputs are CMOS gates; I, N Is typically I nA at +2S"C. 

2. All grades are monotonic to 12-bits over temperature. 

3. Using Internal feedback resistor. 

4. Appiiesto lOUT; All digital inputs = OV. 
5. Guaranteed by design and not tested. 

6. lOUT Load = 100D, CEXT = 13pF, digital input=OVtoVoo orVoo toOV. 
Extrapolated to 1/2 LSB: ts = propagation delay (tp"l + Ih where ~ = meas
ured time ccnstant of the flnal RC decay. 

7. VAEF=+IOV,aildigitalinputs =OV. 
8. Absolute temperature ccefficlent Is less than +300ppm/"C. 

10. VAEF = OV, all digital Inputs =OVtoVooorVoo toOV. 
II. All digital inputs = OV. 
t2. Calculated from worst case RAEF: 

IZSE (In LSBs) = (RAEF x ILKG X 4096)NAEF· 

13. Calculations from en = v'4K TRB where: 

K = Boltzmann constant, JI"K, R = resistance, g 
T = resistor temperature, "K, B = bandwidth, Hz 

14. Tested at V,N = OVor Voo' 

UNITS 

nVs 

mVp•p 

dB 

nV/VHZ 

V 

V 

IIA 

pF 

pF 

n8 

ns 

ns 

ns 

n8 

ns 

V 

IlAMAX 
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OAC-8043 
DICE CHARACTERISTICS 

1. VREF 
2. RFS 
3. lOUT 
4.GND 
5. LD 
6. SRI 
7. elK 
8. VDD 

Substrate (die beckslde) Is Internally connected to V DO" 

DIE SIZE 0.116 x 0.109 inch, 12,644 sq. mils 
(2.95 x 2.77 mm, 8.17 sq. mm) 

WAFER TEST LIMITS atVoo = +5V. VREF = +10V; IOUT= GND = OV. TA = +25°C. 

PARAMETER 

STATIC ACCURACY 

Resolution 

Integral Nonlinearity 

Differential Nonlinearity 

Gain Error 

Power Supply Rejection 

Ratio 

Output Leakage 

Current (Ioutl 

REFERENCE INPUT 

Input Resistance 

DIGITAL INPUTS 

Digital Input HIGH 

Digital Input LOW 

Input Leakage Current 

POWER SUPPLY 

Supply Currsnt 

NOTE: 

SYMBOL 

N 

INL 

DNL 

GFSE 

PSRR 

ILKG 

R'N 

V'H 

V'L 

I'L 

100 

CONDITIONS 

USing internal feedback resistor 

DlgltallnpulS = V'L 

Digital Inputs =V'HorV'L 
Digital Inputs = OV or V DO 

DAC-8043GBC 
UMIT 

12 

",1 

",1 

",2 

",0.002 

",5 

7/15 

2.4 

0.8 

",1 

500 
100 

UNITS 

Bits MIN 

LSBMAX 

LSBMAX 

LSBMAX 

'!Io'" MAX 

nAMAX 

kaMIN/MAX 

VMIN 

V MAX 

;lAMAX 

;lAMAX 

ElecbicaiteslS are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss; yield after packaging Is not guaranteed 
for standard product dice. ConsuR factory to negotiate specifications based on dice lot qualifications through sampia lot assembly and testing. 
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OAC-8043 
TYPICAL PERFORMANCE CHARACTERISTICS 
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DAC~8043 . 

PARAMETER DEFINITIONS 
INTEGRAL NONLINEARITY (INL) 
This is the single most important DAC specification. PMI meas
ures INL as the maximum deviation of the analog output (from 
the ideal) from a straight line drawn between the end points. It is 
expressed as a percent of full-scale range or in terms of LSBs. 

Referto PMI1988 Data Book liIection 11 for additional digital-to
analog converter definitions. 

INTERFACE LOGIC INFORMATION 
The DAC-8043 has been designed for ease of operation. The 
timing diagram illustrates the input register loading sequence. 
Note that the most significant bit (MSB) is loaded first. 

Once the input reQJ!!er is full, the data is transferred to the DAC 
register by taking LD momentarily low. 

DIGITAL SECTION 
The DAC-8043's digital inputs, SRI, LD, and CLK, are TTL com
patible. The input voltage levels affect the amount of current 
~rawn from the 5upply; peak supply current occur5 a5 the digital 
Input (VIN) passe5 through the transition region. Seethe Supply 
Current vs. Logic Input Voltage graph located under the typical 
performance characteristics curves. Maintaining the digital 
Input voltage levels as close as possible to the supplies, V 
and GND, minimizes supply current consumption. 00 

Th~ DAC-~043's digital inputs have been designed with ESD 
resistance Incorporated through careful layout and the inclusion 
of input protection circuitry. Figure 1 shows the input protection 
diodes and series resistor; this input structure is duplicated on 
each digital input. High voltage static charges applied to the 
inputs are shunted to the supply and ground rails through for
ward biased diodes. These protection diodes were designed to 
clamp the inputs to well below dangerous levels during static 
discharge conditions. 

GENERAL CIRCUIT INFORMATION 
The DAC-8043 is a 12-bit multiplying D/A converter with a very 
low temperature coefficient. It contains an R-2R resistor ladder 
network, data input and control logic, and two data registers. 

WRITE CYCLE TIMING DIAGRAM 

SRI 

CLKINPUT 

.. DATA LOADED MSB FIRST 
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FIGURE 1: Digital Input Protection 

The digital circuitry forms an interface in which serial data can 
be loaded under microprocessor control into a 12-bit shift regis
ter and then transferred, in parallel, to the 12-bit DAC register. 

A simplified circuit of the DAC-8043 is shown in Figure 2. An in
verted R-2R ladder network consisting of silicon-chrome, 
highly-stable (+50ppm/OC) thin-film resistors, and twelve pairs 
of NMOS current-steering switches. 

These swi~ch~s steer binarily weight~d currents into either 'OUT 
or GND; this Yields a constant currentm each ladder leg, regari'l
less of digital input code. This constant current results in a 
constant input resistance at VREF equal to R. The V F input 
may be driven by any reference voltage or current, 'l.c or DC 
that is within the limits stated in the Absolute Maximum Ratings. 

The twelve output current-steering NMOS FET switches are in 
series with each R-2R resistor, they can introduce bit errors if all 
are of the same RON resistance value. They were designed 
such that the switch ·ON" resistance be binarily scaled so that 
the voltage drop across each switch remains constant. If, for 
example, switch 1 of Figure 2 was designed with an "ON" resis
tance of 10n, switch 2 for 20n, etc., a constant 5mV drop will 
then be maintained across each switch. 

C:r 
LOAD INPUT REGISTERS'S 
DATA INTD DAC REGISTER 
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To further insure accuracy across the full temperature range, 
permanently "ON" MOS switches were included in series with 
the feedback resistor and the R-2R ladder's. terminating resis
tor. The "Simplified DAC Circuit," Figure 2, shows the location 
of the series switches. These series switches are equivalently 
scaled to two times switch 1 (MSB) and to switch 12 (LSB) re
spectively to maintain constant relative voltage drops with vary
ing temperature. During any testing of the resistor ladder or 
RFEEDBACK (such as incoming inspection), V DD must be present 
to turn "ON" these series switches. 

VAEF 1OkO 10kO 10kH 

20kO 20kn 20kn 20kH 20kn . , •• • • ., . 
I 
I 
I 
I 
I 
I aND I 
I 

IOIJT I I I 10kH I I ~--.\'---~ I I R ... .....,. 6 0 0 0 
BIT 1 (MSB) 81T2 BIT3 BIT 12 (LSB) 

DIOITAL INPUTS 
(swtTCHES SHOWN FOR DIGITAL INPUTS "HIGH'" 

* THESE SWITCHES PERMANENTLV "ON" 

FIGURE 2: Simplified DAC Circuit 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 3 shows an equivalent analog circuit for the DAC-8043. 
The (0 x VREF)/R current source is code dependent and is the 
current generated by the DAC. The current sourcelLKG consists 
of surface and junction leakages and doubles approximately 
every 10·C. COUT is the output capacitance; it is the result of the 
N-channel MOS switches and varies from 80 to 11 OpF depend
ing on the digital input code. Ro is the equivalent output 
resistance that also varies with digital input code. R is the nominal 
R-2R resistor ladder resistance. 

R 

o---~~~--~~--~---*---oGND 

FIGURE 3: Equivalent Analog Circuit 
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DYNAMIC PERFORMANCE 

OUTPUT IMPEDANCE 

OAC-8043 

The DAC-8043's output resistance, as in the case of the output 
capacitance, varies with the digital input code. This resistance, 
looking back into the 'OUT terminal, may be between 10k!".! (the 
feedback resistor alone when all digital inputs are LOW) and 
7.5kn (the feedback resistor in parallel with approximate30kn 
of the R-2R ladder network resistance when any single bit logic 
is HIGH). Static accuracy and dynamic performance will be af
fected by these variations. 

This variation is best illustrated by using the circuit of Figure 4 
and the equation: 

VERROR = VOS(1 + ~~) 
where Rois a function of the digital code, and: 

Ro = 1 Okn for more than four bits of logic 1 . 
Ro = 30k!".! for any single bit of logic 1. 

Therefore, the offset gain varies as follows: 

at code 0011 1111 1111, 

VERROR1 = Vosl + -- = 2 Vos ( 10k!".!) 
10k!".! 

at code 0100 0000 0000, 

VERROR2 = Vos 1 + -- = 4/3 Vos ( 10kQ) 
30kQ 

The error difference is 2/3 Vos' 

Since one LSB has a weight (for VR ~ = +1 OV) of 2.4mV for the 
DAC-8043, it is clearly important Iti§! VOS be minimized, either 
using the amplifier's nulling pins, an external nulling network, or 
by selection of an amplifier with inherently low Vos' Amplifiers 
with sufficiently low Vos include PMI's OP-77, OP-07, OP-27, 
andOP-42. 

FIGURE 4: Simplified Circuit 
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OAC-8043 
The gain and phase stability of the output amplifier, board lay
out, and power supply decoupling will all affect the dynamic per
formance. The use of a small compensation capacitor may be 
required when high-speed operationai amplifiers are used. It 
may be connected across the amplifier's feedback resistor to 
provide the necessary. phase compensation to critically damp 
the output. The DAC-8043's output capacitance and the RFB 
resistor form a pole that must be outside the amplifier's unity 
gain crossover frequency. 

The considerations when using high-speed amplifiers are: 

1. Phase compensation (see Figures 5 and 6). 
2. Power supply decoupting at the device socket and use of 

proper grounding techniques. 

APPLICATIONS INFORMATION 
APPLICATION TIPS 
In most applications, linearity depends upon the potential of 
lOUT and GND (pins 3 and 4) being exactly equal to each other. 
In most applications, the DAC is connected to an external op 
amp with its noninverting input tied to ground (see Figures 5 and 
6). The amplifier selected should have a low input bias current 
and low drift over temperature. The amplifier's input offset volt
age should be nulled to less than +20011 V (less than 10% of 1 
LSB). 

The operational amplifier's non inverting input should have a 
minimum resistance connection to ground; the usual bias cur
rent compensation resistor should not be used. This resistor 
can cause a variable offset voltage appearing as a varying out
put error. All grounded pins should tie to a single common 
ground point, avoiding ground loops. The Voo power supply 
should have a low noise level with no transients greater than 
+17V. 

UNIPOLAR OPERATION (2-QUADRANT) 
The circuit shown in Figures 5 and 6 may be used with an AC or 
DC reference voltage. The circuit's output will range between 
OV and approximately -V REF (4095/4096) depending upon the 
digital input code. The relationship between the digital input and 

SERIAL 
DATA 

INPUT 

eLK 

+5V 

FIGURE 5: Unipolar Operation wfth High Accuracy Op Amp 
(2-Quadrant) 
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SERIAL 
DATA 

INPUT 

ClK 

R, 

>"---0 VOUT 

FIGURE 6: Unipolar Operation with Fast Op Amp and Gain Error 
Trimming (2-Quadrant) 

the analog output is shown in Table 1. The limiting parameters 
for the V REF range are the maximum input voltage range of the 
op amp or ±25V, whichever is lowest. 

Gain error may be trimmed by adjusting R1 as shown in Figure 
6. The DAC register must first be loaded with all 1 s. R1 may 
then be adjusted until VOUT=-VREF (4095/4096). In the case of 
an adjustable VREF' R1 and R2 may be omitted, with VREF ad
justed to yield the desired full-scale output. 

In most applications the DAC-8043's negligible zero scale error 
and very low gain error permit the elimination of the trimming 
components (R1 and the external R2) without adverse effects 
on circuit performance. 

TABLE 1: Unipolar Code Table 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 
(VOUT as shown 

MSB LSB in Figures 5 and 6) 

1 1 1 1 1 1 1 1 1 1 ( 4095) -VREF 4096 

1 00 0 0000 000 1 ( 2049) -VREF 4096 

100 0 0000 0000 ( 2048) -VREF 4096 
VREF 

=--2-

o 1 1 1 1 1 1 1 1 1 1 1 ( 2047) -VREF 4096 

0000 0000 0001 -VREF (40~6) 

0000 0000 0000 -VREF (4g96) =0 

NOTES: 
1. Nominal full scale for the circuits of Figures 5 and 6 is given by 

FS = -VREF ( :g~~) . 
2. Nominal LSB magnitude for the circuits of Figures 5 and 6 is given by 

LSB = VAEF ( 40~6) or VAEF (2-"). 
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TABLE 2: Bipolar (Offset Binary) Code Table 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 
MSB LSB (V OUT as shown In Figure 7) 

1 1 1 1 1 1 1 1 1 1 1 1 +VREF (2047) 
2048 

1000 0000 0001 +VREF (_1_) 
2048 

1000 0000 0000 a 

01 1 1 1 1 1 1 1 1 1 1 -VREF (_1_) 
2048 

0000 0000 0001 -VRS: (~~) 

0000 0000 0000 -VREF (2048) 
2048 

NOTES: 
1. Nominal full scale for the circuit of Figure 7 is given by 

FS = VAEF (~g:~). 
2. Nominal LSB magnitude for the circuit of Figure 7 is given by 

LSB = VAEF ( 20~8) . 

BIPOLAR OPERATION (4·QUADRANT) 
Figure 7 details a suggested circuit for bipolar, or offset binary 
operation. Table 2 shows the digital input to analog output rela
tionship. The circuit uses offset binary coding. Two's comple
ment code can be converted to offset binary by software inver
sion of the MSB or by the addition of an external inverter to the 
MSB input. 

Resistors R3, R4, and R must be selected to match within 
0.01 % and must all be of tfie same (preferably metal foil) type to 

1000 

CONTROL SERIAL 
INPUTS DATA 

INPUT 

FIGURE 7: Bipolar Operation (4-Quadrant, Offset Binary) 
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ANALOG 
COMMON 

OAC-8043 
assure temperature coefficient matching. Mismatching be
tween R3 and R4 causes offset and full scale errors while an Rs 
to R4 and R3 mismatch will result in full-scale error. 

Calibration is performed by loading the DAC register with 1000 
0000 0000 and adjusting R, until VOUT = OV. R, and R2 may be 
omitted, adjusting the ratio of R3 to R4 to yield VOUT = OV. Full 
scale can be adjusted by loading the DAC register with 1111 
1111 1111 and either adjusting the amplitude of V REF or the 
value of Rs until the desired VOUT is achieved . 

ANALOG/DIGITAL DIVISION 
The transfer function for the DAC-8043 connected in the multi
plying mode as shown in Figures 5, 6, and 7 is: 

where Ax assumes a value of 1 for an "ON" bit and a for an "OFF" 
bit. 

The transfer function is modified when the DAC is connected in 
the feedback of an operational amplifier as shown in Figure 8 
and becomes: 

Vo - (&+~::+ ... fu£) 
21 22 23 212 

The above transfer function is the division of an analog voltage 
(V REF) by a digital word. The amplifier goes to the rails with all 
bits "OFF" since division by zero is infinity. With all bits "ON," 
the gain is 1 (±1 LSB). The gain becomes 4096 with the LSB, bit 
12"ON." 

>-...... -OVOUT 
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DAC-8043 

v,. 

DIGITAL 
INPUT 

5 • t 
Iii SAl elK 

2 RFa VOO 

DAC·8043 

GND 

FIGURE 8: Analog/Digital Divider 

INTERFACING TO THE MC6800 

+5V 

As shown in Figure 9, the DAC-8043 may be interfaced to the 
6800 by successively executing memory WRITE instructions 
while manipulating the data between WRITEs, so that each 
WRITE presents the next bit. 

In this example the most significant bits are found in memory 
location 0000 and 0001. The four MSBs are found in the lower 
half of 0000, the eight lSBs in 0001. The data is taken from the 
DB7 line. 

The serial data loading is triggered by the ClK pulse which is 
asserted by a decoded memory WRITE to memory location 
2000, Rm, and +2. A WRITE to address 4000 transfers data 
from input register to DAC register. 

Ao 

"', 
ANi 

MCtIIIOO 
.. 

DB" 

DB, 

* ANALOG CIRCUITRY OMmED FOR SIMPUCITY 

FIGURE 9: DAC-8043--MC6800 Interface 
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DAC-8043 INTERFACE TO THE 8085 
The DAC-8043's interface tothe 8085 microprocessor is shown 
in Figure 10. Notathattha microprocassoi's SOD lina is used to 
preseritdata serially to the DAC. 

Data is clocked into the DAC-8043 by executing memory write 
instructions. The clock input is generated by decoding address 
8000 and WR. Data is loaded into the DAC register with a 
memory write instruction to address AOOO. 

Serial data supplied to the DAC-8043 must be present in the 
right-justified format in registers Hand lofthe microprocessor. 

.... 

• ANALOG CIRCUI'TRY oumED FOR SIMPUCITV 

FIGURE 10: DAC-8043-8085 Interface 

DAC-8043 TO 68000 INTERFACING 
The DAC-8043 interfacing to the 68000 microprocessor is 
shown in Figure 11. Again, serial data to the DAC is taken from 
one of the microprocessor's data bus lines. ' 

A,~----------------------------~ 
ADDRESS BUS 

A"I------, 

iiiiA 1-------------+-1 

iiPAl----C 

UDSI----..J 

DB" I----------------<i_----~----~ 
DATA BUS 

DB" 1------------------------------./ 

FIGURE 11: DAC-B043-68000IlP Interface 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Fast, Flexible, Microprocessor Interfacing in Serially· 

Controlled Systems 
• Buffered Digital Output·Pin for Daisy·Chaining Multiple 

DACs 
• Minimizes Address·Decoding in Multiple DAC Systems-

Three Wire Interface for Any Number of DACs 
One Data line 
One ClK Line 
One load line 

• Improved Resistance to ESD 
• -40°C to +85°C for the Extended Industrial Temperature 

Range 
• Available in Die Form 

APPLICATIONS 
• Multiple·Channel Data Acquisition Systems 
• Process Control and Industrial Automation 
• Test Equipment 
• Remote Microprocessor·Controlled Systems 

ORDERING INFORMATION t 
PACKAGE: 16-PIN 

EXTENDED 
MILITARV* INDUSTRIAL 

NON- GAIN TEMPERATURE TEMPERATURE 
LINEARITY ERROR -5S'Clo+12S'C -40'C 10 +8S'C 

.1/2 LSB .1 LSB DAC8143AO DACBI43EO 

.1/2LSB .1 LSB DAC8143A0/883 
.1 LSB ±2LSB DAC8143FP 
.1 LSB ±2LSB DAC8143FS" 

* For devices processed in total compliance to MIL-STD-BB3, add IB83 after part 
number. Consult faclory lor 883 dala sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP and plastic DIP. 

It For availabilily and burn-in information on SO and PLCC packages, conlact your 
local sales office. 

FUNCTIONAL BLOCK DIAGRAM 
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12-Bit Serial Daisy-Chain 
CMOS D/A Converter 

DAC-8143 I 
GENERAL INFORMATION 

The DAC-8143 is a 12-bit serial-input daisy-chain CMOS D/A 
converter, which features serial data input and buffered serial 
data output. It was designed for multiple serial DAC systems, 
where serially daisy-chaining one DAC after another is greatly • 
simplified. 

The DAC-8143 also minimizes address decoding lines enabling 
simpler logic interfacing. It allows 3-wire interface for any num
ber of DACs: one data line, one CLK line, and one load line. 

Serial data in the input register (MSB first) is sequentially 
clocked out to the SRO pin as the new data word (MSB first) is si
multaneously clocked in from the SRI pin. The strobe inputs are 
used to clock in/out data on the rising or falling (user selected) 
strobe edges (STB" STB2, STB3 , STB4). 

When the shift register's data has been updated, the new data 
word is transferred to the DAC register with use of lD, and LD2 
inputs. 

PIN CONNECTIONS 

Continued 

l6·PIN EPOXY DIP 
(P·Sufflx) 

l6·PIN CERDIP 
(a·Suffix) 

l6-PIN SOL 
(S·Sufflx) 

MULTIPLE DAC·8143s WITH 3·WIRE INTERFACE 

r---
ADDRESS BUS ) 

-lJ. 

Viii H ADDRESS I DECODER 

Dex I STROlE rl"" DAC4.43 
SAO LOAD ,-
SRI STROBE 

DAC-II143 
SRO LOAD 

~s., ST.OBE 
DAC.a143 

SAO LOAD 

: : 
'"--

SRI STROBE 
DAC-8143 

SAO LOAD 
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GENERAL INFORMATION Continued 

Separate LOAD control inputs allow simultaneous output updat
ing of multiple DACs. An asynchronous CLEAR input resets the 
DAC register without altering data in the input register. 

Improved linearity and gain error performance permits reduced 
circuit parts count through the elimination of trimming compo
nents. Also, fast interface timing reduces timing design consid
eration while minimizing microprocessor wait states. 

The DAC-B143 is available in standardcerdip and plastic pack
ages that are compatible with auto-insertion equipment. 

Cerdipand plastic packages devices come in the extended .in
dustrial temperature range of -40·C to +85·C. 

ABSOLUTE MAXIMUM RATINGS 
(T A = +25·C, unless otherwise noted.) 
Voo to DGND ................................................................... +17V 
V REF to DGND .................................................................. :25V 
VRFB to DGND .................................................................. :25V 
AGND to DGND ....................................................... Voo+0.3V 
DGND to AGND ....................................................... VDD+0.3V 
Digital Input Voltage Range ................................ -O.3V to V DO 
Output Voltage (Pin 1, Pin 2) ............................... -O.3V to V DO 
Operating Temperature Range 

AQ Version ................................................. -55·C to + 125·C 
EQ/FP/FS Versions ..................................... -40·C to +85·C 

Junction Temperature ................................................... +150C 
Storage Temperature .................................... -65·C to + 150·C 
Lead Temperature (Soldering, 60 sec) ........................ +300·C 

PACKAGE TYPE 9 1A (NOTE 1) 9 1c UNITS 

16-Pin Hermetic DIP (0) 94 12 ·C/w 
16-Pin Plastic DIP (P) 76 33 ·C/W 
16-Pin SOl,. (S) 92 27 ·C/w 

NOTE: 
1. 9 1A is specified for worst case mounting conditions, I.e., 9 1A Is specified lor 

device in socket for CerDIP and P-DIP packages; 9 1A is specified for device 
soldered to printed circuH board for SOL package. 

CAUTION: 
1. Do not apply voltage higher than V D D or less than DGND potential on any ter· 

minal exceptVAEF (Pin lS) and RFB (Pin 16). 
2. The digital control Inputs are zener-protected; however, permanent damage 

may occur on unprotected unHs from high-energy electrostatic fields. Keep 
unils in conductive foam at all times until ready to use. 

3. Use proper anti-static handling procedures. 
4. Absolute MaximUm Ratings apply to both packaged devices and DICE. 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. 

ELECTRICAL CHARACTERISTICS atVDD = +5V; VREF = +10V; VOUT1 = VOUT2 = VAGND = VDGND = OV; TA = Full Temperature 
Range specified under Absolute Maximum Ratings, unless otherwise noted. 

DAc-8143 
PARAMETER SYMeOL CONDITIONS MIN TYP MAX UNITS 

STATIC ACCURACY 

Resolution N 12 BHs 

Nonlinearity 
INL 

DAC-B143NE ~1/2 
LSB (Note I) DAC-BI43F ~I 

Differential Nonlinearity 
DNL DAC·BI43NE ~1/2 LSB (Note 2) DAC-BI43F ~I 

TA = +2S·C 

Gain Error DAC-BI43NE ~I 

(Note 3) GFSE DAC-8143F ~2. LSB 
TA = Full Temp. Range 

All Gredes ~2 

Gain Tempco 
(AGain/A Temp) TCGFS ~S ppm/"C 
(NoteS) 

Power Supply 
Rejection Ratio PSRR INDD=~S% ±O.OOO6 ~O.OO2 %/% 
(AGain/AVDD) 

TA =+2S·C ~S 

Output Leakage Currenl 
ILKG 

T A = Full Temp. Range nA (Note 4) DAC-BI43A ~IOO 

DAC-BI43E/F ~2S 

TA = +2S·C ~O.OO2 ~O.03 

Zero Scale Error 
IZSE 

T A = Full Temp. Range LSB (Note 7,12) DAC-BI43A ~O.OS ~O.61 

DAC-BI43E1F ~O.OI ~O.IS 

Input Resistance 
RIN VAEFpln 7 II IS kg 

(Note B) 
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DAC-8143 
ELECTRICAL CHARACTERISTICS at VDD = +5V; VREF = + 1 OV; VOUT1 = V OUT2 = V AGND = V DGND = OV; T A = Full Temperature 
Range specified under Absolute Maximum Ratings. unless otherwise noted. Continued 

DAC-8143 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

AC PERFORMANCE 

Output Current 

Settling Time ts 0.380 ~s 

(Notes 5, 6) 

AC Feedthrough Error 
VREF = 20Vp. p @f= 10kHz • (VREF to lOUT') FT 2.0 mVp_p 

(Notes 5,11) 
TA = 25°C 

Digital to Analog VREF=OV 
Glitch Energy Q lOUT Load = lOOn 20 nVs 

(Notes 5, 10) CEXT = 13pF 

Total Harmonic 
THD 

VREF =6VRMS@lkHz 
-92 dB 

Distortion (Note 5) DAC register loaded with all 1 s 

Output Noise 
10Hz to 100kHz 

Voltage Density en 
between RFB and lOUT 

13 nV/"HZ 
(Notes 5, 13) 

DIGITAL INPUTS/OUTPUT 

Digital Input HIGH VIH 2.4 V 

Digital Input LOW VIL 0.8 V 

Input Leakage 
liN VIN = OV to +5V ±1 itA 

Current (Note 9) 

Input Capacitance 
CIN VIN =OV pF 

(Note 5) 

Digital Output 
VOH IOH=-2OOItA 4 V 

High 

Digital Output 
VOL 10L = 1.6mA 0.4 V 

Low 

ANALOG OUTPUTS 

Output Capacitance COUT1 Digital Inputs = allIs 90 
pF 

(NoteS) COUT2 Digital Inputs = all Os 90 

Output Capacitance COUT, Digital Inputs = all Os 60 
pF 

(NoteS) COUT2 Digital Inputs = aliI s 60 

TIMING CHARACTERISTICS (Note 5) 

tOS1 
STB, used 

50 
as the strobe 

Serial Input to tOS2 
STB2 used 

20 
as the strobe 

Strobe Setup Times ns 
(tSTB = 8Ons) STB3 used TA =+25°C 10 

tOS3 as the strobe T A = Full Temp. Range 20 

tos, 
STB, used 

20 
as the strobe 

STB, used TA =+25°C 40 

tOH ' as the strobe T A = Full Temp. Range 50 

STB2 used TA =+25°C 50 
Seriallnputto tOH2 as the strobe T A = Full Temp. Range 60 

Strobe Hold Times ns 
(tSTB = 8Ons) 

tOH3 
STB3 used 

80 
as the strobe 

tOH' 
STB, used 

80 
as the strobe 
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ELECTRICAL CHARACTERISTICS atVoo = +5V; V REF = +10V; VOUT1 = V OUT2 =VAGNO = V OGNO = OV; TA = Full Temperature 

Range specified under Absolute Maximum Ratings, unless otherwise noted. Continued . 

DAC-8143 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

STBtoSRO 
TA ; 25'C 220 

Propagation Delay tpD ns 
(Note 15) 

T A; Full Temp. Range 300 

SRI Data Pulse Width 
tSR' 

100 ns 

STB, Pulse Width 

(STS, ; aOns) t8T91 80 ns 
(Note 14) 

STB. Pulse Width 

(STS. ; lOOns) 
tSTS' 

80 ns 
(Note 14) 

STB. Pulse Width 

(STS. ; aOns) tSTS3 ao ns 
(Note 14) 

STS. Pulse Width 

(STB. ; aOns) 
tSTS' 80 ns 

(Note 14) 

tlO"tlO' 
TA ; +25'C ,40 

ns Load Pulse Width 
T A ; Full Temp. Range ,aD 

LSS Strobe into Input Register 
tASS a ns 

to Load DAe Register Time 

CLR Pulse Width telR 80 ns 

POWER SUPPLY 

Supply Voltage VOO 4.75 5 5.25 V 

All Di~1tal Inputs; V'H orV," 2 
Supply Current IDD All Digital Inputs ; OVor VDD 0.1 

mA 

Dignallnputs; OVor VDD 
Power 

PD 
5VxO.tmA 

Dissipation Digitallnpul. ; V'H or V," 
5Vx2mA 

NOTES: 
1. ",/2 LSB; :0.012% of Full Scale. 
2. All grades are monotonic to , 2·bits over temperature. 
3. Using internal feedback resistor. 
4. Applies to IDUTI ; all digital inputs; V,", VREF ; +10V; 

Specification also applies for IDun when all digital Inputs; V'H' 
5. Guaranteed by design and not tested. 
6. IDUTI Load; 'OOg, CEXT ; '3pF, digital Input; OVIoVDDorVDD toOV. 

Extrapolated to'/2 LSS: ts; propagation delay (tpD) +9<, where ~ equals 
measured time constant of the final RC de<;ay. 

7. VREF ; +'OV, all dignal inputs; OV. 
a. Absolute temperature coefficient is less than +300ppmI'C. 

2-990 DIGITAL-TO-ANALOGCONVERTERS 
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9. Digital inputs are CMOS gates; I, N is typically 1 nA at +25'C. 
10. VREF ;OV, all dlgHallnputs ~ OV 10 VDD orVDDtoOV. 
, 1. All digital Inputs = OV. 
12. Calculated from worst case RRE F: 

IZSE ~n LSSs); (RREF x IlKG x 4096) N REF. 

13. Calculations from en = ,f4K TRB where: 
K = Boltzmann constant, JI"KR = resistance g 
T = resistor temperature, 'K B = bandwidth, Hz 

mW 

14. Minimum low time pulse width for STB" STB., and STB., and minimum high 
time pulsa width for STB3. 

15. Measured from active strobe edge (STB) to new data output at SRO; Cl 
=50pF. 
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DICE CHARACTERISTICS 

DIE SIZE 0.099 x 0.107 Inch, 10,543 sq. mils 
(2.51 x 2.72 mm, 6.83 sq. mm) 

DAC-8143 

1. IOUT1 9. LDz 
2. IOUlz 10. STB3 
3. AGND 11. STB4 

4. STB, 12. DGND 
5. LD, 13. CLR 
6. SRO 14. V DD ($ubstrate) 
7. SRI 15. VAEF 
8. STBz 16. R,. 

Substrate (die backside) Is Internally 
connected to V DD' 

For additional DICE Information, refer 
to 1990/91 Data Book, Section 2. 

WAFER TEST LIMITS atVoo = +5V; VREF = +10V; VOUT, = VOUT2 = VAGNO = VOGNO = OV, TA = +25"C. 

PARAMETER SYMBOL 

STATIC ACCURACY 

Resolution N 

Integral Nonllnearily INL 

Differential Nonlinearily DNL 

Gain Error GFse 

Power Supply 
PSRR 

Rejection Ratio 

Output Leakage 
ILKG Current (IOUT1) 

REFERENCE INPUT 

Input Resistance R'N 

DIGITAL INPUTS/OUTPUT 

Digitallnpul HIGH V'H 

Digital Input LOW V'L 

Input Leakage Current I'L 

Digital Output HIGH VOH 

Dig"al Output LOW VOL 

POWER SUPPLY 

Supply Currenl 100 

NOTE: 

CONDITIONS 

Using internal feedback resistor 

Digital Inputs = V'L 

IOH =-200pA 

IOL = 1.6mA 

Digital Inputs = V'H orV'L 
Digital Inputs = OV Dr Voo 

DAC·8143G 
UMITS 

12 

~I 

~1 

~2 

~0.OO2 

",5 

7/15 

2.4 

0.8 

",1 

4 

0.4 

2.0 

0.1 

UNITS 

Bits MIN 

LSBMAX 

LSBMAX 

LSBMAX 

%",MAX 

nAMAX 

kaMIN/MAX 

VMIN 

V MAX 

IlAMAX 

VMIN 

V MAX 

mAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

, 

• • 

t,/IULTIPLYING MODE 
FREQUENCY RESPONSE 

vs DIGITAL CODE 

MULTlP1-YING MODE 

DISTJ~i~~ HV~'}~~~:rENCY 
-70 

VIN = aV~~. '_. "".., " 
OUTPUT OP AMP: OP-42. . 

...... 
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SPECIFICATION DEFINITIONS 

RESOLUTION 
The resolution of a DAC is the number of states (2n) that the full
scale range (FSR) is divided (or resolved) into, where "n" is 
equal to the number of bits. 

SETTLING TIME 
Time required for the analog output olthe DAC to settle to within 
1/2 LSB of its final value for a given digital input stimulus; i.e., 
zero to full-scale. 

GAIN 
Ratio of the DAC's external operational amplifier output voltage 
to the V REF input voltage when all digital inputs are HIGH. 

FEEDTHROUGH ERROR 
Error caused by capacitive coupling from VREF to output. 
Feedthrough error limits are specified with all switches off. 

OUTPUT CAPACITANCE 
Capacitance from loun to ground. 

OUTPUT LEAKAGE CURRENT 
Current appearing at loun when all digital inputs are LOW, or at 
IOUT2 terminal when all inputs are HIGH. 

Refer to PMI1988 Data Book, Section 11, for additional digital
to-analog converter definitions. 

GENERAL CIRCUIT INFORMATION 

The DAC-8143 is a 12-bit serial-input, buffered serial-output, 
multiplying CMOS D/A converter. It has an R-2R resistor ladder 
network, a 12-bit input shift register, 12-bitDAC register, control 
logic circuitry, and a buffered digital output stage. 

The 'control logic forms an interface in which serial data is 
loaded, under microprocessor control, into the input shift regis
ter and then transferred, in parallel, to the DAC register. In addi
tion, buffered serial output data is present at the SRO pin when 
input data is loaded into the input register. This buffered data 
follows the digital input data (SRI) by 12 clock cycles and is 
available for daisy-chaining additional DACs. 

An asynchronous CLEAR function allows resetting the DAC reg
ister to a zero code (0000 0000 0000) without altering data 
stored in the registers. 

A simplified circuit olthe DAC-8143 is shown in Figure 1. An in
verted R-2R ladder network consisting of silicon-chrome, thin
film resistors, and twelve pairs of NMOS current-steering 
switches. These switches steer binarily weighted currents into 
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either loun or IOUT2' Switching current to loun or IOUT2 yields a 
constant current in each ladder leg, regardless of digital input 
code. This constant current results in a constant input resist
ance at VREF equal to R (typically 11kn). The VREF input may 
be driven by any reference voltage or current, AC or DC, that is 
within the limits stated in the Absolute Maximum Ratings chart. 

The twelve output current-steering switches are in series with 
the R-2R resistor ladder, and therefore, can introduce bit errors. 
It was essential to design these switches such that the switch 
"ON" resistance be binarily scaled so that the voltage drop 
across each switch remains constant. If, for example, switch 1 
of Figure 1 was designed with an "ON" resistance of 1 OQ, switch 
2 for 20Q, etc., a constant 5mV drop would then be maintained 
across each switch. 

To further insure accuracy across the full temperature range, 
permanently "ON" MOS switches were included in series with 
the feedback resistor and the R-2R ladder's terminating resis
tor. The Simplified DAC Circuit, Figure 1, shows the location of 
these switches. These series switches are equivalently scaled 
to two times switch 1 (MSB) and top switch 12 (LSB) to maintain 
constant relative voltage drops with varying temperature. Dur
ing any testing of the resistor ladder or RFEEOBACK (such as 
incoming inspection), Voo must be present to turn "ON" these 
series switches. 

10"" 10"" 10"" 

20"" 

~~~~-++4~,L-~~~~--------~loun 

LT--~~---4~~~~--'--------1-0",,--~lo~ 

6 b 
BIT 1 (MaB) BIT2 

RFEEDBACK 

DIGITAL INPUTS 
(SWITCHES SHOWN FOR DIGITAL INPUTS "HIGH") 

• THESE SW1TCHES PERMANENTLY "ON" 

FIGURE 1: Simplified DAC Circuit 
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ESD PROTECTION 
The DAC-8143 digital inputs have been designed with ESD re
sistance incorporated through careful layout and the in.clusion 
of input protection circuitry. 

Figure 2 shows the input protection diodes. High voltage static 
charges applied to the digital inputs are shunted to the supply 
and ground rails through forward biased diodes. 

These protection diodes were designed to clamp the inputs well 
below dangerous levels during static discharge conditions. 

FIGURE 2: Digital Input Protection 

EQUIVALENT CIRCUIT ANALYSIS 
Figures 3 and 4 show equivalent circuits for the DAC-8143's 
internal DAC with all bits LOW and HIGH, respectively. The ref
erence current is switched to IOUT2 when all data bits are LOW, 
and to 10UT1 when all bits are HIGH. The ILEAKAGE current source 
is the combination of surface and junction leakages to the sub
strate. The 1/4096 current source represents the constant 1-bit 
current drain through the ladder's terminating resistor. 

Output capacitance is dependent upon the digital input code. 
This is because the capacitance of a MaS transistor changes 
with applied gate voltage. This output capacitance varies be
tween the low and high values. 

DYNAMIC PERFORMANCE 
ANALOG OUTPUT IMPEDANCE 
The output resistance, as in the case ofthe output capacitance, 
varies with the digital input code. This resistance, looking back 
into the 10UT1 terminal, varies between 11 kg (the feedback re
sistor alone when all digital input are LOW) and 7.5kg (the feed
back resistor in parallel with approximately 30kg of the R-2R 
ladder network resistance when any single bit logic is HIGH). 
Static accuracy and dynamic performance will be affected by 
these variations. 
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,...----0 AFeEOBACK 

,----<p---< ....... ----o IOUT1 

FIGURE 3: DAC-8143 Equivalent Circuit (AI/Inputs LOW) 

,...----0 RFEEDIIACk 

R= 10ka 

<r--IW'--_--_--_-+-----o lOUT' 

.----<rp--------<o 10UTO 

t ~ I LEAKAGEJ: 60pF 

FIGURE 4: DAC-8143 Equivalent Circuit (AI/Inputs HIGH) 

The gain and phase stability of the output amplifier, board lay
out, and power supply decoupling will all affect the dynamic per
formance of the DAC-8143. The use of a small compensation 
capacitor may be required when high-speed operational ampli
fiers are used. It may be connected across the amplifiers feed
back resistor to provide the necessary phase compensation to 
critically damp the output. 

The considerations when using high-speed amplifiers are: 

1. Phase compensation (see Figures 7 and 8). 
2. Power supply decoupling at the device socket and use of 
proper grounding techniques. 

OUTPUT AMPLIFIER CONSIDERATIONS 
When using high speed op amps, a small feedback capacitor 
(typically 5-30pF) should be used across the amplifiers to mini
mize overshoot and ringing. For low speed or static applications, 
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AC specifications of the amplifier are not very critical. In high
speed applications, slew rate, settling time, open-loop gain, and 
gain/phase margin specifications of the amplifier should be se
lected for the desired performance. It has already been noted 
that an offset can be caused by including the usual bias current 
compensation resistor in the amplifier's noninverting input ter
minal. This resistor should not be used. Instead, the amplifier 
should have a bias current which is low over the temperature 
range of interest. 

Static accuracy is affected by the variation in the DAC's output 
resistance. This variation is best illustrated by using the circuit 
of Figure 5 and the equation: 

VERROR = Vas (1 + ~:) 

FIGURE 5: Simplified Circuit 

WORDN-l 

SRI 

DAC-8143 
Where RO is a function of the digital code, and: 

Ro = 1 OkO for more than four bits of logic I, 
Ro = 30kO for any single bit of logic 1. 

Therefore, the offset gain varies as follows: 

at code 0011 1111 1111, 

VERROR, = Vas (1 + 1 OkQ) = 2 Vos 
10kQ 

at code 010000000000, 

VERROR2 = Vas (1 + 1 OkO) = 4/3 Vas 
30kO 

The error difference is 2/3 Vas' 

Since one LSB has a weight (for V REF = + 1 OV) of 2.4mV for the 
DAC-8143, it is clearly important that Vos be minimized, using 
either the amplifier's nulling pins, an external nulling network, or 
by selection of an amplifier with inherently low Vas' Amplifiers 
with sufficiently low Vas include PMl's OP-77, OP-97, OP-07, 
OP-27, and OP-42. 

INTERFACE LOGIC OPERATION 
The microprocessor interface of the DAC-8143 has been de
signed with multiple STROBE and LOAD inputs to maximize 
interfacing options. Control signals decoding may be done on
chip or with the use of external decoding circuitry (see Figure 
12). 

WORDN 

~ 
~ 

~ 

SRO :~ : >K5C:X ::~ ----~:~ 
'STROBE 

(STB"STB"STB.) 

[j)land~ 

FIGURE 6: Timing Diagram 

REV. A 

'PDJ.-! 

--1LJlJ~1JUL 
'ST.' -, r- , 'm, 
tS1B2 tSTB2 

'STB. , r-, 'STB. t1J" , tSTB4 tfii4 ASB 

, l ' 'i---------~Hl-----
, , 'LD' Lf 

LOAD NEW 12-BIT WORD tLD2 
INTO INPUT REGISTER AND LOAD INPUT REGISTER'S 
SHIFT OUT PREVIOUS WORD DATA INTO CAe REGISTER 

NOTES: 
* STROBE WAVEFORM IS INVERTED IF 

~::;:'SfN~~ :~~~:.ERIAL DATA 
"OATA IS STROBED INTO AND OUT OF 

THE INPUT SHIFT REGISTER MSa FIRST. 
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DAC-8143 
Serial data is clocked into the input register and buffered output 
stage with STB" STB2 , or STB4 • The strobe inputs are active on 
the rising edge. SfB; may be used with a falling edge clock data. 

Serial data output (SRO) follows the serial data input (SRI) by 
12 clocked bits. 

Holding any STROBE input at its selected state (Le., STB" 
STB2 or STB4 at logic HIGH or STB3 at logic LOW) will act to 
prevent any further data input. 

When a new data word has been entered into the input register, 
it is transferred to the DAC register by asserting both LOAD 
inputs. 

The CLR input allows asynchronous resetting of the DAC regis
terto 0000 0000 0000. This reset does not affect data held in the 
input registers. While in unipolar mode, a CLEAR will result in 
the analog output going to OV. In bipolar mode, the output will go 
to-VREF• 

TABLE 1: DAC-8143 Truth Table 

DAC·8143 Logic Inputs 

Input Reglsterl 

INTERFACE INPUT DESCRIPTION 

STB, (Pin 4), STB2 (Pin 8), STB4 (Pin 11) -Input Register and 
Buffered Output Strobe. Inputs Active on Rising Edge. Se
lected to load serial data into input register and buffered output 
stage. See Table 1 for details. . 

STB3 (Pin 10) -Input Register and Buffered Output Strobe 
Input. Active on Failing Edge •. Selected to load serial data into 
input register and buffered output stage. See Table 1 fordetails. 

LD, (Pin 5), LD2 (Pin9) - Load DAC Register Inputs. Active 
Low. Selected together to load contents of input register into 
DAC register. 

CLR (Pin 13) - Clear Input. Active. Low. Asynchronous. 
When LOW, 12-bit DAC register is forced to a zero code (0000 
00000000) regardless of other interface inputs. 

Digital Output Control Inputs DAC Register Control Inputs DAC·8143 Operation Notes 

STB4 STB3 STB2 STB, CLR LD2 LD, 

0 1 0 .f X X X 

0 1 .f 0 X X X Serial Data Bit Loaded from SRI 
into Input Register and Digital Output 2,3 

0 '- 0 0 X X X (SRO pin) after 12 clocked bits . 

.f 0 0 X X X 

1 X X X 

X 0 X X No Operation (Input Register and SRO) 3 
X X 1 X 

X X X 

Reset DAC Register to Zero Code 
0 X X (Code: 0000 0000 0000) 1,3 

(Asynchronous Operation) 

1 X 

X 
No Operation (DAC Register and SRO) 3 

0 0 
Load DAC Register with the Contents 
of Input Register 3 

,. CLR = 0 asynchronously resets OAC Registerto 0000 0000 0000, but has no effect 2. Serial data is loaded into Input Register MSB first, on edges shown. j is positive 
on Input Register. edge, t. is negative edge. 

3. 0=LogicLOW,1 = Logic HIGH, X= Oon'tCare. 
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APPLICATIONS INFORMATION 

UNIPOLAR OPERATON (2·QUADRANn 
The circuit shown in Figures 7 and 8 may be used with an AC or 
DC reference voltage. The circuit's output will range between OV 
and +1 0(4095/4096)V depending upon the digital input code. 
The relationship between the digital input and the analog output 
is shown in Table 2. The VREF voltage range is the maximum 
input voltage range of the op amp or ±25V, whichever is lowest. 

+5V 

Your 

DGNO 

FIGURE 7: Unipolar Operation with High Accuracy Op Amp 
(2-Quadrant) 

DGND 

FIGURE 8: Unipolar Operation with Fast Op Amp and Gain 
Error Trimming (2-Quadrant) 

REV. A 

DAC-8143 
In many applications, the DAC-8143's zero scale error and low 
gain error, permit the elimination of external trimming compo
nents without adverse effects on circuit performance. 

For applications requiring a tighter gain error than 0.024% at 
25°C for the top grade part, or 0.048% for the lower grade part, 
the circuit in Figure 8 may be used. Gain error may be trimmed 
by adjusting R1. 

The DAC register must first be loaded with all 1 s. R1 is then 
adjusted until VOUT =-VREF (4095/4096). In the case of an ad- • 
justable VREF, R1 and RFEEDBACK may be omitted, with VREF 
adjusted to yield the desired full-scale output. 

TABLE 2: Unipolar Code Table 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 

MSB LSB 
(V OUT as shown 

in Figures 7 and 8) 

1 1 1 1 1111 1 1 1 1 - VREF (4095) 
4096 

1 000 0000 0001 - VREF (2049) 
4096 

1 000 0000 0000 _ VREF (2048) =_ VREF 
4096 2 

o 1 1 1 1 1 1 1 1 1 1 1 - VREF (2047) 
4096 

0000 0000 0001 -VREF (_1_) 
4096 

0000 0000 0000 - VREF (_0_)= 0 
4096 

NOTES: 
1. Nominal full scale for the circuits of Figures 7 and 8 is given by 

FS~ VREF 14095J. 4096 
2. Nominal LSB magnitude for the circuits of Figures 7 and 8 is given by 

LSB=IIREFI-1-JorvREF (2-fl) 
4096 
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DAC-8143 

.olen 

BUFFERED SERIAL 
DATA OUT 

CONTROL 
INPUTS 

FIGURE 9: Bipolar Operation (4-Quadrant, Offset Binary) 

BIPOLAR OPERATION (4-QUADRANT) 
Figure 9 details a suggested circuit for bipolar, or offset binary 
operation. Table 3 shows the digital input-to-analog output rela
tionship. The circuit uses offset binary coding. Two's comple
ment code can be converted to offset binary by software inver
sion of the MSB or by the addition of an external inverter to the 
MSB intput. 

Resistor Ra, R4, and Rs must be selected to match within 0.01 % 
and must all be of the same (preferably metal foil) type to assure 
temperature coefficient match. Mismatching between Ra and R4 
causes offset and full-scale error. 

Calibration is performed by loading the DAC register with 1000 
00000000 and adjusting R, until V OUT = OV. R, and R2 may be 
omitted by adjusting the ratio of Ra to R4 to yield VOUT = OV. Full 
scale can be adjusted by loading the DAC register with 1111 
1111 1111 and adjusting either the amplitude of V REF or the 
value of Rs until the desired V OUT is achieved. 

DAISY-CHAINING DAC-8143s 
Many applications use multiple serial-input DACs that use nu
merous inter-connecting lines for address decoding and data 

2-998 DIGITAL-TO-ANALOG CONVERTERS 

TABLE 3: Bipolar (Offset Binary) Code Table 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 
MSB LSB (V OUT as shown in Figure 9) 

1 1 1 1 1111 1 1 1 1 + VREF (2047) 
2048 

1 000 0000 0001 +VREF (_1_) 
2048 

100 0 0000 0000 0 

a 1 1 1 1 1 1 1 1 1 1 1 -VREF (_1_) 
2048 

0000 0000 0001 - VREF (2047) 
2048 

0000 0000 0000 - VREF (2048) 
2048 

NOTES: 
1. Nominal full scale for the circuits of Figure 9 is given by 

FS=VREF(20471· 
2048 

2. Nominal LSB magn~ude for 'he eireui's of Figure 9 is given by 

LSB=VREF(20~81 
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lines. In addition, they use some type of buffering to reduce 
loading on the bus. The DAC-8143 is ideal for just such an appli
cation. It not only reduces the number of inter-connecting lines, 
but also reduces bus loading. The DAC-8143 can be daisy
chained with only three lines: one data line, one ClK line, and 
one load line, see Figure 10. 

ANALOGIDIGITAL DIVISION 
The transfer function for the DAC-8143 connect in the multiply
ing mode as shown in Figures 7 and 8 is: 

VO=-VIN (~+A2 +A3 + ... A12) 
21 22 23 212 

where Ax assumes a value of 1 for an "ON" bit and 0 for an "OFF" 
bit. 

The transfer function is modified when the DAC is connected in 
the feedback of an operational amplifier as shown in Figure 11 
and is: 

Vo- (~+~::+ ... fu£) 
21 22 23 212 

The above transfer function is the division of an analog voltage 
(VREF) by a digital word. The amplifier goes to the rails with all 
bits "OFF" since division by zero is infinity. With all bits "ON" the 
gain is 1 (±1 lSB). The gain becomes 4096 with the lSB, bit 12, 
·ON". 

APPLICATION TIPS 
In most applications, linearity depends upon the potential of 
loun' IOUT2' and AGND (pins 1, 2 and 3)being exactly equal to 
each other. In most applications, the DAC is connected to an 
external op amp with its noninverting input tied to ground (see 
Figures 7 and 8). The amplifier selected should have a low input 
bias current and low drift over temperature. The amplifier's input 
offset voltage should be nulled to less than ±2001lV (less than 
10% of 1 lSB). 

The operational amplifier's noninverting input should have a 
minimum resistance connection to ground; the usual bias cur
rent compensation resistor should not be used. This resistor can 
cause a variable offset voltage appearing as a varying output 
error. All grounded pins should tie to a single common ground 
point, avoiding ground loops. The Voo power supply should 
have a low noise level with no transients greater than + 17V. 

It is recommended that the digital inputs be taken to ground or 
Voo via a high value (1 MQ) resistor; this will prevent the accu
mulation of static charge if the PC card is disconnected from the 
system. 

Peak supply current flows as the digital input pass through the 
transition region (see the Supply Current vs. logic Input Voltage 
graph under the Typical Performance Characteristics). The 
supply current decreases as the input voltage approaches the 
supply rails (Voo or DGND). i.e., rapidly slewing logic signals 
that settle very near the supply rails will minimize supply current. 

REV. A 

DAC-8143 

DBK 1----+----1f--.j 

FIGURE 10: Multiple DAC-8143s with 3-Wire Interface 

DAC-8143 

1 loun 

13 

+5V 

BUFFERED DIGITAL 
DATADUT 

:>"'o-+_--oVOUT 

FIGURE 11: Analog/Digital Divider 
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DAC-8143 
INTERFACING TO THE MC6800 

As shown in Figure 12, the DAC-8143 may be interfaced to the 
6800 by successively executing memory WRITE instruction 
while manipu!ating the da.ta between WR!TEs, so that each 
WRITE presents the next bit. 

In this example, the most significant bits are found in memory 
locations 0000 and 0001. The four MSBs are found in the lower 
half of 0000, the eight LSBs in 0001. The data is taken from the 
DB7 'ine. 

The serial data loading is triggered by STB 4 which is asserted by 
a decoded memory WRITE to a memory location, RtW, and <1>2. 
A WRITE to another address location transfers data from input 
register to DAC register. 

A. 

"',1------..., 

RlWI---..JE,~"T,--, 
MC6800 .. 21-----; 

o~I------~-~-\ 

os., 

+5Vo----\ 

FROM SYSTEM RESET -------' 

• ANALOG CIRCUITRY OlilmeD FOR SIMPLlCrTY 

FIGURE 12: DAC-B143 - MC6BOO Interface 

A, 
ADDRESS BUS 

A23 

AS 

YMA 

68OOOj1P 

VPA 
1/474HC12& 

UDS 

+5V 

DAC-8143 INTERFACE TO THE 8085 

The DAC-8143's interface to the 8085 microprocessor is shown 
in Figure 13. Note that the microprocessor's SOD line is used to 
present data serially to the DAe. 

Data is strobed into the DAC-8143 by executing memory write 
instructions. The strobe 2 input is generated by decoding an ad
dress location and WR. Data is loaded into the DAC register with 
a memory write instruction to another address location. 

Serial data supplied to the DAC-8143 must be present in the 
right-justified format in registers Hand L of the microprocessor. 

8085 

* ANALOG CIRCUITRY OMmED FOR SIMPUCrrY 

FIGURE 13: DAC-B143-BOB5Interface 

DAC-8143 INTERFACE TO THE 68000 

Figure 14 shows the DAC-8143 configured to the 68000 micro
processor. Serial data input is similar to that of the 6800 in Fig
ure 12. 

FROM SYSTEM RESET 0-----/-------' 
OB15I-------------<l>--------'-\ 

DATA BUS 

O~~----------------~ 

FIGURE 14: DAC-B143 to 6BOOOJ,lP Interface 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Two Matched 12-Bit DACs on One Chip 
• Packaged in a Narrow 0.3" 24-Pin DIP 
• Direct Parallel Load of All 12 Bits for High DataThroughput 
• ·On-Chip Latches for Both DACs 
• 12-Bit Endpont Unearity (± 1/2 LSB) Over Temperature 
• +5V to + 15V Single Supply Operation 
• DACs Matched to 0.2% Typically 
• Four-Quadrant Multiplication 
• Improved ESD Resistance 
• Available in Die Form 

APPLICATIONS 
• Automatic Test Equipment 
• Industrial Automation 
• RoboticS/Process Control 
• Programmable Instrumentation Equipment 
• Digital Gain/Attenuation Control 
• Ideal for Battery-Operated Equipment 

ORDERING INFORMATION t 
PACKAGE 

RELATIVE GAIN MILITARY* INDUSTRIAL COMMERCIAl. 
ACCURACY ERROR TEMPERATURE TEMPERATURE TEMPERATURE 

(+5Vor+15V) -55°Cto+125°C -40°Cto+85°C O°Cto+7O"C 

,.1/2LSB 
,.1/2LSB 
,.1 LSB 
,.1 LSB 

,.1 LSB DACB22IAW 
z2LSB 
z4LSB 
z4LSB 

DAC822IEW 
DAC822IGP 

DAC8221 FW DAC8221 HP 
DAC8221 FP DAC8221 HSft 

• For devices processed in total compliance to MIL-SDT -883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DI P, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 
The DAC-8221 combines two identical 12-bit, multiplying, digital
to-analog converters into a single CMOS chip_ This device is 
electrically similar to DAC-8212 with improved microprocessor 
interface timing and is packaged in a narrow 0.300" DIP. Mono
lithic construction offers excellent DAC-to-DAC matching and 
tracking over the full operating temperature range. The DAC-
8221 consists of two thin-film R-2R resistor-ladder networks, 
two 12-bit data latches, one 12-bit input buffer, and control 
logic. The DAC-8221 operates on a single supply from +5V to 
+15V. Maximum power dissipation with OV and +5V logic levels 

REV.S 

Dual 12-Bit Buffered 
Multiplying CMOS D/A Converter 

DAC-8221 I 
and a +5V supply is less than 0.5mW. The DAC-8221 is manu
factured using PMl's highly-stable, thin-film resistors on an 
advanced oxide-isolated, silicon-gate, CMOS process. PMl's 
improved latch-up resistant design eliminates the need for 
external protective Schottky diodes. 

A common 12-bit (TTUCMOS compatible) input port is used to • 
load a 12-bit-wide word into either of the two DACs. This port, 
whose data loading is similar to that of a RAM's write cycle, 
interfaces directly with most 12-bit or wider bus systems. With 
WR and CS lines at logic LOW, the input data registers are trans-
parent. This allows direct unbuffered data to flow directly to the 
DAC output selected by DAC A/DAC B control input. For 
applications requiring double-buffering, see the DAC-8222. 

PIN CONNECTIONS 

FUNCTIONAL DIAGRAM 

v •• 

~I 
DAea 

cs 
Wli 

DGND 

24-PIN 
0.3" CERDIP . 

(W-Suffix) 

24-PIN 
EPOXY DIP 
(P-Suffix) 

24-PIN SOL 
(S-Sufflx) 
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DAC .. 8221 

ABSOLUTE MAXIMUM RATINGS 
(T A = +25·C. unless otherwise noted.) 

Vee to AGND .............................................................. OV. +17V 

Vee to DGND .............................................................. OV. +17V 

AGNDto DGND ............................................. -D.3V. Vee +0.3V 

Digital Input Voltage to DGND ...................... -D.3V. V DO +0.3V 

lOUT A' lOUT B to AGND .................................. -D.3V. Voo +0.3V 

V REF A' V REF B to AGND .................................................... :l:25V 

V RFB A' V RFB B to AGND .................................................... :l:25V 
Operating Temperature Range 

AW Version ................................................. -55·Cto +125·C 

EW. FW. FP Versions ................................... -40·C to +85·C 

GP. HP. HS Versions ...................................... -D·C to +70·C 

Junction Temperature ...................................... ; .............. + 150C 

Storage Temperature ..................................... -65·C to + 150·C 

Lead Temperature (Soldering. 60 sec) ......................... +300·C 

PACKAGE TYPE UNITS 

24·Pln Hermetic DIP (W) 69 10 ·CIW 
24·Pin Plastic DIP (PI 62 32 ·CIW 
24·Pln SOL (S) 72 24 ·CIW 

NOTE: 
1. e lA is specified for worst cese mounting conditions. i.e .• alA Is specified for 

cfevlceln socket for CerDIP. and P·DIP packages; alA Is specified for device 
soldered to printed circuit board for SOL package. 

CAUTION: 
1. Do no apply voHages higher than V 00 or less than GND potential on any terml· 

nalexceptVREFand RFB· 
2. The digital control Inputs are zener'protected; however. permanent damage 

may occur on unprotected unHs from high·energy electrostatic flelds. Keep 
units In conducllve foam at all times until ready to use. 

3. Do not inserlthis device into powered sockats; remove power before Inserllon 
or removal. 

4. Use proper anti·static handling procedures. 
5. Stresses above those listed under 'Absolute Maximum Ratings' may cause 

permanent damage to the device. This is a stress rating only and funcllonal 
operation at or above this specification Is not implied. 

ELECTRICAL CHARACTERISTICS at V DO = +5Vor + 15V. V REF A = V REF B = + 1 OV. V OUT A = V OUT B = OV; AGND = DGND = OV; 

T A = Full Temp. Range specified in Absolute Maximum Ratings; unless otherwise noted. Specifications apply for DAC A and DAC B. 

DAC-8221 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNITS 

STATIC ACCURACY 

Resolution N 12 Bits 

Relative Accuracy INL Endpoint Unearily Error 
DAC·8221 AlEJG ,,0.2 ,,1/2 

LSB 
DAC·8221 B/FIH ,,0.4 ,,1 

Differentia; Nonlinearity DNL All Grades are Monotonic ,,0.2 ,.1 LSB 

Full Scale Galn Error OAC·8221AlE ,,0.1 ,,1 

(Note 1) 
GFSE DAC-8221G ,.0.4 ,.2 LSB 

DAC-8221 BlFIH ,,0.6 ,.4 

Gain Temperature 
Coefficienl TCGFS (Notes 2. 7) ,,2 ,,5 ppm/"C 
dGain/dTemperature 

Output Leakage Current 
All Digital Inputs = T" = +25·C ,,1 ,.10 

lOUT A (Pin 2). ILKG nA 

lOUT B (Pin 24) 
0000 0000 0000 T A = Full Temp. Range ,,2 ,,50 

Input Resistence 
RREF (Note 9) 8 22 15 kg 

(RREF A' RREF "l 
Input Resistance Match dRREF ,,0.2 ,,1 % 

(RREF A RREF "l ~ 
DIGITAL INPUTS 

Digital Input High VINH 
Voo= +5V 2.4 

V 
Voo= +15V 13.5 

Olgltallnpul Low VINL 
Voo= +5V 0.8 

V 
Voo=+15V 1.5 

Input Current liN 
VIN=OVorVoo TA = +25·C ,.0.006 ,,1 

!IA and VINL or VINH T A = Full Temp. Range ,,0.1 ,,10 

Input CapaCitance 
CIN 

OBO-OBII 10 
pF 

(Note 2) WR. as. DAC NDAC B 15 
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OAC-8221 
ELECTRICAL CHARACTERISTICS atVDD = +5VDr+15V, V REF A = V REF B = +10V, V OUTA = V OUT B= OV; AGND = DGND = OV; 

TA = Full Temp Range specified in Absolute Maximum Ratings; unless otherwise noted. Specifications apply for DAC A and DAC B. 
Continued 

PARAMETER SYMBOL CONDITIONS 

POWER SUPPLY 

A" Digital Inputs V,NL or V,NH 
Supply Current 

A" Digital Inputs OV or V 00 

DC Power Supply 

Aejection Aatio PSAA d V 00 = .5% 
(dGain/dVoo) 

AC PERFORMANCE CHARACTERISTICS (Note 2) 

Propagation Delay 
tp. TA = +25°C 

(Notes 4, 5) 

Current Settling Time 
t, TA = +25'C 

(Notes 5, 6) 

COUTA DAC Latches Loaded 

COUTB with 0000 0000 0000 
Output Capacitance 

COUTA DAC Latches Loaded 

COUTB with 111111111111 

FTA 
VREF A to lOUT A; VREF A = 20Vp_p; 

AC Feedthrough at 
f = 100kHz; T A = +25'C 

lOUT A or lOUT B 
VREF B to lOUT B; VREF B = 20Vp.p; 

FTB f = 100kHz; T A = +25'C 

SWITCHtNG CHARACTERtSTtCS 
(Notes 2, 3) 

Chip Select to 
tcs Write Set-Up Time 

Chip Select to 
tCH Write Hold Time 

DAC Select to 
Write Set-Up Time 

tAS 

DAC Select to 
Write Hold Time tAH 

Data Valid to 
Write Set-Up Time tos 

Data Valid to 
Write Hold Time tOH 

Write Pulse Width tWA 

NOTES: 
1. Measured using internal AFB A and AFa a' Both DAC digital inputs = 

111111111111. 
2. Guaranteed and not tested. 
3. See timing diagram. 
4. From 50% of digital input to 90% of final analog output current. V REF A = 

VREF a = +10V; OUT A, OUT B load = 10011, CEXT = 13pF. 

5. WA,CS=OV;DBO-DBll =OVtoVooorVootoOV. 

REV. B 

DAC·S221 
MIN TYP MAX UNITS 

2 mA 

100 ~A 

0.002 %/% 

350 ns 

0.45 ~s 

30 90 
60 120 

60 120 
pF 

30 90 

-70 

dB 

-70 

Voo= +5V Voo=+ISV 

+2S'C -40'C TO .BS·C -SS'C TO +12S'C ALL TEMPS 
(Note B) (Note 10) 

130 160 160 70 nsMIN 

0 0 0 0 ns MIN 

120 140 160 70 nsMIN 

0 0 0 0 ns MIN 

190 210 220 90 ns MIN 

0 0 0 10 nsMIN 

140 lBO 170 90 nsMIN 

6. Settling time is measured from 50% of the digital input change to where the 
output voltage settles within 1/2 LSB of full scale. 

7. Gain TC is measured from +25'C to T MIN or from +25'C to T MAX' 
B. These limits apply for the commercial and industrial grade products. 
9. Absolute temperature coefficient is approximately +50ppm/"C. 

10. These limits also apply as typical values for Voo = +12V with +5V CMOS 
logic levels and T A = +25·C. 
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DAC-8221 

DICE CHARACTERISTICS 

DIE SIZE 0.124 x 0.132 inch, 16,368 sq. mils 
(3.15 x 3.35 mm, 10.55 sq. mm) 

1. AGND 13. DB4 
2. IOUTA 14. DB3 
3. RFBA 15. DB2 
4. VREFA 16. DB1 
5. DGND 1l DBO(LSB) 
6. DB11 (MSB) 1B. DACAlDACB 
l DB10 19. CS 
B. DB9 20. WR 
9. DBB 21. Voo 

10. DB7 22. VREFB 
11. DB6 23. RFBB 
12. DB5 24. IOUTB 

Substrate (die backside) is internally connected 10 VOIl-

WAFER TEST LIMITS at VDD =+5Vor+15V, VREFA= VREFB=+10V, VOUTA=VOUTB= OV; AGND = DGND = OV; TA=25°C. 

DAC-S221GBC 
PARAMETER SYMBOL CONDITIONS LIMIT UNITS 

Relative Accuracy INL Endpoint Linearity Error ±1 LSB MAX 

Differential Nonlinearity DNL All Grades are Guaranteed Monotonic ±1 LSB MAX 

Full Scale 
GFSE Digital Inputs = 111111111111 ±4 LSBMAX 

Gain Error (Note 1) 

Output Leakage 
ILKG 

Digital Inputs =0000 0000 0000 
±10 nAMAX 

(lOUT A. lOUT B) Pads 2 and 24 

Input Resistance 
RREF Pads 4 and 22 8/15 

kOMINI 

(RREF A. RREF B) kOMAX 

RREF A. RREF B Input ARREF ±1 % MAX Resistance Match RREF 

Digital Input Voo =+5V 2.4 
VMIN 

High V,NH 
Voo =+15V 13.5 

Digital Input 
V,NL 

Voo =+5V 0.8 
V MAX 

Low Voo =+15V 1.5 

Digital Input 
liN Current 

V,N = OV or Voo; V,NL or V,NH ±1 ",A MAX 

Supply Current 
All Digital Input;' VI~L or V,NH 

Ino All Digital Inputs OV or Voo 
2 

mAMAX 
0.1 

DC Supply Rejection 
PSRR AVoo=±5% 0.002 %1% MAX 

(AGalnlt.voo) 

NOTES: 
1. Measured using internal RFB A and RFB B' 
Electrical tests are performed at wafer probeta the limits shown. Duetovariatlons In assembly methods and normal yield loss, yield after packaging is not guaranteed 
for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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BURN-IN CIRCUIT 

NOTES: 
1. Cl = C2 4.7~F TANTALUM, SOV DC; EVERY 10TH DEVICE. 
2. C3 = C4 O.D1/,1F CERAMIC, SOV DC; EVERY 10TH DEVICE. 
3. ALL MATERIAL TO WITHSTAND 150D C. 

WRITE CYCLE TIMING DIAGRAM 

VDO 

DACA/B 

~---VDD 

DATA 

NOTES: 
1. ALL INPUT SIGNAL RISE AND FALL TIMES 

MEASURED FROM 10% TO 90% OF VOO' 
VOU = +5V, I, = " = 20nsj 
YOO= +15V, 1,= If= 40n8. 

2. TIMINO MEASUREMENT REFERENCE LEVEL IS VIH; V1L 

PARAMETER DEFINITIONS 
RESOLUTION (n) 

VDD 

10 

11 

12 

The resolution of a DAC is the number of states (2n) that the 
full-scale range (FSR) is divided (or resolved) into; where n is 
equal to the number of bits. 

RELATIVE ACCURACY (INL) 
Relative accuracy, or integral nonlinearity, is the maximum 
deviation of the analog output (from the ideal) from a straight 

REV. B 
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line drawn between the end points. It is expressed in terms of 
least significant bit (LSB), or as a percent of full scale. 

DIFFERENTIAL NONLINEARITY (DNL) 
Differential nonlinearity is the worst case deviation of any 
adjacent analog output from the ideal 1 LSB step size. The 
deviation of the actual "step size" from the ideal step size of 1 
LSB is called the differential nonlinearity error or DNL. DACs 
with DNL greater than ±1 LSB may be nonmonotonic. ±1/2 
LSB INL guarantees monotonicity and ±1 LSB maximum 
DNL. 

GAIN ERROR (GFSel 
Gain error is the difference between the actual and the ideal 
analog output range, expressed as a percent of full-scale or 
in terms of LSB value. It is the deviation in slope of the DAC 
transfer characteristic from ideal. 

Refer to PM11990/91 Data Book. Section 11. for additional digi
tal-to-analog converter definitions. 

GENERAL CIRCUIT DESCRIPTION 
CONVERTER SECTION 
The DAC-8221 incorporates two multiplying 12-bit current 
output CMOS digital-to-analog converters on one monoli
thicchip. It contains two highly-stable thin-film R-2R resistor
ladder networks, two 12-bit DAC registers, and one 12-bit 
input buffer. It also contains the DAC control logic circuitry 
and 24 single-pole, double-throw NMOS transistor current 
switches. 
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Figure 1 shows a simplified circuit for the R-2R ladder and 
transistor switches for a single DAC. R is typically 11 kO. The 
transistor switches are binsr!!y scaled in size to maintain a 
constant voltage drop across each switch. This presents a 
constant current load to VREF so that it can be driven by a 
reference voltage O( current, AC or DC (positive or negative). 
It is recommended that a low temperature-coefficient exter
nal RFB resistor be used if a current source is employed. 
Figure 2 shows a single NMOS transistor switch. 

FIGURE 1: Simplified D/A Circuit 

I 
DB11 OB10 DB9 OB1 DBO 
(MSBI (LSB) 

FIGURE 2: N-Channel Current Steering Switch 

TO LADDER 

FROM~ INTERFACE ----J 
LOGIC...------.. .... 

AGND 'OUT 

The binary-weighted currents are switched between lOUT 
and AGND by the transistor switches. Selection between 
lOUT and AGND is determined by the digital input code. It is 
important to keep the voltage difference between lOUT and 
AGND terminals as close to zero as practical to preserve data 
sheet limits. It is easily accomplished by connecting the 
DAC's AGND to the noninverting input of an operational 
amplifier and lOUT to the inverting input. The amplifier's 
feedback resistor can be eliminated by connecting the op 
amp's output directly to the OAC's RFB termi nal (by using the 
DAC's internal feedback resistor, RFB), see Figure 6. The 
amplifier also provides the current-to-voltage conversion for 
the DAC's output current. 

The output voltage is dependent on VREFand the digital input 
code and is given by: 

VOUT = -VREF X 0/4096 

where 0 is the digital input code integer number that is 
between 0 and 4095. 

2-1008 DIGITAL-TO-ANALOG CONVERTERS 

The DAC's output capacitance (COUT) is code dependent 
and varies from 90pF (all digital inputs low) to 120pF (all 
digital inputs high). 

To ensure accuracy over the full operating temperature 
range, a permanently turned "ON" MOS transistor switch 
was included in series with the feedback resistor (RFel and 
the R-2R ladder's terminating resistor (see Figure 1). The 
gates of these NMOS transistors are internally connected to 
Vooand will be turned "OFF" (open) when Voois not applied. 
If an op amp uses the DAC's RFB resistor to close its feedback 
loop, then Voo must be applied before or at the same time as 
the op amp's supply; this will ensure that the op amp's feedback 
loop will not be "open-circuited" and swing to either rail. In 
addition, some applications require the DAC's ladder resist
anceto fall within a certain range and are measured at incom
ing inspection; Voo must be applied before these measure
ments can be made. 

DIGITAL SECTION 
The DAC-8221's digital inputs are TTL compatible at Voo = 
+5V and CMOS compatible at Voo = + 15V. They were 
designed to convert TTL and CMOS input logic levels into 
voltage levels that will drive the internal circuitry. The DAC-
8221 can use +5V CMOS logic levelS with Voo = + 12V; how
ever, supply current will rise to approximately 5-.6mA. 

Figure 3 shows the digital input structure for one bit. This 
circuit drives the DAC register. Digital controls", and Cf, 
shown are generated from the DAC's input control logic 
circuitry. 

The digital inputs are electrostatic-discharge (ESD) pro
tected with two internal distributed diodes as shown in Figure 
3; they are connected between Voo and DGND. Each input 
has a typical input current of less than 1 nA. 

The digital inputs are CMOS inverters and draw supply cur
rent when operating in their linear region. Using a +5V 
supply, the linear region is between +1.2V to +2.8V with 
current peaking at +1.8V. Using a +15V supply, the linear 
region is between + 1.8V to + 12V (current peaking at +3.9V). 
It is recommended that the digital inputs be operated as close 
to the power supply voltage and DGND as is practically 
possible; this will keep supply currents to a minimum. The 
DAC-8221 may be operated with any supply voltage between 
the range of +5V to + 15V and still perform to data sheet 
limits. 

FIGURE 3: Digital Input Structure For One Bit 

TO 
DAC 

DATA 0 ..... 'VIr ..... +-G---C<>--...... >:--....... -D- SWITCHES 
INPUT I 

INPU.T STATIC I 
PROTECTIONL-__ 

OGND 
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INTERFACE CONTROL LOGIC INFORMATION 
DAC SELECTION 
Both OAC registers share a common 12-bit input port. The 
control input (OAC A/OAC B) selects which OAC can accept 
data from the input port. 

MODE SELECTION 
Inputs CS and WR control the operating mode of the selected 
DAC. See Mode Selection Table below. 

WRITE MODE 
When CS and WR are both low, the selected OAC is in the 
write mode. The input buffer and DAC register of the selected 
DAC are transparent and its analog output responds to activ
ity on OBO-OB11 pins. 

HOLD MODE 
The selected DAC register retains the data which was present 
on DBO-DB11 pins just prior to CS or WR assuming a high 
state. Both analog outputs remain at the values correspond
ing to the data in their respective registers. 

MODE SELECTION TABLE 

DACAl 
DACB CS WR DACA DACB 

L L L WRITE HOLD 
H L L HOLD WRITE 
X H X HOLD HOLD 
X X H HOLD HOLD 

L = Low State H = High State X = Don't Care 

DAC-8221 
APPLICATIONS INFORMATION 
UNIPOLAR OPERATION 
Figure 4 shows aSimple unipolar (2-quadrant multiplication) 
circuit using the OAC-8221 and OP-270 dual op amp (use two 
OP-42s for applications requiring higher speeds). Table 1 
shows the corresponding code table. Table 3 shows the 
recommended values for R1, R2, R3, and R4. Low temper
ature-coefficient (approximately 50ppm/OC) resistors or 
trimmers should be used. Resistors R1, R2, and R3, R4 are 
used only if full-scale gain adjustments are required. Maxi
mum full-scale error without these resistors for the top grade 
device where VREF = ± 10V is 0.048%, and 0.097% for the low 
grade. Capacitors C1 and C2 provide phase compensation to 
reduce overshoot and ringing when high-speed op amps are 
used. 

TABLE 1: Unipolar Binary Code Table (Refer to Figure 4) 

BINARY NUMBER IN 
DAC REGISTER 
MSB LSB 

111111111111 

1000 0000 0000 

0000 0000 0001 

0000 0000 0000 

NOTE: 1 
1 LSB:= (2-', (VREF) = 4096 (VREF) 

ANALOG OUTPUT, VOUT 
(DAC A or DAC B) 

( 4095 ) 
-VREF 4096 

OV 

FIGURE 4: Dual DAC Unipolar Operation (2-Quadrant Multiplication) 

REV. B 

-REGISTORS R1 THRU R4 ARE ONLY NECESSARY TO TRIM FOR 
ABSOLUTE ACCURACY BETTER THAN ±O.D48'1t, SEe TEXT FOR 
COMPLETE DETAILS. 

VAEFA 
(±10V) 

R1· 

YAEFB 
(±'OY) 
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FIGURE 5: Dual DAC Bipolar. Operation (4-Quadrant Operation) 

VAEFA 
(+10V) 

R1 

TABLE 2: Bipolar (Offset Binary) Code Table (Referto Figure 5) 

BINARY NUMBER IN 
DAC REGISTER 
MSB LSB 

111111111111 

100000000001 

1000 0000 0000 

0111 1111 1111 

0000 0000 0000 

NOTE: 1 
1 LSB = (2-11) (VREF) = 2048 (VREF) 

ANALOG OUTPUT, VOUT 

(DAC A or DAC B) 

( 2047 ) 
+VAEF 2048 

OV 

( 2048 ) 
-VAEF 2048 

2-1010 DIGITAt-TO-ANALOGCONVERTERS 

RO R5 

20kO 20kO 

VOUTA 

AGND 

TABLE 3: Recommended Trim Resistor Values vs Grade for 
Figures 4 and 5 

TRIM 
RESISTOR 

R1, R3 
R2,R4 

FW/HP 

5000 
1500 

AW/EW/GP 

2000 
820 

Full-scale adjustment is achieved by loading the appropriate 
DAC's digital input with 1111 1111 1111 code and adjusting 
R1 (or R3 for DAC B) so that: 

VOUT = VAEF X (4095/4096) 

If R1, R2, R3, and R4 are not used, then full-scale is adjusted 
by varying VAEF voltage. Zero adjustment is performed by 
loading the DAC's digital input with 000000000000 code and 
adjusting the op amp's offset voltage to OV. It is recom
mended that the op amp offset voltage be less than 10% of 1 
LSB (244I'V), over the operating temperature range of inter
est. This will ensure the DAC's monotonicity and minimize 
gain and linearity errors. 
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BIPOLAR OPERATION 
The bipolar (offset binary) 4-quadrant configuration using 
the DAC-B221 is shown in Figure 5, and the corresponding 
code is shown in Table 2. The circuit makes use of the OP-
470, a quad op amp (use four OP-42s for applications requir
ing higher speeds). 

Again, resistors R1, R2, and R3, R4 are used only if full-scale 
gain adjustments are required. Maximum full-scale error 
without these resistors for the top grade device and VREF = 
± 10V is 0.04B%, and 0.097% for the low grade. See Table 3 for 
the recommended values. If they are used, then low temper
ature-coefficient (approximately 50ppm/OC) resistors or 
trimmers should be used. 

If resistors R1 thru R4 are omitted, then R5, R6, R7 (RB, R9, 
and R10 for DAC B) should be ratio-matched to 0.01 %to keep 
gain error within data sheet limits. They should also have 
matching temperature-coefficient characteristics if operat
ing over the full temperature range. 

Zero-output is adjusted by loading the appropriate DAC's 
digital input with 100000000000 code and varying R1 (R3 for 

FIGURE 6: Single Supply Operation (Current Switching Mode) 

¥DD = +12V TO +15V 

DGND 

Va.,,, 

• 

MHD 

DAC-8221 
DAC B) so that VOUT A (or VOUT el equals OV.1f R1, R2 (R3, R4 
for DAC B) are omitted, then zero output is adjusted by 
varying R6, R7 ratios (R9, R10 for DAC B). Full-scale is set by 
loading the appropriate DAC's digital inputs with 1111 1111 
1111 code and varying R5 (RB for DAC B) or VREF. 

SINGLE SUPPLY OPERATION 
CURRENT SWITCHING MODE 
Because the DAC-B221 's R-2R resistor-ladder terminating 
resistor is internally connected to AGND, it lends itself well 
for single supply operation in the current steering mode 
configuration. This means that AGND can be raised above 
system ground as shown in Figure 6. The output voltage will 
swing between +5V and +10V depending on the digital input 
code. 

The output expression is given by: 

VOUT=VOS+ (D/4096) (Vos) 

where Vos = Offset Reference Voltage (+5V in Figure 6) 
D = Decimal Equivalent of the Digital Input Word 

>-+-+-OVOUT" = +SV TO +10Y 

>--'-_-0 YOUT I = +5V TO +10Y 

'5V 

*REGISTERS AND CONTROL CIRCUITRY OMITTED FOR SIMPLICITY. 
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FIGURE 7: Single Supply Operation (Voltage Switching Mode) 

VIN (0 TO +1.25V) o----;:,Oc::UT-'.+--< 

1 
AGND 

24 

lOUTS 

DGNO 

>--+-_-0 YOUT A 

*REGISTERS AND DIGITAL CIRCUITRY OMITTED FOR SIMPLICITY. 

VOLTAGE SWITCHING MODE 
Figure 7 shows the DAC-8221 in another single supply con
figuration. The R-2R ladder is used in the voltage switching 
mode and functions as a voltage divider. The output voltage 
(at the VREF pin) exhibits a constant impedance R (typically 
11 kO) and must be buffered by an op amp. The RFB pins are 
not used and are left open. The reference input voltage must 
be maintained within + 1.25Vof AGND, and Voo between + 12V 
and + 15V; this ensures that device accuracy is preserved. 

The output voltage expression is given by: 

VOUT = VREF (0/4096) 

where 0 = Decimal Equivalent of the Digital Input Word 

APPLICATIONS TIPS 
GENERAL GROUND MANAGEMENT 
Grounding techniques should be tailored to each individual 
system. Ground loops should be avoided, and ground cur
rent paths should be as short as possible and have low 
impedance. 

To reduce digital transients from appearing at the analog 
output, the DAC-8221's AGND and DGND pins should be 
tied together at the device socket. This common point then 
becomes the single ground point connection. AGND and 
DGND is then brought out separately and tied to their respec
tive power supply grounds. Ground loops can be created if 
both grounds are tied together at more than one location, I.e., 
tied together at the device and at the digital and analog power 
supplies. 

2-1012 DIGITAL -rO-ANALOG CONVERTERS 

The PC board ground plane can be used for the Single pOint 
ground if the device socket connection is not practical. If 
neither of these connections are practical or allowed, then 
the DAC-8221 should be placed as close as possible to the 
system's single point ground connection. Back-to-back 
Schottky diodes should then be connected between AGND 
and DGND: 

POWER SUPPLY DECOUPLING 
Power supplies used with the DAC-8221 should be well fil
tered and regulated. Local supply decoupling consisting of a 
1 to 10l'F tantal um capaCitor in parallel with a 0.11'F ceramic 
is highly recommended. Thecapacitorsshould be connected 
between Voo and DGND andilt the device socket. 
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FIGURE 8: Digitally-Programmable Window Detector (Upper/Lower Limit Detector) 

VREFA 
+~EFo------,------------~~ 

~E~J ~~~:)o-..... __ -+ _____ ","F"'.-"-IA 

., 

VAEF • DGND 

*REGISTERS AND CONTROL CIRCUITRY OIlITTED FOR SlIlPUCITY. 

FIGURE 9: DAC-8221 To 8086 Interface 

.... 

A[)O.AD15 DATA BUS 

,. 

,. 
~----------------------------~ 

*REGISTERS AND CONTROL CIRCUITRY OMITTED FOR SIMPLICITY. 
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OAC-8221 

PASSlFAIL 
OUTPUT 
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FIGURE 10: DAC-8221 To 68000 Interface 

A1-A23 ADDRESS BUS 

As 

68000 

ODs 

RIW 
DTACK 

,. 

01).015 DATA BUS 16 

*AEGISTERS AND CONTHOL CIRCUITRY OMITTED FOR SIMPLICITY. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Two Matched 12·Bit DACs on One Chip 
• Direct Parallel Load of All 12 Bits for High Data Throughput 
• Double·Buffered Digital Inputs 
• 12·Bit Endpont Linearity (:1:1/2 LSB) Over Temperature 
• +5V to + 15V Single Supply Operation 
• DACs Matched to 1 % Max 
• Four·Quadrant Multiplication 
• Improved ESD Resistance 
• Packaged in a Narrow 0.3" 24-Pin DIP and 0.3" 24·Pin SOL 

package 
• Available in Die Form 

APPLICATIONS 
• Automatic Test Equipment 
• Robotics/Process Control/Automation 
• Digital Gain/Attenuation Control 
• Ideal for Battery-Operated Equipment 

ORDERING INFORMATION t 
PACKAGE 

RELATIVE GAIN MILITARY* INDUSTRIAL COMMERCIAL 
ACCURACY ERROR TEMPERATURE TEMPERATURE TEMPERATURE 

(+SVor +15V) -SS"Clo+12S"C -40"Clo+85"C O"Clo+70"C 

.1/2LSB 

.1/2LSB 
.1 LSB 
.1 LSB 

.1 LSB DACB222AW 
<2LSB 
.4LSB 
.4LSB 

DACB222EW 
DACB222GP 

DACB222FW DACB222HP 
DACB222FP DACB222HStt 

• For devices processed In total compliance to MIL-SDT-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn·in is available on commercial and industrial temperature range parts In 
cerdip, plastic dip, and TO·can packages. 

" For availability and burn·in information on SO and PLCC packages. contact 
your local sales office. 

FUNCTIONAL DIAGRAM 

DAfA/DAC 8 ~!t----+f~=:':l 

LDAC~l~.r-___ ----~ 
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Dual 12-Bit Double-Buffered 
Multiplying CMOS D/A Converter 

DAC-8222 I 
GENERAL DESCRIPTION 
The DAC-8222 is a dual 12-bit, double-buffered, CMOS digital
to-analog converter. It has a 12-bit wide data port that allows a 
12-bit word to be loaded directly. This achieves faster through
put time in stand-alone systems or when interfacing to a 16-bit 
processor. A common 12-bit input TTL/CMOS compatible data 
port is used to load the 12-bit word into either of the two DACs. 
This port, whose data loading is similar to that of a RAM's write 
cycle, interfaces directly with most 12-bit and 16-bit bus 
systems. (See PMl's DAC-8248 for a complete 8-bit data bus 
interface product.) A common bus allows the DAC-8222 to be 
packaged in a narrow 24-pin 0.3" DIP and save PCB space. 

PIN CONNECTIONS 

21 

AGND 

(MSB)DB f1 8 

DRto '1 18 OAe AJDAC B 

17 DBa (UB) 

IOUTA 

.... ---t-'-<>AGND 

lOUTS 

22 

DGND 

24·PIN 
0.3" CERDIP 
( W·Suffix) 

24-PIN. 
EPOXY DIP 
(P-Suffix) 

24-PINSOL 
(S·Suffix) 

28·CONTACT LCC 
( TC·Suffix) 
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DAC-8222 
The DAC is controlled with two signals, WR and LDAC. With 
logic low at these inputs, the DAC registers become transparent. 
This allows direct unbuffered data to flow directly to either DAC 
output selected by DAC AlDAC B. Also, the DAC's double
buffered digital inputs will allow both DACs to be updated 
simultaneously. 

DAC-8222's monolithic construction offers excellent DAC-to
DAC matching and tracking over the full operating temperature 
range. The chip consists of two thin-film R-2R resistor ladder 
networks, four 12-bit registers, and DAC control logic circuitry. 
The device has separate reference-input and feedback resistors 
for each DAC and operates on a single supply from +5V to 
+15V. Maximum power dissipation at +5V using zero or VDD 
logic levels is less than 0.5mW. 

The DAC-8222 is manufactured with PMl's highly stable thin
film resistors on an advanced oxide-isolated, silicon-gate, 
CMOS technology. PMl's improved latch-up resistant design 
eliminates the need for external protective Schottky diodes. 

ABSOLUTE MAXIMUM RATINGS 
(T A = +2S·C, unless otherwise noted.) 
VOD to AGND ............................................................. OV, +17V 
VDD to DGND .............................................................. OV, +17V 
AGND to DGND ............................................ -0.3V, V DO +0.3V 
Digital Input Voltage to DGND ......••.•.....•...•• -{).3V, V DO +0.3V 
lOUT A' lOUT B to AGND ................................. -{).3V, V DO +0.3V 

VREF A' VREF B to AGND ................................................... ±2SV 
VRFB A' VREII B to AGND ................................................... ±2SV 
Operating Temperature Range 

AW Version ................................................ -6S·C to + 12S·C 
EW, FW, FP Versions ...••••••...••.•••...•.••.••....... --40·C to +8S·C 
GP, HP, HS Versions ......•••......••...•.•.•.••.....••.• -{)°Cto+70·C 

Junction Temperature .................................................. +1S0·C 
Storage Temperature .................................... --6SOC to + 1S0·C 
Lead Temperature (Soldering, 60 sec.) •••.•••••••••••..•.•••• +300·C 

PACKAGE TYPE 8IA (N0TE1) 81C UNITS 

24-Pin Hermetic DIP (W) 69 10 OCIW 
24-Pin Plastic DIP (P) 62 32 OCIW 

24-Pin SOL (5) 72 24 OCIW 

NOTES: 
1. 8 jA Is specified for worst case mcunting cenditions. i.e., 8'A is specified for 

device In socket for CerDIP, and P-DIP packages; 8. A is spkified for device 
scldered to printed circuit board for SOL package. J 

CAUTION: 
1. Do no apply voltages high&( than V DO Dr less than GND potential on any twml· 

nal except VREF and RFB• 
2. The digital centrol inpulIJ are zener-protected; howev&(. permanent damage 

may occur on unprotected units from high-energy electrostatic fields. Keep 
units in conductive foam at all times until ready to use. 

3. Do not insert this device Into powered scckellJ; remove power before inSet'tion 
Dr removal. 

4. Use proper anti-static handling procedures. 
5. Devices can suffer pwmanentdamage and/or reliability degradation if stressed 

above the IimillJ listed under Absolute Maximum Ratings for extended periods. 

ELECTRICAL CHARACTERISTICS at VDD = +5V or +15V, VREF A = VREF B = +10V, VOUT A = VOUT B = OV; AGND = DGND = OV; 
TA = Full Temp Range Specified in Absolute Maximum Ratings; unless otherwise noted. Specifications apply for DAC A and DAC B. 

DAC-8222 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

STATIC ACCURACY 

Resolution N 12 Bits 

Relative Accuracy INL Endpoint Linearity Error DAC-8222A1E1G ±1I2 LSB DAC-8222F/H ±I 

Differential Nonlinearity DNL All Grades are Guaranteed Monotonic ±I LSB 

Full Scale Gain Error DAC-8222A/E ±I 

(Note I) GFSE DAC-8222G ±2 LSB 
DAC-8222F/H ±4 

Gain Temperature Coefficient 
TCGFS (Notes 2. 7) ±2 ±5 ppm/oC 

.6Gain/6Temperature 

Output Leakage Current All Digital Inputs = TA= +25'C ±5 ±IO I OUTA (Pin 2). ILKG nA 
IOUTB(Pln 24) 

0000 0000 0000 TA = Full Temp. Range ±50 

Input Resistance 
RREF (Note 9) 8 II 15 kn (VREF ,., VREF B) 

Input Resistance Match ARREF ±0.2 ±1 % RREF 
DIGITAL INPUTS 

Digital Input High V1NH 
Voo =+5V 2.4 
Voo =+15V 13.5 V 

Digital Input Low V1NL 
Voo =+5V 0.8 V Voo =+15V 1.5 

Input Current 'iN 
V,N = OV or Voo TA = +25°C ±O.OO1 ±I 
and V1NL or V1NH TA = Full Temp. Range ±10 p.A 

Input CapaCitance 
C,N 

DBD-DBII 10 pF (Note 2) WR. LDAC, DAC AlDAC B IS 
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ELECTRICAL CHARACTERISTICS atVoo = +5Vor+15V. VREF A = VREFB = +10V. VOUTA = VOUTB=OV;AGND = DGND= OV; 

T A = Full Temp Range specified in Absolute Maximum Ratings; unless otherwise noted. Specifications apply for DAC A and DAC B. 
Continued 

PARAMETER SYMBOL CONDITIONS 

POWER SUPPLY 

All Digital Inputs V,NL or V,NH 
Supply Current 100 

All Digital Inputs OVorVoo 

DC Power Supply 

Rejection Ration PSRR AVoo _±S% 
(AGain/AVO 0) 

AC PERFORMANCE CHARACTERISTICS (Note 2) 

Propagation Delay 
(Notes 4. 5) 

Current Settling Time 

(NotesS,6) 

Output Capacitance 

AC Feedthrough at 

lOUT A or lOUT B 

SWtTCHING CHARACTERtSTICS 

(Notes 2, 3) 

DAC Selectto 

Write Set·Up Time 
tAS 

DAC Selectto 
Write Hold Time tAH 

lDACto 
tLS Write Set·Up Time 

lDACto 

Write Hold Time tLH 

Data Valid to 
tos Write Set·Up Time 

Data Valid to 
tOH Write Hold TIme 

Write Pulse Width 'wR 

LDAC Pulse Width ILWD 

NOTES: 

Digital Inputs _ All Os 

COUT A' COUT B 

Digital Inputs _ All 18 

COUT A' COUT B 

1. Measured using internal RFa A and RFB B' Both DAC digital inputs -
111111111111. 

2. Guaranteed and not tested. 
3. Sea liming diagram. 
4. From SO% of digital input to 90% of final analog output current. V REF A -

VREF a - .IOV; OUT A. OUT B load -lODe. CEXT _13pF. 

S. WR,lDAC - OV; DBO- DB11 - OVtoVooorVoo toOV. 

REV. B 

DAC·S222 
MIN TYP MAX UNITS 

2 mA 

10 100 j.IA 

0.002 %/% 

3S0 ns 

1'8 

90 

pF 

120 

-70 

dB 

-70 

Voo= +SV Voo= +15V 

+2S'C -40'C TO +85'C -55'C TO +125'C All TEMPS 

(Note 8) (Note 10) 

ISO 180 210 60 nsMIN 

0 0 0 0 nsMIN 

80 100 120 60 nsMIN 

20 20 20 20 nsMIN 

220 240 260 100 nsMIN 

0 0 0 10 nsMIN 

130 160 170 90 nsMIN 

100 120 130 60 nsMIN 

6. Settling time Is measured from 50% of the digital input change to where the 
output voltage sellles within 1/2 lSB of full scale. 

7. Gain TC is measured from +2S'C to T MIN or from +2S'C to T MAX' 
8. These limits apply for the commercial and Industrial grade products. 
9. Absolute temperature coefficient is approximately +50ppm/·C. 

10. These limits also apply as typical values for V 00 - • 12V with +SV CMOS 
logic levels and T A - +2S·C. 
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DICE CHARACTERISTICS 

DIE SIZE 0.124 X 0.132 inch, 16,368 sq. mils 
(3.15 X 3.55 mm, 10.56 sq. mm) 

1. AGND 
2. lOUT A 

3. RFBA 
4. V AEFA 
5.DGND 
6. DB11(MSB) 
7. DB10 
8.DB9 
9.DB8 

10. DB7 
11. DB6 
12. DB5 

13. DB4 
14.DB3 
15. DB2 
16. DB1 
17. DBO(LSB) 
18. DAC AlDAC B 
19. LDAC 
20. WR 
21. VOD 

22. VAEFB 

23. RFB B 

24. IOUTB 

Substrate (die backside) is internally connected to V DI)o 

WAFER TEST LIMITS at V DD = +5V or +15V, VAEFA=VAEFB=+10V, VOUTA= VOUTB=OV; AGND = DGND =OV; TA= 25°C. 

DAC-8222G 
PARAMETER SYMBOL CONDITIONS LIMIT UNITS 

Relative Accuracy INL Endpoint Linearity Error ±I LSB MAX 

Differential Nonlinearity DNL All Grades are Guaranteed Monotonic ±I LSB MAX 

Full Scale Gain Error 
GFSE 

(Note 1) 
Digital Inputs = 1111 1111 1111 ±4 LSB MAX 

Output Leakage 
'LKG 

Digital Inputs = 0000 0000 0000 
±50 nAMAX 

(lOUT A. lOUT al Pad 2 and 24 

Input Resistance 
RREF Pad 4 and 22 8/15 

kflMINI 

(V AEF A. V AEF a) kflMAX 

Input Aesistance Match AAAEF ±I % MAX 
AAEF 

Digital Input High 
Voo= +5V 2.4 

VMIN VINH Voo =+15V 13.5 

Digital Input Low V1NL 
Voo= +5V 0.8 

V MAX 
Voo =+15V 1.5 

Digital Input Current liN Y,N = OV or Voo; V,NL or V,NH ±1 "A MAX 

Supply Current 100 
All Digital Inputs V,NL or V,NH 

mAMAX 
All Digital Inputs OV or Voo 0.1 

DC Supply Aejection 
PSA AVoo=±5% 0.002 %1% MAX 

(AGain/AVoo) 

NOTES: 
I. Measured using internal AFa A and AFa a. 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss. yield after packaging is not guaranteed 
for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

m 

CHANNEL-TO-CHANNEL 
MATCHING (DAC A & B 
ARE SUPERIMPOSED) 

1.oo .. ---,----,---,----, 
Voo "" +15~ 

0.75 VREF :::: +10V---f---+----1 
TA:::: +25°C 

0.501---+---1---+---f 

~ 0.25 ~--+----j---+----l 
a: 
:l z 
~ -0.25 ~--+----j---+----l 
o 
z -0.50 1---+---f---+----1 

m 

-0.75 1---+---f---+----1 

-1.00 O~--,...J02L....---:2...J04-:.---:3072:'::----:-:'.0 .. 
DIGITAL INPUT CODE (DECIMAL) 

NONLINEARITY 
vs VREF 

1.00 .. -,---r-,---,--,-,-.,.--,-,-., 

0.75 

0.501-+-+-+--.... H-+-+-f-+--l 

~ 0.25 
j: 

~ 
Z 

~ -0.25 I-+-+-r 
o z 

m 

-0.50 ~+-+-t-+-t..,,'t-+--j-+--j 

-0.75 I-+-+-+--+-+..L..+-+-+-+--l 

-1.0~1LO -_...J.--.J..--.J......_-2L-.J.......J.-L-.J.......J. • .....J,0 
VREF (VOLTS) 

NONLINEARITY vs CODE 
(DAC A & BARE 

SUPERIMPOSED) 
1.00 r--.,.-----,__,--,---, 

Voo:::: +5V 
0.75 VREF=+10V---+---t----j 

TA :::: +25°C 

0.50 I---+---1-1--+---j 

~ 0.251---+---+---+-----1 
j: .flt'I. ....... 

! ~ 
~ -0.251---+---+---+-----1 
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o 
z -0.50 \---+----1I---+----j 

-0.751---+---f---+----1 
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DIGITAL INPUT CODE (DECIMAL) 
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~ ... 
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'" "' ... 
> 
>-a: 
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DIFFERENTIAL 
NONLINEARITY 

vs VREF 
1.00 r.,.--,-,-.,...--,--',-"",--,__,,-,, 

0.75 

0.50 1-+-f-+---ioI-l'-t-+-+--j'-+---1 

0.25 I-+-f-+ 

-0.25 
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-8 -6 -4 -2 • 10 
VREF (VOLTS) 

NONLINEARITY 
vs VREF 

1.00 

0.75 

0.50 

0.25 

~ -0.25 
0 
Z 

-0.50 

-0.75 

-1.00 
-10 

1.00 

0.75 

0.50 m 
~ 0.25 
j: 

-. -. -4 -2 • 10 
VREF (VOLTS) 

NONLINEARITY vs CODE AT 
TA = -55·C, +25·C, 

+125·C FOR DAC A & B 
(ALL SUPERIMPOSED) 

VOD :::: +15~ 
VREF = +10V 

.~ .#4l. a: .». 
:l z 
~ -0.25 
o 
Z 

-0.50 

-0.15 

-1.00 

""'I" 

o 1024 2048 3072 4096 

DIGITAL INPUT CODE (DECIMAL) 

'" ~ ... z 
c 

DAC-8222 

DIFFERENTIAL 
NONLINEARITY 

vs VREF 

-0.50 1-+-+-+-+-+-+-+-f-+---1 

-0.75 I-+-+-+--+-+-+---+-f-+---I 
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-10 -8 -6 -4 -2 

VREF (VOLTS) 

NONLINEARITY 
vs Voo 

• 10 

1.000.--,--.,.---,--,----,--., 
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m 
~ 0.6251--+--+--f--+---+---1 
j: 
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::; 
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o z 
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a: 
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z 

" " 

0.375 1--+--+--f--+---+---1 

0.250 t=J:::E=i::~::~~~ 0.125 

O~--~--~--~--~--~~ 

0.8 

D .• 

D.' 

0.2 

-0.2 

-0.4 

-0.6 

-0.8 

o 10 15 

SUPPLY VOLTAGE (VOLTS) 

ABSOLUTE GAIN ERROR 
CHANGE vs VREF 

V~D ~ ~15V 
TA =+25°C 
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:- , 

-10 -8 -6 -4 -2 2 4 • 10 
VREF (VOLTS) 
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TYPICAL PERFORMANCE CHARACTERISTICS 

FULL-SCALE GAIN ERROR 
VB TEMPERATURE 

LOGIC INPUT THRESHOLD 
VOLTAGE VB SUPPLY 

VOLTAGE (VoO> 
SUPPLY CURRENT 
VB TEMPERATURE 

2.0 

1.. 

~ 1.0 
a: o 
ffi 0.5 

z 
C 

" w 
~ -0.5 

~ ::l -1.0 

~ 
-1.5 

-2.0 

Voo= +15V 

t- VREF = +10Y 

-...... '"- ....... ....... 

4 _ _ H ~ ~ ~ m 

TEMPERATURE (Oe) 

~ 1600 

~ 1400 

; 1200 

1 '000 

~ aDo 

~ 600 

il 40D 
::; 
t 200 

SUPPLY CURRENT VB 

LOGIC INPUT VOLTAGE 

VDO - +15Y 

YDD - +5V 

VDO - +12V 

,. 
VREF = +10V 

14 TA = +25°C 

r VINH=2.4V 

/ r.'NL = 0.8. ~ 

j~ 

o o 
~'l 

20 G; 
+ 18 ;:; 
I" ,. + 

" 14 ; 

12 1 
10 I

Z 
8 ::! 

B 
4 ~ .. 

iil 

10 15 

VDD (VOLTS) 

ALL BITS ON 

DB10 

~ DB8 

i 
0 .. 

a: OB4 
w 
:I: 
I; DB2 

::j (LSI) OBO 
!. 
10 
P 
i 

" '" o 0 
o 1 2 3 4 5 6 7 8 9 ro 11 12 U M 

~ ALL BITS OFF 
100 

100 

0.01 

DIGITAL INPUT (VOLTS) 

OUTPUT LEAKAGE CURRENT 
vs TEMPERATURE 

VDD III+15Y 

""EF .. -lOY 

./ 
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0 

Ii 
" z w 
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" .. 
I-

" 0 

-1' 

-3D 
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-80 

-75 

ANALOG CROSSTALK 
VI FREQUENCY 

VOO=+15y'I' 

TA ""+25°C 
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YOUTATDAC A 
VAEF A GROUNDED 
YOUT "IYREF B 

~ 
-9 01" 

-105 

-120 
1k 10k 100k 

FREQUENCY (Hz) 
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2.0 

VDD ",,+15V 
V1L =+1.5V 

1.8 

--I-
"-'" 0.4 -

o 
20 -75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (Oe) 

MULTIPLYING MODE 
FREQUENCY RESPONSE 
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1M 
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·108 
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INTERFACE TIMING 
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'D. ..,; 

• D 1D 15 2D 
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BURN-IN CIRCUIT 

PARAMETER DEFINITIONS 
RESOLUTION (n) 

'0 
" 
'2 

'6 
'5 
'4 
'3 

The resolution of a DAC is the number of states (2") that the 
full-scale range (FSR) is divided (or resolved) into; where n is 
equal to the number of bits. 

RELATIVE ACCURACY (INL) 
Relative accuracy. or integral nonlinearity. is the maximum 
deviation of the analog output (from the ideal) from a straight 
line drawn between the end pOints. It is expressed in terms of 
least significant bit (LSB). or as a percent of full scale. 

DIFFERENTIAL NONLINEARITY (DNL) 
Differential nonlinearity is the worst case deviation of any 
adjacent analog output from the ideal 1 LSB step size. The 
deviation of the actual "step size" from the ideal step size of 1 
LSB is called the differential nonlinearity error or DNL. DACs 
with DNL greater than ±1 LSB may be non monotonic. ±1/2 
LSB INLguarantees monotonicity and ±1 LSB maximum DNL. 

GAIN ERROR (GFsa 
Gain error is the difference between the actual and the ideal 
analog output range. expressed as a percent of full-scale or in 
terms of LSB value. It is the deviation in slope of the DAC 
transfer characteristic from ideal. 

See Orientation in Digital-to-Analog Converters Section of the 
current data book. for additional parameter definitions. 

GENERAL CIRCUIT DESCRIPTION 
CONVERTER SECTION 
The DAC-8222 contains four 12-bit registers (two input registers 
and two DAC registers). two highly-stable thin-film R-2R 
resistor ladder networks. and interface control logic circuitry. 
Also included are 24single-pole. double-throw. NMOS transistor 
cu rrent switches. 

REV. B 

R4 

5kU 

Voo 
+15V±O.5V 

R2 
SkU 

R3 
lOOkn 

DAC-8222 

NOTES: 
1. Cl '" C24.1pF TANTALUM,SOV DC; EVeRY 10TH DEVICE. 
2. C3'" C4 O.Olp.F CERAMIC, 50V DC; EVERY 10TH DEVICE. 
3. ALL MATERIAL TO WITHSTAND 150°C. 

FIGURE 1: Simplified Single DAC Circuit Configuration. 
(Switches Are Shown For All Digital Inputs At 
Zero) 

'-++ ...... :-+ ...... .,....--i ~:-t ..... -'-+-~-o 'OUT 

'---;-..... ,.. ...... -U-;-...... ---, ........... -o AGNo 

I 
DB11 OB10 DB9 DBl DBO 
(MSB) (LS8) 

FIGURE 2: N-Channel Current Steering Switch 

to lADDER 

FROM~ INTERFACE ~ 
LOGIC~ ~ 

AGND lOUT 

Figure 1 shows a simplified circuit for the R-2R ladder network 
and transistor switches for one DAC. R is typically 11 kO. The 
transistor switches are binarily scaled in size to maintain a 
constant voltage drop across each switch. Figure 2 shows a 
single NMOS transistor switch. 

The binary-weighted currents are switched between lOUT and 
AGND by the N-channel MOS transistor switches. The selection 
between lOUT and AGND is determined by the digital input 
code. It is important to note here that the voltage difference 
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between lOUT and AGND terminals be as close to zero as 
practical in order to keep DAC errors to a minimum. This is 
normally done by connecting AGND to the noninverting input 
of an op amp and I OUTtO the inverting input. The DAC's internal 
resistor (RFB) can be used for the feedback resistor by 
connecting the op amp's output directly to the DAC's RFB 
terminal. The op amp also provides the current-to-voltage 
conversion for the DAC's output current. The output voltage is 
dependent on the DAC's digital input code and VREF, and is 
given by: 

V OUT = -V REF X D/4096 

where D is the digital input code integer number that is between 
o and 4095. 

The DAC's input resistance, VREF(Figure 1). is always equal to a 
constant value, R. This means that V REF can be driven by a 
reference voltage or current, AC or DC (positive or negative). It 
is recommended that a low-temperature-coefficient external 
RFB resistor be used if a current source is employed. 

The DAC's output capacitance (C OUT) is code dependent and 
varies from 90pF (all digital inputs low) to 120pF (all digital 
inputs high). 

Figure 1 shows a transistor switch in series with the R-2R ladder 
terminating resistor and RFB resistor. They were designed into 
the DAC to binarily match the ladder leg switches and improve 
power supply rejection and gain error temperature coefficient. 
The gates of these transistor switches are connected to V DD, so 
that an "open-circuit" exists when V DD is not applied. This 
means that an op amp's output voltage will go to either "rail" if 
powered up before the DAC. Also, RFB resistance cannot be 
measured without VDD being applied. 

FIGURE 3: Digital Input Structure For One Bit 

DATA O+'lNV ...... +-[:>o-(X) ..... -e~--...... t:>-o-o. TO OAe 
INPUT I REGISTER 

INPUT STATIC I 
PROTECTIONL.. __ 

DGND 

FIGURE 4: Input Control Logic 

DIGITAL SECTION 
The DAC-8222's digital inputs are CMOS inverters. They were 
designed to convert TTL and CMOS input !ogic levels into 
voltage levels to drive the internal circuitry. The digital inputs 
are TTL compatible at VDD = +5V and CMOS compatible at 
VDD = +15V. The DAC-8222 can use +5V CMOS logic levels 
with V DD = +12V; however, supply current will rise to approxi
mately 5-6mA. 

Figure 3 shows the DAC's digital input register structure for one 
bit. This circuit drives the DAC register. Digital controls c/> and ¢ 
shown are generated from DAC A/DAC Band WR control 
signals. 

As shown in Figure 3, these inputs are electrostatic-discharge 
protected with two internal distributed diodes; they are con
nected between VDDand DGND. Each digital input has a typical 
input current of less than 1 nA. 

When the digital inputs are in the region of +1.2V to +2.8V 
(peaking at +1.8V) using a +5V power supply, or in the region of 
+1.7V to +12V (peaking at +3.9V) with a +15V power supply, 
the input register transistors are operating in their linear region 
and draw current from the power supply. It is, therefore, 
recommended that the digital input voltages be as close to the 
supply rails (V DD and DGND) as is practically possible to keep 
supply currents at a minimum. The DAC-8222 may be operated 
with any supply voltage between the range of +5V to +15V. 

INTERFACE CONTROL LOGIC 
The DAC-8222's input control logic circuitry is shown in Figure 4. 
Note how the WR signal is used in conjunction with DAC AI 
DAC B to load data into either input register. LDAC loads data 
from the input registers to the DAC register; the DAC's analog 
output voltage is determined by the data contained in each DAC 
register. 

The truth table for the DAC registers is shown in the Mode 
Selection Table. Note how the input register is transparent 
when WR is low and LDAC is high, and that the DAC register is 
transparent when WR is high and LDAC is low (LDAC updates 
the DAC's analog output voltage). The DAC is transparent from 
input to output when WR and LDAC are both low, and the DAC 
is latched (input and output is not being updated) when WR and 
LDAC are both high. 

~#i}TODACA 
DAe AJDAC B : INPUT REGISTER 

} TO CAe 8 
_ OS INPUT REGISTER 

WR 

LDAC 

. __________ --+l-1~}6?~'1TT REGISTERS 
LDAC 4:>0- - ~ 
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MODE SELECTION TABLE 

DIGITAL INPUTS 

DACA 

DACAtB WR LDAC INPUT REGISTER 

L L L WRITE 
H L L LATCHED 
L L H WRITE 
H L H LATCHED 
X H L LATCHED 
X H H LATCHED 

L=Low H = High X = Don't Care 

INTERFACE CONTROL LOGIC 

DAC A/DAC B (Pin 18)-DAC Selection. Active low for DAC A 
and active high for DAC B. 

WR (Pin 20)-WRITE. Active Low. Used to write data into either 
DAC A or DAC B input registers, or active high latches data into 
the input registers. 

LDAC(Pln 19)-LOAD DAC. Active Low. Used to simu~ane
ously transfer data from DAC A and DAC B input registers to 
both DAC outputs. The DAC becomes transparent (activity on 
the digital inputs appear at the analog output) when both WR 
and LDAC are low. Data is latched into the output registers on 
the rising edge of LDAC. 

WRITE CYCLE TIMING DIAGRAM 

TWO CYCLE UPDATE 

DAC-8222 

REGISTER STATUS 

DACB 

DAC REGISTER INPUT REGISTER DAC REGISTER 

WRITE LATCHED WRITE 
WRITE WRITE WRITE 
LATCHED LATCHED LATCHED 
LATCHED WRITE LATCHED 
WRITE LATCHED WRITE 
LATCHED LATCHED LATCHED 

WRITE TIMING CYCLES 

Two timing diagrams are shown and are at the user's discretion 
which to use. 

The TWO CYCLE UPDATE, as the name implies, allows both 
DAC registers to be loaded and the outputs updated in two cycles. 
Data is first loaded into one DAC's input register on the first write 
cycle, and then new data loaded into the other DAC's input reg
ister while simultaneously updating both DAC outputs on the 
second cycle. 

The THREE CYCLE UPDATE allows DAC A and DAC B regis
ters to be loaded and analog output to be updated at a later time. 
The first two cycles load both DACs as above, and the third cye/e 
updates the outputs. 

The LDAC and DAC AlDAC B control pins can be tied together 
and controlled with a single strobe. When using the DAC in this 
configuration, DAC B must be loaded first. 

THREE CYCLE UPDATE 

__ ., _ ~r~---v" ..... ___ ---.!!~ DACO I ~~t _____ ov 

~W. 'w. tt------v" 
WR 

-----ov 

----~----~~t~v 

REV. B 

=0 ."J I -~' 
DATA 

NOTES: 
1. ALL INPUT SIGNAL RISE AND FALL TIMES 

MEASURED FROM 100ft TO 90% OF VDP 
Vpp '" +5Y, 1.= 1,= 2Onl; 
VDP = +15V, 1.= It= 4Ons. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS VIH; V1L 

v" 

ov 
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FIGURE 5: Unipolar Configuration (2-Quadrant Multiplication) 

R2 

>-+---oVOUTA 

>-L-+.-.()VO",. 

-AESISTORS Ai THRU R4 ARE ONLY NECESSARY TO TRIM FOR 
ABSOLUTE ACCURACY BETTER THAN ±O.01Oft, SEE TEXT FOR 
COMPLETE DETAILS. 

v .... 
·-REGISTERS AND CONTROL CIRCUITRY 

OMITTED FOR SIMPLICITY. 

APPLICATIONS INFORMATION 
UNIPOLAR OPERATION 
Figure 5 shows a simple unipolar (2-quadrant multiplication) 
circuit using the DAC-8222 and OP-270 dual op amp (use two 
OP-42s for higher speeds), and Table 1 the corresponding code 
table. Resistors R1, R2, and R3, R4 are used only if full-scale 
gain adjustments are required. Low-temperature coefficient 
(approximately 50 ppm/OC) resistors or trimmers should be 
used. Maximum full-scale error without these resistors for the 
top grade device and VREF = ±10V is 0.024% and 0.097% for the 
low grade. C1 and C2 provide phase compensation to help 
reduce overshoot and ringing when high-speed op amps are 
used. 

Full-scale adjustment is accomplished by loading the digital 
inputs with all 1s and adjusting R1 (or R3) so that 

VOUT=VREFX (::) 

Full-scale can also be adjusted by varying VREF voltage, thus 
eliminating R1, R2, R3 and R4. Zero adjustment is performed by 
setting the DAC's digital inputs to all Os and adjusting the op 
amp's offset adjust so that VOUT= OV. To maintain monotonicity 
and minimize gain and linearity errors, it is recommended that 
the op amp offset voltage be adjusted to less than 10% of 1 LSB 
(244~V) over the operating temperature range of interest. 
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TABLE 1: Unipolar Binary Code Table (Refer to Figure 5) 

BINARY NUMBER IN 
DAC REGISTER 
MSB LSB 

111111111111 

1000 0000 0000 

0000 0000 0001 

0000 0000 0000 

NOTE: 1 
1 LSB = (2-12) (VREF) = 4096 (VREF) 

BIPOLAR OPERATON 

ANALOG OUTPUT, VOUT 
(DAC A or DAC B) 

( 4095) 
-V REF 4096 

-V REF (!~!:) = -1/2VREF 

OV 

The bipolar (offset binary) 4-quadrant operation configuration 
using the DAC-B222 is shown in Figure 6 and the corresponding 
code in Table 2. The circuit makes use of the OP-470, a quad op 
amp (use four OP-42s for higher speeds). 

Resistors R1, R2, R3, and R4 may be omitted and full-scale 
output voltage may be adjusted by varying V REFor the value of 
R5 and RB. If resistors R1, R2, R3, and R4 are omitted, then 
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FIGURE 6: Bipolar Configuration (4-Quadrant Multiplication) 
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TABLE 2: Bipolar (Offset Binary) Code Table 
(Refer to Figure 6) 

BINARY NUMBER IN 
DAC REGISTER 

MSB LSB 

111111111111 

1000 0000 0001 

1000 0000 0000 

011111111111 

0000 0000 0000 

NOTE: 1 
1 LSB = 12.11) IVREF) = 2048 IV REF) 

REV. B 

ANALOG OUTPUT, VOUT 
(DAC A or DAC B) 

( 2047) 
+VREF 2048 

OV 

resistors R5. R6. R7. should be ratio-matched to 0.01% so that 
gain error meets data sheet specifications. (Corresponding 
resistors. R8. R9. and R10for CAC B.should also be matched to 
0.01%). The resistors should have identical temperature coeffi
cients if operating over the full temperature range. 

Zero and full-scale are adjusted one of two ways and are at the 
users discretion. Zero-output can be adjusted by first setting 
the digital inputs to 1000 0000 0000 and adjusting R1 (R3 for 
CAC B) sothatVoUTA(orVouTel equalsOV: IfR1. R2 (R3. R4for 
CAC B) are omitted. then VOUT= OV can be adjusted by varying 
R6. R7 (R9. R10 for CAC B) ratios. Full-scale is adjusted by 
setting the digital inputsto 111111111111 and varying R5 (R8for 
CAC B). Full-scale can also be adjusted by varying VREF
Full-scale output is equal to V REF minus one LSB. 
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DAC-8222. 

FIGURE 7: Single Supply Operation (Current Switching Mode) 
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SINGLE SUPPLY OPERATION 

CURRENT STEERING MODE 
Because the DAC-8222's R-2R resistor ladderterminating resis
tor is internally connected to AGND, it lends itself well to single 
supply operation in the current steering mode. This means that 
AGND can be raised abOve system ground as shown in Figure 7. 
The output voltage range will be from +5V to + 1 OV depending on 
the digital input code and is given by: . 

Your = Vos + (n/4096) (Vos) 

where Vos = Offset Reference Voltage (+5V in Figure 7) 
n = Decimal Equivalent of the Digital Input Word 

VOLTAGE SWITCHING MODE 
Figure 8 shows the DAC-8222in a single supply voltage· switch
ing mode of operation. In this configuration, the DAC's R-2R 
ladder acts as a voltage divider. The output voltage at the VREF 
pin exhibits a constant impedance R (typically 11 kn) and must 
be buffered by an op amp. RFB pins are not used in this circuit 
configuration. The reference input voltage must be maintained 
within +1.25Vof AGND and Voo from +12Vto+15Vto preserve 
device accuracy. 

The output voltage expression is given by: 

Your = VREF (n/4096) 

where n • Decimal Equivalent of the Digital Input Word 
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APPLICATIONS TIPS 

GENERAL GROUND MANAGEMENT 
Grounding techniques should be tailored to each individual sys
tem. Ground loops should be avoided, and ground current paths 
should be as short as possible and have a low impedance. 

The DAC-8222's AGND and DGND pins should be tied together 
at the device socket to prevent digital transients from appearing 
atthe analog output. This common pointthen becomes the single 
ground point connection. AGND and DGND should then be 
brought out separately and tied to their respective power supply 
grounds. Ground loops can be created if both grounds are tied 
together at morethan one location, i.e., tied together atthe device 
and at the digital and analog power supplies. 

A PC board ground plane can be used for the single point ground 
connectiOn should the connections not be practical at the device 
socket. If neitherofthese connections is practical or allowed, then 
the device should be placed as close as possible to the system's 
single point ground connection. Back-to-back Schottky diodes 
should then be connected between AGND and DGND. 

POWER SUPPLY DECOUPLING 
Power supplies used with the DAC-8222 should be we" filtered 
and regulated. Local supply decoupling conSisting of a 1 to 
10!,F tantalum capacitor in para"el with a 0.1!,F ceramic is 
highly recommended. The capacitors should be connected 
between the V DO and DGND pins and at the device socket. 
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DAC-8222 
FIGURE 8: Single Supply Operation (Voltage Switching Mode) 
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FIGURE 9: Digitally-Programmable Window Detector (Upper/Lower Limit Detector) 
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*REGISTERS AND CONTROL CIRCUITRY OMITTED FOR SIMPLICITY. 

BASIC APPLICATIONS 
PROGRAMMING WINDOW DETECTOR 
Figure 9 shows the DAC-8222 used in a programmable window 
detector configuration. The required upper and lower limits for 
the test are loaded into DAC A and DAC B. If a signal at the test 
input is not within the programmed limits, the output will 
indicate a logic zero. 

REV.S 

MICROPROCESSOR INTERFACE CIRCUITS 
The DAC-8222's versatile loading structure greatly simplifies 
interfacing to 16-bit bus systems; it also reduces the number of 
"glue" logic components. Data loading into its 12-bit wide data 
input is achieved by use of only two control signals, WR and 
LDAC. DAC selection is controlled with a single DAC AlDAC B 
line. 

Figures 10 and 11 show how easily the DAC-8222 interfaces with 
the 8086 and 68000 16-bit microprocessors. 
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OAC-8222 

FIGURE 10: DAC-8222 To 8086 Interface 
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FIGURE 11: DAC-8222 To 68000 Interface 
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~ANALOG 
WDEVICES 

FEATURES 
• Two 8-Bit Voltage Out DACs in a Single Chip 
• Fits 7528/7628 Sockets 
• Adjustment Free Internal CMOS Op Amps 
• Single +12V to +15V Operation 
• TTL Compatible Over Full Voo Range 

Fast Interface Timing ....................................... T WR = 50ns 
• Improved Resistance to ESD 
• Available in Small Outline Package 
• CerDIP and Epoxy Packages Come in the Extended 

Industrial Temperature Range of -40°C to +85°C 
• Available in Die Form 

APPLICATIONS 
• Disk Drive Systems 
• Automatic Test Equipment 
• Process/Industrial Controls 
• Energy Controls 
• Programmable Instrumentation 
• Multi-Channel Microprocessor-Controlled Systems 
• Servo Control Systems 

ORDERING INFORMATION t 
PACKAGE: 2()'PIN DIP/SOL 

EXTENDED 
INDUSTRIAL 

RELATIVE GAIN TEMPERATURE 
ACCURACY ERROR -40"C to +85"C 

±1/2LSB ±2LSB DAC8228FR 
.1/2LSB ±2LSB DAC8228FP 
.1/2LSB ±2LSB DAC8228FS 

All commercial and industrial temperature range parts are available with burn
in. 

FUNCTIONAL DIAGRAM 
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Dual 8-Bit CMOS 
D/A Converter with Voltage Output 

DAC-8228 I 
GENERAL DESCRIPTION 

The DAC-8228 is a duaI8-bit, voltage output, CMOS, D/A con
verter in a single chip. It was designed to drop into AD7528/7628 
sockets eliminating two external op amps in applications such 
as hard disk drives. These applications generally operate the 
AD7528/7628 with zero volts applied to V REF and offset AGND 
to +2.5 or +5 volts. The DAC-8228 is tested under both these 
conditions. 

The DAC-8228 can also be used in those applications requiring 
a unipolar output voltage. It can deliver an output voltage be
tween OV and +1 OV with V DD = + 14V (maximum output voltage 
is VOD -4V). The DAC-8228's reference input can accept a 
negative voltage from OVto-10V (the DAC's internal unity-gain 
inverting amplifier inverts the input signal). Choose the DAC-
8229 for bipolar operation. 

PIN CONNECTIONS 

I 
f-----.1\ \ 

} DACA 

f---,I / 

~ \. 
DAca } 

~ / 

I 

2Q.PIN 
0.3'CERDIP 

(R-Suffix) 

2O-PINSOL 
(s-5uffix) 

2Q.PIN 
EPOXVDIP 
(P-Suffix) 

~ 
:/ 

~ 
V 

Continued 

DIGITAL-TO-ANALOG CONVERTERS 2-1029 



DAC-8228·· 

GENERAL DESCRIPTION Continued 
The DAC-8228 offers CerDIP and plastic packaged devices in 
the extended industrial temperature range of -40°C to +!l5°C. 
Applications requiring the military temperature range should 
use the DAC-8229. To make the DAC-8229 pin and functionally 
compatible with the DAC-8228, AGND A and AGND B should be 
tied together to function as Vz' and Vss connected to GND. 

The DAC-8228 consists oftwo CMOS voltage output amplifiers, 
two high-accuracy R·2R resistor ladder networks, interface 
control logic, and two 8-bit registers. An internal regulator main
tains TTL logic compatibility and fast microprocessor interface 
timing over the full V DO range. 

The DAC-8228 dissipates only 90mW in the space saving 20-
pin 0.3" DIP or the 20-lead SO surface mount package. Its 
compact size, low power, and economical cost per channel, 
makes it attractive for applications requiring multiple D/A con
verters without sacrificing circuit-board space. Reduced parts 
count also improves system reliability. 

Using PMI's advanced oxide-isolated, silicon-gate CMOS proc
ess, coupled with its highly-stable thin-film resistor ladder, al
lows the DAC-8228 to offer superior matching and temperature 
tracking between DACs. 

ABSOLUTE MAXIMUM RATINGS 
(T A = +25°C, unless otherwise noted.) 
VDD to Vz or GND ................................................. --Q.3V, +17V 
V z to GND ............................................................... --Q.3V, V DO 

Digital Input Voltage to GND .................................. --Q.3V, V DO 

VREF A' VREF B to GND ............................................... -17V, Vz 
VOUT A' VOUT B to Vz (Note 1) ................................. --Q.3V, VDD 
Operating Temperature Range 

FR/FP/FS Versions ...................................... -40°C to +85°C 
Junction Temperature .................................................. +150°C 
Storage Temperature .................................... -65°C to + 150°C 
Lead Temperature (Soldering, 60 sec) ........................ +300°C 

PACKAGE TYPE 9 lA (NOTE 31 9 lc UNITS 

20-Pin Hermetic DIP (AI 76 11 'crw 
20-Pin Plastic DIP (PI 69 27 'crw 
20· Pin SOL (S) 88 25 'crw 

NOTES: 
1. Outputs may be shorted to any terminal provided the package power dissipa

tion is not exceeded. Typical output short-Circuit current to GND is SOmA. 
2. Use proper anti-static handling procedures when handling these devices. 
3. alA is specilied lor worst case mounting conditions, i.e., alA Is specified lor 

device in socket lor CerDIP and P-DIP packages; alA Is specified lor device 
soldered to printed circuit board lor SOL package. 

ELECTRICAL CHARACTERISTICS atVDD = +12V :1:5%, VREF = OV, Vz = +2.5Vand VDD = +15V :1:5%, VREF = OV, Vz = +5V. 
T A = Full Temperature Range specified under Absolute Maximum Ratings, unless otherwise noted. 

DAC·8228 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

STATIC ACCURACY 

(Note II 

Resolution N 8 Bits 

Relative Accuracy 
INL ,,1 LSB 

(Note 21 

Differential Nonlinearity 
DNL ,,1 LSB 

(Note 31 

Gain Error GFSE DAC Latches Loaded with 1111 1111 ,,2 LSB 

Gain Error 

Temperature Coefficient TCGFS ,,0.0003 ,,0.002 %/'C 

(Note 4) 

Zero Code Error VZSE ,,15 mV 

Zero Code Error 

Temperature Coefficient TCVzs ,,10 ,,"V/,C 

(Note 4) 

REFERENCE INPUT 

(Note 81 

Input Resistance 
R'N Pin 4 and Pin 18 7 15 kD 

(NoteS) 

Input Aesistance Match ~ zO.1 .,1 % 
(VRE"A!VREFBI A'N 

Input CapaCitance 
C'N 9 20 pF 

(Note 41 

V z Input Resistance 
Avz Dignallnputs = OV 2 kg 

(Note 10) 
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DAC-8228 
ELECTRICAL CHARACTERISTICS at Voo= +12V±5%, V REF = av, V z = +2.5Vand Voo = +15V±5%, V REF = av, V z = +5V. 

T A = Full Temperature Range specified under Absolute Maximum Ratings, unless otherwise noted. Continued 

DAC-8228 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

DIGITAL INPUTS 

Digital Input High V,NH 2.4 v 

Oigitallnput Low V,NL 0.8 V 

Input Current liN V,N=OVorVoo ±1 !,A 

Input Capacitance 
C'N 4 8 pF 

(Note 4) 

POWER SUPPLIES 

Supply Current 
100 7 rnA 

(Note 6) 

Voo=+12V 
84 

Power 
Po 

12 x 7mA 
mW 

Dissipation Voo=+15V 
15x 7mA 

105 

DC Power Supply 
Reiection Ratio PSRR 8Voo =±5% 0.Q1 %/% 
(8GainI8Voo) 

DYNAMIC PERFORMANCE 

Slew Rate (VauT) 
SR 

TA =+25°C 
2.5 VI!'s 

(Note 4) Digital Inputs = OV to +5V 

Settling Time (VauT) 
Positive or Negative ts Digital Inputs = OV to +5V 2 5 !,S 
(Note 4. 7) 

Channel·to·Channel 
TA = +25°C 

Isolation (Note 4) 
CCI VREFB to VaurA orVRE~ to VauTB --80 dB 

VREFB = VRE~ = 20Vp_p @f= 10kHz 

Digital Crosstalk 
TA = +25°C 

(Notes 4. 9) 
Q For Code Transition 4 10 nVs 

0000 0000 to 1111 1111 

Digital Charge 
TA = +25°C 

Iniection 
Q For Code Transition 100 nVs 

0000 0000 to 1111 1111 

AC Feedthrough 
FT -70 dB 

(Notes 4, 11) 

Harmonic Distortion THO 
TA =+25°C 

-85 dB 
V,N = 6VRMS @f=lkHz 
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DAC-8228 

ELECTRICAL CHARACTERISTICS at Voo= +12V±5%. VREF = OV. Vz = +2.5V and Voo= +15V±5%. VREF = OV. Vz = +5V. 
T A = Full Temperature Range specified under Absolute Maximum Ratings. unless otherwise noted. Continued 

PARAMETER SYMBOL CONDITIONS 

SWITCHING CHARACTERISTICS (Note 4) 

Chip Select to 
tcs Write Set·Up Time 

Chip Select to 
tCH Write Hold TIme 

DAC Select to 
tAS Write Set·Up Time 

DAC Select to 
tAH Write Hold TIme 

Data Valid to 
tos Write Set·Up TIme 

Data Valid to 
tOH Write Hold Time 

Write Pulse Width twR 

NOTES: 
1. Specifications apply to both DAC A and DAC B. 
2. This is an endpoint linearity specification. 
3. All devices are guaranteed to be monotonic overthe full operating temperature 

range. 
4. These characteristics are for deSign guidance only and not subject to produc-

tiontest. 
5. Input resistance temperature coefficient = +300pprnrC. 
6. VIN = VINL or VINH; outputs unloaded. 
7. VREF = ±2.5V; to where output settles to tll2 LSB. 

BURN·IN CIRCUIT 

NOTES, 
1. C1 = 10pF 
2. C2 I1 o.1pF' 

100 

r;:====r-M'=t=~·"'V 

2 N.c. N.C 18 

3 HoC. 18 100 

• 1.!'7t-.... -.,foN---.... -o.,5V 
+---.!!J5 11 

8 DAC-8228 15 .. 
13 

I. 

10 11 
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DAc-8228 
MIN TYP MAX UNITS 

60 ns 

10 ns 

60 ns 

10 ns 

60 ns 

10 ns 

50 ns 

8. V REF voltage range is OV to -1 OV; the absolute maximum negative value is: 
IVREFI =Voo-4V. 

9. Digital crosstalk Is a measure of the amount of digital input pulse appearing at 
the analog output of the unselected DAC while applying It to the digital inputs 
of the other DAC. 

10. Resistance looking into the Vz terminal. 
11. VRE~. VREFB= 20Vp_p Sinewave@f= 10kHz; VRE~ to VOUr'0rVREFBto 

VouTB. both DAC latches loaded with 0000 0000. 
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DICE CHARACTERISTICS 

DIE SIZE O.082x 0.111 inch, 9,102 sq. mils 
(2.08 x 2.82 mm, 5.87 sq. mm) 

PARAMETER SYMBOL 

Relative Accuracy 
INL 

(Note 3) 

Differential Nonlinearity 
DNL 

(Notes I, 3) 

Gain Error GFSE 

Zero Code Error VZSE 

Input Resistance RIN 

VRE~NREFB Input ~ 
Resistance Match RIN 

V Z Input Resistance 
Rvz (Note 3) 

Digital Input High VIH 

Digital Input Low VIL 

Input Current liN 

DC Supply Rejection 
PSRR 

(AGain/AVool 

Positive Supply Current 
'00 (Note 2) 

NOTES: 

OAC-8228 

1. AMPLIFIER REFERENCE (Vz) 
2. N.C. 

11. DIGITALINPUTDB3 
12. DIGITALINPUT DB2 

3. VOLTAGE OUTPUT (V ourA) 
4. DAC A REFERENCE INPUT (V RE.,A) 
5. GROUND (GND) 

13. DIGITAL INPUT OB, 
14. DIGITALINPUT DBo (LSB) 
15. CHIPSELECT{CS) 

6. DAC SELECTION (DAC AlDAC B) 16. WRITE{WR) 
7. DIGITAL INPUT DB7 (MSB) 17. POSITIVEPOWERSUPPLY{Voo) 
8. DIGITAL INPUT DBs 18. DAC B REFERENCE INPUT (V REFB) 
9. DIGITAL INPUT DBs 

10. DIGITAL INPUT DB4 
19. VOLTAGEOUTPUT{VOUTB) 
20. N.C. 

Substrate (die backside) is Internally connected to V 00' 

CONDITIONS 

Endpoint Linearity Error 

DAC Latches Loaded with 1111 1111 

Pad 4 and 18 

Digital Inputs = OV 

DAC-8228G8C 
LIMITS 

±1 

±I 

±2 

±15 

7/15 

2 

2.4 

0.8 

±1 

0.01 

7 

UNITS 

LSBMAX 

LSBMAX 

LSBMAX 

mVMAX 

kg MIN/k(l MAX 

% MAX 

kOMIN 

VMIN 

V MAX 

I'A MAX 

%/%MAX 

mAMAX 

1. All dice guaranteed monotonic over the full operating temperature range. 
2. VIN = VINL or VINH; output unloaded. 
3. Resistance looking into the Vz terminal. 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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DAC-8228 
TYPICAL PERFORMANCE CHARACTERISTICS 
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DAC-8228 
TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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oL-.....L_~.....L_~.....L_~.....L~ 

~ ~ ~ 0 ~ ~ ~ ~ m 
TEMPERATURE ("C) 

WRITE CYCLE TIMING DIAGRAM 

CHIP SELECT ~ 
DACAlDACB { 

W'iiiTE 

DATA IN (DBa - DB7) 

REV. A 

! 

ZERO CODE ERROR 
vs TEMPERATURE 

0 .• ,..--,--,--,-..,--.---,--,--, 

VDD = +12.6V 
0 .• Vz = +2.5Y -+-+-1--+-+---1 

VREF=OV 

0.4 1--+-+--+-+-f--+-+---1 

i 0.2 

iii 
g 
U~'~~~f-~~~~~~~t--1 
15 N ~ 1--+-+--+-+-,f--+-+---1 

..... 1--+-+---+-+---1I---+--+_--1 

..... L-.....L_1-.....l._-L......JL-.....L_.L.......l 
-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE rC) 

POWER SUPPLY REJECTION 
vs TEMPERATURE 

0.0004 r--r-r---r-....,....-...--,--,--, 
VOD =+12.6V 

Vz=~5V -+---I---I--+--+---I 
-. VREF=OV i 0.0003 1-+---1--+-+--+-+-+-+ 

I 0.000' ~ 1+=F=+=I=**1I 
~ 
~ 

~ 0.0001 1--+-+---I--I--I---+-+_-1 
fl 

o'-.....L_~~_~_~.....L_~~ 
_ ~ ~ 0 ~ ~ ~ ~ m 

TEMPERATURE ce) 

'c·~I~~H} +5V 

0 

'A·-I~'AHJ +5V 

0 

-C'WR~ +5V 

0 

~'" 'OH +5V 
V,H 

DATA IN STABLE X V,L 
0 

NOTES: 
1. ALL INPUT SIGNAL RISE AND FALL 

nMES MEASURED FROM 10% TO 90% 
ARE Ir = If = 20ns. 

2. nYING MEASUREMENT REFERENCE 
LEVEL IS V1H + V1L . -.-
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DAC-8228 
PARAMETER DEFINITIONS 

RESOLUTION (N) 
The resolution of a DAC is the number of states (2") that the full
scale range (FSR) is divided (or resoivedj into; where n is equal 
to the number of bits. 

RELATIVE ACCURACY (INL) 
Relative accuracy, or integral nonlinearity, is the maximum 
deviation ofthe analog output (from the ideal) from a straight line 
drawn between the end points. It is expressed in terms of least 
significant bits (LSB), or as a percent of full-scale. 

DIFFERENTIAL NONLINEARITY (DNL) 
Differential nonlinearity is the worst case deviation of any adja
cent analog output from the ideal 1 LSB step size. The deviation 
ofthe actual 'step size" from the ideal step size of 1 LSB is called 
the differential nonlinearity error or DNL. DACs with DNL greater 
than :1 may be non-monotonic. :1/2 LSB INL guarantees 
monotonicity and :1 LSB maximum DNL. 

GAIN ERROR (GFSE) 
Gain error is the difference between the actual and the ideal 
analog output range, expressed as a percent of full-scale or in 
terms of LSB value. It is the deviation in slope ofthe DAC trans
fer characteristic from ideal. Zero code error is not included in 
this measurement. 

ZERO CODE ERROR (VZSE) 
Zero Code Error means, for the DAC-8228 specification table, 
the amount of offset voltage referenced to Vz' i.e., Vz = +2.SV, 
:10mV offset is equal to +2.490V to +2.S10V referenced to 
ground. 

See Orientation in Digital-to-Analog Converters Section of the 
current data book, for additional parameter definitions. 

GENERAL CIRCUIT DESCRIPTION 

The DAC-8228 consists of two voltage output amplifiers, two 
high accuracy R-2R resistor ladder networks, an 8-bit input 
buffer, two 8-bit DAC registers, and interface control logic cir
cuitry. 

Also included are 16 Single-pole, double-throw NMOS transis
tor switches. These switches, which are controlled by the digital 

2R OR OR 2R 

input code, were designed to switch each 2R resistor leg be
tween the amplifier inverting input and V Z' see Figure 1. This 
configuration inverts the reference input voltage, and also ai
lows biasing Vz above digital ground simplit)'ing many applica
tions. 

REFERENCE INPUT 

The DAC-8228's reference input voltage range is limited by the 
internal amplifier voltage swing. The amplifier output can swing 
from OV to + 1 OV when V 00 = + 14V; note thatthe output voltage 
is 4 volts less than V 00. V 00 -4V sets the maximum voltage that 
the reference input can accept (but in the negative direction due 
to the inverting amplifier, see Figure 1). VREF voltage range is 
OVto-IVoo -4VI; in equation form: -VREF(max) = lVoo-4VI. 

BUFFER AMPLIFIER SECTION 

The DAC-8228 internal amplifier's output stage is an NPN bipo
lar transistor connected to a 450j.iA current source, see Figure 
2. This transistor provides a low output impedance that can 
drive SmA across a 2k load. In fact, it can drive up to 65mA, but 
with a reduced output amplitude. See the Output Voltage vs. 
Output Source Current graph under the typical electrical char
acteristics curves. The user must use caution that the package 
power dissipation is not exceeded when driving low impedances 
and high currents. 

1NPUTo--l 

OUTPUT 

FIGURE 2: Amplifier Output Stage 

OR 2R R 

'------oVZ 

FIGURE 1: Simplified single DAC configuration (switches shown for all digital inputs at logic 'O'). 
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Figure 3 depicts a typical output current-sink versus voltage 
graph for the amplifier's output stage. It shows the output com
ing out of its saturation region and starting to appear resistive as 
the output approaches zero volts. 

The amplifier's internal gain stages were designed to maintain 
sufficient gain over its common mode range. This results in good 
offset performance overthe specified voltage range. In addition, 
the amplifier's offset voltage is laser-trimmed during manufac
turing. This eliminates user offset trimming. 

TA. =+25"C 

600 Yoo =+15V+-+--+-+-t--l_t---i 

i 500 f-1-+-+--+--+--+--+-+-+-4 
i 
~ 400 f-H-+-+-+--I-+-+-+-t----l 

~ 3DO 1+-1-+-+--+--+-+-+-+-+-4 

~ 200 11-1-+-+--+--+--+--+-+-+-4 

oL-~~~~~~~~~~ 

012345678910 

YOUT (VOLTS) 

FIGURE 3: DAC Output Current Sink 

DIGITAL SECTION 

Figure 4 shows one digital input structure of the DAC-8228. A 
built-in 5V regulator and level shifter converts TTL digital input 
signals into CMOS levels to drive the internal circuitry. This pro
vides full TTL compatibility over a VDD range of 5 to 15V. 

GND 

FIGURE 4: Simplified Digital Input Structure 

REV. A 

DAC-8228 
As shown in Figure 4, each digital input is protected from elec
trostatic-discharge with two internal diodes connected between 
V DO and GND. Each input has a typical input current of less than 
1nA. 

INTERFACE CONTROL INFORMATION 

DAC SELECTION 
DAC A and DAC B both share a common 8-bit input port. The 
control input, DAC AlDAC B, selects which DAC can accept data 
from the input port. A logic low selects DAC A and a logic high 
selects DAC B. 

DAC OPERATION 
Inputs CS and WR control the operation of the selected DAC. 
See Mode Selection Table below. 

WRITE MODE 
When CS and WR are both low, the selected DAC is in the write 
mode. The input buffer and DAC register of the selected DAC 
are transparent and its analog output responds to the codes on 
the digital input pins. 

HOLD MODE 
The selected DAC register latches the data present on the digi
tal input pins just prior to CS and WR assuming a high state. Both 
analog outputs remain at the values corresponding to the data 
in their respective registers. 

MODE SELECTION TABLE 

DACAl 
DACB 

L 
H 
X 
X 

L= Low State 

CS WR DACA 

L L WRITE 
L L HOLD 
H X HOLD 
X H HOLD 

H = High State X = Don't Care 

} TO R·2R LADDER 
NMOS SWITCHES 

DACB 

HOLD 
WRITE 
HOLD 
HOLD 
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OAC-8228 

APPLICATIONS INFORMATION 

Figure 5 shows the DAC-8228 configured to operate with Vz 
biased above ground. Note how the reterence source is con
nected between V z and ground; also note how the DAC's V REF 
pin is connected directly to ground. Not shown but equally im
portant is that the· reference voltage source at Vz is.common to 
both DAC A and DAC B. 

+12V 

• DIGITAL CIRCUITRY OMITTED FOR SJMPLICITY. 

FIGURE 5: Single Supply Configuration (+2.5V::> Vour ::> +5V) 

The +2.5V reference voltage is obtained from PMI's REF-03; if 
greater accuracy is desired, use the REF-43. The REF-02 or 
REF-05, depending on accuracy required, can be used for +5V 
applications. 

The transfer equation for the circuit of Figure 5 is: 

VouT =Vz (1 +D/256) 

where 
V z = Reference voltage applied to V z 
D = whole number binary digital input 

With all 1 s on the digital inputs for the circuit of Figure 5, V OUT 
results in: 

V OUT = 2.5(1 + 255/256) 
= +5V 

And with all Os on all digital inputs: 

VOUT= +2.5V 

Note that this configuration's output voltage range is determined 
by the input reference voltage and Vz. A digital zero input pro
vides an output voltage equal to Vz. An all ones digital input 
provides an output voltage equal to: 2(Vz - VREF). 

Figure 6 shows a plot of Relative Accuracy versus Vz voltage. 

Figure 7 shows the DAC-8228 in another single supply configu
ration. In this circuit, a PMI REF-08 is used for the reference 
voltage source and Vz is grounded. The output swings from OV 
to +1 OV, see Figure 8. 
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RELATIVE ACCURACY vs Vz 
1 .• 

•. 8 

... 
~ 0.4 

~ 0.2 

~ 
w -0.2 
2: 
~ -OA 

II:: -0.6 

-<I.' 

-1.0 

TA =+25'C 
VDD=+15V 
VREF =OV 

1 

POSITIVE ERROR 

I 

jEGATjlVE EjROR 

• 
Vz(VOLTS) 

I-

FIGURE 6: Relative Accuracy vs. AGND 

.15V 

-15V 

*OIGITAL CIRCUITRY OMITTED FOR CLARITY 

-

FIGURE 7: Single Supply Configuration (Va::> Vaur ::> + 10V) 

RELATIVE ACCURACY 
vs CODe (VREF= -10V, Vz = OV) ... 

... Voo=+1SV 

Vz=OY ... VREF =-10V 

~ •.. 
i •• 1 

~ 
~ 
~ -<1.1 

S -<I.' 

f-' -- \.Jr'I" 
~ 

.".. 

I:! 
-<1.3 

-<I.' 
-<I.' 

• ~ M ~ m ~ m ~ ~ 
DIGITAL INPUT CODE (DECIMAL) 

FIGURE 8: Relative Accuracy vs. VREF (Vz = OV) 
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MICROPROCESSOR INTERFACE CIRCUITS 

The DAC-8228's versatile input structure allows direct interface 
to 8- or 16-bit microprocessors. Its simplicity reduces the num
ber of required glue logic components. Figures 9 and 10 show 
the DAC-8228 interface configurations with the 6800 and 8085 
microprocessors. 

VilA 

CPU 
6800 

ADDRESS BUS 

~~----"iDACAIDAC B 

Cs I DACA} 

DACoS228* 

00 -071-_____________ --1 

* ANALOG CIRCUITRY OMITTED FOR SlMPUCITY 

FIGURE 9: DAC-8228 Interface to 6800 Microprocessor 

REV. A 

CPU 
8085 

ALE 

ADo-AD, 

OAC-8228 

ADDRESS BUS 

I>-<!~----"i DACAIDAC B 

Cs IDACA) 
DAC-8228* 

~-------------------------{ 
* ANALOG CIRCUITRY OMITTED FOR SIMPLICITY 

FIGURE 10: DAC-8228 Interface to 8085 Microprocessor 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Two 8-Bit DACs In A Single Chip 
• Adjustment-Free Internal CMOS Amplifiers 
• Single or Dual Supply Operation 
• TTL Compatible Over Full Voo Range 
• 5 Microsecond Settling Time 
• Fast Interface Timing ........................................ tw R = 50ns 
• Improved Resistance to ESD 
• Fits AD/PM-7528 And AD/PM-7628 Sockets 
• Available In Small Outline Package 
• -40°C to +85°C for the Extended Industrial Temperature 

Range 
• Available In Die Form 

APPLICATIONS 
• Automatic Test Equipment 
• Process/lndustrial Controls 
• Energy Controls 
• Programmable Instrumentation 
• Disk Drive Systems 
• Multi-Channel Microprocessor-Controlled Systems 

GENERAL DESCRIPTION 
The DAC-8229 is a duaI8-bit, voltage output, multiplying CMOS 
D/A converter. Its reference input accepts a ±2.5V signal, in
verts and delivers it to the output with an internal amplifier. It can 
also accept -1 OV at V RE F with a corresponding + 1 OV output (the 
maximum positive input signal that it can accept is +2.5V). 

The DAC-8229 was designed to operate with dual supplies; 
however, it can be operated with a single supply by connecting 

Continued 

FUNCTIONAL DIAGRAM 

VDD 

OAe-a229 

LATCH B 

DGND 

REV. A 

Dual 8-Bit CMOS 
D/A Converter with Voltage Output 

DAC-8229 I 
ORDERING INFORMATIONt 

PACKAGE: 2D-PIN DIP/SOL 

EXTENOED" 
MILITARY" INDUSTRIAL 

RELATIVE GAIN TEMPERATURE TEMPERATURE 

ACCURACY ERROR -55°C to + 125°C -40°C to +85°C 

.1/2LSB .2LSB OAC8229AR DAC8229ER 

.1/2LSB .2LSB DAC8229FP 

.1/2LSB .2LSB DAC8229FS 

• For devices processed in total compliance to MIL·STD·883, add /883 after part 
number .Consult factory for 883 data sheet. 
All commercial and industrial temperature range parts are available with burn
in. 

tt Cerdip and epoxy packaged devices available in the extended industrial tem
perature range. 

PIN CONNECTIONS 

20-PIN 
0.3"CERDIP 

(R-Suffix) 

2o-PINSOL 
(S-Suffix) 

20-PIN EPOXY DIP 
(P-Suffix) 

L----t----+--<JAGNO A 
....----I--<>v __ 

,----t----+--OAGNOB 

>-~+-o Your B 
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DAC-8229. 

GENERAL DESCRIPTION Continued 

V sS' AGND A, and AGND B to ground. Its operating character
istics '11m than be similar to that of the DAC-8228 (whose pin-out 
allows it to drop into the AD/PM-7528 and AD/PM-7628 sock
ets). 

An internal regulator provides TTL logic compatibility and fast 
microprocessor interface timing over the full V 00 range. Also, 
each DAC input latch is addressable for easy microprocessor 
interfacing. 

The DAC'8229dissipates less than 1 09mW in the space-saving 
20-pin 0.3" DIP or the 20-1ead SO surface-mount package. Its 
compact size, low power, and economical cost per channel, 
make it attractive for applications requiring multiple D/A convert
ers without sacrificing circuit-board space. Reduced parts 
count also improves system reliability. 

PMI's advanced oxide-isolated, silicon-gate CMOS process, 
coupled with PMI's highly-stable thin-film R-2R resistor ladder, 
offers superior matching and temperature tracking between 
DACs. 

The DAC-8229 offers cerdip or epoxy packaged devices in the 
extended industrial temperature range of -40°C to +85°C. 

ABSOLUTE MAXIMUM RATINGS (TA = +25°C, unlessoth
erwise noted.) 

Voo to AGND or DGND ............................................ -O.3V, +17 
Wss to AGND or DGND ...•......................................... -7V, Voo 
Voo to Vss .......................................................... -O.3V, +24V 
AGND to DGND ••...................................................... -O.3V, Voo 
Digital Input Voltage to GND .................................... -O.3V, VDD 
VREF to AGND ........................................................... -17V, +4V 
VOUT to AGND (Note 1) ................................................ Vss' VDO 
Operating Temperature Range 

DAC-8229AR Version ............•................... -55°C to + 125°C 
DAC-8229ER/FP/FS Versions .................•... -40°C to +85°C 

Junction Temperature .....•............•.................. ; ....•........ +15QOC 
Storage Temperature ..................................... -65°C to + 150°C 
Lead Temperature (Soldering, 60 sec) ........•................ +300°C 

PACKAGE TYPE alA (NOTE 3) alc UNITS 

20-Pin Hermetic DIP (R) 76 11 ·C/w 
20-Pln Plastic DIP (P) 69 27 ·C/W 
20-Pin SOL (S) 88 25 ·C/W 

NOTES: 
1. Outputs may be shorted to any terminal provided the package power dissipa

tion Is not exceeded. Typical output short-circuit current to AGNO is 5OmA. 
2. Use proper antistatic handling procedures when handling these devices. 
3. alA is specified for worst case mounting conditions, I.e., alA Is specified for 

device In socket for CerDIP and P·DIP packages; alA is specified for device 
soldered to printed circuit board for SOL package. 

ELECTRICAL CHARACTERISTICS at VDO = +11.4Vor +15.75V; VSS = -5V :t10%; VREF = :t2.5V; AGND = OV; TA = Full Tam-
perature Range specified under Absolute Maximum Ratings, unless otherwise noted. 

DAC-8229 
PARAMETER SYMBOL cONomONS MIN TYP MAX UNITS 

STATlCACCURACV 
(Note 1) 

Resolution N 8 Bits 

Relalive Accuracy INL 0,1/2 LSB (Note 2,10) 

Differantial Nonlinearity DNL 0,1 LSB (Note3,10) 

Gain Error GFSE z2 LSB (Note 10) 

Gain Error 
Temperature Coefficient TCGFS 0,0.0008 zO.OO2 %/"C 

(Note 4, 10) 

Zero Gain Error VZSE 0,10 mV (Note 10) 

Zero Code Error 
Temperature Coefficient TCVzs z5 "vrc 
(Note 4, 10) 

REFERENCE INPUT 
(Note 8) 

Input Resistance 
RIN 7 15 kO (Note 5) 

Input Resistance Match ~ zO.l 0,1 % 
(VRE,ANREFB) RIN 

input Capacitance 
C1N 9 20 pF (Note 4) 
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DAC-8229 
ELECTRICAL CHARACTERISTICS at VDD = +11.4V Dr +15.75V; Vss = -5V :1:10%; VREF = :l:2.5V; AGND = OV; TA = Full Tem-

perature Range specified under Absolute Maximum Ratings, unless otherwise noted. Continued 

DAC-8229 
PARAMETER SYMBOL CONDmONS MIN lYP MAX UNITS 

DIGITAL INPUTS 

DlgilallnpllI High V'NH 2.4 V 

Digital Inplll Low V'NL 0.8 V 

Inpul Currenl I'N V'N = OV or Voo ,.1 !AA 
Inpul Cepacilance 

C'N 4 8 pF 
(Note 4) 

POWER SUPPLIES 

posnlve Supply Currenl 
100 B rnA 

(NoteS) 

Negalive Supply Currenl 
Iss 5 rnA 

(Note 6) 

DC Power Supply 
Rejection Ratio PSRR ,Woo =,.5% 0.01 %/% 
(A Gain/AVoo) (Note 10) 

DYNAMIC PERFORMANCE 

Slew Rate (VOUT) 
TA=25"C 

SR VAEF =-2·5V 2.5 VIlIS (Note 4) 
Dlgilallnpuls = OV to +5V 

Setlling Time (VOUT) 
VREF =-2·5V 

PosIlive or Negative Is Digilalinpuls = OV to +5V 
2 5 lIS 

(Noles 4.7) 

Channel·to·Channel 
CCI VREFBtoVOUTAorVREpAtoVOUTB -80 dB 

Isolation (Note 4) VREFB = VREpA= 2OVp.p @f=10kHz 

Digital Crosslalk a For Code Transition 
4 10 nVs 

(Notes 4, 9) 00000000tol1111111 

AC Feedthrough 
FT 

TA=25"C -70 
dB 

(Notes 4, 11) T A = Full Temp. Range -65 

SWITCHING CHARACTERISTICS (Note 4) 

Chip Select to 
'cs eo ns 

Write Set·Up Time 

Chip Select to 
'cH 10 ns 

Write Hold Time 

DAC Select to 
tAS Write Set·Up Time 

eo ns 

DAC Select to 
'AH 10 

Write Hold Time 
ns 

Data Valid to 
los Write Set·Up Time 

eo ns 

Data Valid to 
tOH 10 

Write Hold Time 
lIS 

Write Pulse Width WR 50 lIS 

NOTES: 
1. Specifications apply to both DAC A and DAC B. 

8. V REF voltage range Is +3V to -IOV; the ebsolUle maximum negative velue Is: 
IVREFI =Voo-4V. 

2. This is an endpoint linearity specification. 
3. Alldevicesareguarantead to be monotonicoverthefun operatlngtempereture range. 

9. Digital crosslalk Is a measure of the arnounl of digitallnplll pulse appearing at the 
analog ollIpUI of the unselected DAe while applying n to the digitallnpUIs of the 
oth ... DAe. 4. These charactaristics arefordesign guidance only and are not subject to productton 

test. 
5. Input reslSlance tempereture coefficient = +300 pprnf"C. 
S. V'N = V'NL orV'NH; outpUls unloaded. 
7. VREF= z2.5V; to wh .... oUlpUlsetties to ,.1/2 LSB. 

REV,A 

10. VREF = +2.5V, RpULLOOWN = 2Okr.l (apulldown resistor to Vss Is used for these 
tests). 

11. VREpA, VREFB=2OVp.pSlnewave@f=IOkHZ; 
VREpAtoVREFBorVAEFBtoVAEpA· 
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DAC-8229 

DICE CHARACTERISTICS 

i. ANALOG GROUND (AGND AI 11. DIGITAL INPUT DB3 
2. NEGAnvEPOWERSUPPLYrJ~ 
3. VOLTAGE OUTPUT rJ DlIT A) 
4. DAC A REFERENCE INPUT rJ REF A) 
5. DIGITAL GROUND (DGND) 

12. DIGITAL INPUT DBz 
13. DIGITAL INPUT OBI 
14. DIGITAL INPUT DBo (LSB) 
15. CHIP SELECT (CS) 

6. DIGITAL SELECTION (DAC A/DAC B) 16. WRITE (WR) 
7. DIGITAL INPUT DB7 (MSB) 
8. DIGITALINPUTDB. 
9. DIGITALINPUTDBs 

10. DIGITALINPUTDB4 

17. POSmVEPOWERSUPPLYrJool 
18. DAC B REFERENCE INPUT rJ REF B) 
19. VOLTAGEOUTPUTrJOlITB) 
20. ANALOG GROUND (AGND B) 

Substrata (die backside) Ie Intemally connected to V DD' 

DIE SIZE 0.092 x 0.111 Inch. 9.102 sq. mils 
(2.09 x 2.92 mm. 5.97 sq. mm) 

WAFER TEST LIMITS atVoo = +11.4VOf+15.75V; Vss =-5V:I: 10%; VREF =:l:2.5V; AGND = OV;TA = +25°C. 

DAc-&229GBC 
PARAMETER SYMBOL CONDmONS UMIT 

Relative Accuracy 
INL 

(Note 3) 
Endpoint Unesrily Error ,,1/2 

Differential Nonllnearily 
DNL 

(Notes I, 3) 
,,1 

Gain Error 
GFSE (Note 3) 

DAC Lstches Loaded with 1111 1111 

zero Code Error 
VZSE (Note 3) 

,,10 

Input Resistance R'N Pad 4 and 18 7/15 

VRE~REFBlnput ~ 
Resistance Match R'N 

Digl1allnput 
V'H High 

2.4 

Digital Input 
V'L Low 

0.8 

Input Current I'N ,,1 

DC Supply Rejection 
(AGain/AVoC> PSRR 0.D1 
(Note 3) 

Positive Supply Current 
100 (Note 2) 

6 

Negative Supply Currant 
Iss (Note 2) 

5 

NOTES: 
1. All dice guaranteed monotonic over the full operating temperature range. 
2. V'N = V'NL orV'NH; oUtput unloaded. 
3. VREF = +2.5V, RpULLOOWN =2OkD (apulldown resistor to Vss Is ussdlorthesetests). 

UNITS 

LSBMAX 

LSBMAX 

LSBMAX 

mVMAX 

leO MIN/kn MAX 

"MAX 

VMIN 

V MAX 

""'MAX 

mAMAX 

mAMAX 

Electrlcai tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging Is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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OAC-8229 

TYPICAL PERFORMANCE CHARACTERTISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 

o 
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BURN-IN CIRCUIT 

100 

~vo--__ -.llIAIKlH-+_--'I N.C. 19 
3 N.C. 18 

C C • ..,.17'--_-IIIII'--1>---o+15V 
'~":" 2 5 16 .J... t---"I6 DAc-a229 15 

1. 
13 

I. 
10 11 

NOTES, 
1. C, = 10pF 
2. C2=O.lpF 

PARAMETER DEFINITIONS 
RESOLUTION (N) 

+ C'YC2 

The resolution of a DAC is the number of states (2") that the full
scale range (FSR) is divided (or resolved) into; where n is equal 
to the number of bits. 

RELATIVE ACCURACY (INL) 
Relative accuracy, or integral nonlinearity, is the maximum 
deviation of the analog output (from the ideal) from a straight line 
drawn between the end points. It is expressed in terms of least 
significant bit (lSB), or as a percent of full scale. 

DIFFERENTIAL NONLINEARITY (DNL) 
Differential nonlinearity is the worst case deviation of any adja
cent analog output from the ideal 1 LSB step size. The deviation 

R R 

.R 'R .R 

I 
I 

.R 

D~ DB, DB, DB, 
(MSS) 

R 

OAC-8229 

of the actual "step size" from the ideal step size of 1 lSB is called 
the differential nonlinearity error or DNL. DACs with DNL 
greater than ±1 lSB may be non-monotonic. ±1/2 lSB INl 
guarantees monotonicity and ±1 lSB maximum DNL. 

GAIN ERROR (GFSE) 

Gain error is the difference between the actual and the ideal 
analog output range, expressed as a percent of full-scale or in 
terms of lSB value. It is the deviation in slope of the DAC trans-
fer characteristic from ideal. Zero code error is not included in • 
this measurement. 

See Orientation in Digital-to-Analog Converters Section of the 
current data book, for additional parameter definitions. 

GENERAL CIRCUIT DESCRIPTION 
The DAC-8229 consists of two voltage output amplifiers, two 
high accuracy R-2R resistor ladder networks, an 8-bit input 
buffer, two 8-bit DAC registers, and interface control logic cir
cuitry. 

Also included are 16 single-pole, double-throw NMOS transis
tor switches. These switches, which are controlled by the digital 
input code, were designed to switch each R-2R resistor leg 
between the amplifier inverting input and AGND. 

A simplified circuit of the R-2R resistor ladder and output ampli
fier is illustrated in Figure 1. The signal is inverted from the V R~F 
input to the output. Note that analog ground (AGND) is acces
sible and can be biased above digital ground (DGND) for some 
applications; more on this in the applications section under 
Single Supply Operation. 

REFERENCE INPUT 
The DAC-8229's internal output amplifier has a maximum volt
age swing in the negative direction of -2.5V (limited by V ss). In 

.R 2A R 

VOUT 

Ds" AGND 
(UB) 

FIGURE 1: Simplified single DAC configuration (switches shown for all digital inputs at logic "0'1. 
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the positive direction, the voltage swing is limited to 4V less than 
V 0 o· These limitations set the maximum levels that the refer
ence input (V REF) can accept. Note that the positive V REF limit is 
set by the negative supply. voltage, V ss' and the negative V REF 
limit is set by (Voo -4V). 

For example, maximum VREF input in the positive direction is 
+2 .. 5V and -11 V with V 00'" + 15V. The equation for the absolute 
value in the negative direction takes the form of: 

I-VREF maxi'" Voo -4V. 

The equation shows that -BV is the maximum voltage that can 
be applied in the negative direction atVREF with Voo '" +12V. 

The OAC-B229's output voltage equation is: 

-VOUT '" VREFX 0/256 

where 0 is the digital input code number that is between 0 and 
255. 

BUFFER AMPLIFIER SECTION 
The OAC-B229's amplifier output stage is an NPN bipolar tran
sistor. This transistor provides a low-impedance high-output 
current capability. The emitter of the NPN transistor is loaded 
with a 450f.IA NMOS current source that is connected to Vss; 
(see Figure 2). This current is sunk into the negative supply al
lowing the amplifier's output to go to -2.5V. 

Figure 3 depicts a typical output current-sink versus voltage 
graph for the OAC-B229. It shows the output amplifier's current 
sink capability with Vss '" -5V and OV. With Vss '" -5V, the 
amplifier still operates in the saturation region as the output 
goes to zero; however, with V ss '" OV, the amplifier comes out of 
its saturation region and starts appearing resistive as the output 
approaches zero. 

The OAC-8229's internal amplifiers can each drive + 10 volts 
across a 2kg load, sourcing 5mA. In fact, they can drive up to 
65mA, but with a reduced output amplitude. See the Output 
Source Current graph under the typical electrical characteristic 

INPUTo-1 

OUTPUT 

FIGURE 2: Amplifier Output Stage 
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curves. The user must use caution that the package power 
dissipation is not exeeded when driving low impedances and 
high currents. However, as seen in Figure 3, the amplifier has 
limited current sink capability. Signal waveforms can be im
proved considerably by adding a pull-down resistor at each 
amplifier output. For example, pulling a 2kg load down to -2.5V 
requires a 1 kg pull-down resister (connected to -5V) The ac
companying scope photographs show the effects of operating 

TA -+2S"C 

., 600 Vr"1'5Vf-+--+-+-+-+-+--I 

; 500 Vss"-5V 

~ 400 IJ .. =~V +-+--+--+--+--1-1---1 
~ a ~O~+-+-+-+-~~~-+--+~ 
>-
~ ~O~+-+--+-+-~~~-+--+~ 
6 

100 1--+-+--+-+-+-+--+--+--+--1 

3 4 5 8 
VOUT (VOLTS) 

FIGURE 3: DAC Output Current Sink 

7 8 9 10 

PHOTO A: Multiplying Mode (f'" 1kHZ, No Pull-down) 

PHOTO B: Multiplying Mode (f'" 1kHZ, with 1kg Pull-down) 
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the DAC-8229 with and without a 1 kO pull-down resistor. Photo 
A is that without the pull-down resistor, and B with the 1 kO pull
down resistor. Note signal improvement using the pull-down 
resistor. Figure 4 shows this circuit configuration and the table 
lists other resistor values. 

PULL-DOWN RESISTOR VB LOAD RESISTOR VALUES 

(VoD=+15Vj Vss=-5V) 
LOAD PULL-DOWN 

2kO 1kO 

5kO 4kO 

10kO 10kO 

15kO 12kO 

20kO 16kO 

25kO 400kO 

>30kO None Required 

"0. Yo. 

AGND 

Yss=-5V 

FIGURE 4: R LOAD and RpULL.DOWN Circuit Configuration with 
the DAC-8229 

DI~~~~ o--Mf'-_---I 

DGND 

FIGURE 5: Simplified Digital Input Structure 
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DAC-8229 
The DAC-8229 can also operate with ±5V supplies, V D D = +5V 
and V ss = -5V. See the Relative Accuracy vs. Reference Volt
age graphs under the typical characteristics curves. The graphs 
are shown with and without a 2kO pull-down resistor. Note how 
the DAC stays within the specified limit except when V REF = -2V 
and without the pull-down resistor. 

The amplifier's internal gain stages were designed to maintain 
sufficient gain over its common mode range. This results in 
good offset performance over the specified voltage range. In 
addition, the amplifier's offset voltage is laser-trimmed during 
manufacturing. This eliminates user offset trimming in many 
applications. 

DIGITAL SECTION 
Figure 5 shows one digital input structure of the DAC-8229. A 
built-in 5V regulator and level shifter converts TTL digital input 
signals into CMOS levels to drive the internal circuitry. This 
provides full TTL compatibility over a VDD range of 5 to 15V. 

As shown in Figure 5, each digital input is protected from elec
trostatic-discharge with two internal diodes connected between 
V DO and DGND. Each input has a typical input current of less 
than 1nA. 

INTERFACE CONTROL INFORMATION 
DAC SELECTION 
DAC A and DAC B both share a common 8-bit input port. The 
control input, DAC AlDAC B, selects which DAC can accept data 
from the input port. A logic low selects DAC A and a logic high 
selects DAC B. 

DAC OPERATION 
Inputs CS and WR control the operation of the selected DAC. 
See Mode Selection Table below. 

WRITE MODE 
When CS and WR are both low, the selected DAC is in the write 
mode. The input buffer and DAC register of the selected DAC 
are transparent and its analog output responds to the codes on 
the digital input pins. 

} TO A-2A LADDER 
NMOS SWITCHES 
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HOLD MODE 
The selected DAC register latches the data present on the digi
tal input pins just prior to CS and WR assuming a high stats. 
Both analog outputs remain at the.values corresponding to the 
data in their respective registers. 

MODE SELECTION TABLE 

DACAl 
DACB CS WR DACA 

L L L WRITE 
H L L HOLD 
X H X HOLD 
X X H HOLD 

L= Low State H = High State X = Don't Care 

APPLICATIONS INFORMATION 

UNIPOLAR OPERATION 

DACB 

HOLD 
WRITE 
HOLD 
HOLD 

Figure 6 shows the DAC-8229 configured to operate in the 
uriipolar mode, and Table 1 shows the corresponding code 
table. The equation for 1 LSB and the analog output voltage is: 

1 LSB = VREF x 2-8, or VREF x 1/256 

and 

-V OUT = V REF x 0/256 

where 0 is the digital input number between 0 and 255. 

Voo 

17 

DAC 

AGNDA 

DONO 

Vas *~ITAL CIRCUITRY OMrrTED FOR SlMPLrcrrY 

FIGURE 6: Unipolar Operation 
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TABLE 1: Unipolar Code Table (Refer to Figure 6) 

DAC DATA INPUT 
MSB LSB ANALOG OUTPUT 

-VREF(255) 
256 

0 0 0 0 0 0 -VREF(129 ) 
256 

0 o 0 0 0 0 0 -VREF(128)= -VREF 
256 2 

0 -VREF(1IT) 
256 

0 0 0 0 0 0 0 -VREF(_1 ) 
256 

0 0 0 0 0 0 0 0 OV 

BIPOLAR OPERATION 
Figure 7 shows the DAC-8229 configured in the bipolar mode of 
operation. This configuration requires an external amplifier and 
four resistors. To keep gain and offset errors at a minimum, the 
external resistors should be matched to ±O.1 % and track over 
the operating temperature range of interest. 

Table 2 shows the corresponding code table. 

TABLE 2: Bipolar (Offset Binary) Code Table (Refer to 
Figure 7) 

DAC DATA INPUT 
MSB LSB ANALOG OUTPUT 

0 0 0 0 0 

0 0 0 0 0 

0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 

0 0 

0 

0 0 

+VREF(127) 
128 

+VREF(_I_) 
128 

OV 

-VREF(_1 ) 
128 

-VREF(127) 
128 

-VREF (128) = -VREF 
128 
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20kQ 

20kll 

3 VOUTA 111kll 
DAC 

1 AGNDA 
YOUTA 

112 DAc-a229* 

5 DGND 5kll 

*DlGrTAL CIRCUITRY OMITTED FOR SIMPLICITY 

FIGURE 7: Bipolar Operation 

SINGLE SUPPLY OPERATION 
Some applications require the AGND pin to be biased above 
ground for single supply operation. A popular scheme is shown 
in Figure 8. It consists of connecting a +2.5 volt reference (such 
as PMl's REF-03) to the AGND pin, VREF and Vss pins 
grounded, and +12V to Voo' Both DAC A and DAC B AGND 
pins are separate and can be independently biased. 

The resulting transfer equation is: 

V OUT(D) = 2.5(1 + D/256) 

where D is the whole number binary digital input. 

V OUT for the circuit of Figure 8 results in: 

V OUT(255) = 2.5(1 + 255/256) = +5V 

VOUT(O) = +2.5V. 

• 12V 

* DIGITAL CIRCUITRY OMITTED FOR SIMPLICITY. 

FIGURE 8: Single Supply Configuration 

REV. A 

Figure 9 shows a typical plot of the DAC-8229 in the single
supply configuration of Figure 8. It is plotted for various values 
of AGND voltage biased above ground. It shows relative accu
racy degrading as AGND is taken above +4V; however, it con
tributes only 1 LSB error at +5V. 

1.0 

0.8 

D •• 
ii 
~ DA 

~ D.' 

=> u 
!i 
!l! -0.2 

5 -oA w a: 
-0 .• 

-0 .• 

AGND (VOLTS) 

FIGURE 9: Relative Accuracy VS. AGND 
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MICROPROCESSOR INTERFACE CIRCUITS 
The DAC·8229's versatile input structure allows direct interface 
to 8- or 16-bit microprocessors. Its simplicity reduces the num
ber of required glue logic components. Figures 10 and 11 show 
the DAC·8229 interface configurations with the 6800 and 8085 
microprocessors. 

AO-A15 

CPU 
6800 

00-07 

ADDRESS BUS 

I DACA) 

DAc.&229* 

)oAca) 

DATA BUS 

·ANALOG CIRCUITRY OMITTED FOR SIMPLICITY 

FIGURE 10: DAC·8229 Interface to 6800 Microprocessor 
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r--Ir-------------------\ 
AS-A 16 ADDRESS BUS 

CPU 
8085 

ALE 

ADO-AD7 ADDR/DATA BUS 

*ANALOG CIRCUITRY OMITTED FOR SIMPLICITY 

NOTE: 
8085 INSTRUC110N SHLD (STORE H & L DIRECT) CAN UPDATE 
BOTH DACs WlTM DATA FROM H AND L REGISTERS. 

FIGURE 11: DAC-8229 Interface to 8085 Microprocessor 
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WDEVICES 

Dual 12-Bit (8-Bit Byte) 
Double-Buffered CMOS D/A Converter 

FEATURES 
• Two Matched 12·Bit DACs on One Chip 
• 12·Bit Resolution with an 8·Bit Data Bus 
• Direct Interface with 8·Bit Microprocessors 
• Double·Buffered Digital Inputs 
• RESET to Zero Pin 
• 12·Bit Endpont Linearity (:1:1/2 LSB) Over Temperature 
• +5V to + 15V Single Supply Operation 
• Latch·Up Resistant 
• Improved ESD Resistance 
• Packaged in a Narrow 0.3" 24·Pin DIP and 0.3" 24·Pin 

SOL package 
• Available in Die Form 

APPLICATIONS 
• Multi·Channel Microprocessor·Controlled Systems 
• Robotics/Process Control/Automation 
• Automatic Test Equipment 
• Programmable Anenuator, Power Supplies, Window 

Comparators 
• Instrumentation Equipment 
• Banery Operated Equipment 

GENERAL DESCRIPTION 

The DAC·8248 is a dual 12-bit, double-buffered, CMOS digital
to-analog converter. It has an 8-bit wide input data port that 

FUNCTIONAL DIAGRAM 

6-11 
(MSB) 

8-BIT DAT~~~~ : 

14-15 

REsET 
iSBlMSBcr:+----I~ HI.BYTEILO-BYTE 

DAC SELECT 

DAC-8248 I 
interfaces directly with 8-bit microprocessors. It loads a 12-bit 
word in two bytes using a single control; it can accept either a 
least significant byte or most significant byte first. For designs 
with a 12-bit or 16-bit wide data path, choose the DAC-8222 or 
DAC-8221. 

The DAC-8248's double-buffered digital inputs allow both 
DAC's analog output to be updated simultaneously. This is 
particularly useful in multiple DAC systems where a common 
LDACsignal updates all DACs atthe same time. Asingle RESET 
pin resets both outputs to zero. 

ORDERING INFORMATIONt 

PACKAGe 

RelATive GAIN MiliTARY· INDUSTRIAL COMMeRCIAL 
ACCURACY eRRoR TeMPeRATURe TeMPeRATURe TeMPeRATURe 

(+5V or +15V) -55·C to +125·C -40·C to +85·C O·C to +70·C 

±1/2 lSB ±1 lSB DAC8248AW DAC8248EW 
±1/2 LSB ±2 LSB DAC8248GP 
±1 LSB ±4LSB DAC8248FW DAC8l48HP 
±1 LSB ±4lSB DAC8248FP DAC8248HStt 

• For devices processed In total compliance to MIL·STD·883,add /883 after part 
number. Consult factory lor 883 data sheet. 
Burn·ln is available on commercial and industrial temperature range parts in 
CerDIP, plastiC DIP, and TO·can packages. 

It For availability and burn·ln information on SO and PlCC packages, contact 
your local sales office. 

.. 
DAC-8248 

IOUTA 

+----t-'<l AGNO 

lOUTS 

,-__ +=23'0 RFB B 

22 

DGND VREFB 
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The DAC-8248's monolithic construction offers excellent DAC
to-DAC matching and tracking over the full operating temper
ature range. The DAC consists of two thin-film R-2R resistor 
ladder networks, two 12-bit, two 8-bit, and two 4-bit data 
registers, and control logic circuitry. Separate reference input 
and feedback resistors are provided for each DAC. The DAC-
8248 operates on a single supply from +5V to +15\1, and it 
dissipates less thiln 0.5mW at +5V (using zero or Voo logic 
levels). The device is packaged in a space-saving 0.3", 24-pin 
DIP. 

The DAC-8248 is manufactured with PMI's highly-stable thin
film resistors on an advanced oxide-isolated, silicon-gate, 
CMOS technology. PMI's improved latch-up resistant design 
eliminates the need for external protective Schottky diodes. 

PIN CONNECTIONS 

24-PIN 
0,3" CERDIP 

(W-Sufflx) 

24-PIN 
EPOXY DIP 
(P-Suffix) 

24-PIN SOL 
(S-Suffix) 

ABSOLUTE MAXIMUM RATINGS 
(TA - +25·C, unless otherwise noted.) 
Voo to AGND ............................................................. av, +17V 
Voo to DGND ............................................................. OV, +17V 
AGND to DGND ............................................ -o.3V, V 00 +0.3V 
Digital Input Voltage to DGND ..................... -o.3V, Voo +0.3V 
!OUT A' Ip.UT B to AGND ................................. -o.3V, Voo +0.3V 
VREF A' VREF B to AGND ................................................... ±25V 
VRFB A' VRFB B to AGND ................................................... ±25V 
Operating Temperature Range 

AW Version ................................................ -55·Cto+125·C 
EW. FW, FP Versions ................................... -40·C to +85·C 
GP, HP, HS Versions ..................................... -o·Cto +70·C 

Junction Temperature .................................................... + 150C 
Storage Temperature .................................... -65·C to + 150·C 
Lead Temperature (Soldering, 60 sec) ........................ +300·C 

PACKAGE TYPE 9 IA (Nolal) 9 1C UNITS 

24-Pin Hermetic OIP (W) 69 10 'cm 
24-Pin Plastic DIP (P) 62 32 'cm 
24-Pin SOL (S) 72 24 'cm 

NOTE: 
1. a'A is sp~ifted for worst case mounting conditions, i.e., 8 jA is specified for 

di .. ice in socket for CerDIP and P-DIP packages; 9·A is specified for device 
soldered to printed circuit board tor SOL package. J 

CAUTION: 
1. Do no apply voltages higher than V D D or less than GND potential on any termi

nal except V REF and RF B· 
2. The digital control inputs are zener-protected; however, permanent damage 

may occur on unprotected units from high-energy electrostatic fields. Keep 
units in conductive foam at all times until ready to use. 

3. Do not insert this device into powered sockets; remove power before insertion 
or removal. 

4. Use proper anti-static handling procedures. 
5. Devices can suffer permanent damage and/or reliability degradation if stressed 

above the limits listed under Absolute Maximum Ratings for extended periods. 
This is a stress rating only and functional operation at or above this specifica~ 
tion is not implied. 

ELECTRICAL CHARACTERISTICS at Voo = +5V or +15V; VREF A = VREF B = +10V; VOUT A = VOUT B = OV; AGND = DGND = OV; 
TA = Full Temp Range specified in Absolute Maximum Ratings; unless otherwise noted. Specifications apply for DAC A and DAC B. 

DAC-B24B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

STATIC ACCURACY 

Resolution N 12 Bits 

Relative Accuracy INL OAC-8248A/E/G ±1/2 LSB OAC-824BF/H ±1 

Differential Nonlinearity ONL All Grades are Guaranteed Monotonic ±1 LSB 

Full Scale Gain Error OAC-8248A/E ±1 

(Nole 1) GFSE OAC-8248G ±2 LSB 
OAC-8248F/H ±4 

Gain Temperature Coefficient 
TCG FS (Notes 2, 6) ±2 ±5 ppm/'C (<loGainl <lo Temperature) 
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DAC-8248 
ELECTRICAL CHARACTERISTICS at VDD = +5V or +15V; VREF A = VREF B= +10V; VOUT A = VOUT B= OV; AGND = DGND = OV; 

TA = Full Temp Range specified in Absolute Maximum Ratings; unless otherwise noted. Specifications apply for DAC A and DAC B. 
(Continued) 

PARAMETER 

Output Leakage Current 

' DUT A (Pin 2). IDUT B (Pin 24) 

Input Resistance (V'REF A, REF a> 

Input Resistance Match 

DIGITAL INPUTS 

Digital Input High 

Digital Input Low 

Input Current (V ,N = OV 
or Voo and V1NL or V1NH) 

Input Capacitance 
(Note 2) 

POWER SUPPLY 

Supply Current 

DC Power Supply 

SYMBOL 

'LKG 

RREF 

<l.RAEF 
RAEF 

V 1NH 

V1NL 

liN 

C 'N 

100 

CONDITIONS 

All Digital Inputs = Os 
TA= +25'C 
TA = Full Temp. Range 

(Note 9) 

Voo =+5V 
Voo =+15V 

Voo =+5V 
Voo =+15V 

TA=+25'C 
TA = Full Temp. Range 

DBO-DBll 
WR, LDAC, DAC A/DAC B, LSB/MSB, RESET 

Digital Inputs = V1NL or V1NH 
Digital Inputs = OV or Voo 

Rejection Ratio PSRR <l.Voo = ±5% 
(<l.Gain/<l.Voo) 

AC PERFORMANCE CHARACTERISTICS (Note 2) 

Propagation Delay (Notes 3, 4) tpo TA= +25'C 

Output Current Settling Time 
ts TA = +25'C (Notes 4, 5) 

Digital Inputs = all Os 

Output Capacitance Co 
COUT A, COUT B 

Digitsl Inputs = all ls 

COUT '" COUTB 

FTA 
VAEF A to lOUT A; VAEF A = 20V pop 

AC Feedthrough at f = 100kHz; TA = +25'C 

lOUT A or lOUT B 
FTB 

VAEFBto lOUTe: VAEFB=20Vp_p 
f = 100kHz; TA = +25'C 

REV. B 

MIN 

8 

2.4 

13.5 

DAC-8248 
TYP 

±5 

11 

±0.2 

±O.OOl 

10 

MAX 

±10 
±50 

15 

±1 

0.8 
1.5 

±1 
±10 

10 
15 

2 
100 

0.002 

UNITS 

nA 

kll 

% 

v 

v 

/,A 

pF 

%1% 

350 ns 

90 
pF 

120 

-70 

dB 

-70 
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DAC-8248 
ELECTRICAL CHARACTERISTICS at VDD • +5Vor+15V, VREF A - VREFB -+10V; VOUTA - VOUTB - OV; AGND= DGND - OV; 
T A = Full Temp Range specified in Absolute Maximum Ratings; unless otherwise noted. Specifications apply for DAC A and DAC B. 
Continued 

PARAMETER SYMBOL 

SWITCHING CHARACTERISTICS 
(Notas2.7) 

LSBlMSB Select 10 
'cas Write Set·Up Tima 

LSBlMSB Select 10 
Write Hold Time 'caH 

DAC Salaclto 
Write Sal-Up Tima I"s 

DAC Select to 
tAH Write Hold Time 

LDACto 
Write Sal·Up Time tl.8 

LDACIO 
'LH Write Hold Time 

Data Vslid 10 

Write Set·Up Time 'os 

Data Valid to 
'oH Write Hold Time 

Write Pulse Width twA 
LDAC Pulse Width \WD 
Reset Pulse Width 'AwD 
NOTES: 

CONDITIONS 

1. Measured using internal RFBAand RFB B. Both DAC digltallnpulS = 
111111111111. 

2. Guaranteed and not tested. 
3. From 50% of digital Input to 90% of final analog output current. VREF A = 

VREF e= +10V; OUT A. OUT B load = 1000. CEXT= 13pF. 

4. WR. LDAC= OV; DBD-DB7=OVtoVoo orVoo toOV. 
5. Settling time is measured from 50% of the digital input change to where 

the output .ettles within 1/2 LSB of fulJ scale. 

BURN-IN CIRCUIT 

+10V~~~ o----.,...-A/''''''"-4-l-.... ~ 

10 

11 

12 
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,. 
,. 
14' 

13 

DAC-8248 
UNITS 

Voo=+5V Voo=+15V 

+25°C -40°C TO +85OC -55°CTO+1ZSoC ALL TEMPS 
(Nole8) (Nole10) 

130 170 180 80 nsMIN 

0 0 0 0 n.MIN 

180 210 220 80 nsMIN 

0 0 0 0 nsMIN 

120 150 160 80 nsMIN 

0 0 0 0 nsMIN 

180 210 220 70 nsMIN 

0 0 0 10 nsMIN 

130 150 170 90 nsMIN 

100 110 130 60 nsMIN 

80 90 90 60 nsMIN 

6. Gain TC is measured from +25°C to T MIN or from +25°C to T MAJ(' 

7. See Timing Diagram. 
8. These limits apply for the commercial and industrial grade products. 
9. Absolute Temperature Coefficient is approximately +50 ppm/oC. 
10. These limits also apply as typical values for Voo= +12V with +5V CMOS 

R4 

5kll 

logic levels and Til = +25°C. 

Von 
+15ViO.5V 

R2 
5k1l 

R3 
lOOk" 

NOTES: 
1. C1 '" C2 4.7",F TANTALUM, 60V DC; EVERY 10TH DEVICE. 
2. C3 = C4 0.01"F CERAMIC. 60Y DC; EVERY 10TH DEVICE. 
3. ALL MATERIAL TO WITHSTAND 16O"C. 
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DICE CHARACTERISTICS 

DIE SIZE 0.124 x 0.132 Inch, 16,368 sq. mils 
(3.15 X 3.55 mm, 10.56 sq. mm) 

DAC-8248 

1. AGND 13. N.C. 
2. IOUTA 14. DB1 
3. RFBA 15. DBO(LSB) 
4. V REF A 16. RESET 
5. DGND 17. LSB/MSB 
6. DB7(MSB) 18. DAC AlDAC B 
7. DB6 19. LDAC 
8. DB5 20. WR 
9. DB4 21. Voo 

10. DB3 22. V REFB 
11. DB2 23. RFB B 
12. N.C. 24. IOUTB 

Substrate (die backside) is Internally connected to VOl> 

WAFER TEST LIMITS at V DD =+5Vor+15V. VREFA= V REFS=+10V. VOUTA= VOUTB=OV; AGND = DGND =OV; TA = 25°C. 

DAC-8248G 
PARAMETER SYMBOL CONDITIONS LIMIT UNITS 

Relative Accuracy INL Endpoint Linearity Error ±1 LSB MAX 

Differential Nonlinearity DNL All Grades are Guaranteed Monotonic ±1 LSB MAX 

Full Scale Gain Error 
GFBE Digital Inputs = 1111 1111 1111 ±4 LSB MAX 

(Note 1) 

Output Leakage 
'LKG 

Digital Inputs = 0000 0000 0000 
±50 nAMAX 

(lOUT A. lOUT el Pad 2and 24 

Input Resistance 
RREF Pad4and 22 B/15 

kOMINI 

(V REF A. V REF B) kOMAX 

VREF A. VREF B Input ARREF ±1 %MAX Resistance Match RREF 

Digital Input High V 1NH 
Voo= +5V 2.4 

VMIN 
Voo=+15V 13.5 

Digital Input Low V'NL 
Voo =+5V O.B 

V MAX 
Voo= +15V 1.5 

Digital Input Current "N V'N = OV or Voo; V'NL or V'NH ±1 p.AMAX 

Supply Current 
All Digital Inputs VINL orV'NH 2 

100 All Digital Inputs OV or V DO 0.1 
mAMAX 

DC Supply Rejection 
PSR AVoo=±5% 0.002 %1% MAX 

(AGain/AV oo) 

NOTES: 
1. Measured using internal RFB A and RFB B' 
Electrical tests are performed at wafer probe to the limits shown. Dueto variations in assembly methods and normal yield loss, yield after packaging is not guaranteed 
for standard product dice. Consult factory to negotiate specifications based on dice lot Qualification through sample lot assembly and testing. 
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DAC-8248 

TYPICAL PERFORMANCE CHARACTERISTICS 

1.00 

0.75 
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0 
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0.75 

0.5 0 

iii 
~ 0.2 5 

~ 0 

~ 
:::i -0.2 
z 

5 

o 
Z -0.5 0 

-0.75 

-1.00 
o 

CHANNEL-TO-CHANNEL 
MATCHING (DAC A & B 
ARE SUPERIMPOSED) 

Voo =+15~ 
YREF"" +10V 
TA = +25°C 

.... .... - ...... 

1024 2048 3072 

DIGITAL INPUT CODE (DECIMAL) 

NONLINEARITY 
VB VREF 

-8 -6 -4 -. 0 • " 8 

VREF (VOLTS) 

NONLINEARITY VB CODE 
(DACA& BARE 

SUPERIMPOSED) 

YDD ::: +5Y 
VREF "" +10Y 
TA '" +25°C 

~ 

""""'."V 

1024 2048 3072 

DIGITAL INPUT CODE (DECIMAL) 

4096 

10 

4096 

~ ... z 
o 

-1.00 
-10 

1.00 

0.75 

0.50 
iii 
~ 0.25 .. 
!: 
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-8 -. 

-8 -. 

DIFFERENTIAL 
NONLINEARITY 

-4 -. • 4 

VREF (YOLTS) 

NONLINEARITY 
vs VREF 

-4 -. • " VREF (VOLTS) 

8 10 

8 10 

NONLINEARITY vs CODE AT 
T A = -55·C, +25·C, 

+125·C FOR DAC A & B 
(ALL SUPERIMPOSED) 

YOD "" +15~ 
VREF",,+10V 

.... ~ , .... ~ .....A 
'\01" .. ,.., ....-

1024 2048 3072 4098 

DIGITAL INPUT CODe (DECIMAL) 

DIFFERENTIAL 
NONLINEARITY 

-0.75 1--+-.-1--1--1--1--1--1--1--1-----1 

-'.00 L-....L..-L_I.-..L........L..-L_I.-..I--1.......I 
-10 -8 -6 -4 -2 4 6 8 10 

VREF (VOLTS) 

NONLINEARITY 
VSVDD 

1.000 r--,---,---,---,...--,.--' 

0.8751----1--+-+--+--1--1 

0.7501--+---1--+-+--1---1 

~ =. 0.6251---1---1---+-.--1---1---1 
~ 
i. 0.5001--+---1--+-+--1---1 ; 
:::i 0.375 1---1---1---+-'--1---1---1 
Z 
o 

z 0.250 t=j:J=j~=t:::t~ 
0.125 

0.8 

0.8 

D." 

~ 0.2 

a: 
lil 
ffi 
! -0.2 .. 

-0.4 

-0.6 

-0.8 

10 

SUPPLY VOLTAGE (VOLTS) 

ABSOLUTE GAIN ERROR 
CHANGE VS VREF 

VDD = +15V 
TA=+25°C 

15 

..... ...... 1- .,. ....... / \ - , 

-10-8-6-4-2024 8 10 

VREF (VOLTS) 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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FULL-SCALE GAIN ERROR 
VB TEMPERATURE 

VDD'= +15~ 
VREF = +10V 

"-r-- i'" ......... 

16 

1. 

LOGIC INPUT THRESHOLD 
VOLTAGE VB SUPPLY 

VOLTAGE (VDD) 

VREF = HOY 

TA = +25°C 

rVINH= 2.4V 

/ rV'~L = •.• V l,""'I&t 
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~rl 

2 .• 

1.6 

1.' 
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o 

DAC-8248 

SUPPLY CURRENT 
VB TEMPERATURE 

Voo'" +15V 
V1L = +1.5V 

..... -~ -
_ _ _ ~ ~ ~ ~ m • • 10 15 2. -75 -50 -25 0 25 50 75 100 125 
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TEMPERATURE (Oe) 
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OUTPUT LEAKAGE CURRENT 
vs TEMPERATURE 
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I 

/ 
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TEMPERATURE rei 

Voo (YOLTS) 

~ 
ALL BITS ON 

DB10 .. DB. l-
ii 
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:t 
I- DB' a 
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~ (LSB) DB. 
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3! 

AU BITS OFF 
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DAC-8248 

WRITE TIMING CYCLE DIAGRAM 

FOUR CYCLE UPDATE 

NOTES: 
1. ALL INPUT SIGNAL RISE AND FALL TIMES 

MEASURED FROM 10"10 TO 90% OF YDO' 
VDO = +5V, Ir = If = 2OnI; 
VDD " +15V, Ir = If = 4Ona; 

2. TIMING MEASUREMENT REFERENCE LEVEL IS YI~ + V1L 

3. TIMING SPECIFICATIONS ALSO APPLIES 
FOR DAe B. 

PARAMETER DEFINITIONS 

RESOLUTION (N) 
The resolution of a DAC is the number of states (2n) that the 
full-scale range (FSA) is divided (or resolved) into; where n is 
equal to the number of bits. 

RELATIVE ACCURACY (INL) 
Aelative accuracy, or integral nonlinearity, is the maximum 
deviation of the analog output (from the ideal) from a straight 
line drawn between the end paints. It is expressed in terms of 
least significant bit (LSB), or as a percent of full scale. 

DIFFERENTIAL NONLINEARITY (DNL) 
Differential nonli nearity is the worst case deviation of any 
adjacent analog output from the ideal 1 LSB step size. The 
deviation of the actual "step size" from the ideal step size of 1 
LSB is called the differential nonlinearity error or DNL. DACs 
with DNL greater than ±1 LSB may be non monotonic. ±1/2 
LSB INLguarantees monotonicity and ±1 LSB maximum DNL. 

GAIN ERROR (GFSe> 
Gain error is the difference between the actual and the ideal 
analog output range, expressed as a percent of full-scale or in 
terms of LSB value. It is the deviation in slope of the DAC 
transfer characteristic from ideal. 

Refer to PM 11990/91 Data Book, Section 11, for additional digi
tal-to-analog converter definitions. 
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FIVE CYCLE UPDATE 

-.r~ll;~ f~1f~'" YDD 
LS1iJMs8 -aF\i\:!-I-': J ~J '-. .:---------:D 

DAC AlDAC. --ci 
--------ov __ rlwRl_ r .... l.~ ______ YDD 

w. \J. \J 
I I 0 :D 

LiiAC~D.J 'DH .DSJ +'DH :D 
DATA 'I»t LSB MSB 

Y" 

------------------------fr~ :D RESET 

--0' 

GENERAL CIRCUIT DESCRIPTION 

CONVERTER SECTION 
The DAC-8248 incorporates two multiplying 12-bit current 
output CMOS digital-to-analog converters on one monolithic 
chip. It contains two highly-stable thin-film A-2A resistor ladder 
networks, two 12-bit DAC registers, two 8-bit input registers, 
and two 4-bit input registers. It also contains the DAC control 
logic circuitry lind 24 single-pole, double-throw NMOS tran
sistor current switches. 

Figure 1 shows a simplified circuit for the A-2A ladder and 
transistor switches for a single DAC. A is typically 11kO. The 
transistor switches are binarily scaled in size to maintain a 
constant voltage drop across each switch. Figure 2 shows a 
single NMOS transistor switch. 

FIGURE 1: Simplified Single DAC Circuit Configuration. 
(Switches Are Shown For All Digital Inputs At 
Zero) 

'-i--t--;+-+--:-t-f. ~-:-t---:-t-~--o 'OUT 

'--... - ... --((:·-;-..... --;,.-4-0 AIlND 
I 
I 

DB11 
lMSB) 

DBS DBO 
(LSBJ 

REV. B 



FIGURE 2: N-Channel Current Steering Switch 

TO LADDER 

FROM~ INTERFACE -----.J 
LOGIC ....------. 

AGND lOUT 

The bi nary-weighted currents are switched between lOUT and 
AGND by the transistor switches. Selection between lOUT and 
AGND is determined by the digital input code. It is important to 
keep the voltage difference between IOUTand AGND terminals 
as close to zero as practical to preserve data sheet limits. It is 
easily accomplished by connecting the DAC's AGND to the 
noninverting input of an operational amplifier and lOUT to the 
inverting input. The amplifier's feedback resistor can be elimi
nated by connecting the op amp's output directly to the DAC's 
RFB terminal (by using the DAC's internal feedback resistor, 
RFe>. The amplifier also provides the current-to-voltage conver
sion for the DAC's output current. 

The output voltage is dependent on the DAC's digital input 
code and V REF, and is given by: 

VOUT = V REF X 0/4096 

where 0 is the digital input code integer number that is between 
o and 4095. . 

The DAC's input resistance, RREFO is always equal to a constant 
value, R. This means that V REF can be driven by a reference 
voltage or current, AC or DC (positive or negative). It is 
recommended that a low-temperature-coefficient external RFB 

resistor be used if a current source is employed. 

The DAC's output capacitance (C OUT) is code dependent and 
varies from 90pF (all digital inputs low) to 120pF (all digital 
inputs high). 

To ensure accuracy over the full operating temperature range, 
permanently turned "ON" MOS transistor switches were in
cluded in series with the feedback resistor (RFe> and the R-2R 
ladder's terminating resistor (see Figure 1). The gates of these 
NMOS transistors are internally connected to Voo and will be 
turned "OFF" (open) if V DO is not applied. If an op amp is using 
the DAC's R FB resistor to close its feedback loop, then V DO must 
be applied before or at the same time as the op amp's supply; 
this will prevent the op amp's output from becoming "open
circuited" and swinging to either rail. In addition, some applica
tions require the DAC's ladder resistance to fall within a certain 
range and are measured at incoming inspection; Voo must be 
applied before these measurements can be made. 

REV. B 

DAC-8248 
DIGITAL SECTION 
The DAC-8248'sdigital inputs are TTLcompatibleatVoo=+5V 
and CMOS compatible at V DO = +15V. They were designed to 
convert TTL and CMOS input logic levels into voltage levels 
that will drive the internal circuitry. The DAC-8248 can use +5V 
CMOS logic levels with Voo= +12V; however, supply current 
will increase to approximately 5-6mA. 

Figure 3 shows the DAC's digital input structure for one bit. This 
circuitry drives the DAC registers. Digital controls, </> and ¢, 
shown are generated from the DAC's input control logic 
circuitry. 

FIGURE 3: Digital Input Structure For One Bit 

DATA 
INPUT 0+, 'W\t-1>-f-l>>--OO--Doo----< ..... 

INPUT STATIC I 
PROTECTIONL. __ 

DGND 

TODAC 
REGISTER 

The digital inputs are electrostatic-discharge (ESD) protected 
with two internal distributed diodes as shown in Figure 3; they 
are connected between Voo and DGND. Each input has a 
typical input current of less than 1 nA. 

The digital inputs are CMOS inverters and draw supply current 
when operating in their linear region. Using a +5V supply, the 
linear region is between +1.2V to +2.8V with current peaking at 
+1.8V. Using a +15V supply, the linear region is from +1.2V 
to +12V (current peaking at +3.9V). It is recommended that the 
digital inputs be operated as close to the power supply voltage 
and DGND as is practically possible; this will keep supply 
currents to a minimum. The DAC-8248 may be operated with 
any supply voltage between the range of +5V to +15V and still 
perform to data sheet limits. 

The DAC-8248's 8-bit wide data port loads a 12-bit word in two 
bytes: 8-bits then 4-bits (or 4-bits first then 8-bits, at users 
discretion) in a right justified data format. This data is loaded 
into the input registers with the LSB/MSB and WR control pins. 

Data transfer from the input registers to the DAC registers can 
be automatic. It can occur upon loading of the second data byte 
into the input register, or can occur at a later time through a 
strobed transfer using the LDAC control pin. 
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FIGURE 4: Four Cycle Update Timing Diagram 

1 I ! 
Ir-~------~I--~~ Ir-~------~--~----~---

V : V [§IiIMSS 

1 I~-r------~I---~-------T----r------~---
iiACAiDAC S \1...--1..1 ----.L ____ / 

1 , 

, , 1 

__ ~ ______ ~ __ ~ ______ ~I~ __ ~ ____ ~ ____ ~I~ I 

~ : : '--Y : 
I I , 

DATADK:: MSB _ LSB _--MS-B-~ 

, I " 
--~I -------+---~-------+---~I,-------+----+-------+----~I j---I 

iiESE'i' I ''---.I! 
1 I I I 

FIRST CYCLE: SECOND cYCLE: ntlRD CYCLE: FOURTH CYCLE: AU REGISTERS 
LSSe LOADED INTO MSBs LOADED INTO LSBs LOADED INTO MSas LOADED RESET TO ZERO 
DAC Il.s MIT DAC III 4-81T DAC a's 8-alT INTO CAe B'I 4-BIT 
INPUT REGISTER INPUT REGISTER INPUT REGISTER INPUT REGISTER; 

NEW DATA WORDS 
TRANSFERReD FROM 
INPUT REGISTERS 
TO DACAAND 
DAC B', REGISTER; 
ANALOG OUTPUTS 
UPDATED 
SIMULTANEOUSLY 

FIGURE 5: Five Cycle Update Timing Diagram 

I I I , I , 
LfiJMSB V , V , 

I I 
DAC AlDAC 8 \ I / I I I 

I I I I 
I , I 1 I 

V V V V I 
WRITE , 

I I I , I , 
[iiAC U I I 

I , 
LIS MSS LSB MSS - I , 

iiESE'i' L.!! I , 
FIRST CYCLE: SECOND CYCLE: THIRD CYCLE: FOURTH CYCLE: FIFTH CYCLE: AU REGISTERS 
LSBI LOADED INTO MBa. LOADED INTO LSBI LOADED INTO MBBs LOADED INTO DAC A AND DAC 8'. RESET TO ZERO 
DACJtsMIT DAC It, 4-BIT DAC B't MIT DAC B'.4--9rr ANALOG OUTPUT 
INPUT REGISTER INPUT REGISTER INPUT REGISTER INPUT REGISTER UPDATED 

SIMULTANEOUSLY 
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AUTOMATIC DATA TRANSFER MODE 
Data may be transferred automatically from the input registerto 
the DAC register. The first cycle loads the first data byte into the 
input register; the second cycle loads the second data byte and 
simultaneously transfers the full 12-bit data word to the DAC 
register. It takes four cycles to load and transfer two complete 
digital words for both DAC's, see Figure 4 (Four Cycle Update 
Timing Diagram) and the Mode Selection Table. 

STROBED DATA TRANSFER MODE 
Strobed data transfer allows the full 12-bit digital word to be 
loaded into the input registers and transferred to the DAC 
registers at a later time. This transfer mode requires five cycles: 
four to load two new data words into both DACs, and the fifth to 
transfer all data into the DAC registers. See Figure 5 (Five Cycle 
Update Timing Diagram) and the Mode Selection Table. 

FIGURE 6: Input Control Logic 

tlIB/MSB -D>O-1H":>O----...l 

DAC-8248 
Strobed data transfer separating data loading and transfer 
operations serves two functions: the DAC output updating may 
be more precisely controlled, and multiple DACs in a multiple 
DAC system can be updated simultaneously. 

RESET 
The DAC-8248 comes with a RESET pin that is useful in system 
calibration cycles and/or during system power-up. All registers 
are reset to zero when RESET is low, and latched at zero on the 
rising edge of the RESET signal when WRITE is high. 

INTERFACE CONTROL LOGIC 
The DAC-8248's control logic is shown In Figure 6. This 
circuitry interfaces with the system bus and controls the DAC 
functions. 

TO DACA 
INPUT REGISTERS 

TO DAC A AND B ~LDAC} 
LDAC --l:>o-----------------~ LDAC DAC REGISTERS 

REseT ---t:>-oo-c ------------------i[:>o----. ~S:lL REGISTERS 

MODE SELECTION TABLE 

DACA/B 

L 
L 
L 
L 

H 
H 
H 
H 

x 
X 
X 
X 

L 
L 
L 
L 

L 
L 
L 
L 

H 
H 
X 
H 

DIGITAL INPUTS REGISTER STATUS 

LSB/MSB 

L 
L 
H 
H 

L 
L 
H 
H 

X 
X 
X 
X 

H 
H 
H 
H 

H 
H 
H 
H 

H 
H 
L 
S 

H 
L 
H 
L 

H 
L 
H 
L 

H 
L 
X 
X 

DACA DACB 

INPUT REGISTER DAC 
REGISTER 

INPUT REGISTER 

LSB MSB LSB MSB 

WR 
WR 
LAT 
LAT 

LAT 
LAT 
LAT 
LAT 

LAT 
LAT 

LAT 
LAT 
WR 
WR 

LAT 
WR 
LAT 
WR 

LAT 
LAT 
LAT 
LAT 

LAT 
LAT 
LAT 
LAT 

LAT LAT WR LAT 
LAT WR WR LAT 
LAT LAT LAT WR 
LAT WR LAT WR 

L~ L~ L~ L~ 

LAT WR LAT LAT 
ALL REGISTERS ARE RESET TO ZEROS 

ZEROS ARE LATCHED IN ALL REGISTERS 

L = Low H = High X = Don't Care WR = Registers Being Loaded LAT = Registers Latched 

DAC 
REGISTER 

LAT 
WR 
LAT 
WR 

LAT 
WR 
LAT 
WR 

LAT 
WR 
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INTERFACE CONTROL LOGIC PIN FUNCTIONS 

LSB/MSB - (PIN 17) LEAST SIGNIFICANT BIT(AcUve Low)1 
MOST SIGNIFICANT BIT {Acttv& High}. Selects lower 8-bits 
(LSBs) or upper 4·bits (MSBs); either can be loaded first. It is 
used with the WR signal to load data into the input registers. 
Data is loaded in a right justified format. 

DAC AlDAC B - (PIN 18) DAC SELECTION. Active low for 
DAC A and Active High for DAC B. 

WR - (PIN 20) WRITE - Active Low. Used with the LSBIMSB 
signal to load data into the input registers, or Active High to latch 
data into the input registers. 

LDAC - (PIN 19) LOAD DAC. Used to transfer data simultane
ously from DAC A and DAC B input registers to both DAC output 
registers. The DAC register becomes transparent (activity on 
the digital inputs appear at the analog output) when both WR 
and LDAC are low. Data is latched into the output registers on 
the rising edge of LDAC. 

RESET -(PIN 16) -Active Low. Functions as a zero override; 
all registers are forced to zero when the RESET signal is low. All 
registers are latched to zeros when the write signal is high and 
RESET goes high. 

APPLICATIONS INFORMATION 

UNIPOLAR OPERATION 
Figure 7 shows a simple unipolar (2-quadrant multiplication) 
circuit using the DAC-8248 and OP-270 dual op amp (use two 
OP-42s for applications requiring higher speeds), and Table 1 
shows the corresponding code table. Resistors R1, R2, and R3 , 

R4 are used only if full-scale gain adjustments are required. 

FIGURE 7: Unipolar Configuration (2-Quadrant Multiplication) 

1IAC-8248"" 

YREFA 

R'" 
'DOn 

TABLE 1: Unipolar Binary Code Table (Refer to Figure 7) 

BINARY NUMBER IN 
CAe REGISTER 
MSB LSB 

1111 1111 1111 

1000 0000 0000 

0000 0000 0001 

0000 0000 0000 

ANALOG OUTPUT, V ou~ 
(DAC A or DAC 8) , 

-VREF (:g:) 
-VREF (2048) __ 1.VFEF 

4096 2 

-VREF (_1_) 
4096 

OV 
NOTE: 
1 LSB _ (2""12) (IIFEF)= _1_ (VREFI 

4096 

Low temperature-coefficient (approximately 50ppml"C) resis
tors or trimmers should be used. Maximum full-scale error with· 
out these resistors for the top grade device and V REF = ±10V is 
0.024%, and 0.049% for the low grade. Capacitors C1 and C2 
provide phase compensation to reduce overshoot and ringing 
when high-speed op amps are used. 

Full-scale adjustment is achieved by loading the appropriate 
DAC's digital inputs with 1111 1111 1111 and adjusting R1 (or 
~ for DAC B) so that: 

VOUT = VREFX 11095 ) 
\4096 

Full-scale can also be adjusted by varying VREF voltage and 
eliminating R1, R2, R3 , and R4• Zero adjustment is performed by 

R2 

>+--0 VOUTA 

>-..J...~OVOUTB 

*RESISTORS R1 THRU R4 ARE ONLY NECESSARY TO TRIM FOR 
ABSOLUTE ACCURACY BETTER THAN ±O.01ot.. SEE TEXT FOR 
COMPLETE DETAILS. 

**REGISTERS AND CONTROL CIRCUITRY 
OMITTED FOR SIMPLICITY. 
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loading the appropriate DAC's digital inputs with 0000 0000 0000 
and adjusting the op amp's offset voltage to OV. It is recom
mended that the op amp offset voltage be adjusted to less than 
10% of 1 LSB (244!N), and over the operating temperature 
range of interest. This will ensure the DAC's monotonicity and 
minimize gain and linearity errors. 

BIPOLAR OPERATION 
The bipolar (offset binary) 4-quadrant configuration using the 
DAC-8248 is shown in Figure 8, and the corresponding code is 
shown in Table 2. The circuit makes use of the OP-470, a quad 
op amp (use four OP-42s for applications requiring higher 
speeds). 

The full-scale output voltage may be adjusted by varying VREF 
orthe value of RS and R8, and thus eliminating resistors R1, R2, 
R3, and R4. If resistors R1 through R4 are omitted, then RS, R6, 
R7 (R8, R9, and R10 for DAC B) should be ratio-matched to 
0.01 % to keep gain error within data sheet specifications. The 
resistors should have identical temperature-coefficients if 
operating over the full temperature range. 

Zero and full-scale are adjusted in one of two ways and are at 
the users discretion. Zero-output is adjusted by loading the 
appropriate DAC's digital inputs with 1000 0000 0000 and 
varying R1 (R3for DAC B) sothatVoUTA(orVOUTs) equals OV. 
IfR1, R2 (R3, R4for DAC B) are omitted, then zero output can be 
adjusted by varying R6, R7 ratios (R9, R10for DAC B). Full-scale 
is adjusted by loading the appropriate DAC's digital inputs with 
111111111111 and varying RS (R8 for DAC B). 

FIGURE 8: Bipolar Configuration (4-Quadrant Multiplication) 

Yoo 

21 

r--==-" 6-11(MSB) 

OGNO 

"' 100n 

22 

"3 
100n 

"2 

DAC-8248 
TABLE 2: Bipolar (Offset Binary) Code Table 

(Refer to Figure 8) 

BINARY NUMBER IN 
DAC REGISTER 

MSB LSB 

1111 1111 1111 

100000000001 

1000 0000 0000 

0111 1111 1111 

0000 0000 0000 

NOTE: 1 
1 LSS ~ (2-" ) (VREF) ~ 2048 (VREF) 

ANALOG OUTPUT, VOUT 
(DAC A or DAC B) 

( 2047 ) 
+VREF 2048 

OV 

( 2048 ) 
-VREF 2048 

SINGLE SUPPLY OPERATION 

CURRENT STEERING MODE 
Because the DAC-8248's R-2R resistor ladder terminating 
resistor is internally connected to AGND, it lends itself well for 
Single supply operation in the current steering mode configu
ration. This means that AGND can be raised above system 

"9 

10k!} 

I 
L ___ _ 

"0 
2OkO 

",. 
20kfl 

"5 

> ...... --+-oVOUT A 

"8 

>--+--I--oVOUT B 

·REGISTERS AND CONTROL CIRCUITRY OMITTED FOR SIMPLICITY. 
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DAC-8248 

ground as shown in Figure 9. The output voltage will be 
between +5V and +10V depending on the digital input code. The 
output expression is given by: 

VOUT = Vos + (D/4096)(Vosl 

where Vos = Offset Reference Voltage (+5V in Figure 9) 
D = Decimal Equivalent of the Digital Input Word 

VOLTAGE SWITCHING MODE 
Figure 10 shows the DAC-8248 in another single supply 
configuration. The R-2R ladder is used in the voltage switching 
mode and functions as a voltage divider. The output voltage (at 
the V REF pin) exhibits a constant impedance R (typically 11 kO) 
and must be buffered by an op amp. The RFB pins are not used 
and are left open. The reference input voltage must be 
maintained within +1.25Vof AGND, and VDDbetween +12Vand 
+15V; this ensures that device accuracy is preserved. 

The output voltage expression is given by: 

VOUT = V REF (D/4096) 

where D = Decimal Equivalent of the Digital Input Word 

APPLICATIONS TIPS 

GENERAL GROUND MANAGEMENT 
Grounding techniques should be tailored to each individual 
system. Ground loops should be avoided, and ground current 
paths should be as short as possible and have a low impedance. 

The DAC-8248's AGND and DGND pins should be tied together 
at the device socket to prevent digital transients from appearing 

FIGURE 9: Single Supply Operation (Current Switching Mode) 

Voo = +12V TO +15Y 

DAC-8248" 

DGND 

YREFA 

4 

AGND 

at the analog output. This common point then becomes the 
single ground pOint connection. AGND and DGND is then 
brought out separately and tied to their respective power 
supply grounds. Ground loops can be created if both grounds 
are tied together at more than one location, i.e., tied together at 
the device and at the digital and analog power supplies. 

PC board ground plane can be used forthesingle point ground 
connection should the connections not be practical at the 
device socket. If neither of these connections are practical or 
allowed, then the device should be placed as close as possible 
to the systems single pOint ground connection. Back-to-back 
Schottky diodes should then be connected between AGND and 
DGND. 

POWER SUPPLY DECOUPLING 
Power supplies used with the DAC-8248 should be well filtered 
and regulated. Local supply decoupling consisting of a 1 to 
1O/LF tantalum capacitor in parallel with a 0.1/LF ceramic is 
highly recommended. The capacitors should be connected 
between the VDD and DGND pins and at the device socket. 

>+ ___ -0 YOUT A = +5V TO +10Y 

>--'---.--0 Your B = +5V TO +10Y 

VIN = +12Y 

"REGISTERS AND CONTROL CIRCUITRY OMITTED FOR SIMPLICITY. 
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FIGURE 10: Single Supply Operation (Voltage Switching Mode) 

VIN (0 TO +1.25V) o-...... --;'=OU=T-'-. I---{ 

1 
AGND 

24 
lOUT B 

DGND 

DAC-8248 

>-+ ...... -0 Vour" 

>---'--+-oVOUT8 

*REGISTERS AND DIGITAL CIRCUITRY OMITTED FOR SIMPLICITY. 
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DAC-8248 

FIGURE 12: DAC-8248 To MC6809 Interface 

I 

AO-A15 ADDRESS BUS \ 

1 L MC8II08 
DAC AlDAC B 

~ LSBIMSB RM J ADDRESS L LDAC 
E DECODE r 

RESET 

I 
FROM SYSTEM RESET 

...... DAC-8248' 

..... Viii 

DB7 
DO-D7 DATA BUS 

I 
DBO 

~ 
·REGISTERS AND DIGITAL CIRCUITRY OMITTED FOR SIMPLICITY. 

FIGURE 13: DAC-8248 To MC68008 Interface 

Al-A23 ADDRESS BUS ~ 

11 L - DAC AlDAC B - LSBIMSB 

Ai I ADDRESS L LDAC L DECODE J 
DTACK DAC ..... ' 

RiW - 1 I WR 
111 - FROM SYSTEM REseT RElET 

DB7 
DO-D7 DATA BUS 

DBO 

I I 

" -REGISTERS AND CONTROL CIRCUITRY OMITTED FOR SIMPLICITY. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Four DACs in a 28 Pin, 0.6 Inch Wide DIP or 28 Pin JEDEC 

Plastic Chip Carrier 
• ±1/4 LSB End-Point Linearity 
• Guaranteed Monotonic 
• DACs Matched to Within 1% 
• Microprocessor Compatible 
• Read/Write Capability (with Memory) 
• TTL/CMOS Compatible 
• Four-Quadrant Multiplication 
• Single-Supply Operation (+SV) 
• Low Power Consumption 
• Latch-Up Resistant 
• Available In Ole Form 

ORDERING INFORMATION t 
PACKAGE 

EXTENDED 
COMMERCIAL INDUSTRIAL MILITARY' 

INL DNL 

±1/4LSB ±lI2LSB 
±1I2LSB ±1 LSB 
±lI2LSB ±1 LSB 
±1I2LSB ±1 LSB 
±lI2LSB ±1 LSB 

TEMPERATURE TEMPERATURE TEMPERATURE 
OOC10 +70'C -40'Clo+85'C -55"Clo+12S'C 

DAC8408GP DAC8408ET DAC8408AT 
DAC840BFT DAC8408BT 
DAC8408FPCtt 
DAC8408FS 
DAC8408FP 

For devices processed in IOtaI compliance 10 MIL-STD·883, add /883 after part 
number. Consult factory for 883 data sheet. 

t Bum·ln Is available on commercial and industrial temperature range parts in 
carDIP. plastic DIP, and TO-can packages. 

It For availability and burn-In Inlormation on SO and PLCC packages, contact 
your local sales office. 

FUNCTIONAL DIAGRAM 

iiSl<>"t----; 

DGND 

REV. A 

Quad 8-Bit Multiplying CMOS 
D/A Converter with Memory 

DAC-8408 I 
APPLICATIONS 
• Voltage Set Points in Automatic Test Equipment 
• Systems Requiring Data Access for Self-Diagnostics 
• Industrial Automation 
• Multi-Channel Microprocessor-Controlled Systems 2 
• Digitally Controlled Op Amp Offset Adjustment 
• Process Control . 
• Digital Attenuators 

GENERAL DESCRIPTION 
The DAC-8408 is a monolithic quad 8-bit multiplying digital-to
analog CMOS converter. Each DAC has its own reference input, 
feedback resistor, and on-board data latches that feature 
read/write capability. The readback function serves as memory 
for those systems requiring self-diagnostics. 

A common 8-bit TTL/CMOS compatible input port is used to 
load data into any of the four DAC data-latches. Control lines 
OS1, OS2, and AlB determine which DAC will accept data. Data 
loading is similar to that of a RAM's write cycle. Data ~n be 
read back onto the same data bus with control line R/W. The 
DAC-8408 is bus compatible with most 8-bit microprocessors, 
including the 6800, 8080, 8085, and l80. The DAC-8408 
operates on a Single +5 volt supply and dissipates less than 
20mW. The DAC-8408 is manufactured using PMl's highly 
stable, thin-film resistors on an advanced oxide-isolated, 
silicon-gate, CMOS process. PMI's improved latch-up resistant 
deSign eliminates the need for external protective Schottky 
diodes. 

lOUT 1" 

IOur1B 

L.."""+-oR .... 
r-'lN'---F'''' R,.c 

IOUTle 

IOUT2CI 
lOUT 20 

lOUT 10 
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·DAC-8408 
PIN CONNECTIONS 

2B-PIN 
HERMETIC DIP 

(T-Sullix) 

28-PIN 
EPOXY DIP 
(P-Sullix) 

2B-PIN SOL 
(S-Sullix) 

ABSOLUTE MAXIMUM RATINGS (TA = +25·C, unless 
otherwise noted.) 

Voo to lOUT 2A' lOUT 2S' lOUT 2C' lOUT 20 •••••••••••••••••••••••• 0, +7V 
Voo to DGND ................................................................. O,.+7V 

lOUT 1 A' lOUT 1 S' 
lOUT Ic,lOUT 10 to DGND •••••••••••••••••••••• -o.3Vto Voo + 0.3V 

RFSA, RFSB, RFSC, RFSD to lour ................................... ±25V 

lOUT 2A' lOUT 2S' 
lOUT 2C' lOUT 20 to DGND ....................... -o.3V to Voo + 0.3V 

DBOthrough DB7to DGND ....................... -o.3Vto Voo + 0.3V 
Control Logic 

Input Voltage to DGND .......................... -o.3V + V DO + 0.3V 

VRE~' VREFB, VREFC, VREFDto 
lOUT 2A' lOUT 2S' lOUT 2C' lOUT 20··· ........ •••• .... • ...... •••• .. • .. ±25V 

Operating Temperature Range 
Commercial Grade (GP) .................................. O·C to +70·C 
Industrial Grade (ET, FT, FP, FPC, FS) •••••• -40·C to +85·C 
Military Grade (AT, BT) .............................. -55·C to +125·C 

Junction Temperature .................................................. +150·C 

28-PIN 
PLASTIC LEADED 

CHIP CARRIER 
(PC·S~fflx) 

Storage Temperature .................................... -65·Cto +150·C 
Lead Temperature (Soldering, 10 sec) ........................ +300·C 

PACKAGE TYPE 9 lA (Note I) 9 lC UNITS 

28-Pin Hermetic DIP (T) 55 10 'CIW 
28-Pin Plastic DIP (P) 53 Z1 'CIW 

28-Pin SOl.. (5) 68 23 'CIW 
28-Con1aCt PlCC (PC) 66 29 'CIW 

NOTE: 
1. 9 1A is specified for worst case mounting conditions. i.e .. 9 jA is specified for 

device In socket for CerDfP and P·DIP packages; 9'A Is specified for device 
soldered to printed circuit board for SOL and PLCC .!ackages. 

CAUTION: 
1. Do not appfy wltages higher than V DO + O.3V or less than -o.3V potentiaf on 

any terminal except VREF and RFB• 
2 .. The digital control inputs are diode-protected; however. permanent damage 

may occur on unconnected Inputs from high·energy electrostatic fields. Keep 
in conductive foam at all times until ready to use. 

3. Use properanti-static handling procedures. 
4. Absolute Maximum Ratings apply to both packaged devices and DICE. 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage 1D the device. 

ELECTRICAL CHARACTERISTICS at Voo = +5V; VREF = ±10V; VourA, B, C, D = OV; TA = -55·C to +125·C apply for DAC
S40SATIBT, T A = -40·C to +S5·C apply for DAC-S40SET IFT/FPIFPCIFS; T A = O·C to + 70·C apply for DAC-S408GP, unless otherwise 
noted. Specifications apply for DAC A, B, C, & D. 

PARAMETER 

STATIC ACCURACY 

Resolution 

Nonlinearity 

INotes 1. 21 

Differential 
Nonlinearity 

Gain Error 

Gain Tempco I Notes 3. 61 

Power Supply Rejection 
I.lVoo = ±10%1 

lOUT 1A, B, C. 0 
Leakage Current 
I Note 131 

SYMBOL 

N 

INL 

DNL 

TCGFS 

PSR 

CONDITIONS 

DAC-8408A1E/G 
DAC-8408B/F/H 

DAC-840BA/E/G 
DAC-8408B/F/H 

IUsing Internal RFSI 

TA =+25°C 
TA = Full Temp. Range 

2-1070 DlGITAL-TO-ANALOG CONVERTERS 

DAC-8408 
MIN TYP MAX UNITS 

8 Bits 

±1/4 
LSB 

±1/2 

±1/2 
LSB ±1 

±1 LSB 

±2 ±40 ppm/oC 

0.001 %FSR/% 

±30 
±100 

nA 
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OAC-8408 
ELECTRICAL CHARACTERISTICS at VDD = +5V; VREF = ±10V; VouTA, B, C, D = OV; TA - -55°C to +125°C apply for DAC-
8408AT/BT, TA =-40°Cto +85°C apply for DAC-8408ET/FT/FPIFPCIFS; TA = O°C to +70°C apply for DAC-8408GP, unless otherwise 
noted. Specifications apply for DAC A, B, C, & D. Continued 

DAC-8408 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

REFERENCE INPUT 

Input Voltage Range ±20 V 

Input Resistance Match 
RA, B, C, 0 I Note 4) 

±1 % 

Input Resistance R'N 10 14 kll 

DIGITAL INPUTS 

Digital Input Low V,L 0.8 V 

Digital Input High V,H 2.4 V 

Input Current TA = +25°C ±0.01 ±1.0 
~A 

(NoteS) liN TA ~ Full Temp. Range ±10.0 

Input Capacitance 
C'N INote 6) 

8 pF 

DATA BUS OUTPUTS 

Digital Output Low VOL 1.6mA Sink 0.4 V 

Digital Output High VOH 400~A Source 4 V 

Output Leakage 
'LKG 

TA ~ +25°C ±0.OO5 ±1.0 
~A 

Current TA ~ Full Temp. Range ±0.075 ±10.0 

DAC OUTPUTS (Note 6) 

Propagation Delay 
tpo 150 180 ns 

(Note7) 

Settling Time 
t, 190 250 ns 

(Notes 11, 12) 

Output Capacitance COUT 
DAC Latches All "O's" 30 

pF 
DAC Latches All "I's" 50 

AC Feedthrough FT 120Vp_p @ F ~ 100kHz} 54 dB 

SWITCHING CHARACTERISTICS I Notes 6,10) 

Writeta tos1 0r TA ~ +25°C 90 
Data Strobe Time tOS2 TA ~ Full Temp. Range 145 

ns 

Data Valid to TA ~ +25°C 150 
Strobe Set-Up Time tosu TA ~ Full Temp. Range 175 

ns 

Data Valid to 
Strobe Hold Time tDH 10 ns 

DAC Select to 
Strobe Set-Up Time 

tAS 0 ns 

DAC Select to 
Strobe Hold Time tAH 0 ns 

Write Select to 

Strobe Set-Up Time 
twsu 0 ns 

Write Select to 

Strobe Hold Time tWH 0 ns 
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DAC-8408 
ELECTRICAL CHARACTERISTICS at Voo ~ +5V; VREF = ±10V; VourA, B, C, D= OV; TA = -55°Cto +125°C apply for DAC-
840SAT 1ST, T A a -40°C to +S5°C apply for DAC-840SET IFT/FPIFPCIFS; T A = O·C to +70·C apply for DAC-S40SGP, unless otherwise 
noted. Specifications apply for DAC A, B, C. & D. Continued 

PARAMETER SYMBOL CONDITIONS 

Read to TA=+25'C 
Data Strobe Width tRDS TA = Full Temp. Range 

Data Strobe to TA=+25'C 
Output Valid Time teo TA = Full Temp. Range 

Output Data to TA=+25'C 
Deselect Time tOTO TA = Full Temp. Range 

Read Select to 
Strobe Set-Up Time 

t RSU 

Read Select to 

Strobe Hold Time tRH 

POWER SUPPLY 

Voltage Range Voo 

Supply Current 
100 (Note 8) 

Supply Current 
100 

TA = +25'C 
(Note 9) TA = Full Temp. Range 

NOTES: 
1. This is an end~point linearity specification. 
2. Guaranteed to be monotonic over the full operating temperature range. 
3. ppm/'C of FSR (FSR = Full Scale Range = VREF - 1 LSB.) 
4. Input Resistance Temperature Coefficient = +300ppm/'C. 
5. Logic Inputs are MOS gates. Typical input current at +25'C is less than 

10nA. 
6. Guaranteed by design. 

BURN-IN CIRCUIT 

lea 

~'.7PF 
lc1 
~O.01PF 

+SV 
VDD 

A2 
SkU 

Aa 
100kl1 

~7 

A1 

1ktl 
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1 VDD 

G VREFA 

A"", 

4 IOUT1A 

5 lOUT W'OUT 2B 

S IOUT1B 
7 

AFBB 

8 VREFB 

-..! (LSB) DBO 

~ DB1 

.......1! DB2 

........E- DBa 

13 DB4 

~ DBS 

DAC-8408 
MIN TYP MAX UNITS 

220 
350 

ns 

320 
430 

ns 

200 
270 

ns 

0 ns 

0 ns 

4.5 5.5 V 

50 "A 

1.0 
mA 

1.5 

7. From Digital Input to 90% of final analog output current. 
8. All Digital Inputs "0" or Voo. 
9. All Digital Inputs V,H or V,L. 

10. See Timing Diagram. 
11. Digital Inputs = OV to Vooor Vooto OV. 
12. Extrapolated: ts (1/2 LSB) = tpo + 6.2T where T = the measured first time 

constant of the final RC decay. 
13. All Digital Inputs = OV; VREF = +10V. 

DGND 
28 

VRe..c 
Z1 

RFBC 
26 

IOUT1C 
2. 

lOUT :zclloUT 2D 
2. 

lOUT 10 
23 

RFeD 
22 '7 

VAEFi' 
21 

DS2 
20 

Ds1 

~ R/W 
18 A' 

S"" 
Alii 17 

D87(MS&) 1!- 7 
DB. l!-

+10V 

l 
t~ t C, 

4.7"F 
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DICE CHARACTERISTICS 

DIE SIZE 0.130 x 0.124 Inch, 16,120 sq. mils 
(3.30 x 3.15 mm, 10.4 sq. mm) 

1. VDD 

2. VREFA 
3. R,BA 
4. IOUT1A 

5. lOUT 2A/IoUT 2B 
6. IOUT1B 
7. RFBB 
8. VREFB 
9. DBO(LSB) 

10. DB1 
11. DB2 
12. DB3 
13. DB4 
14. DB5 

DAC-8408 

15. DB6 
16. DB7 (MSB) 
17. AlB 
18. R/W 
19. DS1 
20. DS2 
21. VREFD 
22. RFBD 
23. IOUT1D 

24. lOUT 2C/IOUT 2D 
25. IOUT1C 

26. RFBC 
27. VREFC 
28. DGND 

WAFER TEST LIMITS at VDD = +5V; VREF = ±10V; VouTA, B, C, 0 = OV; TA = +25°C, unless otherwise noted. Specifications apply for 
DAC A. B. C. & D. 

DAC-8408G 
PARAMETER SYMBOL CONDITIONS LIMITS UNITS 

STATIC ACCURACY 

Resolution N 6 Bits MIN 

Nonlinearity (Note 1) INL ±1I2 LSB MAX 

Differential Nonlinearity DNL ±1 LSB MAX 

Gain Error G FSE Using Internal RFS ±1 LSB MAX 

Power Supply Rejection 
PSR Using Internal RFB 0.001 %FSR/%MAX 

(.:oVoo = ±10%) (Note 2) 

lOUT 1A, S, C, D Leakage Current ILKG 
All Digital Inputs = OV 

VAEF =+10V 
±30 nAMAX 

REfERENCE INPUT 

Reference Input 
R'N 6/14 kOMIN/MAX 

Resistance (Note 3) 

Input Resistance Match R'N ±1 % MAX 

DIGITAL INPUTS 

Digital Input Low V,L 0.8 V MAX 

Digital Input High V,H 2.4 VMIN 

Input Current (Note 4) liN ±1.0 p.AMAX 
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DAC .. 8408 
WAFER TEST LIMITS at VDD= +5V; VREF=±10V; VOUTA, B, C, D =OV; TA =+25°C, unless otherwise noted. Specifications apply for 

DAC A, B, C, & D. (Continued) 

PARAMETER SYMBOL CONDITIONS 

DATA BUS OUTPUTS 

Digital Output Low VOL 1.6rnA Sink 

Digital Output High VOH 400l'A Source 

Output Leakage Current ILKG 

POWER SUPPLY 

Supply Current (Note 5) 100 

Supply Current (Note 6) 100 

NOTES: 
1. This is an endpoint linearity specification. 
2. FSR is Full Scale Range = VREF -1 LSB. 
3. Input Resistance Temperature Coefficient approximately equals 

+300ppmI"C. 

DAC-8408G 
LIMITS UNITS 

0.4 V MAX 

4 VMIN 

±1.0 I'AMAX 

50 I'AMAX 

1.0 rnA MAX 

4. Logic inputs are MOS gates. Typical input current at +25°C is less than 10nA. 
5. All Digital Inputs are either "0" or Voo. 
6. AII'Digitallnputs are either V,A or V,L. 

Electrical tests are performed at wafer probe to the limits shown, Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through s,~mple lot assembly and testing. 

TYPICAL PERFORMANCE CHARACTERISTICS 

4.5 
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OAC-840B 
TIMING DIAGRAM 

DATA BUS 

Riw 

tWH-t-

I I 
I I I 

DSlIDS2 ~IDS1/ID"K'·D'J 

TIMING MEASUREMENT REFERENCE LEVEL IS VIM ~ VINL. 

PARAMETER DEFINITIONS 

RESOLUTION 
Resolution is the number of states (2n) that the full-scale range 
(FSR) of a DAC is divided (or resolved) into. 

NONLINEARITY 
Nonlinearity (Relative Accuracy) is a measure of the maximum 
deviation from a straight line passing through the end-points of 
the DAC transfer function. It is measured after adjusting for 
ideal zero and full-scale and is expressed in LSB. %. or ppm of 
full-scale range. 

DIFFERENTIAL NONLINEARITY 
Differential Nonlinearity is the worst case deviation of any 
adjacent analog outputs from the ideal 1 LSB step size. A 
specified differential nonlinearity of ±1 LSB maximum over the 
operating temperature range ensures monotonicity. 

GAIN ERROR 
Gain Error (full-scale error) is a measure of the output error 
between the ideal and actual DAC output. The ideal full-scale 
output is VREF-1 LSB. 

OUTPUT CAPACITANCE 
Output Capacitance is that capacitance between lOUT 1A. 

lOUT 18. IOUT1e. or lOUT 10 and AGND. 

REV. A 

AC FEEDTHROUGH ERROR 
This is the error caused by capacitance coupling from VREFto 
the DAC output with all switches off. 

SETTLING TIME 
Settling Time is the time required forthe output function of the 
DAC to settie to within 1/2 LSB for a given digital input signal. 

PROPAGATION DELAY 
This is a measure of the internal delays of the DAC. It is defined 
as the time from a digital input change to the analog output
current reaching 90% of its final value. 

CHANNEL-TO-CHANNEL ISOLATION 
This is the portion of input signal that appears at the output of a 
DAC from another DAC's reference input. It is expressed as a 
ratio in dB. 

DIGITAL CROSSTALK 
Digital Crosstalk is the glitch energy transferred to the output of 
one DAC due to a change in digital input code from other 
DACs. It is specified in nVs. 
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CIRCUIT INFORMATION 
The DAC-8408 combines four identicalS-bit CMOS DACs onto 
a single monolithic chip. Each CAe has its own reference input, 
feedback resistor, and on-board data latches. It also features a 
read/write function that serves as an accessible memory 
location for digital-input data words. The DAC's three-state 
read back drivers place the data word back onto the data bus. 

DlA CONVERTER SECTION 
Each DACcontains a highly stable, silicon-chromium, thin-film, 
R-2R resistor ladder network and eight pairs of current steering 
switches. These switches are in series with each ladder resistor 
and are single-pole, double-throw NMOS transistors; the gates 
of these transistors are controlled by CMOS inverters. Figure 1 
shows a simplified circuit of the R-2R resistor ladder section, 
and Figure 2 shows an approximate equivalent switch circuit. 
The currentthrough each resistor leg is switched between IOUT1 
and lOUT 2. This maintains a constant current in each leg, 
regardless of the digital input logic states. 

Each transistor switch has a finite "ON" resistance that can 
introduce errors to the DAC's specified performance. These 
resistances must be accounted for by making the voltage drop 
across each transistor equal to each other. This is done by 
binarily-scaling the transistor's "ON" resistance from the most 
significant bit (MSB) to the least significant bit (LSB). With 10 
volts applied at the reference input, the current through the 
MSB switch is 0.5mA, the next bit is 0.25mA, etc.; this maintains 
a constant 10mV drop across each switch and the converter's 
accuracy is maintained. It also results in a constant resistance 
appearing at the DAC's reference input terminal; this allows the 
DAC to be driven by a voltage or current source, AC or bc of 
positive or negative polarity. 

Shown in Figure 3 is an equivalent output circuitfor DAC A. The 
circuit is shown with all digital inputs high. The leakage current 
source is the combination of surface and junction leakages to 
the substrate. The 11256 current source represents the constant 
1-bit current drain through the ladder terminating resistor. The 
situation is reversed with all digital inputs low, as shown in 
Figure 4. The output capacitance is code dependent, and 
therefore, is modulated between the low and high values. 

2-1076 DIGITAL-TO-ANALOG CONVERTERS 

FIGURE 1: Simplified D/A Circuit of DAC-840S 

"F. 

FIGURE 2: N-Channel Current Steering Switch 

TO LADDER 

F"OM~ INTERFACE . 
LOGIC 0---1 

lOUT 2 lOUT 1 

FIGURE 3: Equivalent DAC Circuit (All digital inputs HIGH) 

RFEEDBACK 

r-----,----'--O 'OUT2A 

t ~ 'LEAKAGE 
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FIGURE 4: Equivalent DAC Circuit (All digital inputs LOW) 

RFEEDBACK 

""1Oka 

.-----...... - ...... ---<> 'OUT lA 

o--"'IIIY-...... ------1>-----.,.....----O 'OUT2A 
VREF 

DIGITAL SECTION 
Figure S shows the digital inpuVoutput structure for one bit. 
The digital WR, WR, and RD controls shown in the figure are 
internally generated from the external AlB, RiW, DS1, and DS2 
signals. The combination of these signals decide which DAC is 
selected. The digital inputs are CMOS inverters, designed such 
that TIL input levels (2.4V and O.8V) are converted into CMOS 
logic levels. When the digital input is in the region of 1.2 to 1.8V, 
the input stages operate in their linear region and draw current 
from the +SV supply (see Typical Supply Current vs Logic Level 
curve on page 6). It is recommended that the digital input 
voltages be as close to V DO and DGND as is practical in order to 
minimize supply currents. This allows maximum savings in 
power dissipation inherent with CMOS devices. The three-state 
read back digital output drivers (in the active mode) provide 
TIL-compatible digital outputs with a fan-out of one TTL load. 
The three-state digital readback leakage-current is typically SnA. 

FIGURE 5: Digital InpuVOutput Structure 

,..-------RIi 

...----t- TO 'OUT2 
SWITCH 

WR 
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INTERFACE LOGIC SECTION 
DAC Operating Modes 
• All DACs in HOLD MODE. 

DAC-8408 

• DAC A, B, C, or D individually selected (WRITE MODE). 
• DAC A, B, C, or D individually selected (READ MODE). 
• DACs A and C simultaneously selected (WRITE MODE) . 
• DACs Band D simultaneously selected (WRITE MODE). 

DAC Selection: Control inputs, DS1, DS2, and AlB select which 
DAC can accept data from the input port (see Mode Selection 
Table). 

Mode Selection: Control inputs DS and Riw control the 
operating mode of the selected DAC. 

Write Mode: When the control inputs DS and R/Vii are both low, 
the selected DAC is in the write mode. The input data latches of 
the selected DAC are transparent, and its analog output 
responds to activity on the data inputs DBO-DB7. 

Hold Mode: The selected DAC latch retains the data that was 
present on the bus line just prior to DS or RiW going to a high 
state. All analog outputs remain at the values corresponding to 
the data in their respective latches. 

Read Mode: When DS is low and R/Vii is high, the selected DAC 
is in the read mode, and the data held in the appropriate latch is 
put back onto the data bus. 

M·')DE SELECTION TABLE 

CONTROL LOGIC 

DS1 DS2 AlB RlW MODE DAC 

L H H L WRITE A 
L H L L WRITE B 
H L H L WRITE C 
H L L L WRITE D 

L H H H READ A 
L H L H READ B 
H L H H READ C 
H L L H READ D 
L L H L WRITE A&C 
L L L L WRITE B&D 

H H X X HOLD AlB/C/O 
L L H H HOLD AlB/C/D 
L L L H HOLD AlB/C/D 

L=LQWSTATE H = HIGH STATE X = IRRELEVANT 
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BASIC APPLICATIONS 
Some basic circuit configurations are shown in Figures 6 and 7. 
Figure 6 shows the DAC-8408 connected in a unipolar configura= 
tion (2-Quadrant Multiplication), and Table I shows the Code 
Table. Resistors R1, R2, Ri,and R4 are used to trim full scale 
output. Full-scale output voltage = VREF-1 LSB=VREF (1 ~2-8) or 
VREF X (255/256.) with all digital inputs high. Low temperature 
coefficient (approximately 50ppm/OC) resistors or trimmers 
should be selected if used. Full sCllle can also be adjusted using 
VREF voltage. This will eliminate resistors R1, R2, R3, and R4. In 
many applications, R1 through R4 are not required, and the 
maximum gain error will tlian be that of the DAC. 

Each DAC exhibits a variable output resistance that is code
dependent. Tliis produces a code-dependent, differential non
linearity term at the amplifier's output which can have a 
maximum value of 0.67 X the amplifier's offset voltage. This 
differential nonlinearity term adds to the R-2R resistor ladder 
differential-nonlinearity; the output may no longer be mono
tonic. To maintain monotonicity and minimize gain and· Ii nearity 
errors, it is recommended that the op amp offset voltage be 
adjusted to less than 10% of 1 LSB (1 LSB = z-8 X VREF or 
11256 X VREF), or less than 3.9mVoverthe operating temperature 
range. Zero-scale output voltage (with all digital inputslO1lil) 
may be adjusted using the op amp offset adjustment. Capacitors 
C1, C2, C3, and C4 provide phase compensation and help pre
vent overshoot and ringing when using high speed op,amps. 

Figure 7 shows the recommended circuit configuration for the 
bipolar operation (4-quadrant multiplication), and Table II 
shows the Code Table. Trimmer resistors R17, R18, R19, and R20 

are used only if gain error adjustments are required and range 
between 50 and 10000. Resistors R21, R22, R23, and R24 will 
range betwen 50 and 500ft !f these resistors are used, it is 
essential that resistor pairs R9-R13, R10-R14, R11-R15, 
R12-R16 are matched both in value and tempco. They should 
be within 0.01%; wire wound or metal foil types are preferred for 
best temperature coefficient matching. The circuits of Figure 6 
and 7 can either be used as a fixed reference D/A converter, or 
as an attenuator with an AC input voltage. 

TABLE I: Unipolar Binary Code Table (Refer to Figure 6.) 

DAC DATA INPUT 
MSB LSB ANALOG OUTPUT 

0 0 0 0 0 0 (129) -VREF 256 

0 0 0 0 0 0 0 (128) -VIN 
-VREF 256 = -2-

0 (127) -VREF 256 

0 0 0 0 0 0 0 -VREF (2~6) 
0 0 0 0 0 0 0 0 -VREF (2~6) =0 

NOTE: 1 
1 LSB = 1Z-81IVREFI = 256 (VREFI 

FIGURE 6: Quad DAC Unipolar Operation (2-Quadrant Multiplication) 
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15 

*ALL AMPLIFIERS ARE 0P-27 .. 1/4 OP-4201, OR 1/4 OP-4215. 
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DAC-8408 
FIGURE 7: Quad DAC Bipolar Operation I4-Quadrant Multiplication) 
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YREFB YREFI' ~ 
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10 DAC-8408 
19} DIGITAL 

11 18 ~1~~1~L ,. 17 

13 16 ,. 15 VourD 

*ALL AMPLIFIERS ARE OP-275, 1/4 OP·42Os, OR 1/4 OP-4215. 

TABLE II: Bipolar (Offset Binary) Code Table (Refer to Figure 7.) APPLICATION HINTS 

DAC DATA INPUT 
MSB LSB 

0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

NOTE: 1 
1 LSB = 1Z-71IVREF I = 128 IVREFI 

REV. A 

ANALOG OUTPUT 
(DAC A OR DAC B) 

( 127) +VREF 128 

+VREF (1~8) 
0 

-VREF (1~8) 
( 127) -VREF 128 

(128 ) -VREF 128 

General Ground Management: AC or transient voltages between 
AGND and DGND can appear as noise at the DAC-8408's 
analog output. Note that in Figures 5 and 6, lOUT 2A/IOUT2B and 
lOUT 2c1loUT 20 are connected to AGND. Therefore, it is 
recommended that AGND and DGND be tied together at the 
DAC-8408 socket. In systems where AGND and DGND are tied 
together on the backplane, two diodes (1N914 or equivalent) 
should be connected in inverse parallel between AGND and 
DGND. 

Write Enable Timing: During the period when both DS and Riw 
are held low, the DAC latches are transparent and the analog 
output responds directly to the digital data input. To prevent 
unwanted variations of the analog output, the RiW should not 
go low until the data bus is fully settled (DATA VALID). 
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SINGLE SUPPLY, VOLTAGE OUTPUT OPERATION TABLE III: Single Supply Binary Code Table (Refer to 
The DAC-8408 can be connected with a single +5V supply to 
produce DAC output voltages from OV to +1.5V. !n Figure 8, 
the DAC-8408 R-2R ladder is inverted from its normal con
nection. A +1.500V reference is connected to the current 
outputpin4 (IOUT1A), and the normal VREFlnput pin becomes 
the DAC output. Instead of a normal current output, the R-2R 
ladder outputs a voltage. The OP-490, consisting of four 
precision low-power op amps that can operate its inputs and 
outputs to zero volts, buffers the DAC to produce a low
impedance output voltage from OV to +1.5V full-scale. Table 
III shows the code table. 

With the supply and reference voltages as shown, better than 
1/2 LSB differential and integral nonlinearity can be ex
pected. To maintain this performance level, the +5V supply 
must not drop below 4.75V. Similarly, the reference voltage 
must be no higher than 1.5V. This is because the CMOS 
switches require a minimum level of bias in orderto maintain 
the linearity performance. 

FIGURE 8: Unipolar Supply, Voltage Output DAC Operation 

Figure 8) 

DAC DATA INPUT 
MSB LSB 

0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

+5Y DBD (LSB) DB1 0,,2 ••••••••• DBS DB7 (MSB) 

10 11 15 ,. 

>--4~~~:""'''''''!----''H--...... !-___ ...... !--<r+.JVRI/'Ir....:R~''''=:.:...f''''::''-o N.C. 

DGND 1/4 OAC-84GB 
2. 
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ANALOG OUTPUT 

( 255) VREF 256 ' +1.4941V 

( 129) VREF 256 ' +O.7559V 

( 128) VREF 256 ' +O.7500V 

VREF G~), +O.7441V 

VREF (2~6)' +O.OO59V 

VREF (2~6)' O.OOOOV 

+5V 

Vou. 
OVTO+1.5V 
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FIGURE 9: A Digitally Programmable Universal Active Filter 

06 
100kn 

DACB 

INPUT >='-+---W\r--~'" VnEF ,% 
1/4 DAC~8408 

A DIGITALLY PROGRAMMABLE ACTIVE FILTER 
A powerful D/A converter application is a programmable 
active filter design as shown in Figure 9. The design is based 
on the state-variable filter topology which offers stable and 
repeatable filter characteristics. DAC Band DAC D can be 
programmed in tandem with a single digital byte load which 
sets the center frequency of the filter. DAC A sets the Q of 
the filter. DAC C sets the gain of the filter transfer function. 
The unique feature of this design is that varying the gain of 
filter does not affectthe Q of the filter. Similarly, the reverse is 
also true. This makes the programmability of the filter 
extremely reliable and predictable. Note that low-pass, high
pass, and bandpass outputs are available. This sophisticated 
function is achieved in only two IC packages. 

The network analyzer photo shown in Figure 10 superim
poses five actual bandpass responses ranging from the low
est frequency of 75Hz (1 LSB ON) to a full-scale frequency of 
19.132kHz (all bits ON), which is equivalent to a 256 to 1 
:lynamic range. The frequency is determined by fc= 1/21TRC 
where R is the ladder resistance (R ,N) of the DAC -8408, and 
C is 1000pF. Note that from device to device, the resistance 
R'N varies. Thus some tuning may be necessary. 
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os 
100kO 

,% 

1000pF 

DAC-8408 

DACD 

,0 )'.=--.------11----...... .::21'-1 VREF 

+15V 1/4 DAC-8408 

HIGH 
PASS 

BAND 
PASS 

FIGURE 10: Programmable Active Filter Band-Pass Frequency 
Response 

THE CIRCUIT PROVIDES FULL a-BIT 
(> 2 DECADE) DVNAMIC RANGE OF 
FREQUENCY CONTROL 

All components used are available off-the-shelf. Using low 
drift thin-film resistors, the DAC-8408 exhibits very stable 
performance over temperature. The wide bandwidth of the 
OP-470 produces excellent high frequency and high Q 
response. In addition, the OP-470's low input offset voltage 
assures an unusually low DC offset at the filter output. 
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FIGURE 11: A Digitally Programmable, Low-Distortion Sinewave Oscillator 

lOki! 
1% 

A LOW-DISTORTION, PROGRAMMABLE 
SINEWAVE OSCILLATOR 
By varying the previous state-variable filtertopology slightly, 
one can obtain a very low distortion sinewave oscillator with 
programmable frequency feature as shown in Figure 11. 
Again, DAG Band DAG D intande"m control the oscillating 
frequency based on the relationship fe = 1/27TRG. Positive 
feedback is accomplished via the 82.5kCl and the 20kCl potentio
meter. The Q of the oscillator is determined by the ratio of 
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OUTPUT 

1N4148 

1.lkO 
!-=-+.4--"M--i)I,--'YV\r-- -1'V 

r--K~---' -2.7V 

10kO and 4750 in series with the FET transistor, which acts 
as an automatic gain control variable resistor. The AGG 
action maintains a very stable sinewave amplitude at any 
frequency. Again, oniY two les accomplish a very useful 
function. 

At the highest frequency setting, the harmonic distortion 
level measures 0.016%. As the frequencies drop, distortion 
also drops to a low of 0.006%. At the lowest frequency setting, 
distortion came back up to a worst case of 0.035%. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
+5 to ±15 Volt Operation 
Unipolar or Bipolar Operation 
True Voltage Output 
Double·Buffered Inputs 
Reset to Min or Center Scale 
Fast Bus Access Time 
Readback 

APPLICATIONS 
Automatic Test Equipment 
Digitally Controlled Calibration 
Servo Controls 
Process Control Equipment 

GENERAL DESCRIPTION 
The DAC-8412 and DAC-8413 are quad, 12-bit, voltage output 
DACs with readback capability. Built using a complementary 
BiCMOS process, these monolithic DACs offer the user very 
high package density. 

Output voltage swing is set by the two reference inputs V REFH 

and VREFL• By setting the VREFL input to 0 volts and VREFH to 
a positive voltage, the DAC will provide a unipolar positive out· 
put range. A similar configuration with VREFH at 0 volts and 
VREFL at a negative voltage will provide a unipolar negative out
put range. Bipolar outputs are configured by connecting both 
VREFH and VREFL to nonzero voltages. This method of setting 
output voltage range has advantages over other bipolar offsetting 
methods because it is not dependent on internal and external 
resistors with different temperature coefficients. 

Quad, 12-Bit DAC 
Voltage Output with Readback 

OATAVO 

AO 

A1 

RiW 
as 

DAC-84121DAC-8413 I 
FUNCTIONAL BLOCK DIAGRAM 

VLOG1C 

~o-______ ~:::r::=-__ J 
LOACo---------------------~ 

Digital controls allow the user to load or read back data from 
any DAC, load any DAC and transfer data to all DACs at one 
time. 

An active low RESET loads all DAC output registers to mid
scale for the DAC-8412 and zero scale for the DAC-8413. 

The DAC-8412/DAC-8413 are available in 28-pin plastic DIP, 
cerdip, PLCC and LCC packages. They can be operated from a 
wide variety of supply and reference voltages with supplies rang· 
ing from single +5 volt to ±15 volts, and references from +2.5 
to ± 10 volts. Power dissipation is less than 330 mW with ± 15 
volt supplies and only 60 mW with a +5 volt supply. 

For MIL·STD-883 applications, coiuact your local ADI sales 
office for the DAC-84121DAC-8413/883 data sheet which speci
fies operation over the - 55°C to + 125°C temperature range. 

0.500 r---,---.--..... --r---r--,..--r---, 
0.375 I-----+---+----+-----+---+---+---+-----f 

~ 0.250 

~ 0.125 'l!1~t-~~Iw'i:l~~~~~~~~~\---+-I:l-td ~ I 
ffi 0r----r---i~~~~~~-l----~~ .. ~R9 
i -0.125 t----+---t-----i---t---t---+--+---t 
i:5 Voo = +15V 
i!: -0.250 V 5S = -15V 
.J V REFH = +10V 

-0.375 V REFL = -10V 
TA = -SS"C,+25'C,+125"C 

-0.500 L-_~ __ ~_~ __ ~ __ ~_~ __ ~_-.J 

o "512 1024 1536 2048 2560 3072 3584 4096 

DIGITAL INPUT CODE 

INL VS. CODE OVER TEMPERATURE 
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DAC-84121DAC-8413 - SPECIFICATIONS 
E"LE' CTR'ICAL CHA', RA' 'CTERISTICS (@YDD=+15.0Y,Yss=-15.0Y'YLDGIC=+5.0Y'YREFH=+10.0Y'YREFL = -10.0 Y, 

. ..,..40°C :S TA :S +85°C unless otherwise spacified. Sae Note 1 for supply variations.) 

Parameter I Symbol I Conditions I Min I Typ I Max I Units 

Integral Linearity "E" INL 
Integral Linearity "F' INL 
Differential Linearity DNL Monotonic Over Temperature 
Min Scale Error VZSB RL = 2kO 
Full-Scale Error VPSB RL = 2kO 
Min Scale Tempco TCVZSB RL = 2kO 
Full-Scale Tempco TCVFSB RL = 2kO 

MATCIDNG PERFORMANCE 
Linearity Matching 

REFERENCE 
Positive Reference Input Range Note 2 
Negative Reference Input Range Note 2 
Reference High Input,Current IREFH 
Reference Low Input Current IRBFL 

AMPLIFIER CHARACTERISTICS 
Output Current loUT 
Settling Time ts to 0.01% 
Slew Rate SR 10% to 90% 

LOGIC CHARACTERISTICS 
Logic Input High Voltage VINH TA = +25"C 
Logic Input Low Voltage VINL TA = +25°C 
Logic Output High Voltage VOH IoH = +O.4mA 
Logic Output Low Voltage VOL IoL = -1.6 mA 
Logic Input Current lIN 
Input Capacitance CIN 
Crosstalk 
Large Signal Bandwidth -3 dB, VREFH = 0 to +10 V p-p 

LOGIC TIMING CHARACTERISTICS Note 3 
WRITE 

Chip Select Write Pulse Width twcs 
Write Setup tws twes = 80 ns 
Write Hold tWH twes = 80ns 
Address Setup tAS 
Address Hold tAH 
Load Setup tLS 
Load Hold tLH 
Write Data Setup twos twes = SOns 
Write Data Hold tWOH twes = 80ns 
Load Pulse Width tLwo 
Reset Pulse Width tRESET 

READ 
Chip Select Read Pulse Width tRes 
Read Data Hold tRDH tRCS = 130 ns 
Read Data Setup tRDS tRCS = 130 ns 
Data toHiZ toz CL = 10pF 
Chip Select to Data tcso CL = 100 pF 

SUPPLY CHARACTERISTICS 
Power Supply Sensitivity PSS 14.25 V:$Voo:$15.75 V 
Positive Supply Current 100 VREFH = +2.5 V 
Negative Supply Current Iss 
Power Dissipation Pmss 

NOTES 
lAU supplies can be varied ±5%, and operation is guaranteed. Device is tested with nominal supplies. 
20peration is guaranteed over this reference range, but linearity is neither tested nor guaranteed. 

-I 

VRBFL + 2.5 
-10 
-2.75 
0 

-5 

2.4 

2.4 

80 
0 
0 
0 
0 
70 
30 
20 
0 
170 
140 

130 
0 
0 

-10 

'AU input control signals are specified with tr = tf = 5 ns (10% to 90% of +5 V) and tinted from a voltage level of 1.6 V. 

Specifications subject to change without notice. 
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0.25 ±0.5 LSB 
±I LSB 

LSB 
±2 LSB 
±2 LSB 

15 ppmfC 
20 ppmfC 

±I LSB 

VDD - 2.5 V 
VREFH - 2.5 V 

+1.5 +2.75 mA 
+2 +2.75 mA 

+5 mA 
6 jIoSCC 

2.2 V/jIoscc 

V 
O.S V 

V 
0.4 V 
I JJA 

S pF 
>72 dB 
160 kHz 

40 ns 
ns 
ns 
ns 
ns 

30 ns 
10 ns 

ns 
ns 

130 ns 
100 ns 

100 ns 
ns 
ns 

150 ns 
120 160 ns 

150 ppmN 
8.5 12 mA 
-6.5 mA 

330 mW 
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DAC-841~AC-8413 
(@ Voo = VLDG1C = +5.0 V ±5%, Vss = 0.0 V, VREFH = 2.5 V, VRm = 0.0 V, and 

ELECTRICAL CHARACTERISTICS Vss =:=. -5.0 V ±5%, VRm = -2.5.V,. -40"C s; TA s; +85"C unless otherwise 
specified. See Note 1 for supply vanatlons.) 

Parameter Symbol Conditions Min Typ Max 

Integral Linearity "E" INL 112 ±I 
Integral Linearity "F' INL ±2 
Integral Linearity "E" INL Vss = 0.0 V; Note 2 ±2 
Integral Linearity "F" INL Vss = 0.0 V; Note 2 ±4 
Differential Linearity DNL Monotonic Over Temp -I 
Min Scale Error VZSE Vss = -5.0 V ±4 
Full-Scale Error VPSE Vss = -5.0 V ±4 
Min Scale Error VZSE Vss = O.OV ±S 
Full-Scale Error VPSE Vss = O.OV ±S 
Min Scale Tempco TCVzsE 100 
Full-Scale Tempco TCVpsE 100 

MATCHING PERFORMANCE 
Linearity Matching ±I 

REFERENCE 
Positive Reference Input Range Note 3 VREPL + 2.5 VDD - 2.5 
Negative Reference Input Range Vss = O.OV 0 VREFH - 2.5 
Negative Reference Input Range Vss = -5.0 V -2.5 VREFH - 2.5 
Reference High Input Current lREFH Code OOOH -1.0 +1.0 

AMPLIFIER CHARACTERISTICS 
Output Current lOUT -1.25 +1.25 
Settling Time ts to 0.01% 6 
Slew Rate SR 10% to 90% 2.2 

LOGIC CHARACTERISTICS 
Logic Input High Voltage VINH TA = +25"C 204 
Logic Input Low Voltage V,NL TA = +25"C O.S 
Logic Output High Voltsge VOR lOR = +OAmA 2.4 
Logic Output Low Voltsge VOL IOL = -1.6 mA 0045 
Logic Input Current l'N I 
Input Capacitance C,N S 

LOGIC TIMING CHARACTERISTICS Note 4 
WRITE 

Chip Select Write Pulse Width twcs 150 90 
Write Setup tws twcs = ISO ns 0 
Write Hold twa twcs = ISO ns 0 
Address Setup tAS 0 
Address Hold tAR 0 
Load Setup tLS 70 30 
Load Hold tLH 50 20 
Write Data Setup twos twcs = 150 ns 20 
Write Data Hold tWOH twcs = 150 ns 0 
Load Pulse Width tLWD ISO 130 
Reset Pulse Width tRESET 150 110 

READ 
Chip Select Read PuJse Width tRCS 170 120 
Read Data Hold tRDR tRCS = 170 ns 20 
Read Data Setup tRDs tRCS = 170 ns 0 
Data to HiZ tDZ CL = 10 pF 200 
Chip Select to Data tcsD CL = 100 pF 220 320 

SUPPLY CHARACTERISTICS 
Power Supply Sensitivity PSS 100 
Positive Supply Current IDD 7 12 
Negative Supply Current Iss Vss = -5.0V -10 

NOTES 
'All supplies can be varied ±5%, and operation is guaranteed. Device is tested with VDD = +4.75 V. 

Units 

LSB 
LSB 
LSB 
LSB 
LSB 
LSB 
LSB 
LSB 
LSB 
ppmfC 
ppmfC 

LSB 

V 
V 
V 
mA 

mA 
j.l.s 
V/j.l.s 

V 
V 
V 
V 
jJ.A 
pF 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 

ppm/V 
mA 
mA 

2For single supply operation only (VRBFL = 0.0 V, Vss = 0.0 V): Due to internal offset errors, INL and DNL are measured beginning at code 2 (002H). 

'Operation is guaranteed over this reference range, but linearity is neither tested nor guaranteed. 
'All input control signals are specifIed with tr = If = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 

SpecifIcations subject to change without notice. 
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WAFER TEST LIMITS (@ Voo = +15.0 V, Vss = -15.0 V, VLOS1C = +5.0 V, VREFH = +10.0 V, VREFl = -10.0 V, T, 
= + 25"& unless otherwise specified.) 

I I i i 

DAC-8412GBC 
DAC·8413GBC 

Parameter Symbol Conditions Limit Units 

Integral Nonlinearity INL ±l LSBmax 
Differential Nonlinearity DNL ±l LSBmax 
Min Scale Offset VZSE ±l LSBmax 
Full·Scale Offset VFSE ±l LSBmax 
Logic Input High Voltage VINH 2.4 V min 
Logic Input Low Voltage VINL 0.8 V max 
Logic Input Current lIN 1 ,...Amax 
Logic Output High Voltage VOH IoH = +0.4mA 2.4 V min 
Logic Output Low Voltage VOL IOL = -1.6 mA 0.4 V max 
Positive Supply Current 100 VREFH = +2.5 V 12 mAmax 
Negative Supply Current Iss -10 mAmin 

NOTE 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods 
and normal yield loss, yield after psckaging is not guaranteed for standard product dice. Consult factory 
to negotiate specifl£8tions based on dice lot qualification through sample lot assembly and testing. 

ABSOLUTE MAXIMUM RATINGS 
(T A = + 2S'C unless otherwise noted) 
Vss to VOD ••.••••••••••••••••••. -0.3 V, +33.0 V 
Vss to VLOGIC •••••••••••••••••••• -0.3 V, +33.0 V 
VLOGIC to DGND .................. -0.3 V, + 18.0 V 
Vss to VREFL .................. -0.3 V, +Vss-2.0 V 
VREFH to VDO •••••••••••••••••••• +2.0 V, +33.0 V 
VREFH to VREFL ................. +2.0 V, Vss-Voo 
Current into Any Pin4 ..................... ± IS mA 
Digital Input Voltage to DGND .... -0.3 V, VLOGIC +0.3 V 
Digital Output Voltage to DGND ........ -0.3 V, +7.0 V 
Operating Temperature Range 

ET, FT, EP, FP, FPC, FTC .......... -40°C to +8SoC 
AT, BT, BTC ................... -55°C to +125°C 

Dice Junction Temperature .................. + 150°C 
Storage Temperature ............... -65°C to + 150°C 
Power Dissipation Package ................. 1000 mW 
Lead Temperature (Soldering, 60 sec) ........... + 300°C 

Thennal Resistance 

Package Type !lIA 
1 

!lIC Units 

28-Pin Hermetic DIP (T) 50 7 0c/w 
28-Pin Plastic DIP (P) 48 22 0c/w 
28-Lead Hermetic Leadless Chip Carrier (TC) 70 28 0c/w 
28-Lead Plastic Leaded Chip Carrier (PC) 63 25 0c/w 

NOTE 
18JAis specified for worst case mounting conditions, i.e., aJA is specified for 
device in socket. 

DGND 5 

RESET 6 

LilAC 7 

DBO 8 

DB1 9 

08210 

DICE CHARACTERISTICS 

orE SIZE 0.225 x 0.165 INCH, 37.125 SQ. MILS 
(5.715 x 4.191 mm, 23.95 sq. mml 

DIE SUBSTRATE IS CONNECTED TO VDO 

CAUTION __________________________________________________________________ ___ 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional operation at or above this specification is not 
implied. Exposure to the above maximum rating conditions for extended periods may affect 
device reliability. 

2. Digital inputs and outputs are protected, however, permanent damage may occur on unprotected 
units from high-energy electrostatic fields. Keep units in conductive foam or packaging at all 
times until ready to use. Use proper antistatic handling procedures. 

3. Remove power before inserting or removing units from their sockets. 

4. Analog outputs are protected from short circuit to ground or either supply. 
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ORDERING INFORMATION* 

Extended 
Militarrl Industrialt 

INL Temperature Temperature 
(LSD) -55"C to + 125"C -4O"C to +85"C Package 

±1 DAC8412FPC PLCC 
±1 DAC8412FTC LCC 
±1.5 DAC8412BTCl883 LCC 
±O.5 DAC8412ET Cerdip 
±O.75 DAC8412AT/883 Cerdip 
±1 DAC8412FT Cerdip 
±1.5 DAC8412BT/883 Cerdip 
±O.5 DAC8412EP Plastic 
±1 DAC8412FP Plastic 
±1 DAC8412GBC Dice 
±1 DAC8413FPC PLCC 
±1 DAC8413FTC LCC 
±1.5 DAC8413BTCl883 LCC 
±O.5 DAC8413ET Cerdip 
±O.75 DAC8413AT/883 Cerdip 
±1 DAC8413FT Cerdip 
±1.5 DAC8413BT/883 Cerdip 
±O.5 DAC8413EP Plastic 
±1 DAC8413FP Plastic 
±1 DAC8413GBC Dice 

*Burn·in is available on extended industrial temperature range parts in cerdip 
and LCC packages. For ordering infonnation, see databook. 

tA complete /883 data sbeet is available. For availability and burn·in infor· 
mation, contact your local sales office. 

CS 

ADlAl 

DATA _~=:-j{~~~~=-":~ __ OUT 

Data Output (Read) Timing 

Data WRITE (Input and Output Registers) Timing 

REV.S 
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PIN CONFIGURATIONS 

DIP Pinout 

VREFL 

VaUTC 

VOUTD 

Voo • VLOGIC 

DAC-8412 
DAC·8413 

AD 
TOP VIEW 

(Not to Scale) Al 

rWi 

DB2 DBll (MSB) 

DB3 OB10 

DB. DB9 

DBS DBB 

DBB DB7 

PLCC Pinout 

;:! 5 ~ ~ ~ 5 
:} " II! " 0 ~ 0 0 

> > > > > 

Voo 

VLOGIC 

DAC·8412PC Cs 

DAC-8413PC AD 
TOP VIEW 

Al (Not to Scale) 

DB2 RiW 
DB3 11 DBll (MSB) 

.. 13 .. Iii .. III " ID ID ID iii Q Q Q Q Q Q 
Q 

LCC Pinout 

g .. iE ~ ~ 5 :} s .. 
0 ~ II: II: ~ 0 
> > > > 

VLOGIC 

i:DAc 7 Cs 
AD 

Al 

DB2 rWi 
DB3 DBll (MSB) 

:; 13 .. 0> " ID ID iii Q Q Q Q 
Q 
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VDD~--~~---------------------'----~---{ 

V.EFH ~---~~------------------+----~----{ 
VREFL ~I---I-+-__ +---------_---+----+---! 

--l 
D1 

LDAC lUI 

DBD A1 

DB1 Rfii 
DB2 DB11 

R6 DB3 DB1D 

DB4 DB9 

DB5 DBa 
I R1 

DBa DB7 L_ --~ 
ONCE PER PORT 

GND~-D-1~~t7~-1-r-------------~--+-~~~~ 

VSS~--4---+-~~--------------------{ 

VDD = +15V, Vss = -15V, VREFH = +1OV, V REFL = -1OV 
R1 = 100. R2 = 1000. R3 = 51<0. R4 = 11*0. R5 = 1DDkO. 
R6 = 479 for Lee, RS = 1()C)g for DIP 
C1 = 4.7.F (ONCE PER PORT). C2 =.D.D1.F (EACH DEVICE) 
D1 = 1N4OO1 OR EQUIVALENT (ONCE PER PORT) 

DAC-8412IDAC-8413 Burn-In Diagram 

OPERATION 
Introduction 
The DAC-8412 and DAC-8413 are quad, voltage output, 12-bit 
DACs featuring a 12-bit data bus with readback capability. The 
only differences between the DAC-8412 and DAC-8413 are the 
reset functions. The DAC-8412 resets to midscale (code 8~) 
and the DAC-8413 resets to minimum scale (code OOOH)' 

The ability to operate from a single + 5 volt only supply is a 
unique feature of these DACs. 

Operation of the DAC-8412 and DAC-8413 can be viewed by 
dividing the system into three separate functional groups: the 
digital YO and logic, the digital to !!!lalOg converters a.l1d the 
output amplifiers. 

DACs 
Each DAC is a voltage switched, high impedance (R = 50 kO), 
R-2R ladder configuration. Each 2R resistor is driven by a pair 
of switches that connect the resistor to either V RBFH or V REFL' 

Reference Inputs 
All four DACs share common reference high (VRBFH) and 
reference low (V RBPV inputs. The voltages applied to these ref
erence inputs set the output high and low voltage limits of all 
four of the DACs. Each reference input has voltage restrictions 
with respect to the other reference and to the power supplies. 
The V RBPL can be set at any voltage between V ss and 
VREPH - 2.5 volts, and VRBFH can be set to any value between 
+VDD - 2.5 volts and VRBPL + 2.5 volts. Note that because of 
these restrictions the DAC-8412 references cannot be inverted 
(i.e., VRBPL cannot be greater than VRBFH). 

It is important to note that the DAC-8412's VREPH input both 
sinks and sources current. Also the input current of both 
VRBFH and VRBPL are code dependent. Many references have 
limited current sinking capability and must be buffered with 
an amplifier to drive VRBFH• The VRBPL has no such special 
requirements. 

It is recommended that the reference inputs be bypassed with 
0.2 j1.F capacitors when operating with ± 10 volt references. 

Digital VO 
See Table I for digital control logic truth table. Digital 1/0 con
sists of a 12-bit wide bidirectional data bus, two register select 
inputs, AO and AI, a RiW input, a RESET input, a Chip Select 
(CS), and a Load DAC (LDAC) input. Control of the DACs 
and bus direction is determined by these inputs as shown in 
Table I. Digital data bits are labeled with the MSB defined as 
data bit "11" and the LSB as data bit "0." All digital pins are 
TTUCMOS compatible. 

Table I. DAC-84121DAC-8413 Logic Table 

Al AO RIW CS RS LDAC INPUT REG OUTPUT REG MODE DAC 

L L L L H L WRITE WRITE WRITE A 
L H L L H L WRITE WRITE WRITE B 
H L L L H L WRITE WRITE WRITE C 
H H L L H L WRITE WRITE WRITE D 

L L L L H H WRITE HOLD WRITE INPUT A 
L H L L H H WRITE HOLD WRITE INPUT B 
H L L L H H WRITE HOLD WRITE INPUT C 
H H L L H H WRITE HOLD WRITE INPUT D 

L L H L H H READ HOLD READ INPUT A 
L H H L H H READ HOLD READ INPUT B 
H L H L H H READ HOLD READ INPUT C 
H H H L H H READ HOLD READ INPUT D 

X X X H H L HOLD Update all output registers All 
X X X H H H HOLD HOLD I HOLD All 
X X X X L X * All registers reset to mid/zero-scale All 
X X X H I- X * All registers latched to mid/zero-scale All 

*DAC-8412 resets to midscale, and DAC-8413 resets to zero scale. L = Logic Low; H = Logic High; X = Don't Care. 
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RE!IEIT~------------------~----~ 
ADDRESS 
DECODE 

Riii 
AO DECODE 

AI 

Cs 
Rfii------' 

DATA .. _-------------------' 

12 

~ .. --------------------------~ 
'NOTE: THE SIGNALS RDA, WRA, ETC., ARE INTERNAL CONTROL SIGNALS. 
THEY ARE INCLUDED FOR CLARIFICATION ONLY. 

Figure 1. 110 Logic Diagram 

See Figure 1 for a simplified 1/0 logic diagram. The register 
select inputs AO and Al select individual DAC registers "A" 
(binary code 00) through "D" (binary code 11). Decoding of the 
registers is enabled by the CS input. When CS is high no decod
ing takes place, and neither the writing nor the reading of the 
input registers is enabled. The loading of the second bank of 
registers is controlled by the LDAC input. By taking LDAC 
low while CS is high, all output registers can be updated simul
taneously. Note that the tLWD required pulse width for updat
ing all DACs is a minimum of 170 ns. 

The R!W input, when enabled by CS, controls the writing to 
and reading from the input register. 

Coding 
Both the DAC-8412 and DAC-8413 use binary coding. The out
put voltage can be calculated by: 

v: - V IVREFH - VREFL ) * N 
OUT - REFL + 4096 

where N is the digital code in decimal. 

RESET 
The RESET function can be used either at power-up or at any 
time during the DAC's operation. The RESET function is inde
pendent of CS. This pin is active LOW and sets the DAC out
put registers to either center code for the DAC-84l2, or zero 
code for the DAC-8413. The reset to center code is most useful 
when the DAC is configured for bipolar references and an out
put of zero volts after reset is desired. 

Supplies 
Supplies required are V ss, V DD and V LOGIC' The V ss supply 
can be set between -IS volts and 0 volts. V DD is the positive 
supply; its operating range is between +5 and + IS volts. 

V LOGIC is the digital output reference voltage for the readback 
function. It is normally connected to + 5 volts. This pin is a 
logic reference input only. It does not supply current to the de
vice. If you are not using the readback function, V LOGIC can be 
hard-wired 10 V DD' While V LOGIC does not supply current to the 
DAC-8412, it does supply currents to the digital outputs when 
readback is used. 

Amplifiers 
Unlike many voltage output DACs, the DAC-8412 features buff
ered voltage outputs. Each output is capable of both sourcing 
and sinking 5 rnA at ± 10 volts, eliminating the need for exter
nal amplifiers in most applications. These amplifiers are short 
circuit protected. 

REV.B 

DAC-84121DAC-8413 
Careful attention to grounding is important to accurate operation 
of the DAC-8412. This is not because the DAC-8412 is more 
sensitive than other 12-bit DACs, but because with four outputs 
and two references there is greater potential for ground loops. 
Since the DAC-8412 has no analog ground, the ground must be 
specified with respect to the reference. 

Reference Configurations 
Output voltage ranges can be configured as either unipolar or 
bipolar, and within these choices a wide variety of options ex
ists. The unipolar configuration can be either positive or nega
tive voltage output, and the bipolar configuration can be either 
symmetrical or nonsymmetrical. 

+15V 

INPUT * 

GAIN 
l00kQ 

OUTPUT 

REF-10 

VREFL 

+1OV OPERATION 

DAC-8412 
OR 

DAC-8413 

Figure 2. Unipolar + 10 V Operation 

BALANCE 
l00kQ 

12 

+15V 

39kQ 

DAC-8412 
OR 

DAC-8413 

Figure 3. Symmetrical Bipolar Operation 

Figure 3 (Symmetrical Bipolar Operation) shows the DAC-8412 
configured for ± 10 volt operation. Note: See the AD688 data 
sheet for a full explanation of reference operation. Adjustments may 
not be required for many applications since the AD688 is a very 
high accuracy reference. However if additional adjustments are 
required, adjust the DAC-8412 full scale first. Begin by loading 
the digital full-scale code (FFFH ), and then adjust the Gain Ad
just potentiometer to attain a DAC output voltage of 9.9976 
volts. Then, adjust the Balance Adjust to set the center scale 
output voltage to 0.000 volts. 

The 0.2 ",F bypass capacitors shown at the reference inputs in 
Figure 3 should be used whenever ± 10 volt references are used. 
Applications with single references or references to ± 5 volts 
may not require the 0.2 ",F bypassing. The 6.2 n resistor in 
series with the output of the reference amplifier is to keep the 
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amplifier from oscillating with the capacitive load. We have 
found that this is large enough to stabilize this circuit. Larger 
resistor values are acceptable, provided that the drop across the 
resistor doesn't exceed a V BE. Assuming a minimum V BE of 
0.6 volts and a maxirilUm current of 2.75 rnA, then the resistor 
should be under 200 !l for the loadirig of a sirigle DAC-S4l2. 

Using two separate references is not recommended. Having two 
references could cause different drifts with time and tempera
ture; whereas with a single reference, most drifts will track. 

Unipolar positive full-scale operation can usually be .set with a 
reference with the correct output voltage. This is preferable to 
using a reference and dividing down to the required value. For 
a 10 volt full-scale output, the circuit can be confIgured as 
shown in Figure 2. In this confIguration the full-scale value is 

10kC 

-15V 

VREFH 

YRiFL 

DAC-8412 
OR 

DAC-8413 

ZERO TO -1OY OPERATION 

Figure 4. Unipolar -10 V Operation 

Typical Performance Characteristics 

.. 
~ +2 1---+-1f-+-

set fIrst by adjusting the 10 k!l resistor for a full-scale output 
of 9.9976 volts. 

Figure 4 shows the DAC-8412 configured for -10 volt to zero 
volt operation. A REF -OS with a -10 volt output is connected 
directly to. V REFL for the reference voltage. 

Single +5 Volt Supply Operation 
For operation with a +5 volt supply, the reference should be set 
between 1.0 and +2.5 volts for optimum linearity. Note that 
lower reference voltages will have greater effects due to noise. 
Figure 5 shows a REF-43 used to supply a +2.5 volt reference 
voltage. The headroom of the reference and DAC are both suffi
cient to support a + 5 volt supply with ± 5% tolerance. V DD and 
V LOGIC should be connected to the same supply and separate 
bypassirig to each pin should be used. 

+5V 

INPUT 
OUTPUT V REFH 

REF·43 

GND V AEFL 

ZERO TO +2.5V OPERATION 
SINGLE +5V SUPPLY 

DAC-8412 
OR 

DAC-8413 

Figure 5. +5 V Single Supply Operation 

1+1 1---+~f-4--1--~-+~+--i "-
"""\ I ... 

I I 
f-- VDO = +15V 

Vss =",:,15V 
VAEFL = -10.OY 

~A=+f·C I 

w 

i 0 

i 
~-1 ~~-Z~~-1--1--+~+--1 

I 
~ -2 1--+--+-+-+-+--+--+--1 
:Ii 

8 10 11 12 
VREFH -Volts VREFH - Volts 

Differential Linearity vs. VREFH Differential Linearity vs. VREFH 
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VREFH-Volta 

INL vs. VREFH 

Voo= +15V 
"sa =-15V 
VREFL=OV 
TA= +2S·C 

I I 
12 
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m 
!l 
I 

a: +1 0 
a: 
a: w 

~ 
a: 0 
:I z 
::l 
:Ii 
:> -1 :Ii 

/1\ I' 
/ 'V , 

~ 
:Ii 

II 
/ 

VOD=+5V _ 
V •• • OV 
VREFL =OV 

TA= +25°C 

0.4 

~0.2 

I 
a: 

~ 0 

~ f2 
1L:..o.4 

-0.6 

---... 
---""'I .'\ 
---... '\ 

'" o 200 400 

VOD= +15V 
VSS =-15V 
VREFH= +1OV 
VREFL=-1OV 

I 
X!30~ 

X~ 

X-3o ........ 

600 800 1000 

0.3 

~ 0.1 

I 

~ -0.1 

iii 
~ 
~ -0.3 

:g 
OJ: 
I!l -0.5 

-0.7 
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X+~ 

/" 
/ ii~ 

V/ /" k-J )(-30 ...... 

V " Voo= +1SV I 

/ 
Vss=-1SV -
VREFH= +1OV 
V REFL=-1OV 

o 200 400 600 800 1000 
V REFH - Volts T. HOURS OF OPERATION AT +125'C T. HOURS OF OPERATION AT +125'C 

INL VS. VREFH Full-Scale Error vs. Time 
Accelerated by Burn-In 

Zero-Scale Error VS. Time 
Accelerated by Burn-In 

0.2 ,..----,-----r----, 
VOD= +1SV 
Vss·-15V 

1----+--- ~::~: ~~: 

-0.6 '-__ -" ___ -1. ___ ..... 

-75 o 75 150 
TEMPERATURE -'C 

Full-Scale Error vs. Temperature 

0.26125 1----:-tIlftJr.llilri----If---t--+----If---t---I 

~ 0.18750 
I 

a: 0.08375 

M 

I -0.09375 1--+--I--+-~W4'l-\;l...ttltt-d 

-0.18750 
VREFH=+10V 

-0.23125 V'E~=OV 1---+---~-~--_+--~--~ 
TA = :t-25'C 

-0.37500 L-...;;... ___ ...L..._--'I......._...L __ ...L..._--'I......._...J..._---I 
o 512 1024 1536 2046 2550 3072 3584 4096 

DIGITAL INPUT CODE 

Channel-to-Channel Matching (VSUPPLY = ±15 V) 

REV.S 

0.3 ,..----,-----r---..... 
VDD= +15V 
Vss .-1SV 

~ VREFH= +1OV 
I 0.1 ~---1---- V.EFL·-1OV 

a: 
Ii! 
iii 
~ -0.1 I-..c..--+---..""";;/----I 

i I_,;~~~::::~~::: ~-o.31-

-0.5 '-__ --'I....... __ --J. ___ ....I 

-75 75 
TEMPERATURE - 'C 

150 

Zero-Scale Error VS. Temperature 

0.75 I----t--+----II---t--+---I-

~ 0.50 

I 0.25 

i 
i -0.25 

:I 
~ -0.50 

-0.75 1If1L--t--If---t--I--+--J---+--I 

512 1024 1536 2046 2560 3072 35B4 4096 

DIGITAL INPUT CODE 

Channel-to-Channel Matching (VSUPPLY = +5 V) 
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2.0 

1.5 
c 
E 
I 

~ 
1.0 

.? 
0.5 

0 

13 

'" 
I 

VDD=+1SV 

"-
Vsa .-l~V 

VREFL=-10V 

10 

~ 
~ 

~" 
4 
-7 -3 

V REFH - VOLTS 

IDD VS. VREFH All DACS High 

DIGITAL INPUT CODE 

IVREFH vs. Code 

13 

0.500 

0.375 

~ 0.250 
I 
~ 0.125 

:Ii 0 

i -4.125 

ill 
~ ~.250 

-0.375 

-0.500 

.! Hi I"'~ 

"'" " .. ..A, .... IWf [N\; 

"'''- .r"II y .. 1..w.R . , 
Ir 'r 'lf 

YDD =+15V 
~VSS .-I5V 

VREFH=+1OV 
~V REF\. =-10V 

TA = -55'C,.25'C,+ 125'C 

o 512 1024 1538 2048 2580 3072 3584 _ 

DIGITAL INPUT CODE 

/NL vs. Code 

32.5mY ....-..... ..,... ...... .....,..-.---,..-..-....--.-.... 

5V 1--I=+-=-I-..j......j.....j.==I--Io-l~ 

INPU~ 1-++-+-4~~l--I-+-+-I 

SmY/dI. I-+--b-q...-+--\~~+-+-+-I 

5l =/ -.:..: ............. . 
I-+-+-+-++~+-I-+-I-I 

11IIG'D 1-+-+-+-1+-4_ YDD= .15Y 
Vss -=-15V 

1-+-+-+-1+-4- VREFH= .10Y 

1-+-++++--\_ Y REFL= -lOY 
TA =+25OC 

-17.SmY L-I-...L-L..j.J.....I_...:..I-...I.-....... -J 
-1 ..... 2~"dl. 18.~ 

Settling Time (Positive) 

15.5/11V ~""""'-"'T""""'-r......,r--..-...-..,... .... lOY ..... ,.......-..-..... ...-...-..,......,.. ................ 

ol-I-I-t-+I-I-I-HHH 
INPUT 
~ ~~+-~H-~~-+-+-4-4 

1-1-+-+-I+-+_ V •• =.,5V 
Vss=-15V 

2mV/dI. ~t-+-+-H-~- V REFH= .10V 
V VREF\.=-10V 

5 ... - '<..:. TA = +25°C 

-4.5mV 
-1 ...... 18.1141&0 

Settling Time (Negative) 

I 

1Y1 HH-f4I-+i -+-+-+--+--+--I 
dlv 

Ii!I 

------------------ ---- ----'---- -.-- ._ .. 

-580ns 1~S/ dl. 9.42~0 

Positive Slew Rate 

2-1092 DIGITAL-TO-ANALOG CONVERTERS 

1Y1 ~~'-'\\-l--+--+--+-+-+-H"-I 
dlv . VOD= .15V 

Ii!I ~l-+-+\~'.l-' ·_·++~;;.-!5.~OY 
TRIG'D J-+-+-+--lr-++ YREF\. = -lOY 

~-+-+-+\~+ iA=i25I°C I 
\ TTTT 

OY ......... ....I-J.....L....I.-~I_.L....I.II...JI...,J 
-58IJno 11lsl dlv 9.42JlS 

Negative Slew Rate 
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'" -10 H-ttHl-H-HI+ttll-t+Ht-l-tIiH-ttlH:ttII .. 
I 

~-30 

-50 

VDD= +15V 
IIss =-I5V 
VREFH= 0 ±100mV 
VREFL=-1OV 
DATA BITS = +5V lH-ttttttHH-ttiI 

Imril-illlill 
10 100 lk 10k lOOk 1M 10M 

FREQUENCY - Hz 

Small Signal Response 
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VDD=+15V 
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TA=+25'C 
DATA=DOO H 

150 

OL-~~~ __ '-~~~~ __ ~~ 
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lOUT vs. VOUT 

DAC-84121DAC-8413 

100 

o 
10 

llsL~ 
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~~SIiR 
'!k 
II 

+PSRR: 
VOD= +1SV±1Vp 
VSS =-I5V 
-PSRR: 
VOD = +15V 
Vss = -15V:t:1Vp 
VREFH= 10Y 
ALL DATA 0 

." 
100 lk 10k lOOk 

FREQUENCY - Hz 

PSRR vs. Frequency 

1M 
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r.ANALOG 
WDEVICES 

Quad 8-Bit Voltage Out CMOS DAC 
Complete with Internal 1 OV Reference 

FEATURES 
• No Adjustments Required, Total Error ± 1 LSB Max 

OVer Temperature 
• Four Voltage-Output DACs on a Single Chip 
• Internal10V bandgap Reference 
• Operates from Single + 15V Supply 
• Fast 50ns Data Load Time, All Temperatures 
• Pln-for-Pln Replacement for PM-7226 and AD7226, 

Eliminates External Reference 

APPLICATIONS 
• Process Controls 
• Multi-Channel Microprocessor Controlled: 

- System Calibration 
- Op Amp Offset and Gain Adjust 
- Level and Threshold Setting 

GENERAL DESCRIPTION 

The DAC-S426 is a complete quad voltage output D/A converter 
with internal reference. This product fits directly into any exist
ing 7226 socket where the user currently has a 10V external 
reference. The external reference is no longer necessary. The 
internal reference of the DAC-S426 is laser-trimmed to ±O.4% 
offering a 25ppmfOC temperature coefficient and 5mA of exter
nalload driving capability. 

SIMPLIFIED SCHEMATIC 

REV.C 

DAC-8426 

MSB~7+I--D~~~~~A~BUS~~ 
~B6-+---------, 

14 

WR 15 
A, 16 
Ao 1 

LOGIC 
CONTROL 

vss 

DAC-8426 I 
The DAC-S426 contains four S-bit voltage-output CMOS D/A 
converters on a single chip. A 10V output bandgap reference 
sets the output full-scale voltage. The circuit also includes four 
input latches and interface control logic. 

One ofthe four latches, selected by the address inputs, is loaded 
from the S-bit data bus input when the write strobe is active low. 
All digital inputs are TTUCMOS (5V) compatible. The on-board 
amplifiers can drive up to 1 OmA from either a single or dual 
supply. The on-board reference that is always connected to the 
internal DACs has 5mA available to drive external devices. 

Continued 

ORDERING INFORMATIONt 
TOTAL 

UNADJUSTED 
ERROR 
(LSB) 

±1 
±1 
±2 
±2 
±2 

MIL TEMP 
-55°C to +125°C 

DACB426AR 

DAC8426BR 

XINDTEMP 
-40°C to +85°C 

DAC8426ER 
DACB426EP 
DAC8426FR 
DAC8426FP 

DAC8426FStt 

For devices processed in total compliance to MIL·STD·883, add 1883 after 
pan number. Consultfactory for 883 data sheet. 

t Burn·in is available on commercial and industrial temperature range pans in 
CerDIP, plastic DIP, and TO·can packages. 

II For availability and burn·ln Information on SO and PLCC packages, contact 
your local sales office. 

vee 

18 

>_>--f2=-OVOUTA 

>-_-+'c;:.90VotnD 

AGND DGND 
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DAC-8426 
GENERAL DE;SCRIPTION Continued 

Its compact size. low power. and economical cost-per-channel. 
make the DAC-8426 attractive for applications requiring mu!
tiple D/A converters without sacrificing circuit-board space. 
System reliability is also increased due to reduced parts count. 

PMl's advanced oxide-based, silicon-gate. CMOS process al
lows the DAC-8426's analog and digital circuitry to be manufac
tured on the same chip. This. coupled with PMI's highly stable 
thin-film R-2R resistor ladder. aids in matching and temperature 
tracking between DACs. 

PIN CONNECTIONS 

BURN-IN CIRCUIT 

-{!,V 

20-PIN CERDIP 
(R-Sufflx) 

20-PIN EPOXY DIP 
(P-Sufflx) 

20-PINSOL 
(S-Sufflx) 

0.01 
I1F 

1 VOI,IlB 

2 VourA 

3 Vss 

4 VRE~UT 
5 AGND 

6 DGNO 

7 DBo(MSB) 

8 OB,. 

9 OBs 

10 OB4 

"::" 
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ABSOLUTE MAXIMUM RATINGS 
Voo to AGND or DGND .....•.................•...........•.... -0.3V. + 17V 
Vss to AGND or DGND .............................................. -7V; VU•Q 
Voo to Vss ........................................................... -0.3V. +24v 
AGND to DGND ...................................................... -0.3V. +5V 
Digital Input Voltage to DGND .............................. ,. -o.3V, Voo 
VREFOUTto AGND (Note 1) ....................•.............. -0.3V. Voo 
VOUT toAGND (Note 1) ............................................... Vss. Voo 
Operating Temperature 

Military ARIBR ....•.................................... -55·C to + 125·C 
Extended Industrial ERIEPIFRIFP/FS ...... -40·C to +85·C 

Maximum Junction Temperature .................................. + 150·C 
Storage Temperature ..................................... -65·C to + 150·C 
Lead Temperature (Soldering. 60 sec) •........................ +300·C 

THERMAL RESISTANCE 
PACKAGE TYPE aJA (Note 2) alc UNITS 

2o-Pin CerDIP (R) 70 7 'cm 
2o-Pin Plastic DIP (P) 61 24 'cm 
20·Pin SOL (S) 80 22 'cm 

NOTES: 
1. Outputs may be shorted to any terminal provided the package power dissipa' 

tion is not exceeded. Typical output short·circuit current to AGND is SOmA. 
2. ajA is specified for worst case mounting conditions. I.e., ajA is specified for 

device in socket for CerDlP and P·DIP packages; ajA is specified for device 
soldered to printed circuit board for SOL package. 

CAUTION: 
1. Do not apply voltages higher than V DD or less than V ss potential on any 

terminal. 
2. The digital control inputs are zener'protected; however, permanent damage 

may occur on unprotected units from hlgh·energy electrostatic fields. Keep 
units in conductive foam at all times until ready to use. 

3. Do not Insert this device Into powered sockets. Remove power before inser· 
tion or removal. 

4. Stresses above those listed under -Absolute Maximum Ratings· may cause 
permanent damage to device. 

.15V 
01 

0.0111F 

100 -= 
Vou,<) 20 4.711F 

VcxrrO 19 • 
18 5kO 

VDO .10V 

17 10Cka 
Ao 

16 5kn 
A1 

iNA 15 

DI!o(LSB) 
14 

DB, 
13 

OBo 
12 

DB. 
11 

.". 
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DAC-8426 
ELECTRICAL CHARACTERISTICS: Voo = +1SV ±10%. AGND = DGND = OV. Vss = OV. TA =-SS·C to +12S·C applies for 
DAC-8426AR/BR. T A = -40·C to +8S·C applies for DAC-8426ERIEP/FRlFP/FS. unless otherwise noted. 

DAC-8426 
PARAMETER SYMBOL CONDITIONS MIN TYp· MAX UNITS 

STATIC PERFORMANCE 

Resolution N 8 Bits 

Total Unadjusted Error TUE Includes Reference A,E ±I 
LSB 

(Note I) 
B,F ±2 • Relative Accuracy INL A.E ±112 

LSB 
B,F ±I 

Differential Nonlinearity 
DNL ±I LSB 

(Note 2) 

Full·Scale Temperature 
TCGFS Includes Reference 2S ppm/'C 

Coefficient 

Zero Scale Error VZSE 20 mV 

Zero Scale Error 
TCVzs Dual Supply Vss=-5V 10 !lV/'C 

Temperature Coefficient 

REFERENCE OUTPUT 

Output Voltage VREFOUT No Load 
A,E 9.96 10.04 

V 
B,F 9.92 10.08 

T emperaNre Coefficient TCVREFOUT 20 ppm/'C 

Load Regulation LDREG &IL • SmA 0.02 0.1 %/mA 

Line Regulation LNREG &Voo ±IO% 0.008 0.04 'ioN 

Output Noise eNRMS f·O.lIOIOHz 3 10 !lVp•p (Note3) 

Output Current IREFOUT & V REFOUT < 40mV S 7 mA 

DIGITAL INPUTS 

Logic Input "0" VINL 0.8 V 

Logic Input "I" VINH 2.4 V 

Input Current liN VIN=OVorVoo 0.1 10 flA 

Input Capacitance 
CIN 4 8 pF 

(Note 3) 

POWER SUPPLIES 

Positive Supply Current 
100 6 14 mA 

(Note 4) 

Negative Supply Current 
Iss Dual Supply Vss=-5V 4 10 mA 

(Note 4) 

Power Dissipation 
POISS 90 210 mW 

(NoteS) 

Power Supply Sensitivity Pss & Voo ·±5% 0.0002 0.01 %/% 
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DAC-8426 
ELECTRICAL CHARACTERISTICS: Voo =+1SV±10%, AGND = DGND =OV, Vss = OV, TA =-SS·Cto+12S·C applies for 
DAC-8426ARlBR, T A = -40·C to +8S·C applies for DAC-8426ERlEP/FRIFP/FS, unless otherwise noted. Continued 

DAC·8426 
PARAMETER SYMBOL CONDITIONS MIN TYp6 MAX UNITS 

DACOUTPUT 

Output Current (Source) 
lourSOURCE Digitalin _ All Ones 

(Note 3) 
10 mA 

Output Current (Sink) 
lourSlNK Digitalin = All Zeroes Vss =-5V 

(Note 3) 
350 450 jJA 

Minimum Load Resistance Rl(MIN) Digital In = All Ones 2 kn 

DYNAMIC PERFORMANCE (NOTE 3) 

Vour Slew Rate SR 4 Vips 

Vour Settling Time ts To ± 1/2 LSB, Rl = 2kn 
(Positive or Negative) 

3 !,S 

Digital Crosstalk Q 10 nVs 

SWITCHING CHARACTERISTICS (Nole 3) 

Address To Write 
Setup Time 

tAS 0 ns 

Address To Write 
Hold Time tAH 0 ns 

70 ns 
Data Valid To Write 

tos Setup Time 

10 ns 
Data Valid To Write 

tOH Hold Time 

Write Pulse Width tWR 50 ns 

NOTES: 
1. Includes Full-Scale Error, Relative Accuracy, and Zero Code Error. 

Note ±1 LSB = ±O.39% error. 
2. All devices guaranteed monotonic over the full operating temperature range. 
3. Guaranteed and not subject 10 production test. 
4. Digital inputs VIN = VINl orVINH; Vourand VREFOUT unloaded. 
5. POISS calculated by loox VOO' 
6. Typicals represent measured characteristics alTA = +25·C. 
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DICE CHARACTERISTICS 

DIE SIZE 0.129 x 0.152 Inch, 19,608 sq. mils 
(3.28 x 3.86 mm, 12.65 sq. mm) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

VOUTB 
V OUTA 
Vss 
VREFOUT 
AGND 
DGND 
DB7 (MSB) 
DBe 
DBs 
DB4 

DAC-8426 

11. DB3 
12. DB2 
13. DB, 
14. DBo(LSB) 
15. WR 
16. A, 
17. Au 
18. VDD 
19. VOUTD 
20. VOUTC 

WAFER TEST LIMITS at V DO = + 15V ±5%; V ss = AGND = DGND - OV; unless otherwise specified. TA = +25°C. All specifications 
apply for DACs A. B. C. and D. 

DAC-8426GBC 
PARAMETER SYMBOL CONDITIONS LIMITS UNITS 

Total Unadjusted Error TUE ±2 LSB Max 

Relative Accuracy INL ±1 LSB Max 

Differential Nonlinearity DNL ±1 LSB Max 

Full-Scale Error GFSE ±1 LSB Max 

Zero Code Error VZSE ±20 mVMax 

DAC Output Current lourS°URCE Digitalin = All Ones 10 mAMin 

Reference Output 
VREFOUT Voltage 

9.96 VMin 
10.04 V Max 

No Load 

Load Regulation LDREG 0.1 %lmAMax 

line Regulation LNREG 0.04 %IV Max 

Reference Output 
IREFOUT Current 

5 mAMin 

Logic Inputs High VINH 2.4 VMin 

Logic Inputs Low VINL 0.8 V Max 

logic Input Current liN ±1 vA Max 

Positive Supply Current 100 14 mAMax 

Negative Supply Current Iss 10 mAMax 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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DAC-8426 
TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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DAC-8426 
PARAMETER DEFINITIONS 

TOTAL UNADJUSTED ERROR (TUE) 
This specification includes the Full-Scale-Error, Relative Accu
racy Zero-Code-Error and the internal reference voltage. The 
ideal Full-Scale output voltage is 1 OV minus 1 LSB which equals 
9.961 volts. Each LSB equals 10Vx (11256) - 0.039 volts. 

DIGITAL CROSSTALK 
Dig ital crosstalk is the sig nal coupled to the output of a DAC due 
to a changing digital inputfrom adjacent DACs being updated~ It 
is specified in nano-Volt-seconds(nVs). 

Refer to the beginning of the Digital-to-Analog Converter sec
tion in the PMI databook for additional parameter definitions. 

CIRCUIT DESCRIPTION 

The DAC-8426 is a complete quad 8-bit D/A converter. It con
tains an internal bandgap reference, four voltage switched 
R-2R ladder DACs, four DAC latches, four output buffer ampli
fiers, and an address decoder. All four DACs share the internal 
ten volt reference and analog ground(AGND}. Figure 1 provides 
an equivalent DAC plus buffer schematic. 

FIGURE 1: Simplified circuit configuration for one DAC. 
(Switches are shown for all "1 s" on the digital inputs.) 

VOUT 

The eleven digital inputs are compatible with both TTL and 5V(or 
higher) CMOS logic. Table 1 shows the DAC control logic truth 
table for WR, A" and Ao operation. When WR is active low the 
input latch of the selected DAC is transparent, and the DAC's 
output responds to the data present on the eight digital data 
inputs(DBx). The data (DBx) is latched into the addressed 
DAC's latch on the positive edge of the WR control signal. The 
important timing requirements are shown in the Write Cycle 
Timing Diagram, Figure 2. 

INTERNAL TEN VOLT REFERENCE 
The internal 10V bandgap reference of the DAC-8426 is 
trimmed to the output voltage and temperature drift specifica
tions. This internal reference is connected to the reference in
puts of the four internal 8-bit D/A converters. The output termi
nal of the internal 1 OV reference is available on pin 4. The 10V 
output of the reference is produced with respect to the AGND 
pin. This reference output can be used to supply as much as 
5mA of additional current to external devices. Care has been 

2-1102 DIGITAL-TO-ANALOG CONVERTERS 

TABLE 1: DAC Control Logic Truth Table 

LOGIC CONTROL DAC-8426 
WR A, Au OPERATION 

No Operation 
H X X Device Not Selected 

L L L DAC A Transparent 

S L L DAC A Latched 

L L H DAC 8 Transparent 

S L H DAC 8 Latched 

L H L DAC C Transparent 

S H L DAC C Latched 

L H H DAC D Transparent 

S H H DAC D Latched 

L = Low State. H =High State. X= Don'tCare 

DATA 
r--:=tos~ r-::IOH 

)(~~~ I X 
--t lAS C - IAH r-

ADDRESS )(~~I : X 
'---tWR--, 

WR ~ ./ 
NOTES: 
,. ALL INPUT SIGNAL RISE AN) FALL TIMES ARE MEASURED 

FROM THE '0% TO 90% OF Voo. ~r = tf = 2Cns OVER THE 
Voo RANGE). VIN = 5V . 

2. TIMING REFERENCE LEVEL IS FROM: 
VINH+ VINL 
--2-

FIGURE 2: Write Cycle Timing Diagram 

VIN 

0 

VIN 

0 

VIN 

0 

taken in the design of the internal DAC switching to minimize 
transients on the reference voltage terminal(VREFOUT). Other 
devices connected to this reference terminal should have well 
behaved input loading characteristics. D/A converters such as 
the PMI PM-7226A have been designed to minimize reference 
input transient currents and can be directly connected to the 
DAC-84261 OV reference. Devices exhibiting large currenttran
sients due to internal switching should be buffered with an op 
amp to maintain good overall system noise performance. A 
1 Oll-F reference output bypass capacitor is required. 

BUFFER AMPLIFIER SECTION 
The four internal unity-gain voltage buffers provide low output 
impedance capable of sourcing 5mA or sinking 3501l-A. Typical 
output slew rates of ±4V/lI-s are achieved with 10V full-scale 
output changes and RL = 2kn. Figure 3 photographs show large
signal and settling time response. Capacitive loads to 3300pF 
maximum, and resistive loads to 2kn minimum can be applied. 
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a) LARGE SIGNAL 

TIME (2~s/OIV) 
Vss = -5V 

b) SETTLING TIME RESPONSE (NEGATIVE TRANSITION) 

TIME (1 ""/OIV) 
VSS = -5V 

c) SETTLING TIME RESPONSE (POSITIVE TRANSITION) 

> 
§~ 

> E 
~ 

FIGURE 3: Dynamic Response 

TIME (1 ""/OIV) 
Vss = OV OR-5V 

The outputs can withstand an indefinite short-circuit to AGND to 
typically SOmA. The output may also be shorted to any voltage 
between V DO and V ss; however, care must be taken to not ex
ceed the device maximum power dissipation. 

The amplifier's emitter follower output stage consists of an in
trinsic NPN bipolar transistor with a 4001lA NMOS pull-down 
current-source load connected to V ss. This circuit configuration 
shown in Figure 4 enables the output amplHierto develop output 
voltages very close to AGND. Only the negative supply of the 

REV.C 

TIME (2~s/D1V) 

VS• = OV 

TIME (1 ~s!DIV) 

v •• = OV 

TEST CONDITIONS. ALL PHOTOS: 
voo= +15V 

CREFOUT = 10"F 
RL =2kn 
DIGITAL INPUT SEQUENCE 0. 255. ° 

DAC-8426 

four output buffer amplifiers are connected to V ss' Operating the 
DAC-8426 from dual supplies (Vo - +15V and Vss = -5V) im
proves negative going output settPrng time near zero volts. 

When operating single supply (Voo = +15V and Vss = OV) the 
output sink current decreases as the output approaches zero 
voltage. Within 200mV of AGND (single-supply operation) the 
internal sinking capability appears resistive at a value of ap
proximately 12000. The buffer amplifier output current and volt
age characteristics are plotted in Figure 5. 
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DAC-8426 
APPLICATIONS SETUP 

UNIPOLAR OUTPUT OPERATION 
The output voltage appearing at any output V OUT is equal to the 
internal 10V reference multiplied by the decimal value of the 
latched digital input divided by 28 (_256). In equation form: 

VouT(D) = 0 1256 X 10V 

where 0 = 0'0 to 255'0 

INPUTo--J 

FIGURE 4: Amplifier Output Stage 

OUTPUT 

Note that the maximum possible output is 1 LSB less than the 
internal10V reference, that is, 255/256 x 10V .. 9.961V. Table 2 
lists output voltages for a given digital input. The total unad
justed error(TUE) specification olthe product grade used deter
mines the output tolerances of the values listed in Table 2. For 
example, a ±2 LSB grade DAC-8426FP loaded with decimal 
128'0 (half-scale) would have a guaranteed output voltage oc
curring in the range of 5V ±2 LSB, which is 5V ±(2 x 10V1256) 

700 

-0 

T~=~25,d 
voo= +'5V 

I I I 
-vss--sv 

(vss-ov 

o , 2 3 4 5 6 7 8 9 '0 
VOUT (VOLTS) 

FIGURE 5: DAC Output Current Sink 
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= 5V ±0.078V. Therefore VOUT is guaranteed to occur in the fol
lowing range: 

4.922V s VoUT(128,ol S 5.078V 

For the top grade DAC-8426EP ±1 LSB total unadjusted error 
(WE), the guaranteed range is 4.961 V S V 0UT(128,0) S 5.039V. 
These tolerances provide the worst case analysis including 
temperature changes. 

One additional characi:eristicguaranteed is a DNL of ±1 LSB on 
all grades. The DAC-8426 is therefore guaranteed to be mono
tonic. In the situation where acontinuously positive 1 LSB digital 
increment is applied, the output voltage will always increase in 
value, never decrease. This is very important is servo applica
tions and other closed-loop feedback systems. Finally, in the 
typical characteristic curves, long term output voltage drift (sta
bility) is provided. 

BIPOLAR OUTPUT OPERATION 
An external op amp plus two resistors can easily convert any 
DAC outputto bipolar output voltage swings. Figure 6 shows all 
four DACs output operating in bipolar mode. This is the general 
expression describing the bipolar output transfer equation: 

VouT(D) .. [(1+R/R,) x 0/256 x 10V]- R/R, x 10V, 

where 0 .. 0'0 to 255'0 

If R1 = R2, then VOUT becomes: 

VouT(D) = (D/128-1)x 10V 

Table 3 lists various output voltages with R, = R2 versus digital 
input code. This coding is considered offset binary. Note thatthe 
LSB step size is now 20Vl256 .. 0.078V, twice as large as the 
unipolar output case previously discussed. In orderto minimize 
gain and offset errors, choose R, and R2 to match and track 
within 0.1 % over the selected operating temperature range of 
interest. 

TABLE2: Unipolar Output Voltage as a Function of Digital Input 
Code. 

DIGITAL INPUT ANALOG OUTPUT 
CODE VOLTAGE (= 0/256 x 10V) 

255 
254 
129 
128 
127 

1 
o 

OFFSETTING AGND 

9.961 V 
9.922V 
5.039V 
5.000V 
4.961 V 
0.039V 
O.OOOV 

Full-Scale (FS) 
FS-1 LSB 

Half-Scale 

1LSB 
Zero-Scale 

Since the DAC ladder and bandgap reference are terminated at 
AGND, it is possible to offset AGND positive with respect to 
DGND. The 1 OV output span remains if a positive offset is ap
plied to AGND. The offset voltage source connected to AGND 
must be capable of sinking 14mA. AGND cannot be taken 
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7 De. 
(MSB) 

OBo 
14 (LSB) 

15 WR 
16 A, 

17 flo 

voo 

4 

FIGURE 6: Bipolar Operation 

negative with respectto OGNO; this would forward bias an inter
nal diode. Allowance must be made at Voo to maintain 3.5Vof 

headroom above V REFOUT. This connection setup is useful in 
single supply applications where virtual ground needs to be 
slightly positive with respect to ground. In this application con
nect V 55 to OGNO to take advantage of the extra buffer output 
current sinking capability when the OAC output is programmed 
to all zeros code, see Figure 7. 

CONNEC110N AND LAYOUT GUIDELINES 
Layout and design techniques used in the interface between 
digital and analog circuitry require special attention to detail. 
The following considerations should be evaluated prior to PCB 
layout. 

1. Return signal paths through the ground system should be 
carefully considered. High-speed digital logic current pulses 
traveling on return ground traces generate glitches that can 
be radiated to the analog circuits if the ground path layout 
produces loop antennas. Ground planes can minimize this 
situation. Separate digital and analog grounding areas to 
minimize crosstalk. Ideally a single common-point ground 
should be on the same PCB board as the OAC-8426. The 
analog ground returns should take advantage of the appro
priate placement of power supply bypass capacitors. 

REV.C 
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TABLE 3: Bipolar Output Voltage as a Function of Oigitallnput 
Code 

DIGITAL INPUT ANALOG OUTPUT 
CODE VOLTAGE (= 0/256 x 10V) 

255 9.922V Full-Scale (FS) 
254 9.844V FS-1 LSB 
129 0.078V 
128 O.OOOV Zero-Scale 
127 -a.078V 

1 -9.922V 
0 -10.000V Neg Full-Scale 

+15V 

18 

voo 

VOUT 
1VT011V 

FIGURE 7: AGND Biasing Scheme Providing Offset Output 
Range 

2. For optimum performance, bypass Voo and Vss (if using 
negative supply voltage) with 0.1 IlF ceramic disk capacitors 
to shunt high-frequency spikes. Also use in parallel 6.81l to 
10llF capacitors to provide a charge reservoir for lower fre
quency load change requirements. The reference output 
(VREFOUT) should be bypassed with a 10llF tantulum ca
pacitor to optimize reference output stability during data in
put changes. This helps to minimize digital crosstalk. 

3. Power Supply Sequencing - No special requirements exist 
with the OAC-8426. However, users should be aware that 
often the 5V logic supply may be powered up momentarily 
priorto the +15V analog supply. In this situation, the OAC-
8426 ESO input protection diodes will forward bias if the 
applied input logic is at logic "1". No damage will result to the 
input since the OAC-8426 is designed to withstand momen
tary currents of up to 130mA. This situation will likely exist for 
any OAC or AOC operating from a separate analog supply. 

4. ESO input protection - Attention has been given in the de
sign of the OAC-8426 to ESO sensitivity. Using the human 
body model test technique (MIL-STO 3015.4) the OAC-8426 
generally will withstand 1500V ESO transients on all pins. 
Handling and testing prior to PCB insertion generally expo
ses ICs to the toughest environment they will experience. 
Once the IC is soldered in the PCB, it is still important to con
sider any traces that connect to PCB edge connectors. 
These traces should be protected with appropriate devices 
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DAC-8426 
especially if the boards will experience field replacement or 
adjustment. Handling the exposed edge connectors. by field 
maintaince people in a low humidity environment can prQ· 
duce 20kV ESD transients. which will be detrimentalto almost 
any integrated IC connected to the edge connector. 

MICROPROCESSOR INTERFACING. 
The DAC-8426 easily interfaces to most 8- and 16-bit wide 
databus systems. Serial and 4-bit busses can also be accom· 
modated with additional latches and control circuitry. Interfac· 
ing can be accomplished with data bus transfers running with 
50ns write pulse widths. 

Examples of various microprocessor interface circuits are pro· 
vided in Figures 8 through 12. These figures have omitted cir· 
cuitry not essential to the bus interface. The design process 
should include review of the DAC-8426 timing diagram with the 
~lP system timing diagram. 

A,s 
ADDAEnr Ae 

WA H ADDRESS L 
WA DECODE I 

LOGIC 

B085A18OBB 110 
(B-BITIll') 

A7 1110 
A, DAC-B426 

J 8212; I DB7 ALE I ADDRESS 

I~ 
LATCH DBo 

D7/A~ 
11 

DATABUSIADDAESS 
Do/ADo 

FIGURE 8: DAC·B426 to B085A Interface (Simplified circuit, 
only lines of interest are shown.) 

Z-BO 
(B-BlT 111') 

WR 

~I-------' 

Do 

FIGURE 9: DAC·B426 to Z·BO Interface (Simplified circuit, 
only lines of interest are shown.) 
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FIGURE 10: DAC-B426 to 6B091nterface (Simplified circuit, 
only lines of interest are shown.) 

1101----, 
6502 

(B-BITIll') 
Am 

t2 

D~I--------' 

DBo 

FIGURE 11: DAC-B426 to 6502 Interface (Simplified circuit, 
only lines of interest are shown.) 

I------l_rr--:--"'j WA :-i" 
r------:---;::~--\I DB7 

DB,5.1---------' 
DBa 

DATA BUS 
DBa 

FIGURE 12: DAC-B426 to 6BOOO Interface (Simplified circuit, 
only lines of interest are shown.) 
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r.ANALOG 
WDEVICES 

FEATURES 

• :t1/2 LSB Total Unadjusted Error 
• 2ILs Settling Time 
• Serial Data Input 
• :tFull-Scale Output Set by VREFH and VREFL 
• Unipolar and Bipolar Operation 
• TTL Input Compatible 
• 2D-Pin DIP or SOL Package 
• Low Cost 

APPLICATIONS 

• Voltage Set Point Control 
• Digital Offset & Gain Adjustment 
• Microprocessor Controlled Calibration 
• General Purpose Trimming Adjustments 

FUNCTIONAL DIAGRAM 

Lo 
,. 

REV. A 

VOUTA 

YOUTB 

Vour C 

VOUT D 

Octal 8-Bit CMOS 
DtA Converter 

DAC-8800 I 
GENERAL DESCRIPTION 

The DAC-8800 TrimDAC™ is designed to be a general purpose 
digitally controlled voltage adjustment device. The output 
voltage range can be independently set for each set of four D/A 
converters. In addition, both unipolar and bipolar output voltage 
ranges are easy to establish by external reference input high and 
low terminals. The digitally-programmed output voltages are 
ideal for op amp trimming, voltage-controlled amplifier gain 
setting and any general purpose trimming tasks. 

A three-wire serial digital interface loads the contents of eight 
internal DAC registers which establish the output voltage levels. 
An asynchronous Clear (CLR) input places all DACs in a zero 
code output condition, very handy for system power-up. An 
internal regulator provides TTL input compatibility over a wide 
range of Vee supply voltages. Single supply operation is 
available by connecting V S6 to GND. 

ORDERING INFORMATION t 

CERDIP 
2o-PIN 

DAC8800BR* 
DAC8800FR 

PACKAGE 

PLASTIC 
2O-PIN 

DAC8800Fp· 

so 
20·PIN 

OPERATING 
TEMPERATURE 

RANGE 

-SS·C 10 + 12S·C 
DAC8800FS" -40·C to +8S·C 

* For devices processed in total compliance to MIL·STD·883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and Induslrialtemperature range parts In 
CerDIP and plastic DIP packages. 

" For availability and burn-in information on SO package, contact your local sales 
office. 

PIN CONNECTIONS 

2D-PIN CERDIP 
(R-Suffix) 

20-PIN SOL 
(S-Suffix) 

20-PIN EPOXY DIP 
(P-Suffix) 
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OAC-8800. 

ELECTRICAL CHARACTERISTICS: (Note 1) UnlesS otherwise noted. SINGLE SUPPLY: V DO = + 12V. V ss = OV. V REFH = +5V. 
V REFL = OV; or DUAL SUPPLY: V DO = + 12V. V ss = -5V. V REFH = +2.5V. V REFL = -2.5V; F GRADE: -40°C s: TA s: +85°C; B GRADE: 

-55°C s: TA s: +125°C. 

DAC·8800 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNITS 

STATIC ACCURACY All speclflcatlons applY!Or DACsA, B, C, 0, E, F, G, H 

Resolution N 8 Bits 

Total Unadjusted Error 
TUE *1/2 LSB 

(Note 2) 

Differential Nonlinearity 
DNL ,01 LSB 

(Note 3) 

Full Scale Error GFSE ,01/2 LSB 

Zero Code Error VZSE *1/2 LSB 

DAC Output Resistance ROUT 8 12 16 kg 

DAe Output Resistance Match ARou,lRoUT 0.5 % 

REFERENCE INPUT 

VREFH Pins2& 19 VREFL (Voo-4) 
Voltage Range (Note 5) V 

VREFL Pins 1 &20 Vss VREFH 

Input Resislance VREFH Dlgilallnputs = 55H 2 3 kg 

Input Reslslance Match ARREFH/RREFH Digilallnputs = 55H 0.5 % 

Reference Input 
CREF 

Dlgilallnputs All Zeros 50 75 
pF 

Capacilance (Note 4) Digital Inputs All Ones 75 100 

DIGITAL INPUTS 

Logic High V'NH 2.4 V 

Logic Low V'NL 0.8 V 

Input Current "N V'N =OVor+5V *1 "" Input Capacitance (Note 4) C'N 4 8 pF 

Input Coding BINARY 

POWER SUPPLIES (Note 6) 

Positive Supply Current '00 Dual Supply 
TTL 1 2 

mA 
CMOS 0.2 0.4 

Negative Supply Current Iss Dual Supply 0.01 0.2 mA 

Power Dissipation Po,ss 
Single Supply Operation 12 24 

mW 
Dual Supply Operation 12 25 

DC Power Supply 
PSRR AVoo=,o5% 0.001 0.01 %/% 

Rejection Ratio 

DYNAMIC PERFORMANCE (Note 4) 

V OUT Settling Time ts ,0 1 /2 LSB Error Band 0.8 2 I1S 

Channel·to·Channel 
CT Measured Between Adjacent DAC Outputs 80 nVs 

Crosstalk (Note 7) 
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OAC-88DD 
ELECTRICAL CHARACTERISTICS: (Note 1) Unless otherwise noted, SINGLE SUPPLY: Voo = +12V, Vss = OV, VREFH = +5V, 
VREFL=OV;orDUALSUPPLY:Voo=+12V, Vss =-5V, VREFH =+2.5V, VREFL=-2.5V; FGRADE:-40°CSTA s+85°C; BGRADE: 
-55°C s T A S + 125°C. Continued 

PARAMETER SYMBOL CONDITIONS 

SWITCHING CHARACTERISTICS (Notes 4, 8) 

Input Clock Pulse Width 'cH' 'cl Clock Level High or Low 

Data Setup Time tos 

Data Hold Time tOH 

DAC Register Load Pulse Width tlo 

Clear Pulse Width tClR 

Clock Edge to Load Time 'cKlO 

Load Edge to Next Clock 
tlOCK Edge Time 

NOTES: 
1. Testing performed In SINGLE SUPPLY mode. except 100, Iss' and PSRR 

which are tested in DUAL SUPPLY mode. 
2. Includes Full Scale Error, Relative Accuracy. and Zero Code Error. 
3. All devices guaranteed monotonic over the full operating temperature range. 
4. Guaranteed by design and not subject to production test. 
5. Voo - 4 volts is the maximum reference voltage for the above specifications. 

Also VAEFH a VAEFL. 

DETAILED DAC-8800 BLOCK DIAGRAM 

VDD 

DAC-8800 
MIN TYP MAX UNITS 

60 ns 

30 ns 

30 ns 

50 ns 

50 ns 

50 ns 

50 ns 

6. Digital Input voltages VIN = VINl orVINH for TTL condition; VIN =OVor +5V for 
CMOS condition. DAC outputs unloaded. P OISS is calculated from (100 x V DO) 
+ (Iss x V sol. 

7. Measured at V OUT pin where an adjacent V 0 UT pin is making a full·scale volt
age change. 

8. See timing diagram for location of measured values. 

LO~+---------~~>-----------------------~~~:[==)-__________ fC~~~-' 

SOl 

ClKO-:~--:-----1;-'" 
CLK 

REV. A 

NEQATNE 
SUPPLY ,. 

v .. 
12 
W(CLEARJ 

vourA 
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OAC-88DD 
DICE CHARACTERISTICS 

DIE SIZE 0.151 xO.130 Inch, 19,630 sq. mils 
(3.8354 x 3.3033 mm, 12.664 sq. mm) 

WAFER TEST LIMITS atVDD" +12V, VSS" OV, VREFH .. +5V, VREFL .. OV; TA_+25°C unless otherwise noted. 

PARAMETER SYMBOL 

Total Unadjusted Error TUE 

Differential Nonlinearity DNL 

Full Scale Error GFSE 

Zero Code Error VZSE 

DAC Output Resistance RoUT 

Reference Input Resistance RREFH 

Digital Inputs High VINH 

Digital Inputs Low VII ... 

Digital Input Current liN 

Positive Supply Current 100 

Negative Supply current Iss 

DC Power Supply 
PSRR 

Rejection Ratio 

. NOTE: 

CONDITIONS 

Oigitallnputs - 55H 

Vss=-5V 

VSS~-5V 

TTL 
CMOS 

DAG-asoOG 
LIMIT 

±112 

±1 

±112 

±112 

8 
16 

2 

2.4 

0.8 

±1 

2 
0.4 

0.2 

0.01 

UNITS 

LSBMAX 

LSBMAX 

LSBMAX 

LSBMAX 

knMIN 
kaMAX 

kaMIN 

V MIN 

V MAX 

pAMAX 

rnA MAX 

mAMAX 

%1% MAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss, yield after packaging Is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qUalifications through sample lot assembly and testing. 
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ABSOLUTE MAXIMUM RATINGS (TA = +25°C, unless 

otherwise noted) 

VDD to Vss ............................................................... OV, +20V 

V DD to GND ••••••••••••••••••••••••••..••••••••...•.•••••...•••••••••.•..•• OV, +20V 

Vss to GND ••••••••••••••••••••••••••••••••••••.••••••••••••••••••••••..••• -20V, OV 

Digital Input Voltage to GND ••.••.••••••• GND - 0.3V, V DO + 0.3V 

VREFH to GND •••...•••••••••.•.••••••••..••••••••••.••••••••••.•••••••• VREFL, Voo 

VREFL to GND .......................................................... V ss' VREFH 

V OUT to GND .••••••••••••••••••••••••...•••••••••..•••••••...••••••• VREFL, VREFH 

Operating Temperature Range 

Military, DAC-8800BR ••••••.•.•••••••...••••••••.•.• -55°Cto+125°C 

Extended Industrial, DAC-8800FR,FP,FS ••• -40°C to +85°C 

Maximum Junction Temperature (Tj Max) ..••••••••••..••••• +150°C 

Storage Temperature .................................... -65°C to + 150°C 

Lead Temperature (Soldering, 10 sec) •••.•.•••••••••••...••.• +300°C 

Package Power Dissipation .......................... (Tj Max - T A)/8JA 

TABLE 1: PIN Function Description 

PIN MNEMONIC DESCRIPTION 

OAC-88DD 

PACKAGE TYPE 8 1A (Note 1) UNITS 

2D-Pjn Hermetic DIP (R) 76 11 'CIW 

2D-Pin Plastic DIP (P) 69 27 'CIW 

2D-Pin SO (5) 88 25 'CIW 

NOTE: 
1. a'A is specified for worst case mounting conditions, i.e., a'A is specified for 

d~vice in socket for CerDIP, and P-DIP packages; 8. A is sJ"cified for device 
soldered to printed circuit board for SO package. J 

CAUTION: 
1. Do not apply voltages higher than V D D or less than V ss potential on any termi

nal. 
2. The digital controt inputs are zener-protected; however, permanent damage 

may occur on unprotected units from high-energy electrostatic fields. Keep 
units in conductive foam at all times until ready to use. 

3. Do not insert this device into powered sockets; remove power before insertion 
arrernoval. 

4. Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to device. 

VREFL, External DAC voltage reference input shared by DAC A, B, C, D. V REFL, determines the lowest negative DAC output voltage. 

VREFL, must be equal to or more positive than V ss' 

2 VREFH, 

3 VOU~ 
4 VOUTB 

5 VOUTC 

6 VOU~ 
7 VOD 

8 SDI 

9 CLK 

10 CLK 

11 GND 

12 CLR 

13 ill 

14 Vss 

15 VouTE 

16 VouTF 

17 VOU~ 

18 VOU~ 
19 VREFH2 

20 VREFL2 

REV. A 

External DAC voltage reference input shared by DAC A, B, C, D. V RE~' determines the highest positive DAC output voltage. 

DAC A Output 

DACBOulput 

DACCOutput 

DACDOulput 

Positive supply, allowable input voltage range +4.SV to + 16V. 

Serial Data Input 

Serial Clock Input, positive edge triggered 

Clock Enable or Serial Clock Input, negative edge triggered 

Ground 

Clear Input (Active Low), Asynchronous TIL compatible input that resets all DAC registers to zero code. 

Load DAC Register Strobe, TIL compatible input that transfers data bits from serial input register into the decoded DAC register. 

See Table 2. 

Negative Supply, allowable input voltage range OV to -12V. 

DAC EOulput 

DAC F Output 

DACGOutput 

DACHOulput 

External DAC voltage reference input shared by DAC E, F, G, H. VREFH2 determines the highest positive DAC output voltage. 

External DAC voltage reference input shared by DAC E, F, G, H. V REFLo determines the lowest negative DAC output voltage. 
VREFL2 must be equal to or more pOSitive than Vss' 
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OAC-BBOD 

SOl 

eLK 

+SV 

YOUT 
OV 

DETAIL SERIAL DATA INPUT TIMING (CLR = 0) 

SOl 1 
(DATA IN) • _____ ..... 

____ x== 
t 

eLK 

Lo:-----------------------~~~ 
.w---------------------VCXIT 

ov =-4=~;;;;:;;;;--
±1l2lSBERRDRBAHD 

CiJ( INPUT (PIN 10) TIMING IS EXACTLY INVERTED FROM eLK INPUT (PIN 9) 

FIGURE 1: Timing Diagrams 

TABLE 2: Serial Input Decode Table 

LAST -------------....... ~FIRST 

LSB 
DAC OUTPUT VOLTAGE 

Do (K. VREFH - VREFL) 

0 0 0 0 0 0 0 0 VREFL 
0 0 0 0 0 0 0 (11256) x K + VRE~ 

• · • 
0 (1271256) x K + VREFL 

0 0 0 0 0 0 0 (1281256) x K + VREFL 
0 0 0 0 0 0 (129/256) x K + VREFL · · · (255/256) x K + V RE~ 

TABLE 3: Logic Control Input Truth Table 

elK CO< INPUT SHIFT REGISTER OPERATON 

i L Shift Data 

H .1. Shift Data 

L X No Operation 

X H No Operation 

2-1112 DIGITAL-TO-ANALOG CONVERTERS 

\J 
DAC REGISTER 

LOADED 

CLEAR OPERATION 

~:---Q-~ +BV _____ _ 

VCXIT 0 ±112 LSB ERROR BAND 

LSB 

Au DACUPDATED 

0 0 0 DACA 
0 0 1 DACB 
0 0 DACC 
0 DACD 

0 0 DACE 
0 DACF 
1 0 DACG 
1 DACH 
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TYPICAL PERFORMANCE CHARACTERISTICS 

TOTAL UNADJUSTED ERROR 
vs DIGITAL INPUT CODE 

I-- t- DACII A, a, C, D SUPERIMPOSED - I--
YIlEFH, .... SV VIIEFLt" rN 

I-- _ ~AC. E. F, G, H SUPERIMPOSED _ -vr'=r V't'··, I 
64 128 194 2" 

DIGITAL-INPUT CODE (DECIMAL) 

DAC OUTPUT SETTLING TIME 
POSITIVE & NEGATIVE 

TRANSITIONS 

UPPER TRACE: t Lo INPUT (SV/Dly) 
LOWER TRACE: VouT A(2V/DIy) 
CONDITIONS: Voo = +12V, VREFH, = +SV, 

VREFL, = OV, Vss = OV, 
RL = 1 MD, CL = 3.4pF 

DAC OUTPUT CHANNEL-TO
CHANNEL CROSSTALK BOTH 

TRANSITIONS 

UPPER TRACE: V OUTA 0 TO +SV CHANGE 
LOWER TRACE: VouTB (1V/DIV) 
CONDITIONS: Voo = +12V, VREFH, = +SV, 

VREFL, = OV, Vss = OV, 
RL = 1 MD, CL = 3.4pF 

SUPPLY CURRENT vs 
TEMPERATURE 

2 .• I"'""'""T"-T"""""T"-T"""""T"-T"""""T"--. 
VpD",+12V 
V/HH" 2.4V --1--+--1--+--1--1 

~ , .• 1---+--1---+--1---+--1---+--1 
S 

i5 I 1.2 1---+--1---+--1---+--1---+--1 
il 

~ t~t=:t::t::t::~~::t:j ~ 0.8 

"I 
.3 

•• 4 1--+-+--+-+--+-+--+-1 

.~~-~~-~~-~~~ _ ~ ~ "~~ ~ m 
TEMPERATURE I"e) 

EXPANDED DAC OUTPUT 
SETTLING TIME POSITIVE 

TRANSITION 

UPPER TRACE: tLo INPUT (SV/Dly) 
LOWER TRACE: VouTA (lV/DIY) 
CONDITIONS: Voo = +12V, VREFH, = +SV, 

VREFL, = OV, Vss = OV, 
RL = 1 MD, CL = 3.4pF 

EXPANDED DAC OUTPUT 
CHANNEL-TO-CHANNEL CROSS

TALK NEGATIVE TRANSITION 

UPPER TRACE: VOUTA +SV TO OV CHANGE 
LOWER TRACE: VouTB (100mV/DIY) 
CONDITIONS: Voo = +12V, VREFH, = +SV, 

VREFL, = OV, Vss =OV, 
RL = lMD, CL = 3.4pF 

120 

OAt-SHOO 

POWER SUPPLY REJECTION 
RATIO vs FREQUENCY 

t-... T._..Js<'C 
Vss",-SV 

f100 VDDS +12V 

t--. 11 VOD",1Vpp 
0 

~ 
~ 
z 
!1 

~ 
~ 
~ 

i 
ffi 
~ 

.. 

.. 
40 

20 

• ,. 

~ 

~ 

100 1t 10k , ... 
FREQUENCY (Hz) 

EXPANDED DAC OUTPUT 
SETTLING TIME NEGATIVE 

TRANSITION 

UPPER TRACE: tLO INPUT (SV/DIY) 
LOWER TRACE: VouTA (1V/DIV) 
CONDITIONS: VOD = +12V, VREFH, = +SV, 

VREFL, = OV, Vss = OV, 
RL = lMD, CL = 3.4pF 

EXPANDED DAC OUTPUT 
CHANNEL-TO-CHANNEL CROSS

TALK POSITIVE TRANSITION 

UPPER TRACE: VDUTA 0 TO +5V CHANGE 
LOWER TRACE: VOUTB (l00mV/DIy) 
CONDITIONS: Voo = +12V, VREFH, = +5V, 

VREFL, = av, Vss = OV, 
RL = 1 MD, CL = 3.4pF 
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OAe-8800 
CIRCUIT OPERATION 

The OAC-8800 provides a programmable voltage output adjust
ment capability. Changing the programmed output voltage of 
each OAC is accomplished by clocking in an 11-bit serial data 
word into pin SOl (Serial Data Input). The format of this data 
word is three address bits, MSBfirst, followed by 8 data bits, 
MSB first. Table 2 provides the serial input decode table for data 
loading. OAC outputs can be changed one at a time iii random 
sequence. The fast serial-data clocking of 6.6MHz makes it 
possible to load all 8 OACs in as little time as 14 microseconds. 
The exact timing requirements are provided in Figure 1. 

A clear (CLR) input pin allows the circuit to be powered-up in the 
all zero state or a system reset pulse connected to CLR can 
asynchronously clear all data registers. 

DAC 
AEGISTER 

+--ROUT 
CONSTANT 

R INDEPENDENT 
OF DIGITAL 
INPUT CODE 

FIGURE 2: DAC-8800 TrimDAC™ Equivalent DAC Circuit 

The output voltage range is determined by the external input 
voltages applied to V REFH and V REFL. See Fig ure 2 for a simpli
fied equivalent OAC circuit. If a negative supply is used on V ss 
then VREFL may be set negative resulting in a programmable 
bipolar output voltage swing. 

The actual output voltage, V oup depends on V REFH and V RE FL 
as follows: 

VOUT(O) = 0 x (VREFH -VREFL)/256 + VREFL 
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where 0 is a whole number binary digital input word loaded into 
the OAC register. For example, when V REFH = +5Vand V RJi'FL = 
OV unipolar output operation results with the following binary 
digital inputs: 

255 4.98V Full-Scale 

128 2.50V Half-Scale 

O.02V lLSB 

0 O.OOV Zero-8cale also generated 
When c:rn Input Activated 

Bipolar output operation is achieved when V RE~ '" +2.5V and 
VREFL=-2.5V, also note Vss must be equal to or more negative 
than VREFL. Vss = -5V is a good choice for this example. The 
following example lists the actual bipolar output voltages pro
duced by the binary digital input which would now be considered 
offset-binary coded: 

255 2.48V Positive Full-Scale 

129 O.02V Positive 1 LSB 

128 O.OOV Bipolar Zero-Scale 

127 "().02V Negative 1 LSB 

0 -2.50V Negative Full-Scale 

REFERENCE INPUTS (V REFH,. V REFL,. V REFH2' V REFL2) 
The external voltages connected to the VREF input pins deter
mine the programmable output voltage ranges oithetwo sets of 
four OACs in the OAC-8800.Specifically, VREFH1 and VREFL1 
are connected to OACs, A, B, C, 0, and VREFH2 and VREFL2 
are connected to OACs E, F, G, H. 

Inspection of the OAC-8800 equivalent OAC circuit (Figure 2) 
shows the external VREFH and VREFL inputs connected to the 
internalOACswitches. During updating, the OAC switches pro
duce transient currentflowing from V REFH to V REFL. It is recom
mended to place O.Ol(.lF bypass capacitors across the VREFH 
and V REFL inputs to minimize the voltage transients. 
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A wide range of external voltage references can be used subject 
to the reference input voltage range boundary conditions. First 
V REFH should always be more positive than V REFL. DC voltages 
are recommended. VREFl can be equal to the negative power 
supply V s s. This feature results in single supply operation when 
Vss is at ground. VREFH should not be closer than four volts to 
VOO. This is due to the DAC-8800 NMOS only DAC switches 
which will no longer operate properly if VREFH is closer to Voo 
than four volts. Total unadjusted error degrades when (Voo -
VREFH) is less than four volts as shown in Figure 3. 

TOTAL UNADJUSTED ERROR 
vs (Voo - VREFH) 

iD :!. 2 -.. 
Ii! 1 

ffi 
" ~ 0 

~ -1 

~ -2 
;! 
I! 

% 
~ 

~ 
~ ... 
• 

TA = +25"C 
VSs .. OV 

~~ 

~ 
"'-fii 

g; 

12 

VDD - YIIEI'H (VOLTS) 

FIGURE 3: Effect on TUE Operating Beyond 
(Voo - VREIf) > 4V Limit 

,. 

RECOMMENDED OPERATING POWER SUPPLY 
VOLTAGE RANGES 
Although the DAC-8800 is thoroughly specified for operation 
with Vpo =+12Vand Vss = OVor-5V, it will still function with the 
followmg recommended boundary conditions: 

• (Voo -Vss) < 18V 

• 4.5V < Voo < 16V 

• OV > Vss > -12V 

In all cases the reference voltage boundary conditions still ap
ply. The boundary conditions described here make it possible 
to use DAC-8800 with a wide variety of readily available supply 
voltages. Some choices include, but are not limited to: 

Voo/Vss =+15V/OV; +12V/OV; +12V/-5V; +5V/-5V; +5V/-12V 
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OAC-88DD 
DAC OUTPUTS (V OUT A, B, C, D, E, F, G, H) 
The eight D/A converter voltage outputs have a constant output 
resistance independent of digital input code. The distribution of 
ROUT from DAC to DAC within the DAC-8800 typically matches 
by 0.5%. Device to device ROUT matching is process-lot to proc
ess-lot dependent having a ±20% variation. The change in 
ROUT with temperature is very small as a result of PMl's low 
temperature coefficient SiCr thin-film resistor process. 

The nominal DAC output capacitance measures three picofar
ads and has little variation with temperature. 

One aspect of the nominal 12.SkQ DAC output resistance is 
channel-to-channel crosstalk. Under a worst case condition of 
adjacent DAC outputs when DAC A makes a five volt output 
voltage change DAC B exhibits a 300mV voltage transient. See 
photograph in typical characteristics section of data sheet. 

The channel-to-channel crosstalk is due to the 0.15pF inter-pin 
package capacitance. A FET probe with 3.4pF input capaci
tance was used to measure the DAC output channel-to-channel 
crosstalk characteristics shown. In voltage transient sensitive 
applications, minimization of crosstalk can be accomplished by 
placing ground traces between adjacent DAC output pins. DAC 
output bypass capacitors will also minimize voltage transients. 

Output settling time has a dominant pole response as the photo
graph in the typical characteristics section shows. The output 
settling time characteristic consists of an 80 nanosecond propa
gation delay followed by a single RC decay waveform deter
mined by the nominal ROUT of 12.SkQ times COUT plus CLOAO 
which includes the oscilloscope probe. 

The digital feedthrough from the serial data inputs :ClK, and 
SDI) to the DAC outputs measures less than 20mV. 

DIGITAL INTERFACING 
The DAC-8800 contains a siandard three-wire serial input con
trol interface. The three inputs are clock (ClK), load (lD), and 
serial data input (SDI). A ClK input pin is available for negative 
edge triggered data loading. The edge sensitive clock input pin 
requires clean transitions to avoid clocking incorrect data into 
the serial input register. Standard logic families work well. If 
mechanical switches are used for product evaluation they 
should be debounced by a flip-flop or other suitable means. 

The logic control input truth table (Table 3) defines operation of 
the serial data input register. 

The ClK input is used to place data in the serial data input reg
ister. The unused clock input (ClK or ClK) should be tied to the 
active state (ClK = 1 or ClK = 0 for active). The load strobe (OJ) 
which must follow the eleventh active ClK edge transfers the 
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DAC-8800 

SERlAlDATA.~~ 

Cl.OCK~~ n 
n 

LOAD STROBE 

FIGURE 4: Three-Wire Serial Interface Connections 

~.::~ 
Cl.OCK~~ n'--__ _ 

lOAD STROBe 

FIGURE Sa: Decoding Multiple DAC-8800s 

data from the serial data input register to the OAC register de
coded from the firstthree address bits clocked into the input reg
ister. Any extra ClK edges after the eleventh edge looses the 
first bits shifted in. See Table 2 for a complete description. See 
Figure 4 for an example using the ClK input pin to clock data 
into the SOL 
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DAC-8800 

8 SDI 

8 
CLK 

U 13 
iJi 

10 
CiJ( 

~ Voo 

~ CUi 

GND 

~ 

SDI 

ClK 
DAC-8800 

iJi ., 
~ClK CS, 

DECODE cs. 

~CLK 
SDI 

DAC-8BOO 

ClK 
lIZ 

lD 

The unused clock input of Figure 4 can be used to provide a chip 
select (CS) feature for applications using more than one OAC-
8800. Figure 5a shows the proper connection and timing of the 
ClK inputs which assures that the ClK acting as a chip select 
(CS) is taken to the active low state selecting the desired OAC-
8800. 
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Another method of decoding multiple DAC-8800s is shown in 
Figure 5b. Here all the DAC serial input registers receive the 
same input data; however, only one of DAC's LD input is acti
vated to transfer its serial input register contents into the desti
nation DAC register. In this circuit the LD timing generated by 
the address decoder should follow the DAC-8800 standard tim
ing requirements. Note the address decoder should not be acti
vated by its WR input while the coded address inputs are chang
ing. 

C~CKo-------------t---~ 

D~Ao-------------t---~~ 

CODED 
ADDRESS 

ADDRESS 
DECODE 

EN 

FIGURE 5b: Decoding Multiple DAC-8800s Using the LD 
Input Pin 

APPLICATIONS 

DIGITALLY PROGRAMMABLE AUDIO AMPLIFIER 
The DAC-8800 is well suited to digitally control the gain or at
tenuation settings of eight voltage controlled amplifiers (VCAs). 
In profeSSional audio mixing consoles, music synthesizers and 
other audio processor's VCAs, such as the SSM-2014, adjust 
audio channel gain and attenuation from front panel potenti
ometers. The VCA provides a clean gain transition control of 
audio level when the slew rate of the analog input control volt
age (V c) is properly chosen. Taking advantage of the 12.5kO 
nominal output resistance of the DAC-8800 it is very easy to 
control the slew rate of V OUT by appropriate selection of COUT' 
Figure 6 shows one channel of a digitally programmable audio 
amplifier. 

The reference high (VREFH) and reference low (VREFL) input 
voltages of the DAC-8800 provide a digitally programmable 
output voltage of -1.2V to + 1.2V which is connected to the con
trol voltage (V c) input terminal of the SSM-2014 VCA. The gain 
of the SSM-2014 is guaranteed to change from -15dB to + 15dB 
for 1.2 to -1.2V input V c voltage. A COUT of 0.1 (IF provides a 
control voltage transition time of 1.2ms which generates a click 
free change in audio channel gain. 
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OAc-aauu 

.~:m 
_,.[IS] 

-1.2 0 +1.2 

Vc(VOLTS) 

FIGURE 6: Digitally Programmable Amplifier 

BUFFERING THE DAC-S800 OUTPUT 

Yo AUDtO 
OUTPUT 

External op amps can be used to buffer the output of the DAC-
8800's nominal 12.5kO output resistance. In Figure 7 a variety 
of possibilities are shown. The quad low power OP-420 is used 
as a simple buffer to reduce the output resistance of DAC A. The 
OP-420 was chosen for its wide operating supply range, both 
single and dual, low power consumption, and low cost. 

The next two DACs, Band C, are configured in a summing ar
rangement where DAC C provides the course output voltage 
setting and DAC B can be used for fine adjustment. The inser
tion of Rl in series with DAC B attenuates its contribution to the 
voltage sum node at the DAC C output. 

DAC D in Figure 7 is in a non inverting gain of two configuration 
increasing the available output swing to 10V. Appropriate 
choice of external op amp gain can achieve output voltage 
swings beyond the range ofthe DAC-8800 ifthe external op amp 
power supply voltages are sufficiently high. In addition, the op 
amp feedback network termination could be a bias voltage 
which would provide an offset to the output signal swing. 

SETTING COMPARATOR TRIP POINTS 
The DAC-8800 is ideal to provide setpoints for voltage input 
comparators. In Figure 8 the very low power CMP-404 detects 
whether input voltage (VIN) is higher or lower than the pro
grammed limit values providing TTL compatible output signals. 
The compactness of the DAC-8800 makes it ideal for high den
sity testing applications found in pin head electronics. 
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OAC-88UU 

... 12Y 

VREF~ o--=-ti--.--i VH 

VL 

VourA 3 

VH Rcur VOUTB 

VL 

VH RouT VOUTC 

VL 

DAc-8800 

VH ROUT 

" 
VL 

Vss 

11 
GND 

-=-

DIGITAL INTERFACING OMITTED FOR CLARITY. 
II, = 100kQ, R,,= 101e0 

FIGURE 7: Buffering the DAC-8800 Output 

.12V 

Voo 

VRE~ 
DACA 

VREFL1 
oy 

DAC-8800 

DACB 

DACC 

FIGURE 8: Setting the Comparator Trip Points 
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Y,N 

II, 

+12V 

SIMPLE BUFFER 

>-+-<.--0 OV TO 5V 

"" ..... 

.12V 

SUMMER CIRCUIT WITH 
FINE TRIM ADJUSTMENT 

.>-!-.... --<O OY TO SV 

INCREASE OUTPUT SWING 

>--t-<t--o OY TO lOY 

>-1-..... -0 HIGH LIMIT 

~-I-""'-o LOW LIMIT 

>-+-'--0 YARIABLE LIMIT 
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CURRENT SUMMING OUTPUT OPERATIONS 
Since the DAC-8800 has a constant output resistance regard
less of digital input code, it can be used in a current summing 
application. Figure 9 depicts the DAC output connected to the 
inverting input of an OP-20 low power consumption op amp. An 
external feedback resistor sets the output signal swing accord
ing to the formula given. The gain accuracy of this circuit has a 
wide variation dueto the 30% outputtolerance ofthe DAC-8800 
ROUT specification. A second DAC in the DAC-8800 could be 
used with an external resistor summed into the OP-20 current 
summing node to digitally adjust the full-scale swing. 

OPTICALLY ISOLATED TWO-WIRE INTERFACE 
Two-wire signal interfacing is often found in process control 
applications where electrical isolation of hazardous environ
ments and minimization of wiring is necessary. Isolation trans
formers or optocouplers provide the high voltage isolation. 
Normally the DAC-8800 requires a three-wire interface to up
date the DAC contents. One technique which translates a two
wire interface into the three-wire signal control required by the 

:..-....- HIGH VOLTAGE 
I ISOLATION 

31C; f 

.5V 

-5V 

OAC-88DD 

Vo= ~ (2:6 X1DV)-SV 

WHERE D = DECIMAL CODE 
INPUT BETWEEN 0 AND 255 

FIGURE 9: Current Summing Output Operation 

DAC-8800 is shown in Figure 10. A single package CMOS-logic 
dual-retriggerable one-shot MC14538 provides the solution. At 
rest the optocouplers are both OFF allowing the pull-up resis
tors to sit at logic high. No undefined transients should occur on 
the control input line V c to avoid inadvertently clocking incorrect 
data into the DAC-8800 serial input register. When it is time to 
update one of the DAC-8800 DACs, the CONTROL line will go 

3·WIRE 
INTERFACE 

SIGNAL 

SDI 

a,:~~ ________ ~Ur-__________ ~r----

o,~~ :----------------~~;~r-----------------~~ 

VC(CL~:~~ 

DATA~DI):~~-____ _ 

FIGURE 10: Isolated Two-Wire Signal Interface for Serial Input DAC 
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DAC-8800 
low, triggering the first one-shot <0,). At this time valid data 
should also be applied to the DATA input optocoupler. Sufficient 
time must be allowed before the control (Vel input returns to 
logic high to make sure the DAC-8800 input data is stabilized. 
When V c changes to logic high, the first DATA bit shifts into the 
DAC-8800 serial data input register. The time constant of the 
first one-shot established by R1 and C1 should be at least twice 
as long as the basic CONTROL input clock period. This will 
prevent the 0, output from returning to the high state. The next 
control input negative edge retriggers the first one-shot and sets 
up the DAC-8800 clock forthe next DATA bit. All eleven positive 
clock edges will fill the DAC-8800 serial input register and each 
negative clock edge willretrigger the first one shot. As soon as 
the CONTROL line returns to the passive state, the first one shot 
will time out, triggering the second one shot <0;;), which will pro
duce the required load ill pulse for the DAC-8800 to transfer its 
serial input register contents to the internal DAC register com
pleting the DAC update. The R1 C1 and R.,C times need to be 
designed based on the system's CONTAOi-input clock rate. 
The optocoupler clocking rate must also be considered in set
ling the system clock rate. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Replaces 8 Potentiometers 
1 MHz 4-Ouadrant Multiplying Bandwidth 
No Signal Inversion 
Low Zero Output Error 
Eight Individual Channels 
3·Wire Serial Input 
500 kHz Update Data Loading Rate 
::1:3 Volt Output Swing 
Midscale Preset. Zero Volts Out 

APPLICATIONS 
Automatic Adjustment 
Trimmer Replacement 
Dynamic Level Adjustment 
Special Waveform Generation and Modulation 

GENERAL DESCRIPTION 
The DAC-8840 provides eight general purpose digitally con
trolled voltage adjustment devices. The TrimDAC" capability 
allows replacement of the mechanical trimmer function in new 
designs. The DAC-8840 is ideal for ac or dc gain control of up 
to I MHz bandwidth signals. The 4-quadrant multiplying capa
bility is useful for signal inversion and modulation often found 
in video convergence circuitry. 

Internally the DAC-8840 contains eight voltage output CMOS 
digital-to-analog converters, each with separate reference inputs. 
Each DAC has its own DAC register which holds its output 
state. These DAC registers are updated from an internal serial
to-parallel shift register which is loaded from a standard 3-wire 
serial input digital interface. Twelve data bits make up the data 
word clocked into the serial input register. This data word is 
decoded where the first 4 bits determine the address of the DAC 
register to be loaded with the last 8 bits of data. A serial data 
output pin at the opposite end of the serial register allows sim
ple daisy-chaining in multiple DAC applications without addi
tional external decoding logic. 

TrimDAC is a trademark of Analog Devices, Inc. 
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LOAD 

SD. 

8-Bit, Octal, 4-Quadrant 
Multiplying, CMOS TrimDAC 

DAC-8840 I 
FUNCTIONAL BLOCK DIAGRAM 

...------OV'NA 

GND Vss SDO PRESET 

The DAC-8840 consumes only 190 mW from ±S V power sup
plies. For single 5 V supply applications consult the DAC-8841. 

The DAC-8840 is available in 24-pin plastic DIP, cerdip, and 
SOIC-24 packages. A separate MIL-STD/883 data sheet for 
- 55·C to + 12S·C operation is available on request. 
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DAC 8840 SPECIFICI'JIONS (Voo = +5 V, Vss = -5 V, ~II V1NX = +3 V, TA = -40"C to +85"C apply 
. - - It for DAC-884DF, unlass othel'Wlsa noted) .. 

Parameter Symbol Conditions Min Typ 

STATIC ACCURACY All Specifications Apply for DACs A, B, C, D, E, F, G, H 
Resolution N 
Integral Nonlinearity INL 
Differential Nonlinearity DNL 
Output Offset VBZE 

Output Offset Drift TCVBz 

REFERENCE INPUTS 
Voltage Range IVR 
Input Resistance RIN 
Input Capacitance CIN 

DACOUTPUTS 
Voltage Range OVR 
Output Current loUT 
Capacitive Load CL 

DYNAMIC PERFORMANCE 
Multiplying Gain Bandwidth GBW 
Slew Rate 

Positive SR+ 
Negative SR-

Total Harmonic Distortion THD 

Spot Noise Voltage eN 
Output Settling Time ts 
Channel-to-Channel Crosstalk ~ 

Digital Feedthrough Q 
POWER SUPPLIES 

Power Supply Current 100 

Negative Supply Current Iss 
Power Dissipation Pmss 
DC Power Supply Rejection Ratio PSRR 
Power Supply Range PSR 

DIGITAL INPUTS 
Logic High VIH 

Logic Low VIL 

Input Current IL 
Input Capacitance CIL 
Input Coding 

DIGITAL OUTPUT 
Logic High VOH 
Logic Low VOL 

NOTE 
1 Maximum input voltage is always 2 V less than V DD' 

Specifications subject to change without notice. 

All Devices Monotonic 
PR = 0, Sets D = 8~ 
PR = 0, Sets D = 80H 

Applies to All Inputs VINX 
Note I 
D = 2BH, Code Dependent 
D = FFH, Code Dependent 

Applies to All Outputs VOUTX 
RL = 10 kG 
t:.VOUT <I LSB 
No Oscillation 

Applies to All DACs 
VINX = 100 mV p-p 
Measured 10% to 90% 

t:.VOUTX= +6 V 
t:.VOUTX = -6V 

VINX = 4 V p-p, D = FFH, 
f = I kHz, fLP = 80 kHz 

f=lkHz 
± I LSB Error Band, D = 0 to FFH 
Measured Between Adjacent Channels, 

f= 100kHz 
VINX = OV, D = Ot925510 

PR = OV 
PR= OV 

PR = 0 V, t:.Voo = ±5% 
Voo,IVssl 

IOH = -0.4 rnA 
IOL = 1.6mA 

TIMING SPECIFIC.'JIONS (Voo = +5 V, Vss = -5 V, All V1NX = +3 V, TA = -40"C 
" to +85"C apply for DAC-8840F, unless otherwise noted) 

Parameter Symbol Min Max Units 

Input Clock Pulse Width tcH,tcL 80 ns 
Data Setup Time tos 40 ns 
Data Hold Time tOH 20 ns 
CLK to SOO Propagation Delay tpo 120 ns 
DAC Register Load Pulse Width tLO 70 ns 

Preset Pulse Width tPR 50 ns 
Clock Edge to Load Time tcKLO 30 ns 
Load Edge to Next Clock Edge tLOCK 60 ns 
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8 
±1I4 

3 
10 

±3 
3 6 

19 

±3 
±5 ±IO 

I 2.5 

1.3 4.0 
1.3 2.5 

0.01 

0.17 
3.5 

60 80 
6 

19 
19 
190 
0.0002 

4.75 5.00 

2.4 

7 
Offset Binary 

3.5 

Max Units 

Bits 
±I LSB 
±I LSB 
25 mV 

fLVfC 

V 
kG 

30 pF 

V 
rnA 

200 pF 

MHz 

V/fLS 
VlfLS 
% 

fLV/\lHz 
6 fLs 

dB 
nVs 

26 rnA 
26 rnA 
260 mW 
0.01 %1% 
5.25 V 

V 
0.8 V 
±IO JLA 
10 pF 

V 
0.4 V 
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OAC-8840 

WAFER TEST LIMITS: (Voo = +5 V, Vss = -5 V, All VINX = +3 V, TA = +25°C, unless otherwise noted.) 

DAC8840GBC 
Parameter Symbol Conditions Limits Units 

Integral Nonlinearity INL ±l LSBmax 
Differential Nonlinearity DNL All Devices Monotonic ±I LSB max 
Output Offset VBZE PR = 0, Sets D = SOH 25 mVmax 
Input Resistance (V1NX) RIN D = 2BH; Code Dependent 3 k{}min 
DAC Output Voltage Range OVR RL = 10 k{} ±3 V min 
DAC Output Current lOUT aVOUT < 1 LSB ±5 mAmin 
Slew Rate Measured 10% to 90% 

Positive SR+ avOUTx = +6 V 1.3 VI".s min 
Negative SR- aVOUTx = -6V 1.3 V/ll-s min 

Positive Supply Current 100 PR = OV 26 mAmax 
Negative Supply Current Iss PR = OV 26 mAmax 
DC Power Supply Rejection Ratio PSRR PR = OV, avoo = ±5% 0.01 %1% max 
Logic Input High V1H 2.4 V min 
Logic Input Low V1L O.S V max 
Logic Input Current IL ±10 Il-Amax 
Logic Output High VOH IOH = -0.4 mA 3.5 V min 
Logic Output Low VOL IOL = 1.6 mA 0.4 V max 

NOTE 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guar
anteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

SOl 

ClK 

lO 
OAC REGISTER lOA~ 

VOUT +:: --------------------------------------------------------------------------,~ 

DETAIL SERIAL DATA INPUT TIMING (PR = "I") 

SDI 
(DATA IN) 0 ____ .../'-___ -"1'---.:....:...._-"1'-_____________ -" '-__ ~ __ _ 

SDO 
(DATA OUT) 0 -----" '-________________ +-"1" _____________________________________ .../ 

ClK 

·-1~1---~-\.---...· .. t '~I 
VOUT +3V --------------------------------------------~------------------~ +:1LSB 

ov .1 lSB ERROR BAND =~:$f -----------

lO 
o 

PRESET TIMING 

_~_t_~?~ .. ~ 
.1 LSB ERROR ~;;;. ________ _ 

---r 
Figure 1. Timing Diagram 
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DAC-8840 
PIN DESCRIPTION 

PIN MNEMONIC DESCRIPTION 

1 Vou,.c DAC C Output 
2 VouTB DAC B Output 
3 Vou.A DACAOutput 
4 V'NB DAC B Reference Input 
& V.,.A DAC A Reference Input 
6 GND Ground 
7 ilIi P..at Input, Active Low. 

All DAC Registers = so.. 
8 V'NE DAC E R ..... nce Input 
9 V,NF DAC F Reference Input 
10 VauyE DAC EOutput 
11 VOUTF DAC FOutput 
12 VOUTG DAC G Output 
13 VoonH DAC H Output 
14 V,NG DAC G R ..... nce Input 
1& VINH DAC H R ..... nce Input 
16 LD Load DAC Register Strobe. Active High Input 

That Transfers tha Data Bits from the 
Serial Input Register into the Decoded 
DAC Register. See Table I. 

17 CLK Serial Clock Input, Positive Edge Triggered 
18 SDO Serial Data Output. Active Totem Pole Output 
19 V .. Negative 5 V Po_ Supply 
20 SDI Serial Data Input 
21 Voc Positive 5 V Power Supply 
22 VIND DAC D Reference Input 
23 V'NC DAC C Reference Input 
24 VOUTD DACDOutput 

ABSOLUTE MAXIMUM RATINGS 
(T A = + 25"C, unless otherwise noted) 

VDD to GND ........................ -0.3, +7 V 
Vss to GND ...•.•...••.••.......•••. +0.3, -7 V 
VINX to GND ...............•..•...... VDD, Vss 
VOUTX to GND ••.••.••....••••.•.•..•. VDD, Vss 
Shon Circuit IourX to GND .....•.•.•..... Continuous 
Digital Input & Output Voltage to GND .....••. VDD, Vss 
Operating Temperature Range 

Extended Industrial: DAC8840F ••••..•. -4O"C to +85OC 
Maximum Junction Temperature (TJ max) ........ + ISOOC 
Storage Temperature ................ -65OC to + 150·C 
Lead Temperature (Soldering, 10 sec) .......•..• +300OC 
Package Power Dissipation ........... (TJ Max -TA)/aJA 
Thermal Resistance aJA 

Cerdip ............•..•.•.......•...•. 64OC/W 
P-DIP •.•....•••...•.•.•....•.....•. 57OC/W 
SOIC-24 .•.....•.....•.............•. 70"C1W 

Model 

DAC8840FP 
DAC8840FW 
DAC8840FS 
DAC8840GBC 

ORDERING GUIDE 

Temperature RaDge 

-40·C to +85OC 
-40OC to +85OC 
-40OC to +85OC 
250C 

Package Option 

Plastic DIP 
Cerdip 
SOIC-24 
DICE 

For devices processed in total compliance to MIL·STD 883, contact our local 
sales office for the DAC8840BWI883 datasheet. 

PIN CONFIGURATION 

DICE CHARACTERISTICS 
DIE SIZE 0.117 x 0.185 inch, 21,645 sq. mils 
(2.9718 x 4.699 mm, 13.964 sq. mm) 
The die backside is electrically common to V DO' 

'BOTH GND PADS (Sa. 6b) ARE 
BONDED TO PIN 6 OF PACKAGE. 

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

WARNING! c:J 
~~EDEJICE 
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OAC-8840 
Table I. Serial Input Decode 

LAST • FIRST 

1 UiBDO 1 Dl W 00 D4 D5 D6 1 MSBD7 1 LSBAO 1 AI 1 Al I· MSBAlI 

------r--------------------------~~ /' I ADDRESS DATA 

MSB 

_ID71D61 DS ID4100lwIDlI 

0 0 0 0 0 
0 0 0 0 0 

1 1 1 1 
0 0 0 0 
0 0 0 0 

MSB UiB 

UiB 

DO 

o 
1 

o 
o 
o 
o 
o 
o 
o 
o 
1 
1 

o 
o 
o 
o 
1 
1 
1 
1 
o 
o 

o 
o 
1 
1 
o 
o 
1 
1 
o 
o 

DAC Oalput Voltage 
VOUT = (DII28 -1) x VIN 
-VIN 
(11128 -1) x V1N 

1 (1271118 -1) x V1N 

o 
1 
o 
1 
o 
1 
o 
1 
o 
1 

o (128/128 -1) x VIN = OV. (Preset ValDe) 
1 (129(128 -1) x VIN 

o (2541128 -1) x VIN 
1 (2551128 -1) x VIN - VIN 

Table n. Logic Control Input Truth Table 

SDI CLK LD PR Input Shift Register Operation 

X L L H No Operation 
X L H Shift One Bit In from SDI (Pin 20), 

Shift One Bit* Out from SOO (Pin 18) 
X X L L All DAC Registers = 8~ 
X L H H Load Serial Register Data into 

DAC(X) Register 

*Data shifted into the SDI pin appears twelve clocks later at the SDO pin. 
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DAC Updated 

No Operolloo 
DACA 
DACB 
DACC 
DACD 
DACE 
DACF 
DACG 
DACH 
N~ OperatioD 

N. OperatioD 
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CIRCUIT OPERATION 
The DAC-8840 is a general purpose multiple-channel ac or dc 
signal level adjustment device designed to replace potentiometers 
used in the three-terminal connection mode. Eight independent 
channels of programmable signal level control are available in 
this 24-pin package device. The outputs are completely buffered 
providing up to 5 mA of output drive-current to drive external 
loads. The DAC and amplifier combination shown in Figure 25 
produces four-quadrant multiplication of the signal inputs 
applied to VIN times the digital input control word. In addition, 
the DAC-8840 provides a 1 MHz gain-bandwidth product in the 
four-quadrant multiplying channel. Operating from plus and 
minus 5 V power supplies, analog inputs and outputs of ±3 V 
are easily accommodated. 

! 
I 0 
!; 
~ 

-2 

R 

VDAC = 01258XV1N 

vour =2XVDAC-V 1N 

= 2 (0/256) XV,. - V,. 

= (0/128 - 1) X V,. 

R 

OACII84O INPUT OUTPUT VOLTAGE RANGE 

~ 1/ 
..... " V .., ...... ~ ~ '" .., ~ I'IIii: ~ 
'" V " i""" V i'.. 

-4 -2 
VIN -Volts 

VOIIT = V,N (0/128 -1). WHERE 0 = 0 TO 255 

O=COH 

O=SOH 

O=40H 

O=OOH 

Figure 25. DAC Plus Amplifier Combine to Produce Four 
Quadrant Multiplication 

In order to simplify use with a controlling microprocessor, a 
simple layout-efficient three-wire serial-data-interface was cho
sen. This interface can be easily adapted to almost all microcom
puter and microprocessor systems. A clock (CLK), serial data 
input (SOl) and a load (LD) strobe pin make up the three-wire 
interface. The 12-bit input data word used to change the value 
of the internal DAC registers contains a 4-bit address and 8 bits 
of data. Using this word combination any DAC register can be 
changed at a given time without disturbing the other channels. 
A serial data output Soo pin simplifies cascading multiple 
DAC-8840s without adding address decoder chips to the system. 

REV. A 

OAC-8840 
During system power up a logic low on the preset PR pin forces 
all DAC registers to 80H which in turn forces all the buffer 
amplifier outputs to zero volts. This asynchronous input pin PR 
can be activated at any time to force the DAC registers to the 
half-scale code 8~. This is generally the most convenient place 
to start general purpose adjustment procedures. 

ADJUSTING AC OR DC SIGNAL LEVELS 
The four quadrant multiplication operation of the DAC-8840 is 
shown in Figure 25. For dc operation the equation describing 
the relationship between VIN, digital inputs and VOUT is: 

Vo~D) = (D1128 - 1) x VIN (1) 

where D is a decimal number between 0 and 255. 

The actual output voltages generated with a fixed 3V de input 
applied to V IN are summarized in this table. 

Decimal Input (0) 

o 
1 
127 
128 
129 
254 
255 

Table m. 

-3.00 V 
-2.98 
-0.02 

0.00 
0.02 
2.95 
2.98 

Comments (V IN = 3 V) 

Inverted FS 

Zero Output 

Full Scale (FS) 

Notice that the output polarity is the same as the input polarity 
when the DAC register is loaded with 255 (in binary = all 
ones). Also note that the output does not exactly equal the input 
voltage. This is a result of the R-2R ladder DAC architecture 
chosen. When the DAC register is loaded with 0, the output 
polarity is inverted and exactly equals the magnitude of the 
input voltage VIN• The actual voltage measured when setting up 
a DAC in this example will vary within the ± I LSB linearity 
error specification of the DAC-8840. The calculated voltage 
error would be ±0.023 V (= ±3 V/128). 

If V IN is an ac signal such as a sine wave then we can use equa
tion 2 to describe circuit performance. 

VOUT (t,D) = (DI128 - I) x A sin (rol) 

where '" = 2 ro, A = sine wave amplitude, and D = decimal 
input code. 

(2) 

This transfer characteristic Equation 2 lends itself to amplitude 
and phase control of the incoming signal VIN• When the DAC is 
loaded with all zeros, the output sine wave is shifted by 180" 
with respect to the input sine wave. This powerful multiplying 
capability can be used for a wide variety of modulation, wave
form adjustment and amplitude control. 
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DAC-8840 
REFERENCE INPUTS (VINA, B, C, D, E, F, G, H) 
The eight independent VIN inputs have a code dependent input 
resistance whose worst case minimum value 3 kO is specified in 
the electrical characteristics table. The graph (Figure 5) titled 
"Reference Input Current versus Code" shown in the typical 
performance characteristics section displays the incremental 
changes. Use a suitable amplifier capable of driving this input 
resistance in parallel with the specified 19 pF typical input 
capacitance. These reference inputs are. designed to receive not 
only dc, but ac input voltages. This results from the incorpora
tion of a true bilateral analog switch in the DAC design (see 
Figure 24). The DAC switch operation has been designed to 
operate in the break-before-make format to minimize transient 
loading of the inputs. The reference input voltage range can 
operate from near the negative supply (V ss) to within 2 V of the 
positive supply (V DD)' That is, the operating input voltage 
range is: 

Vss + 0.5 V < VINK < (V DD-2 V) (3) 

DAC OUTPUTS (VourA, B, C, D, E, F, G, H) 
The eight D/A converter outputs are fully buffered by the DAC-
884O's interna1 amplifier. This amplifier is designed to drive up 
to 1 kO loads in para11el with 100 pF. However, in order to 
minimize interna1 device power consumption, it is recommended 
whenever possible to use larger values of load resistance. The 
amplifier output stage can handle shorts to GND; however, care 
should be taken to avoid continuous short circuit operation. 

The low output impedance of the buffers minimizes crosstalk 
between analog input channels. A graph (Figure 9) of analog 
crQSstaik between channels is provided in the typical perfor
mance characteristics section. At I MHz, 72 dB of channel-to
channel isolation exists. It is recommended to use good circuit 
layout practice such as guard traces between analog channels 
and power supply bypass capacitors. A 0.01 jl.F ceramic in par
allel with a 1-10 jl.F tantulum capacitor provides a good power 
supply bypass for most frequencies encountered. 

DIGITAL INTERFACING 
The four digital input pins (CLK, sm, LD, PR) of the DAC-
8840 were designed for TTL and 5 V CMOS logic compatibil
ity. The SDO output pin offers good fanout in CMOS logic 
applications and can easily drive several DAC-884Os. 

The Logic Control input Truth Table II describes how to shift 
data into the internal 12-bit serial input register. Note that the 
CLK is a positive edge sensitive input. If mechanical switches 
are used for breadboarding product evaluation, they should be 
debounced by a flipflop or other suitable means. 

The required address plus data input format is defined in the 
seria1 input decode Table 1. Note there are 8 address states that 
result in no operation (NOP) or activity in the DAC-884O when 
the active high load strobe LD is activated. This NOP can be 
used in cascaded applications where only one DAC out of sev
eral packages needs updating. The packages not requiring data 
changes would receive the NOP address, that is, all zeros. It 
takes 12 clocks on the CLK pin to fully load the serial input 
shift register. Data on the sm input pin is subject to the timing 
diagram (Figure 1) data setup and data hold time requirements. 
After the twelfth clock pulse the processor needs to activate the 
LD strobe to have the DAC-884O decode the seria1 register con
tents and update the target DAC register with the 8-bit data 
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word. This needs to be done before the thirteenth positive clock 
edge. The timing requirements are provided in the electrical 
characteristic table and in the Figure 1 timing diagram. After 
twelve cloCk edges, data initially loaded into the shift register at 
sm appears at the shift register output SDO. . 

There is some digital feedthrough from the digital input pins. 
Operating the clock only when the DAC registerS require updat
ing minimizes the effect of the digital feedthrough on the analog 
signal channels. Measurements of DAC switch feedthrough 
shown in the electrical characteristics table were accomplished 
by grounding the VINX inputs and cycling the data codes 
between all zeros and all ones. Under this condition 6 nVs of 
feedthrough was measured on the output of the switched DAC 
channel. An adjacent channel measured less than 1 nVs of digi
tal crosstalk. The digital feedthrough photographs shown in the 
typical performance characteristics section displays these 
characteristics (Figures 14, 15, and 16). 

Figure 26 shows a three-wire interface for a single DAC-884O 
that easily cascades for multiple packages. 

~C 
PAD DATA 

PAl ",C:.;l:.;;OC;,;:;;..:;K-, 

PA2 lO 

SOl OACA 

ClK 

DAc-8II4O #1 

LD 
SOO OAC H VOUT H 

SOl OACA 
CLK 

DAC-8840#2 

LD 
SOO OACH 

SOl OACA 

ClK 

DAC-8840#3 

lO 
SOO OACH 

Figure 26. Three-Wire Interface Updates Multiple 
DAC-8840s 
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FEATURES 
Replaces 8 Potentiometers 
Operates From Single +5 V Supply 
1 MHz 2·Quadrant Multiplying Bandwidth 
No Signal Inversion 
Eight Individual Channels 
3·Wire Serial Input 
500 kHz Update Data Loading Rate 
+3 Volt Output Swing 
Midscale Preset 
Low 95 mW Power Dissipation 

APPLICATIONS 
Trimmer Replacement 
Dynamic Level Adjustment 
Special Waveform Generation and Modulation 
Programmable Gain Amplifiers 

GENERAL DESCRIPTION 
The DAC-8841 provides eight general purpose digitally controlled 
voltage adjustment devices. The TrimDAC" capability replaces 
the mechanical trimmer function in new designs. It is ideal for 
ac or dc gain control of up to I MHz bandwidth signals. 

Internally the DAC-8841 contains eight voltage output CMOS 
digital-to-analog converters, each with separate reference inputs. 
Each DAC has its own DAC register which holds its output 
state. These DAC registers are updated from an internal serial
to-parallel shift register which is loaded from a standard 3-wire 
serial input digital interface. Twelve data bits make up the data 
word clocked into the serial input register. This data word is 
decoded where the first 4 bits determine the address of the DAC 
register to be loaded with the last 8 bits of data. A serial data 
output pin at the opposite end of the serial register allows sim
ple daisy-chaining in multiple DAC applications without addi
tional external decoding logic. 

TrimDAC is • trademark of Analog Devices, Inc. 

REV. A 

LOAD 

SOl 

8-Bit Octal, 2-Quadrant 
Multiplying, CMOS TrimDAC 

DAC-8841 I 
FUNCTIONAL BLOCK DIAGRAM 

...------OV'NA 

GNO soo PRESET 

The DAC-8841 consumes only 95 mW from a +5 V power sup
ply. For dual polarity applications see the DAC-8840 which pro
vides full 4-quadrant-multiplying ±3 V signal capability while 
operating from ±S V power supplies. 

The DAC-8841 is available in 24-pin plastic DIP, cerdip, and 
SOIC-24 packages. For MIL-STD/883 applications, contact 
ADI sales for the DAC-884IBW/883 data sheet which specifies 
operation over - 55°C to + 125°C. 
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DAC-8841-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS :Ml;, :n~e:~ ~!I~iS: n-:!!. v, VRE~ = OV, TA = ~4rC to +85°C apply for OAC-

Parameter Symbol Conditions Min Typ Max Units 

STATIC ACCURACY All Specifications Apply for DACs A, B, C, 
D,E,F,G,H 

Resolution N S Bits 
Integral Nonlinearity INL Note 1 ±1/2 ±1.5 LSB 
Differentisl Nonline8rlty DNL All Devices Monotonic, Note 1 ±1 LSB 
Half-Scale Output Voltage VHS PR = 0 V, Sets D = SOH 1.475 1.500 1.525 V 
Zero-Scale Output Voltage Vzs Digitsl Code = ~ 20 100 mV 
Output Voltage Drift TCVHs PR = 0 V, Sets D = 8~ 10 IJ.vrc 

SIGNAL INPUTS Applies to All Inputs VINX or VREFL 
Input Voltage Range IVR 0 1.5 V 
Input Resistance RIN D = 55H; Code Dependent 4 10 k.O 
Input Capacitance CIN Code Dependent 19 30 pF 
REF Low Resistance RREFL D = A~; Code Dependent 0.3 0.75 kG 
REF Low Capacitance ~FL Code Dependent 190 250 pF 

DACOUTPUTS Applies to All Outputs VOUTX 
Voltage Range OVR RL = 10 kG 0 3 V 
Output Current loUT Il.VOUT < 25 mY, VINX = l.375V, PR = 0 V ±5 7 mA 
Capacitive Load ~ No Oscillation 200 pF 

DYNAMIC PERFORMANCE Applies to All DACs 
Multiplying Gain Bandwidth GBW VINX = 100 mV p-p + 1.0 V de 1 2.5 MHz 
Slew Rate Measured 10% to 90% 

+SR Il.VOUTX = +3V 1.3 4.0 V/lJ.s 
-SR Il.VoUTX = -3 V 1.3 2.5 V/lJ.s 

Totsl Haimonic Distortion THD VINX = 1 V p-p + 1.0 V dc, D = FFH, f = 1 kHz, 0.01 % 
fLP = 80kHz 

Spot Noise Voltage ~ f=lkHz 0.17 IJ.V/yHz 
Output Settling Time ts ± 1 LSB Error Band, 810 to 25510 3.5 6 IJ.s 
Channel to Channel Crosstslk CT Measured Between Adjacent Channels, f = 100 kHz 60 70 dB 
Digitsl Feedthrough Q VREFL = +1.5 V, D = 0 to FFH 6 nVs 

POWER SUPPLIES 
Positive Supply Current IDD PR= OV 19 26 mA 
Power Dissipation PDlSS 95 130 mW 
DC Power Supply Rejection Ratio PSRR PR = OV 0.01 %/% 
Power Supply Range PSR VDD 4.75 5.00 5.25 V 

DIGITAL INPUTS 
Logic High Vm 2.4 V 
Logic Low VIL O.S V 
Input Current IL ±10 !l-A 
Input Capacitance CIL S pF 
Input Coding Binary 

DIGITALOUTPUT 
Logic High VOH IOH = -0.4mA 3.5 V 
Logic Low VOL IoL = 1.6 mA 0.4 V 

TIMING SPECIFICATIONS 
Input Clock Pulse Width tcH, tcr. SO ns 
Data Setup Time tDS 40 ns 
Data Hold Time tDH 20 ns 
CLK to Soo Propagation Delay tpD 120 ns 
DAC Register Load Pulse Width tLD 70 ns 
Preset Pulse Width tPR 50 ns 
Clock Edge to Load Time tcra.n 30 ns 
Load Edge to Next Clock Edge tLDCK 60 ns 

NOTE 
'INL and DNL tests do not include operation at codes 0 thru 7 due to zero·scale output voltage. For bias voltages above 100 mV on VamJ,., INL and DNL are 
maintained over all codes. 

Specifications subject to change witbout notice. 
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WAFER TEST LIMITS: Voo = +5 V, All VINX = +1.5 V, VREFL = 0 V, TA = 25°C, unless otherwise noted. 

DAC-8841GBC 
Parameter Symbol Conditions Limits Units 

Integral Nonlinearity INL Note I ±1.S LSB max 

Differential Nonlinearity DNL All Devices Monotonic, Note I ±I LSB max 

Half-Scale Output Voltage VHS PR = 0 V, Sets D = SOH 1.475/1.525 V minimax 

Input Resistance (V1NX) RIN D = 55H; Code Dependent 4 kOmin 

REF Low Resistance RREFL D = ABH; Code Dependent 0.3 kOmin 

DAC Output Voltage Range OVR RL = 10 kO 3 V min 

DAC Output Current lOUT AVOUT < 25 mV ±5 rnA min 

Slew Rate Measured 10% to 90% 
Positive SR+ AVOUTX = +3 V 1.3 V/fJ-s min 
Negative SR- AVOUTX = -3 V 1.3 V/fJ-smin 

Positive Supply Current 100 PR= OV 26 mAmax 

DC Power Supply Rejection Ratio PSRR PR = 0 V, AVoo = ±S% 0.01 %1% max 

Logic Input High V1H 2.4 V min 

Logic Input Low V1L 0.8 V max 

Logic Input Current IL ±IO ".A max 
Logic Output High VOH IOH = -0.4 mA 3.5 V min 

Logic Output Low VOL IOL = 1.6 rnA 0.4 V max 

NOTE 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 

SOl 

CLK 

LO 
OAC REGISTER LOAD ~ 

vaUT :-------------------------------------------~ 
DETAIL SERIAL DATA INPUT TIMING 
(PR = -1,· VIN = 1.5V. VREF L = OV) 

SOl 1 
(DATA IN) 0 x 

SOO 1 X 
_ICH _

1 

r 
(DATAOUl) 0 

CLK 

ICLI 

LD 0 

)I< 

1";1 
AxorDx .x 

"i IDH 

X 

")k' x::= - ~tpD 

l' 
ICKLO 

\.0 .I lLOCK I 

I ... Is 

.1 LSB ERROR BAN VaUT(FFH) ~ t 0 
VauT (08H) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ==~"ili'------

PRESET TIMING 

Figure 1. Timing Diagram 
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DAC-8841 
ABSOLUTE MAXIMUM RATINGS 
(fA = + 25"C, unless otherwise noted) 

PIN CONFIGURATIONS 

VDO to GND ........•...........•. -0.3 V, +7 V 
V1NX to GND .........•.................. VDD 

VREFL to GND ........................... VDD 

VOUTX to GND .........................•. VDD 

Short Circuit IOUTX to GND ....•...•....• Continuous 
Digital Input & Output Voltage to GND ........... VDD 

Operating Temperature Range 
Extended Industrial: DAC-884IF ....... -40°C to +85°C 

Maximum Junction Temperature (TJ max) ........ +ISOOC 
Storage Temperature .....•......... -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ....•...... + 300°C 
Package Power Dissipation .......... (TJ Max - T A )l6JA 

Thermal Resistance 6JA 
Cerdip •.•........................... 64°CIW 
P-DIP .............................. 57°CIW 
SOIC-24 ............................. 70°CIW 

DAC-8841 PIN DESCRIPTION 
DICE CHARACTERISTICS 

VIND 

VDD 

SDI 

GND 

SDO 

ClK 

lD 

Pin Mnemonic 

1 Vo.,..c 

Description 

DAC COutput 

DIE SIZE 0.117 x 0.185 inch, 21,645 sq. mils 
(2.9718 x 4.699 mm, 13.964 sq. mm) 

2 VOUTB DAC BOutput 
The die backside is electrically common to V DD' 

3 VoutA DACAOutput 

4 V,NB DAC B Reference Input 

5 V .. A DAC A Reference Input 

8 V.EFl DAC Input Reference low 

7 PR Preset Input. Active low, All DAC Registers 
= SOH 

8 VINE DAC E Reference Input 

9 V .. F DAC F Reference Input 
10 VOUTE DAC E Output 
11 VOUTF DAC FOutput 
12 VOUTG DACGOutput 

13 YouTH DAC H Output 
14 V,NG DAC G Reference Input 

15 V,NH DAC H Reference Input 

16 LD load DAC Register Strobe, Active High Input 
that Transfers the Deta Bits from the Serial 
Input Register into the Decoded DAC 
Register. See Table I 1. Vou,.c 

17 ClK Serial Clock Input, Positive Edge Triggered 2. VouTB 
18 SDO Serial Deta Output, Active Totem Pole Output 3.Vou,.A 
19 GND Ground 4. VINB 
ZO SDI Serial Date Input 5. VINA 
21 VDO Positive 5 V Power Supply 6'~Fl 
ZZ VOND DAC D Reference Input 7.PR 
23 VINC DAC C Reference Input 8. VINE 
24 VouTD DAC D Output 9. VINF 

10. VouTE 
11. VouTF 
12.VouyG 

CAUTION ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 
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13. YouTH 
14. VING 
15. VINH 
16. lO 
17. ClK 
18. SOO 
19. GNO 
20. SOl 
21. VDD 

22. VINO 
23. VINC 
24. VOUTO 
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Model 

DAC8841FP 
DAC8841FW 
DAC8841FS 
DAC8841GBC 

ORDERING GUIDE 

Temperature Range 

-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 
-25°C 

Package Option 

Plastic DIP 
Cerdip 
SOIC 
Dice 

For devices processed in total compliance to MlL-STO 883, contact 
your local sales office for the OAC8841BW/883 data sheet_ 

Table I. Serial Input Decode Table 

DAC-8841 

LAST .. FIRST 

I LSD DO I DI D2 D3 D4 D5 D6 I MSD D7 I LSD AO I Al I A2 I MSD A3 I 
~-----.----------------------------/'~ ~ I ADDRESS DATA 

MSD 

~I D71 D61 

0 
0 

1 
0 
0 

D5 

SOl 

X 
X 

X 
X 

LSD 

MSD LSD 

DAC Updated 

o No Operation 
1 DACA 
o DACD 
1 DACC 
o DACD 
I DACE 

DACF 
DACG 
DACH 
N~ Operation 

No Operation 

I D4 I D3 J D21 D1 I DO DAC Output Voltage I 
VOUT = D/128 (VIN - VREFL) + VREFL 

0 VREFL 
0 1/128 (VIN - VREFL) + VREFL 

1 127/128 (VIN - VREFL) + VREFL 
0 VIN (Preset Value) 
0 129/128 (yIN - VREFL) + VREFL 

0 254/128 (YIN - VREFL) + VREFL 
1 255/128 (yIN - VREFL) + VREFL 

Table II. Logic Control Input Trutb Table 

CLK LD PR Input Shift Register Operation 

L L H No Operation 
L H Shift One Bit In from SDI (Pin 20), 

Shift One Bit* Out from SDO (Pin 18) 
X L L All DAC Registers = 80H 

L H H Load Serial Register Data into 
DAC(X) Register 

*Data shifted into the SOl pin appears twelve clocks later at the SOO pin. 

I 
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DAC-8841-Typical Performance Characteristics 

+1/2 
I I I 
DAC. A, B, C, 0 SUPERIMPOSED 

~I=:~]c I 

VDD :::;; 5V 
VIN X = 1.SV 
VREF l = 100mV 

DAC. E, F, G, H SUPERIMPOSED 

~I I I r'~'1 1'''''"1 

I I I 
-1/2 

64 128 192 256 
DIGITAL INPUT CODE - Decimal 

Figure 2. Linearity Error vs. Digital 
Input Code 

2.0 

1,8 _ Voo =5V 
VREF L=2.5V 

1.6 - Y'N =1.5V 

1.' 

"" 1,2 E 
I 1,0 ..J 

.• l • ..... AU 

• .L j.,' 

j 0.8 ,fI 
IN 

, 
0.6 

0.' 

Q.2 

o 

.JI 1 

o 32 64 96 128 160 192 224 256 
DIGITAL INPUT CODE - Decimal 

Figure 5. IREFL Input Current vs. 
Digital Code 

- - -, , 
II 3 
~ J 

, 
, 

I 

S 2 
~ 

o 

I-~If , 

, 
1--. ;"1 , VDD =5V -

~i I-
_ 'LOAD = SmA _ 

VREFL=OV 

ITA~25'~ 1-

o • 
VIN -von_ 

Figure 8. Full-Scale Output to 
Positive Saturation 

... 0.5 

T ~ = -s~, 25, ~85'cl 
VDD =5V 
V1N X=1.5V 
VREFL= 100mV 

~ +0.25 
I 

~ 
'''fI''I ",,"' ....... ' .",' ~ IJ ~ .. "' 

i 
o 

~ -0.25 

-0.5 
o 64 128 192 

DIGITAL INPUT CODE - Decimal 

Figure 3. Linearity Error vs. Digital 
Code vs. Temperature 

100 .. I- IV~o~ ~~v I I I 
I 

Z 10 

~ 
rr: 
0 

VIN = 1Vpp + 1V 
I- RL=2kQ 
I- TA =25'C 

Iii 1,0 
C 

~ 
0 0,1 :Ii 

!i :c 
..J 

0.01 :! 
~ 

256 

0,001 
10 100 lk 10k lOOk 

FREQUENCY - Hz 

Figure 6. Total Harmonic Distortion 
vs. Frequency 

10 

VDO =5V 
TA =25'C 
VIN = +1.SV 

I ./ ""EFL=oV 
• 

DATA ALL ZEROS 
./ 

./ 

V 
o V 

o 100 200 300 400 500 
VOUTX-mV 

Figure 9. Zero-Scale Output Detail 
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1.501 

1.500 

1,499 

11.498 

I 1.497 

S 
;? 1.496 

1.495 

1.494 

1.493 

1 .1 
I-- Voo = 5V 

VREFL=fJV 
I-- ~X=1.5V 

PR=OV 

-so -25 25 50 75 100 
TEMPERATURE - 'C 

Figure 4. Half Scale vs. Temperature 

Voo= 5V 
7 I-- V,N = 1.5V 

VREFL =ov 
'! 6 t---+-+---+-+---+--1---t--l ,. 
I SR+ 

~ 
rr: 4 1---+-+--+-+--+-+--1--1 
~ 
~ 3 I---r-r--+'S~R~_+---+-+---+~ 
S I_-+::t::t::+=:t::i=~-~ ~21-

oL-~~ __ ~-L~~~~--J 
-75 -so -25 0 25 50 75 100 125 

TEMPERATURE - 'C 

Figure 7. VOUT Slew Rate vs. 
Temperature 

1.0 
Veo = +5V 
TA =25'C 

- VIN = 1.5V ~ 0 .• 

~ VREFL=OV 

I 

~ 0.6 

:! g 

P1i=ov 

I 
Q.4 

\ 
I 0.2 
c • 

o 
10 

"-
-~ 

lk 

-
10k 

FREQUENCY - Hz 
lOOk 

Figure 10. Voltage Noise Density vs. 
Frequency 
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80 

II , 
~60 

~ 
a: 40 
~ 

~ 
a: 20 

I 

~N 
(O.5V/DIV) 

VOUT 

(1V/DIV) 

Figure 11. Pulse Response 

LD 
(5V/DIV) 

VOUT 

(50mV/DIV) 

DIGITAL CODE = 128 ..... 127 

Figure 13. Worst Case 1 LSB Digital Step Change 

40 

30 
T~ =25!C 

I-VIN =1.5V 

20 I"-
I-~EFL=OV 

PR=O 

C 10 
E , 
j 

-10 

-20 

-30 

Voo= +SV + O.1Vp-p 
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I II 
1k 

I II 
10k 1DOk 1M 
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-1 
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LD 
(5V/DIV) 

VOUT 

(1V/DIV) 

32 

28 

o 

OAe-8841 

DIGITAL CODE = 255 ..... 8 ..... 255 

Figure 12. Settling Time 

VREFL=2.5V 
I-V'NX=1.5V 

~DD=~-

VOD = 5V 
I ~-

VDD =.V_ 
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TEMPERATURE -"C 

Figure 14. Supply Current vs. Temperature 
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Figure 15. PSRR vs. Frequency Figure 16. DAC Output Current 
vs. VOUTX 

Figure 17. Output Drift Delta 
Accelerated by Burn-In 
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OAC-8841 
CIRCUIT OPERATION 
The DAC-8841 is a general purpose multiple-channel ac or dc 
signal level adjustment device designed to replace potentiometers 
used in the three-terminal connection mode. Eight independent 
channels of pro~ble signal level control are available in 
this 24-pin package device: The' outputs are completely buffered 
providing up to 5 rnA of drive current ~to drive external loads. 
The DAC and , amplifier combination shown in Figure 18 pro
duces two-Quadrant multiplication of the signal inputs applied to 
V'N times the digital input control word. In addition the DAC-
8841 provides a I MJiz gain-bandwidth product in the two
quadrant multiplying channeL Operating from a 5 V power 
supply, analog inputs to + L5 V which generate outputs to 
+ 3 V are easily accolnmodated. 

VOUT = 2)( VDAC WHEN VAEF L = OV 

= 2 (0/256) x V'N 

= (0/128) x VIN 

GENERAL CASE WHEN VREF L ;01 ov: 
VOUT = (0/128) II (YIN - VREF L) + VREF L 

OAC8841INPUT·OUTPUTVOLTAGE RANGE 

VDD =+SV 
VAEFL=OV 

J!I 1-_-f-"70=FFH -+--+---1 
~ I , 
!; 0 = COH 

>0 2 I---/-r-r--"'--I--+---j 
0=8OH 

I 
0=4OH 

I 
O=ooH 

VIN -Volts 

VOUT = 2 x V'N (0/256), WHERE 0 = 0 TO 255 

Figure 18. DAC Plus Amplifier Combine to Produce Two
Quadrant Multiplication 

In order to be easy to use with a controlling microprocessor, a 
simple layout-efficient three-wire serial data interface was cho
sen. This interface can be easily adapted to almost all microcom
puter and microprocessor systems. A clock (CLK), serial data 
input (SOl) and a load (LD) strobe pin make up the three-wire 
interface. The 12-bit input data word used to change the value 
of the internal DAC registers contains a 4-bit address and 8-bits 
of data, Using this combination, any DAC register can be 
changed without disturbing the other devices. A serial data out
put (SDO) pin simplifies cascading multiple DAC-8841s without 
adding address decoder chips to the system. 
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During system power upa logic low on the preset PR pin forces 
all DAC registers to 80H which in turn forces all the buffer am
plifier outputs to equal half-scale. The transfer equation (I) 
shows that in the preset condition (80H ) that V OUT will eqnal 
V'N. The asynchronousPR input pin can be activated at any 
time to fOl,"ce the DAC registers to the half-scale· code 80H • This 
is generally the most convenient place to s~ for general pur-
pose adjustment applications. . 

ADJUSTING AC OR DC SIGNAL LEVELS 
The two-Quadrant multiplication operation of the DAC-8841 is 
shown in Figure 18. For dc operation the equation describing 
the relationship between V'N, digital inputs and VOUT is: 

VouT(D) = (0/128) x (VIN - VREFL) + VREFL (I) 

where D is a decimal number between 0 and 255. 

The actual output voltages generated with a fixed 1. 5 V dc input 
on V'N and VREpL = 0 V are summarized in this table. 

Comments 
Decimal Input (D) VoUT(D) (VIN = 1.5 V, VREFL = 0 V) 

0 0.000 V* Zero Scale 
0.012* 

2 0.024* 
127 1.488 
128 1.500 Half Scale = V1N 
129 1.512 

254 2.976 
255 2.988 Full Scale 

(FS) - 2 x VIN 

*See "Operation Near Ground." 

Notice that the output polarity is the same as the input polarity 
when the DAC register is loaded with 255 (in binary = all 
ones). Also note that the output does not exactly equal two 
times the input voltage. This is a result of the R-2R ladder DAC 
chosen. When the DAC register is loaded with 0, the output is 
VREPL. The actual voltage measured when setting up a DAC in 
this example will vary within the ± I LSB linearity error specifi
cation of the DAC-8841. The actual voltage error would be 
±0.012 V. 

Operation Near ground - The input stage of the internal buffer 
amplifier functions down to ground, but the output stage cannot 
pull lower than the internal ground voltage. When a DAC out
put tries to output a voltage at or below the internal ground po
tential, it saturates and appears like a 50 n resistor to ground. 
The typical saturation voltage appearing at the output is 20 m V, 
see Figure 9. The 100 mV worst case zero-scale voltage specifi
cation reflects this saturation effect, including the worst case 
anticipated variation of the internal ground resistances, quies
cent currents and buffer sinking current. Linearity is measured 
between code 810 and code 25510 to avoid this saturation effect. 
In summary, the transfer function of each DAC will be a 
straight line from code 8 to code 255 when VREpL = 0 V. For 
input codes 0 to 7, some DAC outputs will be saturated in the 
zero-scale output voltage region; therefore, changing digital code 
o to I ID8y not change the output voltage when VRBpL = 0 V. 
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SIGNAL INPUTS (VINA, B, C, D, E, F, G, H) 
The eight independent V IN inputs have a code dependent input 
resistance whose worst case minimum value is specified in the 
electrical characteristics table. Use a suitable amplifier capable of 
driving this input resistance in parallel with the specified input 
capacitance. These reference inputs are designed to receive not 
only dc, but ac input voltages. This results from the incorpora
tion of a true bilateral analog switch in the DAC design, see 
Figure 19. The DAC switch operation has been designed to op
erate in the break-before-make format to minimize transient 
loading of the inputs. The reference input voltage range can op
erate from ground (GND) to 1.5 V. That is, the operating input 
voltage range, when VREPL = 0 V, is: 

o V < VINX < 1.5 V (2) 

~EFLo-----~------------------~~ 

Figure 19. DAC-B841 TrimDAC Equivalent Circuit 
(One Channel) 

VCHlTX 

The reference inputs can withstand input voltages up to V DD; 

however due to the internal amplifier's gain of two configura
tion, the output voltage of the circuit reaches its maximum spec
ified value of 3 V when the input voltage equals 1.5 V and 
VREPL = 0 V; see Figure 18. 

The reference low input V REPL is the bottom end of the DAC 
(see Figure 18). This input is normally tied to ground; however 
it can be biased above ground. When VREpL is biased above 
ground, its value and that of VINX should be chosen in agree
ment with Equation 3. 

V OUT :5 V DD - 2 V (3) 

Also for the general case the headroom restriction to V DD for 
VINX and VREPL is given by Equation 4. 

VINX, V REFL :5 V DD - 2 V (4) 

According to the above equations, the DAC-8841 can only be 
operated under certain combinations ofV1NX and VREPL. The 
shaded area in Figure 20 defines the theoretical allowable ranges 
of operation. Note that VREpL can be biased higher than VINX. 
Linearity will vary with the reference voltages and supply condi
tions. If a symmetrical output ac signal is desired, then the sym
metrical ac input on V 1NX should be offset to V REpL. The 
output signal will then be with respect to V REPL. 
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3 

o 4 
VAEF L - Volta 

Figure 20. DAC-8841 Input Voltage Operating Boundaries 

For example, biasing VREpL equal to one volt would accept a 
I V p-p ac input signal on V IN. This input signal could then be 
attenuated or given a gain-of-two depending on the DAC data 
setting. 

DAC OUTPUTS (VovrA, B, C, D, E, F, G, H) 
The eight D/A converter outputs are fully buffered by the DAC-
8841s internal amplifier. This amplifier is designed to drive up 
to I kO loads in parallel with 200 pF. However in order to min
imize internal device power consumption, it is recommended 
whenever possible to use larger values of load resistance. The 
amplifier output stage can handle shorts to GND; however, care 
should be taken to avoid continuous short circuit operation. See 
Figure 16 "DAC output current versus VOUTX" graph. 

The amplifier output is guaranteed to operate to within 2 V of 
V DD under all load conditions and temperature. Figure 8 shows 
typical operation to positive output saturation with a 5 rnA load. 

The low output impedance of the buffers minimizes crosstalk 
between analog input channels. At 100 kHz 70 dB of channel
to-channel isolation exists. It is recommended to use good cir
cuit layout practice such as guard traces between analog 
channels and power supply bypass capacitors. A 0.01 fLF ce
ramic in parallel with a 1-10 fLF tantulum capacitor provides a 
good power supply bypass for most frequencies encountered. 

DIGITAL INTERFACING 
The four digital input pins (CLK, SOl, LD, PR) of the DAC-
8841 were designed for TTL and 5 V CMOS logic compatibil
ity. The SDO output pin offers good fanout in CMOS logic 
applications and can easily drive several DAC-8841s. 

The Logic Control Input Truth Table II describes how to shift 
data into the internal 12-bit serial input register. Note that the 
CLK is a positive edge-sensitive input. If mechanical switches 
are used for breadboard, product evaluation they should be de
bounced by a flipflop or other suitable means. 

The required address plus data input format is defined in the 
Serial Input Decode Table 1. Note there are 8 address states 
that result in no operation (NOP) or activity in the DAC-8841 
when the active high load strobe LD is activated. This NOP can 
be used in cascaded applications where only one DAC out of 
several packages needs updating. It takes 12 clocks on the CLK 
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DAC-8841 
pin to fully load the serial input shift register. Data on the SOl 
input pin is subject to the timing diagram (Figure I) data setup 
and data hold time requirements. Mer the twelfth clock pulse, 
the processor needs to activate the LD strobe to have the DAC-
8841 decode the serial register contents and update the target 
DAC register with the 8-bit data word. This needs to be done 
before the thirteenth positive clock edge. The timing require
ments are in the electrical characteristic table and in the Figure 
1 timing diagram. Mter twelve clock edges data initially loaded 
into the shift register at SDI appears at the shift register output 
SDO. 

There is some digital feedthrough from the digital input pins. 
Operating the clock only when the DAC registers require updat
ing minimizes the effect of the digital feedthrough on the analog 
signal channels. 

Figure 21 shows a three-wire interface for a single DAC-8841 
that easily cascades for multiple packages. 

24 

12 

o 
-12 

10k 

v =1.5\ 'DC+.laomVA1 

1I 
r-

lOOk 1M 
FREQUENCY - Hz 

eLK • 
D.AC8841111 • 
IJ) • 

SDO DACH 

SOl DACA 
eLK 

DAC8841ft 

IJ) 

SDO !JACH 

SDI DACA 
CLK 

DAC8841N3 

IJ) 

SDO DACH 

Figure 21. Three-Wire Interface 

10M 

Figure 22. Gain (VOU.,N'N) and Feedthrough VB. Frequency 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• Differential Nonlinearity ....................................... ±1/2lSB 
• Nonlinearity •...•....•.•.........•..••.••••••••......•••....•....•...••..••• 0.05% 
• Fast Settling Time ..................................................... 250ns 
• High Compliance •....•....•....•..•••..•••••.••.••••.••••.••• -<JV to +10V 
• Differential Outputs ............................................. 0 to 4mA 
• Guaranteed Monotonicity ....................................... 12 Bits 
• low Full-Scale Tempco •.•••••.••••••••..••••.•••.•••••••••.• 10ppml·C 
• Circuit Interface to TTL, CMOS, ECl, PMOSINMOS 
• low Power Consumption ...................................... 225mW 
• Industry Standard AM6012 Pinout 

ORDERING INFORMATION t 

DNL 

±1I2LSB 
±1LSB 
±1LSB 

PACKAGE 

CERDIP PLASTIC 
a·PIN 20·PIN 

PM6012EW 
PM6012FR 
PM6012HR 

PM6012HS 
PM6012HP 

OPERATING 
TEMPERATURE 

RANGE 

COM 
XINO 
XINO 

For devices processed in total compliance to MIL·STD·883. add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CarDIP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 

The PM-6012 series of 12-bit multiplying digital-to-analog con
verters provide high speed with guaranteed performance to 
0.012% differential nonlinearity overthe full commerical operat
ing temperature range. 

FUNCTIONAL DIAGRAM 

12-Bit High-Speed Multiplying 
D/A Converter 

PM-6012 I 
The PM-6012 combines a 9-bit master D/A converter with a 3-
bit (MSBs) segment generator to form an accurate 12-bit D/A 
converter at low cost. This technique guarantees a very uniform 
step size (upto±112 LSBfrom the ideal), monotonicityto 12 bits 
and integral nonlinearity to 0.05% at its differential current out
puts. In order to provide the same performance with a 12-bit R-
2R ladder design, an integral nonlinearity over temperature of 
1/2 LSB (0.012%) would be required. 

The 250ns settling time with low glitch energy and low power 
consumption are achieved by careful attention to the circuit 
design and stringent process controls. Direct interface with all 
popular logic families is achieved through the logic threshold 
terminal. 

PIN CONNECTIONS 

Continued 

20-PIN HERMETIC DIP 
(R-Suffix) 

20-PIN PLASTIC DIP 
(P-Sufflx) 

20-PINSOl 
(S-Sufflx) 

AGND MSB LSB 
V(+I VLC B1 82 83 84 B5 86 87 as B9 810 811 812 

r-------~-1~-+~_+~~~~--~-1~~~-1~18~~IO 
r-____ ~~~~t+~Y_~~~~~~~~++~~'9~¢~ 

16 17 

COMP V(-) 

Manufactured under one or more of the following patents: 4,055,773; 4,056,740; 4,092,639. 
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PM-60l2 

GENERAL DESCRIPTION Continued 
High compliance and low drift characteristics (as low as 10ppm/ 
°C) are also features of the PM-6012 along with an excellent 
power supply rejection ratio of :t:.001 % F"S/%AV. Operating over 
a power supply range of +5/-11 V to :t: 18V the. device consumes 
225.mW at the lower supply voltages with an absolute maximum 
dissipation of 375mW at the higher supply levels. 

With their guaranteed specifications, single chip reliability and 
low cost, the PM6012 device makes excellent building blocks 
for ND converters, data acquisition systems, video display driv
ers, programmable test equipment and other applications 
where low power consumption and complete inpuVoutput ver
satility are required. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Operating Temperature 

PM-6012E ......................................................... O°C to +70°C 
PM-6012F, PM-6012H ................................. -40°C to +85°C 

Junction Temperature .................................. -65°C to + 150°C 

Storage Temperature (Tj) ............................ -65°C to +125°C 
Lead Temperature (Soldering, 60 sec) ........................ +300·C 
Power Supply Voltage ..................................................... :t:18V 
Logic Inputs ........................................................... -5V to +18V 
Analog Current Outputs ......................................... -8V to +12V 
Reference Inputs V14, V15 ......................................... V-to V+ 
Reference Input Differential Voltage (V14' V1,) ................ :t:18V 
Reference Input Current(114) ....................................... 1.25mA 

PACKAGE TYPE elA (Note 2) 9 1e UNITS 

20-Pin Hermetic DIP (R) 76 11 'C/w 
20-Pin Plastic 01 P (P) 69 27 'C/W 
20-Pin SOL (S) 88 25 'C/w 

NOTES: 
1. Absolute maximum ratings apply to packaged part., unle •• otherwise noted. 
2. 9 1A i. specified for worst case mounting conditions, i.e., elA is specified for 

device In socket for CerDIP and P-DIP packages; elA is specified for device 
soldered to printed circuit board for SOL package. 

ELECTRICAL CHARACTERISTICS at Vs = :t:15V, IREF = 1.0mA, 0·C"TA,,70·C for PM-6012E and -40'C"TA,,+85°C for PM-6012F, 
PM-6012H, unless otherwise noted. Output characteristics refer to both lOUT and lour 

PM-6012E PM-6012F PM6012H 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX MIN TYP MAX UNITS 

Resolution 12 12 12 Bits 

Monotoniclty 12 12 12 Bit. 

Differential DNL Deviation Irom Ideal - ,,0.0125 - ,,0.0250 - ,.0.0250 %FS 
Nonlinearity Step Size (Nole 2) ,.0.5 ,,1 ,,1 LSB 

Nonlinearity INL Deviation from Ideal ,.0.05 ,,0.05 ,.0.05 %FS Straight Line (Note 2) 

Full-Scale VAEF = 10.000V 

Current 
IFS R'4 = R,s = 10.000kll 3.967 3.999 4.031 3.935 3.999 4.063 3.935 3.999 4.063 mA 

(Note 2) 

Full·Scale TCI FS 
,,5 ,,20 ,,10 ,.40 ,.SO - ppm/"C 

Tempco - ,.0.0005 ,.0.002 - ,.0.001 ,.0.004 - ,,0.008 - %FS/"C 

Output Voltage DNL Specifications 

Compliance Voe Guaranteed Over -5 +10 -5 +10 -5 +10 V 
Compliance Range 

Full-Scale IFSS IIFsl·IIFsl ,.0.4 ,,1 ,,0.4 ,,2 ,.0.4 ,.2 ~A Symmetry 

Zero·Scale Izs 0.10 0.10 0.10 ~ Current 

To ,.112 LSB, All Bits 
Settling Time ts Switched ON or OFF 250 500 250 500 250 500 ns 

(Nolel) 

Propagation All Bits Switched 

Delay- tpLH 50% Point Logic Swing 25 50 25 50 25 50 ns 
All Bils tpHL to 50% Point Output 

(Note 1) 

Output 
Ro >10 >10 >10 Mil 

Resistance 

Output 
COUT 20 20 20 pF 

Capacitance 
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PM-6012 
ELECTRICAL CHARACTERISTICS at V s=±15V. IREF= 1.0mA. 00CSTt!!:;00C for PM-6012E and -40°C< T A <+85°C for PM-6012F, 

PM-6012H, unless otherwise noted. Output characteristics refer to both lOUT and our Continued 

PM-6012E PM-6012F PM-6012H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Logic Input 
VIL VLc=GND 0.8 0.8 0.8 V 

Levels -0-

Logic Input 
VIH VLc=GND 2 2 2 V 

Levels -1" 

Logic Input 
liN VIN--51D +18V 40 40 40 (1A 

Current 

Logic Input 
VIS -S +18 -S +18 -S +18 V 

Swing 

Reference Bias 
1'5 0 -0.5 -2 0 -o.S -2 0 -0.5 -2 (1A 

Current 

Reference Input 
dlldt 

Slew Rate 
R'41o )= sooa 
Cc = C'JpF (Note 1) 

4 8 4 8 4 8 mAl ... 

V+= +13.SVID +16.SV, - :I:O.OOOS :1:0.001 - :I:O.OOOS :1:0.001 - :I:O.OOOS :1:0.001 
Power Supply PSSIFS+ V- =-lSV 

%FSI%AV 
Sensitivity PSSIFS_ V- • -13.5V ID -16.5V, 

- :1:0.0002 ±o.oOl -:1:0.00025 :1:0.001 -:1:0.00025 :1:0.001 
V+=+15V 

Power Supply V+ 
Vwr=OV 

4.5 18 4.5 18 4.5 18 
V 

Range V- -18 -10.8 -18 -10.8 -18 -10.8 

1+ 
V+= +SV,V-_-15V 

3.3 7 3.3 7 3.3 7 
Power Supply 1-

V+_ +15V,V-_-15V 
-13.9 -18 -13.9 -t8 -13.9 -18 

Current 1+ 3.9 7 3.9 7 3.9 7 mA 
1- -13.9 -18 -13.9 -18 13.9 -18 

Power 
Pd 

V+_ +5V,V-_-15V 225 30S 225 305 225 305 
mW 

Dissipation V+- +ISV,V- __ 1SV 267 375 267 375 267 375 

NOTES: 
1. Guaranteed by design. 
2. T. _ 25'c for PM·6012H grade only. 

REV. A DIGITAL-TO-ANALOG CONVERTERS 2-1143 



PM-6012 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT CURRENT V8 

OUTPUT VOLTAGE 
(OUTPUT VOLTAGE COMPLIANCE) 

5.0 

4.0 

3 .• 

3.2 

2.8 

2.4 

2.0 

1.6 

1.2 

0.8 
0.4 

0.0 

VH=I_1SV -

I 
I 

I IREF = I.DlnA 

'L~-l08v 1 
I I J 

TA :~MIN TOTMAX 

I ALlIBITSO~ 
IREF D.SmA 

I 1 

1 .1 
IREF =O.2mA- -

I I 
I I 

-14 -10 -6 -2 10 14 

OUTPUT VOLTAGE (VOL IS) 

POWER SUPPLY CURRENT V8 

POWER SUPPLY VOLTAGE 

-9 

-10 

-1 1 

-12 

-13 

-I' 

-15 
o 

\. '1-1 'iEF ~ '.0~A 

8 10 12 14 16 18 20 

POWER SUPPLY VOL rAGE (VOLTS) 

REFERENCE AMPLIFIER 
SMALL-8IGNAL 

FREQUENCY RESPONSE 

12 ""--;'I'lm IIII~ III "T"TITTnm-TTTTITT11 

10 I-I-+-IH-III ++ 11111fll-ll +-lI-++t+lll---+-t-t14-Hl1 
R14= R15= lk~! 

6 RL = 200!l 
VA'S = OV 

4 VIN = 50mVp-p 
CENTERED AT +l00mV 

-1 ~.!::01,.-JL....I..J.J.JJ.J;!O.l:.1-L...J...u..llIII!-....L....J..JUII~'0 
FREQUENCV IMHd 

REFERENCE AMPLIFIER 
COMMON-MODE RANGE 

'.0 1--"'71--7if'--t--+--+--+--I 

-14.2 

-14.0 

-13.8 

1 -13.6 

~ -13.4 

§ -13.2 

V ,5 REFERENCE COMMON MODE (VOLTS) 

POWER SUPPLY CURRENT 
V8 TEMPERATURE 

Vs" ±15V 

I. 

/' 
f-J-1-, --- IREF = 1.DmA-

V- i' 
I 

u 

i ~1 a-II J 
-tOO -50 0 50 100 150 200 250 

12 

10 

-2 

-4 

..... 
-8 

-10 

-12 
0.01 

REFERENCE AMPLIFIER 
LARGE-SIGNAL 

FREQUENCY RESPONSE 

I II 11111 I I 
I II 11111 I I 

R14'" R15 = lkH 
RL = tOOH, Cc '" 5pF 
V1S = oV 
VIN :lVp-p 
CENTERED AT +500mV 

"" 

0.1 

FREOUENCY (MHz) 

10 
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OUTPUT COMPLIANCE 
V8 TEMPERATURE 

16r---,----.---,----,---,---, 

" 
12 

~ 10 

~ 8 

~ 6 

g 4 

~ 2 

5 0 
o 

-2 

-. 
-50 50 100 150 200 

TEMPERATURE (OC) 

TRUE AND COMPLEMENTARY 
OUTPUT OPERATION 

(OOOO 0000 0000) IREF'" 1.0mA (111111111111) 

~ 0.9 

~ 
S 0.8 
u e 0.7 

~ 0.6 
o e 0.5 
> 

GAIN ACCURACY vs 
REFERENCE CURRENT 

~ 0.41=t:tH:tt:l:ttl::ttl::ttl::ttl=1 

~0'3 __ z 0.2 
<1 
CI 0.1 

o 
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

REFERENCE INPUT CURRENT (mAl 
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BASIC CONNECTIONS 

BIPOLAR OFFSET (TRUE ZERO) 

REV. A 

REF-D1 
+10V 

VREF 
R14 =-- =R15 

1.0mA 

NOTE: 

R15 
10k.Q 

MSB 

ROFF 
5.OOOkn 

PM·6012 

OPTIONAL FOR 
2's COMPLEMENT 
OPERATION 

CODe MAY BE COMPLEMENTED BY REVERSING 10 & iQ 

MSB 
CODE FORMAT OUTPUT SCALE Bl B2 

Offset binary; Positive full scale 
true zero output. Positive full scale - LSB 

+LSB 
Zero scale 
-LSB 
Negative full scale + LSB 
Negative full scale 

2's complement; Positive full scale 
true zero output Positive full scale - LSB 
MSB complemented +1LSB 0 
(need inverter at 81). Zero scale 

-1 LSB 
,..Iegative full scale + LSB 

Negative full scale 

B3 

1 
0 

2.000mA 

LSB 

B4 B5 B8 B7 B8 

1 

1 
0 0 

0 0 0 

B8 Bl0 Bll 

0 0 

0 

Rl 
5kn 

LSB 
a12 

1 
0 

PM-G012 

10 10 

(mAl (mAl VOUT 

3.998 0.000 9.9951 

3.998 0.001 9.9902 
2.001 1.998 0.0049 
2.000 1.999 0.000 
1.999 2.000 -ll.0049 
0.001 3.998 -9.9951 
0.000 3.999 -10.000 

3.999 0.000 9.9951 
3.998 0.001 9.9902 
2.001 1.998 0.0049 
2.000 1.999 0.000 
1.999 2.000 -ll.0049 
0.001 3.998 -9.9951 
0.000 3.999 -10.000 
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BASIC CONNECTIONS 

BASIC UNIPOLAR OPERATION 

REF~1 
+1DV 

PM-6012 

B'2 

VREF R15 R2 
R14 = 1.omA .. R15 ,OkS1 2.5k 

MSB LSB 

NOTE: 
CODE MAY BE COMPLEMENTED BY REVERSING 10 &: iQ 

R' 2." 

CODE FORMAT OUTPUT SCALE 
MSB LSB 
B1 B2 B3 B4 BS BS B7 as B9 B10 B11 B12 

Straight binary; Positive full scale 1 
unipolar with true input Positive full scale - LSB 1 1 1 1 1 1 
code, true zero output. LSB 0 0 0 0 0 0 0 

Zero Scale 

Complementary binary; Positive full scale 0 0 0 0 o 
unipolar with Positive full scala - LSB 0 0 
complementary Input LSB o 
code, true zero output. leroseala 

SYMMETRICAL OFFSET OPERATION 

R, 
R'. 2." 
10kO 

'0 
(mAl 

3.999 
3.996 
0.001 
0.000 

0.000 
0.001 
3.998 
3.999 

VREFI+) 

?> REF-Q1 

~f +'OV 
PM-6012 

10 -

.--- VREFH 

B' B'2 

VREF 
R14=-- =R15 

1.DmA R'. L. ~OPTIONAL R' R2 , .... 2." 1.25k 

':' '=' ':' 
MSB LSB 

MSB LSB '0 
CODE FORMAT OUTPUT SCALE Bl B2 B3 B4 B5 B6 B7 B8 B8 B10 Bll B12 (mAl 

Straight offset binary; Positive 1ull scala 1 1 1 1 1 1 1 1 1 1 1 1 3.999 
symmetrical about zaro, Positive full ~81e - LSB 1 1 1 1 1 1 1 1 1 1 1 0 3.996 
no true zero output. (+) Zero scale 1 0 0 0 0 0 0 0 0 0 0 0 2.000 

(-) Zero scale 0 1 1 1 1 1 1 1 1 1 1 1 1.999 
Negative full scale - LSB 0 0 0 0 0 0 0 0 0 0 0 1 0.001 
Negative full scale 0 0 0 0 0 0 0 0 0 0 0 0 0.000 

1'5 complement; Positive full scale 0 1 1 1 1 1 1 1 1 1 1 1 3.999 
symmetrical about zero, Positive full scale - LSB 0 1 1 1 1 1 1 1 1 1 1 0 3.996 
no true zero output (+) Zero scale 0 0 0 0 0 0 0 0 0 0 0 0 2.000 
MSB complemented (-) Zero scale 1 1 1 1 1 1 1 1 1 1 1 1 1.999 
(need inverter at B1). Negative full scale - LSB 1 0 0 0 0 0 0 0 0 0 0 1 0.001 

Negative full scale 1 0 0 0 0 0 0 0 0 0 0 0 0.000 
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Your 

'0 
(mAl VOUT 

0.000 9.9976 
0.001 9.9951 
3.998 0.0024 
3.999 0.0000 

'\3.999 9.9976 
3.996 9.9951 
0.001 0.0024 
0.000 0.0000 

Your 

'0 
(mAl VOUT 

0.000 9.9976 
0.001 9.9927 
1.999 0.0024 
2.000 -0.0024 
3.998 -9.9927 
3.999 -9.9976 

0.000 9.9976 
0.001 9.9927 
1.999 0.0024 
2.000 -0.0024 
3.996 -9.9927 
3.999 -9.9976 
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APPLICATIONS INFORMATION 

REFERENCE AMPLIFIER SETUP 

The PM-6012 is a multiplying D/A converter in which the output 
current is the product of a digital number and the input reference 
current. The reference current may be fixed or may vary from 
nearly zero to + 1.0mA. The full range output current is a linear 
function of the reference current and is given by: 

IFR=4095 x4x (IREF) = I REF 
4096 

Where IREF = 114 

In positive reference applications, an external positive refer
ence voltage forces current through R14 into the +V REF terminal 
(pin 14) of the reference amplifier. Alternatively, a negative ref
erence may be applied to -VREF at pin 15. Reference current 
flows from ground through R14 into +VREF as in the positive ref
erence case. This negative reference connection has the ad
vantage of a very high impedance presented at pin 15. The volt
age at pin14 is equal to and tracks the voltage at pin15. The 
voltage at pin 14 is equal to and tracks the voltage at pin 15 due 
to the high gain of the internal reference amplifier. R15 (nomi
nally equal to R14) is used to cancel bias current errors. 

Bipolar references may be accomodated by offsetting VREF or 
pin 15. The negative common-mode range of the reference 
amplifier is given by: V CM- = V- plus (IREF x 3kn) plus 1.23V. 
The positive common-mode range is V+ less 1.8V. 

When a DC reference is used, a reference bypass capacitor is 
recommended. A 5.0V TTL logic supply is not recommended as 
a reference. If a regulated power supply is used as a reference, 
R14 should be split into two resistors with the junction bypassed 
to ground with a O.lIlF capacitor. 

For most applications the tight relationship between IREF and 
IFS will eliminate the need for trimming IREF. H required, full
scale trimming may be accomplished by adjusting the value of 
R14, or by using a potentiometer for R14. 

The reference amplifier must be compensated by using a capacitor 
from pin 16 to V-. For fixed reference operation, aO.OlIlF capacitor 
is recommended. Forvariable reference applications, see section 
entitled "Reference Amplifier Compensation for Multiplying 
Applications. " 

MULTIPLYING OPERATION 
The PM-6012 provides excellent multiplying performance with 
an extremely linear relationship between IFS and IREF over a 
range of 1 mA to lilA. Monotonic operation is maintained over a 
typical range of IREF from 1 OOIlA to 1.0 mAo Although some deg
radation of gain accuracy will be realized at reduced values of 
IREF (see Gain Accuracy vs. Reference Current graph). 

REFERENCE AMPLIFIER COMPENSATION FOR 
MULTIPLYING APPLICATIONS 
AC reference applications will require the reference amplifier to 
be compensated using a capacitor from pin 16 to V-. The value 
of this capacitor depends on the impedance presented to pin 14 
for R14 values of 1.0, 2.5 and 5.0kn, minimum values of Cc are 
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5,10 and 25pF. larger values of R14 require proportionately in
creased values of Cc for proper phase margin. 

For fastest response to a pulse, low values of R14 enabling small 
Cc values should be used. If pin 14 is driven by a high imped
ance such as a transistor current source, none of the above 
values will suffice and the amplifier must be heavily compen
sated which will decrease overall bandwidth and slew rate. For 
R14 = 1 kn and Cc = 5pF, the reference amplifier slews at 4mN 
IlS enabling a transition from IREF = 0 to IREF = 1 mA in 250ns. 

Operation with pulse inputs to the reference amplifier may be 
accommodated by an alternate compensation scheme. This 
technique provides lowest full-scale transition times. An inter
nal clamp allows quick recovery of the reference amplifier from 
a cutoff (IREF = 0) condition. Full-scale transition (0 to 1 mAl 
occurs in 62.5ns when the equivalent impedance at pin 14 is 
800n and Cc = o. This yields a reference slew rate of 8mA/Ils 
which is relatively independent of R'N and V'N values. 

LOGIC INPUTS 
For V- = -15V, the logic inputs may swing between -5 and 
+ 1 OV. This enables direct interface with + 15V CMOS logic, even 
when the PM-6012 is powered from a +5V supply. Minimum in
put logic swing and minimum logic threshold voltage are given 
by: V- plus (IREF x 3kn) plus 1.8V. The logic threshold may be 
adjusted over a wide range by placing an appropriate voltage at 
the logic threshold control pin (pin 13, VlC). The appropriate 
graph shows the relationship between VLC and VTH over the 
temperature range, with VTH nominally 1.4 above VLC• For TTL 
interface, simply ground pin 13. When interfacing ECl, an IREF 
S; 1 mA is recommended. For general setup of the logic control 
circuit, it should be noted that pin 13 will sink 7mA typical; exter
nal circuitry should be designed to accommodate this current. 

ANALOG OUTPUT CURRENTS 
Both true and complemented output sink currents are provided 
where 10 + i;; = IFR· Current appears at the "true" output when a 
"1" is applied to each logic input. As the binary count increases, 
the sink current at pin 18 increases proportionally, in the fashion 
of a "positive logic" D/A converter. When a "0" is applied to any 
input bit, that current is turned off at pin 18 and turned on at pin 
19. A decreasing logic count increases i;; as in a negative or 
inverted logic D/Aconverter. Both outputs may be used simulta
neously. If one of the outputs is not required it must still be con
nected to ground or to a point capable of sourcing IFR; do not 
leave an unused output pin open. 

Both outputs have an extremely wide voltage compliance ena
bling fast direct current-to-voltage conversion through a resistor 
tied to ground or other voltage source. Positive compliance is 
25V above V- and is independent of the positive supply. Nega
tive compliance is + 10 above V-. 

The dual outputs enable double the usual peak-to-peak load 
swing when driving loads in quasi-differential fashion. This fea
ture is especially useful in cable driving, CRT deflection and in 
other balanced applications such as driving center-tapped coils 
and transformers. 
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POWER SUPPLIES 
The PM-6012 operates over a wide range of power supply volt
ages from a total supply of 20V to 36V. When operating with V
supplies of -1 OVor less,IRE pS1 mA is recommended. Low refer
ence current operation decreases power consumption and in
creases negative compliance, reference amplifier negative 
common-mode range, negative logic input range, and negative 
logic threshold range; consult the various figures for guidance. 
For example, operation at -9V with IREF = 1 mA is not recom
mended because negative output compliance would be re
duced to near zero. Operation from lower supplies is possible, 
however, at least av total must be applied to ensure turn-on of 
the internal bias network. 

Symmetrical supplies are not required, as the PM-6012 is quite 
insensitive to variations in supply voltage. Battery operation is 
feasible as no ground connection is required; however, an artifi
cial ground may be used to ensure logic swings, etc., remain 
between acceptable limits. 

SETTLING TIME 
The PM-6012 is capable of extremely fast settling times, typi
cally 250ns at IREF - 1.0mA. Judicious circuit design and careful 
board layout must be employed to obtain full performance po
tential during testing and application. The logic switch design 
enables propagation delays of only 25ns for each of the 12 bits. 
Settling time to within 112 LSB of the LSB is therefore 25ns, with 
each progressively larger bit taking successively longer. The 
MSB settles in 250ns, thus determining the overall settling time 
of 250ns. Settling to 1 O-bit accuracy requires about 90 to 130ns. 
The output capacitance of the PM-6012 including the package 
is approximately 20pF; therefore, the output RC time constant 
dominates settling time if RL > soon. . 
Settling time and propagation delay are relatively insensitive to 
logic input amplitude and rise and fall times, due to the high gain 
of the logic switches. Settling time also remains essentially 
constant for IREF values down to 0.5mA, with gradual increases 
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for lower IREF values lies in the ability to attain a given output 
level with lower load resistors, thus reducing the output RC time 
constant. 

Fastest operation can be obtained by using short leads, mini
mizing output capacitance and load resistor values, and by 
adequate bypassing at the supply, reference, and VLC terminals. 
Supplies do not require large electrolytic bypass capacitors as 
the supply current drain is independent of input logic states; 
0.111F capacitors at the supply pins provide full transient protec
tion. 

DESCRIPTION OF OPERATION 

The PM-6012 is divided into two major sections, an a-segment 
generator and a 9-bit master/slave D/A converter. In operation 
the device performs as follows (see Simplified Schematic). 

The three most significant bits (MSBs) are inputs to a 3-to-8Iine 
decoder. The selected resistor (Rs in the figure) is connected to 
the master/slave 9-bit D/A converter. All lower order resistors 
(R through R4) are summed into the 10 line, while_all higher 
or~er resistors (Rs through Rs) are summed into the 10 line. The 
Rs current supplies 512 steps of current (0 to 0.499mA fo~ 1 mA 
reference current) which are also summed into the 10 or 10 lines 
depending on the bits selected. In the figure, the code selected 
is: 100 110000000. Therefore, 2mA (4 x 0.5mA/segment) 
+0.375mA (from master/slave D/A converter) are summed into 
10 giving an 10 of 2.375mA. 'a has a current of 1.625mA with this 
code. As the three MSBs are incremented, each successively 
higher code adds 0.5mA to 10 and subtracts 0.5mA from ~, with 
the selected resistor feeding its current to the master/slave D/A 
converter; thus each increment ofthe 3 MSBs allows the current 
in the 9-bit D/A converter to be added to a pedestal consisting of 
the sum of all lower order currents from the segment generator. 
This configuration guarantees monotonicity. 
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SIMPLIFIED SCHEMATIC 

V(+) B2 B3 B4 85 B6 B7 B8 B9 a10 811 

16 

COMP 

12-81T FAST AID CONVERTER 

CLOCK 

17 

VI-I 

SERIAL 
DATA OUT 

LSB 

VREF ANALOG IN 
(O-10VI 

caMP 

10.000kn 

NOTE: 

PM-6012 

LSB 

'0 

0.001 0.001 

DEVICE(S) CONNECTED TO ANALOG INPUT MUST BE CAPABLE OF SOURCING 4.0mA. 
A BUFFER (eg. aUF·031 MAY BE REQUIRED. 
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> 
~ 
'" :l 

" " " 

18 10 

19 10 

CONVERSION TIME vs ACCURACY 

1.25 

1.00 

I \ 
(WORST CASE)\ 

PM-6012 
CMP-05 

0.75 

0.50 

0.25 

- PM-60~ \ 
eMP·OS \ (TYPI 

" I \ 

0.00 
100 200 300 400 500 600 700 800 

CONVERSION TIME PER TRIAL (n5) 

CONVERSION 
TIME (ns) 

SA" 

CMP·05 

TOTAL 

X1. 

TYP 

•• 
9. 

375n5 

4.9"S 

WORST 
CASE 

55 

125 

680n8 

8.8"S 
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Selection Guide 
Synchro and Resolver Converters 

Digital-to-Synchro and Resolver Converters 

Res 
Model Bits 

DRC1745 14 

*AD2S65 14 

DRCI746 16 

*AD2S66 16 

Motor Control 

Load 
Output Accuracy Driving 
Fonnat1 arc mins Capability 

R4 ±2, ±4s 2.0VA6 

R ±2, ±4s 

R4 ±2, ±45 2.0VA6 

R ±1, ±2, ±45 -

Model 

*AD2S100 

Description 

AC Vector Controller 

Reference 
Frequency 
Options 
Hz 

dc-->2600 

dc-->2600 

dc-->2600 

dc-->2600 

Package 
Options2 

15 

SynchrolResolver Support Components 
Model Description 

*AD2S75 Signal and Reference Isolation for AD2S80/81182 
*AD2S99 Monolithic Sine Wave Oscillator Reference 
*OSC1758 Hybrid Sine/Cosine Power Oscillator 

*IPAI764 Inductosyn Preamplifier 

IS = Synchro; R = Resolver; I = Inductosyn. 

Reference Signal 
Input Volt Output Volt Transformer 
Options 
Vrms 

0-->3.4 

0-->3.4 

0-->3.4 

0-->3.4 

Temp 
Range3 

Package 

Options 
Vrms 

0-->6.8 

0-->6.8 

0-->6.8 

0-->6.8 

Page 

C I 3-105 

Temp 
Options2 Range3 

8 C,M 
5 I 
8 C,M 

C,M 

Output Package 
Isolations Options2 

Use Ext. STM 8 
1680 and STM 
1683 Transformer 

8 

Use Ext. STM 8 
1680 and STM 
1683 Transformer 

8 

Comments 

Temp 
Range3 Page 

M C I 3-107 

Comments 

Digital-to-Resolver Converter 
with Int. 2 V A Power Amplifier. 
Optional Int. TransZorb t Pro
tection. 2 Byte Latched Inputs 

C, M C I 3 -35 Digital-to-Resolver Converter. 
Autonulling (AN) Option 

M C I 3-107 16-Bit Version of DRC1745 

C, M C I 3-35 Digital-to-Resolver Converter. 
Autonulling (AN) Option 

Vector Coordinate Transformation, 15 arc min, 2 ILS Settling Time 

Page Comments 

C I 3-43 56-20,000 Hz Freq, 11.8-115 V rms Ref, 11.8/26/90 V rms Input 
C I 3-101 2.6-20 kHz Frequency range, Phase Shift Compensation 
C 13-117 0.6-10 kHz Frequency Range, In-phase and Quadrature Outputs, 

1.5 W Output Power 
C I 3-115 Gain of 1250 ± 5% 

'Package Options: I ~ Hennetic DIP, Ceramic or Metal; 2 ~ Plastic or Epoxy Sealed DIP; 3 ~ Cerdip; 4 ~ Ceramic Leadless Chip Carrier; 5 ~ Plastic Leaded Chip Carrier; 6 ~ Small Outline "SOIC" Package; 
7 ~ Hennetic Metal Cao; 8 ~ Hennetic Metal Cao DIP; 9 ~ Ceramic Flatpack; 10 ~ Plastic Quad Flatpack; 11 ~ Single-In-Line "SIP" Package; 12 ~ Ceramic Leaded Chip Carrier; 13 ~ Nonhennetic Ceramic! 
Glass DIP; 14 ~ J-Leaded Cera03ic Package; IS ~ Cera03ic Pin Grid Array; 16 ~ TO-92. 

3Temperature Ranges: C ~ Commercial, O°C to +70°C; I ~ Industrial, -40°C to +8SoC (Some older products -25°C to +8S°C); M ~ Military, -55°C to + 125°C. 
4Synchro format output with external output transformer STM1683. 
sDepends on option. 
6Can be used with pulsating power supply for reduced dissipation. 
Boldface type: product recommended for new design. 
*N ew product since the publication of the most recent Databooks. 
tTransZorb is a trademark of General Semiconductor Industries, Inc. 
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Synchro, Resolver, Inductosynt and LVDT-to-Digital Converters ~ 
::Q 

~ Tracking Rate Reference 
CI\ Res Input Accuracy Options Frequency Input Package Temp 

Model Bits Format1 arc mins revs/sec2 Options Hz Isol Options' Range4 Page Comments 

SDClRDC1741 U S,R ±15.3 IS 4OO,2.6k Yes S C,M C I 3-119 Tristate, Latched Output 
Internal Transformer Isolation 

SDClRDC1742 U S,R ±S.5 IS 400,2.6 k Yes S C,M C I 3-119 Tristate, Latched Output 
Internal Transformer Isolation 

*AD2SS1A5 12 I,R ±306 260 400-+20 k No 1 C C I 3-71 Monolithic, User Selectable Dynamic 
Characteristics, High TrackiDg Rate, 
Qua1ity Velocity Output, Class 2 ESD 

SDClRDC1740 14 S,R ±5.3 12 400,2.6 k Yes S C,M C I 3-119 Tristate, Latched Output 
Internal Transformer Isolation 

2S54 14 LVDT ±0.0067 360 LSBlms· 360-+5 k No S C,M C I 3-137 Direct Ratiometric Conversion 
of L VDT Signal, Selectable 
Input Gain. No External Trims 

2S56 16 LVDT ±0.OO66 360 LSBlms· 360-+5 k No S C,M C I 3-137 Direct Ratiometric Conversion 
of L VDT Signal, Selectable 
Input Gain. No Externa1 Trims 

2S58 16 LVDT ±0.OO37 680 LSBlms· 7 k-+11 k No S C,M C I 3-137 Direct Ratiometric Conversion of 
LVDT Signal, High Gain, Ultra-Linear 

*AD2SSOA5 16,14, I, R ±2, ±4, ±S 104010 5O-20k No 1,4 C, I, M C I 3-55 Monolithic, User Selectable Dynamic 
12,109 Characteristics, and Resolution High 

TrackiDg Rate and Quality Velocity 
Output, C1ass 2 ESD 

*AD2SS2A5 16,14, I, R ±2, ±4, ±S 104010 50-20k No 5 C C I 3-71 Monolithic, User Selectable Dynamic 
12,107 Characteristics, and Resolution High 

TrackiDg Rate and Quality Velocity 
Output, C1ass 2 ESD 

*AD2S83 16,14, R ±S 1040 50-20k No 5 I C13~7 Monolithic, User Selectable 
12,10 Dynamic Characteristics, and 

Resolution High TrackiDg Rate and 
±0.25% Linearity Velocity Output 

*AD2S34 14 R ±2.6, ±4.0 20,48 0.4, 2.6, 4.0 k No 12 M C13-7 Dual Channel Resolver-to-Digital 
Converter with Onboard Oscillator. 
No External Trims 

*AD2S46 16 S,R ±1.3, ±2.6 12 0.4 .... 2.6k No 1 M C I 3-23 16 Bit ResolverlSynchro-to-
Digital Converter, 1.3 arc min 
in a 2S-Pin DIP Ceramic 
Package. No External Trims 
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Tracking Rate Reference 
Res Input Accuracy Options Frequency Input Package Temp 

Model Bits Format1 arc mins revs/see' Options Hz Isol Options3 Range4 Page Comments 

*AD2S44 12 S,R ±2.6,11 ±4.0, 20 0.4-->2.6 k No 8 M C13-15 Dual Channel Resolverl 
±5.2 Synchro·to·Digital Converter 

with Loss of Track Detection. 
No External Trims 

*AD2S90 12,10 R ±8 375,1500 2.0->10.0 k No 5 C,I C13-93 Low Cost ROC, Encoder-Like Output 
*AD2S47 16,14 S,R ±1.3, ±2.6 5,20 200,400 No 8 M C I 3-31 Second Source for NA TEL HSRDC 

1006/56, 75 mW Power Consumption, 
MIL-SID-883 

*AD2S93 14 LVDT 0.1,0.05% TBD 2.o-I0.Ok No 5 C13-97 14-Bit LVDT-to-Digital Converter 

IS ~ Synchro; R ~ Resolver; I ~ Inductosyn. 
2Revs1sec equiValent to pitches/sec in the case of an Inductosyn; in general, higher reference frequency options have higher tracking rates. 
'Package Options: 1 ~ Hermetic DIP, Ceramic or Metal; 2 ~ Plastic or Epoxy Sealed DIP; 3 ~ Cerdip; 4 ~ Cerantic Leadless Chip Carrier; 5 ~ Plastic Leaded Cbip Carrier; 6 ~ Small Outline "SOIC" Package; 
7 ~ Hermetic Metal Can; 8 ~ Hermetic Metal Can DIP; 9 ~ Cerantic Flatpack; 10 ~ Plastic Quad Flatpack; 11 ~ Single-In-Line "SIP" Package; 12 ~ Cerantic Leaded Cbip Carrier; 13 ~ Nonhermetic Ceramic! 
Glass DIP; 14 ~ J-Leaded Cerantic Package; 15 ~ Cerantic Pin Grid Array; 16 ~ TO-92. 

"Temperature Ranges: C ~ Commercial, 0"<: to +70"<:; I ~ Industrial, -4O"C to +85°C (Some older products -25°C to +85"<:); M ~ Military, -55°C to +125"<:. 
sDie Revision. 
'Consult data sheet. 
'L VDT converter accuracy given as % full-seale linearity. 
'Slew Rate (min). 
9Resolution is user selectable. 
I°Depends on resolution selected. 
"±2.6 arc min only available over O°C to 7O"C. 
<New product since the publication of the most recent Databooks. 
i]nductosyn is a registered trademark of Farrand Industries, Inc. 
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Orientation 
SID Converters 
These products constitute a complete line of devices for the digi
tal measurement and control of angular and linear displacements 
by means ofsynchros, resolvers, Inductosyn@, and LVDT 
transducers. 

All use the tracking conversion technique whereby the digital 
output follows the transducer shaft angle automatically without 
the need for convert commands or wait loops. Apart from pro
ducing near instantaneous digital angular data, this inherently 
ratiometric conversion method is very tolerant of noise on the 
signal inputs as well as voltage drops between the transducer 
and the converter. 

In addition to the monolithic integrated circuits and hybrids that 
perform the conversions, the line also includes support compo
nents such as power oscillators, transformers and preamplifiers. 

The range of products now available covers a wide spectrum of 
applications. Synchro and resolver transducers are used in a 
wide variety of commercial, industrial, and military applications 
where extreme reliability, ruggedness, and absolute angular posi
tion information are desirable. These transducers have a number 
of advantages over potentiometers and optical encoder based 
systems. The combination of an ac excited transducer with the 
technique of synchronous demodulation of the error signal by 
the converter inherently guarantees repeatability to I LSB of the 
stated resolution of the converter. In addition, the location of 
the electronics may be many hundreds of feet from the trans
ducer, allowing use in electronically hostile environments unsuit
able for other types of transducers. 

In this section, the word "synchro" appears frequently. In many 
cases, the word "resolver" can be used in its place. The mono
lithic and some of the hybrid converters (options x 10, x 13, 
x 14, x 18) accept resolver format input. If the input signals are 
3-wire synchro format, a "Scott-T" transformation converts it to 
resolver format. For our monolithic devices, this can be easily 
accomplished using the AD2S75 universal transformer isolated 
interface. 

In this introductory section, there is a brief set of device defIni
tions. Detailed data and applications information are given in 
the individual data sheets. For complete information about the 
synchroJresolver-to-digital converters and their applications, 
Analog Devices has a 208-page book, Synchro and Resolver Con
fIeI"Sion Handbook, edited by G. Boyes (1980). 

Resolver & Synchro-to-Digital Convertera 
These devices accept 4-wire resolver format (SIN, COS) signals 
or 3-wire synchro format (SI, S2, S3) signals together with a 
2-wire reference signal, and output a digital binary word that 
represents the absolute shaft angle of the transducer. All stan
dard resolver and synchro voltages are supported. 

LVDT-to-Digital Convertera 
Linear Variable Displacement Transducer-to-digital converters 
provide conversion to 12-, 14- or 16-bit digital words of an ac 
modulated input, referenced to a second fIXed signal input. The 
tracking loop technique employed ensures I LSB repeatability 
and input flexibility. The 2S54156158 series converters have been 
optimized for use in very high precision applications such as 
metrology. 

Digital-to-Resolver Convertera 
These devices accept parallel binary digital inputs and an ac ref
erence signal. The output is a 4-wire resolver format signal. For 

3-6 SID CONVERTERS 

3-wire synchro format output, use our STMI683 resolver-to
synchro output transformer, and for references >3.4 V rms, use 
the STMI680 input reference conditioning transformer. All 
standard resolver and synchro voltages are supported. 

AC Vector Controller 
This device combines the function of Park and Clarke trans
forms along with coordinate conversion on a single monolithic 
chip. These constitute a key element in vector control of ac 
asynchronous and bmshless de motora. 

Velocity Output 
The resolver & synchro-to-digital converters (RDCs & SDCs) 
not only provide absolute angular position information, but also 
provide an analog dc voltage proportional to the transducer's 
shaft speed. This can be used to exert second order control in a 
speed and position loop motion control system. 

Transformer Isolation 
Our input signal conditioning circuits for synchro and resolver 
inputs> 2 V rms are either solid state or transformer hased (e.g., 
1740,41,42 series). Our transformer based hybrids utilize a 
unique, patented miniature transformer technology and provide 
input isolation to 350 V dc. This protects and isolates the elec
tronics of a system from the hostile and electromagnetically noisy 
environments. The AD2S75 is a universal transformer isolated 
(1,000 V dc) interface and covers all standard synchro and resolver 
voltages. The AD2S75 is particularly well suited for use with all 
our monolithic ROCs (A02S80 series) and some hybrid RDCs. 

Support Devices 
We also offer support components such as power oscillators 
(OSCI758), transformer based synchroJresolver signal condi-
tioning (A02S75) resolver-to-synchro output transformer 
(STMI683), and Inductosyn preamplifiers (IPAI764). 

BIT WEIGHT TABLE 
The most common method of representing angles in digital form 
is simple natural binary weighting, where the most significant 
bit (MSB) represents 180·, the next represents 90·, etc. The fol-
lowing table shows bit weights in degrees, minutes, seconds, 
and radians. 
# Arc Arc MiDi-
Bits Degrees Minutes Seconds Radians radians 

1 180.0000 10800.0000 648000.00 3.1416 3141.5900 
2 90.0000 5400.0000 324000.00 1.5708 1570.7950 
3 45.0000 2700.0000 162000.00 0.7854 785.3975 
4 22.5000 1350.0000 81000.00 0.3927 392.6988 
5 11.2500 675.0000 40500.00 0.1963 196.3494 
6 5.6250 337.5000 20250.00 0.0982 98.1747 
7 2.8125 168.7500 10125.00 0.0491 49.0873 
8 1.4063 84.3750 5062.50 0.0245 24.5437 
9 0.7031 42.1875 2531.25 0.0123 12.2718 

10 0.3516 21.0938 1265.63 0.0061 6.1359 
11 0.1758 10.5469 632.81 0.0031 3.0680 
12 0.0879 5.2734 316.41 0.0015 1.5340 
13 0.0439 2.6367 158.20 0.0008 0.7670 
14 0.0220 1.3184 79.10 0.0004 0.3835 
15 0.0110 0.6592 39.55 0.0002 0.1917 
16 0.0055 0.3296 19.78 0.0001 0.0959 
17 0.0027 0.1648 9.89 0.0000 0.0479 
18 0.0014 0.0824 4.94 0.0000 0.0240 
19 0.0007 0.0412 2.47 0.0000 0.0120 
20 0.0003 0.0206 1.24 0.0000 0.0060 
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FEATURES 
1 in2 , 32-Pin Flatpack 
2.6 Arc Minute Accuracy 
14-Bit Resolution 
On-Board Oscillator 
Independent Reference Inputs 
Independent Velocity Outputs 
High Tracking Rate 

APPUCATIONS 
Gimbal/Gyro Control Systems 
Radar/Sonar 
Engine Controllers 
Coordinate Conversion 
Military Servo Control Systems 
Fire Control Systems 
Avionic Systems 
Missile Systems 
Antenna Monitoring 
CNC Machine Tools 

GENERAL DESCRIPTION 
The AD2S34 series are 14-bit dual channel, continuous tracking 
resolver-to-digital conveners. They have been designed specifi
cally for applications where space and weight are at a premium. 
Each 32-pin hybrid device contains two independent Type II 
servo loop tracking converters and a power oscillator suitable 
for exciting resolvers. The ratiometric conversion technique em
ployed by the conveners provides excellent noise immunity, re
peatability and tolerance of long lead lengths. The core of each 

14-Bit, Dual Channel 
Resolver -to-Digital Converter 

AD2S34 I 
conversion is performed by state-of-the-art monolithic integrated 
circuits manufactured in Analog Devices' proprietary BiMOS II 
process which combines the advantages of low power CMOS 
digital logic with bipolar linear circuits. The use of these ICs 
keeps the internal component count low and ensures high reli
ability. 

The convener interfaces directly to 2 V rms output resolvers. A 
simple voltage divider circuit of resistors can be used to derive 
the 2 V rms from other standard resolver voltages. 

An on-board oscillator provides a reference excitation for resolv
ers operating at either 400 Hz, 2.6 kHz or 4 kHz. Each channel 
has an independent reference input, allowing the user to com
pensate for any resolver phase shift between induced signals 
(sin, cos) and reference. 
The convener output is via a tristate transparent latch allowing 
data to be read without interruption of convener operation. The 
SEL A and SEL B control lines select the channel and present 
the digital position to the common data output pins. A DATA 
VALID flag is provided to assist with data transfer. 

The AD2S34 also features two velocity outputs, one for each 
channel; these continuously generate analog signals proportional 
to the rotational velocity of the resolver shafts. These signals can 
be used in place of velocity transducers in many applications to 
provide loop stabilization and velocity feedback data. 

MODELS AVAILABLE 
The AD2S34 series is available in 2 accuracy grades: 
AD2S34TZ l4-Bits 2.6 arc mins -55°C to +125°C 
AD2S34SZ 14-Bits 4.0 arc mins -55°C to + 125°C 

FUNCTIONAL BLOCK DIAGRAM 

REV. A 
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+Y, 
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GND 
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r------'1'--4 REFOUT 

~&:::::::::::::::::::::::::::::::::::::::::::::::::::::L-_~ 
DB 
1-14 
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SlNB 
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AD2S34-SPECIFICATIONS (typical at +25"1: unless otherwise specified) 

AD2S34 
Parameter Min Typ Max Units Comments 

PERFORMANCE 
Accuracyl 

AD2S34TZ :2.6 arc min -55°C to +l25"C 
AD2S34SZ ±4.0 arc min - 55°C to + 125"C 

Max Tracking Rate 
AD2S34xZI0 20 revsls 
AD2S34xZ40 48 revsls 
AD2S34xZ60 20 revsls 

Resolution 14 Bits Output Coding Parallel 
(1 LSB = 1.3 arc min) Natural Binsry 

Repestability I LSB 
SignalJReference Frequency 

AD2S34xZI0 360 400 440 Hz 
AD2S34xZ40 2340 2600 2860 Hz 
AD2S34xZ60 3600 4000 4400 Hz 

Tracking Bandwidth 
AD2S34xZ10 90 Hz 
AD2S34xZ40 370 Hz 
AD2S34xZ60 650 Hz 

SIGNAL INPUTS (SIN, COS) 
Signal Voltage 1.8 2.0 2.2 Vrms 
Allowable Phase Shift 

(Signal to Reference) ±IO Degrees 
Input Impedance I Mn 

REFERENCE INPUTS (REF A, REF B) 
Reference Voltage 1.8 2.0 2.2 Vrms 
Tolerance 1.4 8.0 V peak 
Input Impedance I MO 

ACCELERATION CONSTANT 
AD2S34xZ10 53000 sec-2 

AD2S34xZ40 695000 sec-2 

AD2S34xZ60 2164000 sec-2 

STEP RESPONSE 
Large Stepl 

AD2S34xZ10 60 12 DIS 179" to I LSB 
AD2S34xZ40 30 36 ms of Error 
AD2S34xZ60 22.5 30 ms 

POWER LINES (No Load on REF OUn 
+Vs = +15 V del 40 55 mA 
-Vs = -IS V del 30 45 mA 
+VL= +5 V del I 5 mA Quiescent Condition 

Power Dissipationl 1.06 1.53 W Quiescent Condition 

DIGITAL INPUTS (SEL A, SEL B) 
VIL 0.8 Vdc 
Vm 2.0 Vdc 
IlL ±IOO ,...A VIL = OV 
1m ±IOO j..A VIH = 5 V 

DIGITAL OUTPUTS (DBI-DBI4, DATA VALID) 
VOL I 0.4 Vdc IOL = 1.2 mA 
VOH I 2.4 Vde IOH = lOO,...A 
Tristate Leakaae Currentl ±loo ,...A 
Drive Capability 3 LSTTLLoads 

3-8 SID CONVERTERS REV. A 



AD2S34 
AD2S34 

Parameter Min Typ Max Units Comments 

VELOCITY OUTPUTS (VEL A, VEL B) 
Voltage' :f:7.s Vdc At Max Tracking Rate 
Linearity' 

AD2S34xZl0 :f:1 % of Output 
AD2S34xZ40 :f:3 % of Output 
AD2S34xZ60 :f:1 % of Output 

Reversion Error' :f:3 % 
DC Zero Offset @ +2S·C 

AD2S34xZI0 22 55 mV 
AD2S34xZ40 9 23 mV 
AD2S34xZ60 22 55 mV 

DC Zero Offset Temperature Coefficient 
AD2S34xZ10 -100 ,..VFC 
AD2S34xZ40 -42 ,..VI"C 
AD2S34xZ60 -100 ,..VFC 

Gain Scaling Accuracy :f:10 %ofFSD 
Noise and Ripple at LSB Rate 2 mV 
Dynamic Ripple (peak) 1.5 % of Mean Output 

REFERENCE OUTPUT (REF OUT) 
Frequency' 

AD2S34xZI0 360 400 440 Hz 
AD2S34xZ40 2340 2600 2860 Hz 
AD2S34xZ60 3600 4000 4400 Hz 

Voltage' 5.5 6.0 6.5 Vrms@SOmA Min 120 n Load 

DATA TRANSFER (See Figure 3) 
Time to Data Stable (After Negative 

Edge of SEL A or SEL B) 1000 ns ts 
Time to Data in High Impedance State 

(After Positive Edge of SEL A or 
SELB) SO ns tR 

Time to DATA VALID High (After 
Negative Edge of SEL A or SEL B) 1050 ns tp 

Time to DATA VALID Low (After 
Positive Edge of SEL A or SEL B) 40 ns ~ 

DIMENSIONS 1.00 x 1.00 x 0.155 inch See Package 
25.4 x 25.4 x 3.9 mm Information 

WEIGHT 0.254 oz 
7.2 grams 

THERMAL RESISTANCE2 

Ole Worst Case Component 35 "C/W 

°CA 31 "C/W 

NOTES 
'Specified over temperature raoge, -SS'e to + 125"C, and for: (a) 10% sigDa! and reference amplitude variation; (b) 10% sigDa! and reference harmonic 
distortion; (0) S% power supply variation; (d) 10% variation in reference frequency. 

'To ensure that the junction temperature of the hottest component within the hybrid does not exceed the rated maximum of ISO"(;, the case temperature must 
not exceed I3O"C. 

Boldface type indicates parameters which are 100% tested at nominal values of power supplies, input signal voltages, and operating frequency. All other 
parameters are guaranteed by design, not tested. 
Specifications subject to change without notice. 

REV. A SID CONVERTERS ~9 



AD2S34 
ABSOLUTE MAXIMUM RATINGS 
+Vs to GND ........................ +17.25 V.dc 
-VS to GND ........................ -17.25 V dc 
+VL to GND ............••........ 0 to +7.0 V de 
Any Logic Input to GND (max) ............. +7.0 V de 
Any Logic Input to GND (min) ............. -0.4 V dc 
SIN, COS to SIGNAL GND ..•............. ±12 V dc 
REF A, REF B to SIGNAL GND ............ ± 12 V dc 
Storage Temperature Range ........•.. -65°C to + ISO"C 
Operating Temperature Range . '.' ....... -SS"C to + 125°C 

CAUTION 
I. Absolute maximum ratings are the limits beyond which 

damage to the device may occur. 

2. Correct polarity voltages must be maintained on the + V s and 
-Vs pins. 

ORDERING INFORMATION 
When ordering, the convener part numbers should be suffixed 
by a rwo letter code defining the accuracy grade, and a rwo digit 
numeric code defming the signal/reference frequency and volt
age. All the standard options and their option codes are shown 
below. For options not shown, please contact Analog Devices. 

AD2S34 xZyOB 

Base Pan 
Number 

I L High-Reliability Processing L (Optional) 

o Signal 2 V Reference 2 V Resolver 

y = 1400Hz Reference Frequency 
L.... __ ' y = 4 2.6 kHz Reference Frequency 

y = 6 4.0 kHz Reference Frequency 

"------Z = Leaded Chip Carrier 

I-------x = "T" -55"C to +125"C 
Operating Temperature Range 
2.6 Arc Min Accuracy 

L.... ______ x = "S" -55"C to +125"C 
Operating Temperature Range 
4.0 Arc Min Accuracy 

For example, the correct part number for a component to oper
ate with 400 Hz reference frequency and have a 2.6 arc minute 
accuracy over the - 55°C to + 12S"C temperature range and pro
cessed to high reliability standards would be AD2S34TZIOB. 

All components are 100% tested at -SS"C, +2SoC and +12SoC. 
DeVices processed to high reliability screening standards (Suffix 
B) receive funher levels of testing and screening to ensure high 
levels of reliability. 

RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage (+Vs to GND) .....• +15 V dc ±S% 
Power Supply Voltage (-Vs to GND) ...... -IS V dc ±S% 
Power Supply Voltage VL ............... +5 V de ±S% 
Analog Input Voltage (SIN, COS to 

SIGNAL GND) •............•....• 2 V rms ± 10% 
Analog Input Voltage (REF A, REF B to 

SIGNAL GND) ............•... 1.0 V to 8.0 V Peak 
Signal and Reference Harmonic Distortion ......... ±IO% 
Phase Shift Berween Signal and Referellce ..... ± 10 Degrees 
Ambient Operating Temperature Range .... -55°C to + 125°C 

PIN FUNCTION DESCRIPTION 

PIN MNEMONIC DESCRIPTION 

1-14 DB1-DBI4 PARALLEL OUTPUT DATA 
15 SErA SELECT CHANNEL A 
16 SEiB SELECT CHANNEL B 
17 DATA VAi:iD DATAVAUD 

18 REF A REFERENCE INPUT CHANNEL A 
19 REF B REFERENCE INPUT CHANNEL B 
20 +VL LOGIC POWER SUPPLY 

21 +V. POSITIVE POWER SUPPLY 
22 GND POWER SUPPLY GROUND 

(NOTE: THIS PIN IS ELECTRICALLY 
CONNECTED TO CASE.) 

23 -V. NEGATIVE POWER SUPPLY 

24 N/C NOT CONNECTED 
25 REF OUT REFERENCE OUTPUT 

26 SIN A SINE INPUT CHANNEL A 

27 COS A COSINE INPUT CHANNEL A 
28 SINB SINE INPUT CHANNEL B 
29 COSB COSINE INPUT CHANNEL B 

30 SIGNALGND GROUND PIN FOR SIGNALS 
FROM RESOLVERS 

31 VELA VELOCITY OUTPUT CHANNEL A 
32 VEL B VELOCITY OUTPUT CHANNEL B 

OS, VELa 

DB, VELA 

DB, SIGNALGND 

COB a 

ADZS34 
SIN a 

DBn cos A 

Da, 
TOP VIEW SlNA (Not to Scale) 

DBg REF OUT 

DB, NtC 

-v. 
DB, GND 

+v. 
DB, +V, 
DB, REF a 

liKA REF A 

iiEr1i 5ATAVAiJii 

AD2S34 Terminal Connections 

ESDSENSITI~TY _____________________________________________________________ _ 

The AD2S34 features input protection circuitry consisting of large "distributed" diodes and 
polysilicon series resistors to dissipate both high energy discharges (human body model) and fast, 
low energy pulses (charged device model). 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. For funher information on ESD precautions, refer to Analog Devices' ESD 
PmJention Manual. 
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PRINCIPLES OF OPERATION 
The AD2S34 series opemte on a Type 2 tracking closed-loop 
principle. The output digital word continually tracks the posi
tion of the resolver shaft without the need for external convert 
commands and wait states. As the transducer moves through a 
position equivalent to the least significant bit weighting, the out
put digital word is updated by one LSB. 

Each channel is identical in operation, sharing power supply and 
digital position output pins. 

Both channels operate continuously and independently of each 
other. The shared digital output from either channel is available 
as selected by switching the channel select inputs. 

To illustrate the conversion process, the resolver format input 
signals are represented by: 

VI = K Eo sin wi sin 9 

V2 = K Eo sin oot cos 9 

where 9 is the angle of the resolver shaft. 

Assume that the current word state of the up-down counter is 
<1>. VI is multiplied by cos <I> and V2 is multiplied by sin <I> to 
give: 

K Eo sin oot sin 9 cos <I> 

K Eo sin oot cos 9 sin <I> 

These signals are subtracted by the error amplifier to give: 

K Eo sin oot Isin 9 cos <I>-cos 9 sin <1>1 
or 

K Eosin oot sin 19-<1>1 

A phase sensitive detector, integmtor and voltage controlled os
cillator (VCO) form a closed-loop system which seeks to null sin 
(9-<1». When this is accomplished, the word state of the up
down counter, <1>, equals, to within the rated accuracy of the 
converter, the resolver shaft angle, 9. 

H, S, ____ ____ _ ____________ _ 

AD2S34 
CONNECTING THE CONVERTER 
The power supply voltages connected to + V s and - V spins 
should be + IS V dc and -IS V dc, respectively, and must not 
be reversed. The voltage applied to VL should be +5 V nomi
nally. It is suggested that a parallel combination of a 100 nF 
(ceramic) and a 6.8 ... F (tantalum) capacitor be placed from each 
of the three supply pins to GND. 

The pin marked GND is connected electrically to the case and 
should be taken to the zero volt potential in the system. 

The digital output is taken from Pins 1-14. Pin I is the MSB, 
Pin 12 the LSB. Please see terminal connections diagram. 

The internal oscillator output (REF OUT) should be connected 
to each resolver and via an optional phase shift compensation 
circuit to the reference inputs (REF A & REF B). See Figure I 
for suitable phase compensation circuits. 

The signals applied to REF A and REF B should be ac coupled 
as shown in Figure I. This ac coupling can be included in the 
optional phase compensation circuit. 

NOTE: For the 400 Hz option (AD2S34xZI0), in addition to 
the phase shift compensation referred to above, an extra 3.8 de
grees of phase lead should be included to compensate for the 
internal phase shift within the hybrid. For higher frequency op
tions this extra lead is not necessary as the internal phase shift 
does not affect the stated accuracy. 

The signals are connected to sin and cos according to the follow
ing convention: 

ESlN = ERLO-RHI sin 001 sin 9 

Eeos = ERLO-RHI sin 001 cos 9 

The two signal ground wires from each resolver should be con
nected at the SIGNAL GND pin of the converter to minimize 
the coupling between the sine and cosine signals. For the same 
reason it is also recommended that the resolvers are connected 
using individual twisted pair cables with the sine, cosine and 
reference signals twisted separately. 

.. ~tsc---se-~ ___ X5 __ a __ x ___ 5C __ iOi ___ tI 

s.Q: ... ~r~--- ~_~~~~==~~~==....-..:.....~,.. 
• 

PHASE LEAD .. ARC TAN 2tr!..c PHASE LAG '" ARC TAN 2", fAC 

:;be. o. 1" 
_0 -+--of 0 

0P'f10NAL PHASE...,. CIRCUITS -; 

Figure 1. Connecting the 2S34 to Resolvers 
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AD2S34 
SCALING FOR NONSTANDARD SIGNALS 
A feature of these converters is that the signal and reference in
puts can be resistively scaled to accommodate nonstandard input 
signal and reference voltages which are outside the nominal 
± 10% limits of the converter. Using this technique, it is possi
ble to use a standard converter with a "personality card" in sys
tems where a wide range of input and reference voltages are 
encountered. 

NOTE: The accuracy of the converter will be affected by the 
matching accuracies of resistors used for external scaling. It is 
critical that the value of the resistors on the sine signals be pre
cisely matched to the cosine signals. In general, a 0.1 % mis
match between resistor values will contribute an additional 1. 7 
arc minutes of error to the conversion. In addition, imbalances 
in resistor values can greatly reduce the common-mode rejection 
ratio of the signal inputs. 

CHANNEL SELECT SEL A, SEL B 
SEL A and SEL B are the channel select inputs. A logic low on 
SEL A selects Channel A and a logic low on SEL B selects 
Channel B. Both channels must not be selected at the same 
time. 

LOGIC HI 

'"-----./: lOGICLO 

~------+_-------------i~------_4----------
I 

LOGIC HI 

t, 

1050nstMIN) 

DATA 

I 
I to I 125nS'" r-----+------____ 
I 

I 
I 
I 

t, 

1050nsIMIN) 

:----L-i ts l 
I SOns !MAXI I 1000nl (MAXI I 

LOGIC HI 

LOGIC LO 

+D >K ~ID 
CHA~NEL A I --+----~ I CHANNEL A 

I 

Figure 2a. Timing Diagram for Repetitive Reading of One 
Channel 

I I I I 
SErA ~ /,...--+; -----------------+! -LOGIC HI 

I '-. ----------'. I tn I I LOGIC LO 

I ~i I I 
I i, ~I i~LOGICHI 

:'--.'-. ----------'/f to I LOGIC LO 
I I .~ 
I I t SOnl (MAX) 

I~I :~: 
1 25n1 1 I I I 25n.1 I 

~ l) ~ L~- LOGIC HI 

... ~! ... -"'---./i I LOGIC LO 
1-:::,-.=-"-::CIMl""N::-' -11 ~ I 1050n, (MINI: I : 

I I I 
I t. I 

______ +-":::-=' :::IMA::;X;:1 : r--------.. ~ : 
DATA 

CHANNEL A CHANNEL B 

Figure 2b. Timing Diagram for Alternate Reading of Each 
Channel 
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Data becomes valid I ILS after the negative edge of SEL A or 
SEL B. Timing information is shown in Figure 2. 

DATA VALID 
The DATA VALID output is a logic output which switches low 
I ILS after the negative edge of either channel select indicating 
that the output latches have valid data for transfer. 

REFERENCE OUTPUT REF OUT 
The reference output provides a 6 V rms reference signal of 
400 Hz, 2.6 kHz or 4.0 kHz frequency which can be used to 
excite the two resolvers and also to be used as the reference to 
the converter. 

CAUSES OF ERROR 
Differential Phase Shift 
Phase shift between the sine and the cosine signals from the re
solver is known as differential phase shift and can cause static 
error. Some differential phase shift will be present on all resolv
ers being a transducer characteristic. A small resolver residual 
voltage (quadrature voltage) indicates a small differential phase 
shift. Additional phase shift can be introduced if the sine chan
nel wires and the cosine channel wires are routed differently. 
For instance, different cable lengths or different capacitive loads 
could cause differential phase shift. 

The additional error caused by differential phase shift on the 
input signals approximates to 

Error = 0.53 x a X b arc minutes 

where a = differential phase shift in degrees and b = signal to 
reference phase shift in degrees. 

This error can be minimized by choosing a resolver with a small 
residual voltage, ensuring that the sine and cosiqe signals are 
handled identically and removing the reference phase shift (see 
section on "CONNECTING THE CONVERTER"). By taking 
these precautions, the extra error can be made insignificant. 

Resolver Phase Shift 
Under static operating conditions phase shift between the refer
ence and the signal lines alone will not theoretically affect the 
converter's stated accuracy. However, most resolvers exhibit a 
phase shift between the signal and the reference. This phase 
shift will give rise under dynamic conditions to an additional 
error defined by: 

Shaft Speed (IPs) x Phase Shift (degrees) 
Reference Frequency 

This effect can be eliminated by placing a phase shift in the ref
erence to the converter equivalent to the phase shift in the re
solver (see section "CONNECTING THE CONVERTER"). 

NOTE: Capacitive and inductive crosstalk in the signal and ref
erence leads and wiring can cause similar problems. 

VELOCITY OUTPUT VEL A, VEL B 
The signals on these pins are analogue voltages proportional to 
the rate of change of the respective input angle. These signals 
are available regardless of the state of the channel selects SEL A 
and SEL B. 

A better quality of velocity signal will be achieved if the follow
ing points are considered. 

1. Protection. For loads greater than 5 pF or 10 kO the velocity 
signlll should be buffered before use. 

2. Ripple and noise. Noise on the input signals to the converter 
is the major cause of noise on the velocity signal. This can be 
reduced to a minimum if the following precautions are taken: 
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The resolvers are connected to the converter using separate 
screened twisted pair cable of equal lengths for the sine, co
sine and reference signals. 

Care is taken to reduce the external noise wherever possible. 

A resolver with low residual voltage is chosen, i.e., one with 
small quadrature signals. 

Feedthrough of the reference frequency can be removed by a 
filter on the velocity signal. Care must to be taken when set
ting the filter not to impede speed loop bandwidth. 

Reference to signal phase shift should be minimized to re
duce quadrature effects and larger ripple. 

If the above precautions are taken, a very good noise and ripple 
performance can be achieved allowing the AD2S34 velocity sig
nals to be used in very noisy environments. 

DYNAMIC PERFORMANCE 
The transfer function of the converter is given below. 

Figure 3. Transfer Function of AD2S34 

Open-loop transfer function: 

80UT KA (I + sTJi 
8lN i (I + sTz) 

Closed-loop transfer function: 
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AD2S34 
Where: 

Option xZIO Option xZ40 Option xZ60 
KA = 53000 sec-2 

T, = 0.0062 sec 
T 2 = 0.00079 sec 

KA = 695000 sec-2 

T, = 0.0019 sec 
T 2 = 0.0003 sec 

KA = 2164000 sec-2 

T, = 0.0011 sec 
T2 = 0.00017 sec 

The gain and phase diagrams are shown in Figures 4 through 9. 
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AD2S34 
ACCELERATION ERROR 
A tracking converter employing a Type 2 servo loop does not 
suffer any velocity lag, however, there is an additional error due 
to acceleration. 

This additional error can be defined using the acceleration con
stant KA of the converter. 

Input Acceleration 
KA = ::--'--:--:::-----;--:-

Error in Output Angle 

The numerator and denominator must have consistent angular 
units. For example, if KA is in sec-2 , then the input acceleration 
may be specified in degrees/sec2 and the error in output angle in 
degrees. Alternatively, the angular unit of measure may be in 
radians, minutes of arc, LSBs, etc. 

KA does not define maximum acceleration, only the error due to 
acceleration. The maximum acceleration for which the AD2S34 
will not lose track is of the order of S° x KA = 265000 °/sec2 or 
about 730 revolutions/sec2 for the 400 Hz option. 

KA can be used to predict the output position error due to input 
acceleration. For example, for an acceleration of SO 
revolutions/sec2 with KA = 53000, 

. Input Acceleration [LSB/sec2] 
Error 10 LSBs = K [ -2] 

A sec 

SO [revlsec2] • 214 [LSBlrev] 
53000 [sec 2] 

RELIABILITY 

15.5 LSBs 

The reliability of these products is very high due to the exten
sive use of custom chip circuits that decrease the active compo
nent count. Calculations of the MTBF figure under various 
environmental conditions are available on request. 

Figure 10 shows the MTBF in years vs. case temperature for 
Naval Sheltered and Airborne Uninhabited Attack conditions 
calculated in accordance with MIL-HDBK-217E. 
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1400 
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~ 
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I 

I : 
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~, 

~ 
~ 
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....... NAVAl SHELTERED -t- AIRBORNE UNINHABITED ATTACK 

Figure 10. AD2S34 MTBF vs. Temperature 

OTHER PRODUCTS 
The AD2S44 is a low cost dual channel synchro or resolver 
converter with independent reference inputs and a built in 
test feature. The AD2S44 contains all the necessary front end 
electronics to interface directly to popular synchro and resolver 
options. 

The AD2S80AlAD2S81A1AD2S82A are monolithic resolver-to
digital converters. The AD2S80AlAD2S82A offer selectable 
10-16 bits of resolution. The AD2S81A has 12-bit resolution. 
All devices have user selectable dynamics. The AD2S80A is 
available in 40-pin DIP, 44-pin LCC and is qualified to MIL: 
STD-883B, Rev C. The 2S82A is available in a 44-pin PLCC, 
and the AD2S81A in a 28-pin DIP. 

The AD2S46 is a highly integrated hybrid resolverlsynchro-to
digital converter packaged in a 28-pin DIP. The part offers the 
user 1.3 arc minutes of accuracy over the full military tempera
ture range. 

The 1740/41142 are hybrid resolverlsynchro-to-digital converters 
which incorporate pico transformer isolated input signal 
conditioning. 

OUTLINE DIMENSIONS 
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125.4 

Dimensions shown in inches and (mm). 

1.36 ~ 0.010 

15 EQUAL SPACES 
AT 0.050 11.271 CENTRES 
= 0.750 (19.05) N.A.E. 

0.030 MIN FLAT 14.512 ± 0.254) 
134.544 :I:: 0.254) =if- 0.080 :!: 0.010 

to- (O.760ITYP _ --L 

I L --ro,155 13.9371 
----.,j 0,010 :t 0.002 (MAX WITH LID) 

0.080 12.032) (0.254 ± 0.051 
MIN FLAT 
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IIIIIIIIIII ANALOG 
WDEVICES 

Low Cost, 14-Bit, Dual Channel 
Synchro/Resolver -to-Digital Converter 

FEATURES 
Low Cost/Channel 
32-Pin DIL Hybrid Package 
2.6 Arc Minute Accuracy 
14-Bit Resolution 
Built-In Test 
Independent Reference Inputs 
High Tracking Rate 

APPLICATIONS 
Gimbal/Gyro Control Systems 
Robotics 
Engine Controllers 
Coordinate Conversion 
Military Servo Control Systems 
Fire Control Systems 
Avionic Systems 
Antenna Monitoring 
CNC Machine Tooling 

GENERAL DESCRIPTION 
The AD2S44 series are 14-bit dual channel, continuous tracking 
synchrolresolver-to-digital converters. They have been designed 
specifically for applications where space, weight and cost are at a 
premium. Each 32-pin hybrid device contains two independent 
Type II servo loop tracking converters. The ratiometric conver
sion technique employed provides excellent noise immunity and 
tol~rance of long lead lengths. 

The core of each conversion is performed by state-of-the-art 
monolithic integrated circuits manufactured in Analog Devices' 
proprietary BiMOS II process which combines the advantages of 
low power CMOS digital logic with bipolar linear circuits. The 
use of these ICs keeps the internal component count low and 
ensures high reliability. 

The built-in test (BIT) facility can be used in failsafe systems 
to provide an indication of whether the converter is tracking 
accurately. 

Each channel incorporates a high accuracy differential condition
ing circuit for signal inputs providing more than 74 dB of com-· 
mon mode rejection. Options are available for both synchro and 
resolver format inputs. The converter output is via a tristate 
transparent latch allowing data to be read without interruption 
of converter operation. The AlB and OE control lines select the 
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AD2S44 I 
FUNCTIONAL BLOCK DIAGRAM 

channel and present the digital position to the common data 
outputs. 

The AD2S44 also features independent reference inputs. Conse
quently, different reference frequencies may be used for each 
channel. 

MODELS AVAILABLE 
The AD2S44 series is available in three accuracy grades: 

AD2S44UM 14-Bits ±4.0 Arc Mins -SS·C to + l2S·C 
(±2.6 Arc Mins -2S·C to +8S·C) 

AD2S44TM 14-Bits ±4.0 Arc Mins -SS·C to + l2S·C 
AD2S44SM 14-Bits ±S.2 Arc Mins -SSOC to + l2S·C 

Each grade has options available which will interface to synchros 
and resolvers of standard voltage and frequency. 

All components are 100% tested at -SS·C, +2S·C, and + l2S·C. 
Devices processed to high reliability screening standards (SuffIX 
B) receive further levels of testing and screening to ensure high 
levels of reliability. Full ordering information is given on the 
back page of this data sheet. 
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AD2S44-SPECIFICATIONS (typical @ +25°C unless specified otherwise) 

Parameter AD2S44 Units Comments 

PERFORMANCE 
Accuracy' AD2S44UM :1:4.0 (max) Arc Min - 55°C to + 125°C 

:1:2.6 (max) Arc Min - 25°C to + 85°C 

AD2S44TM :1:4.0 (max) Arc Min - 55°C to + 125°C 
AD2S44SM :1:5.2 (max) Arc Min - 55°C to + 125°C 

Tracking Rate 20 revls 
Resolution 14 Bits Output Coding Parallel 

(1 LSB = 1.3 arc mins) Natura! Binary 
Repeatability 1 LSB 
Signal/Reference Frequency 400-2600 Hz 
Bandwidth 100 Hz 

SIGNAL INPUTS 
Signal Voltage 2, ll.8, 26, 90 V rms See Ordering Information 
Input Impedance 

90 V Signal 200 kO Resistive, Tolerance ±2% 
26 V Signal 58 kO 
11.S V Signal 26 kO 
2 V Signal 4.4 kO 

Common Mode Rejection 74 (min) dB 
Common Mode Range 

90 V Signal ±2S0 Vdc 
26 V Signal ±120 V dc 
H.S V Signal ±60 V dc 
2 V Signal ±12 V dc 

REFERENCE INPUTS 
Reference Voltage 2, H.8, 26, HS V rms See Ordering Information 
Input Impedance 

HS V Reference 270 kO Resistive, Tolerance ±5% 
26 V Reference 270 kO 
ll.S V Reference 25 kO 
2 V Reference 25 kO 

Common Mode Range 
HS V Reference ±210 Vdc 
26 V Reference ±210 Vdc 
H.8 V Reference ±3S Vdc 
2 V Reference ±35 Vdc 

ACCELERATION CONSTANT· 62000 sec 2 
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AD2S44 
Parameter AD2S44 Units Comments 

STEP RESPONSE 
Large Stepl 63 (typ), 7S (max) ms 179" to 1 LSB of Error 
Small Step I 25 (typ), 30 (max) ms 2° to 1 LSB of Error 

POWER LINES 
+Vs = +15 Vi 85 (typ), 100 (max) rnA Quiescent Condition 
-Vs = -15 Vi 55 (typ), 70 (max) rnA Quiescent Condition 
Power Dissipation 2.1 (typ), 2.6 (max) W Quiescent Condition 

DIGITAL INPUTS 
OE VIL 0.7 (max) V dc IlL = 5 .,.A 

VIH 2.0 (min) V dc IIH = 5 .,.A 

AlB VIL 0.7 (max) Vdc IlL = 1.2 rnA 
VIH 2.0 (min) Vdc IIH = -60 .,.A 

DIGITAL OUTPUTS (DB I-DB 14) 
VOL I 0.4 (max) V dc IlL = 1.2 rnA 
VOH I 2.4 (min) V dc 10H = 60.,.A 
Tristate Leakage Current ±40 !LA 
Drive Capability 3 (max) LSTTL Loads 

DATA TRANSFER See Figure 3 
Time to Data Stable (After Negative Edge 

of OE or Change of Level of AlB) 640 (max) ns ts 
Time to Data in High Impedance State (After Positive 

Edge ofOE) 200 (max) ns tR 
Time for Repetitive Strobing of Selected Channel 200 (min) ns tp 

BUILT-IN TEST OUTPUT (BIT) 
Sense Active Low Low = Error Condition 
VOL 0.4 (max) Vdc IOL = 3.2 rnA 
VOH 2.4 (min) Vdc IOH = -160 !LA 
Drive Capability 8 (max) LSTTL Loads 
Error Condition Set 55 (max) LSB 
Error Condition Cleared 45 (min) LSB 

DIMENSIONS 1. 75 x 1.05 x 0.225 inch See Package Information 
44.45 x 28.07 x 5.72 mm 

WEIGHT 0.65 (max) oz 
18.2 (max) grams 

NOTES 
'Specified over temperature range, -55'C ro +125'C, and for: (a) ±IO% signal and reference amplitude variation; (b) ±1O% signal and reference barmonic 
distortion; (c) ±5% power supply variation; (d) ± 10% variation in reference frequency. 

Bold face type indicates parameters which are 100% tested at nominal values of power supplies, input signal voltages and operating frequency. All other param
eters are guaranteed by design, not tested. 

Specifications subject to change without notice. 
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AD2S44 
ABSOLUTE MAXIMUM RATINGS 
+Vs to GND ..........•............. +17.25 V dc 
-Vs to GND .......•............... -17.25 V dc 
Any Logic Input to GND (max) ............. +6.0 V dc 
Any Logic Input to GND (min) ...........•. -0.4 V dc 
Maximum Junction Temperature .............. + 150°C 
SI, S2, S3, S4 (Line to Line)' 

90 V Option ..••.•...•.............. ±600 V dc 
26 V Option ..... " .................. ±160 V dc 
U.S V Option ...................... , ± 80 V dc 
2 V Option .......................... ±14 V dc 

SI, S2, S3, S4 to GND 
90 V Option ..••.................... ±600 V de 
26 V Option ........ : .....•...••.... ±160 V dc 
U.S V Option •....................... ±80 V dc 
2 V Option ..•....................... ±14 V de 

RHI to RLO 

26 V, U5 V Options .................. ±600 V dc 
2 V, U.8 V Options ...................• ±50 V dc 

RH1, RLO to GND 
26 V, U5 V Options ...•............... ±600 V dc 
2 V, U.8 V Options ... : ................ ±50 V dc 

Storage Temperature Range . . . . . . . . . .. -65°C to + 150°C 
Operating Temperature Range .......... -55°C to + 125°C 

NOTE 
'On synchro input options, lin .. ta-line voltage refers to the S2-8 I, S I-S3 
and S3-S2 differential voltages. On resolver input options 1ine-t()oline levels 
refer to the S I-S3 and S2-84 voltageS. 

CAUTION 
1. Absolute maximum ratings are the limits beyond which 

damage; to the device may occur. 

2. Correct polarity voltages must be maintained on the + V s and 
-Vs pins. 

3. The + 15 V power supply must never go below GND. 

Table I. Bit Weight Table 

Bit Number 

1 (MSB) 
2 
3 
4 
5 
6 
7 
8 
9 
10 
U 
12 
13 
14 (LSB for 2844) 

ESD SENSITIVITY 

Weight (Degrees) 

IS0.0000 
90.0000 
45.0000 
22.5000 
11.2500 
5.6250 
2.S125 
1.4063 
0.7031 
0.3516 
0.1758 
0.0879 
0.0439 
0.0220 

Pin 

1-7 

26-32 

8 

9 

10 

U 

12 

13-16 

17-20 

21 

22 

23 

24 

25 

PIN CONFIGURATION 

DBI 0 
DBS 0 

0810 0 
D.' 
DB" 

,0 

D813 

DB14 

OE 

Ali 

iii' 
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V. 

@)G ND 

LO (B) @" 
@ 
@ 
@ 
@ 

",(.1 

84(.1 

83(.1 

52(.1 

@s '(BI 

FUNCTIONAL DESCRIPTION 

Mnemonic Description 

DB8-DBI4 Parallel Output Data Bits 

DBI-DB7 Parallel Output Data Bits 

OE Output Enable Input 

AlB Channel A or B Select Input 

BIT Built-In Test Error Output 

RLO (A) Input Pin for Channel A Reference Low 

RHI (A) Input Pin for Channel A Reference High 

S4-S1 (A) Channel A Input Signal 

SI-84 (B) Channel B Input Signal 

RHI (B) Input Pin for Channel B Reference High 

RLO (B) Input Pin for Channel B Reference Low 

GND Power Supply Ground (Note: This Pin Is 
Electrically Connected to the Case.) 

-Vs Negative Power Supply 

+Vs Positive Power Supply 

The AD2S44 features input protection circuitry consisting of large "distributed" diodes 
and polysilicon series resistors to dissipate both high energy discharges (Human Body 
Model) and fast, low energy pulses (Charged Device Model). 

WARNING! U 
~~EDEVICE Proper ESD precautions are strongly recommended to avoid functional damage or perfor

mance degradation. For further information on ESD precautions, refer to Analog Devices' 
ESD Pre"l)enhon Manual. 
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RH1IA) 
R",(AI 

S1 (AI 
52 (AI 
S3(AI 
S4(AI 

BUILT 

PHASE 
SENSITIVE 
DETECTOR 

AD2S44 

+v. 

GND 

AD2S44 IN TEST 
DETECTION 

51 (BI 
S2(BI 
S3 (BI 
S4(BI 

PHASE 
SENSITIVE 
DETECTOR 

RH'(BI5::~~~~t==!:========~===========~ __ J RLO (B) L 

Figure 1. Functional Block Diagram of AD2S44 

PRINCIPLES OF OPERATION 
The AD2S44 series operate on a tracking principle. The output 
digital word continually tracks the position of the resolver/syn
chro shaft without the need for external convert commands and 
status wait loops. As the transducer moves through a position 
equivalent to the least significant bit weighting, the output digi
tal word is updated. 

A functional diagram of the AD2S44 is shown in Figure 1. 

Each channel is identical in operation, sharing power supply and 
output pins. Both channels operate continuously and indepen
dently of each other-the digital output from either channel is 
available after switching the channel select and output enable 
inputs. 

If the device is a synchro-to-digital converter, the 3-wire synchro 
output will be connected to SI, S2 and S3 on the unit, and a 
solid-state Scott-T input conditioner will convert these signals 
into resolver format, i.e., 

VI =K Eo sin 01 .. sin II 
V2=K Eo sin 0lT cos II 

Where II is the angle of the synchro shaft, Eo sin 01" is the refer
ence signal and K is the transformation ratio of the input signal 
conditioner. If the unit is a resolver-to digital converter, the 
4-wire resolver output will be connected directly to SI, S2, S3 
and S4 on the unit. 

To understand the conversion process, assume that the current 
word state of the up-down counter is cf>. V,is multiplied by 
coscf> and V 2 is multiplied by sincf> to give: 

K Eo sin 0lT sin II cos cf> 

K Eo sin 0lT cos II sin cf>. 

These signals are subtracted by the error amplifier to give: 

REV. A 

K Eo sin 01 .. (sin II cos cf> - cos II sin cf» 
or 

K Eo sin 01 .. sin (Ihf». 
A phase sensitive detector, integrator and voltage controlled 
oscillator (VCO) form a closed loop system which seeks to null 
sin (Ihf». When this is accomplished, the word state of the 
up-down counter, cf>, equals, to within the rated accuracy of the 
converter, the synchro-resolver shaft angle, II. 

CONNECTING THE CONVERTER 
The power supply voltages connected to -V s and + V spins 
should be ± 15 V and must not be reversed. 

It is suggested that a parallel combination of a 100 nF (ceramic) 
and a 6.8 ,...F (tantalum) capacitor be placed from each of the 
supply pins to GND. 

The pin marked GND is connected electrically to the case and 
should be taken to the zero volt potential in the system. 

The digital output is taken from Pins 26-32 and Pins 1-7. Pin 
26 is the MSB, Pin 7 the LSB. 

The reference connections are made to REF HI and REF LO. 
In the case of a synchro, the signals are connected to SI, S2 and 
S3 according to the following convention: 

ES I-S3 = ERLO-RHI sin 0lT sin II 

ES3-S2 = ERLO-RH1 sin 0lT sin (1:1-120°) 

ESl-s1 = ERLO-RH1 sin 01" sin (1:1-240°). 

For a resolver, the signals are connected to SI, S2, S3 and S4 
according to the following convention: 

ES I-S3 = ERLO-RHI sin 0lT sin II 

E S2-S4 = E RLO-RHI sin 0lT cos II 
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AD2S44 
CHANNEL SELECT (AlB) 
AlB is the channel select input. A logic high selects channel A 
and a logic low selects channel B. Data becomes valid 640 ns 
after AlB is toggled. Timing information is shown in Figure 2. 

OUTPUT ENABLE (OE) 
OE is the output enable input; the signal is active low. When 
set to a logic high, DBI to DBl4 are in the high impedance 
state. When OE is set to logic low, DBI to DBl4 represent the 
angle of the transducer shaft (see bit weights in Table I) to 
within the stated accuracy of the converter. Data becomes valid 
640 ns after the OE is switched. Timing information is shown 
in Figure 2 and detailed in the "Data Transfer" section of 
SPECIFICATIONS. 

A/B----~-------4------------------------

DATA 
BITS 

°NOTE CONVERTER DATA OUTPUT IS INHIBITED 
FROM UPDATES DURING DATA VALID. 

a. Repetitive Reading of One Channel 

°NOTE CONVERTER DATA OUTPUT IS INHIBITED 
FROM UPDATES DURING CHANNEL VALID 

b. Alternate Reading of Each Channel 
Figure 2. AD2S44 Timing Diagrams 

BUILT-IN TEST (BIT) 
BIT is the built-in test error output. This provides an over 
velocity or fault indication signal for the channel selected via 
AlB. The error voltage of each channel is continuously moni
tored; and when the error exceeds ±50 bits for the currently 
selected channel, the BIT output goes low indicating that an 
error greater than approximately I angular degree exists and that 
the data is therefore invalid. 

The BIT signal has a built-in hysterisis, i.e., the error required 
to set BIT is greater than that required for it to be cleared. BIT 
is set when the error exceeds 55 LSBs and is cleared when the 
error goes below 45 LSBs. This mode of operation guarantees 
that BIT will not flicker when the error threshold is crossed. 

3-20 SID CONVERTERS 

BIT is valid for the selected channel approximately 50 ns after 
the change in state of AlB. In most instances, the error condi
tion which sets BIT must persist for at least 1 period of the ref
erence signal prior to BIT responding to the condition. 

Conditions which cause the BIT output to show a fault are: 

I. Power-Up Transient Response 
BIT will return to a logic high state after the AD2S44 posi
tion output synchronizes with the angle input to within 
1 degree. Normally, BIT will be low at power-up for a 
period less than or equal to the large signal step response set
tling time of the AD2S44 after the ± V s supplies have stabi
lized to within 5% of their ftnal values. 

2. Step Input> 1 Degree 
BIT will return to a logic high state after the selected channel 
of the AD2S44 has settled to with 1 degree of the input angle 
resulting from an instantaneous step. 

3. Excessive Velocity 
BIT will be driven to a logic low if the maximum tracking 
rate of the AD2S44 is exceeded (20 RPS typical). 

4. Signal Failure 
BIT may be driven to a logic low state if all signal voltages to 
the selected channel are lost. 

5. Converter/System Failure 
Any failure which causes the AD2S44 to fail to track the 
input synchro/resolver angles will drive BIT to a logic low. 
This may include, but is not necessarily limited to, accelera
tion conditions, poor supply voltage regulation or excessive 
noise on the signal connections. 

SCALING FOR NONSTANDARD SIGNALS 
A feature of these converters is that the signal and reference 
inputs can be resistively scaled to accommodate nonstandard 
input signal and reference voltages which are outside the nomi
nal ±10% limits of the converter. Using this technique, it is 
possible to use a standard converter with a "personality card" in 
systems where a wide range of input and reference voltages are 
encountered. 

NOTE: The accuracy of the converter will be affected by the 
matching accuracies of resistors used for external scaling. For 
resolver format options, it is critical that the value of the resis
tors on the S I-S3 signal input pair be precisely matched to the 
S4-S2 input pair. For synchro options, the three resistors on SI, 
S2, S3 must be matched. In general, a 0.1% mismatch between 
resistor values will contribute an additional 1.7 arc minutes of 
error to the conversion. In addition, imbalances in resistor val
ues can greatly reduce the common mode rejection ratio of the 
signal inputs. 

To calculate the values of the external scaling resistors add 
2.222 kG extra per volt of signal in series with SI, S2, S3 and 
S4 (no resistor required on S4 for synchro options), and 3 kG in 
extra per volt of reference in series with RLo and RH!. 

DYNAMUCPERFORMANCE 
The transfer function of the converter is given below. 

K. H 1 +sT, 
j2~ I r 

Figure 3. Transfer Function of AD2S44 

BOUT 
o 
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Open loop transfer function: 

SOUT 

SIN 

Closed loop transfer function: 

K. 1+ sTI 

7' I + sTz 

SOUT I + STI 

SIN I + sTI + I-/K. + S3 Tz/K. 

where K. = 62000 sec-z 

T, = 0.0061 sec 
T2 = 0.001 sec. 

The gain and phase diagrams are shown in Figures 4 and 5. 
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Figure 4. AD2S44 Gain Plot 
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Figure 5. AD2S44 Phase Plot 

AD2S44 
ACCELERATION ERROR 
A tracking converter employing a Type 2 servo loop does not 
suffer any velocity lag, however, there is an additional error due 
to acceleration. This additional error can be defined using the 
acceleration constant K. of the converter. 

K = Input Acceleration 
• Error in Output Angle 

The numerator and denominator must have consistent angular 
units. For example, if K. is in sec-2, then the input acceleration 
may be specified in degreeslsec2 and the error in output angle in 
degrees. Alternatively, the angular unit of measure may be in 
radians, minutes of arc, LSBs, etc. 

K. does not defme maximum acceleration, only the error due to 
acceleration. The maximum acceleration for which the AD2S44 
will not lose track is on the order of 5° x K. = 310,0000/sec2 

or about 800 revolutionslsec2. 

K. can be used to predict the output position error due to input 
acceleration. For example, for an acceleration of 50 revolutionsl 
sec2 with K. = 62000, 

. S _ Input Acceleration [LSB/sec2] 
Error m L Bs - K. [sec-z] 

50 [rev/secz] . 214 [LSBlrev] 
62000 [sec-z] 

RELIABILITY 

13.2 LSBs. 

The reliability of these products is very high due to the exten
sive use of custom chip circuits that decrease the active compo
nent count. Calculations of the MTBF figure under various 
environmental conditions are available on request. 

Figure 6 shows the MTBF in years vs. case temperature for 
Naval Sheltered conditions calculated in accordance with MIL
HDBK-217E. 

100 

--......... 
.......... 
~ 

i"---
"'-.... 

,. "" 
"'" " 

25 45 65 as ,.5 125 
TEMPERATURE _ °C 

Figure 6. 2S44 MTBF vs. Temperature 
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AD2S44 
OTHER PRODUCTS OUTLINE DIMENSION 

Dimensions shown in inches and (mm). Many other products concerned with the conversion of synchrol 
resolver data are manufacrured by Analog Devices, some of 
which are listed below. 

The SDClRDC1740/41142 are hybrid synchrolresolver to digital 
converters with internal isolating micro transformers. 

The SDClRDCl767/68 are identical to the SDClRDC1740 series 
but with the additional fearures of analog velocity output and dc 
error output. 

"1 
1.105128.071 
1.075(27.31) 

The OSC1758 is a hybrid sine/cosine power oscillator which can 
provide a maximum power output of 1.5 watts. The device 
operates over a frequency range of 1 kHz to 10 kHz. J 
The DRC1745 and DRCI746 are 14- and 16-bit narural binary 
latched output high power hybrid digital-to-resolver converters. 
The accuracies available are ±2 and ±4 arc minutes, and the 
outputs can supply 2 VA at 7 V rms. Transformers are available 
to convert the output to synchro or resolver format at high volt
age levels. 

L r 1.750 144.45) MAX -I 0.025 10.63) 

l~IH!n-u-u-~rn-ut§= 
The AD2S65/66 are similar to the DRC1745/46 but do not 
include the power output stage. These devices are available in 
accuracy grades to 1 arc minute. 

The 2S80 series are monolithic lCs performing resolver to digital 
conversion with accuraCies up to ±2 arc minutes and 16-bit 
resolution. 

ORDERING INFORMATION 

SEATING 
PlANE 

0.025 0.02310.58) 0.10012.54) 0.07011.781 0.120 
(0.131 0.014(0.3&1 BSC 0.03010.16) 13.05) 
MIN MAX 

NOTES 

0.015(0.381 
0.008(0.20) 

J..-- O~:N::'6V) -------I 
1. INDEX AREA; A NOTCH OR A LEAD ONE IDENTIFICATION MARK IS 

LOCATED ADJACENT TO LEAD ONE. 

When ordering, the converter part numbers shouid be suffIXed 
by a two letter code defming the accuracy grade, and a two digit 
numeric code defining the signal/reference voltage and frequency. 
All the standard options and their option codes are shown 
below. For nonstandard configurations, please contact Analog 
Devices. 

For example, the correct part number for a component to oper
ate with 90 V signal, 115 V reference synchro format inputs and 
yield a ±5.2 arc minute accuracy over the -55°C to + 125° tem
perarure range would be AD2S44SMI2. The same part, pro
cessed to high reliability standards would carry the designator 
AD2S44SMI2B. 

AD2S44 XD 

Base Pan 
Number 

3~22 SID CONVERTERS 

Y Z B IL High-Rei Processing 

Z = 0, Signal 2 V, Reference 2 V Resolver 
Z = 1, Signal 11.8 V, Reference 26 V Synchro 
Z = 2, Signal 90 V, Reference liS V Synchro 
Z = 3, Signal 11.8 V, Reference 11.8 V Resolver 
Z = 4, Signal 26 V, Reference 26 V Resolver Base Pan 
Z = 8, Signal 11.8 V, Reference 26 V Resolver 

Y = I 400 Hz to 2.6 kHz Reference Frequency 

x = "U" -SsoC to + 12SoC Operating Temperature Range 
±4.0 arc min Accuracy 

±2.6 arc min Accuracy (-2S0C to +8S°C) 

X = "T" -SsoC to + 125°C Operating Temperature Range 
±4.0 arc min Accuracy 

X = "S" -S5°C to + 12SoC Operating Temperature Range 
±S.2 arc min Accuracy 
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r-IANALOG 
WDEVICES 

FEATURES 
1.3 Arc Minute Accuracy 
16·Bit Resolution 
Small 28·Pin Ceramic DIP 
Low Cost 

APPLICATIONS 
Gimbal/Gyro Control Systems 
Radar System 
Engine Controllers 
Sonar 
Military Servo Control Systems 
Fire Control Systems 
Avionic Systems 
Antenna Monitoring 
CNC Machine Tooling 

GENERAL DESCRIPTION 
The AD2S46 series are l6·bit, continuous tracking synchrol 
resolver-to-digital converters. They have been designed specifi
cally for applications where space and performance are at a pre
mium. Each 28-pin hybrid device uses a Type 2 servo loop 
tracking converter with a ratiometric conversion technique to 
provide excellent noise immunity, repeatability and tolerance of 
long lead lengths. 

The core of each conversion is performed by a state of the art 
monolithic integrated circuit manufactured in Analog Devices' 
proprietary BiMOS II process which combines the advantage of 
low power CMOS digital logic with bipolar linear circuits. The 
use of these ICs keeps the internal component count low provid
ing both packaging which reflects LSI monolithic standards and 
ensures high reliability. 

Low Cost, 16-Bit Synchro/ 
Resolver -to-Digital Converter 

AD2S46 I 
The device incorporates a high accuracy differential conditioning 
circuit for signal inputs providing more than 74 dB of common
mode rejection. Options are available for both synchro and re
solver format inputs. The converter output is via a tristate 
transparent latch allowing data to be read without interruption 
of converter operation. 

Digital data transfer is accommodated by an ENABLE input 
which controls the tristate outputs and presents the data to the 
bus when taking from a HI to a LO state. 

An INHIBIT precedes the ENABLE input and freezes the data 
transfer from the up-down counter to the output latches. This 
action does not interrupt the operation of the tracking loop. Re
leasing the INHIBIT automatically generates a data refresh. A 
BYTE SELECT input provides the facility for interfacing to an 
8- or l6-bit bus system. 

MODELS AVAILABLE 
The AD2S46 series is available in 2 accuracy grades: 

AD2S46TD 16 Bits ± 1.3 arc mins -55°C to + 12SOC 
AD2S46SD 16 Bits ± 2.6 arc mins -55°C to + 125°C 

Each grade has options available which will interface to standard 
synchros and resolvers. 

All components are 100% tested at -55°C, +25°C, and + J25°C. 
Devices processed to high reliability screening standards (Suffix 
B) receive further levels of testing and screening to ensure high 
levels of reliability. Full ordering information is given on the 
back page of this data sheet. 

FUNCTIONAL BLOCK DIAGRAM 

RHI -V5 
R LO +V5 

GND 
51 
52 RESOLVERI 

SYNCHRO 
53 CONDITIONER 
S4 

5E~~b~ b---------r"'";;;;;;;;-:;;;...., 
ENABLE r-----------------QINHIBIT 

DB1 TODB16 
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AD2S46 _. SPECIFICATIONS (typical at +25°C unless specified otherwise) 

AD2S46 
Parameter . Min Typ Max Units Comments 

PERFORMANCE 
Accuracy! 

AD2S46TD ±1.3 arc min 
AD2S46SD ±2.6 arc min 

Tracking Rate 12 rev/s 
Resolution 16 Bits Parallel Natural Binary 

(l LSB = 20 arc sec) lIN65356 
Repeatability 1 LSB 
SignallReference 

Frequency 360 2860 Hz 
Bandwidth 85 Hz 

SIGNAL INPUTS 
Signal Voltage 2, 11.8,26,90 :!:l0% \' rms See Ordering Information 
Impedance 

90 V Signal 200 kfl Resistive Tolerance 0: 2% 
26 V Signal 58 kfl 
11.8 V Signal 26 kfl 
2 V Signal 4.4 kfl 

Common-Mode Rejection 74 dB 
Common-Mode Range 

90 V Signal ±250 \' dc 
26 V Signal 0:120 V dc 
11.8 V Signal ±60 V dc 
2 V Signal ±12 V dc 

REFERENCE INPUTS 
Reference Voltage 2,11.8,26,115 ±1O% \' rms See Ordering Information 
Impedance 

115 V Reference 275 kfl Resistive Tolerance 0: 5% 
26 V Reference 275 kfl 
11.8 V Reference 25 kfl 
2 V Reference 25 kfl 

Common-Mode Range 
115 V Reference ±210 V dc 
26 V Reference 0:210 V dc 
11.8 V Reference ±35 V dc 
2 V Reference 0:35 V dc 

INHIBIT See Figure 3 
Sense Logic LO to Inhibit 
Time to Stable Data (After 

Negative Edge of Inhibit) 600 ns 

ENABLE See Figure 3 
Logic LO to Data Available 110 ns Presents Data to Output 
Logic HI to High Impedance 110 ns Outputs in High Impedance State 

BYTE SELECT See Figure 3 
Logic HI to Data Stable 130 ns MS Byte DBI-DB8 
Logic LO to Data Stable 140 ns LS Byte DBI-DB8 

STEP RESPONSE 
Large Step! 75 95 ms 1790 to 1 LSB of Error 
Small Step! 25 30 ms 20 to 1 LSB of Error 

ACCELERATION CONSTANT 48000 sec 2 

DIGITAL INPUTS 
(ENABLE, INHIBIT, BYTE SELECT) 

V,L 0.8 V dc 
VlH 2.0 V de 

I'L ±loo ,...A V,L = OV 

I'H ±100 ,...A VlH = 5 V 
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AD2S46 
AD2S46 

Parameter Min Typ Max Units Comments 

DIGITAL OUTPUTS (DB I-DB 16) 
VOL 1 0.4 V dc IOL = 1.2 mA 
VOH 1 2.4 V dc IOH = 100 f-LA 
Tristate Leakage Current ±100 f-LA 

Drive Capability 3 LSTTL 

POWER SUPPLIES 
Voltage Levels 

+VSl +14.25 +15 +15.75 V dc 
_VSl -14.25 -15 -15.75 V dc 

Current 
+Is 30 35 mA 
-Is 15 20 mA 

Power Dissipation 675 825 mW 

DIMENSIONS 1.4 x 0.6 x 0.135 inch See Package Information 
35.6 x 15.2 x 3.4 mm 

WEIGHT 0.2S Oz 
6.3 Grams 

NOTE5 
I Specified over temperature range, -55°C to + 125°C, and for: (a) ± 10% signal and reference amplitude variation; (b) ± 10% signal ± and reference harmonic 
distortion; (c) ±5% power supply variation; Cd) ±IO% variation in reference frequency. 

Boldface type indicates parameters which are 100% tested at nominal values of power supplies, input signal voltages, and operating frequency. All other 
parameters are guaranteed by design, not tested. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
+Vs to GND ........................ +17.25 V dc 
-Vs to GND ........................ -17.25 V dc 
Any Logic Input to GND (max) ............. +5.5 V dc 
Any Logic Input to GND (min) ............. -0.4 V dc 
Maximum Junction Temperature ................ 150°C 
SI, S2, S3, S4 (Line to Line)' 

(90 V Option) ....................... ±600 V dc 
(26 V Option) ....................... ± 160 V dc 
(11.8 V Option) ....................... ±80 V dc 
(2 V Option) ......................... ±14 V dc 

SI, S2, S3, S4 to GND 
(90 V Option) ....................... ±2S0 V dc 
(26 V Option) ....................... ±120 V dc 
(11.8 V Option) ....................... ±60 V dc 
(2 V Option) ......................... ± 12 V dc 

RHI to RLo 
(26 V, 115 V Options) .................. ±600 V de 
(2 V, 11.8 V Options) ................... ±50 V dc 

RHI and RLo to GND 
(26 V, 115 V Options) .................. ±210 V dc 
(2 V, 11.8 V Options) ................... ±3S V de 

Storage Temperature Range ........... -65°C to + ISO°C 
Operating Temperature Range2 ••••••••• -SsoC to + 125°C 

NOTE 
IOn synchro input options, line to line voltage refers to the S2-S1, Sl-S3 
and S3-S2 differential voltages. On resolver input options line to line levels 
refer to the 51-53 and 52-S4 voltages. 

2Thermal Resistance: To ensure that the junction temperature of the hottest 
component within the hybrid does not exceed the rated maximum of 150°C, 
the case temperature must not exceed 130°C. 

RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage (+ V s to GND) ...... + 15 V dc ± 5% 
Power Supply Voltage (-Vs to GND) ...... -15 V dc ±5% 
Analog Input Voltage (Sl, S2, S3, S4 Line to Line) 

(90 V Option) .................... 90 V rms ±IO% 
(26 V Option) .................... 26 V rms ± 10% 
(11.8 V Option) ................. 11.8 V rms ±IO% 
(2 V Option) ..................... 2 V rms ± 10% 

Analog Input Voltage (RH1 to RLO) 

(26 V Option) .................... 26 V rms ± 10% 
(115 V Option) .................. 115 V rms ± 10% 
(11.8 V Option) ................. 11.8 V rms ±1O% 
(2 V Option) ..................... 2 V rms ± 10% 

Signal and Reference Harmonic Distortion ......... ± 10% 
Phase Shift Between Signal and Reference ..... ± 10 Degrees 
Ambient Operating Temperature Range .... - 55°C to + 125°C 

CAUTION 
I. Absolute maximum ratings are the limits beyond which dam

age to the device may occur. 

2. Correct polarity voltages must be maintained on the + V sand 
-Vs pins. 

ESDSENSITIVITY------------------------------------------------------------------
The AD2S46 features input protection circuitry consisting of large "distributed" diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 
low energy pulses (Charged Device Model). 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. For further information on ESD precautions, refer to Analog Devices' ESD Preven
tion Manual. 
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AD2S46 
PIN CONFIGURATION 

BIT 9 

BYTE SELECT 

S4 

S3 

52 

BITS 

BIT 4 

BIT3 

+Vs 

-VS 

GND 

RHi 

PRINCIPLES OF OPERATION 
The AD2S46 series operate on a Type 2 tracking closed-loop 
principle. The output digital word continually tracks the posi
tion of the resolverlsynchro shaft without the need for external 
convert commands and wait states. As the transducer moves 
through a position equivalent to the least significant bit weight
ing, the output digital word is updated by one LSB. 

If the device is a synchro-to-digital converter, the 3-wire synchro 
output will be connected to Sl, S2 and S3 on the unit and a 
solid-state Scott-T input conditioner will convert these signals 
into resolver format, i.e., 

V, = K Eo sin wt sin 6 (sin) 
V2 = K Eo sin wt cos 6 (cos) 

Where 6 is the angle of the synchro shaft, Eo sin wt is the refer
ence signal, and K is the transformation ratio of the input signal 
conditioner. If the unit is a resolver-to digital converter, the 4-
wire resolver output will be connected directly to S 1, S2, S3 and 
S4 on the unit. 

SI 

S2 
S3 

S4 

RESOLVERI 
SYNCHRO 

CONDITIONER 

AD2S46 PIN FUNCTION DESCRIPTION 

PIN MNEMONIC DESCRIPTION 

1-8 DB9--DB16 PARALLEL OUTPUT DATA BITS 
21-28 DB1-DB8 PARALLEL OUTPUT DATA .BITS 
9 ENABLE OUTPUT ENABLE INPUT 
10 BYTE SELECT BYTE SELECT INPUT SIGNAL 
11-14 54-51 SYNCHRO/RESOLVER SIGNAL INPUTS 
15 RHI INPUT PIN FOR REFERENCE HIGH 
16 RLO INPUT PIN FOR REFERENCE LOW 
17 GND POWER SUPPLY GROUND 
18 -Vs NEGATIVE POWER SUPPLY 
19 +Vs POSITIVE POWER SUPPLY 
20 iNHiBiT INPUT PIN TO INHIBIT CONVERTER 

To understand the conversion process, assume that the current 
word state of the up-down counter is <\>. V, is multiplied by 
cos <\> and V 2 is multiplied by sin <\> to give: 

K Eo sin wt sin 6 cos <\> 
K Eo sin wt cos 6 sin <\> 

These signals are subtracted by the error amplifier to give: 

K Eo sin wt (sin 6 cos <\> - cos 6 sin <\» 

or 

K Eo sin wt sin (6--<1» 

A phase sensitive detector, integrator and voltage controlled os
cillator (VeO) form a closed-loop system which seeks to null sin 
(6--<1». When this is accomplished, the word state of the up
down counter, <\>, equals, to within the rated accuracy of the 
converter, the synchro/resolver shaft angle, 6. 

-VS 

+Vs 
GND 

BnE I _____________ -r~~~~ 
SELECT Q I-__________________________ ~ iNiiiiiT 
~?_-------------L~~~~J 

~------------------~ 
OBI TODB16 

AD2S46 Functional Block Diagram 
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AD2S46 

OPTIONAL PHASE SHIFT CIRCUITS 

1 

-~i1':~ C R 

PHASE LAG = ARC TAN 21t IRC 

~ 
o ~ 0 

OUTPUT 
DATA 

LSBYTE 

OUTPUT 
DATA 
MSBYTE 

TWISTED PAIR 
SCREENED 

CABLE 

--~- -----

OSCILLATOR 
(E.G., OSC 1758) 

+15V 

-15V 

Figure 1. Connection Diagram 

CONNECTING THE CONVERTER 
The power supply voltages connected to -V s and + V spins 
should be -15 V and + 15 V and must not be reversed. 

It is suggested that a parallel combination of a 100 nF (ceramic) 
and a 6.8 .... F (tantalum) capacitor be placed from each of the 
supply pins to GND. 

The digital output is taken from Pins 21-28 and Pins 1-8. 
Pin 21 is the MSB, Pin 8 the LSB. 

The reference connections are made to REF HI and REF LO. 
In the case of a synchro, the signals are connected to Sl, S2 and 
S3 according to the following convention: 

Esl-s3 = ERLO-RHI sin wt sin 8 
Es3-s2 = ERLO-RHI sin WI sin (8 + 120°) 
Es2- s1 = ERLO-RHI sin wt sin (8 + 240°) 

For a resolver, the signals are connected to Sl, S2, S3 and S4 
according to the following convention: 

Esl-s3 = ERLO-RHI sin wt sin 8 
Es2-s4 = ERLO-RHI sin wt cos 8 

It is recommended that the resolver is connected using individu
ally screened twisted pair cables with the sine, cosine and refer
ence signals twisted separately. 

REV. 0 

DATA TRANSFER 
To transfer data the INHIBIT input should be used. The data 
will be valid 600 ns after the application of a logic "LO" to 
INHIBIT. By using the ENABLE input the two bytes of data 
can be transferred after which the INHIBIT should be returned 
to a logic "HI" state to enable the output latches to be updated. 

INHIBIT INPUT 
The INHIBIT logic input only inhibits the data transfer from 
the up-down counter to the output latches and, therefore, does 
not interrupt the operation of the tracking loop. Releasing the 
INHIBIT automatically generates a refresh of the output data. 

ENABLE INPUT 
The ENABLE input determines the state of the output data. A 
logic "HI" maintains the output data pins in the high imped
ance state, and application of a logic "LO" presents the data of 
the latches to the output pins. The operation of the ENABLE 
has no effect on the conversion process. Timing information is 
shown in Figure 2. 
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DATA 

-t 600nSM~Xr-+-~ __ ~_ 
_____ -Jxj DATA VALID 

EN:::: -----f1----i7 [ 
135nsMAX 

BYTE SELECT 

DATA LSBYTE 

Figure 2. Timing Diagrams 

BYTE SELECT INPUT 
The BYTE SELECT input on the AD2S46 can be used to inter
face the converter to either an 8-bit or, 16-bit microprocessor 
bus. 

To interface to a 16-bit parallel bus, the BYTE SELECT pin 
should be at logic HI. Thus, the most significant byte of the 
digital output position is at Pins 21 to 28 (Bit 1 MSB to Bit 8, 
respectively). Also the least significant byte is at Pin 1 to 8 (Bit 
9 to Bit 16 LSB, respectively). The ENABLE control is used to 
present the digital 16-bit parallel digital output position data to 
the pins. 

To interface to an 8-bit parallel bus, two sequential readings 
must take place. The BYTE SELECT pin at logic HI places the 
MS BYTE at Pins 21 (MSB) to 28. Using the ENABLE, the 
parallel data is presented to the bus. 

A logic LO on the BYTE SELECT place the LS BYTE at 
Pins 21 to 28 (LSB). Using the ENABLE, the parallel data is 
presented to the bus. 

The operation of the BYTE SELECT has no effect on the con
version process of the converter. 

REFERENCE INPUT 
The amplitude of the reference signal applied to the converter's 
input is not critical, but care should be taken to ensure it is 
within the recommended operating conditions. 

The AD2S46 will not be damaged if the reference is supplied 
to the converter without the power supplies and/or the signal 
inputs. 

CAUSES OF ERROR 
Differential Phase Shift 
Phase shift between the sine and the cosine signals from the re
solver is known as differential phase shift and can cause static 
errors. Some differential phase shift Will be present on all resolv
ers being a characteristic of the transducer. A small resolver re
sidual voltage (quadrature voltage) indicates a small differential 
phase shift'. Additional phase shift can be introduced if the sine 
channel wires and the cosine channel wires are treated differ
ently. For instance, different cable lengths or different capactive 
loads could cause differential phase shift. The additional error 
caused by differential phase shift on the input signals approXi
mates to: 

Error = 0.53 x a x b arc minutes 

3-28 SID CONVERTERS 

where a = differential phase shift in degrees 
and b = signal to reference phase shift in degrees. 

This error can be minimized by choosing a resolver with a small 
residual voltage, ensuring that the sine and cosine signals are 
routed identically and removing the reference/signals phase 
shift (see section on "CONNECTING THE CONVERTER"). 
By taking these precautions, the extra error can be made 
insignificant. 

Resolver Phase Shift 
Under static operating conditions phase shift between the refer
ence and the signal lines alone will not theoretically affect the 
converter's stated accuracy. However, most resolvers exhibit a 
phase shift between the signal and the reference. This phase 
shift will give rise under dynatnic conditions to an additional 
error defined by 

Shaft Speed ('1>s) x Phase Shift (degrees) 
Reference Frequency 

This effect can be elitninated by placing a phase leadllag 
network on the reference signal to the converter equivalent to 
the phase shift caused by the resolver (see section "CONNECT
ING THE CONVERTER"). 

NOTE: Capacitive and inductive crosstalk in the signal and 
reference leads can cause sitnilar conditions as described above. 

SCALING FOR NONSTANDARD SIGNALS 
A feature of these converters is that the signal and reference in
puts can be resistively scaled to accommodate nonstandard input 
signal and reference voltages which are outside the nominal 
± 10% limits of the converter. Using this technique, it is possi
ble to use a standard converter with a "personality card" in sys
tems where a wide range of input and reference voltages are 
encountered. 

NOTE: The accuracy of the converter will be affected by the 
matching accuracies of resistors used for external scaling. For 
resolver format options, it is critical that the value of the resis
tors on the S I-S3 signal input pair be precisely matched to the 
S4-S2 input pair. For synchro options, the three resistors on S 1, 
S2, S3 must be matched. In general, a 0.1% mismatch between 
resistor values will contribute an additional 1.7 arc minutes of 
error to the conversion. In addition, imbalances in resistor val
ues can greatly reduce the common-mode rejection ratio of the 
signal inputs. 

BilIary RelOlutioa Dqre .. Minutes Seconds 
JIits(N) (ZN) /Bit /Bit /Bit 

0 1 360.0 21600.0 1296000.0 
1 2 180.0 10800.0 648000.0 
2 4 90.0 5400.0 324000.0 
3 8 45.0 2700.0 162000.0 
4 16 22.5 13S0.0 81000.0 

5 32 11.25 675.0 40500.0 
6 64 5.625 337.5 20250.0 
7 128 2.8125 168.75 10125.0 
8 256 1.40625 84.375 5062.5 
9 512 0.703125 42.1875 2531.25 

10 1024 0.3515625 21.09375 1265.625 
11 ~ 0.1757813 10.546875 632.8125 
12 4096 0.0878906 5.273438 316.40625 
1,3 8192 0.0439453 2.636719 158.20313 
14 16384 0.0219727 1.318359 79.10156 

15 32768 0.0109836 0.659180 39.55078 
16 65536 0.0054932 0.329590 19.n539 
17 131072 0.0027466 0.164795 9.88770 
18 262144 0.0013733 0.082397 4.94385 

Bit Weight Table 
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To calculate the values of the external scaling resistors add 
1.111 kO extra per volt of signal in series with SI, S2, S3 and 
S4 (resolver options only), and 3 kO in extra per volt of refer
ence in series with RLo and RH1 • 

DYNAMIC PERFORMANCE 
The transfer function of the converter is given below. 

Open-loop transfer function 

60UT KA (1 + sTJl 
6IN S2 (I + sT21 

Closed-loop transfer function 

60UT 1 + sTI 

a;; = 1 + sTI + s2/KA + s3 T2/KA 

where KA = 48000 sec-2 

Tl = 0.0071 sec 
T2 = 0.00125 sec 

The gain and phase diagrams are shown in Figures 3 and 4. 
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Figure 3. AD2S46 Gain Plot 
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Figure 4. AD2S46 Phase Plot 

AD2S46 
ACCELERATION ERROR 
A tracking converter employing a Type 2 servo loop does not 
suffer any velocity lag, however, there is an additional error due 
to acceleration. This additional error can be defined using the 
acceleration constant KA of the converter. 

Input Acceleration 
KA = ~~~=---~~ 

Error in Output Angle 

The numerator and denominator must have consistent angular 
units. For example, if KA is in sec-2, then the input acceleration 
may be specified in degrees/sec and the error in output angle in 
degrees. Alternatively, the angular unit of measure may be in 
radians, minutes of arc, LSBs, etc. • 

KA does not define maximum acceleration, only the error due to 
acceleration. The maximum acceleration for which the AD2S46 
will not lose track is in the order of S° x KA = 238,000 0/sec2 

or about 660 revolutions/sec2. 

KA can be used to predict the output position error due to input 
acceleration. For example, for an acceleration of SO 
revolutions/sec2 with KA = 48000, 

E . S _ Input Acceleration [LSBlsec2] 
rrortnL Bs - K [ -2] 

RELIABILITY 

A sec 

50 [rev/sec2] x 216 [LSBlsec1] 

47662 [sec-2] 

= 68 LSBs 

The reliability of these products is very high due to the exten
sive use of custom chip circuits that decrease the active compo
nent count. Calculations of the MTBF figure under various 
environmental conditions are available on request. 

Figure 5 shows the MTBF in years vs. case temperature for 
Naval Sheltered conditions and airborne uninhabited cargo 
calculated in accordance with MIL-HDBK-217E. 
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Figure 5. AD2S46 MT8F vs. Temperature 

125 

SID CONVERTERS 3-29 



AD2S46 
ORDERING INFORMATION 
When ordering, the converter part nUmbers should be suffIxed' 
by a two letter code defining the accuracy grade, and a two digit 
numeric code defining the signaI/reference voltage and fre
quency. All the standard options and their option codes are 
shown below. For options not shown, please contact Analog 
Devices, Inc. 

AD2S46XD Y Z B 

Base ~an 
Number ~

L High-Rei Processing 

Z = 0 Signal 2 V, Reference 2 V, Resolver 
Z = I Signal 11.8 V, Reference 26 V, Synchro 
Z = 2 Signal 90 V, Reference 115 V, Synchro 
Z = 3 Signal 11.8 V, Reference 11.8 V, Resolver 
Z = 4 Signal 26 V, Reference 26, Resolver 
Z = 8 Signal 11.8 V, Reference 26 V, Resolver 

Y = I 400 Hz to 2.6 kHz Reference Frequency 

X = uT" ::t 1.3 arc min Accuracy 
'------1 - 55'C to + 125'C Operating Temperature Range 

X = "S" ±2.6 arc min Accuracy 
- 55'C to + 125'C Operating Temperature Range 

For example, the correct part number for a component to oper
ate with a 90 V signal, 115 V reference synchro format inputs 
and yield a ± 1.3 arc minute accuracy over the -55°C to + 125°C 
temperature range would be AD2S46TDI2. The same part pro
cessed to high reliability standards would carry the designator B, 
i.e., AD2S46TDI2B. 

OTHER PRODUCTS 
Many other products concerned with the conversion of synchrol 
resolver data are manufactured by Analog Devices, some of 
which are listed below. If you have any questions about our 
products or require advice about their use for a particular appli
cation please contact our Applications Engineering Department. 

The SDCIRDC1740/41142 are hybrid synchro/resolver-to-digital 
converters with internal isolating micro transformers. 

The SDCIRDCI767/1768 are identical to the SDClRDC1740 
series but with the additional features of analog velocity output 
and dc error output. 

The OSCI758 is a hybrid sine/cosine power oscillator which can 
provide a maximum power output of 1.5 watts. The device op
erates over a frequency range of I to 10 kHz. 

The DRCI745 and DRCI746 are 14- and 16-bit natural binary 
latched output high power hybrid digital-to-resolver converters. 
The accuracies available are ±2 and ±4 arc minutes and the 
outputs can supply 2 VA at 7 V rms. Transformers are available 
to convert the output to synchro or resolver format at high volt
age levels. 

The AD2S65/66 are similar to the DRCI745/46 but do not in
clude the power output stage. These devices are available with 
accuracy grades up to ± I arc minute. 

The AD2S44 and AD2S34 are 14 bit, dual channel synchro and 
resolver-to-digital converters. They are available with accuracy 
grades up to ±2.6 arc minutes and can be supplied in surface 
mount packages. 

The 2S80 series are monolithic ICs performing resolver-to-digital 
conversion with accuracies up to ±2 arc minutes and 16-bit 
resolution. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm) . 

..I !. 0.050 ,,"0.015 
I I (1.327 ~ 0.380) 

f 
0.594 ~0.010 
(15.1 ~0.254) J o.610 ~0.010 

~ (15.5 r254) 

PIN 1 I~---=--=---= .1.320 ±0.013 (33.5 ±0.33) -II 0.115 ±0.012 

INDEX,/---- 1.400 ±0.014 (35.6 ~0.36) ----l (2.9L ·r3)=======. 

: ~~ u 0.170~4.32) T (~:;:~±~o~~-I+ 
STAND OF: li li li li li U llilli U U IT IT IT U~ 
0.050 ~0.010 --\j.- --\ j.- --r I- 9.600 (15.24) REF-I 
(1.27 ±a.254) 0.018 ~0.002 0.050(1.24) 0.100 ~0.002 

(0.46 ±0.051) TYP (2.54 ~0.05) TYP 

~---- 1.300 ~0.0D6 (33 ~0.15) ---~ 
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~ANALOG 
WDEVICES 

High Precision, Single Supply 
ResolverISynchro-to-Digital Converter 

FEATURES 
Single 5 V Supply Operation 
High Accuracy (1.3 arc minI 
8-/16-Bit Bus Compatible 
14-/16-Bit Resolution 
Built-in Test Features 
Internal Reference Synthesis Function 
Automatic Gain Control Circuit 
Pin Programmable for 14-/16-Bit Operation 
High Tracking Rate (7200"/sec-14-Bit Model 
Analog Velocity and AC Error Outputs 
NATEL/DDC Second Source 
Manufactured to MIL STD 1772 
36-Pin DDIP 

APPUCATIONS 
Natel/DDC Second Source 
Avionics Systems 
Servo Systems 
Robotics 
Fire Control Systems 
Radar Systems 
Stabilization Systems 

GENERAL DESCRIPTION 
The AD2S47 is a high accuracy 14-/16-bit resol 
resolver-to-digital converter (SIRDC). 

Options are available that will accept 90, 26 or 11.8 volt signal 
levels in synchro or resolver formats. The reference input 
accepts voltages in the range 20 to 115 V rms. Internal reference 
conditioning match the reference phase to the signal input 
phase. This eliminates errors due to signal to reference phase 
shifts in the transducer. 

The AD2S47 operates at reference frequencies of either 400 Hz 
or 800 Hz (see Ordering Guide). 

The AD2S47 operates on the type 2 tracking loop principle, 
resulting in the digital output continuously tracking the input 
angle. The converter does not require conversion instructions or 
wait states. The converter operates a ratiometric conversion 
technique which shows excellent noise immunity and repeatabil
ity. Using proprietary designed full custom integrated circuits, 
the AD2S47 achieves high accuracy over the full operating tem
perature range. The use of custom designed circuits inside the 
device allows high grade performance to be achieved at a com
petitive cost. 

AD2S47 provides a cost competitive solution to SIRDC require
ments. Internal circuits fabricated on Analog Devices linear 
compatible CMOS (LC2MOS) process minimize component 
count and power requirements. The AD2S47 uses a proprietary 
designed custom digital circuit to control all interfacing to the 
device. The output from the AD247 is via a 16-bit bus which 
can be placed in a high impedance state, allowing connection of 
the device directly to an 8- or 16-bit data bus. 

AD2S47 I 
FUNCTIONAL BLOCK DIAGRAM 

OND VL R SA S S4 S382 51 ALAH 

ond Source for Natel HSRDI006 & 1056 
Second Source for DDC SDC-14531 
Single 5 V Power Supply Operation. Single power supply oper
ation with low current consumption reduces system power sup
ply requirements. 

8- and 16-Bit Processor Bus Compatible. Separate HI and LO 
byte enable pins allow direct, simple interfacing to either 8- or 
16-bit data buses. 

Pin Programmable Selectable Resolution. Connecting the 14B 
pin to 0 V selects 16-bit resolution. 

Pin Programmable for Synchro or Resolver Signals. Connect
ing the S pin to SR pin formats the device for synchro opera
tion. Connecting the R pin to the SR pin formats the device for 
resolver operation. 

High Tracking Rate. Tracking rate up to 20 rps (7200o/sec in 
14-bit mode (800 Hz option). 

Excellent Dynamic Performance. Acceleration constant up to 
768000, bandwidth up to 400 Hz. 

Small Package. 36-pin DDIP (1.9" x 0.775" x 0.21"). 

Full Internal Reference Synthesis. Internal circuits compensate 
for static and dynamic transducer reference to signa1 phase 
shifts. 

Analog Velocity Output. Analog signal which accurately repre
sents the angular velocity of the input signals. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD2S47 -SPECIFICATIONS 
AD2S47 

Parameter Min Typ Max Units Conditions 

ACCURACY 
Resolution 14 Bits 

16 Bits 
Error (Accuracy) 2.6 arc min S Options 

1.3 arc min T Options 

REFERENCE INPUT 
Voltage 20 130 Vrms 
Frequency 360 400 1000 Hz 400 Hz Options 

700 800 3000 Hz 800 Hz Options 
Input Impedance 300 kO Single Ended 

600 kO Differential 
Common-Mode Range 250 Vdc Includes Recurrent AC Peak 

SIGNAL INPUTS 
Synchro/Resolver 
Input Voltage 11.8 15.34 Vrms 11.8 V Options to Rated Accuracy 

26.0 33.8 Vrms 26 V Options to Rated Accuracy 
90.0 117.0 V Options to Rated Accuracy 

Input Impedance V Options, Single Ended 
1.8 V Options, Differential 
6.0 V Options, Single Ended 

.0 V Options, Differential 
Options, Single Ended 

. V Options, Differential 
Matching All Options 
Common-Mode Range 11.8 V Options 

26.0 V Options 
90.0 V Options 

Common-Mode Rejection DC to 1 kHz 
Harmonic Distortion To Full Rated Accuracy 

REFERENCESYNTHES~ER 

Maximum Phase Shift 
Reference to Signal ±45 ±60 Degrees To Full Rated Accuracy 

DIGITAL INPUTS 
Logic Levels 
VINL -0.3 0.8 Vdc VL = 5 V 
V1NH 2.4 5.0 Vdc VL = 5V 
Input Currents 
HBE,LBE -20 j.tA Pulled Down to GND Internally May 

Be Left Unconnected When Not in Use. 
20 j.tA Pulled Up to V L Internally, May Be Left 

Unconnected When Not in Use. 

DIGITAL OUTPUTS 
(BI-BI6, CB, BIT) 
Drive Capability 1 LSTTL Load 
Logic '0' 1.6 rnA @ 0.4 V dc (Sink Current) 
Logic '1' -1.6 rnA @ 3.0 V dc (SOUIce Current) 
High 'Z' Output ±10 j.tA 
Leakage CUIrent (BI-BI6) 

ANALOG OUTPUTS 
V (Bias Voltage) 1.93 2.15 2.37 Vdc VL = 5V 
E (AC Error) 750 mVrmsr Referenced to V 
Drive Capability ±1 rnA All Analog Outputs 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Parameter 

VELOCITY OUTPUT 
Polarity 
Scale Factor 

Scale Factor Tempco 
Scale Factor Power Supply 
Sensitivity 
Full Scale Output 

Nonlinearity 

Nonlinearity Tempco 
Power Supply Sensitivity 
Output Offset 
Reversion Error 

AUTOMATIC GAIN CONTROL (AGC) 

Range 

DYNAMIC CHARACTERISTICS 
Tracking Rate 

Acceleration Constsnt 
(Ka) 

Bandwidth 

Small Step Settling Time «1.4"C) 

Large Step Settling Time (179"C) 

POWER SUPPLY 
Voltage 
Current 
Power Dissipation 

PHYSICAL CHARACTERISTICS 
Dimensions 
Weight 

Specifications subject to change without notice. 

Min 

±500 

0.66 

4.5 

Typ Max Units 

0.209 
0.835 
0.305 
1.220 

1.5 
1.5 
1.5 
1.5 

0.1 
±20 
±IO 

5.0 
14 
70 

-I 

±5 
±2 
±200 

mVflsec 
mVflsec 
mVflsec 
mVflsec 
ppmfC 
%per% 

V de @ 72000/sec 
V de @ IS000/sec 
V de @ 50000/sec 
V de @ moo/sec 
% of Full Scale 
% of Full Scale 
ppmfC 
% per % 
mVdc 
% 

Hz 
Hz 
Hz 

8 ms 
25 ms 
16 ms 
50 ms 
50 ms 
150 ms 
100 ms 
300 ms 

5.5 V de 
32 rnA 
160 mW 

36-Pin Hermetic DDIP 
0.78 x 1.9 x 0.21 Inches (20 x 48 x 5.3 rom) 

0.60z (17 g) Maximum 

AD2S47 
Conditions 

Negative for Increasing Input Angle 
800 Hz, 14-Bit Mode (@ +25°C) 
800 Hz, 16-Bit Mode (@ +25°C) 
400 Hz, 14-Bit Mode (@ +25°C) 
400 Hz, 16-Bit Mode (@ +25°C) 

800 Hz, 14-Bit Mode (@ +25°C) 
800 Hz, 16-Bit Mode (@ +25°C) 
800 Hz, 14-Bit Mode (@ +25°C) 
800 Hz, 16-Bit Mode (@ +25"C) 
800 Hz Options 
400 Hz Options 

nverter Performance Is Maintained 
with ±30% Signal Amplitude Variation 

800 Hz, 14-Bit Mode 
SOO Hz, 16-Bit Mode 
400 Hz, 14-Bit Mode 
400 Hz, 16-Bit Mode 
800 Hz, 14-Bit Mode 
800 Hz, 16-Bit Mode 
400 Hz, 14-Bit Mode 
400 Hz, 16-Bit Mode 
800 Hz, 14-Bit Mode 
800 Hz, 16-Bit Mode 
400 Hz, 14-Bit Mode 
400 Hz, 16-Bit Mode 
SOO Hz, 14-Bit Mode 
800 Hz, 16-Bit Mode 
400 Hz, 14-Bit Mode 
400 Hz, 16-Bit Mode 
SOO Hz, 14-Bit Mode 
800 Hz, 16-Bit Mode 
400 Hz, 14-Bit Mode 
400 Hz, 16-Bit Mode 

To Rated Accuracy 
All Options 
All Options 

RECOMMENDED OPERATING CONDITIONS Signal Voltage 
Power Supply Voltage (VL to GND)' ...... +5 V de ± 10% n.s V Options ................. n.s V rms ± 30% 
Reference and Single Frequency2, 3 26.0 V Options ................. 26.0 V rms ± 30% 

400 Hz Options .................... 400 Hz ± 10% 90.0 V Options ................. 90.0 V rms ± 30% 
800 Hz Options .................... SOO Hz ± 10% Reference Voltage ................... 20 to 130 V rms 

Ambient Temperature ............... -55°C to +125°C 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD2S47 
PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS· 

Power Supply Voltage (VL to GND) .......... +5.75 V dc 
Any Logic Input to GND (Positive) .......... +5.50 V dc 
Any Logic Input to GND (Negative) .......... -0.40 V dc 
Storage Temperature Range ........... -65°C to + 150°C 
Operating Temperature Range .......... -55°C to + 125°C 
Signal Voltage 

11.8 V Options ...................... 18.8 V rms 
26.0 V Options ...................... 41.6 V rms 
90.0 V Options ...................... 144.0 V rms 

Reference Voltage ..................... 180.0 V rms 

NOTES 
lCorrect polarity must be maintained on the V L pin with respect to the ground 
pin (GND). 

'Signal and reference harmonic distortion < 10%. 
'Phase shift between reference and signals ±4Soc. 
4 Absolute maximum ratings are values beyond which damage to the device will 
occur. 

PIN FUNCTION DESCRIPTION 

Pin Mnemonic Description 

1 SI 

2 S2 

3 S3 

4 S4 

5 S 

6 SR 

7 R 

8 RL 

9 RH 

10 VEL 

11 V 

12 E 

13 INH 

14 CB 

15 BIT 

16 14B 

17 LBE 

18 GND 

19 DB16 
to to 
34 DBI 

35 HBE 

36 VL 

Signal input, do not connect for sy 

SynchrolResolver progr 
operation. 

SynchrolResolver p 

operation. 

Reference low input, connect to reference signal 

Reference high input, connect to reference signal high. 

Sine Lo for resolver operation. 

Cosine High for resolver operation. 

Low for resolver operation. 

w for resolver operation. 

tion connect to R (Pin 7) for resolver 

Velocity output dc voltage proportional to the speed of rotation of the input signals. Negative 'IJOltage output for 
increasing input angle. Note: Measurement reference for this signal is V, Pin II. 

Bias signal, measurement reference for velocity and ac error output. 

Error voltage, ac signal at reference frequency proportional to the instantaneous error of the converter. Note: 
Measurement reference for this signal is V, Pin 11. 

Inhibit input. Logic low applied to this pin latches the digital output word and prevents further updates. Does not 
affect the operation of the tracking loop. Internally pulled high, can be left unconnected for continuous output. 

Converter Busy. 450 ns wide positive going pulse indicating that an LSB update is occuring. Output data may be 
read on the trailing (falling) edge of CB. 

Build-In-Test. Logic high output indicates either a tracking error of greater the ±Io or a loss of signal or reference 
connections. 

Output resolution control, allows operation of the converter in 14-bit mode. Internally pulled high, logic "I" results 
in the converter operating in 14-bit mode. 

Low Byte Enable. Data output bits DB9 to DB16 enabled when a logic "0" is applied to LBE, internally pulled to 
ground, so may be left unconnected if the bits DB9 to DB16 are to be permanently enabled. 

Power supply ground. 

Digital output data. Bit 1 (MSB) to Bit 16 (LSB). In 14-bit mode, Bits 15 and 16 will be logic low. 

High Byte Enable. Data output bits DBI to DB8 enabled when a logic "0" is applied to HBE. HBE is internally 
pulled to ground and so may be left unconnected if the bits DBI to DB9 are to be permanently enabled. 

Positive power supply, +5 V dc ± 10% 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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FEATURES 
Single Rank Transparent TTL or CMOS Compatible 

Latched Input Registers With High and Low 
Byte ENABLE 

Accuracy ±1. ±2 or ±4 Arc Minutes 
Resolution 14- or 16-Bit 
Very Low DC Offset Voltage 
Autonulling Option Available (Extremely Low DC 

Offset Voltage) 
Output Drive Capability 4.3 mA Peak into Resistive. 

Inductive or Capacitive Loads 
Low Radius Vector Variation 0.030/0 (Transformation 

Ratio) 
±15 V DC Power Supplies Only 
DC to 2.6 kHz Depending on Option (to 10 kHz with 

Reduced Accuracy) 
Low Power Dissipation 
32-Pin Welded Metal Package 
Hermetically Sealed 
Protection Against +200% Overload on Analog Input 
Microprocessor Compatible (8 or 16 Bits) 

APPUCATIONS 
Polar to Rectangular Coordinate Conversion 
Missile and Fire Control Systems 
Simulation Systems 
Low Frequency Oscillators 
PPI Displays 
Radar and Navigational Systems 
Avionics 
Axis Rotation 
Flight Instrumentation 
Wrap-Around Resolver-to-Digital Converter Tests 
ATE Systems 

GENERAL DESCRIPTION 
The AD2S65 and AD2S66 are hybrid digital-to-resolver convert
ers which accept a 14-bit or 16-bit digital, natural binary input 
word representing angle, and output sine and cosine 
voltages. 

The AD2S65 and AD2S66 are pin compatible replacements for 
the previous generation DRCI765 and DRCI766 digital-to
resolver converters, respectively. 

The SIN and COS output voltage signals are internally multi
plied by the analog input reference voltage, thus the SIN and 
COS outputs are amplitude modulated at the input reference 
frequency. 

REV. A 

14- & 16-Bit, Hybrid 
Oigital-to-Resolver Converters 

AD2S65/AD2S66 I 
FUNCTIONAL BLOCK DIAGRAM 

-15V GND 

LBE HBE DIGITAL 
INPUT 

NOTE: Ar.o. GND, AND SIG GND ARE INTERNAllY CONNECTED. 

The analog input reference voltage can either be dc or ac voltage 
of frequency up to 10 kHz. For the extremely low dc offset au
tonulling part, the frequency range is covered by two options, 
50 Hz to 2.6 kHz and 360 Hz to 2.6 kHz (both to 10 kHz with 
reduced accuracy). 

The digital input word to the converter is latched with transpar
ent high and low byte ENABLE commands to facilitate easy 
interface to microprocessor systems. The input latches are TTL 
and CMOS compatible utilizing components of HCT .series. 

The devices are available in accuracy grades of ± 1, ±2 and ±4 
arc minutes. Please see ordering information. 

A particularly useful feature of the converters is their low dc 
output offset voltage (±2.5 mV typ). The autonulling option 
(see ordering information) offers an extremely low output offset 
voltage (±0.5 mV typ). The output voltage dc offset remains 
constant over the frequency range and operating temperature of 
the converter. The low offset voltage characteristic of this range 
means that external trim adjustments are not required, particu
larly important in display and test applications. 

The converters have a closed loop bandwidth of 300 kHz and 
are capable to drive into a load which can be inductive, resis
tive, capacitive (to the extent of 15 nF) or a combination of 
above. 

A further feature of the converters is that the radius vector vari
ation (Transformation Ratio) is very low at 0.03%. This means 
that the individual SIN and COS outputs are both indepen
dently accurate which is important in coordinate conversion, 
display applications, simulation and test of resolver-to-digital 
converters. 
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AD2S65/AD2S66 -SPECIFICATIONS (typical @ +25°C, unless otherwise stated) 

Models AD2S65XIZ AD2S66XIZ AD2S65X2Z1X3Z AD2S66X2Z1X3Z Comments 

DIGITAL INPUT 14 Bits 16 Bits 14 Bits 16 Bits 
RESOLUTION (1.3 arc min (19 arc sec (1.3 arc min (19 arc sec 

Per Bit) Per Bit) Per Bit) Per Bit) 

DIGITAL INPUT FORMAT Parallel Na[ural * * * TTL and CMOS Compatible 
Binary 

RECOMMENDED ANALOG 
INPUT (VREF) 3.4 Volts rms * * * 
OUTPUT (SINE AND 
COSINE) WITH RECOM-
MENDED ANALOG INPUT 6.8 Volts rms * * * Refer to Gain Section 

GAIN' 2 :1:0.1% * N/A N/A Option XIZ dc to 2.6 kHz 
N/A N/A 1.98 :1:0.1% ** Option X2Z 50 Hz to 2.6 kHz 
N/A N/A 1.98 :1:0.1% ** Option X3Z 360 Hz to 2.6 kHz 

See Figure 4 

OUTPUT TEMPERATURE 
COEFFICIENT 5 ppmf'C of FSR (typ) * * * 

25 ppmf'C of FSR (max) * * * 
ANALOG INPUT dc [0 2.6 kHz * N/A N/A OptionXIZ 
FREQUENCY RANGE (dc to 10 kHz * N/A N/A 

With Reduced 
Accuracy) 
N/A N/A 50 Hz to 2.6 kHz ** OptionX2Z 
N/A N/A 360 Hz to 2.6 kHz ** OptionX3Z 

(to 10 kHz With 
Reduced Accuracy) 

ANALOG INPUT IMPEDANCE 10.2 kO * * * :1:5% Resistive 

ANALOG OUTPUT 2 mO (typ) * * * 
IMPEDANCE 20mO (max) * * * 
ANALOG OFFSET VOLTAGE :1:2.5 mV (typ) * :1:0.5 (typ) * 

:1:12 mV (max) * :1:2.5 (max) 

OUTPUT DRIVE CAPABILITY 4.3 mApeak * * * 
@ :1:10 V peak 

OUTPUT PROTECTION Outputs May Be Grounded Indefinitely 

RESPONSE TO A STEP INPUT 20 ,,"S (max) to Within * * * 
Aceuracy of Converter. 
Any Size Step Input 

VECTOR ACCURACY 
Radius Error 0.03% * * * Refer to Frequency 
Angular Error ±2, ±4 ±l, ±2, ±4 ±2, ±4 :tl, ±2, ±4 Option. See Figure 3 

arc min arc min arc min arc min 

DIGITAL INPUTS (BIT I-BIT 16) +15 V - IS V de 
VIH 2.0 V dcmin * * * IIH = I fIJ\ 
VIL 0.8 V dcmax I[L = I fIJ\ 

DIGITAL INPUTS 
(ENABLE M, ENABLE L)' +15 V = 15 V de 

VIH 2.0 V dcmin * * * IIH = 1.5 p.A 
VIL 0.8 V de max IlL = 1.5 p.A 

DIGITAL INPUTS 
LEAKAGE CURRENT :1:1 fIJ\ max * * * +15 V = IS V de 

DATA SETUP TIME2 
(DATA TO ENABLE M, L) 40 ns min * * * +15 V = IS V de 

HOLD TIME (DATA2 
TO ENABLE M, L) 25 ns min * * * +15 V = IS V de 

MINIMUM PULSE WIDTH' 
(DATA TO ENABLE M, L) 40 ns min * * * +15 V = IS V de 
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AD2S65/AD2S66 
Models AD2S65XIZ AD2S66XIZ AD2S65X2Z1X3Z AD2S66X2Z1X3Z Comments 

POWER SUPPUES 
+15 Volts 26 mA (typ) 32 mA * * * 

(max) 
-IS Volts IS mA (typ) 23 mA * * * 

(max) 

TEMPERATURE RANGE 
Operating -55'C to + 125'C * * * Option4YZ 

o to +7O'C * * * Option 5YZ 
Storage -65'C to +l5O'C * * * 

DIMENSIONS 1.75" x 1.1" x 0.225" * * * 
PACKAGE TYPE 32-Pin Bottom Brazed * * * 

Ceramic T DIP 

WEIGHT 15 Grams (typ) * * * 
20 Grams (max) * * * 

NOTES 
'See Figure 4. 
'ENABLE M enables most significant 8 bits. 
ENABLE L enables least significant 6 bits in case of AD2S65, 8 bits in case of AD2S66. 
*Specifications same as AD2S65. 

**Specifications same as AD2S65AN. 
Specifications subject to change without notice. 
Specifications shown in bold fsee are tested on all production units at nominal values of power supply, signal voltage and aperating frequency. 

ABSOLUTE MAXIMUM RATINGS l 

Power Supply 
+IS V2 to GND ...................... +17 V dc 
-ISV2 toGND ...................... -17Vdc 

Analog Input AHI to ALo (peak) ............. ±VSUPPLY 
Common Mode Range .................... ± V SUPPLY 
Any Logical Input to GND ....... -0.4 V dc to +S.S V dc 
Case to GND .......................... ±20 V dc 
Storage Temperature Range ........... -6S'C to + IS0°C 
Operating Temperature Range 

Extended Temperature ............. -SsoC to +12SoC 
Commercial Temperature ................ 0 to + 70°C 

NOTES 
'Absolute maximum ratings are those values beyond which damage to the 
device may occur. 

'Correct polarity voltages must be maintained on the + IS V and -15 V pins. 

RECOMMENDED OPERATING CONDITIONS 
Power Supply 

+ 15 Vi ...•..................•..... + IS V dc 
-IS Vi ............................ -IS V dc 

Analog Input2 AHI to ALO ••••••••••••••••• 3.4 V rms 
Analog Input Frequency Range 

Option XIZ ....................... dc to 2.6 kHz 
Option XlZ (Autonulling) ........... SO Hz to 2.6 kHz 
Option X3Z (Autonulling) .......... 360 Hz to 2.6 kHz 

Digital Input Format ............ Parallel Natural Binary 
Operating Temperature Range 

Option 4YZ (Extended) ............. -SsoC to +l2S'C 
Option SYZ (Commercial) ............... 0 to + 70'C 

NOTES 
'Power supply tolerance (+15 V, -15 V) ±5%. 
'The analog input voltage may vary to user's requirements from below 1 V rms 
to 4.2 V rms· in simulation and test applications where the required output 
voltage is in the range of 2 V rms to 8.4 V rms (11.9 V peak). 

BIT WEIGHT TABLE 

Bit Number 

1 (MSB) 
2 
3 
4 
S 
6 
7 
8 
9 

10 
11 
12 
13 
14 (LSB AD2S6S) 
IS 
16 (LSB AD2S66) 

Weight in Degrees 

180.0000 
90.0000 
4S.0000 
22.S000 
11.2S00 
S.62S0 
2.812S 
1.4063 
0.7031 
0.3S16 
0.17S8 
0.0879 
0.0439 
0.0220 
0.0110 
O.OOSS 

CAUTION ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 
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AD2S65/AD2S66 
The pOWer consumption of the AD2S65 aiJ.d AD2S66 is particu
larly low by utilizing HCT series latches and only requires ± 15 
volt power supply rails. 

An additional feature of the converters is the extended operating 
frequency range, dc to 10 kHz for the standard products, 
50 Hz, 360 Hz to 10 kHz for the autonulling options; please see 
the appropriate graphs for accuracy aiJ.d gain versus frequency. 

Separate ENABLE inputs for the high and low bytes facilitate 
easy interface to any 8- or 16-bit microprocessor system bus. 

The converters are housed in a 32-pin DIP solid sidewall hybrid 
metal package and are hermetically sealed. 

MODELS AVAILABLE 
The AD2S65 has a resolution of 14 bits (1.3 arc min) and is 
avai1able with accuracies of ±2 and ±4 arc minutes. The 
AD2S66 has a resolution of 16 bits (19 arc sec) and is available 

PIN FUNCTION DESCRIPTION 

Pin Mnemonic Description 

1-16 Bit 1-16 (AD2S66) Parallel digital input angle. 

1-14 Bit 1-14 (AD2S65) Bit 15 and Bit 16 are N/C. 

17 COS Cosine signal output. 

18 SIN Sine signal output. 

19 SIGGND Output signals ground connection 
(0 V). 

20 GND Power supply 0 V connection. 

21 -15 V Main negative power supply. 

22 +15 V Main positive power supply. 

23 N/C No connection. 

24 ENABLEL Input latch enables the 8 
(AD2S66) or 6 (AD2S65) 
least significant bits. 

25 ENABLEM Input latch enables the 8 most 
significant bits. Logic HI causes 
the input to appear transparent, 
the converter output follows 
the changes on the digital input. 
Logic LO the converter output 
will be latched at the level of 
previous digital input. 

26 ALO Input pin for the reference signal. 

27 AHI 
Input pin for the reference signal. 

28 CASE Should be connected to 0 V (GND). 

29 N/C No connection. 

30 N/C No connection. 

31 N/C No connection. 

32 N/C No connection. 
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with accuracies of ±l, ±2.and ±4 arc minutes. Both models 
operate over the frequency range dc to 2.6 kHz and with 
reduced accuracy to 10 kHz. 

There is the autonulling option avai1able to both models; the 
accuracies are the same as above, but the operating frequency 
range is 50 Hz to 2.6 kHz and 360 Hz to 2.6 kHz, both with 
reduced accuracy to 10 kHz. 

Models are avai1able to operate over the milii:aty tempeiature 
range (-55°C to + 125OC) and also the commercial temperature 
range (0 to + 700c). 

All models are avai1able processed with high reliability screening 
standards (Suffix B) which receive further levels of testing and 
screening to ensure high levels of reliability. More information 
about the option codes is given under the heading Ordering 
Information. 

PIN CONFIGURATION 

(MSB) BIT 1 

BIT 2 

BIT 3 

BIT 4 

BIT 5 

BIT 6 

BIT 7 

BIT 8 

BIT 9 

BIT 10 

BIT " 

BIT 12 

BIT 13 

BIT 14 

BIT 15 

(LSB)/BIT 16 

0) @ 
0 @ 
0 ® 
0 ® 
G) ® 
0 @ 
0 ® 
0 AD2S66 @ 
0 TOP VIEW @ (Not to Scale) 

@ @) 
@ @) 
@ @ 
@ @ 
@ @ 
@ @) 
@) @ 

NOTE: FOR AD2S85. BIT 14 IS LSB. 

NIC 

Nle 

NIC 

NIC 

CASE 

A", 

ENABLE M 

ENABLE L 

Nle 

+15V 

-15V 

GND 

BIG GND 

SIN 

cos 

BIT 15 AND BIT 16 ARE NOT CONNECTED. 

THEORY OF OPERATION 
The analog input reference voltage signal (Vi sin rot) applied 
between AHI (analog input HI) and ALO (analog input LO), is 
multiplied by both sine and cose, where 8 is the angle repre
sented by the digital input word. 

The resultant resolver format output voltages at pins sin and cos 
are: 

Vo sin = GVi sin rot sin 8 (sine output) 
Vo cos = GVi cos rot cos 8 (cosine output). 

Note: Converter Gain G is typically x 2 (input to output). 
There is a reduction of 1% due to autonull circuit (see relevant 
options). Please see specifications section and graphs of gain 
versus frequency. 

All the signal inputs and outputs are with reference to SIG 
GND (Signal Ground). 
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-15V GND 

I 

LBE HBE DIGITAL CASE 
INPUT 

NDTE: A.a. GND. AND SlG GND ARE INTERNALLY CONNECTED. 

Figure 1. AD2S651AD2S66 Functional Block Diagram 

CONNECTING THE CONVERTER 
The connections to the AD2S65 and AD2S66 are very 
straightforward. 

The digital inputs should be connected to the converter using 
Pins I (MSB) through 14 (LSB) in the case of the AD2S65 and 
through 16 (LSB) in the case of the AD2S66. The format of 
the digital angular input is shown at the "Bit Weight Table" 
section. 

The digital input control lines should be connected as described 
under the "Digital Data Input" section. 

The analog input reference voltage (V REF' AHI to ALO) should 
be connected to AHI. It should be noted that this is a single 
ended amplifier input where ALO is grounded internally (also 
connected to GND and SIG GND). If it is desired, the VREF 

signal input can be externally isolated using the STMI680 or 
5S72 series of reference input step down transformers. 

Alternatively the analog input reference voltage, V REF' can be 
externally resistively scaled to cater for a wide range of input 
voltages. Please see the section on "Resistive Input Sealing." 

The CASE pin is joined to the case which is isolated and should 
be connected to a convenient zero potential (GND) point in the 
system. 

The sine and cosine voltage outputs are taken from the SIN and 
COS pins with SIG GND as the common connection. 

DIGITAL DATA INPUT 
The digital input to the converters is internally buffered by 
transparent latches. The latches are both CMOS and TTL com
patible (type 54HCT373). 

The ENABLE M input controls the input of the most signifi
cant 8 bits, and the ENABLE L input controls the input of the 
least significant 6 bits in the case of AD2S65, 8 least significant 
bits in the case of AD2S66. 

A logic HI on the control lines causes the input to appear trans
parent and the converter output will follow the changes on the 
digital inputs. When ENABLE M and ENABLE L are taken to 
a logic LO, the converter output will be latched at the SIN, 
COS voltage levels (angle) represented by the digital input data 
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AD2S65/AD2S66 
at the low going edge of the ENABLE L, M. The SIN, COS 
voltage outputs will remain constant until the ENABLE L, M 
are taken to a HI logic state again. 

If the latches are not required, ENABLE M and ENABLE L 
can be left open circuit, as they are internally pulled up by 
12.5 kO resistors. The timing diagram in Figure 2 illustrates the 
use of ENABLE M and ENABLE L control inputs. 

~I '-____ ..J'WVVVI
I 

~_ STABLE DATA ~ 

I 
I 

ENABLEM. L l40nSMINI 

14 ":" ":4 "' -----....... 1 -ts-u~1 I tHLD I 

NOTE: INTERNAL LATCHES ARE TYPE 54HCT373. 

Figure 2. Data Transfer Diagram 

Internal resistive pull ups are employed only on the ENABLE 
M, ENABLE L digital inputs and are not necessary for the digi
tal control angular data inputs as the HCT series latches are 
both TTL and CMOS compatible. 

DEGRADATION OF ACCURACY OVER FREQUENCY 
The AD2S65 and AD2S66 have guaranteed accuracies as stated 
in the specifications section from dc to 2.6 kHz and 50 Hz, 
360 Hz to 2.6 kHz for the autonull options. However all devices 
operate satisfactorily to 10 kHz with reduced accuracy. 

Figure 3 represents typically the angular accuracy degradation 
over the range of frequencies dc to 10kHz for the standard part 
(Option XIZ) and the autonull parts (Options X2Z and X3Z). 

/ 
/ 

V 
/ 

/ 
V 

1 --V 

o 
o ro 

FREQUENCY - kHl 

Figure 3. Accuracy vs. Frequency 

GAIN VARIATION OVER FREQUENCY 
The gain (input to output SIN, COS voltages) of the standard 
part is x2 ±O.I% (Option XIZ) over the frequency range dc to 
2.6 kHz. As can be seen from Figure 4, the gain at 10 kHz is 
x2.02 ±O.I%. 
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AD2S65/AD2S66 
2.6 kHz. From Figure 4 can be seen that the gain for the au
tonull part is typically x2 + 0.1% at 10 kHz. 

2." 1-'---+---+-'---+------,1--". .............. "'--1 

~~ 
lU. ~~r _ _ _ _~ +0.'% 

~ 21-y---::"'-"""'''------+------!r-------+Z------!i-'''''--:::; .. -.. ''''I- -0.'% 

3 "..... 0PTX2Z, 0PTX22 .... r---t---+~--:::;;;I""""'=--t---"--=::.r-=-I 

~---r-- - - - +0.'% ... 8...-- _ ------r-- ----0 .• % 

"'7~0 ---=----!---~.:---=--~.-!:.0---7.. .. 
FREQUENCY - kHz 

Figure 4. Gain (VSIN' VCOsIVREF) VS. Frequency 

VECTOR ERRORS AND EFFECTS 
The error law used in the converter has no inherent vector er
rors. The figure of 0.03% given in the specification is accounted 
for by tolerances in some of the internal components used in the 
converter. 

These very low vector errors make the converters ideally suited 
for applications such as displays and resolver-to-digital converter 
testing. 

BANDWIDTH 
The dynamic characteristics of the AD2S65 and AD2S66, in-

0 N/C 

0 N1C 

0 AMPIJP 

0CASE -IOV@) 

cluding the autonulling option, have been tailored to ensure that 
the full angular accuracy is maintained over the broadband 
range of dc to 2.6 kHz, 50 Hz, 360 Hz to 2.6 kHz for the au
tonulling options. This results in a closed loop bandwidth of 
300 kHz. 

DEGLITCIUNG THE CONVERTERS 
The AD2S65 and AD2S66 are fundamentally digital to analog 
converters and can, therefore, produce glitches on the output at 
the major transition points of the digital angular input. For most 
applications these glitches can be removed by simple smoothing 
circuits on the outputs. However, in applications where the 
smoothing is not an acceptable solution sample and hold amplifi
ers such as the Analog Devices type AD582 can be used to re
move the glitches. 

RESISTIVE INPUT SCALING 
The analog reference input can be externally resistively scaled to 
cater for a wide range of input/output voltages. 

A resistance of value 3 kO per extra volt required (in excess of 
3.4 V rms) should be inserted in the AH1line. Care should be 
taken to ensure that the voltage on the analog input (AHI to 
ALQ) does not exceed 4.2 V rms (8.4 V rms, 11.9 V peak at 
SIN, COS outputs) otherwise clipping may occur due to lack of 
voltage supply headroom for the internal output amplifiers. 

The recommended input is 3.4 V rms for a full scale analog out
put. The maximum output voltage of the converter is propor
tional to the input voltage (gain of 2) and therefore the resistor 
tolerance should be chosen so that the correct voltage appears 
across the AHI> ALO input pins. 

+1SV 

RECOMMENDED CURRENT UMITING POWER SUPPLY FOR THE 2S8O 
(NOHAPPLICABLE TO AD2S8OA SERIESi 

BCl37. 2N5811. 2N44OO 
+115V +'2V 

POe OffSET (!)N/C OSC1758N/C@) 

0c, AMPOIP@)f--'==='; LOB -j ADJUST 
ov ov •• 

DIGITAL INPUT 
ANGLE 

0'''' AEf2@ 
@N/CT?£!CZ@ 
(!)N/C N/C@ 

-I-t+-+-+--+--+i 0:s~, 
-f4>--+-+--+-_I0BIT 2 

...... -+-+--_I001T • 

-11V 
BC327 ,aNa1'. 2N44OZ 

2880 

• us£ INDIVIDUAL 8CRE£NI:D TWISTED PAIR CABLE FOR SIN, SIG GNO AND COS. 
SIG OND CONNECnNG SCREENS TO ANALOG GND, If AD2S611i IS REMOTE 
FROMZSIO. 

-*C3. HI VAL!JES MUST IE CHOSEN TO AVOID ADDIT10NAL PHASE sHIm. 

SUPPLY 
!ANALOG 

-12V 

Figure 5. Application Circuit: Resolver-to-Digital Converter (2580) Testing Using the AD2S66 
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APPLICATION 
The diagram Figure 5 shows a "hookup" for resolver-to
digital converter testing, with the digital-to-resolver converter 
(AD2S66), power oscillator (OSCI758) and the resolver
to-digital converter (2S80). Using a similar circuit, 2S81, 2S82, 
IS20, IS40, IS60, IS24, IS44, IS64 and IS74 RID converters 
can be tested. 

Current Set Resistor (Rs) 
This resistor is used to reduce the voltage output of the oscilla
tor to 2 V rms so it can be used as the reference input to the 
2S80. 

37.5 X 103 
Rs = v: ( I - 5350 n 

OUT nns 

for 2 V rms output Rs = 13 k Ohms 

Frequency of Oscillation 
The frequency of oscillation for the OSC1758 is determined by 
the two external capacitors, Cl and C2. These should be calcu
lated as follows: 

Cl = C2 = 1 F 
Fose x 105 

where Fosc = frequency of oscillation in Hz for 400 Hz 
frequency Cl = C2 = 0.022 ... F. 

Decoupling 
The DRC and oscillator have internal high frequency decoupling 
capacitors on the supply lines. However, it is recommended that 
electrolytic decoupling capacitors are connected close to the 
hybrid power supply pins. Please see decoupling recommenda
tions in relevant data sheets. 

Circuit Description 
The OSC1758 generates 2 V rms, of nominal frequency 400 Hz, 
to be applied at the REFERENCE lIP of the 2S80. The signal is 
further attenuated by resistor RB and applied to AHI input of 
the AD2S66 (VREP) which generates SIN and COS signals, as 
per digital input angle, at 400 Hz. 

The digital input angle can be set either manually by selection 
of the switches SWI (MSB) to SW16 (LSB) or by the digital 
parallel outputs of a computer or by means of a 16-bit counter 
which consists of 74LS193 and driven by a square wave oscilla
tor. The digital input angle may be displayed, if so desired, by 
means of LEDs and visually compared with the digital outputs 
of the 2S80 ROC also displayed by LEDs. 

Alternatively, the digital angle position outputs of the 2S80 may 
be connected to a 16-bit parallel input port of a computer, 
which can compare digital input angle to digital output angle 
and compute the error. 

2S8O R-to-D Converter External Components 
Please consult the appropriate date sheet as the external compo
nents which set the dynamic performance characteristics of the 
converter are user selectable. There is available, on request, PC 
compatible software to help users select the optimum values of 
the external components for the desired application. 

RELIABILITY 
The reliability of these products is very high due to the exten
sive use of custom chip circuits that decrease the active compo
nent count. Calculations of the MTBF ftgure under various 
environmental conditions are available on request. 
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AD2S65/AD2S66 
As an example of the Mean Time Between Failures (MTBF) 
calculated according to MIL-HDBK-217E, Figure 6 shows the 
MTBF in hours versus case temperature in naval sheltered con
ditions for AD2S65/AD2S66. 
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Figure 6. AD2S651AD2S66 MTBF Curve 

OTHER PRODUCTS 

"" 
12. 

Many other products concerned with the conversion of synchro/ 
resolver data are manufactured by Analog Devices, some of 
which are listed below. If you have any questions about our 
products or require advice about their use for a particular appli
cation, please contact our Applications Engineering Department. 

The DRC1745 (14 bit) and DRCI746 (16 bit) are hybrid 
resolver-to-digital converters with internal power amplifters ca
pable of driving a 2 V A load. 

The STM1683 series are output transformers used in conjunc
tion with the DRC1745 and DRC1746, operate over the fre
quency range of 360 Hz to 2.6 kHz and can be Scott T 
connected to provide all the standard synchro output formats 
over the frequency range dc to 2.6 kHz. 

The 2S80 and 2S82 are monolithic, variable resolution 10-, 12-, 
14- and 16-bit tracking resolver-to-digital converters that feature 
user selectable dynamic performance and operate over the refer
ence frequency range SO Hz to 20 kHz, with accuracies of ±2, 
±4, ±8 arc min (2S80 and 2S82) and 22 arc min (2S82). 

The 2S81 is a low cost, monolithic tracking resolver-to-digital 
converter with ftxed 12-bit resolution, user selectable dynamic 
performance over the frequency range 50 Hz to 20 kHz and ac
curacy 30 arc min. 

The AD2S75 is a transformer isolated universal synchro and 
resolver pin programmable interface. All standard synchro and 
resolver signal and reference voltages are accepted and trans
formed to 2 V rms, resolver format signals for use with the 2S80 
series monolithic resolver-to-digital converters. 

The 1740 series are hybrid 14- or 12-bit continuous tracking 
synchro or resolver-to-digital converters featuring internal micro
transformers for signal isolation. 

The OSC1758 is an excitation oscillator for supplying reference 
signals to synchros, resolvers and Inductosyns* and associated 
converters. 

*Inductosyn is a registered trademark of Farrand Industries, Inc. 
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AD2S65/AD2S66 

32 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

17 
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NOTES 
1. INDEX AREA; A NOTCH DR A LEAD DNE IDENTIFlCATlDN MARK IS 

LOCATED ADJACENT TO LEAD ONE. 

ORDERING INFORMATION 
For full definition, the converter part number should be suf
fixed by an option code in order to fully define them. All the 
standard options and their option codes are shown below. For 
options not shown, please consult Analog Devices. 

ADZS6NI X Y Z B 

AD2S65 ~ 14-Bit Resolution 
Accuracy Z = ± 2, ± 4 arc min 

-rTTI~_=~ 
L (ADZS66 Only) 

Z = 2 ± 2 arc min Accur.acy 
Z =4 ±4 arc min Accuracy 

Y ~ I Bandwidth dc-2.6 kHz 

* 

AD2S66 = 16-Bit Resolution 
Accuracy Z = ±J, ±2, ±4 arc min 

Y ~ 2 Bandwidth 50 Hz-2.6 kHz 
(Autonull Option) 

3-42 SID CONVERTERS 

Y ~ 3 Bandwidth 360 Hz-2.6 kHz 
(Autonull Option) 

X = 4 -55"C to + 125"C Operating 
Temperature Range 

X = 5 0 to + 7O"C Operating 
Temperature Range 
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~ANALOG 
WDEVICES 

FEATURES 
Universal Transformer Isolated Synchro/Resolver 

Interface 
Supports All the Standard Synchro/Resolver Voltages 
High Accuracy over Full Military Temperature Range 
Wideband Performance: 56 Hz to 20.000 Hz 

Not Achievable with Conventional Transformers 
Wide Power Supply Range: :1:4.75 to :1:15.75 V DC 
1000 V DC Transformer Isolation 
Dimensions: 1.37 x 1.1 x 0.3 inch 

(35 x 27.7 x 7.6 mm) 

APPLICATIONS 
Universal Synchro/Resolver Interface 
Military Systems/Equipment 
Avionics 
Naval Systems 
Factory Automation 
Interfaces to the Following R/DCs 2580/8 

AD2S80A/81A182A. AD2S46. AD 
Transformer Isolator. Signal Bu 

Conditioning 

GENERAL DESCRIPTION 
The AD2S75 is a functionally complete, 
ing transformer interface for all the standard s 
format signals. 

The AD2S75 performs synchro-to-resolver and resolver-to
resolver signal transformations. The device features signal inputs 
for 90 V rms, 26 V rms and Il.S V rms, and outputs 2 V rms 
resolver format signals (sine and cosine). The reference fre
quency input accepts sinusoidal signals in the range Il.S V rms 
to 115 V rms and outputs a nominal voltage of 2 V rms with 
enhanced zero crossing defmition. 

All inputs are isolated from the outputs and power supply lines 
by use of patent design miniature transformers thus providing 
true galvanic isolation. On the secondary (low side) of the isola
tion transformers, analog signal conditioning circuits are used to 
sustain the performance and stabilize the device over the wide 
operating temperature range as well as over the broad range of 
reference frequency. 

The AD2S75 is a wide bandwidth device which operates over a 
reference frequency range of 56 Hz to 20,000 Hz. This covers 
the majority of commercially available synchros and resolvers for 
military and industrial use, thus providing the isolated interface 
for these types of transducers. The AD2S75 operates over the 
wide range of :1:5 V dc to ± IS V dc nominal power supplies 
without degradation in accuracy or a reduction in the range of 
reference frequency. 

Universal Synchro/Resolver 
Transformer Isolated Inteliace 

INPUT 
SIGNALS 

[
SI 

90VRMS : 

[
SI 

II.SVRMS ~~ 
S4 

AD2S75 I 
BLOCK DIAGRAM 

TC CT 

r---------~?-~--------;:::::~+vs 

HIGH 
PRECISION 
RESISTOR 

PRECISION 
ELECTRONIC 

CONDITIONING 
CIRCUITS 

SIN 

COS 

REF 

OVGND 

AD2S75 L...._-Q-vs 

designed to operate over the full military tem
- 55°C to + 125°C. 

mplete Synchro/Resolver Interface. The AD2S75 is a uni
versal synchro/resolver interface for resolver-to-digital converters 
that accept 2 V rms resolver format signals. All the standard 
synchro/resolver voltages are catered for, thus eliminating the 
need for different voltage option devices to be ordered and to be 
held in stock. 

1000 V DC Transformer Isolation. The AD2S75 continues the 
transformer isolated SDClRDC tradition from Analog Devices. 
The internal miniature transformers present a balanced input 
regardless of other equipment that may be connected to the 
synchro, or resolver. 

True Galvanic Isolation. 1000 V dc input to output isolation 
regardless of input voltage amplitude level. The galvanic isola
tion completely eliminates ground loops between the transducer 
and the converter, thus minimizing errors. 

High Common-Mode Voltage consistent across all input voltage 
ranges. Electronic solid state conditioning circuits are input volt
age amplitude dependent. 

Isolating Transformers in conjunction with the high common
mode voltage range, allow compliance with lightening strike 
protection requirements. 

Ratiometric Inputs. Eliminate errors due to parasitic capaci
tance effects and enhance the accuracy performance of synchros 
and resolvers. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD2S75 - SPECIFICATIONS (typical at + 25"C unless specified othelWise) 

Parameter Min Typ Mu Units Comments/Test ConditiODS 

ACCURACY' 
60-209 Hz 1.3 2.0 arc min Reference Frequency, Accuracy Tested at 60, 
210-4099 Hz 0.5 0.66 arc min 400, 2600 and 10,000 Hz 
4100 Hz-1I.000 Hz 1.0 arc min 
11000 Hz-20000 Hz 2.0 arc min 

ACCURACY TEMPCO' 0.0033 arc minf'C 

SIGNAL INPUT FORMAT' Either Synchro or Resolver 

SIGNAL INPUTS" 2 

90 V Synchro SI, S2, S3 81 90 99 Vrms Line to Line 
90 V Synchro Input Impedance 200.0 kO Resistive, Tolerance ±O.I% 

(Including Transformer Winding Resistance) 
11.8 V Synchro SI, S2, S3 10.6 11.8 13 Vrms Line to Line 
11.8 V Synchro Input Impedance 26.25 kO Resistive, Tolerance ±O.I% 

(Including Transformer Winding Resistance) 
26 V Resolver SI, S2, S3, S4 23.4 26 28.6 Vrms Line to Line 
26 V Resolver Input Impedance 57.8 kO Resistive, Tolerance ±O.I% 

(Including Transformer Winding Resistance) 
11.8 V Resolver SI, S2, S3, S4 10.6 11.8 13 
11.8 V Resolver Input Impedance 26.25 

OUTPUT SIGNAL FORMAT 
Output Sigoals 1.990 
(SIN to SINLO, COS to COSLO) 

SIGNAL OUTPUT IMPEDANCE 

SIGNAL OUTPUT DRIVE CAPABILITY 

SIGNAL CURRENT OUTPUT DRIVE 

SIGNAL OUTPUT OFFSET SIN, COS uredacross SIN, SINLO and COS, COSLQ 

OUTPUT SIGNAL PHASE SHIFT SIN, COS with Respect to Reference, 
60-200 Hz Measured at Zero Crossings, 
201-2700 Hz Average of Both Alignments. 
2701-20000 Hz Propagation Delay 

OUTPUT SIGNALS DIFFERENTIAL PHASE SHIFT SIN with Respect to COS, Measured at 
60-200 Hz 0.66 0.88 degrees Zero Crossings, Average of Both 
201-2700 Hz 0.25 0.33 degrees Alignments. 
2701-20000 Hz 80 120 ns Propagation Delay 

REFERENCE INPUT SIGNAL VOLTAGE" 2 8.0 11.8-115 130 Vrms Reference Frequency = 60 Hz to 20000 Hz 
Reference Input Impedance 81 kO Resistive, Tolerance ±2% 

REFERENCE OUTPUT VOLTAGE SIGNAL Zero Crossing Transition Enhanced Waveform 
IIP lI.8 V rms 1.2 1.4 1.6 V peak (See Figure 8). Output Signal Consists of a 
IIP 26 V rms 1.5 1.8 2.0 V peak 1.1 V Square Wave (at Reference Frequency) 
IIP liS V rms 3.0 3.4 3.7 V!"'ak on Which Is Su~rim~ JI. SinnfUlid nf 

Amplitude Ins of Reference Input Amplitude. 

REFERENCE OUTPUT VOLTAGE TEMPCO 4.4 mVrc 

REFERENCE OUTPUT IMPEDANCE 400 860 m!l at 400 Hz 
550 1200 mO at 10,000 Hz 

REFERENCE OUTPUT DRIVE CAPABILITY 100 pF See Load Considerations 

REFERENCE CURRENT OUTPUT DRIVE 10 mA peak Minimum Refers to Operation with Supplies 
±Vs = ±5 V dc 

TRANSFORMER ISOLATION' 
Input to Output ±IOOO Vdc With Respect to Grounded Secondary 
Common-Mode Range 600 V rms 
Input to Case (GND) ±IOOO Vdc 

POWER SUPPLIES 
Voltage Levels 

+Vs +4.75 +15.75 Vdc 
-Vs -4.75 -15.75 Vdc 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD2S75 
Parameter Min Typ Max Units CommentslTest Conditions 

Quiescent Current 
+Is l3 18 rnA +Vs = +5 V de 
-Is l3 18 rnA -Vs=-sVdc 

+Is 15 20 rnA +Vs = +15 Vdc 
-Is IS 20 rnA -Vs =-15Vdc 

Power Dissipation 180 mW ±Vs = ±s V de 
600 mW ±Vs=±15Vdc 

POWER SUPPLY REJECfION RATIO 0.05 0.1 arc min See Note 4 

DIMENSIONS 1.37 x I.I x 0.3 inch See Package Information 
34.8 x 27.7 x 7.6 mm 

WEIGHT 20 21 gm 

NOTES 
'Specified over temperature range, -55"C to +125"C, and for: (a) ±10% signal and reference amplitude variatioD; (b) 10% reference harmonic distortion; 
(c) ±5% power supply variatioD; (d) ± 10% variation in reference frequency. 

'For power supply voltages ±Vs less than ±6 V dc, signal and reference input voltage overdrive should be coDstrsined to ±5% maximum. 
'The primary (high voltage) winding(s) of the transformer(s) are floating. There is ± 1000 V de galvanic isolation berween primary and secondary (low voltage) 
windings. All active components are located on the secondary side of the transformers. This guarantees ± 1 galvanic isolation between the primary 
windings and the signal(s), power supply connections on the secondary side. 

"The fIgUre above is not an additional error. It represents the worst case contribution to the a variation of power supplies over the range 
± 5 V de to ± I 5 V de, with nominal signal input voltageS. 

Boldface type indicates parameters which are 100% tested at nominal values of power su 
frequency. All other paratneters are guaranteed by design and are not tested. 
SpecifICations subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
+Vs to GND i •••••••••••••••••••••• 

-Vs to GND i ••••.••.••••••••••• 

Reference Input HI to GND ...... . 
Reference Input LO to GND .. 
Common-Mode Range ....... . 
SI, S2, S3, 84 to GND ....... . 
Case to GND ................... . 
Case Operating Temperature Range ...... to + 1 
Storage Temperature Range ........... -65°C to + IS 
CAUTION 
ICorrect polarity voltages must be maintained on the + V sand - V s pins and 
must not be reversed. 

PIN CONFIGURATION 

r 0) @ 
90VRMS Sl ® @ 

S2 0 @ 
TC 0 ® 

[~ ® @ 
Sl ® AD2S75 @ 

TOP VIEW 
11.BVRMS : 0 (Not To Scale) @ 

® @ 

r ® @ 
26VRMS Sl @ @ 

S2 @ @ 
S4 @ @ 

ORDERING GUIDE 

Model 

AD287SAM 
AD287SSMB 

Operating 
Temperature Range 

"-40°C to +8SoC 
- 55°C to + 125°C 

CT 

-Vs 

SIN 

SINLO 

GND 

cos 

COSLO 

+Vs 

REF 

CASE 

RLO 

RHI 

Package 
Option 

M-24 
M-24 

9 
10 
11 
12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

S3 
SI 
S2 
S4 

RHI 

RLO 

CASE 

REF 

+Vs 

COSLO 

COS 

GND 

SINLO 

SIN 

-Vs 

Cf 

DESCRIPTION 

"TEASER" winding-connect to CT, Pin 24, for 
Synchro input signals. Do not connect for Resolver 
signals. 

II.8 V rms Synchro signal inputs 
to S3, SI, S2. (S4 not connected) 
II.8 V rms Resolver signal inputs (SINE) 
to S3, SI, (COSINE) to S2, S4. For Resolver, 
S3-S I is the effective SINE signal, S2-S4 is the 
effective COSINE signal. 

26 V rms Resolver signal inputs (SINE) 
to S3, SI, (COSINE), to S2, S4. 
For Resolver, S3-S1 is the effective 
SINE signal, S2-S4 is the effective COSINE 
signal. 26 V rms Synchro signal inputs (non 
standard) to S3, SI, S2, do not connect S4. 

Reference Input HI Synchro and Resolver. 

Reference Input LO Synchro and Resolver. 

Connect to 0 V, GND Pin 20. 

Reference output signal connect to RlDC. 
Reference output measured with respect to 0 V, 
GND Pin 20. 

Positive power supply line + 5 V de to + 15 V de 

Cosine output signal return. 

Cosine output signal. Connect to COS Input 
ofRIDC. 

Analog ground, 0 V power supplies common. 

Sine output signal return. 

Sine output signal. Connect to SIN input of RIDe. 

Negative power supply line -5 V de to -15 V de. 

Center tap of primary windings. Synchro 
input signals only-connect to TC Pin 4. 
Resolver signals do not connect. 
See connection diagrams. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD2S75 
SYNCHRO FORMAT SIGNALS 
A synchro is an electromagnetic rotational transducer (fore
runner of the resolver) that detects angular displacement. The 
synchro consists of a fixed stator, which houses three pickup 
windings which are star connected, 1200 apart. The rotor con
tains the ac excitation (Reference) winding which is connected to 
terminals via slip rings and brushes. 

The voltage induced in any stator winding, by the rotor, will be 
proportional to the sine of the angle 0 between the rotor coil 
axis and the stator coil axis. 

The voltage induced across any pair of stator terminals will be 
the sum or the difference, depending on the phase of the volt
ages across the two coils concerned. 

The excitation voltage of the. rotor, applied across Rl and R2, is 
of the form: 

A sin wt 

The voltages which would appear across the stator terminals will 
be: 

531051 = AR sin wt sin 0 
52 to 53 = AR sin wt sin (0 + 12(0) 
51 to 52 = AR sin wt sin (0 + 24(0) 

where: 

R = transformation ratio of the transducer. 
A = amplitude of the excitation voltage si 
sin wt = excitation frequency. 
o "" the synchro shaft angle. 

Note: The Sl, S2 and S3 outputs for syn 
coherent signals. 

An equivalent electrical representation and diagram e typi-
cal output signal formats for a synchro are shown in Figure 1. 

Note: Standard notation for the rotation of synchros is counter 
clockwise (CCW) shaft movement for an increasing angle as 
viewed from the transducer shaft end. 

Sl S3 

y-R1j 
ROTOR 

R2 

:;~ 

9 

Figure 1. Electrical Representation and Typical Synchro 
Signals 

RESOLVER FORMAT SIGNALS 
A resolver is an electromagnetic, rotational transducer that de
tects angular displacement. Most modern resolvers are "brush
less." An ac excitation (reference) signal is applied to the stator 
(primary reference winding); in turn a voltage is induced in the 
rotor which subsequently induces a voltage in two pickup wind
ings sine and cosine, which are also located in the stator (sec
ondaries), spaced 90° apart. 

The induced voltages (secondaries) ratios are amplitude modu
lated by the sine and the cosine of the angle e of the rotor rela
tive to the stator. 

The excitation voltage is of the form: 

A sin wt 

The voltages which would appear across the stator terminals will 
be: 

Sine: S3 to SI = AR sin wt sin e 
Cosine: S2 to S4 = A 

where: 

al representation and diagram of the typi
t for a resolver are shown in Figure 2. 

a on for the rotation of resolvers is clockwise 
vement for an increasing angle as viewed from 

ucer shaft end. 

STATOR 
(COSINE) 

S2 S4 

R2 U S3 

STATOR] GTATOR 
OR ROTOR (SINE) 

R4 Sl 

.. ... .80' .... 
Figure 2. Electrical Representation and Typical Resolver 
Signals 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD2S75 USER BENEFITS 
The AD2S75 is a user friendly interface device which minimizes 
many potential sources of error. However errors can occur due 
to the nonideal generation of the transducer signals and their 
subsequent distribution, limitations such as: 

• Finite output impedance of the transducer. 
• Imbalance between transducer impedances. 
• Imbalance in chassis wiring impedances. 

These errors are minimized by the use of the AD2S75 which 
employs balanced, high precision, high impedance, transformer 
isolated, input networks. This allows system accuracies to be 
maintained, even when long chassis wiring runs are required 
between synchro/resolver transducer and the AD2S75. Accuracy 
is maintained by the simple control of resistive balance of the 
transducer signals. This overall balance requirement is domi
nated by the precision input resistor network; which gready re
duces the balance requirements placed on the transducer and 
associated chassis wiring. When using the AD2S75, the sensitiv
ities to signal distribution imbalance (mismatch) are of the order: 
Synchro 90 V 87.3 Warc min or 28.8 Wbit in 16 

U.8 V 11.4 Warc min or 3.8 Wbit in 16 

Resolver 26 V 
U.8 V 7.6 Warc min or 2.5 Wbit i 

Thus 22 A WG wire at 17 mn per foot and 
0.012 inch 1 oz. Cu at 400 mn per foo 
nificant errors provided simple c 
maintained. 

The use of the AD2S75 eliminates 
ground loop currents. This is achieved by the 
of the internal transformers and strict adheren 0 analog sta 
point sensing internal to the AD2S75, and between the AD2S 
and the RDC as shown in the following connection diagrams. 

Errors due to signal loading effects on the SIN and COS outputs 
are minitnized by providing balanced, low output impedances, 
together with distinct and separate four wire transmission for 
SIN, SINLo and COS, COSLO ' Full angular accuracy is main
tained from zero to maximum output current drive capability. 

Capacitive loading considerations (100 pF maximum) indicate 
that the AD2S75 should be sited close to its load, often a 2S80. 
Provided the capacitive loading 1itnits are met, then the AD2S75 
can be sited in accordance with user preference. 

CONNECTING THE TRANSDUCERS TO THE AD2S75 
INTERFACE 
Synchro 
Synchros are available in two standard voltage ranges: 

(a) 90 V rms line-to-line signals, US V rms reference, nominal 
frequency 400 Hz or 60 Hz. 

(b) U.8 V rms line-to-line signals, 26 V rms reference, nomi
nal frequency 400 Hz. 

For nonstandard voltages, please see section "Resistive Scaling 
of Inputs." 

AD2S75 
The signals from the synchro should be connected to the appro
priate inputs. Refer to pin configuration diagram. 

90 V: connect S3 to Pin 1, SI to Pin 2, S2 to Pin 3. 
11.8: connect S3 to Pin 5, SI to Pin 6, S2 to Pin 7. 

Note: S4 (Pin 8) should be left unconnected for synchro signals 
and connected for use with U.8 V resolver signals only. 

TC, Pin 4 should be connected to CT, Pin 24. 

The reference input signal, either 115 V or 26 V, should be con
nected to RHI and RLo, Pins 13 and 14, respectively. 

After the synchro output signals have been connected and the 
devices have been powered up, the synchro signals transformed 
to resolver signals should be as shown in Figures 1 and 2, 
respectively. 

d notation for the rotation of a synchro, for 
nter clockwise (CCW) as viewed from the 

ble in a variety of voltages. The three stan
(most common) are: 

line signals, U.8 V rms reference, vari
between 400 Hz to 10,000 Hz. 

s, line-to-line signals, 26 V rms reference, various 
between 400 Hz to 10,000 Hz. 

line-to-line signals, 26 V rms reference, various 
les between 400 Hz to 10,000 Hz. 

dard voltages, please refer to section "Resistive ScaJ
g of Inputs." 

The signals from the resolver should be connected to appropri
ate inputs. Refer to pin configuration diagram. 

11.8 V: Connect the Sine signal to S3, SI, Pins 5 and 6, SI 
being the voltage measurement reference point. Connect the 
Cosine signal to S2, S4, Pins 7 and 8, S4 being the voltage mea
surement reference point. 

26 V: Connect the Sine signal to S3, SI, Pins 9 and 10, SI be
ing the voltage measurement reference point. Connect the Co
sine signal to S2, S4, Pins U and 12, S4 being the voltage 
measurement reference point. 

TC Pin 4 and CT Pin 24 should not be connected. 

The reference input signal should be connected to RHI and 
RLo, Pins 13 and 14, respectively. 

After the connections have been completed and the devices have 
been powered up, the output signals from the AS2S75 should be 
as shown in Figure 2. 

Note that the standard notation for the rotation of a resolver, for 
increasing angle is clockwise (CW), as viewed from the trans
ducer's shaft end. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD2S75 
GENERAL GOOD ENGINEERING PRACTICE 
The AD2S75 offers the user numerous benefits. This section 
describes techniques which will enable the user to achieve the 
specified performance of the device. 

Wiring Practice 
The recommended cable for interconnecting synchros to equip
ment is a three-way twisted cable. Such a cable will eliminate 
any radiated electromagnetic interference, and will have mini
mum capacitance as there is no need for an earthed screen. This 
will also present a balanced load to the transducer. 

The recommended cable for interconnecting resolvers to 
equipment would be three separate screened twisted pair cables 
for the sine, cosine and reference signals. Further information 
should be obtained by consulting with the synchro and resolver 
suppliers. 

Layout Considerations 
The high voltage input signals, including reference, should be 
kept physically remote from the precision low voltage output 
signals. 

Input signal track pairs, i.e., S3, SI should be routed using par
allel, physically adjacent PCB tracks that employ the same PCB 
layer. This minimizes external radiation that could corrupt low 
level precision analog signals. Distinct signal track pairs, i.e., 
RHcRLo and S3-S1 should be routed physically s 
minimizes mutual interference coupling whereby 
signals can corrupt low level signals. This is 
shown in Figures 1 and 2, e.g., Cosine 
Sine at 0° (Figure 2). 

A ground/power plane should not be sit 
high voltage input signal tracks as these signals can 
noise integrity of the plane. 

Errors due to ill defmed ground loop currents should be 
avoided. The use of the AD2S75 enables the complete elimina
tion of these errors using galvanic isolation within the internal 
transformers while retaining rigid adherence to analog star point 
sensing internal to the AD2S75 and between the AD2S75 and 
the RDC, as shown in the following connection diagrams. Note 
that the signal grounds have been connected to 0 V at the source 
of the signal. 

CONNECTING THE AD2S75 TO A RESOLVER-TO
DIGITAL CONVERTER 
The ~~:W;7e.!' ~~pp!y "loh:!c;e~ :;:~=e:;:!:~d. tv : V s and V s, rillS 17 
and 23, should be within the range of +5 V dc to + IS V dc and 
-5 V dc to -IS V dc, respectively, with respect to 0 V, (GND 
Pin 20), and must not be reversed. 

It is recommended that a 100 nF (ceramic) decoupling capacitor 
should be connected between each of the supply pins and GND. 
The decoupling capacitors should be placed as near to the device 
as possible. 

The metal package CASE, Pin IS, should be connected to 0 V, 
GND, Pin 20, to screen the internal circuits from any external 
noise and aid the operation of the magnetic circuits within the 
device. 

The AD2S75 is a universal synchro/resolver interface for 
resolver-to-digital converters that accept 2 V rms input signals. 
The following converters from the Analog Devices range can be 
used directly with the AD2S75 and benefit from the transformer 
isolated interface: 

2S80 series-monolithic, variable resolution ROC, all 
accuracy grades, including the 2S81 and 2S82. Please see 
Figure 3. 

AD2S80A series-monolithic, variable resolution RDC all 
accuracy grades, including the AD2S8IA and AD2S82A. For 
connections, please see Figure 3. 

AD2S46TDlO, AD2S46SDlO-I6-bit, high accuracy 
S/RIDC. Please use the V input signals resolver option as 

tions, please see Figure 4. 

MIO, AD2S44SMIO-I4-bit, dual 
use the 2 V input signals resolver 
For connections, please see Figure 5. 

SZIO, AD2S34TZ40, ADiS34SZ40, 
0-I4-bit, dual channel RDC. 

see Figure 6. 

t from the AD2S75 is from SIN and 
1, respectively. 

output from the AD2S75 is from COS and 
9 and 18, respectively. 

eference signal output from the AD2S75 is from REF and 
D, Pins 16 and 20 respectively. 

The above signals should be connected to the appropriate input 
pins of the RDC. 

The following should be noted: 

Place the AD2S75 near to the RDC to minimize any external 
noise pickup. 

Connect the signals from the AD2S75 to the RDC using equal 
lengths of pcb track so as to minimize differential phase shifts. 
The tracks should be routed in close proximity, parallel to each 
other on the Rame siop of thE" r~J:." A~T'J'!d th,e !!~e of b!,G~d/ 
power planes near the route of the ac signals so to avoid ac cou
pling and phase shifts caused by parasitic capacitance. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

3-48 SID CONVERTERS REV. 0 



Connecting the AD2S75 to 2S80/AD2S80A Series of RDCs 
The following information also applies to 2S81, 2S82 and 
AD2S81A, AD2S82A. 

The above resolver-to-digital converters (ROCs) have single 
ended amplifier inputs for the SIN and COS signals. It is rec
ommended that SINLo and COSLO are connected individually 
to a "star" point at SIGNAL GNO, Pin 6 of the RDC. This 

90V RMS. 60 Hz - 400 Hz 

SYNCHRO 
INPUT 

S3 S3 

SI 

S2 

4 TC 

®S3 

®SI 

0 S2 

®S4 
(VS3 

@lSI 

@S2 

@S4 

115V RMS, 60 Hz-400 Hz 

REFERENCE 
INPUT 

AD2S75 

eliminates any errors due to movement of the measurement ref
erence point (SIGNAL GNO). 

The above is particularly important when the ROC is used at 
14- to 16-bit resolution, medium to high accuracy applications. 

For detailed information on the 2S80/A02S80A series of ROC, 
please see the relevant data sheets. 

Please see Figure 3. 

+12V 

OFFSET 
ADJUST 

RS -12V 

R7 

+5V 

Figure 3. Using the AD2S75 to Interface a 90 V Signal, 115 V Reference, 60 Hz-400 Hz, Synchro to 2S80lAD2S80A 
Resolver-to-Digital Converter 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD2S75, 
Connecting the AD2S75 to the AD2S46 
The AD2S46 series feature high accuracy differential inputs. It 
is recommended that the AD2S75 is connected to AD2S46XDI0 
as shown below in Figure 4. 

Note that the SINLo> Pin 21, COSLQ, Pin 18, from AD2S75 
are individually connected to SI and S4, Pins 14 and 11, of 
AD2S46, respectively, in order to minimize any amplitude varia
tion of the SIN and COS signals, thus maintaining the high ac
curacy of the AD2S46. (1.3 arc min over the operating 
temperature range -55°C to + 125°C.) 

RESOLVER 
26V RMS SIGNALS 

2600Hz 
S3 

S1 

S2 

54 

• o S3 AD2S75 CT €> -15V 
®S1 TOPVlEW -Vs (n>f-...... ----G 
®S2 . (Nat To Scale) SIN (22)J--=F-.::O.~1";;.F _____ -, 
o TC SlN LO (:111) J-+-------, o S3 GND (2o)J-*--~-o 
@51 cos 19~H--f-!~-......, 

0 S2 

®S4 

RHlo------------' 
REFERENCE 

26VRMS 
2600Hz 

RLOo------------' 

The reference signals from the AD2S75 are also connected indi
vidually to AD2S46. 

It is permissible to separate the RDC from the AS2S75 inter
face, as long as good wiring practice is employed by routing all 
cables together to avoid differential phase shifts. 

As mentioned previously, the use of ground/power planes near 
the routing of the signals on the pcb is not recommended. For 
detailed information, please consult the AD2S46 data sheet. 

TO COMPUTER BUS 

I-<t--..,,--,:!::-__ -o<) + 1SV 

I1ai-=F~-==~!F_ __ ,.o -15V 

ffilH ..... =C1-... ~~ ov 

Figure 4. Using the AD2S75 to Interface a 26 V Signal, 26 V Reference, 2600 Hz Resolver to AD2S46X10, to Gain Benefit 
from the Transformer Isolation 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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Connecting the AD2S75 to the AD2S44 
The AD2S44 is a 14-bit, dual channel SIRIDC which features 
differential inputs and a separate individual reference input for 
each channel. This means that one single AD2S44XMIO (2 V 
resolver input option) can be used with the AD2S75 to interface 

SVNCHRO 
SOY RMS SIGNALS 

400Hz • 
53 AD2S75 
51 TOP VIEW 

S2 3 52 
(Not To Scale} 

SIN 

4 TC 

053 

~Sl 
7 52 

0 54 

®S3 

@)Sl 

@S2 

@S4 
llSVRMS 

400Hz 
REFERENCE 

INPUT • 
0 53 

®Sl TOP VIEW 
RESOLVER 

®S2 (Not To Scale) 
11.8V RMS SIGNALS 

2600Hz 0 TC 
53 53 

51 

82 
+15V 

S4 8 54 

®53 

@)Sl 

@S2 

@S4 
28VRMS 

2600Hz 
REFERENCE 

INPUT 

AD2S75 
to two completely different transducers in terms of signal config
uration and reference frequency. The flexibility of the AD2S44 
in combination with the AD2S75 is shown below in Figure 5. 
For detailed information, please consult the AD2S44 data sheet. 

TO COMPUTER BUS 

OB7 @ 
DBS @ 
DBS @ 
DB4 @J 
DB3 @ 
DB2 @ 

RHI (B) 

[2s)+-....,,-:-::-±"-~-<> .1SV 

(f4)r-=F-<~~~~-'" -15V 

!)I-_4--'-~~..;.....oOV 

54 (B) (2O}t--""--. 

53(6) 

52(6) 

51 (6) 17 

AD2S44XM10 
(OPTION: 2V SIG & REF RESOLVER) 

Figure 5. Using Two AD2S75s to Interface Synchro and Resolver Signals of Different Reference Frequencies to a Dual 
Resolver-to-Digital Converter AD2S44XM1O 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV. 0 SID CONVERTERS 3-51 

• 



AD2S75 
Connecting the AD2S75 to the AD2S34 
The AD2S34 is a 14-bit, dual channel, RlDC that accepts 
2 V rms sine and cosine signals and reference input voltage. 
Some of the features of this converter are: 

Small 1 inch2 surface mount package. 

On-board reference oscillator which can be used to provide 
excitation to a transducer(s). 

There are independent reference inputs for each channel. By 
using the AD2S34 with the AD2S75 it is possible to interface 
to synchros as well as resolvers, of different voltages . 

• o S3 AD2S75 CT €> 

However, both transducers should be excited at similar frequen
cies up to 4400 Hz. 

Due to limits imposed by the package size, the design of the 
dynamics of the AD2S34 are not as wideband as the design of 
the dynamics of the AD2S44. 

For further detailed information, please see the AD2S34 data 
sheet. 

A connection diagram of the AD2S75 and the AD2S34 is shown 
in Figure 6. 

RESOLVER 
11.8V RMS SIGNALS 

®S1 TO"VlEW -1Is(23l~"""'-O-.1-"F--o-15V 
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Figure 6. Using Two AD2S75s to Interface Resolvers of Different Voltages to a Dual Resolver-to-Digital Converter 
A """"'~"'A""'7A'" 

,....1J~~.)..,./\L..,.V 
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RESISTIVE SCALING OF INPUTS 
The AD2S75 signal and reference inputs can be scaled by using 
resistors to accommodate any voltage input C above 10.6 V rms). 

Note: The accuracy of the interface and subsequently the accu
racy of an RIDe, will be affected by the matching accuracies of 
the resistors used for the external scaling. 

The current into any of the Sl, S2, S3 and S4 inputs is very 
precisely controlled to 0.450 rnA. 

The total resistance in series with the signal inputs should be 
2.222 kO per extra volt of signal. To calculate the values of the 
external scaling input resistors, add 1.111 kO per extra volt of 
input signal in series with Sl, S2, S3 for a synchro, and Sl, S2, 
S3, S4 for a resolver. For example to interface a 57.5 V rms line 
to line Magslip to the AD2S75 either: 

Ca) Into 26 V Inputs; use 35,000 0 in series with each input; 
Sl Pin 10, 82 Pin 11 and S3 Pin 9. Leave S4 Pin 12 
unconnected. 

or 

Cb) Into 11.8 V Inputs; use 50,777.8 0 in series with each 
input; Sl Pin 6, S2 Pin 7, S3 Pin 5. Leave 84 Pin 8. 
unconnected. 

For example to interface a 48 V rms line-to-I" 
AD2875 either: 

Ca) Into 26 V Inputs; use 24, 
82 Pin 11, S3 Pin 9 and S4 

or 

(b) Into 11.8 V Inputs; use 40,222.2 0 in se 
S2 Pin 7, S3 Pin 5 and S4 Pin 8. 

The current into the reference input is controlled to 1.42 rnA. 
For reference signals in excess of 115 V rms, please add 707 0 
per extra volt of input signal in series with RHI> Pin 13, and 
RLD, Pin 14. 

External Resistor tolerance requirements are reduced by employ
ing the highest standard internal voltage input available. 

DYNANUCPERFORMANCE 
The closed-loop frequency response of the AD2S75 is shown 
below: 

o 
-3dB 

! 

I 
rr 
o z 

60Hz 400Hz 20kHz 

16Hz 10 100 1k 10k 100k 1M 1.4MHz: 

FREQUENCY RESPONSE - Hz 

Figure 7. AD2S75 Closed-Loop Frequency Response 

AD2S75 
The reference output waveform is shown below. 

Figure 8. AD2S75 Reference Output Waveform 

RELIABILITY 
Figure 9 shows the MTBF in years versus case temperature for 
conditions, calculated in accordance with MIL-HDBK-217E. 

25 50 75 

TEMPERATURE _ ·c 
Ale = AIRBORNE INHABITED CARGO 
NS", NAVAL SHELTERED 

Figure 9. 2S75 vs. Temperature 

125 
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AD2S75 
OTHER PRODUCTS 
Many other products concerned with the conversion of synchrol 
resolver data are manufactured by Analog Devices, some of 
which are listed below. If you have any questions about our 
products or require advice about their use for a particular appli
cation, please contact our Applications Engineering Departnient. 

The 2S80 and AD2S80Aseries (including 2S81, 2S82, AD2S81A, 
AD2S82A) are monolithic resolver-to-digital converters. The 
user may configure the dynamic performance and the resolution 
of 10; 12, 14 and 16 bits, of the converter. There are available 
in various accuracy grades of up to ±2 arc minutes. 

The AD2S46 is a 16-bit resolution synchro or resolver-to-digital 
converter. Two accuracy grades are available with ± 1.3 arc min
utes and ±2.6 arc minutes, over the temperature range of 
-55°C to + 125°C. 

The AD2S44 and AD2S34 are 14-bit, dual channel synchro and 
resolver-to-digital converters. They are available with accuracy 
grades up to ±2.6 arc minutes, and the AD2S34 is in a surface 
mount package. 

The OSC1758 is a hybrid sine/cosine power oscillator which can 
provide a maximum power output of 1.5 watts. The device op
erates over a frequency range of 0 to 10 kHz. 

AD2S75 

The SDClRDC1740/41142 are hybrid synchro/resolver-to-digital 
converters with internal isolating microtransformers, with reso
lution of 14 and 12 bits, respectively. They are available in accu
racy grades of ±5.3 arc minutes, ±8.5 arc minutes, ±15.3 arc 
minutes. 

The SDClRDC1768 is identical to the SDClRDCI740 but with 
the additional features of analog velocity output and dc error 
output. 

The DRC1745 and DRC1746 are 14- and 16-bit natural binary 
latched input hybrid digital-to-resolver converters. The accura
cies available are ±2 and ±4 arc minutes and. the outputs can 
supply 2 VA at 7 V rms. Transformers are available to convert 
the output to synchro or resolver format at high voltage levels. 

The AD2S65/AD2S66 are similar to the DRCI745/DRC1746 
but do not include the power output stage. These devices are 
available with accuracy grades up to ± I arc minute. 

The AD2S7SAM, indust' grade product operates over the 
temperature range of to + 85°C. 

ditional environmental testing and 
r the extended temperature range of 

se contact Analog Devices. 
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r-IIANALOG 
WDEVICES 

FEATURES 
Monolithic (BiMOS III Tracking RID Converter 
40-Pin DIP Package 
44-Pin LCC Package 
10-,12-,14- and 16-Bit Resolution Set by User 
Ratiometric Conversion 
Low Power Consumption: 300 mW typ 
Dynamic Performance Set by User 

SlNIJ' 

cos lIP 
ANALOGGND 

Variable Resolution, Monolithic 
Resolver -to-Digital Converter 

AD2S80A I 
FUNCTIONAL BLOCK DIAGRAM 

DEMOO 

INTEGRATOR 
OIP 

High Max Tracking Rate 1040 RPS (10 Bits) 
Velocity Output 

R~~~-r __ LL~~~~~ULL-__ , 

Industrial Temperature Range Versions 
Military Temperature Range Versions 
ESD Class 2 Protection (2,000 V min) 
1883 B Parts Available 

APPLICATIONS 
DC Brushless and AC Motor Control 
Process Control 
Numerical Control of Machine Tools 
Robotics 
Axis Control 
Military Servo Control 

GENERAL DESCRIPTION 

+'2V 
-12V 

The AD2S80A is a monolithic 10-, 12-, 14- or 16-bit tracking 
resolver-to-digital converter contained in a 4O-pin DIP or 44-pin 
LCC ceramic package. It is manufactured on a BiMOS II pro
cess that combines the advantages of CMOS logic and bipolar 
high accuracy linear circuits on the same chip. 

The converter allows users to select their own resolution and dy
namic performance with external components. This allows the users 
great flexibility in defining the converter that best suits their 
system requirements. The converter allows users to select the 
resolution to be 10, 12, 14 or 16 bits and to track resolver sig
nals rotating at up to 1040 revs per second (62,400 rpm) when 
set to 10-bit resolution. 

The AD2S80A converts resolver format input signals into a par
allel natural binary digital word using a ratiometric tracking con
version method. This ensures high-noise immunity and tolerance 
of lead length when the converter is remote from the resolver. 

The 10-, 12-, 14- or 16-bit output word is in a three-state digital 
logic available in 2 bytes on the 16 output data lines. BYTE 
SELECT, ENABLE and INHIBIT pins ensure easy data trans
fer to 8- and 16-bit data buses, and outputs are provided to al
low for cycle or pitch counting in external counters. 

An analog signal proportional to velocity is also available and 
can be used to replace a tachogenerator. 

The AD2S80A operates over 50 Hz to 20,000 Hz reference 
frequency. 

REV. A 

VCOIIP 

PRODUCT HIGHLIGHTS 
Monolithic. A one chip solution reduces the package size re
quired and increases the reliability. 

Resolution Set by User. Two control pins are used to select 
the resolution of the AD2S80A to be 10, 12, 14 or 16 bits allow
ing the user to use the AD2S80A with the optimum resolution 
for each application. 

Ratiometric Tracking Conversion. Conversion technique pro
vides continuous output position data without conversion delay 
and is insensitive to absolute signal levels. It also provides good 
noise immunity and tolerance to harmonic distortion on the ref
erence and input signals. 

Dynamic Performance Set by the User. By selecting external 
resistor and capacitor values the user can determine bandwidth 
maximum tracking rate and velocity scaling of the converter to' 
match the system requirements. The external components re
quired are all low cost preferred value resistors and capacitors, 
and the component values are easy to select using the simple 
instructions given. 

Velocity Output. An analog signal proportional to velocity is 
available and is linear to typically one percent. This can be used 
in place of a velocity transducer in many applications to provide 
loop stabilization in servo controls and velocity feedback data. 

Low Power Consumption. Typically only 300 mW. 

Military Product. The AD2S80A is available processed in ac
cordance with MIL-STD-883B, Class B. 

MODELS AVAILABLE 
Information on the models available is given in the section 
"Ordering Guide." 
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AD2S80A- SPECIFICATIONS (typical at +25°C unless otherwise specified) 

AD2S80A 
Pa,amelllr Conditions Min Typ Max Units 

SIGNAL INPUTS 
Frequency 50 20,000 Hz 
Voltage Level 1.8 2.0 2.2 Vrms 
Input Bias Current 60 150 nA 
Input Impedance 1.0 MO 
Maximum Voltage 8 Vpk 

REFERENCE INPUT 
Frequency 50 20,000 Hz 
Voltage Level 1.0 8.0 Vpk 
Input Bias Current 60 150 nA 
Input Impedance 1.0 MO 

CONTROL DYNAMICS 
Repeatability 1 LSB 
Allowable Phase Shift (Signals to Reference) -10 +10 Degrees 
Tracking Rate 10 Bits 1040 rps 

12 Bits 260 rps 
14 Bits 65 rps 
16 Bits 16.25 rps 

Bandwidth' User Selectable 

ACCURACY 
Angular Accuracy A, J, S :1:8 +1 LSB arc min 

B,K,T :1:4 +1 LSB arc min 
L,U :1:2 +1 LSB arc min 

Monotonicity Guaranteed Monotonic 
Missing Codes (16-Bit Resolution) A, B, J, K, S, T 4 Codes 

L,U 1 Code 

VELOCITY SIGNAL 
Linearity Over Full Range ±1 :1:3 %FSD 
Reversion Error ±1 :1:2 %FSD 
DC Zero' Offset2 6 mV 
DC Zero Offset Tempco -22 fLVrc 
Gain ScaliJig Accuracy :1:10 %FSD 
Output Voltage 1 mA Load . ±8 ±9 :1:10.5 V 
Dynamic Ripple Mean Value 1.5 %rms OIP 
Output Load 1.0 kO 

INPUT/OUTPUT PROTECTION 
Analog Inputs Overvoltage Protection ±8 V 
Analog Outputs Shon Circnit OIP Protection ±5.6 ±8 ±IOA rnA 

DIGITAL POSITION 
Resolution 10, 12, 14, and 16 
Output Format Bidirectional Natural Binary 
Load 3 LSTTL 

INHIBIT' 
S=.e::: T __ :_ T........ T.·.·. 

Jo.JV&L'" LV LV .I.WUO.ll 

Time to Stable Data 600 ns 

ENABLE' Logic LO Enables Position 
Output. Logic HI Outputs in 

ENABLE Time High Impedance State 35 llO ns 

BYTE SELECT' 
Sense 
Logic HI MS Byte DBI-DB8, 

LS Byte DB9--DBI6 
Logic LO LS Byte DBI-DB8, 

LS Byte DB9--DBI6 
Time to Data Available 60 140 ns 

SHORT CYCLE INPUTS Internally Pulled High 
(100 kO) to +Vs 

SCI SC2 
0 0 10 Bit 
0 1 12 Bit 
1 0 14 Bit 
1 1 16 Bit 
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Parameter 

DATA LOAD 
Sense 

BUSY' 
Sense 

Width 
Load 

DIRECTION' 
Sense 

Max Load 

RIPPLE CLOCK' 
Sense 

Width 
Reset 
Load 

DIGITAL INPUTS 
High Voltage, VIH 

Low Voltage, VIL 

DIGITAL INPUTS 
High Current, IIH 

Low Current, IlL 

DIGITAL INPUTS 
Low Voltage, VIL 

Low Current, IlL 

DIGITAL OUTPUTS 
High Voltage, V OH 

Low Voltage, VOL 

THREE STATE LEAKAGE 
Current IL 

NOTES 
IRefers to small signal bandwidth. 
'Output offset dependent on value for R6. 
'Refer to tinting diagram. 
Specifications subject to change without notice. 

Conditions 

Internally Pulled High (100 kO) 
to +Vs. Logic LO Allows 
Oata to be Loaded into the 
Counters from the Oata Lines 

Logic HI When Position OIP 
Changing 

Use Additional Pull-Up 

Logic HI Counting Up 
Logic LO Counting Oown 

Logic HI 
Allis to All Os 
All Os to All Is 
Oependent on Input Velocity 
Before Next Busy 

------
INHIBIT, ENABLE 
OBI-OBI6, Byte Select 
±Vs = ±10.8 V, VL = 5.0 V 

INHIBIT, ENABLE 
OBI-OBI6, Byte Select 
±Vs = ±13.2 V, VL = 5.0 V 

INHIBIT, ENABLE 
OBI-OB16 
±Vs = ±13.2 V, VL = 5.5 V 

INHIBIT, ENABLE 
OBI~OBI6, Byte Select 
±Vs = ±13.2 V, VL = 5.5 V 

---
ENABLE = HI 
SCI, SC2, Oata Load 
±Vs ='± 12.0 V, VL = 5.0V 

ENABLE = HI 
SCI, SC2, Oata Load 
±Vs = ± 12.0 V, VL = 5.0V 

OBI-OBI6 
RIPPLE CLK, DIR 
±Vs = ±12.0 V, VL = 4.5 V 
IOH = 100 fLA 
OBI-OBI6 
RIPPLE CLK, DIR 
±Vs = ±12.0 V, VL = 5.5 V 
IOL = 1.2 rnA 

OBI-OBI6 Only 
±Vs = ±12.0 V, VL = 5.5 V 
VOL = OV 
±Vs = ±12.0 V;'VL = 5.5 V 
VOH = 5.0V 

AD2S80A 
AD2SSOA 

Min Typ Max Units 

ISO 300 ns 

200 600 ns 
I LSTTL 

3 LSTTL 

300 

3 LSTTL 

2.0 V 

0.8 V 

±100 fLA 

±100 fLA 

1.0 V 

-400 fLA 

2.4 V 

0.4 V 

±IOO fLA 

±100 fLA 

All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. 
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AD2SBOA - SPECIFICATIONS (typical at +25OC unless otherwise specified) 

AD2S8OA 
Parameter Conditions Min Typ Max Units 

RATIO MULTIPLIER 
AC Error Output Scaling 10 Bit 177.6 mVlBit 

12 Bit 44.4 mVlBit 
14 Bit 11.1 mVlBit 
16 Bit 2.775 mVlBit 

PHASE SENSITIVE DETECTOR 
Output Offset Voltage 12 mV 
Gain 

In Phase w.r.t. REF -0.882 -0.9 -0.918 V rmsIV dc 
In Quadrature w.r.t. REF ±0.02 V rmsIV dc 

Input Bias Current 60 150 nA 
Input Impedance I MO 
Input Voltage ±8 V 

INTEGRATOR 
Open-Loop Gain At 10 kHz 57 63 dB 
Dead Zone Current (Hysteresis) 100 nAlLSB 
Input Offset Voltage I 5 mV 
Input Bias Current 60 ISO nA 
Output Voltage Range ±Vs = ±1O.8 V dc ±7 V 

VCO 
Maximum Rate ±Vs = ±12 V dc 1.0 1.1 MHz 
VCORate Positive Direction 7.1 7.9 8.7 kHzlfJ.A 

Negative Direction 7.1 7.9 8.7 kHzlfJ.A 
VCO Power Supply Sensitivity 

Increase +Vs +0.5 "IoN 
-Vs -8.0 %N 

Decrease +Vs -8.0 %N 
-Vs +2.0 %N 

Input Offset Voltage I 5 mV 
Input Bias Current 70 380 nA 
Input Bias Current Tempco -1.22 nAf'C 
Input Voltage Range ±8 V 
Linearity of Absolute Rate 

Full Range <2 %FSD 
Over 0% to 50% of Full Range <1 %FSD 

Reversion Error 1.5 %FSD 
Sensitivity of Reversion Error ±8 %Nof 

to Symmetry of Power Supplies Assymetry 

POWER SUPPLIES 
Voltage Levels 

+Vs +10.8 +13.2 V 
-Vs -10.8 -13.2 V 
+VL +5 +13.2 V 

Current 
~, .i..Vs @i..12V ±lZ ±23 mA -.o.:s 

±Is ±Vs@ ±13.2 V ±19 ±30 rnA 
±IL +VL @±5.0V ±O.5 ±1.5 rnA 

Specifications subject to change WIthout nonce. 
All min and max specifications are guaranteed. Specifications in boldface and tested on all production units at final electrical test. 

ESDSENsrr~ ____________________________________________________________ ___ 

The A02S80A features an input protection circuit consisting of large "distributed" diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 
low energy pulses (Charges Device Model). 

The AD2S80A is ESO protection Class II (2000 V min). Proper ESO precautions are strongly 
recommended to avoid functional damage or performance degradation. "For further information on 
ESO precautions, refer to Analog Devices ESD Prevention Manual. 
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RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage (+Vs, -VS) ....... ±12 V de ±10% 
Power Supply Voltage VL .............. +5 V de ±10% 
Analog Input Voltage (SIN and COS) ....... 2V rms ±IO% 
Analog Input Voltage (REF) ............ I V to 8 V peak 
Signal and Reference Harmonic Distortion ....... 10% (max) 
Phase Shift Between Signal and Reference . ± 10 Degrees (max) 
Ambient Operating Temperature Range 

Commercial (JD, KD, LD) ............. O°C to +70°C 
Industrial (AD, BD) ............... -40°C to +85°C 
Extended (SD, SE, TD, TE, VD, VE) ... -55°C to + 125°C 

ABSOLUTE MAXIMUM RATINGS' (with respect to GND) 
+Vs' ............................... +14 V de 
-Vs ................................ -14Vdc 
+VL ................................... +Vs 
Reference ......................... +14 V to -Vs 
SIN ............................. +14 V to -Vs 
COS ............................ +14 V to -Vs 
Any Logical Input ............... -0.4 V de to +VL de 
Demodulator Input ................... + 14 V to -V s 
Integrator Input . . . . . . . . . . . . . . . . . . . . . + 14 V to - V s 
VCO Input ........................ +14 V to -Vs 
Power Dissipation ...... ' .................. 860 mW 
Operating Temperature 

Commercial (JD, KD, LD) ............. O°C to +70°C 
Industrial (AD, BD) ............... -40°C to +85°C 
Extended (SD, SE, TD, TE, VD, VE) ... -55°C to + 125°C 

0Jc' (40-Pin DIP 883 Parts Only) .............. lloC/W 
0Jc' (44-Pin LCC 883 Parts Only) .............. 100C/W 
Storage Temperature (All Grades) ........ -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ........... + 300°C 

CAUTION: 
1. Absolute Maximum Ratings are those values beyond which damage to the 

device may occur. 
2. Correct polarity voltage. must be maintained on the + V. and - V. pin •. 
3. With reference to Appendix C of MIL-M-3851O. 

Binary Resolution Dep-ees Minutes Seconds 
Bits(N) (2N) !Bit !Bit !Bit 

0 1 360.0 21600.0 1296000.0 
1 2 180.0 10800.0 648000.0 
2 4 90.0 5400.0 324000.0 
3 8 45.0 2700.0 162000.0 
4 16 22.5 1350.0 81000.0 

5 32 11.25 675.0 40500.0 
6 64 5.625 337.5 20250.0 
7 128 2.8125 168.75 10125.0 
8 256 1.40625 84.375 5062.5 
9 512 0.703125 42.1875 2531.25 

10 1024 0.3515625 21.09375 1265.625 
11 2048 0.1757813 10.546875 632.8125 
12 4096 0.0878906 5.273438 316.40625 
13 8192 0.0439453 2.636719 158.20313 
14 16384 0.0219727 1.318359 79.10156 

15 32768 0.0109836 0.659180 39.55078 
16 65536 0.0054932 0.329590 19.77539 
17 131072 0.0027466 0.164795 9.88770 
18 262144 0.0013733 0.082397 4.94385 

Bit Weight Table 

REV. A 

AD2S80A 
AD2S80A PIN CONFIGURATIONS 

DIP (D) Package 

REFERENCE liP 
DEMOOIIP 

At ERROR OIP 3 

ANALOG GND 5 

SIGNALGND 6 

MBB DBl 9 

LCC (E) Package 

DB2 

DBS 

DB8 

DB7 

DB8 

DO. 

DB" 

SIN 7 

+Vs 8 

NC • 

~ 
MSB DB110 

DB2 11 

08312 

09413 

DBS 14 

DBB 15 

08716 

OBS17 

AD2S8DA 
TOP VIEW 

(Not to Scalel 

40 DEMOD alP 

V, 
DB1. LSB 

DB15 

39 -Vs 

38 RIPPLE CLOCK 

37 DIRECTION 

36 BUSY 

35 DATA LOAD 

34 NC 

33 SCZ 

32 se1 

31 DIGITAL GNO 

30 INHIBIT 

29 NC 

18 19 20 21 22 23 24 25 26 27 28 

PIN DESIGNATIONS 

MNEMONtc DESCRIPTION 

REFERENCE liP REFERENCE SIGNAL INPUT 
DEMOD liP DEMODULATOR INPUT 
AC ERROR OIP RATIO MULTIPLIER OUTPUT 
CDS COSINE INPUT 
ANALOG GROUND POWER GROUND 
SIGNAL GROUND RESOLVER SIGNAL GROUND 
SIN SJNE INPUT 
+v, POSITfVE POWER SUPPLY 
D81-oB18 PARALLEL OUTPUT DATA 
V, LOGIC POWER SUPPLY 

ENABLE LOGtC HI-OUTPUT DATA IN HIGH IMPEDANCE 
STATE, LOGIC LO PRESENTS DATA TO THE 
OUTPUT LATCHES. 

BYTE SELECT LOGIC HI·MOST SIGNIFICANT BYTE TO DB1-oaa 
LQGICLO-lEASTSIGNIACANTBYTETO DB1-o88. 

INHIBIT LOGIC LO INHIBITS DATA TRANSFER TO 
OUTPUT LATCHES. 

DIGITAL GROUND DIGITAL GROUND 
SC1-SC2 SELECT CONVERTER RESOWTION 
DATA LOAD LOGIC LO 081-016 INPUTS LOGIC HI 081-018 

OUTPUTS 
SUSY CONVERTER BUSY, DATA NOT VAUD WHILE 

BUSY HI 
DIIIECTION LOGIC STATE DEfINES DIRECTION 

OF INPUT StONAl ROTATION 
RIPPlE CLOCK POsmvE PULSE WHEN CONVSlTER OUTPUT 

CHANGES FROM 1S TO ALL os OR VICE VERSA 
-v, NEGAnvE POWER SUPPLY 
VCOIlP VCO INPUT 
INTEGRATOR lIP INTEGRATOR INPUT 
INTEGRATOR OIP INTEGRATOR OUTPUT 
DEMODOIP DEMODULATOR OUTPUT 
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AD2S80A 
CONNECTING THE CONVERTER 
The power supply voltages connected to + V s and - V spins 
should be + 12 V dc and -12 V dc and must not be reverSed. 
The voltage applied to VL can be +5 V dc to +Vs. 

It is recommended that the decoupJing capacitors are connected 
in parallel between the power lines +Vs, -Vs and ANALOG 
GROUND adjacent to the converter. Recommended values are 
100 nF (ceramic) and 10 .... F (tantalum). Also capacitors of 
100 nF and 10 .... F should be connected between +VL and 
DIGITAL GROUND adjacent to the converter. 

When more than one converter is used on a card, then separate 
decoupling capacitors should be used for each converter. 

The resolver connections should be made to the SIN and COS 
inputs, REFERENCE INPUT and SIGNAL GROUND as 
shown in Figure 7 and described in section "CONNECTING 
THE RESOLVER." 

The two signal ground wires from the resolver should be joined 
at the SIGNAL GROUND pin of the converter to minimize the 
coupling between the sine and cosine signals. For this reason it 
is also recommended that the resolver is connected using indi
vidually screened twisted pair cables with the sine, cosine and 
reference signals twisted separately. 

SIN 

SIG GND 

COS 

GND 

RIPPLE 
CLK 

+12V 

-12V 

ENABLE 16 DATA BITS 

SIGNAL GROUND and ANALOG GROUND are connected 
internally. ANALOG GROUND and DIGITAL GROUND 
must be connected externally. 

The external components required should be connected as 
shown in Figure 1. 

CONVERTER RESOLUTION 
Two major areas of the AD2S80A specificatioll can be selected 
by the user to optimize the total system performance .. The reso
lution of the digital output is set by the logic state of the inputs 
SCI and SC2 to be 10, 12, 14 or 16 bits; and the dynamic char
acteristics of bandwidth and tracking rate are selected by the 
choice of external components. 

The choice of the resolution will affect the values of R4 and R6 
which scale the inputs to the integrator and the VCO respec
tively (see section COMPONENT SELECTION). If the resolu
tion is changed, then new values of R4 and R6 must be 
switched into the circuit. 

Note: When changing resolution under dynamic conditions, do 
it when the BUSY is low, i.e., when Data is not changing. 

HF FILTER 

REFERENCE 
liP 

PHASE 
SENSITIVE 
DETECTOR 

OFFSET ADJUST 

R9 
+12V~-12V 

VCO + DATA 
TRANSFER L.OGlC 

RB 

VCO 
liP 

BANDWIDTH 
SELECTION 

R7 

VELOCITY 
SIGNAL 

DIG BUSY DIRN INHIBIT 

;t;C6 
GND 

Figure 1. AD2S80A Connection Diagram 
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CONVERTER OPERATION 
When connected in a circuit such as shown in Figure 1 the 
AD2S80A operates as a tracking resolver to digital converter and 
fOrl!!s a Type 2 closed-loop system. The output will automati
cally follow the input for speeds up to the selected maximum 
tracking rate. No convert command is necessary as the conver
sion is automatically initiated by each LSB increment, or decre
ment, of the input. Each LSB change of the converter initiates a 
BUSY pulse. 

The AD2S80A is remarkably tolerant of input amplitude and 
frequency variation because the conversion depends only on the 
ratio of the input signals. Consequently there is no need for ac
curate, stable oscillator to produce the reference signal. The in
clusion of the phase sensitive detector in the conversion loop 
ensures a high immunity to signals that are not coherent or are 
in quadrature with the reference signal. 

SIGNAL CONDITIONING 
The amplitude of the SINE and COSINE signal inputs should 
be mainrained within 10% of the nominal values if full perfor
mance is required from the velocity signal. 

The digital position output is relatively insensitive to amplitude 
variation. Increasing the input signal levels by more than 10% 
will result in a loss in accuracy due to internal overload. Reduc
ing levels will result in a steady decline in accuracy. With the 
signal levels at 50% of the correct value, the angular error will 
increase to an amount equivalent to 1.3 LSB. At this level the 
repeatability will also degrade to 2 LSB and the dynamic re
sponse will also change, since the dynamic characteristics are 
proportional to the signal level. 

The AD2S80A will not be damaged if the signal inputs are 
applied to the converter without the power supplies and/or the 
reference. 

REFERENCE INPUT 
The amplitude of the reference signal applied to the converter's 
input is not critical, but care should be taken to ensure it is kept 
within the recommended operating limits. 

The AD2S80A will not be damaged if the reference is supplied 
to the converter without the power supplies and/or the signal 
inputs. 

HARMONIC DISTORTION 
The amount of harmonic distortion allowable on the signal and 
reference lines is 10%. 

Square waveforms can be used but the input!evels should be 
adjusted so that the average value is 1.9 V rms. (For example, a 
square wave should be 1.9 V peak.) Triangular and sawtooth 
waveforms should have a amplitude of 2 V rIDS. 

Note: The figure specified of 10% harmonic distortion is for 
calibration convenience only. 
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AD2S80A 
POSITION OUTPUT 
The resolver shaft position is represented at the converter out
put by a natural binary parallel digital word. As the digital posi
tion output of the converter passes through the major carries, 
i.e., all "Is" to .all "Os" or the converse, a RIPPLE CLOCK 
(RC) logic output is initiated indicating that a revolution or a 
pitch of the input has been completed. 

The direction of input rotation is indicated by the DIRECTION 
(DIR) logic output. This direction data is always valid in ad
vance of a RIPPLE CLOCK pulse and, as it is internally 
latched, only changing state (I LSB min change) with a corre
sponding change in direction. 

Both the RIPPLE CLOCK pulse and the DIRECTION data are .. 
unaffected by the application of the INHIBIT. The static posi- .. 
tional'accuracy quoted is the worst case error that can occur 
over the full operating temperature excluding the effects of off-
set signals at the INTEGRATOR INPUT (which can be 
trimmed out - see Figure 1), and with the following conditions: 
input signal amplitudes are within 10% of the nominal; phase 
shift between signal and reference is less than 10 degrees. 

These operating conditions are selected primarily to esrablish a 
repeatable acceptance test procedure which can be traced to na-
tional srandards. In practice, the AD2S80A can be used well 
outside these operating conditions providing the above points 
are observed. 

VELOCITY SIGNAL 
The tracking converter technique generates an internal signal at 
the output of the integrator (the INTEGRATOR OUTPUT pin) 
that is proportional to the rate of change of the input angle. 
This is a dc analog output referred to as the VELOCITY signal. 

In many applications it is possible to use the velocity signal of 
the AD2S80A to replace a conventional rachogenerator. 

DC ERROR SIGNAL 
The signal at the output of the phase sensitive detector (DE
MODULATOR OUTPUT) is the signal to be nulled by the 
tracking loop and is, therefore, proportional to the error be
tween the input angle and the output digital angle. This is the 
dc error of the converter; and as the converter is a Type 2 servo 
loop, it will increase if the output fails to track the input for any 
reason. It is an indication that the input has exceeded the maxi
mum tracking rate of the converter or, due to some internal 
malfunction, the converter is unable to reach a null. By connect
ing two external comparators, this voltage can be used as a 
"built-in-test." 
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AD2S80A 
COMPONENT SELECTION 
The following instructions describe how to select the external 
components for the converter in order to achieve the required 
bandwidth and tracking rate. In all cases the nearest "preferred 
value" component should be used, and a 5% tolerance will not 
degrade the overall performance of the converter. Care should 
be taken that the resistors and capacitors will function over the 
required operating temperature range. The components should 
be connected as shown in Figure I. 

PC compatible software is available Ui help users select the optimum 
component values for the AD2S80A, and display the transfer gain, 
phase and small step response. 

For more detailed information and explanation, see sec
tion "CIRCUIT FUNCTIONS AND DYNAMIC 
PERFORMANCE." 

1. HF Filter (Rl, R2, Cl, C2) 
The function of the HF filter is to remove any dc offset and 
to reduce the amount of noise present on the signal inputs to 
the AD2S80A, reaching the Phase Sensitive Detector and 
affecting the outputs. RI and C2 may be omitted - in which 
case R2 = R3 and CI = C3, calculated below - but their 
use is particularly recommended if noise from switch mode 
power supplies and brushless motor drive is present. 

Values should be chosen so that 

IS kO:5 Rl =R2 :5 56 kO 

CI = C2= 21rRlfREF 

and fRE~ = Reference frequency (Hz) 

This filter gives an attenuation of 3 times at the input to the 
phase sensitive detector. 

2. Gain Scaling Resistor (R4) 
If RI, C2 are fitted then: 

Eoc 1 
R4 = 100 x 10-9 X 3 0 

where 100 x 10'" = currentlLSB 
If R 1, C2 are not fitted then: 

Ene 
R4 = 100 x 10-9 0 

where Eoc = i6ii '" iii ' ior iii bits resoiution 
= 40 x 10-3 for 12 bits 
= 10 x 10-3 for 14 bits 
= 2.5' x 10-3 for 16 bits 
= Scaling of the DC ERROR in volts 

3. AC Coupling of Reference Input (R3, C3) 
Select R3 and C3 so that there is no significant phase shift at 
the reference frequency. That is, 

with R3 in-O. 

R3 = 100 kO 

1 
C3 > R3 x fREF F 
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4. Maximum Tracking Rate (R6) 
The VCO input resistor R6 sets the maximum tracking rate 
of the converter and hence the velocity scaling as at the max 
tracking rate, the velocity output will be 8 V. 

Decide on your maximum tracking rate, "T," in revolutions 
per second. Note that "T" must not exceed the maximum 
tracking rate or 1116 of the reference frequency. 

6.32 x 1010 
R6= TXn 0 

where n = bits per revolution 
= 1,024 for 10 bits resolution 
= 4,096 for 12 bits 
= 16,384 for 14 bits 
= 65,536 for 16 bits 

5. Closed-Loop Bandwidth Selection (C4, C5, R5) 
a. Choose the closed-loop bandwidth (fBw) required 

ensuring that the ratio of reference frequency to band
width does not exceed the following guidelines: 

Resolution Ratio of Reference FrequencylBandwidth 
10 2.5 : I 
12 4 : I 
14 6 : I 
16 7.5: I 

Typical values may be 100Hz for a 400Hz reference fre
quencyand 500 Hz to 1000 Hz for a 5 kHz reference 
frequency. 

b. Select C4 so that 

21 
C4 = R6 x fBwl F 

with R6 in 0 and fBw in Hz selected above. 

C. C5 is given by 

C5 = 5 x C4 

d. R5 is given by 

4 
R5 = 0 

2X1r X fBwxC5 

6. VCO Phase Compensation 
The following values of C6 and R7 should be fitted. 

C6 = 470pF, R7 = 680 

7. Offset Adjust 
Offsets and bias currents at the integrator input can cause an 
additional positional offset at the output of the converter of 1 
arc minute typical, 5.3 arc minutes maximum. If this can be 
tolerated, then R8 and R9 can be omitted from the circuit. 

If fitted, the following values of R8 and R9 should be used: 

R8 = 4.7 MO, R9 = 1 MO potentiometer 

To adjust the zero offset, ensure the resolver is disconnected 
and all the external components are fitted. Connect the COS 
pin to the REFERENCE INPUT and the SIN pin to the 
SIGNAL GROUND and with the power and reference ap
plied, adjust the potentiometer to give all "Os" on the digital 
output bits. 

The potentiometer may be replaced with select on test resis
tors if preferred. 
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DATA TRANSFER 
To transfer data the INHIBIT input should be used. The data 
will be valid 600 ns after the application of a logic "LO" to the 
INHIBIT. This is regardless of the time when the INHIBIT is 
applied and aIlows time for an active BUSY to clear. By using 
the ENABLE input the two bytes of data can be transferred 
after which the INHIBIT should be returned to a logic "HI" 
state to enable the output latches to be updated. 

BUSY Output 
The validity of the output data is indicated by the state of the 
BUSY output. When the input to the converter is changing, the 
signaI appearing on the BUSY output is a series of pulses at 
TTL level. A BUSY pulse is initiated each time the input moves 
by the analog equivalent of one LSB and the internal counter is 
incremented or decremented. 

INHIBIT Input 
The INHIBIT logic input only inhibits the data transfer from 
the up-down counter to the output latches and, therefore, does 
not interrupt the operation of the tracking loop. Releasing the 
INHIBIT automaticaIly generates a BUSY pulse to refresh the 
output data. 

ENABLE Input 
The ENABLE input determines the state of the output data. A 
logic "HI" maintains the output data pins in the high imped
ance condition, and the application of a logic "LO" presents the 
data in the latches to the output pins. The operation of the 
ENABLE has no effect on the conversion process. 

BYTE SELECT Input 
The BYTE SELECT input selects the byte of the position data 
to be presented at the data output DBI to DB8. The least sig
nificant byte will be presented on data output DB9 to DB 16 
(with the ENABLE input taken to a logic "LO") regardless of 
the state of the BYTE SELECT pin. Note that when the 
AD2S80A is used with a resolution less than 16 bits the unused 
data lines are pulled to a logic "LO." A logic "HI" on the 
BYTE SELECT input will present the eight most significant 
data bits on data output DBI and DB8. A logic "LO" will 
present the least significant byte on data outputs 1 to 8, i.e., 
data outputs 1 to 8 will duplicate data outputs 9 to 16. 

The operation of the BYTE SELECT has no effect on the con
version process of the converter. 

RIPPLE CLOCK 
As the output of the converter passes through the major carry, 
i.e., all "Is" to all "Os" or the converse, a positive going edge 
on the RIPPLE CLOCK (RC) output is initiated indicating that 
a revolution, or a pitch, of the input has been completed. 

The minimum pulse width of the ripple clock is 300 ns. 
RIPPLE CLOCK is nortnally set high before a BUSY pulse and 
resets before the next positive going edge of the next consecutive 
pulse. 

The only exception to this is when DIR changes whilst the RIP
PLE CLOCK is high. Resetting of the RIPPLE clock will only 
occur if the DIR remains stable for two consecutive positive 
BUSY pulse edges. 

If the AD2S80A is being used in a pitch and revolution count
ing application, the ripple and busy will need to be gated to pre
vent false decrement or increment (see Figure 2). 

RIPPLE CLOCK is unaffected by INHmIT. 
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+5V 

IN4148 

+5V 

5kl IN4148 

BUSy ..... ....,. ......... 

AD2S80A 

lk L...r 
TO COUNTER 
(CLOCK) 

NOTE: 00 NOT USE ABOVE CCT WHEN iNiiiiiii' IS "LO". 

Figure 2. Diode Transistor Logic Nand Gate 

DIRECTION Output 3 
The DIRECTION (DlR) logic output indicates the direction of 
the· input rotation. Any change in the state of DIR precedes the 
corresponding BUSY, DATA and RIPPLE CLOCK updates. 
DIR can be considered as an asynchronous output and can make 
multiple changes in state between two consecutive LSB update 
cycles. This corresponds to a change in input rotation direction 
but less than I LSB. 

DIGITAL TIMING 

BUSY 

RIPPLE 
CLOCK 

DATA 

INHIBIT 

DlR 

iNiiiiiiT 

ENABLE 

DATA 

BYTE 
SELECT 

VH 

DATA 

VL 

PARAMETER TMIN TMAX CONDITION 
t, 200 600 BUSY WIDTH VO("" VH 

tz 10 25 RIPPU: CLQCK v H Tu BU5Y VH 

to 470 580 RIPPLE CLQCK VL Tu NEXT BUSY VH 

to 18 45 BU51 VH 0 DATA VH 

to J 25 BU5Y VH Tu DATA VL 

to 70 140 l1\IRIIIff VH TO BUSY VH 

t, 485 825 I MIN olR v H TU tlU:OY V H 

to 515 870 MIN DIR VH IU tlU:oY VH 

to - 600 II\IRIIIIT VL TO DATA STABLE 

t,o 40 110 I!I\IiOILl! VL TO DATA VH 

t" 35 110 EJIIU[E VL TO DATA VL 

t,. 80 140 Itlnl: 51:LECT VL Tu DATA STABLE 
t,. 80 125 Bnl: 51:LI:CT v H Tu DAIA 5 I ABLE 
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AD2S80A 
CIRCUIT FUNCTIONS AND DYNAMIC 
PERFORMANCE 
The AD2S80A allows the user greater flexibility in choosing the 
dynamic characteristics of the resolver-to-digital conversion to 
ensure the optimum system performance. The characteristics are 
set by the external components shown in Figure I, and the sec
tion "COMPONENT SELECTION" explains how to select de
sired maximum tracking rate and bandwidth values. The 
following paragraphs explain in greater detail the circuit of the 
AD2S80A and the variations in the dynamic performance avail
able to the user. 

Loop CompensatioJl 
The AD2S80A (connected as shown in Figure I) operates as a 
Type 2 tracking servo loop where the VCO/counter combination 
and Integrator perform the two integration functions inherent in 
a Type 2 loop. 

ACERROR 

sin 0 sin (~t 

Additional compensation in the form of a pole/zero pair is re
quired to stabilize any Type 2 loop to avoid the loop gain char
acteristic crossing the 0 dB axis with 1800 of additional phase 
lag, as shown in Figure 5. 

This compensation is implemented by the integrator components 
(R4, C4, R5, C5). 

The overall response of such a system is that of a unity gain sec
ond order low pass mter, with the angle of the resolver as the 
input and the digital position data as the output. 

The AD2S80A does not have to be connected as tracking con
verter, parts of the circuit can be used independently. This is 
particularly true of the Ratio Multiplier which can be used as a 
control transformer (see Application Note). 

A block diagram of the AD2S80A is given in Figure 3. 

R5 C5 

PHASE R4 
SENSITIVE ~w.,....4~ 

cos" sin wt A, sin 10 -<I>I sin wt OEMODULATOR 

DIGITAL 
<I> 

CLOCK 

DIRECTION VCO 

INTEGRATOR 

R6 

VELOCITY 

Figure 3. AD2S80A Functional Diagram 

Ratio Multiplier 
The ratio multiplier is the input section of the AD2S80A and 
compares the signal from the resolver input angle, e, to the digi· 
tal angle, <1>, held in the counter. Any difference between these 
two angles results in an analog voltage at the AC ERROR OUT
PUT. This circuit function has historically been called a "Con
trol Transformer" as it was originally performed by a electro
mechanical device known by that name. 

The AC ERROR signal is given by 
Al sin le-<l>l sin wt 

where w = 2 11" fREF 

AI, the gain of the ratio multiplier stage is 14.5. 

So for 2 V rms inputs signals 
AC ERROR output in volts/(bit of error) 

= 2 x sin e:O) x Al 

where n = bits per rev 
= 1,024 for 10 bits resolution 
= 4,096 for 12 bits 
= 16,384 for 14 bits 
= 65,536 for 16 bits 

giving an AC ERROR output 
= 178 mY/bit @ 10 bits resolution 
= 44.5 mVlbit @ 12 bits 
= 11.125 mVlbit @ 14 bits 
= 2.78 mVlbit @ 16 bits 
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The ratio multiplier will work in exactly the same way whether 
the AD2S80A is connected as a tracking converter or as a con
trol transformer, where data is preset into the counters using the 
DATA LOAD pin. 

HF Filter 
The AC ERROR OUTPUT may be fed to the PSD via a simple 
ac coupling network (R2, CI) to remove any dc offset at this 
point. Note, however, that the PSD of the AD2S80A is a wide
band demodulator and is capable of aliasing HF noise down to 
within the loop bandwidth. This is most likely to happen where 
the resolver is situated in particularly noisy environments, and 
the user is advised to fit a simple HF filter Rl, C2 prior to the 

The attenuation and frequency response of a filter will affect the 
loop gain and must be taken into account in deriving the loop 
transfer function. The suggested filter (RI, CI, R2, C2l is 
shown in Figure I and gives an attenuation at the reference fre· 
quency (fREF) of 3 times at the input to the phase sensitive 
demodulator. 

Values of components used in the filter must be chosen to en
sure that the phase shift at fREF is within the allowable signal to 
reference phase shift of the converter. 

Phase Sensitive Demodulator 
The phase sensitive demodulator is effectively ideal and develops 
a mean dc output at the DEMODULATOR OUTPUT 
pin of 

±2 Vi 
--- x IDEMODULATOR INPUT nns voltage I 

11" 
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for sinusoidal signals in phase or antiphase with the reference 
(for a square wave the DEMODULATOR OUTPUT voltage 
will equal the DEMODULATOR INPUT). This provides a sig
nal at the DEMODULATOR OUTPUT which is a dc level pro
portional to the positional error of the converter. 

DC Error Scaling = 160 mY/bit (10 bits resolution) 
= 40 m V!bit (12 bits resolution) 
= 10 mY/bit (14 bits resolution) 
= 2.5 mV!bit (16 bits resolution) 

When the tracking loop is closed, this error is nulled to zero 
unless the converter input angle is accelerating. 

Integrator 
The integrator components (R4,. C4, R5, C5) are external to the 
AD2S80A to allow the user to determine the optimum dynamic 
characteristics for any given application. The section "COMPO
NENT SELECTION" explains how to select components for a 
chosen bandwidth. 

Since the output from the integrator is fed to the VCO INPUT, 
it is proportional to velocity (rate of change of output angle) and 
can be scaled by selection of R6, the VCO input resistor. This is 
explained in the section "VOLTAGE CONTROLLED OSCIL
LATOR (VCO)" below. 

To prevent the converter from "flickering" (i.e., continually 
toggling by ± 1 bit when the quantized digital angle, <1>, is not 
an exact representation of the input angle, 6) feedback is inter
nally applied from the VCO to the integrator input to ensure 
that the VCO will only update the counter when the error is 
greater than or equal to 1 LSB. In order to ensure that this 
feedback "hysteresis" is set to 1 LSB the input current to the 
integrator must be scaled to be 100 nAibit. Therefore, 

DC Error Scaling (mVlbitl 
R4 = 100 (nA/bitl 

Any offset at the input of the integrator will affect the accuracy 
of the conversion as it will be treated as an error signal and 
offset the digital output. One LSB of extra error will be added 
for each 100 nA of input bias current. The method of adjusting 
out this offset is given in the section "COMPONENT 
SELECTION." 

Voltage Controlled Oscillator (yCO) 
The VCO is essentially a simple integrator feeding a pair of dc 
level comparators. Whenever the integrator output reaches one 
of the comparator threshold voltages, a fixed charge is injected 
into the integrator input to balance the input current. At the 
same time the counter is clocking either up or down, dependent 
on the polarity of the input current. In this way the counter is 
clocked at a rate proportional to the tnagnitude of the input cur
rent of the VCO. 

During the reset period the input continues to be integrated, the 
reset period is constant at 400 ns. 

The VCO rate is fixed for a given input current by the VCO 
scaling factor: 

= 7.9 kHz/1J4 

The tracking rate in rps per JJA of VCO input current can be 
found by dividing the VCO scaling factor by the number of 
LSB changes per rev (i.e., 40% for 12-bit resolution). 

The input resistor R6 determines the scaling between the con
verter velocity signal voltage at the INTEGRATOR OUTPUT 
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AD2S80A 
pin and the VCO input current. Thus to achieve a 5 V output at 
100 rps (6000 rpm) and 12-bit resolution the VCO input current 
must be: 

1100 x 40961/179001 = 51.8 !LA 
Thus, R6 would be set to: 5/(51.8 x 10-6) = 96 kO 

The velocity offset voltage depends on the VCO input resistor, 
R6, and the VCO bias current and is given by 

Velocity Offset Voltage = R6 x WCO bias currentl 

The temperature coefficient of this offset is given by 

Velocity Offset Tempco = R6 x WCO bias current tempcol 

where the VCO bias current tempco is typically -1.22 nArC. 

The maximum recommended rate for the VCO is 1.1 MHz 
which sets the maximum possible tracking rate. 

Since the minimum voltage swing available at the integrator 
output is ±8 V, this implies that the minimum value for R6 is 
57 kO. As 

1.1 X 106 

Max Current = 7.9 x 103 = 139 !LA 

8 
Min Value R6 139 x 10-6 = 57 kO 

Transfer Function 
By selecting components using the method outlined in the sec
tion "Component Selection," the converter will have a critically 
damped time response and maximum phase margin. The 
Closed-Loop Transfer Function is given by: 

60UT 14 (1 + sNI 

6IN = (SN + 2.41 ISN2 + 3.4 SN + 5.81 

where, SN' the normalized frequency variable is: 

2 s 
SN = :;;: fBw 

and fBw is the closed-loop 3 dB bandwidth (selected by the 
choice of external components). 

The acceleration constant, K~, is given approxitnately by 

KA = 6 X (fBw12 sec-2 

The normalized gain and phase diagrams are given in Figures 4 
and 5. 
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Figure 4. AD2SBOA Gain Plot 
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Figure 6. AD2SBOA Small Step Response 

..... 

2faw 

TIME 

The small signal step· response is shown in Figure 6. The time 
from the step to the first peak is t, and the t2 is the time from 
the step until the converter is settled to 1 LSB. The times t, 
and t2 are given approximately by 

1 
tl = faw 

5 R 
t2 =faw xU 

where R = resolution, i.e., 10, 12, 14 or 16. 

The large signal step response (for steps greater than 5 degrees) 
applies when the error voltage exceeds the linear range of the 
converter. 

Typically the converter will take 3 times longer to reach the first 
peak for a 179 degrees step. 

In response to a velocity step, the velocity output will exhibit 
the same time response characteristics as outlined above for the 
position outpUt. 

ACCELERATION ERROR 
A tracking converter employing a Type 2 servo loop does not 
suffer any velocity lag,however, there is an additional error due 
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to acceleration. This additional error can be defined using the 
acceleration constant KA of the converter. 

Input Acceleration 
KA = =--=--:-=,--:--:-

Error in Output Angle 

The numerator and denominator must have consistent angular 
units. For example if KA is in sec-2, then the input acceleration 
may be specifIed in degrees/sec2 and the error output in degrees. 
Angular measurement may also be specified using radians, min
utes of arc, LSBs, etc. 

KA does not define maximum input acceleration, only the error due 
to it's acceleration. The maximum acceleration allowable before 
the converter loses track is dependent on the angular accuracy 
requirements of the system. 

Angular AccuralY x KA = Degrees/sec2 

KA can be used to predict the output position error for a given 
input acceleration. For example for an acceleration of 100 
revs/sec2, KA = 2.7 X 10· sec-2 and 12-bit resolution. 

E . S _ Input acceleration [LSB/sec2] 
rrorlnL Bs - K [ 2] 

A sec 

100 [rev/sec2] x 212 

2.7 X 106 
0.15 LSBs or 47.5 seconds of arc 

To determine the value of KA based on the passive components 
used to define the dynamics of the converter the following 
should be used. 

4.04 X lOll 
KA = 2" . R6 . R4 . (C4 + C5) 

Where n = resolution of the converter. 
R4, R6 in ohms 
C5, C4 in farads 

SOURCES OF ERRORS 
Integrator Offset 
Additional inaccuracies in the .conversion of the resolver signals 
will result from an offset at the input to the integrator as it will 
be treated as an error signal. This error will typically be I arc 
minute over the operating temperature range. . 

A description of how to adjust from zero offset is given in the 
section "COMPONENT SELECTION" and the circuit re
quired is shown in Figure 1. 

Phase shift between the sine and cosine signals from the resolver 
is known as differential phase shift and can cause static error. 
Some differential phase shift will be present on all resolvers as a 
result of coupling. A small resolver residual voltage (quadrature 
voltage) indicates a small differential phase shift. Additional 
phase shift can be introduced if the sine channel wires and the 
cosine channel wires are treated differently. For instance, differ
ent cable lengths or different loads could cause differential phase 
shift. 

The additional error caused by differential phase shift on the 
input signals approximates to 

Error = 0.53 a x b arc minutes 
where a = differential phase shift (degrees). 

b = signal to reference phase shift (degrees). 

This error can be minimized by choosing a resolver with a small 
residual voltage, ensuring that the sine and cosine signals are 
handled identically and removing the reference phase shift (see 
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section "CONNECTING THE RESOLVER"). By taking these 
precautions the extra error can be made insignificant. 

Under static operating conditions phase shift between the refer
ence and the signal lines alone will not theoretically affect the 
converter's static accuracy. 

However, most resolvers exhibit a phase shift between the signal 
and the reference. This phase shift will give rise under dynamic 
conditions to an additional error defmed by: 

Shaft Speed (rps) x Phase Shift (Degrees) 
Reference Frequency 

For example, for a phase shift of 20 degrees, a shaft rotation of 
22 rps and a reference frequency of 5 kHz, the converter will 
exhibit an additional error of: 

22 x 20 
~ = 0.088 Degrees 

This effect can be eliminated by placing a phase shift in the ref
erence to the converter equivalent to the phase shift in the re
solver (see section "CONNECTING THE RESOLVER"). 

Note: Capacitive and inductive crosstalk in the signal and reference 
leads and wiring can cause similar problems. 

VELOCITY ERRORS 
The signal at the INTEGRA TOR OUTPUT pin relative to the 
ANALOG GROUND pin is an analog voltage proportional to 
the rate of change of the input angle. This signal can be used to 
stabilize servo loops or in the place of a velocity transducer. Al
though the conversion loop of the AD2S80A includes a digital 
section there is an additional analog feedback loop around the 
velocity signal. This ensures against flicker in the digital posi
tional output in both dynamic and static states. 

A better quality velocity signal will be achieved if the following 
points are considered: 

1. Protection. 
The velocity signal should be buffered before use. 

~~----7----

52 54 \ 

AD2S8OA 
2. Reversion error. 1 

The reversion error can be nulled by varying one supply rail 
relative to the other. 

3. Ripple and Noise. 
Noise on the input signals to the converter is the major cause of 
noise on the velocity signal. This can be reduced to a minimum 
if the following precautions are taken: 

The resolver is connected to the converter using separate 
twisted pair cable for the sine, cosine and reference signals. 

Care is taken to reduce the external noise wherever possible. 

An HF filter is fitted before the Phase Sensitive Demodulator 
(as described in the section HF FILTER) .. 
A resolver is chosen that has low residual voltage, i.e., a • 
small signal in quadrature with the reference. 

Components are selected to operate the AD2S80A with the 
lowest acceptable bandwidth. 

Feedthrough of the reference frequency should be removed 
by a filter on the velocity signal. 

Maintenance of the input signal voltages at 2 V rms will pre
vent LSB flicker at the positional output. The analog feed
back or hysteresis employed around the VCO and the 
intergmtor is a function of the input signal levels (see section 
"INTEGRATOR"). 

Following the preceding precautions will allow the user to use 
the velocity signal in very noisy environments, for example, 
PWM motor drive applications. Resolver/converter error curves 
may exhibit apparent accelerationldecelemtion at a constant ve
locity. This results in ripple on the velocity signal of frequency 
twice the input rotation. 

CONNECTING THE RESOLVER 
The recommended connection circuit is shown in Figure 7. 

2S80 

DIG~r:~ 31 

:~ C:: ~ ~ _---~J\.=-=...J,~IJ'I._--
RESOLVER 

POWER RETURN 

Figure 7. Connecting the AD2SBOA to a Resolver 

lReversion error, or side-to-side nonlinearity, is a result of differences in the 
up and down rate1i of the yeo. 
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AD2S80A 
In cases where the reference phase relative to the input signals 
from the ,resolver requires adjustment, this can be easily· 
achieved by varying the value of the resistor R2 of the HF filter 
(see Figure 1). 

Assuming that Rl = R2 = R and Cl = C2 = C 

I 
and Reference Frequency = 2 1T RC 

by altering the value of R2, the phase of the reference relative to 
the input signals will change in an approximately linear manner 
for phase shifts of up to 10 degrees. 

Increasing R2 by 10% introduces a phase lag of 2 degrees. De
creasing R2 by 10% introduces a phase lead of 2 degrees. 

PHASE LEAD = ARC TAN 2.:RC 
PHASE LAG = 
ARC TAN 2Jt!RC 

RESOLVER 
SIGNALS 

~rr. C ;R ~ ~ 
Phase Shift Circuits 

REFE~~~5~ -i--HH~-+--+--""'{ll 

COS HIGH -i----1r----------ril 
REFLOW -t---'''----------f 

COS LOW 

SIN LOW 

SIN HIGH -4------.1 
+12V 

20 

TYPICAL CIRCUIT CONFIGURATION 
Figure 8 shows a typical circ\lit configuration for the AD2S80A 
in a 12-bit resolution mode. Values of the external components 
have been chosen for a reference frequency of 5 kHz and a max
imum tracking rate of 260 rps with a bandwidth of 520 Hz. 
Placing the values for R4, R6, C4 and C5 in the equation for 
KA gives a value of 2.7 x 106 • The resistors are 0.125 W, 5% 
tolerance preferred values. The capacitors are 100 V ceramic, 
10% tolerance components. 

For signal and reference voltages greater than 2 V rms a simple 
voltage divider circuit of resistors can be used to generate the 
correct signal level at the converter . Care sbould be taken to 
ensure that the ratios of the resistors between the sine signal line 
and ground and the cosine signal line and ground are the same. 
Any difference will result in an additional position error. 

For more information on resistive scaling of SIN, COS and 
REFERENCE converter inputs refer to the application note, 
"Circuit Applications of the 2S81 and 2S80 Resolver-to-Digital 
Converters." 

lMO 

4.7MO 

AD2SBOA 
TOP VIEW 

(Notto Scale) 

n------------+-~~-12V 

~----4~---~~OV 

r------~-+5V 

LSB ____________ -J 

Figure 8. Typical Circuit Configuration 
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Shown in Figure B 

RELIABILITY 
The AD2SSOA Mean Time Between Failures (MTBF) has been 
calculated according to MIL-HDBK-217E, Figure 10 shows the 
MTBF in hours in naval sheltered conditions for AD2SSOAI 
SS3B only. 
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Figure 10. AD2SBOA MTBF Curve 

APPLICATIONS 
Control Transformer 

AD2S8OA 

The ratio multiplier of the AD2SSOA can be used independently 
of the loop integrators as a control transformer. In this mode the 
resolver inputs 9 are multiplied by a digital angle <1>, any differ
ence between <I> and 9 will be represented by the AC ERROR 
output as SIN wt sin (9-<1» or the DEMOD output as sin (9-<1». 
To use the AD2SSOA in this mode refer to the "Control Trans
former" application note. 

Dynamic Switching 
In applications where the user requires wide band response from 
the converter, for example 100 rpm to 6000 rpm, superior per-
formance is achieved if the converters control characteristics are 3 
switched dynamically. This reduces velocity offset levels at low 
tracking rates. For more information on the technique refer to 
"Dynamic Resolution Switching Using the Variable Resolution 
Monolithic Resolver-to-Digital Converters." 

OTHER PRODUCTS 
The AD2SS2A is a monolithic, variable resolution 10-, 12-, 14-
and 16-bit resolver to digital converter in a 44-pin J-leaded 
PLCC package. In addition to the AD2SSOA functions it has a 
VCO OUTPUT which is a measure of position within a LSB, 
and a COMPLEMENT Data Output. 

The AD2SS1A is a low cost, monolithic, 12-bit resolver-to
digital converter in a 2S-pin ceramic DIP package. 

ORDERING GUIDE 

Operating 
Temperature Package 

Model Range Accuracy Option* 

AD2SSOA]D O°C to +70°C S arc min D-40 
AD2SSOAKD O°C to +70°C 4 arc min D-40 
AD2SSOALD O°C to +70°C 2 arc min D-40 
AD2SSOAAD -40°C to +S5°C S arc min D-4O 
AD2SS0ABD -40°C to +S5°C 4 arc min D-40 
AD2SSOASD -55°C to + 125°C S arc min D-40 
AD2SSOATD - 55°C to + 125°C 4 arc min D-40 
AD2SS0AUD - 55°C to + 125°C 2 arc min D-4O 
AD2SS0ASE - 55°C to + 125°C S arc min E-44A 
AD2SS0ATE -55°C to +l2SoC 4 arc min E-44A 
AD2SS0AUE - 55°C to + 125°C 2 arc min E-44A 
AD2SS0ASD/SS3B - 55°C to + 125°C S arc min D-4O 
AD2S80A TD/SS3B - 55°C to + 125°C 4 arc min D-40 
AD2SS0ASElSS3B - 55°C to + 125°C S arc min E-44A 
AD2SS0A TElSS3B - WC to + 125°C 4 arc min E-44A 

*D = Ceramic DIP Package; E = Leadless Ceramic Chip Carrier Package. 
For outline information see Package Information section. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Monolithic (BiMOS II) Tracking RID Converter 
Ratiometric Conversion 
Low Power Consumption: 300 mW typ 
Dynamic Performance Set by User 
Velocity Output 
ESD Class 2 Protection (2,000 V min) 

SIN IP 

SIG GND 

COS liP 
ANALOG GND 

Variable Resolution, Monolithic 
Resolver -to-Digital Converters 

AD2S81 AlAD2S82A I 
AD2S82A FUNCTIONAL BLOCK DIAGRAM 

DEMOO DEMOD INTEGAATOR 
IP OP IP 

INTEGRATOR 
O. 

AD2S81A RI~.Jt;~ ...... _.L.LJ..J..u.......1.LU.J.IJUJ.J....._-, 

+12V 

-12Y 
veolP 28-Pin DIP Package 

Low Cost 

AD2S82A 
~ ~2.~~~~~~~~~RR~~~r-~~=f=i::~ 

44-Pin PLCC Package 
10-, 12-, 14- and 16-Bit Resolution Set by User 
High Max Tracking Rate 1040 RPS (10 Bits) 
VCO Output (Inter LSB Output) 
Data Complement Facility 

APPLICATIONS 
DC Brushless and AC Motor Control 
Process Control 
Numerical Control of Machine Tools 
Robotics 
Axis Control 

GENERAL DESCRIPTION 
The AD2S82A is a monolithic 10-, 12-, 14- or 16-bit tracking 
resolver-to-digital converter contained in a 44-pin J leaded 
PLCC package. Two extra functions are provided in the new 
surface mount package - COMPLEMENT and VCO output. 

The AD2S81A is a monolithic 12-bit fixed resolution tracking 
resolver-to-digital converter packaged in a 28-pin DIP. 

The converters allow users to select their own dynamic performance 
with external components. This allows the users great flexibility in 
defining the converter that best suits their system requirements. 
The AD2S82A allows users to select the resolution to be 10, 12, 
14 or 16 bits and to track resolver signals rotating at up to 1040 
revs per second (62,400 rpm) when set to IO-bit resolution. 

The AD2S81A and AD2S82A convert resolver format input 
signals into a parallel natural binary digital word using a ratio
metric tracking conversion method. This ensures high-noise 
immunity and tolerance of lead length when the converter is 
remote from the resolver. 

The output word is in a three-state digital logic form available in 
2 bytes on the 16 output data lines for the AD2S82A and on 8 
output data lines for the AD2S81A. BYTE SELECT, ENABLE 
and INHIBIT pins ensure easy data transfer to 8- and 16-bit 
data buses, and outputs are provided to allow for cycle or pitch 
counting in external counters. 

An analog signal proportional to velocity is also available and 
can be used to replace a tachogenerator. 

REV. A 
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PRODUCT HIGHLIGHTS 
Monolithic. A one-chip solution reduces the package size re
quired and increases the reliability. 

Resolution Set by User. Two control pins are used to select 
the resolution of the AD2S82A to be 10, 12, 14 or 16 bits 
allowing the user to use the AD2S82A with the optimum resolu
tion for eaCh application. 

Ratiometric Tracking Conversion. Conversion technique pro
vides continuous output position data without conversion delay 
and is insensitive to absolute signal levels. It also provides good 
noise immunity and tolerance to harmonic distortion on the ref
erence and input signals. 

Dynamic Performance Set by the User. By selecting external 
resistor and capacitor values the user can determine bandwidth, 
maximum tracking rate and velocity scaling of the converter to 
match the system requirements. The external components re
quired are all low cost, preferred value resistors and capacitors, 
and the component values are easy to select using the simple 
instructions given. 

Velocity Output. An analog signal proportional to velocity is 
available and is linear to typically one percent. This can be used 
in place of a velocity transducer in many applications to provide 
loop stabilization in servo controls and velocity feedback data. 

Low Power Consumption. Typically only 300 mW. 

MODELS AVAILABLE 
Information on the models available is given in the section 
"Ordering Information." 
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AD2S81 AlAD2S82A-SPECIFICATIONS (typical at +25°C unless otherwise specified) 
AD2S81A AD2S82A 

Parameter Conditions MiD Typ Max MiD Typ ,Max Units 

SIGNAL INPUTS 
Frequency 400 20,000 50 20,000 Hz 
Voltage Level I.B 2.0 2.2 * Vrms 
Input Bias Current 60 150 * nA 
Input Impedance 1.0 * MIl 
Maximum Voltage ±B * Vpk 

REFERENCE INPUT 
Frequency 400 20,000 50 20,000 Hz 
Voltage Level 1.0 B.O * Vpk 
Input Bias Current 60 ISO · nA 
Input Impedance 1.0 • MO 

CONTROL DYNAMICS 
Repeatability I I LSB 
Allowable Phase Shift (Signals to Reference) -10 +10 * Degrees 
Tracking Rate 10 Bits 1040 rps 

12 Bits 260 260 rps 
14 Bits 65 rps 
16 Bits 16.25 rps 

Bandwidth' User Selectable 

ACCURACY 
Angulat Accuracy H ±22 + 1 LSB arc min 

J ±30 +1 LSB ±B+ILSB arc min 
K ±4+1LSB arc min 
L :t2+1LSB arc min 

Monotonicity Guaranteed Monotonic 
Missing Codes (I6-Bit Resolution) J,K 4 Codes 

L 1 Code 

VELOCITY SIGNAL 
Linearity Over Full Range ±I :t3 · %FSD 
Reversion Error ±2 • %FSD 
DC Zero Offset' 6 • mV 
DC Zero Offset Tempco -22 • jJoVI'C 
Gain Scaling Accuracy ±10 • %FSD 
Output Voltage I rnA Load ±B ±9 ±1O.5 · V 
Dynamic Ripple Mean Value 1.5 * %rmsOIP 
Output Load 1.0 * ill 

INPUT/OUTPUT PROTECTION 
Analog Inputs Overvoltage Protection ±B • V 
Analog Outputs Short Circuit OIP Protection ±5.6 ±B ±10.4 · rnA 

DIGITAL POSITION 
Resolution 10, 12, 14, and 16 
Output Format Bidirectional Natural Binary 
Load 3 • LSTTL 

INHIBIT' 
Sense Logic LO to Inhibit 
Time to Stable Data 600 · ns 

ENABLE' Logic LO Enables Poaition 
Output. Logic HI Outputs in 
u:_'" T ___ ...... _ ...... co ....... _ 

--- ...... "o ....... u ............... _ ...... n ... 

ENABLEIDisable Time 35 110 • ns 

BYTE SELECT' 
Sense 
Logic HI MS Byte DBI-DBB, 

(LS Byte DB9-DBI6)' 
Logic LO LS Byte DBI-DBB, 

(LS Byte DB9-DBI6)' 
Tin3e to Data Available 60 140 · os 

SHORT CYCLE INPUTS· Internally Pulled High 
(100 kO) to +Vs 

SCI' SC2 
0 0 10 Bit 
0 1 12 Bit 
1 0 14 Bit 
1 1 16 Bit 

DATA LOAD· 
Sense Internally Pulled High (100 ko) 150 300 ns 

to +Vs; Logic LO Allows 
Data to Be Loaded into the 
Counters from the Data Lines 
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Parameter Conditions 

COMPLEMENT' Internally Pulled High 
(100 k!l) to +Vs; Logic LO 
to Activate; No Connect for 
Normal Operation 

BUSY 
Sense Logic HI When Position OIP 

Changing 
Width 
Load Use Additional Pull-Up 

DIRECTION 
Sense Logic HI Counting Up 

Logic LO Counting Oown 
Max Load 

RIPPLE CLOCK 
Sense Logic HI 

All Is to all Os 
All Os to AllIs 

Width Oependent On Input Velocity 
Reset Before Next Busy 
Load 

DIGITAL INPUTS 
High Voltage, V'H INHIBIT, ENABLE 

OBI-OBI6, Byte Select 
±Vs = ±IO.S V, VL = 5.0 V 

Low Voltage, V1L INHIBIT, ENABLE 
OBI-OBI6, Byte Select 
±Vs = ±13.2 V, VL = 5.0 V 

DIGITAL INPUTS 
High Current, IIH INHIBIT, ENABLE 

OBI-OBI6 
±Vs = ±13.2 V, VL = 5.5 V 

Low Current, IlL INHIBIT, ENABLE 
OBI-OBI6, Byte Select 
±Vs = ±13.2 V, VL = 5.5 V 

DIGITAL INPUTS 
Low Voltage, V'L ENABLE = HI 

SCI, SQ, Oata Load 
±Vs = ±12.0 V, VL = 5.0 V 

Low Current, IlL ENABLE = HI 
SCI, SQ, Oata Load 
±Vs = ±12.0V, VL = 5.0V 

DIGITAL OUTPUTS 
High Voltage, VOH OBI-OBI6 

RIPPLE CLK, DIR 
±Vs = ±12.0V, VL = 4.5 V 
IoH = 100.,A 

Low Voltage, VOL OBI-DBI6 
RIPPLE CLK, DIR 
±Vs = ±12.0V, VL = 5.5 V 
IOL = 1.2 rnA 

THREE-STATE LEAKAGE OBI-OBI6 Only 
Current IL +Vs = ±12.0 V, VL = 5.5 V 

VOL = OV 
+Vs = ±12.0 V, VL = 5.5 V 
VOH = 5.0V 

NOTES 
'Refers to small signal bandwidth. 
'Output offset dependent on value for R6. 
'Refer to timing diagram. 
4A02SS2A only. 

'Specifications same as A02SSIA. 
Specifications subject to change without notice. 

AD2S81 AlAD2S82A 
AD28S1A AD2S82A 

Min Typ Max Min Typ Max Units 

200 600 · ns 
I · LSTTL 

3 · LSTTL 

300 · 
3 · LSTTL 

2_0 · V 

0.8 · V 

±loo • .,A 

:doo · .,A 

1.0 · V 

-400 · .,A 

2.4 · V 

0.4 • V 

±Ioo · .,A 

±Ioo • .,A 

All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. 
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AD2S81 AI AD2S82A - SPEC I FI CATIONS (typical at +25°C unless otherwise specified) 

Parameter Conditions Min 

RATIO MULTIPLIER 
AC Error Output Scaling 10 Bit 

12 Bit 
14 Bit 
16 Bit 

PHASE SENSITIVE DETECTOR 
Output Offset Voltage 
Gain 

In Phase w.r.t. REF -0.882 
In Quadrature w.r.t. REF 

Input Bias Current 
Input Impedance I 
Input Voltage 

INTEGRATOR 
Open·Loop Gain At 10 kHz 57 
Dead Zone Current (Hysteresis) 
Input Ofrset Voltage 
Input Bias Current 
Output Voltage Range ±Vs = ±lO.8 V dc, ±7 

VCO ±Vs-±12Vdc 
Maximum Rate 1.0 
VCO Rate Positive DIR 7.1 

Negative DIR 7.1 
VCO Power Supply Sensitivity 

Increase +Vs 
-Vs 

Decrease +Vs 
-Vs 

Input Offset Voltage 
Input Bias Current 
Input Bias Current Tempco 
Input Voltage Range 
Linearity of Absolute Rate 

Full Range 
Over 0% to 50% of Full Range 

Reversion Error 
Sensitivity of Reversion Error 

to Symmetry of Power Supplies 
VCO Output I. Z 

POWER SUPPLIES 
V ohage Levels 

+Vs +10.8 
-V, -10.8 
+V,- +5 

Current 
+1, ±Vs«(l ±12V 
+Is ±Vs v' ±13.2 V 
+1,- ±VL v' ±5.0 V 

NOTF 

IThe veo output swings between ± 3 V depending on the resolver direction. 
'AD2882A only. 

'Specifications same asAD2S8IA. 
"Specifications same as AD2S82A. 

Specifications ~ubject to change without notice. 

AD2SSlA AD2S82A 
Typ Max Min Typ Max Units· 

177.6 mVlBit .. 44.4 mViBit 
11.1 mV/Bit 
2.775 mViBit 

12 · mV 

-0.9 -0.918 • VrmsNdc 
0.04 · V rmsN dc 

60 150 · nA · MO 
±8 · V 

63 · dB 
100 · nAlLSB 
I 5 • mV 
60 150 • nA 

V 

I.l • MHz 
7.9 8.7 · kHzllJ-A 
7.9 8.7 · kHz/IJ-A 

+0.5 · %N 
-8.0 · %N 
-8.0 · %N 
+2.0 · %N. 
I 5 · mV 
70 380 · nA 
-1.22 · nArC 

±8 · V 

<2 · %FSD 
<1 · %FSD 
1.5 · %FSD 

±8 · %Nof 
Asymmetry 

±2.7 ±3.0 ±3.3 VILSB 

+13.2 · V 
-13.2 · V 
+13.2 · V 

±12 ±23 · rnA 
±19 ±30 · rnA 
±0.5 ±1.5 · rnA 

ESD SENSITIVITY --------------------------------
The AD2S81A and AD2S82A feature input protection circuit consisting of large "distributed" 
diodes and polysilicon series resistors to dissipate both high energy discharges (Human Body 
Model) and fast, low energy pulses (Charges Device Model). 

The AD2S8lA and AD2S82A are ESD protection Class II (2000 V min). Proper ESD precautions 
are strongly recommended to avoid functional damage or performance degradation. For further 
information on ESD precautions, refer to Analog Devices' ESD Prevention Manual. 
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RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage (+Vs to -Vs) ...... ±12 V dc ±10% 
Power Supply Voltage VL .............. +S V dc ±IO% 
Analog Input Voltage (SIN and COS) ....... 2 V nns ± 10% 
Analog Input Voltage (REF) ............ 1 V to 8 V peak 
Signal and Reference Harmonic Distortion ....... 10% (max) 
Phase Shift Between Signal and Reference . ± 10 Degrees (max) 
Ambient Operating Temperature Range 

Commercial (JD, HP, JP, KP, LP) ......... 0 to +70°C 

PIN DESIGNATIONS 

MNEMONIC DESCRIPTION 

REFERENCE liP REFERENCE SIGNAL INPUT 
DEMODIIP DEMODULATOR INPUT 
AC ERROROIP RATIO MULTIPLIER OUTPUT 
COS liP COSINE INPUT 

ANALOG GROUND POWER GROUND 
SIGNAL GROUND RESOLVER SIGNAL GROUND 
SIN liP SINE INPUT 
+V. POSITIVE POWER SUPPLY 
DB1-DB16 PARALLEL OUTPUT DATA 
V, LOGIC POWER SUPPLY 
ENABLE LOGIC HI-DUTPUT DATA IN HIGH IMPEDANCE 

STATE. LOGIC. LO PRESENTS DATA TO THE 
OUTPUT LATCHES. 

BYTE SELECT LOGIC HI-MOST SIGNIFICANT BYTE TO DB1-OB8 
LOGIC Lo-LEAST SIGNIFICANT BYTE TO DB1-DB8. 

INHIBIT LOGIC LO INHIBITS DATA TRANSFER TO OUTPUT 
LATCHES. 

DIGITAL GROUND DIGITAL GROUND 
SC1-SC2' SELECT CONVERTER RESOLUTION 
DATA LOAD' LOGIC LO DB1-016 INPUTS 

LOGIC HI DB1-D16 OUTPUTS 
BUSY CONVERTER BUSY. DATA NOT VALID WHILE BUSY HI 
DIRECTION LOGIC STATE DEFINES DIRECTION OF INPUT SIGNAL 

ROTATION 
RIPPLE CLOCK POSITIVE PULSE WHEN CONVERTER OUTPUT 

CHANGES FROM 1S TO ALL OS OR VICA VERSA 
-V. NEGATIVE POWER SUPPLY 
VCOIIP VCOINPUT 
INTEGRATOR liP INTEGRATOR INPUT 
INTEGRATOR OIP INTEGRATOR OUTPUT 
DEMODOIP DEMODULATOR OUTPUT 
COMPLEMENT" ACTIVE LOGIC LO 
VCO O/P" VCOOUTPUT 

*AD2S82A ONLY. 

Binary Resolution Degrees Minutes Seconds 
Bits(N) (2N) !Bit !Bit !Bit 

0 1 360.0 21600.0 1296000.0 

1 2 180.0 10800.0 648000.0 

2 4 90.0 5400.0 324000.0 

3 8 45.0 2700.0 162000.0 
4 16 22.5 1350.0 81000.0 

5 32 11.25 675.0 40500.0 
6 64 5.625 337.5 20250.0 
7 128 2.8125 168.75 10125.0 
8 256 1.40625 84.375 5062.5 
9 512 0.703125 42.1875 2531.25 

10 1024 0.3515625 21.09375 1265.625 

11 2048 0.1757813 10.546875 632.8125 
12 4096 0.0878906 5.273438 316.40625 
13 8192 0.0439453 2.636719 158.20313 
14 16384 0.0219727 1.318359 79.10156 

15 32768 0.0109836 0.659180 39.55078 

16 65536 0.0054932 0.329590 19.n539 

17 131072 0.0027466 0.164795 9.88nO 
18 262144 0.0013733 0.082397 4.94385 

Bit Weight Table 
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ABSOLUTE MAXIMUM RATINGS l (with respect to GND) 
+Vs' ............................... +14Vdc 
-Vs ................................ -14Vdc 
+VL ................................... +Vs 
Reference . . . . . . . . +14 V to -Vs 
SIN ............................. +14 V to -Vs 
COS ............................ +14Vto-Vs 
Any Logical Input ............... -0.4 V de to + V L dc 
Demodulator Input . . . . . . . . . . . + 14 V to - V s 
Integrator Input ..................... + 14 V to -V s 
VCO Input ........................ + 14 V to -Vs 
Power Dissipation ........................ 860 mW 
Operating Temperature 

Commercial (JD, HP, JP, KP, LP) ......... 0 to +70°C 3 
Storage Temperature (All Grades) ........ -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ........... + 300°C 

CAUTION: 
1. Absolute Maximum Ratings are those values beyond which damage to the 

device may occur. 

2. Correct polarity voltages must be maintained on the + V 5 and - V 5 pins. 

AD2S81Al2S82A PIN CONFIGURATIONS 

DB. 

DB. 

D" 

DB7 

~ !l; 

'" !l; ~ Q !!.i Q z Q II! 
" z ~ ~ ~ " 8 ~ .. '" 

~ 
g 

~ 

II 0 N " .. ~ 

iii iii iii iii iii iii Q Q Q Q Q Q Q 

Ne = NO CONNECT 

'" 0 

'" g 
:i! 

~ 

.. 
iii 
Q .. 
~ 

!l; 

'" S 
" ~ 

DEMOO DIP 

INTEGRATOR alP 

INTEGRATOR liP 

VCOIIP 

-v, 

AC 

DIA 

BUSY 

DIGITALGND 

BYTE SELECT 

ENABLE 

oR8LSB 

~ !l; 

~ 
0 
!;! 

-v. 

>' I~ + a ; 
~ .. 
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CONNECTING THE CONVERTER 
The power supply voltages connected to + V s and ~ V spins 
should be + 12 V dc and -12 V dc and must not be reversed. 
The voltage applied to V L can be + 5 V dc to + V s. 

It is recommended that the decoupling capacitors are connected 
in parallel between the power lines +Vs, -Vs and ANALOG 
GROUND adjacent to the converter. Recommended values are 
100 nF (ceramic) and 10 I1F (tantalum). Also capacitors of 
100 nF and 10 I1F should be connected between +VL and 
DIGITAL GROUND adjacent to the converter. 

When more than one converter is used on a card, then separate 
decoupling capacitors should be used for each converter. 

The resolver connections should be made to the SIN and COS 
inputs, REFERENCE INPUT and SIGNAL GROUND as 

SIN liP 

SIGGND 

COS liP 
ANALOGGND 

shown in Figure 7 and described in section "CONNECTING 
THE RESOLVER." 

The two signal ground wires from the resolver should be joined 
at the SIGNAL GROUND pin of the resolver to minimize the 
coupling between the sine and cosine signals. For this reason it 
is also recommended that the resolver is connected using indi
vidually screened twisted pair cables with the sine, cosine and 
reference signals twisted separately. 

SIGNAL GROUND and ANALOG GROUND are connected 
internally. ANALOG GROUND and DIGITAL GROUND 
must be connected externally. 

The external components required should be connected as 
shown in Figures la and lb. 

REFERENCE lIP 

,.v 

R8 

R"~~~r=~~~~~56~~~~~~~==~--~~~~::~ ClK 

:~:: ~=;.;;;... .. 

~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
'------rI---...J1 BYTE +5V DIG. BUSY veo OIR iNiiiii't C6 ;:J; 

16 DATA BITS SELECT GND OIP 

Figure 1a. AD2S82A Connection Diagram 

REFERENCE liP 

rt:l OFFSET ADJUST 

R8 
.... ,~V~12V 

HF fiLTER 

R8 

SIN lIP 

SIG GND 

;;o~~~ +12V ~ 

-lOY 

EiiiAiiLl ~ BYTE +5V DIG. aus. DIR INHIBIT C6 T 
• DATA BITS SELECT GND m 

Figure 1b. AD2S81A Connection Diagram 
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CONVERTER RESOLUTION (AD2S82A ONLY) 
Two major areas of the AD2S82A specification can be selected 
by the user to optimize the total system performance. The reso
lution of the digital output is set by the logic state of the inputs 
SCI and SC2 to be 10, 12, 14 or 16 bits and the dynamic char
acteristics of bandwidth and tracking rate are selected by the 
choice of external components. 

The choice of the resolution will affect the values of R4 and R6 
which scale the inputs to the integrator and the VCO, respec
tively (see section COMPONENT SELECTION). If the resolu
tion is changed, then new values of R4 and R6 must be 
switched into the circuit. 

Note: When changing resolution under dynamic conditions, do 
it when the BUSY is low, i.e., when Data is not changing. 

CONVERTER OPERATION 
When connected in a circuit such as shown in Figure 1, the 
AD2S81NAD2S82A operates as a tracking resolver-to-digital 
converter and forms a type 2 closed loop system. The output 
will automatically follow the input for speeds up to the selected 
maximum tracking rate. No convert command is necessary as 
the conversion is automatically initiated by each LSB increment, 
or decrement, of the input. Each LSB change of the converter 
initiates a BUSY pulse. 

The AD2S81A/AD2S82A is remarkably tolerant of input ampli
tude and frequency variation because the conversion depends 
only on the ratio of the input signals. Consequently there is no 
need for accurate, stable oscillator to produce the reference sig
nal. The inclusion of the phase sensitive detector in the conver
sion loop ensures a high immunity to signals that are not 
coherent or are in quadrature with the reference signal. 

SIGNAL CONDITIONING 
The amplitude of the SINE and COSINE signal inputs should 
be maintained within 10% of the nominal values if full perfor
mance is required from the velocity signal. 

The digital position output is relatively insensitive to amplimde 
variation. Increasing the input signal levels by more than 10% 
will result in a loss in accuracy due to internal overload. Reduc
ing levels will result in a steady decline in accuracy. With the 
signal levels at 50% of the correct value, the angular error will 
increase to an amount equivalent to 1.3 LSB. At this level the 
repeatability will also degrade to 2 LSB and the dynamic re
sponse will also change, since the dynamic characteristics are 
proportional to the signal level. 

The AD2S81NAD2S82A will not be damaged if the signal in
puts are applied to the converter without the power supplies 
and/or the reference. 

REFERENCE INPUT 
The amplitude of the reference signal applied to the converter's 
input is not critical, but care should be taken to ensure it is kept 
within the recommended operating limits. 

The AD2S81NAD2S82A will not be damaged if the reference is 
supplied to the converter without the power supplies and/or the 
signal inputs. 
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HARMONIC DISTORTION 
The amount of harmonic distortion allowable on the signal and 
reference lines is 10%. 

Square waveforms can be used but the input levels should be 
adjusted so that the average value is 1.9 V rms. (For example, a 
square wave should be 1.9 V peak). Triangular and sawtooth 
waveforms should have a amplimde of 2 V rms. 

Note: The figure specified of 10% harmonic distortion is for 
calibration convenience only. 

POSITION OUTPUT 
The resolver shaft position is represented at the converter out
put by a natural binary parallel digital word. 

As the digital position output of the converter passes through 
the major carries, i.e., all "Is" to all "Os" or the converse, a 
RIPPLE CLOCK (RC) logic output is initiated indicating that a 
revolution or a pitch of the input has been completed. 

The direction of input rotation is indicated by the DIRECTION 
(DIR) logic output. This direction data is always valid in ad
vance of a RIPPLE CLOCK pulse and, as it is internally 
latched, only changing state (1 LSB min change) with a corre
sponding change in direction. 

Both the RIPPLE CLOCK pulse and the DIRECTION data are 
unaffected by the application of the INHIBIT. 

The static positional accuracy quoted is the worst case error that 
can occur over the full operating temperature excluding the ef
fects of offset signals at the INTEGRATOR INPUT (which can 
be trimmed out - see Figures la and Ib), and with the follow
ing conditions: input signal amplitudes are within 10% of the 
nominal; phase shift between signal and reference is less than 
10 degrees. 

These operating conditions are selected primarily to establish a 
repeatable acceptance test procedure which can be traced to na
tional standards. In practice, the AD2S81NAD2S82A can be 
used well outside these operating conditions providing the above 
points are observed. 

VELOCITY SIGNAL 
The tracking converter technique generates an internal signal at 
the output of the integrator (the INTEGRATOR OUTPUT pin) 
that is proportional to the rate of change of the input angle. 
This is a dc analog output referred to as the VELOCITY signal. 

In many applications it is possible to use the velocity signal 
of the AD2S81NAD2S82A to replace a conventional 
tachogenerator. 

DC ERROR SIGNAL 
The signal at the output of the phase sensitive detector (DE
MODULATOR OUTPUT) is the signal to be nulled by the 
tracking loop and is, therefore, proportional to the error be
tween the input angle and the output digital angle. This is the 
dc error of the converter; and as the converter is a type 2 servo 
loop, it will increase if the output fails to track the input for any 
reason. It is an indication that the input has exceeded the maxi
mum tracking rate of the converter or, due to some internal 
malfunction, the converter is unable to reach a null. By connect
ing two external comparators, this voltage can be used as a 
"built-in-test. " 
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COMPONENT SELECTION 
The following instructions describe how to select the external 
components for the converter in order to achieve the required 
bandwidth and tracking rate. In all cases the nearest "preferred 
value" component should be used and a 5% tolerance will not 
degrade the overall performance of the converter. Care should 
be taken that the resistors and capacitors will function over the 
required operating temperarure range. The components should 
be connected as shown in Figure 1. 

PC compatible software is available to help users select the optimum 
component values for the AD2S81A and AD2S82A, and display the 
transfer gain, phase and small step response. 

For more detailed information and explanation, see section "CIR
CUIT FUNCTIONS AND DYNAMIC PERFORMANCE." 

1. HF Filter (Rl, Rl, CI, C2) 
The function of the HF fIlter is to remove any dc offset and 
to reduce the amount of noise present on the signal inputs to 
the AD2S81A1AD2S82A, reaching the Phase Sensitive Detec
tor and affecting the outputs. RI and C2 may be omitted - in 
which case R2 = R3 and CI = C3, calculated below - but 
their use is particularly recommended if noise from switch 
mode power supplies and brushless motor drive is present. 

Values should be chosen so that 

15 ko' :5 RI =R2 :5 56 ko' 

I 
CI = C2 = 2 '1r RI fREF 

and fREF = Reference Frequency (Hz) 

This fIlter gives an attenuation of 3 times at the input to the 
phase sensitive detector. 

2. Gain Scaling Resistor (R4) 
If RI, C2 are fitted, then: 

EDC 1 
R4 = 100 x 10-9 X "3 0, 

where 100 x 10-9 = currentlLSB 
If RI, C2 are not fitted, then: 

EDc 
R4 = 100 x 10-9 0, 

where Ene 160 X 10-3 for 10 bits resolution 
= 40 x 10-3 for 12 bits 
= 10 x 10-3 for 14 bits 
= 2.5 x 10-3 for 16 bits 
= Scaling of the DC ERROR in volts 

3. AC Coupling of Reference Input (R3, C3) 
Select R3 and C3 so that there is no significant phase shift at 
the reference frequency. That is, 

with R3 in o,. 

R3 = 100 ko' 

1 
C3 > R3 x fREF F 

4. Maximum Tracking Rate (R6) 
The VCO input resistor R6 sets the maximum tracking rate 
of the converter, and hence the velocity scaling as at the max 
tracking rate the velocity output will be 8 V. 
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Decide on your maximum. tracking rate, "T," in revolutions 
per second. Note that "T" must not exceed the maximum 
tracking rate or 1116 of the reference frequency. 

6.32 x 1010 n 

R6= TXn U 

where n = bits per revolution 
= 1,024 for 10 bits resolution 
= 4,096 for 12 bits 
= 16,384 for 14 bits 
= 65,536 for 16 bits 

5. Closed-Loop Bandwidth Selection (C4, C5, R5) 
a. Choose the closed-loop bandwidth (fBw) required 

ensuring that the ratio of reference frequency to band
width does not exceed the following guidelines: 

Resolution 
10 

Ratio of Reference Frequency/Bandwidth 
2.5 : 1 

12 4 : I 
14 6 : 1 
16 7.5: I 

Typical values may be 100 Hz for a 400 Hz reference fre
quency and 500 Hz to 1000 Hz for a 5 kHz reference 
frequency. 

b. Select C4 so that 

21 
C4 = 2 F 

R6 X fBw 

with R6 in 0, and fBw in Hz selected above. 

c. C5 is given by 

C5 = 5 x C4 F 

d. R5 is given by 

4 
R5 = 0, 

2 x '1r X fBw x C5 

6. VCO Phase Compensation 
The following values of C6 and R7 should be fitted: 

C6 = 470 pF R7 = 68 0, 

7. Offset Adjust 
Offsets and bias currents at the integrator input can cause an 
additional positional offset at the output of the converter of I 
arc minute typical, 5.3 arc minutes maximum. If this can be 
tolerated, then R8 and R9 can be omitted from the ~ircllit 

If fitted, the following values of R8 and R9 should be used: 

R8 = 4.7 Mo', R9 = 1 Mo' potentiometer 

To adjust the zero offset, ensure the resolver is disconnected 
and all the external components are fitted. Connect the COS 
pin to the REFERENCE INPUT and the SIN pin to the 
SIGNAL GROUND and with the power and reference ap
plied, adjust the potentiometer to give all "Os" on the digital 
output bits. 

The potentiometer may be replaced with select on test resis
tors if preferred. 
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DATA TRANSFER 
To transfer data the INHIBIT input should be used. The data 
will be valid 600 ns after the application of a logic "LO" to 
the INHIBIT. This is regardless of the time when the INHIBIT 
is applied and allows time for an active BUSY to clear. By using 
the ENABLE input the two bytes of data can be transferred 
after which the INHIBIT should be returned to a logic "HI" 
state to enable the output latches to be updated. 

BUSY Output 
The validity of the output data is indicated by the state of the 
BUSY output. When the input to the converter is changing, the 
signal appearing on the BUSY output is a series of pulses at 
TTL level. A BUSY pulse is initiated each time the input moves 
by the analog equivalent of one LSB and the internal counter is 
incremented or decremented. 

INHmIT Input 
The INHIBIT logic input only inhibits the data transfer from 
the up-down counter to the output latches and, therefore, does 
not interrupt the operation of the tracking loop. Releasing the 
INHIBIT automatically generates a BUSY pulse to refresh the 
output data. 

ENABLE Input 
The ENABLE input determines the state of the output data. A 
logic "HI" maintains the output data pins in the high imped
ance condition, and the application of a logic "LO" presents the 
data in the latches to the output pins. The operation of the 
ENABLE has no effect on the conversion process. 

BYTE SELECT Input 
The BYTE SELECT input on the AD2S82A selects the byte of 
the position data to be presented at the data output DBI to 
DB8. The least significant byte will be presented on data output 
DB9 to DB16 (with the ENABLE input taken to a logic "LO") 
regardless of the state of the BYTE SELECT pin. Note that 
when the AD2S82A is used with a resolution less than 16 bits, 
the unused data lines are pulled to a logic "LO." A logic "HI" 
on the BYTE SELECT input will present the eight most signifi
cant data bits on data output DBI and DB8. A logic "LO" will 
present the least significant byte on data outputs 1 to 8, i.e., 
data outputs 1 to 8 will duplicate data outputs 9 to 16. 

When the BYTE select pin is a logic "HI" on the AD2S81A, 
the most significant byte is presented on Pins 8 to 15 (with the 
ENABLE input taken to a logic "LO"). A logic "HI" presents 
the 4 least significant bits on Pins 8 to 11 and places a logic 
"LO" on Pins 12 to 15 (with the ENABLE input taken to a 
logic "LO"). 

The operation of the BYTE SELECT has no effect on the con
version process of the converter. 

RIPPLE CLOCK 
As the output of the converter passes through the major carry, 
i.e., all "is" to all "Os" or the converse, a positive going edge 
on the RIPPLE CLOCK (RC) output is initiated indicating that 
a revolution, or a pitch, of the input has been completed. 

The minimum pulse width of the ripple clock is 300 ns. 
RIPPLE CLOCK is normally set high before a BUSY pulse and 
resets before the next positive going edge of the next consecutive 
pulse. 
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The only exception to this is when DIR changes while the RIP
PLE CLOCK is high. Resetting of the RIPPLE clock will only 
occur if the DIR remains stable for two consecutive positive 
BUSY pulse edges. 

If the AD2S81A/AD2S82A is being used in a pitch and revolu
tion counting application, the ripple and busy will need to be 
gated to prevent false decrement or increment (see Figure 2). 

RIPPLE CLOCK is unaffected by INHIBIT. 

+5V----

10k 

IN4148 
RIPPLE _-~~ ..... _-r 
CLOCK 

+5V 

5k1 
IN4148 

BUSY - ..... -*----1 

1k --u-
TO COUNTER 
(CLOCK) 

NOTE: DO NOT USE ABOVE CCT WHEN INHIBIT IS "LO." 

Figure 2. Diode Transistor Logic Nand Gate 

DIRECTION Output 
The DIRECTION (DIR) logic output indicates the direction of 
the input rotation. Any change in the state of DIR precedes the 
corresponding BUSY, DATA, and RIPPLE CLOCK updates. 
DIR can be considered as an asynchronous output and can make 
mUltiple changes in state between two consecutive LSB update 
cycles. This corresponds to a change in input rotation direction 
but less than 1 LSB. 

COMPLEMENT (AD2S82A Only) 
The COMPLEMENT input is internally pulled to + 12 V in the 
INACTIVE STATE. It is pulled down to DIGITAL GROUND 
(100 fLA) to ACTIVATE. 

When used in conjunction with DATA LOAD, strobing DATA 
LOAD and COMPLEMENT pins to logic LO, will set the logic 
HIGH bits of the AD2S82A counter to a LO state. Those bits 
of the applied data which are logic LO will not change the cor
responding bits in the AD2S82A counter: 

For Example: 

Initial Counter State 
Applied Data Word 
Counter State after Data Load 

Initial Counter State 
Applied Data Word 

1 0 1 0 1 
1 1 0 0 0 
1 1 0 0 0 

Counter State after Data Load and Complement 

1 0 101 
1 1 0 0 0 
o 0 1 0 1 

In order to read the output the following procedures should be 
followed: 

1. Place Outputs in high impedance state (ENABLE = HI). 

2. Present data to pins. 
3. Pull DATA LOAD and COMPLEMENT pins to ground. 

4. Wait 100 ns. 
5. Remove data from pins. 

6. Remove outputs from high impedance state (ENABLE 
= LO). 

7. Read outputs. 
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DIGITAL TIMING 

BUSY 

RIPPLE 
CLOCK 

DATA 

DIR 

DATA 

BYTE 
SELECT 

DATA 

1"-"----'\ VH 

CIRCUIT FUNCTIONS AND DYNAMIC 
PERFORMANCE 
The AD2S81N AD2S82A allows the user greater flexibility in 
choosing the dynamic characteristics of the resolver-to-digital 
conversion to ensure the optimum system performance. The 
characteristics are set by the external components shown in Fig
ure 1, and the section "COMPONENT SELECTION" explains 
how to select desired maximum tracking rate and bandwidth 
values. The following paragraphs explain in greater detail the 
circuit of the AD2S81NAD2S82A and the variations in the dy
namic performance available to the user. 

Loop Compensation 
The AD2S81A and AD2S82A (connected as shown in Figure la 
and I b) operates as a type 2 tracking servo loop where the VCOI 
counter combination and. integrator perform the two integration 
fum.;i.iuu~ iuiu;:n:ul in a type 2 loop. 

ACERROR 

sinO sinOJt 

PARAMETER TMIN TMAx CONDITION 

t, 200 600 BUSY WIDTH VH - VH 

t. 10 25 RIPPLE CLOCK VH TO BUSY VH 

t. 470 580 RIPPLE CLOCK VL TO NEXT BUSY VH 

t- 16 45 BUSYVH TO DATA VH 

t. 3 25 BUSY VH TO DATA VL 

t. 70 140 INHIBIT VH TO BUSY VH 

t, 485 625 MIN DIR VH TO BUSY VH 

to 515 670 MIN DIR VH TO BUSY VH 

t. - 600 INHIBIT VL TO DATA STABLE 

t,. 40 110 ENABLE VL TO DATA VH 

t" 35 11'0 ENABLE VL TO DATA VL 

t,. 60 140 BYTE SELECT V L TO DATA STABLE 

t,. 60 125 BYTE SELECT VH TO DATA STABLE 

Additional compensation in the form of a pole/zero pair is re
quired to stabilize any type 2 loop to avoid the loop gain charac
teristic crossing the 0 dB axis with 1800 of additional phase lag, 
as shown in Figure 5. This compensation is implemented by the 
integrator components (R4, C4, R5, C5). 

The overall response of such a system is that of a unity gain sec
ond order low pass fIlter, with the angle of the resolver as the 
input and the digital position data as the output. 

The AD2S81NAD2S82A does not have to be connected as 
tracking converter, parts of the circuit can be used indepen
dently. This is particularly true of the Ratio Multiplier which 
can be used as a control transformer (see Application Note). 

A block diagram of the AD2S81A/AD2S82A is given in 
Figure 3. 

PHASE 
SENSITIVE 

R4 

R5 C5 

cos II sin ... t A, sin (0 - <1>, sin wt DEMODULATOR 
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DIGITAL 
<I> 

CLOCK 

DIRECTION 
VCO 

Figure 3. AD2S81A1AD2S82A Functional Diagram 

INTEGRATOR 

R6 

VELOCITY 
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Ratio Multiplier 
The ratio multiplier is the input section of the AD2S81N 
AD2S82A and compares the signal from the resolver input 
angle, 6, to the digital angle, <1>, held in the counter. Any differ
ence between these two angles results in an analog voltage at the 
AC ERROR OUTPUT. This circuit function has historically 
been called a "Control Transformer" as it was originally per
formed by an electromechanical device known by that name. 

The AC ERROR signal is given by 
AI sin (6-<1» sin wt 

where w = 2 ". fREF 

fREF = reference frequency 

AI, the gain of the ratio multiplier stage is 14.5. 

So for 2 V rms inputs signals 
AC ERROR output in volts/(bit of error) 

= 2 x sin e:O) x Al 

Where n = bits per rev 
= 1,024 for 10 bits resolution 
= 4,096 for 12 bits 
= 16,384 for 14 bits 
= 65,536 for 16 bits 

Giving an AC ERROR output 
= 178 mV/bit (ii 10 bits resolution 
= 44.5 mVlbit <1' 12 bits 
= 11.125 mVlbit @ 14 bits 
= 2.78 mVibit (ii' 16 bits 

The ratio multiplier will work in exactly the same way whether 
the AD2S8IA/ AD2S82A is connected as a tracking converter or 
as a control transformer, where data is preset into the counters 
using the DATA LOAD pin. 

HF Filter 
The AC ERROR OUTPUT may be fed to the PSD via a simple 
ac coupling network (R2, CI) to remove any dc offset at this 
point. Note, however, that the PSD of the AD2S8IA/AD2S82A 
is a wideband demodulator and is capable of aliasing HF noise 
down to within the loop bandwidth. This is most likely to hap
pen where the resolver is situated in particularly noisy environ
ments, and the user is advised to fit a simple HF filter RI, C2 
prior to the phase sensitive demodulator. 

The attenuation and frequency response of a filter will affect the 
loop gain and must be taken into account in deriving the loop 
transfer function. The suggested filter (RI, CI, R2, C2) is 
shown in Figure I and gives an attenuation at the reference 
frequency (fREF) of 3 times at the input to the phase sensitive 
demodulator. 

Values of components used in the filter must be chosen to en
sure that the phase shift at fREF is within the allowable signal to 
reference phase shift of the converter. 

REV. A 
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Phase Sensitive Demodulator 
The phase sensitive demodulator is effectively ideal and develops 
a mean dc output at the DEMODULATOR OUTPUT 
pin of 

±2 v2 
--- x (DEMODULATOR INPUT rms voltage) 

". 

for sinusoidal signals in phase or antiphase with the reference 
(for a square wave the DEMODULATOR OUTPUT voltage 
will equal the DEMODULATOR INPUT). This provides a sig
nal at the DEMODULATOR OUTPUT which is a dc level pro
portional to the positional error of the converter. 

DC Error Scaling = 160 mVlbit (10 bits resolution) 3 
= 40 mV/bit (12 bits resolution) 
= 10 mVlbit (14 bits resolution) 
= 2.5 mVlbit (16 bits resolution) 

When the tracking loop is closed, this error is nulled to zero 
unless the converter input angle is accelerating. 

Integrator 
The integrator components (R4, C4, RS, CS) are external to the 
AD2S81NAD2S82A to allow the user to determine the opti
mum dynamic characteristics for any given application. The sec
tion "COMPONENT SELECTION" explains how to select 
components for a chosen bandwidth. 

Since the output from the integrator is fed to the VCO INPUT, 
it is proportional to velocity (rate of change of output angle) and 
can be scaled by selection of R6, the VCO input resistor. This is 
explained in the section "VOLTAGE CONTROLLED OSCIL
LATOR (VCO)" below. 

To prevent the converter from "flickering" (i.e., continually 
toggling by ± I bit when the quantized digital angle, <1>, is not 
an exact representation of the input angle, 6), feedback is inter
nally applied from the VCO to the integrator input to ensure 
that the VCO will only update the counter when the error is 
greater than or equal to I LSB. In order to ensure that this 
feedback "hysteresis" is set to I LSB the input current to the 
integrator must be scaled to be 100 nAibit. Therefore, 

DC Error Scaling (mVlbit) 
R4 = 100 (nAlbit) 

Any offset at the input of the integrator will affect the accuracy 
of the conversion as it will be treated as an error signal and 
offset the digital output. One LSB of extra error will be added 
for each 100 nA of input bias current. The method of adjusting 
out this offset is given in the section "COMPONENT 
SELECTION. " 

Voltage Controlled Oscillator (VCO) 
The VCO is essentially a sintple integrator feeding a pair of dc 
level comparators. Whenever the integrator output reaches one 
of the comparator threshold voltages, a fixed charge is injected 
into the integrator input to balance the input current. At the 
same time the counter is clocking either up or down, dependent 
on the polarity of the input current. In this way the counter is 
clocked at a rate proportional to the magnitude of the input cur
rent of the VCO. 
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During the reset period the input continues to be integrated, the 
reset period is constant at 400 ns. 

The VCO rate is fixed for a given input current by the VCO 
scaling factor: 

= 7.9kHz/~ 

The tracking rate in rps per jJA of VCO input current can be 
found by dividing the VCO scaling factor by the number of 
LSB changes per rev (i.e., 4096 for 12-bit resolution). 

The input resistor R6 determines the scaling between the con
verter velocity signal voltage at the INTEGRA TOR OUTPUT 
pin and the VCO input current. Thus to achieve a 5 V output at 
100 rps (6000 rpm) and 12-bit resolution the VCO input current 
must be: 

1100 x 40%)/17900) = 51.8 ~ 

Thus, R6 would be set to: 5/(51.8 x 10-6) = 96 kG 

The velocity offset voltage depends on the VCO input resistor, 
R6, and the VCO bias current and is given by 

Velocity Offset Voltage = R6 x IVCO bias current) 

The temperature coefficient of this offset is given by 
Velocity Offset Tempco = R6 x (VCO bias current tempco) 

where the VCO bias current tempco is typically -1.22 nAf'C. 

The maximum recommended rate for the veo is 1.1 MHz 
which sets the maximum possible tracking rate. 

Since the minimum voltage swing available at the integrator 
output is ±8 V, this implies that the minimum value for R6 is 
57 kG. As 

1.1 X 106 

Max Current = 7.9 X 103 139~ 

8 
Min Value R6 139 x 10-6 = 57 kG 

VCOOUTPUT 
In order to overcome the "freeplay" inherent in a servo system 
using digitized position feedback, an analog output voltage is 
available representing the resolver shaft position within the least 
significant bit of digital angle output. 

The converter updates the output if the error is an LSB or 
greater and the VCO output gives the positional error smaller 
than I LSB. 

Figure 4 illustrates how the VCO output compensates for in
stances where, due to hysteresis, there is no change in the digi
tal count output for I LSB change in input angle. The sum of 
the digital count output and VCO output equals the actual input 
angle. 

... 
INPUT ::> ... 

ANGLE ... 
::> 
0 

-,... i'-~ l/ ""'--... + LSB z 
::> 0 0 - I-- r--
u - LSB 
-' 

~ 
+3V 

VCO 
OUTPUT 

- V .- f", r-... -
-3V 

Figure 4. 
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Transfer Function 
By selecting components using the method outlined in the sec
tion "Component Selection," the converter will have a critically 
damped time response and maximum phase margin. The 
Closed-Loop Transfer Function is given by: 

IlOUT 14 II + SN) 
IlIN = ISN + 2.4) Is~ + 3.4 SN + 5.8) 

where, SN' the normalized frequency variable is: 

2 s 
SN = :;; fBw 

and fBw is the closed loop 3 dB bandwidth (selected by the 
choice of external components). 

The acceleration constant, KA> is given approximately by 

KA = 6 X (fBW)2 sec-2 

The normalized gain and phase diagrams are given in Figures 5 
and 6. 
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Figure 5. AD2S81A1AD2S82A Gain Plot 
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The small signal step response is shown in Figure 7. The time 
from the step to the first peak is t1 and the tz is the time from 
the step until the converter is settled to I LSB. The times t1 
and tz are given approximately by 

I 
t1 = fRw 

5 R 
tz = r;;; x 12 

where R = resolution, i.e., 10, 12, 14 or 16. 

OUTPUT 
POSITION 

AD2S81 AlAD2S82A 
KA can be used to predict the output position error for a given 
input acceleration. For example for an acceleration of 100 
revs/secz, KA = 2.7 X 10· sec-z and 12-bit resolution. 

. Input acceleration [LSBlsecz] 
Error In LSBs = KA [sec Z] 

100 [revlsecZ] x 21z 

2.7 X 106 
0.15 LSBs or 47.5 seconds of arc 

To determine the value of KA based on the passive components 
used to define the dynamics of the converter the following 
should be used: 

4.04 X 1011 

2" . R6 . R4· (C4 + CSI 

Where n = resolution of the converter 
R4, R6 in ohms 
CS, C4 in farads 

SOURCES OF ERRORS 
Integrator Offset 
Additional inaccuracies in the conversion of the resolver signals 
will result from an offset at the input to the integrator as it will 
be treated as an error signal. This error will typically be I arc 
minute over the operating temperature range. 

A description of how to adjust from zero offset is given in the 
TIME section "COMPONENT SELECTION" and the circuit re

quired is shown in Figure la, b. 

Figure 7. AD2S81A1AD2S82A Small Step Response 

The large signal step response (for steps greater than 5 degrees) 
applies when the error voltage exceeds the linear range of the 
converter. 

Typically the converter will take three times longer to reach the 
first peak for a 179 degrees step. 

In response to a velocity step, the velocity output will exhibit 
the same time response characteristics as outlined above for the 
position output. 

ACCELERATION ERROR 
A tracking converter employing a type 2 servo loop does not 
suffer any velocity lag, however, there is an additional error due 
to acceleration. This additional error can be defined using the 
acceleration constant KA of the converter. 

Input Acceleration 
KA = Error In OUtput Angle 

The numerator and denominator must have consistent angular 
units. For example, if KA is in sec-2 , then the input acceleration 
may be specified in degrees/secz and the error output in degrees. 
Angular measurement may also be specified using radians, min
utes of arc, LSBs, etc. 

KA does not define maximum input acceleration, only the error due 
to it's acceleration. The maximum acceleration allowable before 
the converter loses track is dependent on the angular accuracy 
requirements of the system. 

Angular Accura()l x KA = degrees/secz 
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Differential Phase Shift 
Phase shift between the sine and cosine signals from the resolver 
is known as differential phase shift and can cause static error. 
Some differential phase shift will be present on all resolvers as a 
result of coupling. A small resolver residual voltage (quadrature 
voltage) indicates a small differential phase shift. Additional 
phase shift can be introduced if the sine channel wires and the 
cosine channel wires are treated differently. For instance, differ
ent cable lengths or different loads could cause differential phase 
shift. 

The additional error caused by differential phase shift on the 
input signals approximates to 

Error = 0.53 a x b arc minutes 
where a = differential phase shift (degrees). 

b = signal to reference phase shift (degrees). 

This error can be minimized by choosing a resolver with a small 
residual voltage, ensuring that the sine and cosine signals are 
handled identically and removing the reference phase shift (see 
section "CONNECTING THE RESOLVER"). By taking these 
precautions the extra error can be made insignificant. 

Under static operating conditions phase shift between the refer
ence and the signal lines alone will not theoretically affect the 
converter's static accuracy. 

However, most resolvers exhibit a phase shift between the signal 
and the reference. This phase shift will give rise under dynamic 
conditions to an additional error defined by: 

Shaft Speed Irps) x Phase Shift IDegrees) 
Reference Frequen()l 

SID CONVERTERS 3-83 

• 



AD2S81 AlAD2S82A 
For example, for a phase shift of 20 degrees, a shaft rotation of 
22 rps and a reference frequency of 5 kHz, the converter will 
exhibit an additional error of: 

22 x 20 5000 = 0.088 degrees 

This effect can be eliminated by putting a phase shift in the ref
erence to the converter equivalent to the phase shift in the re
solver (see section "CONNECTING THE RESOLVER"). 

Note: Capacitive and inductive crosstalk in the signal and reference 
leads and wiring can cause similar problems. 

VELOCITY ERRORS 
The signal at the INTEGRATOR OUTPUT pin relative to the 
ANALOG GROUND pin is an analog voltage proportional to 
the rate of change of the input angle. This signal can be used to 
stabilize servo loops or in the place of a velocity transducer. Al
though the conversion loop of the AD2S81AlAD2S82A includes 
a digital section, there is an additional analog feedback loop 
around the velocity signal. This ensures against flicker in the 
digital positional output in both dynamic and static states. 

A better quality velocity signal will be achieved if the following 
points are considered: 

1. Protection. 
The velocity signal should be buffered before use. 

2. Reversion error. 1 

The reversion error can be nulled by varying one supply rail 
relative to the other. 

3. Ripple and Noise. 
Noise on the input signals to the converter is the major cause of 
noise on the velocity signal. This can be reduced to a minimum 
if the following precautions are taken: 

The resolver is connected to the converter using separate 
twisted pair cable for the sine, cosine and reference signals. 

Care is taken to reduce the external noise wherever possible. 

An HF filter is fitted before the Phase Sensitive Demodulator 
(as described in the section HF FILTER). 

A resolver is chosen that has low residual voltage, i.e., a 
small signal in quadrature with the reference. 

Components are selected to operate the AD2S81A1 AD2S82A 
wiih iiu: luwe~l al.:l.:eplabie banciwidrD. 

Feedthrough of the reference frequency should be removed 
by a filter on the velocity signal. 

Maintenance of the input signal voltages at 2 V rms will 
prevent LSB flicker at the positional output. The analog 
feedback or hysteresis employed around the VCO and the 
integrator is a function of the input signal levels (see section 
"INTEGRA TOR"). 

I Reversion error, or side-ta-side nonlinearity, is a result of differences in the 
up and down rates of the veo. 
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Following the preceding precautions will allow the user to use 
the velocity signal in very noisy environments for example PWM 
motor drive applications. Resolver/converter error curves may' 
exhibit apparent acceleration/deceleration at a constant velocity. 
This results in ripple on the velocity signal of frequency twice 
the input rotation. 

CONNECTING THE RESOLVER 
The recommended connection circuit is shown in Figure 8. 

POWER RETURN 

Figure 8. Connecting the AD2S82A to a Resolver 

In cases where the reference phase relative to the input signals 
from the resolver requires adjustment, this can be easily 
achieved by varying the value of the resistor R2 of the HF filter 
(see Figure la, b). 

Assuming that RI = R2 = Rand Cl = C2 = C 

I 
and Reference Frequency 2 'IT RC 

by altering the value of R2, the phase of the reference relative to 
the input signals will change in an approximately linear manner 
for phase shifts of up to 10 degrees. 

Increasing R2 by 10% introduces a phase lag of 2 degrees. De
creasing R2 by 10% introduces a phase lead of 2 degrees. 

PHASE LEAD = ARC TAN 2n:RC 

~'T 
PHASE LAG = 
ARC TAN 2nfRC 

~ 
~ 

Figure 9. Phase Shift Circuits 
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Figure 10. Typical Circuit Configuration 

TYPICAL CIRCUIT CONFIGURATION 
Figure 10 shows a typical circuit configuration for the 
AD2S81A/AD2S82A in a 12-bit resolution mode. Values of the 
external components have been chosen for a reference frequency 
of 5 kHz and a maximum tracking rate of 260 rps with a band
width of 520 Hz. Placing the values for R4, R6, C4 and C5 in 
the equation for KA gives a value of 2.7 x 106 • The resistors are 
0.125 W, 5% tolerance preferred values. The capacitors are 
100 V ceramic, 10% tolerance components. 

For signal and reference voltages greater than 2 V rms a simple 
voltage divider circuit of resistors can be used to generate the 
correct signal level at the converter. Care should be taken to 
ensure that the ratios of the resistors between the sine signal line 
and ground and the cosine signal line and ground are the same. 
Any difference will result in an additional position error. 

For more information on resistive scaling of SIN, COS and 
REFERENCE converter inputs, refer to the application note 
"Circuit Applications of the 2S81 and 2S80 Resolver-to-Digital 
Converters. " 
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Circuit Shown in Figure 10 
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APPLICATIONS 
Control Transformer 
The ratio multiplier of the AD2S82A can be used independently 
of the loop integrators as a control transformer. In this mode the 
resolver inputs 6 are multiplied by a digital angle <1>, any differ
ence between <I> and 6 will be represented by the AC ERROR 
output as SIN wt sin (6-<1» or the DEMOD output as sin (6-<1». 
To use the AD2S81A/AD2S82A in this mode refer to the 
"Control Transformer" application note. 

Dynamic Switching 
In applications where the user requires wide band response from 
the converter, for example 100 rpm to 6000 rpm, superior per
formance is achieved if the converters control characteristics are 
switched dynamically. This reduces velocity offset levels at low 
tracking rates. For more information on the technique refer to 
"Dynamic Resolution Switching Using the Variable Resolution 
Monolithic Resolver-to-Digital Converters." 
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ORDERING GUIDE 

Operating 
Temperature Package 

Accuracy Range Option* 

AD2S81AJD 30 arc min IrC to +700c D-28 

AD2S82AHP 22 arc min IrC to +70°C P-44A 
AD2S82AJP 8 arc min O°C to +70°C P-44A 
AD2S82AKP 4 arc min IrC to +70°C P-44A 
AD2S82ALP 2 arc min O°C to +70°C P-44A 

*D = Ceramic DIP Package; P = Plasnc Leaded Chip Carrier 
(PLCC) Package. For outline information see Package 
Information section. 
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OTHER PRODUCTS 
The AD2S80A is a monolithic resolver to digital converter offer
ing 10-16 bits of resolution and user selectable dynamics. The 
AD2S80A is also available in 40-pin ceramic DIP, 44-pin LCC 
and is qualified to MIL-STD 883B Rev C. 

The AD2S46 is a highly integrated hybrid resolverlsynchro to 
digital converter packaged in a 28-pin ceramic DIP. The part 
offers the user 1.3 arc minutes of accuracy over the full military 
temperature range. 

The AD2S34 is a dual channel 14-bit hybrid resolver to digital 
converter packaged in a 1 in2 32-pin flatpack. 

The 1740/41142 are hybrid resolverlsynchro to digital converters 
which incorporate pico-transformer isolated input signal 
conditioning. 
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FEATURES 
Monolithic Tracking RID Converter 
44-Pin PLCC Package 
10-, 12-, 14- or 16-Bit Resolution Set by User 
Ratiometric Conversion 
Low Power Consumption: 300 mW typ 
Dynamic Performance Set by User 
High Max Tracking Rate 1040 RPS (10 Bits) 
High Accuracy Velocity Output 
Industrial Temperature Range Versions 
ESD Class 2 Protection (2,000 V min) 

APPLICATIONS 
DC and AC Motor Control 
Process Control 
Numerical Control of Machine Tools 
Robotics 
Axis Control 
Military Servo Control 

GENERAL DESCRIPTION 
The AD2S83 is a monolithic 10-, 12-
resolver-to-digital converter contai 
package. It is manufactured on An 
cess that combines the advantages of 
high accuracy linear circuits on the same chip. 

The converter allows users to select their own resolution and dy
namic performance with external components. This allows the users 
great flexibility in defining the converter that best suits their 
system requirements. The converter allows users to select the 
resolution to be 10, 12, 14 or 16 bits and to track resolver sig
nals rotating at up to 1040 revs per second (62,400 rpm) when 
set to lO-bit resolution. 

The AD2S83 converts resolver format input signals into a paral
lel natural binary digital word using a ratiometric tracking con
version method. This ensures high noise immunity and tolerance 
of long leads allowing the converter to be located remote from 
the resolver. 

The position output from the converter is presented via 3-state 
output pins which can be configured for operations with 8- or 
16-bit busses. BYTE SELECT, ENABLE and INHIBIT pins 
ensure easy data transfer to 8- and 16-bit data buses, and out
puts are provided to allow for cycle or pitch counting in external 
counters. 

An analog signal proportional to velocity is also available and 
can be used to replace a tachogenerator. 

The AD2S83 operates over reference frequencies in the range 
50 Hz to 20,000 Hz. 

Variable Resolution, Monolithic 
Resolver -to-Digital Converter 

AD2S83 I 
FUNCTIONAL BLOCK DIAGRAM 

Velocity Output. A precision analog velocity 
I linearity of :to.25% and reversion error less 

generated by the AD2S83. The provision of this 
ertl'oves the need for mechanical tachogenerators used in 

systems to provide loop stabilization and speed control. 

Monolithic. A one-chip solution reduces the package size and 
increases the reliability. 

Resolution Set by User. Two control pins are used to select 
the resolution of the AD2S83 to be 10, 12, 14 or 16 bits 
allowing the user to use the AD2S83 with the optimum 
resolution for each application. 

Ratiometric Tracking Conversion. This technique provides 
continuous output position data without conversion delay and.is 
insensitive to absolute signal levels. It also provides good noise 
immunity and tolerance to harmonic distortion on the reference 
and input signals. 

Dynamic Performance Set by the User. By selecting external 
resistor and capacitor values the user can determine bandwidth, 
maximum tracking rate and velocity scaling of the converter to 
match the system requirements. The external components re
quired are all low cost, preferred value resistors and capacitors, 
and the component values are easy to select using the free com
ponent selection software. 

Low Power Consumption. Typically only 300 mW. 

MODELS AVAILABLE 
Information on the models available is given in the section 
"Ordering Information." 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD2S83 -SPECIFICATIONS (typical at +25°C unless otherwise specified) 

AD2S83J 
Parameter Conditions Min Typ Max Units 

SIGNAL INPUTS (SIN, COS) 
Frequency 50 20,000 Hz 
Voltage Level I.S 2.0 2.2 V rms 
Input Bias Current 60 150 nA 
Input Impedance 1.0 Mil 

REFERENCE INPUT (REF) 
Frequericy 50 20,000 Hz 
Voltage Level 1.0 8.0 Vpk 
Input Bias Current 60 150 nA 
Input Impedance 1.0 Mil 

PERFORMANCE 
Repeatability ±1 LSB 
Allowable Phase Shift (Signals to Reference) -10 +10 Degrees 
Tracking Rate 10 Bits 1040 rps 

12 Bits 260 rps 
14 Bits 65 rps 
16 Bits 16.25 rps 

Bandwidth' User Selectable 

ACCURACY 
Angular Accuracy A ±8 +1 LSB arc min 
Monotonicity Guaranteed Monotonic 
Missing Codes (l6-Bit Resolution) A 4 Codes 

VELOCITY SIGNAL 
Linearity 0.4 %FSD 

O.S %FSD 
Reversion Error 0.5 %FSD 
DC Zero Offser 6 mV 
DC Zero Offset Tempco IJ.vrc 
Gain Scaling Accuracy %FSD 
Output Voltage V 
Dynamic Ripple % rms OIP 

INPUT/OUTPUT PROTECTION 
Analog Inputs ±S V 
Analog Outputs ±5.6 ±S ±1O.4 rnA 

DIGITAL POSITION 
Resolution 10, 12, 14, and 16 Bits 
Output Format Bidirectional Natural Binary 
Load 3 LSTTL 

INHIBIT' 
Sense Logic LO to INHIBIT 
Time to Stable Data 600 ns 

ENABLE' Logic LO Enables Position Output 

~3rr.· •• 'T"O· 

........... ~:u ... .&...oLJ 1.a...IJ~dU.u:; .lUlle: 

Logic HI Outputs in High 
Impeaance IState 35 no ns 

BytE SELECT' 
Sense 
Logic HI MS Byte DBI-DBS 
Logic LO LS Byte DBI-DBS 
Time to Data Available 60 140 ns 

SHORT CYCLE INPUTS Internally Pulled High via 100 kil 
100 kil to +Vs 

SCI SC2 
0 0 lO-Bit Resolution 
0 1 12-Bit Resolution 
1 0 14-Bit Resolution 
1 1 16-8it Resolution 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD2S83 
AD2S83 

Parameter Conditions Min Typ Max Units 

COMPLEMENT Internally Pulled High via 100 kl1 
to + V s. Logic LO to Activate; 
No Connect for Normal Operation 

DATA LOAD 
Sense Internally Pulled High via 100 kH ISO 300 ns 

to +Vs. Logic LO Allows 
Data to be Loaded into the Counters 
from the Data Lioes 

BUSY' 
Sense Logic HI When Position OIP Changing 
Width 200 600 ns 
Load Use Additional Pull-Up (See Figure 2) I LSTTL 

DIRECTION' 
Sense Logic HI Counting Up 

Logic LO Counting Down 
Max Load LSTTL 

RIPPLE CLOCK' 
Sense Logic HI 

AU Is to All Os 
All Os to All Is 

Width 
Reset 
Load LSTTL 

DIGITAL INPUTS 
Input High Voltage, V IH V 

Input Low Voltage, VIL 0.8 V 

DIGITAL INPUTS 
Input High Current, IIH INHIBIT, ENABLE ±IOO JLA 

DBI-DBI6 
±Vs = ±13.2 V, VL = 5.5 V 

Input Low Current, IlL INHIBIT, ENABLE ±IOO ."A 
DBI-DBI6, Byte Select 
±Vs = ±13.2 V, VL = 5.5 V 

DIGITAL INPUTS 
Low Voltage, VIL ENABLE = HI 1.0 V 

SCI, SC2, DATA LOAD 
±Vs = ±12.0 V, VL = 5.0 V 

Low Current, IlL ENABLE = HI -400 ."A ----
SCI, SC2, DATA LOAD 
±Vs = ±12.0 V, VL = 5.0 V 

DIGITAL OUTPUTS 
High Voltage, V OH DBI-DBI6 2.4 V 

RIPPLE CLK, DIR 
±Vs = ±12.0 V, VL = 4.5 V 
IOH = loo."A 

Low Voltage, VOL DBI-DBI6 0.4 V 
RIPPLE CLK, DIR 
±Vs = ±12.0 V, VL = 5.5 V 
IOL = 1.2 rnA 

NOTES 
'Refers to small signal bandwidth. 
20Utput offset dependent on value for R6. 
3Refer to timing diagram.. 
All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. 
Specifications subject to change without notice. 
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AD2S83 -SPECIFICATIONS (typical at +25°C unless otherwise specified) 

AD2S83 
Parameter Conditions Min Typ Max Units 

THREE-STATE LEAKAGE DBI-DBI6 Only 
Current IL ±Vs = ±12.0 V, VL = 5.5 V ±50 ,.,A 

VOL = OV 
±Vs = ±12.0 V, VL = 5.5 V ±50 Jl.A 
VoH =5.0V 

RATIO MULTIPLIER 
AC Error Output Scaling 10 Bit 177.6 mVlBit 

12 Bit 44.4 mVlBit 
14 Bit 11.1 mVlBit 
16 Bit 2.775 mVlBit 

PHASE SENSmVE DETECTOR 
Output Offset Voltage 12 mV 
Gain 

In Phase w.r.t. REF -0.882 -0.9 -0.918 VrmsIV de 
In Quadrature w.r.t. REF ±0.02 VrmsIV de 

Input Bias Current 60 ISO nA 
Input Impedance 1 MO 
Input Voltage ±8 V 

INTEGRATOR 
Open-Loop Gain 63 dB 
Dead Zone Current (Hysteresis) nAlLSB 
Input Offset Voltage 5 mV 
Input Bias Current ISO nA 
Output Voltage Range V 

VCO 
Maximum Rate MHz 
VCO Rate 8.5 kH7l,.,A 

8.5 kH7lJl.A 
veo Power Supply Sensitivity 

Increase -0.5 %N 
+0.5 %N 

Input Offset Voltage 0.6 mV 
Input Bias Current 55 nA 
Input Bias Current Tempco nAf'C 
Input Voltage Range ±8 V 
Linearity of Absolute Rate 

Full Range 0.5 0.8 %FSD 
Over 0% to 50% of Full Range 0.25 0.4 %FSD 

Reversion Error 0.25 0.5 %FSD 

POWER SUPPLIES 
Voltage Levels 

+Vs +10.8 +13.2 V 
-Vs -10.8 -13.2 V 
+VL +5 +V. V 

Current 
±T .. +V,,@-t!2V ~" 

~~, -A 

±I; 
uu. 

±Vs @ ±13.2V ±19 ±30 rnA 
±IL +VL @ ±5.0V ±0.5 ±I.S rnA 

AU min and max specifications are guaranteed. Specifications in boldface and tested on all production units at finaJ electticsl test. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS' (with respect to GND) 
+VS2 ............................... +14Vdc 
-Vs ................................ -14Vdc 
+VL2 .................................. +Vs 
Reference ......................... + 14 V to -V s 
SIN ............................. +14 V to -Vs 
COS ............................ +14 V to -Vs 
Any Logic Input ................ -0.4 V dc to +VL dc 
Demodulator Input . . . . . . . . . . . . . . . . . . . + 14 V to - V s 
Integrator Input ..................... + 14 V to - V s 
VCO Input ........................ +14 V to -Vs 
Power Dissipation ........................ 860 mW 
Operating Temperature 

Industrial (AP) ................... -40°C to +85°C 
Storage Temperature ................ -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ........... + 300°C 
CAUTION: 
1. Absolute Maximum Ratings are those values beyond which damage to the 

device may occur. 
2. Correct polarity voltages must be maintained on the + V s and - V spins. 

ESD SENSITMTY _________ -: 
The AD2S83 features an input protection circuit co 
polysilicon series resistors to dissipate both h' 
low energy pulses (Charges Device Mo 

The AD2S83 is ESD protection 
recommended to avoid functional 
ESD precautions, refer to Analog 

AD2S83 
RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage (+Vs, -Vs) ....... ±12 V dc ± 10% 
Power Supply Voltage VL .............. +5 V dc ± 10% 
Analog Input Voltage (SIN and COS) ...... 2 V rms ± 10% 
Analog Input Voltage (REF) ............ I V to 8 V peak 
Signal and Reference Harmonic Distortion ....... 10% (max) 
Phase Shift Between Signal and Reference . ±IO Degrees (max) 
Ambient Operating Temperature Range 

Industrial (AP) ................... -40°C to +85°C 

ORDERING GUIDE 

Temperature Package 
Model Range Accuracy Option* 

AD2S83AP -40°C to +85°C 8 arc min P-44A 

*p = Plastic Leaded Chip Carrier. For outline information see Package 
Infonnation section. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD2S83 
TOP VIEW 

(Not to Scale) 

Pin 
Nos. 

!!; 
0 
!;! 

2 

3 

4 
-v. 5 
RIPPLE 
CLOCK 6 
DIRECTION 

7 
BUSY 

CoMP 
8 

DATA 10-25 
LOAD 26 
sel 

SCI 
27 

DIGITAL 
GNO 

iNtiiBiT 
Ne 

38 

39 

40 

41 

42 

43 

44 

PIN DESIGNATIONS 

Mnemonic Description 

REFERENCE IIP Reference Signal Input 

DEMODIIP Demodulator Input 

AC ERROROIP Ratio Multiplier Output 

COS Cosine Input 

ANALOGGND Power Ground 

SIGNALGND Resolver Signal Ground 

SIN Sine Input 
+Vs Positive Power Supply 

BIT I-BIT 16 Parallel Output Data 

+VL Logic Power Supply 

ENABLE Logic HI-Output Data in 
High Impedance State 
Logic LO-Presents Data to the 
Output Latches 

Logic HI-Most Significant Byte to 
DBI-DB8 
Logic LO-Least Significant Byte 
to DBI-DB8 

Logic LO Inhibits Data Transfer 
to Output Latches 

Digital Ground 

Select Converter Resolution 

Logic LO DBI-DBI6 Inputs 

Logic HI DBI-DI6 Outputs 

Converter Busy, Data not Valid 
While Busy HI 

DIRECTION Logic State Defmes Direction of 
Input Signal Rotation 

RIPPLE CLOCK Positive Pulse when Converter. Output 
Changes from Is to All Os or Vice Versa 

-Vs Negative Power Supply 

VCO IIP VCO Input 

VCOOIP VCO Output 

INTEGRATOR OIP Integrator Output 

INTEGRATOR IIP Integrator Input 

I DEIviOD riP I Demodulator Uutput 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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~ANALOG 
WDEVICES 

FEATURES 
Complete Monolithic Resolver-to-Digital Converter 
Incremental Encoder Emulation (1024-Linel 
Absolute Serial Data (12-Bitl 
Differential Inputs 
12-Bit Resolution 
Analog Velocity Output 
Industrial Temperature Range 
20-Pin PLCC 
Low Power 

APPLICATIONS 
Industrial Motor Control 
Servo Motor Control 
Industrial Gauging 
Encoder Emulation 
Automotive Motion Sensing and Control 
Factory Automation 
Limit Switching 

GENERAL DESCRIPTION 
The AD2S90 is a complete 12-bit r 
digital converter. No external comp 
ate the device. 

The converter accepts 2 V rms ± 10% input 
2-10 kHz on the SIN, COS and REF inputs. A pe II servo 
loop is employed to track the inputs and convert the input SIN ~ 
and COS information into a digital representation of the input 
angle. The bandwidth of the converter is set internally at I kHz. 
The maximum tracking rate is 750 rps at 12-bit resolution. 

Angular position output information is available in two forms, 
absolute serial binary and incremental A quad B. 

The absolute serial binary output is 12-bit (1 in 4096). The data 
output pin is high impedance when Chip Select CS is logic HI. 
This allows the connection of multiple converters onto a com
mon bus. Absolute angular information in serial pure binary 
form is accessed by CS followed by the application of an exter
nal clock (SCLK) with a maximum rate of 2 MHz 

The encoder emulation outputs A, B and NM continuously pro
duce signals equivalent to a 1024 line encoder. When decoded 
this corresponds to 12-bits resolution. Three common north 
marker pulse widths are selected via a single pin (NMC). 

An analog velocity output signal provides an accurate represen
tation of input angular velocity of the input signals, in either a 
clockwise or counterclockwise direction. The velocity full scale 
is ±2.S V dc equivalent to ±300 rpsN dc. 

Low Cost, Complete 12-Bit 
Resolver -to-Digital Converter 

AD2S90 I 
FUNCTIONAL BLOCK DIAGRAM 

REF 

,~ --"',> 

Qi;~~ilii a ±S V dc ±S% power supplies and is 
~<Jg Devices' Linear Compatible CMOS process 

2 MOS is a mixed technology process that com
ision bipolar circuits with low power CMOS logic 

Dual Format Position Data. Incremental encoder emulation in 
standard A QUAD B format with selectable North Marker 
width. Absolute serial 12-bit angular binary position data 
accessed via simple 3-wire interface. 

Single High Accuracy Grade in Low Cost Package. ± 8 arc 
minutes of angular accuracy available in a 20-pin PLCC. 

Low Power. SO mW power consumption. 

Analog Velocity Output. Analog output which represents the 
input velocity of a resolver shaft. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD2S90 SPECIFICATIONS (VDD = +5 Y ± 5%,.Yss = -5 Y ± 5%, ABND = DBND = 0 Y, 1A = -40°C to 
- +85°C unless otheJWIse stated) 

Parameter Min Typ Max Units Test Condition 

SIGNAL INPUTS 
Voltage Amplitude 1.8 2.0 2.2 Vrms Differential SIN to SIN LO, 

COS to COS LO 
Frequency 2 10 kHz 
Input Bias Current 100 nA Y'N = 2 ± 10% V rms 
Input Impedance 1.0 Mfl VIN = 2 ± 10% V rms 
Common-Mode Volts! 100 mVpeak CMV @ SINLO, COSLO w.r.t. 
CMRR 60 dB AGND@ 10kHz 

REFERENCE INPUT 
Voltage Amplitude 1.8 2.0 2.2 Vrms 
Frequency 2 10 kHz 
Input Bias Current 100 nA 
Input Impedance 100 kfl 
Permissible Phase Shift -10 +10 Degrees Relative to SIN, COS Inputs 

CONVERTER DYNAMICS 
Bandwidth 1.0 kHz 
Maximum Tracking Rate 750 
VCO Rate (CLKOUT) 2.0 
Settling Time 

10 Step 5 
1790 Step 20 

ACCURACY 
Angular Accuracy 
Repeatability' 

VELOCITY OUTPUT 
Scsling 
Max Output Voltage 
Reversion Error VOUT = ±2.5 V de 
Linearity 
Offset 
Load Drive Capability VOUT = ±2.5 V de 

LOGIC INPUTS SCLK, CS 
Input High Voltage (V,NH) 3.5 V de VDD = +5 V dc, Vss = -5 V de 
Input Low Voltage (Vrn0 1.5 V de VDD = +5 V dc, Vss = -5 V de 
Input Current (lIN) 10 jLA. 
Input capacitance 10 pF 

LOGIC OUTPUTS DATA, A, B, 
NM, CLKOUT, DIR VDD = +5 V dc, Vss = -5 V de 

Output High Voltage 4.0 Vdc IOH=lmA 
Output Low Voltage 1.0 Vdc IOL=lmA 

SERIAL CLOCK (SCLK) 
SCLK Input Rate 2 MHz 1:1 Mark Space Ratio 
n: ...... /U_11 "T": __ iii ns '&,,",~"'CiU.I."'.&.LU"" 

NORTH MARKER CONTROL (NMC) 
900 +4.75 +5.0 +5.25 Vdc North Marker Width Relative to 
1800 -0.75 0.0 +0.75 Vdc to "A" Cycle 
3600 -4.75 -5.0 -5.25 Vdc 

POWER SUPPLIES 
VDD +4.75 +5.00 +5.25 Vdc 
Vss -4.75 -5.00 -5.25 Vdc 
IDD 8.0 mA 
Iss 8.0 mA 

NOTES 
'If the tolerance on signal inputs = ±5%, then CMV = 200 mY. 
'I LSB = 5.3 arc minute. 
'Specified at constant tempelatute. 
Specifications subject to change without notice. 
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RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage (Voo-Vss) ......... ±5 V dc ± 5% 
Analog Input Voltage (SIN, COS & REF) ... 2 V rms ± 10% 
Signal and Reference Harmonic Distortion ........... 10% 
Phase Shift between Signal and Reference ........... ± 10° 
Ambient Operating Temperature Range 

Industrial (AP) . . . . . . . . . • . . . . . . . .. -40°C to + 85°C 

ABSOLUTE MAXIMUM RATINGS· 
Voo to AGND ............... -0.3 V dc to +7.0 V dc 
Vss to AGND ................ +0.3 V dc to -7.0 V dc 
AGND to DGND ......... -0.3 V dc to Voo + 0.3 V dc 
Analog Inputs to AGND 

REF ............. Vss - 0.3 V dc to Voo + 0.3 V dc 
SIN, SIN LO ....... Vss - 0.3 V dc to Voo + 0.3 V dc 
COS, COS LO ...... Vss - 0.3 V dc to Voo + 0.3 V dc 

Analog Output to AGND 
VEL ............................. Vss to Voo 

Digital Inputs to DGND, CSB, 
SCLK, RES ........... -0.3 V dc to Voo + 0.3 V dc 

Digital Outputs to DGND, NM, A,B, 
DIR, CLKOUT DATA .... -0.3 V dc to Voo + 0.3 V 

Operating Temperature Range 
Industrial (AP) ................... _40° 

Lead Temperature (Soldering 10 secs) . . . . . .~ 
Power Dissipation to + 75°C ....... . 
Derates above + 75°C by ...... . 

·Stresses above those listed in "Absolute 
manent damage to the device. This is 
operation of the device at these or any other 
in the operational section is not implied. Exposure 
rating conditions for extended periods may affect device 

Model 

AD2S90AP 

ORDERING GUIDE 

Temperature 
Range 

-40°C to +85°C 

Accuracy 

8 arc min 

Package 
Option· 

P-20A 

.p = Plastic Leaded Chip Carrier. For outline information see 
Package Information section. 

18 REF 

AD2S90 

TOP VIEW 
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Mnemonic 

AGND 

SIN 

SINLO 

DATA 

SCLK 

Vss 

Voo 
NC 

NMC 

CLKOUT 

VEL 

REF 

COSLO 

COS 

AD2S90 
PIN DESCRIPTIONS 

Function 

Analog ground, reference ground. 

SIN channel noninverting input connect 
to resolver SIN HI output. SIN to SIN 
LO = 2 V rms ± 10%. 

SIN channel inverting input connect to 
resolver SIN LO. 

Serial interface data output. High 
impedance with CS = HI. Enabled 
by CS = O. 
Serial interface clock. Data is clocked 
out on "ftrst" negative edge of SCLK 

ter a LO transition on CS. 12 SCLK 
. ~ ulses to clock data out. 

'~hip select. Active LO. Logic LO transi
tion enables DATA output. 

Encoder North Marker emulation output. 
Pulse triggered as code passes through zero. 
Three common pulse widths available. 

Indicates direction of rotation of input. 
Logic HI = increasing angular rotation. 
Logic LO = decreasing angular rotation. 

Digital power ground return. 

Negative power supply, -5 V dc ± 5%. 

Positive power supply, +5 V dc ± 5%. 

Not connected. 

North marker width control. Internally 
pulled HI via 50 kO nominal. 

Internal VCO clock output. Indicates 
angular velocity of input signals. Max 
rate = 2 MHz. CLKOUT is a 200 ns 
positive pulse. 

Bipolar analog velocity output. Indicates 
angular velocity of input signals. 
Positive voltage w.r.t. AGND indicates 
increasing angie. FSD = 750 rps. 

Converter reference input. Normally 
derived from resolver primary 
excitation. REF = 2 V rms ± 10%. 
Phase shift w.r.t. COS and SIN = 
±10° max. 

COS channel inverting input. Connect 
to resolver COS LO. 

COS channel noninverting input. 
Connect to resolver COS HI output. 
COS = 2 V rms ± 10%. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Full Function Monolithic LVDT-to-Digital Converter 
Absolute Serial Data Output 
Uncommitted Differential Input 
14-Bits Repeatability 
Loss of Signal Detection 
14-Bit Resolution 
Analog Velocity Output 
Industrial Temperature Range 
28-Pin PLCC 
Low Power 

APPLICATIONS 
Industrial Gauging 
Industrial Process Control 
Linear Positioning Systems 
Linear Actuator Control 
Automotive Motion Sensing and Control 
Factory Automation 

GENERAL DESCRIPTION 
The AD2S93 is a complete 14-bit resol 
digital converter. 

A Type II servo loop is employed t 
produce a digital output equal to (A 
fixed amplitude ac reference phase coherent w 
This allows the measurement of any 2-, 3-, 4- an 5-wire 
L VDTs or alternative amplitude modulated input. The band
width of the converter is set by the user externally between a 
range of 500 Hz-lOoo Hz. 

The AD2S93 has a 16-bit serial output. The MSB (LOS), read 
fll"St, indicates loss of the A, B or reference inputs to the con
verter or transducer. The second and third MSBs are flags indi
cating whether -(A-B) s -REF (UNR) or A-B s +REF 
(OVR). The displacement data is presented as 13-bit offset 
binary giving a ± 12 bits operating range. LOS, OVR and UNR 
are pinned out on the device. In addition, NULL is available; 
this flags when A - B = o. 
Absolute displacement information is accessed when CS is taken 
LO followed by the application of an external clock (SCLK) 
with a maximum rate of 2 MHz. Data is read MSB first. When 
CS is high, the DATA output is high impedance; this allows 
daisy chaining of more than one converter onto a common bus. 

The A, B differential input allows the user to scale the A, B 
input between 1 and 10. This enables the user to accurately set 
up the inputs matching the REF input to the DIFF output. The 
DIFF output is the resultant A-B. 

Low Cost 
LVDT -to-Digital Converter 

AD2S93 I 
FUNCTIONAL BLOCK DIAGRAM 

REFERENCE 
(PRIMARY 

EXCITATION) 

A EO DI 

REF 1'>-_-1' .... 

. ty output is provided which accurately indicates 
of the input signals. The full-scale output is 
ent to a maximum 130 Hz full stroke constant 

D2S93 operates on a ±5 V ±S% power supplies and is 
bricated on Analog Devices' linear compatible CMOS process 

(LC2CMOS). (LC2CMOS) is a mixed technology process that 
combines precision bipolar circuits with low power logic. 

PRODUCT HIGHLIGHTS 
Complete LVDT-to-Digital Interface. The AD2S93 provides 
the complete solution for digitizing LVDT signals to 14-bit 
resolution. 

Serial 16-Bit Output Data. One 16-bit read from the AD2S93 
determines input signal continuity (LOS), over and underrange 
detection and 13 bits of offset binary displacement information. 

High Accuracy Grade in Low Cost Package. 0.05% and 0.1% 
integral linearity over the full -40°C to 85°C operating tempera
ture range. 

Uncommitted Differential Input. Allows configuration of 2-, 3-, 
4- and 5-wire LVDTs. 

Multiple Converter Interfacing. High impedance data output 
and a simple three-wire interface, reduces cabling and eliminates 
bus contention. 

Low Power. 50 mW power consumption. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD2S93 SPECIFICATIONS (VDD = 5 V ± 5%, V~. = -5 V ± 5%, AGND = DGND = 0 V, TA = -40·C to 
-- +85·C unless otherwise stated) 

Parameter Min Typ Max Units Test Conditions 

SIGNAL INPUTS 
Frequency 2 10 kHz 
Voltage Level 1.8 2.0 2.2 Vnns 
Input Bias Current 500 nA 
Input Impedance 1.0 M!l 
CMRR 60 dB 

REFERENCE INPUT 
Frequency 2 10 kHz 
Voltage Level 1.8 2.0 2.2 V nns 
Input Bias Current 500 nA 
Input Impedance 1.0 M!l 
Permissible Phase Shift -10 +10 Degrees 

CONVERTER DYNAMICS 
Bandwidth 500 1000 Hz Set by User 
Response Time 0 ±FSR 20 ms 

ACCURACY 
Integral Linearity %FSD AP 

%FSD BP 
Repeatability LSB 

VELOCITY OUTPUT 
Scaling HzNdc 
Max Output Voltage .625 V dc 
Reversion Error %FS 
Linearity %FS 
Offset ±IO mVdc 
Load Drive Capability ±250 I1A 

LOGIC INPUTS SCLK, CS 
Input High Voltage, VINH V dc 
Input Low Voltage, VINL 1.5 Vdc 
Input Current lIN 10 !1A 
Input Capacitance 10 pF 

LOGIC OUTPUTS OVR, UNR, LOS, NULL, DATA, A, B, CLKOUT 
Output High Voltage 4.0 V dc 
Output Low Voltage 1.0 V dc 

SERIAL CLOCK (SCLK) 
SCK Input Rate 2 MHz 

Specifications subject to change without notice. 
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RECOMMENDED OPERATING CONDmONS 
Power Supply Voltage (Voo -Vss) ......... ±5 V dc ±5% 
Analog Input Voltage (A, B and REF) ...... 2 V rms ±IO% 
Signal and Reference Harmonic Distortion ........... 10% 
Phase Shift between Signal and Reference ........... ± 10" 
Ambient Operating Temperature Range 
Industrial (AP, BP) ...•.............. -40°C to +85°C 

ABSOLUTE MAXIMUM RATINGS· 
Voo to AGND ................. -0.3 V to +7.0 V dc 
Vss to AGND .................. +0.3 V to -7.0V dc 
AGND to DGND ............ -0.3 V to Voo +0.3 V dc 
Analog Inputs to AGND REF ... Vss -0.3 V to Voo +0.3 V 
A, B .................... Vss -0.3 V to Voo +0.3 V 
Analog Output to AGND VEL ............ Vss to Voo 
Digital Inputs to DGND 

CS, SCLK ................. -0.3 V to Voo +0.3 V 
Digital Outputs to DGND 
NULL, A, B, DIR, 

CLKOUT, DATA ............ -0.3 V to Voo +0.3 V 
Operating Temperature Range 

Industrial (A, B) .................. -40"C to +8 
Lead Temperature (Soldering 10 sec) .......... . 
Power Dissipation to + 75°C ............. . 
Derates above + 750C by .........•... 

*Stresses above those listed in "Absolute Ra . 
age to the device. This is a stress rating 
device at these or any other conditions a 
section is not implied. Exposure to abso 
extended periods may affect device reliab· 

PIN CONFIGURATION 

AD2S93 
TOP VIEW 

(Not to Scale) 

Pin 

A,B 

REF 
DlFFOUT 
GAIN 

DATA 

SCLK 
CS 

CLKOUT 

DGND 
AEO, DI 

AD2S93 

Description 

Uncommitted differential inputs for the A-B sig
nal inputs. 
Single ended input for fixed amplitude reference. 
Output of signal input preamplifier. 
Connect GAIN pin to DlFF OUT for nominal 
x I. Gains greater than I can be resistively 
scaled. Do not leave unconnected. 
16-bit serial data output. Thirteen bits of abso
lute position information + over- and under
range + LOS. 
Serial Clock. Maximum rate = 2 MHz. 
Chip Select. Loads serial interface with current 
positional information. Enables output. 

a pulse every corresponding LSB incre
Mark space ratio indicates input velocity. 

direction. DlR HI for positive displace-
and LO for negative displacement. 

or B lines loss of connection and loss 
nce to transducer or converter. 

Two pins that denote whether the input signals 
are underrange, -ve posn, +ve posn or 
overrange. 

og Velocity Output. 
Determines system dynamics. Connect C and RC 
(serial) patallel combination across EXTRC and 
VEL to define loop dynamics. 
Analog Ground. 
Digital Ground. 
AC couple output of AC bridge with a capacitor 
placed between AEO and DI. 

V.. Negative power supply -5.0 V dc ±5%. 
Voo Positive power supply +5.0 V dc ±S%. 
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AD2S93 
Principle of Operation 
The AD2S93 is based on a Type 2 tracking loop. Three external 
passive components are required to set the dynamics of the loop. 
The input format is one fIxed signal ac reference and an ampli
tude modulated reference; this is decoded into a ± 12-bit serial 
offset binary output. The output word is complemented with 
the inclusion of input state detection and an additional loss of 
transducer or converter reference and loss of signal detection. 
The total word length is 16 bits (see Figure 1) with the MSB 
denoting the loss of an input and the second and third MSBs 
determining whether the transducer signal is either over- or 
underrange. (Over- and undemmge refers to when the signal 
input to the converter exceeds the reference.) 

Data Output Format 
The operating range of the converter is 14 bits. This gives a 
bipolar resolution of 12 bits in both positive and negative direc
tions, i.e., +4096 (positive) and -4096 (negative). The thir
teenth bit is used to denote the sign of the data. An additional 
bit indicates the span limit or overrange of the transducer input. 
Overrange signifies that the A, B input is larger than the REF 
input. The addition of overrange increases the converter's reso
lution to 14 bits (12 bits underrange + 12 bits negative position 
+ 12 bits positive position + 12 bits overrange). The under
range and overrange states are decoded prior to a read. 

The null point of operation is denoted by half full-scale code, 
the NULL output produces a positive going as the count passes 
through zero. 

Interfacing to the AD2S93 
Accessing the serial interface is by a three-wire interface DATA, 
SCLK and CS. The data is loaded into the serial interface from 
the internal counters when CS goes LO. SCLK can then be 
applied (a minimum of 600 ns after CS = LO) and the data 
retrieved from the DATA output pin, MSB first. The maximum 
clock rate is 2 MHz. 

Built·in Diagnostics 
The fIrst three bits read from the serial interface preceding the 
data can be used to determine whether the data is valid or not. 
The 2nd and 3rd MSB tell the user whether the inputs to the 
converter are within the linear operating range of the converter, 
either overrange (positive) or underrange (negative). The MSB is 
a continuity flag, LOS, which will be HI if one of the following 
statements are true. 

1. Either or both of the signal inputs, A and B, have become 
disconnected from the converter. 

2. The reference has disconnected from the converter. 

3. The reference disconnected from the transducer. 

This informatilm applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Sine Wave Oscillator 
Two Phase-locked Sine Wave Outputs 
Programmable Output Frequency Range 2 kHz-20 kHz 
Programmable Output Amplitude 
Wide Power Supply Range 
"Loss-of-Signal" Indicator 
Small 2o-Pin PLCC Package 
Low Cost 

APPLICATIONS 
Primary Winding Excitation of 

Resolvers 
Synchros 
LVDTs 
RVDTs 
Pressure Transducers 
Load Cells 
Inductosyns* 
AC Bridges 

GENERAL DESCRIPTION 
The AD2S99 is a programmable si 
in a 20-pin PLCC package, with an 
of -40°C to +85"C. 

The main use of the AD2S99 is to provide two s. An ex 
tation signal is provided for an ac transducer, also, a reference 
signal, phase locked to the transducer outputs, which can be 
used to demodulate the transducer outputs. The AD2S99 
requires only two external components, one resistor and one 
capacitor. 

The AD2S99 operates on resolver format SINE and COSINE 
signals. These are dynamically phase compensated by varying 
the transducer excitation, producing complete alignment 
between the SINE, COSINE and Reference signal. 

Elimination of the temperature dependent phase shifts found 
with inductive transducers, and their resultant errors is therefore 
achieved. 

The AD2S99 is manufactured on a LC2MOS process which 
combines high density and low power CMOS logic with high 
accuracy bipolar linear circuitry. 

*Inductosyn is a registered trademark of Farrand, Industries, Inc. 

Low Cost 
Reference Oscillator 

AD2S99 I 
FUNCTIONAL BLOCK DIAGRAM 

,Compensation 

O/POND 

GAIN 

RES 

=:"';;';';';;:::;.J '-yRES 

C1~ 

dynamically compensates for any phase variation 
sducer by phase locking the outputs of the transducer 

the reference output of the AD2S99. 

Programmable Frequency 
The oscillator frequency is easily programmed to 2 kHz,S kHz, 
10 kHz or 20 kHz by using the frequency select pins. 

Programmable Output Amplitude 
Pin programmable to 4 V rms or 7 V rms output amplitudes. 

Loss of Signal Pin 
The "LOS" output indicates a signal failure if both the sensor 
outputs feeding back to the AD2S99 are lost. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD2S99 -SPECIFICATIONS ~~;fi~~DOC to +85°C, Ys = ±15 Y dc, Rl = 345K [1%] unless otherwise 

Parameter Min Typ Max Units Conditions 

ANALOG INPUTS SIN, COS' 
Maximum Amplitude 0.7 2.2 Vrms 

FREQUENCY OUTPUT RANGE SELl SELZ 
1800 2000 2200 Hz 0 0 
4500 5000 5500 Hz 0 I 
9000 10000 11000 Hz I 0 
18000 20000 22000 Hz I I 

ACCURACY 
Frequency ±IO % Vs = ±4.75 to ±15.75 V @ -4O"C to +85OC 

±2 % Vs = ±IS V @ +25OC 
±6 % Vs = ±IS V @ -'400c to +8SOC 

OUTPUT DRIVE CAPABILITY 
EXC, toEXC 10 mAnns Max Capacitive Load (Cu = 30 pF 
REF,REF 10 mAnns Max Capacitive Load (Cu = 30 pF 

DIFFERENTIAL OUTPUT 
EXC,EXC 3.88 4 4.12 GAIN = 0; RLOAo = 200 0 to GND 
REF,REF 3.88 4 4.12 
EXC,EXC 6.79 7 7.21 I; RLOAo = 350 0 to GND 
REF,REF 6.79 7 7.21 btained Only @ V s 2: ±8 V 

ded Output Gives Half 
Range) 

PHASE SENSITIVE DETECTOR 
Phase Range 
Detector Threshold 

PHASE CONTROL RANGE 
SIN Input to REF Output 

HARMONIC DISTORTION 
REF,REF,EXC,EXC 

POWER DISSIPATION 

POWER SUPPLIES 
Voo +4.75 + 15.75 V 
Vss -4.75 -15.75 V 
Quiescent Current 4 mA 

TEMPERATURE RANGE -40 +85 'C Operating 
-65 +150 OC Storage 

POWER SUPPLY REJECTION RATIO VssNoo to REF, REF EXC, EXC 

SELl, SEL2 INPUTS 
Input High Voltage (VlNH) AGND -0.4 AGND +0.4 V de Logie I 
Input Low Voltage (VlNU Vss-0.25 Vss+O.4 Vdc Logic 0 

GAIN INPUTS 
Input High Voltage (VlN~ Voo-0.4 Voo+0.25 Vde Logie 1 
Input Low Voltage (VIm,) Vss-0.25 Vss+0.4 Vde Logie 0 

LOS OUTPUT 
LOS Output High Voltage (VOH) VoD-O.4 Voo VoD+0.25 Vde Logic 1 
LOS Output Low Voltage (VOL) Vss+0.4 Vss Vss-0.4 V Logic 0 

NOTES 
'Either SIN or COS input must not exceed input limits. Worst Case sinO = cosO where 0 = 45'. 
Specifications subject to change without notice. 

This information applies toa product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage (VDD to Vss) ... ±4.75 V to ±15.7S V 
Analog Input Voltage (SIN and COS) ....... 2 V rms ± 10% 
Frequency Select (SELl and SEL2) ........ V ss to AGND 
Operating Temperature Range ........... -40°C to +S5°C 

ABSOLUTE MAXIMUM RATINGS· 
VDD ............................ OVto+16.5V 
Vss ............................ OVto-16.5V 
Operating Temperature ............... -40°C to +S5°C 
Storage Temperature ................ -65°C to + 150°C 
Outputs (EXC, EXC, REF, REF and LOS) 

...................... Vss -0.4 V to VDD +0.4 V 
Analog Input Voltages (SIN and COS) .......... ±5 V rms 
Output Amplitude Control (GAIN) 

...................... Vss -0.4 V to VDD +0.4 V 
Frequency Select (SELl, SEL2) 

.................... Vss -0.4 V to AGND +0.4 V 

CAUTION: 
* Absolute Maximum Ratings are those values beyond which damage to the 
device may occur. Reversal of power supplies may damage the device. 

2 

3 
4 

5 

AGND 

PHASEADJ 

NC 
NC 

NC 

Not Connected. 

Not Connected. 

AD2S99 
PIN CONFIGURATION 

Phase shifts the EXC output relative to the 

6 LOS LOS signal is a logic output which swings between V ss and V DD' Logic high when both SIN and COS 
signals are below the input detector threshold of 0.5 ± 0.1 volts. 

7 Vss 
S VDD 
9 EXC 

10 EXC 

11 GNDOP 
12 REF 

13 REF 
14 GAIN 
15 SEL2 
16 SELl 
17 FBIAS 
IS NC 
19 SIN 
20 COS 

Negative power supply pin. -4.75 V to -15.75 V dc. 
Positive power supply pin. +4.75 V to +15.75 V dc. 
Complement of the signal found on the EXC pin. 
Excitation output. Can drive 10 rnA with a 30 pF capacative load, with an output voltage of 2 V or 
3.5 V rms. 
Ground pin for reference outputs EXC, EXC, REF, and REF. Internally connected to AGND. 
Converter reference output sine wave can drive 10 rnA with a 30 pF load, with an amplitude of 2 V or 
3.5 V rms. 
Complement of the signal found on REF pin. 

Controls the output voltages of EXC, EXC, REF, REF. 
Selects output frequency. Connect to GND or Vss. 
Selects output frequency. Connect to GND or Vss. 
Connect to V DD via resistor to trim oscillator frequency. 
Not Connected. 
Input for the SIN signal from the transducer. 
Input for the COS signal from the transducer. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Complete Clarke and Park Transformations 
Real-Time Computation 
Homopolar Output 
8- to 12-Bit Digital Interface 

APPLICATIONS 
AC Vector Control 
AC Induction and DC Permanent Magnet Motors 
HVAC. Pump. Fan Control 

Meterial Handling 
Robotics 
Spindle Drives 
Gyroscopes 

Stabilization Platforms 
Three Phase Power Measurement 

GENERAL DESCRIPTION 
The AD2S100 performs the vector rotation of two 
orthogonal ac signals and rotates them into a 
related to the update frequency of the 

Two transforms are included in 
first is the Clarke transform whic 
gree signals into their two phase 90 
signals represent real and imaginary currents 
puted to give the vector current magnimde. 

The Park transform rotates these currents at the update speed 
of the applied digital input. This digital input is normally pro
vided from a resolver-to-digital converter, or in the case of the 
AD2S110 an optical encoder position sensor. 

If the input current signals are represented by IDS and IQs, 
respectively, the transformation can be mathematically described 
as follows: 

AC Vector Controllers 
AD2S1 OO/AD2S11 0 I 

FUNCTIONAL BLOCK DIAGRAMS 

SELECTID, 
IQINPUT 

100---., 

I. 

IB 

Ie 

INPUT DATA 
STROBE 

PARALLEL 

la D---It-...I ~~I==:;--""'" 
L....--OVa 

+5V GND -av 

BYT. 
SELECT 

,-"'OVD 

Ve 

COUNTER 
RESET 

L--"'OVa 
DATA 

IDS' = IDS Cos 6 - lQS Sin 6 STROB. 

lQS' = IDS Sin 6 + lQS Cos 0 

Where IDS and IQS are the output of the Park transform and 
Sin 0 and Cos 0 the trigonometric values of the input rotor 
position. 

The input section of the device can be configured to accept 
either three phase inputs, two phase inputs of a three phase sys
tem, or two 90 degree separated input signals. A three phase 
input selection is the only input type which will record the cor
rect homopoIar output. This output identifies the situation 
where an imbalance between the three phase currents exists. In 
normal conditions this output will normally be zero. 

The digital input section will accept a variable resolution from 8 
to 12 bits (AD2S100). An input data strobe signal is required to 
freeze the position data and load this information into the device 
counters. 

+5V OND -5Y 

DIRECTION 

Two analog output formats are available. A two phase rotated 
output facilitates concatenation where a derotation is required. 
The other output provides three phase signals which can be 
used as an input to a dc, or, ac motor controller. 

The AD2S I 00 optical encoder version provides the functions 
above with the addition of a parallel digital port which can be 
used to extract real-time absolute position data. The AD2S1001 
AD2S110 are fabricated on LC2MOS and operate on ±S volt 
power supplies. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD2S1 OO/AD2S11 0 -SPECIFICATIONS (typical at +25°C unless otherwise stated) 

Parameter 

ANALOG INPUTS 
Voltage Level 

ANALOG OUTPUTS 
Output Voltage Offset 

ANGULAR ERROR 
Radius Error 

BANDWIDTH 
Settling Time 

POWER SUPPLIES 
+Voo 
-Vss 
100 

DIGITAL DATA INPUT FORMAT 

Min 

o 

o 

+4.75 
-4.75 

Typ 

+5.0 
-5.0 

Max 

±5 

3 

±30 
0.2 

150 
2 

+5.25 
-5.25 
8 

Units 

Vdc 

mVdc 

arc min 
% 

Hz 
j1S 

Vdc 
V dc 
mA 

Conditions 

AD2S100 (Only) 10- or 12-Bit Absolute Parallel Binary 
AD2S110 (Only) 12-Bit lute Serial or 1000 Line A Quad B 

=D-=-IG=I=T""'A-=L-D=-c"A=T-=A--cO:-cUT=P:-cUT=-=F-=O-=-RMA---c-:T=--+-----t----+----+----+---::: lute Parallel Binary 

Specifications subject to change without notice. 

PRODUCT HIGHLIGHTS 
Hardware Peripheral for Standard Microcontrollers 
Systems. The AD2S100/AD2S110 remove the ti 
cartesian transformations from digital pro 
marks a speed improvement of 30: 1 on 
processors. 

Field Orientated Control of AC and DC 
The AD2S100/AD2S110 accommodate all the nec 
tions to provide Ii hardware solution for ac vector co 
duction motors and dc brushless motors. 

easurement. The AD2S1001 
e peak time current and can be used to 

uations, or, imbalances in a three phase 
polar output. 

ncoder Interface. The AD2S1001 
ese general purpose interfaces which will 

plication of these circuits without changing the 

This information applies to a product under development Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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11IIIIIIII ANALOG 
WDEVICES 

High Power Output, Hybrid 
Digital-to-Synchro/Resolver Converters 

FEATURES 
14- or 16-Bit Resolution 
2 or 4 Arc-Minutes Accuracy 
2VA max Mean Output Drive capability 
Full Accuracy for dc to 2.6kHz Reference 
Full Accuracy with dc or Pulsating Power 

Supplies (PPS) 
Guaranteed Operation With 3V dc Pedestal on PPS 
can Drive Pure Inductive, Resistive or Highly 

capacitive Loads 
LS or CMOS Latched Inputs With Separate High/Low 

Byte Enable 
Low Radius Vector Variation (0.03%) 
Optional TransZorb"IM Protection Against 

Inductive Spikes on Output 
Protected Against + ZOO% Overvoltage on 

Analog Input 
Remota Output Sensing Facility 
No Trims or External Adjustments 
Full Output Short Circuit Protection 
Single 4O-Pin Package 
Hi Rei, MIL-STD 883B Versions Available 

APPUCATIONS 
Driving Synchro and Resolver Control Transformers 
Avionic Equipment (e.g., Air Data Computers) 
Interfacing With Servo Systems 
Fire Control System Outputs 
Naval Retransmission Unit Outputs 
Outputs to Radars and Navigational Aids 
Aircraft and Naval Simulators 

GENERAL DESCRIPTION 
The DRC1745 and DRC1746 are hybrid packaged Digital-to
Resolver converters. They accept a 14-bit or 16-bit digital input 
word representing angle and output sine and cosine voltages 
multiplied by an analog input. The converters maintain full 
accuracy when the analog input frequency is in the range dc to 
2.6kHz. 

The units have interttal power amplifiers capable of driving a 
2V A load which can be pure inductive, resistive or highly capaci
tive. The output is fully short-circuit protected against overcurrent. 
The output of the converter can be used to drive directly into 
resolver control transfortners or in conjunction with an exterttal 
transfortner module to drive synchro control transfortners. The 
power available is more than adequate to drive all standard 
synchro control transfortners. 

The separately powered output stage is compatible with conven
tional ± 15V de power supplies or pulsating power supplies with 
pedestal components as low as 3V dc. 

TrauZorb i. a rqistered trademark of General Semiconductor 
Industries, lac. 

REV. A 

.5V 
(LOPTIONS 

ONLYj 

DRC1745/DRC1746 I 

FUNCTIONAL BLOCK DIAGRAM 
+15V -1SV + 15V(PI 

SIN SENSE 

SIN 
12A SIN ... t SIN III 

SIG GND 

cos SENSE 

COS 
i2A SIN .... COS 111 

LBE HBE DIGITAL GNO -15VIPJ 
INPUT 

'" NOTE: "At.O", "GNU", AND "SIG GNU" ARE INTERNALLY CONNECTED 
IN STAR POtNT. 

The use of pulsating power supplies greatly reduces the interttal 
power dissipation in the hybrid package which in turn maximizes 
the converter's Mean Time Between Failures (MTBF). 

A particular feature of the converters is that they have a remote 
sensing facility which means that output accuracy can be main
tained even when long lines have to be driven. 

The converter's data inputs are latched and the latches can be 
CMOS or Low Power Schottky (LS). The former gives advantages 
in terms of power dissipation and the latter in tertDs of glitch 
perfOrtnance when used in fast dynamic update modes. The 
latches are transparent and have a separate high and low byte 
enable. 

As an option, the output stage can be fitted with internal Trans
Zorb ™ protection. This gives full protection against transient 
voltages generated by an inductive load in response to an abrupt 
change in load current. This condition can occur at switch off 
or as a consequence of external power supply fault conditions. 

The units are packaged in 4O-pin dnal in line hybrid packages 
and require no external trims or adjustments. 

MODELS AVAILABLE 
The DRC1745 (14-bit resolution) and DRC1746 (l6-bit resolution) 
are available with accuracies of ± 2 or ± 4 arc-minutes. Both 
units have optional TransZorb protection and a choice of either 
LS or CMOS inputs (see Ordering Infortnation). 

Two sets of reference and output transfortners are available. 
The STMI660/STMI663 operates over 47Hz to 440Hz while 
the STMI680/STMI683 operates over 360Hz to 2.6kHz. The 
transfortners can be Scott T connected to provide a synchro 
output format. 
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ORC1745/0RC1746-SPECIFICATIONS ~:~~:s~n~:;C and :t15V power supplies, unless 

Models DRCl745 DRCl746 

OIGlTALINPUTRESOLtITION 14 Bitl(1.32 arc-minutes) 16 Bits 
(0.33 uc-miouleI) 

OIGrrALlNPtITFORMAT ParaUel natural binary, TTL compatible. · Includes intcmal27kfi pull-up reaistors. 

RECOMMENDED ANALOG INPtIT 3.4V rIDS (sinal_ended input) 
(VaEF)1 3.53Vrm.( .... ) · OUTPtITWITH RECOMMENDED 6.8Vrms · ANALOG INPtIT 7.07V rms (max) · 
GAIN (VREFtoVO) 2 ±O.l% · 
GAIN TEMPERATURE 
COEPFICIENT 25ppmI"C (max) · ANALOG INPUT (VREF) 

FREQUENCY RANGE dc:to2.6kHz · 
ANALOG INPtIT IMPEDANCE 10.2kll · 
ANALOG OtITPtIT IMPEDANCE 0.2mfimax · OtITPtIT OFFSET VOLTAGE 25mV(max) · 
OtITPtITOFFSET VOLTAGE DRIFT 50~Vrc(max) · 
OtITPUT DRIVE CAPABILITY 1.5VA (max IDCan) 

±3OOmApeak@IO.6Vpeak · 
PHASE SHIFT (V RliFto Vol O.08"@400Hz · 
OtITPtIT PROTECTION 

Overvoi_ TnnsZorb(optiODal) 
± 12Vstandoff, ± ISVclamp · Overcurrent Limit set@'550mApeak.(Caseheader 
must be maintained (a' 12S"Cmax). · 

RESPONSE TO A STEP INPUT 2O~ (max) to within accuracy of converter. 
Any sizedigital step input. · 

VECTOR ACCURACY 
RadiusErr0r2 0.03% · Angular Error ± 2 or :;t 4 arc·minutes · 

POWER SUPPLY (NO LOAD)'·'·' 
LS Latch Options + 15 Volts 15mA(typ)22mA(max) · -15VoJts 15mA (typ) 22mA (max) · + 15(P)Volts 20mA (typ) 34mA(max) · -15(P)Volts 20mA (typ) 34mA(max) · +SVolts 44mA(typ) 72mA(max) · CMOS LatchOptions + 15 Volts 24mA(IYP)30mA(max) · -15VoIts 15mA (typ) 22mA (max) · +15(P)Volts 2OmA(typ) 34mA(max) · -15(P)Volts 2OmA(typ) 34mA (max) · Additional Current 

(Load Dependent) + 15(P)Vohs 400mA Peak (max) · -15(P)Volts 400mAPeak(max) · 
PULSATING POWER SUPPLY 
PEDESTAL 3Vdc(min) · 
POWER DISSIPATION Sec Power Oissipation section ofthis data sheet. --

CASE TEMPERATURE RANGE' -SS"Cto + 125"COpcrating 
-6S"<:1O + lSO"CStorqc 

SIZE 4O-PinDIL 1.14x2.14 xO.lS" 
(29.0 x 54.4 x 4.6mm) 

WEIGHT 0.902 (2S grams) 

NOTES 
IVIt!!F is intemaJly clamped 10 :!: 15V poWer supplies. lapm current should not exceed IOmA. 
2'117 ...... , .... _ rnnr ........ <>:>-•• ;n~ ... rn~ .. '_ ..on:-

'The + 5 volt power supply muSt never ao more tban O.JV below GNO poICntial. 
"Correct polarity "oIraps mu5t be mainwtted on the :!:; ISV and the :!:; ISV{P} pins. 
~racki ... of lhe :!: 15V Ind :!: IS{P) supplies mUit be nwunained. 
'Adequate hell slnkiat: mUll be pnn'ided 10 keep lhe cue tempentUR: leu thin USOC. 
-SpcdflCIbons SlIme as ORCI74S. 
SpccifiCilions subject 10 change without nolice. 

· · · · · 

ABSOLUTE MAXIMUM INPUTS 
+ISV toGND 
-15V toGND .. 
+SVtoGND ... 
+ IS(P) to -IS(P) 
Digital Inputs GND . 

3-108 SID CONVERTERS 

--,-
~ 

Model STMl680 
INPUT VOLTAGE 11.B,26,11SVnns 

dcpeDcIins em option 
Rm,RLO 

OtITPtITVOLTAGES 3.4Vnns:tl% 
AHl,ALO 

OtITPtIT FORMAT N/A 

FREQUENCY RANGE 
STMI680 360Hz-2.6k1/.z 
STMI683 

INPtIT IMPEDANCE 
1l.8Vlnput 50kll(mio) 
26Vlnput 3Okll(mio) 
115Vlnput 8OOkll(mio) 

ACCURACY 
O.IVALood N/A 
1.4VALood N/A 
2.0VALood N/A 

TempcratuteCoefficient N/A 

OtITPtIT IMPEDANCE 
11.8 V Output N/A 
26VOutput N/A 
9OVOutput N/A 

DC ISOLA nON 
Vol_ lOOOV 

SIZE 
STMI680 1.12 x 1.12 x 0.4" 

(28.5 x 28.5 x IO.2mm) 
STMI683 

TEMPERATURE RANGE 
Operating - 550C to + 125"C 
Storage -6OOCto + 15O"C 

WEIGHT (max) 
STMI680 1.5 oz (42 grun.) 
STMI683 

N/A mans not applicable. 

+17V 
-17V 

+S.SV, -O.3V 
+40V 

+S_SV, -O.3V 

~ 
T_ 
STMl613 
6.8Vrml 

Sin, Cos 

11.8,26,9OVrms ±5% 
51,S2,S3,(84) 

Synchro or resolver 
dcpeDcIins em option 

360Hz-2.6kI/.z 

N/A 
N/A 
N/A 

± l.Oarc:-min(mu) 
±2.0arc-adn(mu) 
.± 3.0arc-JDin (mu) 
± 0.02 arc-minI"C (max) 

2.911 (typ) 
13.6Il(typ) 
1561l(typ) 

lOOOV 

2.25x 1.12xO.4" 
(57.1 x 28.S x IO.2mm) 

- 55"C to + 125"C 
-6O"Cto + l5O"C 

2.5oz(70grams) 
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THEORY OF OPERATION 
The operation of the DRCI745 and DRCI746 is illustrated in 
the block diagram shown in Figure I. 

The reference voltage, VREP, (A sin wt) is multiplied by both 
Sin 6 and Cos 6 where 6 is the digital angle. The resultant outputs 
then pass through the current booster output stage to provide 
the resolver format output voltages viz: 

2A Sin wt Sin 6 (Sine output) 
and 2ASinwtCos6 (Cos output) 

(Note: Converter has a gain of 2 from input to output.) 

A. 

.5V 
tLOPTIONS 

ONLYI 

+15V -15V + 15VIPI 

DIGITAL GND -15VIPI 
INPUT 

'" NOTE: "ALO'" "GNP", AND "SIG GNP" ARE INTERNALLY CONNECTED 
IN STAR POINT. 

Figure 1. Theory of Operation 

CONNECTING THE CONVERTER 

SIN SENSE 

SIN 
12A SIN Nt SIN III 

SIG GNP 

COS SENSE 

COS 
12A SIN ... t cos 11/ 

The connections to the DRCI745 and DRCI746 are very 
straightforward. 

The digital inputs should be connected to the converter using 
pins I (MSB) through 14 (LSB) in the case of the DRC1745 
and through 16 (LSB) in the case of the DRCI746. The format 
of the digital angular input is shown under the "Bit Weight 
Table" section on this page. 

The digital input control lines should be connected as described 
under the "Digital Data Input" section. 

Aw and AHI are for the analog input reference voltage (V REP). 

It should be noted that this is a single ended input where Aw is 
grounded internally. If it is desired, the V REP input can be 
externally isolated using the STMI680 or STMI660 transformer. 
See the section on "Output and Reference Transformers". 

The converters have separate power supply inputs for the output 
amplifier stage (+ 15V(P) and -15V(P» and for the remainder 
of the converter (+ 15V and -15V). When dc power supplies 
are used for the output stage, the supplies may be linked. However, 
when pul$llting power supplies are used for the output stage, a 
separate dc supply must be provided for the + 15V and -15V 
requirement. The converters have internal capacitive decoupling 
of 47nF on both power stage and converter supply but it is 
recommended that 6.8",F capacitors are taken from the + 15V 
and -15V pin to "GND". 

The "Case" pin is joined to the case which is isolated and should 
be connected to a convenient zero potential point in the system. 

REV. A 

DRC1745IDRC1746 
The sine and cosine outputs are taken from the "Sin" and "Cos" 
pins with "SIG GND" as the common connection. 

The remote sense facility using "Cos Sense" and "Sin Sense" 
connections should be used as described under the "Remote 
Output Sensing" heading. If not used, the sense outputs should 
be connected to the corresponding Sin and Cos outputs. 

DIGITAL DATA INPUT 
The digital input to the converters is internally buffered by 
transparent latches. The latches will be CMOS (type 54C373) 
or low power Schottky (LS)(type 54LS373) depending on the 
option. 

The "HBE" input controls the input of the most significant 8 3 
bits and the "LBE" input controls the input of the least significant 
bits (6 in the case of the DRCl745 and 8 in the case of the 
DRCI746). 

A logic "Hi" on the control lines causes the input to appear 
transparent and the converter output will follow the changes on 
the digital input. When "HBE" and "LBE" are taken to a logic 
"Lo" state, the converter output will be latched at the level of 
the data present on the input at the low going edge and remains 
constant until "HBE" and "LBE" are taken to a "Hi" state 
again. If the latches are not required, "HBE" and "LBE" can 
be left open circuit. The timing diagram in Figure 2 illustrates 
the use of "HBE" and "LBE". 

Internal resistive pull-ups (to + 5V using 27k resistors) are 
employed on all digital inputs. This ensures full TTL compatibility 
for either latch option even when sourcing 50j.LA of leakage 
current into each external digital driver. 

DI:;;~~ XXX~ STABLEOATA rxxxx 
HBEILBE 

I 
I 

5nsMAXlSOPTIONS 
140n5 MAXCMQSOPTIONS 
20n$MAXLSOPTIONS 
On$ MAX CMOS OPTIONS 

NOTE: INTERNAL LATCHES ARE: 54LS373 (LSI 54C373 (CMOSI 

Figure 2. Data Transfer Diagram 

BIT WEIGHT TABLE 
Bit Number 

1 (MSB) 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 (LSBDRCI745) 
15 
16 (LSBDRCI746) 

WeiPat in Depees 

180.0000 
90.0000 
45.0000 
22.5000 
11.2500 
5.6250 
2.8125 
1.4063 
0.7031 
0.3516 
0.1758 
0.0879 
0.0439 
0.0220 
0.01l0 
0.0055 

SID CONVERTERS 3-109 



DRC1745IDRC1746 
POWER DISSIPATION, PULSATING POWER SUPPLIES 
AND HEAT SINKING 
The DRC1745 and the DRCI746 can be used with conv.entional 
dc power supplies or a pulsating power supply on the output 
stage (see Figure 3). The latter giv.es significant reductions in 
power dissipation within the hybrid package without any attendant 
loss of accuracy. 

When using a pulsating power supply, full adv.antage can be 
taken of the special design which allows the power supply to 
hav.e a v.ery low dc pedestal v.olt&,ge. This results in minimized 
power dissipation. Thepedestalv.oltage can in fact be as low as 
3 v.olts. The combined pedestal plus pesk supply v.oltage must 
not exceed the absolute niaximum rating. 

Full accuracy is retained during operation on pulsating power 
supplies because the output stl!ge employing these supplies is 
only used to prov.ide current gain. Ov.erall operational loop gain 
is independently powered. There are no special switch-onlswitch
off power supply sequencing requirements, and full internal 
protection is prov.ided. 

The section below demonstrates the power dissipation differences 
for different load conditions when using dc supplies and pulsating 
power supplies. 

DC Power Supplies: 
With inducqv.e loads, the dc resistance is low compared with ac 
impedance; therefore care should be taken to ensure that no dc 
offset occurs at the sin and cos outputs; Note that under external 
current limit conditions asymmetry of the power supplies could 
occur, forcing a large dc offset to be present at the sin and cos 
outputs causing heav.y power dissipation in the dev.ice. Case 
temperature must be maintained below 125"C. 

As the reference input, Am, is directly coupled, output offset 
will occur if any dc component is present at this input. 

When using dc power supplies, the expression for additional 
load dependent power dissipation is: 

P = 2 ~dcII (Isinal+ ICosal)- V.,I~ Cosa 

Where Vo is the peak output v.oltage. 
II is the pesk v.alue of the outPut load current. 
9 is the digital angle. 
ot is the load phase angle. 

(1) 

V d<; is the dc power supply v.oltage (usually ± 15 v.olts). 

rwsating rower Supplies: 
When using a pulsating power supply, the expression for additional 
load dependent power dissipation within the hybrid is: 

2VpII I I I I V .. II P = -11'- (Sin9 + Cos9) + ---:;r- (Sinot-<lCosot) 

Where V"" is the peak ac component of the pulsating power 
supply assumed equal to the peak output v.oltage, Yo' 
II is the peak v.alue of the output load current. 
9 is the digital angle. 
ot is the load phase angle. 
V p is the dc pedestal v.oltage of the pulsating power 
supply. 

Note that II 
Vo 

= 1ZJ where Vo = Peak output v.oltage 

= 2xVREF 

Izl=output load 
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(2) 

WAVEFORM MUST BE IN PHASE WITH CONVERTER REFERENCE 
(VREF = A SIN cot) CONSISTENT WITH MAINTAINING A POWER 
SUPPLY EXCESS OVER THE OUTPUT WAVEFORM GREATER 
THANVp• 

IV ac USUALLY EQUALS Vol 

Figure 3. Pulsating Power Supply Format 

Examples of Power Dissipation: 
Many factors influence the power dissipation within the hybrid. 
The following two examples, using rypicalload v.alues and worst 
case digital angle conditions (45 degrees), illustrate the sav.ing in 
power dissipation which can be achiev.ed by using a pulsating 
power supply employing a low pedestal v.oltage. 

Note that in the following examples we hav.e chosen: 
Vd<; ± 15v.olts 
Vp 3v.olts 
Vo 9.6v.olts(6.8v.oltsrms) 
V"" 9.6 v.olts (should be chosen to equal V.) 
II 292mA (equiv.alentto a 1.4VA mean load) 

I) DC power supply, 9=450 resistiv.e load. 

P = 2 x IS x 0.292(Sin45° + Cos45°) - 9.6 x 0.292 x I 
11' 2 

= 3.943 - 1.402 

= 2.54 Watts 

2) As example (I) but with a 3 v.olt pedestal pulsating power 
supply. 

From equation (2): 
., '-/:2 V'I\ .,Q"Jt(:':_AC:0 P = -" J .'V._'_\U~~J 

11' 

= 0.79 Watts 

Thus the pulsating power supply has cut down the internal 
dissipation by 1.75 watts, a ratio of 3.2:1. 

A similar calculation using an inductiv.e load shows a reduction 
from 3.94 Watts, using a dc power supply, to 1.68 Watts, when 
a 3 v.olt pedestal pulsating power supply is used. Thus the pulsating 
power supply has cut down the internal dissipation by 2.26 
Watts, a ratio of 2.3:1. 

The graph shown in Figure 4 shows the temperature at the 
hottest part of the base of the hybrid (in the middle of the base 
between U + 15V(P)" and the opposite uN/C" pin) for resistiv.e 
loads up to 2V A using dc supplies and pulsating supplies with 
pedestals of 3 v.olts and 5 v.olts. 

Figure 5 shows a similar graph for inductiv.e loads up to IVA. 
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Figure 4. Case Temperature for Resistive Loads 

As can be seen from Figures 4 and S, it will be necessary to 
provide heat sinking when driving significant loads in order to 
keep the temperature of the case below its 12SoC maximum. 

The converters have been designed with a flat metal base to 
facilitate mounting on heat sinking materials. Special thermal 
management, utilizing direct eutectic bonding, has been employed 
in the output stage to minimize thertnal resistance to: 

Angle 

OJunctionlcase = less than l2OC/watt 
OJunctionlcase = less than 6°C/watt 

Consequently the internal junction temperatures do not exceed 
case header temperature by more than 200C when using pulsating 
power (even under worst case pure inductive load conditions. 
The maximum permitted junction temperature is ISS°C). 

CALCULATING THE LOAD 
The following describes how to calculate the load. 

In the case of synchro control transformers, first determine the 
value of Zoo' This impedance is normally quoted by the synchro 
manufacturer. 

The load presented by the control transformer will be: 

3 V2 
4 x IZso~ 
where V is the rms signal input voltage. 

When the STMl683 output transformer pair is used, it is necessary 
to add 0.2SVA to the calculated figure to allow for transformer 
magnetizing current. For the STM1663 output transformer a 
figure ofO.30VA should be added. 

For example, assume that a 90V rms signal, 400Hz synchro 
control transformer is to be driven by the DRC174S in conjunction 
with the STM1683/412 output transformer pair. (The STM16831 
412 boosts the 6.8V rms signal from the DRCl74S to the 90V 
rms required by the control transformer.) 

Zoo for the control transformer is quoted as: 
700+j4900 
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Figure 5. Case Temperature for Inductive Loads 

Therefore 

IZsol = V700z + 49002 = 49S0 Ohms 

Therefore, the load presented by the control transformer is: 

902 3 
49S0 x 4 = l.23VA 

Adding to this value 0.2SVA for the STM1683 gives a figure of 
1.48VA total. 

In the case of a resolver control transformer the same exercise 
must be performed but it is not necessary to multiply by 3/4. 
Some resolver manufacturers quote rms input current and in· 
this case the load will be the product of the input current and 
the rms voltage used to drive it. The 0.2SVA must be added if 
the STMl683 transformer pair is used. 

DRIVING CAPACITIVE LOADS 
Synchros and resolvers often employ capacitive tuning to minimize 
power dissipation. This tuning can be on the load itself or (pref
erably for best accuracy) on the primary of the transformer 
driving the load. Full tuning modifies the load to appear resistive 
at the reference frequency, but it appears progressively more 
capacitive at all frequencies above. 

Since the converter is an active negative feedback device, it is 
essential to include a low value resistor in series with each tuning 
capacitor to prevent highly dissipative output stage oscillation. 
This resistor must not be less than 3.30. A value of S.60 is 
recommended when referred to the output of the DRC174S1 
DRCI746. 

The DRC174S and DRCI746 can readily drive capacitive inputs 
up to lOOnF at the converter output terminals without special 
precautions. However, please consult the factory when extreme 
lengths of screened cable or any other cases of high capacitance 
are to be driven. For example in the case of step-up transformers 
where the effective capacitance to be driven is: 

Cerr = n2CL 

Where CL is the capacitive load. 
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DRC1745IDRC1746 
SIN SENSE 

SIN 

DRC1745/1746 
SIG GND 

COS 

'--___ ....I COS SENSE 

LOAD 
8.g.,STM1683 

TRANSFORMER 

NOTE: THE REMOTE SENSE FACllfTV IS SHOWN IN THE ABOVE DIAGRAM. 
~J~ THE TUNING CAPACfT~R. 

Figure 6. Incorporating a Resistor in the Tuning Circuit 

Care must be taken in tolerancing the tuning capacitors when 
usiog secondary tuning sioce the significant output impedance 
of typical output transformers can give rise to capacitive balance 
related angular errors. 

The use of these precautions enables the converters to drive 
fully tuned 2VA loads. 

For more information please send for relevant application note. 

SHORT CIRCUIT PROTECTION 
The short circuit current limit is set at <600mA maximum: 

Under short circuit or excessive current conditions, the overcurrent 
protection circuit will trip and reduce the output current to 
zero. In order to mioimize power dissipated under current limit 
conditions the device goes into a switching mode, testing the 
load condition at a high frequency. 

When the overload conditions are removed, the output is auto
matically restored to its normal condition. 

VECTOR ERRORS AND EFFECTS 
The error law used in the converter has no ioherent vector 
errors. The figure of 0.03% given in the specification is accounted 
for by tolerances io some of the thio-mm resistor networks used 
io the converter. 

These very low vector errors make the converters ideally suited 
for applications such as displays, or metal cutting control where 
perfect circles have to be generated. 

BANDWIDTH 
The open loop gaiD bandwidth !>roduct of the nRc.174~ one! 

DRCl746 has been tailored to ensure that the full angular accuracy 
is maiotaioed over the broadband range of de to 2.6kHz. This 
results io a. closed loop bandwidth of 300kHz. 

REMOTE SENSE FACILITY AND ADDITIONAL 
OUTPUT ERRORS 
A remote sense facility is included in the DRCl745 and DRCI746 
in order to reduce errors caused by the output ioterconnection 
wiriog when driviog large loads. The magnitude of this error is 
illustrateq by two examples below. 

Assume that the sioe and· cosioe load impedances are perfectly 
matched and the sine output wiriog resistance matches the 
cosine output wiriog resistance to withio 5%. Then for a resistive 
load of I.4VA (33 ohms) and the worst case angle of 45 degrees, 
there will be 1.3 arc-mioutes of extra error iotroduced for every 
250 milliohms of resistance for the loop wiring between the 
converter and the load. (AWG22 = 17mO/ft, 1 oz PCB copper 
= 4OOmO/ft.) 
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In the case of an inductive load under similai conditions, 500 
milliohms would produce the same error. 

Usiog the remote sense facility as shown io Figure 7 will half 
this error or allow twice the distance to be driven for the same 
additional error. 

If the remote sense is not used, then "COS SENSE" should be 
joioed to "COS" and "SIN SENSE" should be joined to "SIN" 
at the PCB edge connector. 

Note also that when output transformers are used with the 
converters they should be regarded as the load and the remote 
sense wires taken to the transformer primary ioputs. 

Sense wiring may employ mioimum wire gauge; it does not 
carry load current. 

COS 

DRC1745f1746 SIN 

COS SENSE 

SIN SENSE 

COS GND 

SINGND 

LOAD 

Figure 7. Using the Remote Sense Facility 

The ground returns from the load should be iodividually wired 
and star-poiot connected at the converter's signal ground. Any 
common resistance in the signal returns will produce errors due 
to the summation of the sio and cos outputs. With a resistive 
load of 33 ohms at 1.4VA, and at the worst angles of 0 and 90°, 
there will be 1.3 arc-mioutes of extra error iotroduced for every 
12.5 milliohms of common signal return resistance. 

TRANSZORB™ OUTPUT PROTECTION 
As an option, the output stages of the converter can be ioternally 
fitted with TransZorb protection. This form of protection can 
be advantageous and significantly iocrease the Mean Time Between 
Failures when driviog inductive loads. The TransZorbs, which 
are effectively back to back zener diodes, give full protection 
agaiost transient voltages generated by an ioductive load io 
response to an abrupt change in load current. Such a change 
can oc.cur at switch off or as a consequence of external power 
supply fault conditions. The TransZorbs are rated to give pro
tection against worst case transients corresponding to an iostan
taneous mterruptlon of the converter when driving ioto a full 
2VA pure ioductive load with the converter operating at the 
maximum case temperature of 125°C. 

Figure 8 shows a simplified diagranl of the converter output 
stage iodicating the action of the TransZorb when the 15 volt 
supply is interrupted. 

It is important to appreciate that destructively high voltages can 
be generated (given by E = Ldildt) even for modest ioductive 
loading, under many fault conditions, since dildt is effectively 
uncontrolled. Internal TransZorb protection is a better and 
more direct solution to the problem than employing a pair of 

. reverse biased diodes to the output stage powe~ supplies. This is 
because the transient is contaioed within the specific load disturbed 
and does not escape ioto the power supply wiring and hence 
cause possible damage to other equipments and devices. A domioo . 
effect of catastrophic failure is therefore prevented. 

TruaZorb is a registered trademark of GeaeraJ Semieoaductor 
IDduatrie., Inc, 

REV. A 



+ 15VIPI 
OR 

-15VIPI 

r""....,;; .... _----::_:---------c~OIP;;:...:.=,SIN. OR COS) 

'. I 
I 
I 
I L JLdi 

'-L_-~-----'----------<J>---'~ at 
SIG GNQ 

NO PROTECTION 

Figure 8. DRC17451DRC1746 Output Stage Showing 
TransZorb Protection 

Figure 9 shows the nature of transient waveforms where by the 
very large transient voltage generated by the inductive load is 
limited to a safe clamp level when it is applied to the output 
stage. 

POWER sum y 
INTERRUPTED 

OUTPUT CURRENT 

~---OUTPUT VOLTAGE 

VCLAMP 1--,---/"7"" TAANSZORB EXTINGUISHED 

/ ... ~ 
TRANSZORB CLAMP

LEVEL 

v/ 
/ 

/ 
/ 

/ 

/ 

/ ~ :i~~: ~~~~~~~~~~:~2r:'~~STED 

Figure 9. Transient Waveforms and TransZorb Clamping 

In addition, there are conventional diode clamps on the ± 15V(P) 
power supplies. 

OUTPUT AND REFERENCE TRANSFORMERS 
A set of low profUe (0.4" high) reference and output transformers 
(which are capable of handling the full drive capability of the 
DRCl74S and DRC1746 over a frequency range of 360Hz to 
2.6kHz) are available in order to accept the standard voltage 
formats of synchros and resolvers. 

The reference transformer, ST M 1680, can accept voltages of 
lI.8 volts, 26 volts or liS volts depending on the option and its 
output is 3.4 volts rms which is suitable for connecting to AHI 
and ALO on the converter. 

The output transformer pair, STM1683, accepts the 6.8 volts 
rms output of the converter and provides a synchro or resolver 
format depending on the option. 

Note: For resolver option for the STMl683 transformer, part 
number is RTM1683. 

The pin out and dimensions of the STMl680 and STMl683 are 
shown on the next page, and the connection to the converter in 
Figure 10. 

Note: For operation over the frequency range 47Hz to 440Hz a 
similar set of transformers are available (1.0" profUe height). 
Part numbers are STMI660 (reference transformer) and 
STMl663 (output transformer). 
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DRC114511746 

(Q------<> S1 

, 
I 

0--+-__ --<>83 

--------054 
r----<lS2 

(i}-----<>R", 

l')------<> Rw 

NOTE: FOR SYNCHAO OUTPUT "cr" MUST BE CONNECTED TO "TC", 
FOR RESOLVER OUTPUT ''Te''IS S41NO LlNKI 

Figure 10. Connecting the DRC1745 to the STM1680 arid 
STM1683 Transformers 

RESISTIVE INPUT SCALING 
The analog reference input can be externally resistively scaled to 
cater for a wide range of voltage both when used with or without 
the reference transformer, STM1680/STM1660. 

When the converters are used with the STMI680/STMI660 
transformer, a resistance of value 3kO per extra volt required 
should be inserted in the AHlline. Care should be taken to 
ensure that the voltage on the analog input (Am, ALO) is 3.4 
volts rms in order to provide a full scale analog output. The 
maximum output voltage of the converter is proportional to the 
input voltage (gain of 2) and therefore the resistor tolerance 
should be chosen so that the correct voltage appears across the 
Am, ALO pins. Note that the input to the reference transformer 
should not exceed the rated max. 

Note that the best dc output offset performance is achieved 
when the STMI680/STMI660 transformer is used. However the 
use of resistive scaling can never cause an additional offset of 
greater than 6.5mV (max), 2.6mV (typ). 

OTHER PRODUCTS 
We manufacture a wide range of hybrid and modular circuits 
for processing synchro and resolver information. Please ask for 
our comprehensive literature. 
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DRC1745IDRC1746 
OUTLINE DIMENSIONS 

PACKAGING SPECIFICATIONS 
Dimensions shown in inches and (mm). 

STM1680 

~~:lJ-i ~o.a1S122.231---1 

T -R~ STM1680 R~' 

aI a~~~ OPTION MARKED 
0.815 IN THIS POSITION 

122.2:11 / 

i.co ~~!~-~f'V' -1" .. , 
G.tHII.121 -jOV L ____ .1 zvoy .12.361 

T 1---"",,",29,---1 I 
J---O.892I22.661----1 

r 
"m \11.11 , 
.L 

P 
FtXING·_ 

Maxo.nI6.3510EE 
(6 FUll THREADS! 

1 

I 
-0. 40 

'0 

:;A-
01 .0 

T 
I 
, 

l---~.'20 I28A51-----t BOTTOM VIEW 

NOTES 

STM1683 

UK 128.68i--:----i ~ 2.000 15o.aO' 1 
~~,~-fri-__ '_'''_'''''' __ '---l __ -1+-_ Ii-_____ -+I ' 

...J. J J 0 T COS SlG ONO 'C, SIN SIG OND 'SI 

"" CI~~~ 

'''1'''' Te' 

-0 
0.123(3.121 I " o 

S1 
o 

T t::== 1.923(48 .• 4' 
2.018151.21J 

t-~ l ~~ 1 ':1:- 0 - '1,1" 

~-.:.. ___ I_F_IX_IN_G_'N::..'_PO_Sl...:TIO:..N ______ ~ 1128.451 
M2xO.25 (6.351 DEEP 
18 FULL THREADS) 

o 0 . , 
1--______ Z.246151.02I ______ --iI80TTOM VIEW 

1. "TeN READS "54" and ''Cr READS "Ne" ON RESOLVER DEVICE IRTM'8831. 
2. DIMENSION NAN IS OA 110.21 FOR STM11110 AND STM1113. 

THE TOlEfIANCES ARE +0.010". -O.OO5"OR +O..zlnml. -O.1Imm. 

DRC174S/1746 

~l ) 
~4';~ '-rr~ lr1In-rnHnr~ 'lr1T~ ~ -rn~ ~nr~ 1r1TU "..,,~ ~nr~ lr1T"~ ~ "Tr1T~ [=t= 
~ ~ 0.100 (2.51 TVP I 0.175 :!: 0.010 

PIN ONE GRE:N GLASS BEAD 1.900148.3) • (4.4 ± 0.25) 
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...... _~_~_~_~_' _~_r_r_~_~_~_~_~_~_~_~_f(l_~_~_~_~..J ,_ 00000000000000000000 

1-1 .. -------2.140 154.4)--------.. ..... 11 BOTIOM VIEW 

-PINS 15.16 ARE NOT CONNECTED INICI ON DRC1745. 
PIN 31 IS "HIC" ON "C" OPTION AND .. + 5V" 
ON "L" OPTION. 
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TOLERANCES:!: 0.005"11.31 
UNLESS OTHERWISE STATED 

ORDERING INFORMATION 

"" -.. ~""":5'''T ~==.. 
1746 = I6-Bit Resolution ~ required. 

2 = ± 2 Arc-Min. Accuracy 

L = Low power Schottky 4 = ± 4 Arc-Min. Accuracy 
input latches 

T = Internal TransZorb protection 

L-- 0 = Without TransZorb protection 

STMI680.A 

1680 = 360Hz _ 2.6kHz ---I" ~ A = 26V (26V reference" synchro) 
A = 115V (1I5V reference, synchro) 

A = IIV8 (11.8V reference, resolver) 

A = 26V (26V reference, resolver) 

~~ Tr~z ~: ~ i~~~::~~u=it) z = 3 (1I.8V rmsresolver output) 
RTM for resolver Z = 4 (26V rms resolver output) 
output options Z = 8 (1I.8V rms resolver output) 

Y = 1360Hz to 2.6kHz (STM1683 only) 
1683 = 360Hz-2.6kHz Y = 2 4mz to 440Hz (STMI663 only) 

4 = - SS"e to + 125"<: operating 
temperature rm>ge. 
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WDEVICES 

FEATURES 
Hybrid Construction 
Phase Shift <5° 
Phase Match <1° 
Load Capacity 10,OOOpF 
Full Military Temperature Range 

APPLICA nONS 
The IPA 1764 is recommended for use with the 

1S10/20, 1S14124 and other 10- and 12-bit 
Inductosyn*/Resolver-to-Digital Converters. 

GENERAL DESCRIPTION 
The output signals from an Inductosyn slider are at a low level 
of the order millivolts and require amplification and buffering 
before transmission to an Inductosyn-to-digital converter. The 
IPAI764 provides the necessary gain and output impedance for 
this purpose. 

Any gain mismatch in the two channels amplifying the sine and 
cosine outputs of the Inductosyn slider contributes to the system 
error. The IPAI764 with a 0.15% gain match over the temperature 
range only contributes an error of 0.23 micron using a 2mm 
pitch Inductosyn. By carefully controlling phase mismatch to 
less than 1°, the error contribution is only 0.2 micron in a 2mm 
pitch Inductosyn. 

The IPAI764 with an output resistance of less than 3 ohms and 
a capability of driving a cable capacity of 10,000pF is totally 
suited to machine tool applications where the Inductosyn-to-digital 
converter is remote from the measuring Inductosyn. 

The IPA I 764 is of hybrid manufacturing techniques, and available 
in two temperature range versions-industrial temperature range 
(0 to + 70°C) and extended temperature range ( - SSOC to 
+ US°C). 

Both versions of the IPAI764 are housed in an IS-pin metal 
case. 

APPLICATION 
The diagram below shows a "hookup" with the preamplifier, 
power oscillator and a IS60 with an Inductosyn. Precise application 
information is not possible as the Inductosyn in its application 
has many variables. 

Current Set Resistor 
This resistor is used to match the voltage output of the oscillator 
to the Inductosyn track resistance and provide the manufacturer's 
recommended current. By variation of the voltage outputs and 
current resistance, track by this up to approximately 10 feet (3 
meters) can be accommodated. 

Decoupling 
The preamplifier and oscillator have internal high frequency 
decoupling capacitors on the supply lines, however, it is recom
mended that electrolytic decoupling capacitors are connected 
close to the hybrid pins. 

*lnductosyn is a registered trademark of Farrand Industries, Inc. 
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Hybrid Inductosyn Preamplifier 
IPA1764 I 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

... ANALOG 
WOEVICES 

IPA1764 

• 

~1I111I1111 
0.' 12.54}_1 l-- 1 

~O.8 120.321--1 

PIN ONE (GREEN GLASS BEAD) 

oooooooo0T! +-=. I w I !i+ ALL UNMARKED PINS -r 5 T ~:~:g.I~~:RNAL 
8 .. 0.775 

~ ~ 119 .... } 

~ !i!~ !II z ~ + c:J I ts iI 
000000000 

t--- 0.976 124.7851-----f 

ORDERING INFORMATION 

IPAI764 x 60 B 

L ........ bili~_ 
x=s O·to +70OC 

Operating Temperature Range 

X=4 - WC to + 125°C 
Operating Temperature Range 
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IPA 1764 - SPECIFICATIONS (typical @ +25"& OY8I'M rqe of poww suppIy.inpuIs IDass aIIIerwise notad) 

Model IPA17641S60 IPA1764/460 

GAIN 1250±5% '" 
GAIN MISMATCH 

Channel to Channel Over ±0.15%(equivalent 
Full Temperature Range t02.5 arcmins) ±O.3% 

PHASE SHIFT <S° '" 
PHASE MISMATCH 

Channel to Channel <1° '" 
CROSSTALK <0.1% '" 
OPERATING FREQUENCY 10kHz '" 
INPUT RESISTANCE Sill ±IO% '" 
OUTPUT RESISTANCE <50 '" 
MAX LOAD CAPACITY 10,OOOpF '" 
MAX SIGNAL OUTPUT LEVEL 3Vrms '" 
POWER SUPPLIES 

Voltage ±12Vto ±ISV '" 
Current ±70mAmax '" 

TEMPERATURE RANGE 
Operating Oto +70OC - 55°C to + 125°C 

SIZE 0.775" x 0.975" x 0.175" '" 
(19.7mmx 24.8mm x4.5mm) 

WEIGHT 0.25 ozs (7 grams) '" 
NOTES 
·Specification same as IPA1764/560. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM VALUES WITH RESPECT TO 
SUPPLY GROUND 

Sin and Cos liP 
+VPin ...... . 
-V Pin ...... . 
Sin and Cos OIP Ik Load . 
Indefinite Short Circuit Proof 

OSC1758 

"~ w ~ 
~G ~~ 

00 00 00 

. +V 
+17V 
-17V 
+lOV 

Use of 1 S20 with Inductosyn Preamplifier IPA 1764, Hybrid 
Power Oscillator OSC1758 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Full Military Temperature Range 
Hybrid Construction 
18-Pin OIL Package 
0-10kHz Frequency Range 
In-Phase and Quadrature Outputs 

APPLICATIONS 
Synchro Resolver. and Inductosyn@ Excitation 
LVDT Drive 

GENERAL DESCRIPTION 
The OSC1758 is a hybrid sine/cosine power oscillator which can 
provide a maximum power output of 1.5 watts, over 0 to 
10kHz. 

The device comprises two independent parts-an oscillator and a 
power amplifier. 

The oscillator stage has two signal outputs, one 90° in phase 
advance with respect to the other. 

The oscillator frequency is programmable in the range of 0 to 
10kHz by two identical external capacitors. 

The power amplifier stage is externally short circuit protected 
and has a gain of 2.8 ± 1%. The maximum output current this 
stage can produce is 215mA rms (at 7V rms). 

Connecting either of the oscillator stage outputs to the power 
amplifier input, using an external link, will give a nominal 
output of7 volts rms. Lower voltages can be obtained by connecting 
an external resistor in series with the amplifier's inputs. 

The OSC1758 is housed in an hermetically-sealed 18-pin DIL 
metal case, and operates over full military temperature range 
( - 55°C to + 125°C), as well as the industrial (0 to + 70°C) 
temperature range. 

MODELS AVAILABLE 
The OSC1758 is available in both industrial and military tem
perature ranges. For details of how to specify the required part, 
see "Ordering Information". 

CONNECTING THE OSC1758 
The block diagram shows the output configuration, when using 
the power amplifier stage. If only the oscillator stage is required, 
the connection between pin 3 and pin 7 is not included. 

The frequency of oscillation for the OSC1758 in the block diagram 
is determined by the two identical capacitors C1 and C2. For 

This two-page data summary eontains key specifications to speed your selec
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sale. office. 
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Hybrid Power Oscillator 
OSC1758 I 

FUNCTIONAL BLOCK DIAGRAM 

-15V ov +15V 

the frequency required, the value of C1 and C2 should be calculated 
using the following equation. 

1 
C, = C2 = --=--

Fose X 105 
Farads 

Where Fose = Frequency of oscillation in Hz. 

For a reduced output a series resistor, Rs, must be added. 

For the required output voltage Rs should be calculated as 
follows: 

Rs = 37.5 X 103 _ 5350 Ohms 
VOUT(rms) 

STABILITY 
To ensure stability of both frequency and voltage level outputs 
it is essential that good quality external capacitors are used, 
e.g., Silver Mica or Polystyrene. 

The tolerance quoted in the specification applies if high grade 
Silver Mica capacitors, with a temperature coefficient of less 
than SOppmf'C, and a low loss factor, are used. 

POWER DISSIPATION 
The thermal dissipation characteristics for the OSC1758 are as 
follows: 

o junction - case = 15°CIW 
o junction - ambient = 4O°CIW 
o j (max) = 150°C. 

Total Power Dissipation = 

(VSUPPLY x ISUPPLY) - (VOUT x lOUT x cosine cf» 

where cf> = load phase angle 

NOTE: Although the power amplifier stage has internal short 
circuit protection, a heat sink should be employed for protection 
against continuous short circuit conditions. 

Inductooyn® i •• registered trademark of Farrand Industries, Inc. 
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OSC1758-SPECIFICATIONS (typical @ + 25°C with ± 15V power supplies unless otherwise noted.), 

Model OSC17581SOO OSC17581400 

FREQUENCY RANGE O-IOkHz • 
FREQUENCY STABILITY1•2 ±5% • 
REFERENCE i OUTPUT 1 2.5V rms ± 5% @ 3mA rms • 
REFERENCE20UTPUT1 2,SV rms ± 5% @ 3mA rms 

90" Phase Advanced with Respect to 
Ref. 1 Output 

AMPLIFIER OUTPUT3 7Vrms@215mAmax 

CAPACITIVE LOAD IOnF(max) 

AMPLIFIER GAIN 1 2.8 ±1% 

AMPLIFIER INPUT RESISTANCE 5.35kn ±l% 

POWER DISSIPATION 

POWER SUPPLy4 

TEMPERATURE RANGE 
Operating 
Storage 

SIZE 

WEIGHT 

NOTES 
'Over fuJI operating temperature range. 
2s." section on "Stability". 

4.0 Watts (max) 

±15V 
60mA (max) No Load 
l60mA (max) Full Load 

Oto +700c 
-65"Cto + lSO"C 

0.975" x 0.775" x 0.175" 
(24.8mmx 19.7mmx 4.5mm) 

0.250zs. 
7 grams 

'Derated to SV rms @ 21SmA if using ± 12 volt power supply. 
<Will operate with ± 12 volt power supply with dersted outpUt voltage. 
*Specifications same as OSCI7S8/S00 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM VALUES WITH RESPECT TO 
SUPPLY GROUND 

+Vs· 
-Vs· ....... . 

ORDERING INFORMATION 

OSC1758 X 00 B 

-O.3V to + 18V 
+O.3V to -18V 

t L High Reliability Processing 

X = 5 Oto +70·C 
Operating Temperature Range 

X = 4 - 55·Cto + 125·C 
Operating Temperature Range 
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- 55"C to + 125·C 
• 
• 

• 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm) 

OSC1758 

• 

~IIIIIIIII 
0.1 f2.54,--l I-- I 

~O.8120.321----' 
PIN ONE (GREEN GLASS BEAD) 

0.018 ±0.002 
10.511 MAX 

...... 0.6 115.241 

')r--------.. 
""00000000T: 

..., It. W Ie iii ALL UNMARKED PINS 

; ~ G a: ~~:'~~NAL 
0( 0.715 

~ fl ..... ' 

~!d!!P ~ + "I C a: tf 
000000000 

t--- 0.975 124.7651---1 

TOLERANCES ::1:0.005 (0.13mml UNLESS OTHERWISE STATED 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Internal Isolating Transformers 
Military Temperature Range 
Three Accuracy Options 
14-Bit or 12-Bit Resolution 
High. Continuous Tracking Rate 
32-Pin Welded Metal Package 
Hermetically Sealed 
Ratiometric Conversion 
Laser Trimmed - No External Adjustment 
Three-State Latched Outputs 

APPLICATIONS 
Flight Instrumentation Systems 
Military Servo Control Systems 
Artillery Fire Control Systems 
Avionic Systems 
Antenna Monitoring 
Robotics 
Engine Controllers 
Coordinate Conversion 
Axis Transformation 
CNC Machine Tooling 
Process Control 

GENERAL DESCRIPTION 
The SDClRDC 1 740/1 74111742 are hybrid 14- or 12-bit conti
nous tracking synchro or resolver to digital converters contained 
in 32-pin welded metal packages. In the core of this hybrid the 
conversion process is performed by a monolithic IC manufac
tured in Analog Devices proprietary BiMOS II process that 
combines the advantages of CMOS logic and bipolar high accu
racy linear circuits on the same chip. Internal isolating micro
transformers are used to provide true isolation of the signal and 
reference inputs. The 14- or 12-bit digital word is in a three
state digital form available in two bytes. Using separate EN
ABLE inputs for the most significant 8 bits and the least 
significant 6 or 4 bits not only simplifies multiplexing of more 
than one device onto a single data bus, but also enables the IN
HIBIT input to be used without interrupting the operation of 
the tracking loop. The converters are hermetically sealed in a 
32-pin welded metal package. 

REV. A 

12- and 14-Bit Hybrid Synchrol 
Resolver -to-Digital Converters 

SDC/RDC1740/1741/1742 I 
FUNCTIONAL BLOCK DIAGRAM 

"P REF HI 

liP R£F LO 

51 

.2 
53 

54 

INHIBIT 

ENABLEM 

ENABLE L 

BUSY ~-L-__ ...J 

345878 I 2 

IMSB 
L-----_____ v 

9 1011 12 13~B I 

14- OR 12-BfT DIGITAL OUTPUT WORD 

MODELS AVAILABLE 

+v, 

-v, 

OVGI!'D 

+v, 

The three synchro/resolver-to-digital converters described in this 
data sheet differ primarily in the areas of resolution, accuracy 
and dynamic performance as follows: 

Model SDC1740XYZ is a 14-bit converter with an overall accu
racy of ±5.3 arc minutes and a resolution of 1.3 arc minutes. 

Model SDC174lXYZ is a 12-bit converter with an overall accu
racy of ± 15.3 arc minutes and a resolution of 5.3 arc minutes. 

Model SDC1742XYZ is a 12-bit converter with an overall accu
racy of ±8.5 arc minutes and a resolution of 5.3 arc minutes. 

Each model has two operating temperature range versions, those 
covering the industrial temperature range (0 to + 70°C) and the 
military temperature range (-55°C to + 125°C). The XYZ code 
defines the option as follows: (X) signifies the operating temper
ature range, (Y) signifies the reference frequency, (Z) signifies 
the signal and reference voltage whether it will accept synchro 
or resolver format. To ensure a high level of reliability each con
verter receives stringent precap visual inspection, environmental 
screening and final electrical test. 

Military temperature range devices and those processed to high 
reliability screening standards (suffix B) receive further levels of 
testing and screening to ensure high levels of reliability. More 
information about the option codes is given under the heading 
Ordering Information. 
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SDCIRDC1740/1741/1742-SPECIFICATIONS (typical at 25°C unless othelWise specified) 

Pua!neter SDC/RDC1740 SDC/RI)C1741 SDC/RDC1742 Units Commeats Notes 

CONVERTER PERFORMANCE 
AcCuracy ±5.3 max ±15.3 max ±8.5 max arc min 1,3 
Tracking Rate 27 min 18 min ** revls 4 
Resolution 14 12 ** Bits Output Coding Parallel 

(I LSB = 1.3 (I LSB = 5.3 ** Natural Binary 
arc min) arc min) 

Signal & Reference Frequency 400 * * Hz Option XIZ 
2.6 * * kHz OptionX4Z 

Repeatability of Position Output I * * LSB 4 
Bandwidth 130 ISO ** Hz 4 

SIGNAL INPUT IMPEDANCE 
90V Signal 200 * * 1<0 Resistive Toletance ±2% 4 
26V Signal 57.7 * * kO 4 
ll.8V Signal 26 * * 1<0 4 

REFERENCE INPUTS 
Reference Voltage 11.8, 26, 115 * * Vrms See Ordering 
Reference Impedance Information 

115V Ref 120 • * 1<0 Resistive Tolerance ±5% 4 
26V Ref 27 * * 1<0 4 
11.8V Ref 12.3 * * 1<0 4 

ACCELERATION CONSTANT 56000 80000 ** sec-2 Symbol K,. 4 

LARGE STEP RESPONSE 85 typ 60typ ** ms 179" Step for Settling to 1,3 
100 max 75 max ** ms I LSB of Error 

POWER LINES 
+Vs=+15V 28 typ 35 max * * mA Quiescent Condition 1,3 
-Vs=-15V 28 typ 35 max * * mA Quiescent Condition 1,3 
VL=+5V 35 typ 56 max * * mA Quiescent Condition 1,3 
Power Dissipation 1.4 max * * W 

DIGITAL INPUTS (INIUBIT, 
ENABLE L, ENABLE M) 

V (Input High) 2 min * * Vdc VL=+5V 1,3 
V (Input Low) 0.7 max * * Vdc VL=+5V 1,3 
I (Input High) 20 max * * JJA VIH=2.4V 1,3 
I (Input Low) -400 max * * JJA V'L=O.4V 1,3 

ENABLE AND DISABLE TIME 80 max * * ns 2,4 

INHIBIT 
Sense Logic Low * • 

to INHIBIT * * 
Time to Data Stable (after 

Negative-Going Edge 
of INHIBIT) 640 max * * ns 4 

BUSY OUTPUT 
Sense A-:t"iYe L~;ic H!;..J: wh~~ ~:rw'=-~r pv:iitivu viiiyiii: ~hcwl:S~. 
Timing Positive going edge SOns before change in position output. 
Width 

400 typ * * ns 4 
200 min * * ns 4 
600 max * * ns 4 

Load 2 min * * TTL 4 

DIGITAL OUTPUTS 
Voltage Levels 

Logic High 2.4 min * * Vdc VL=+5V, 1,3 
IOH= - 240jJA 

Logic Low 0.4 max * * Vdc VL=+5V 1,3 
IoL=9.6mA 

Load 6 max * * TTL 
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SDC/RDC1740/1741/1742 
Parameter SDClRDC1740 SDClRDC1741 SDClRDC1742 Units Comments Notes 

OPERATING 

TEMPERATURE RANGE 
Option 5YZ o to + 70 * * "C 
Option4YZ -55 to +125 * * "C 

DIMENSIONS 1.74 x 1.14xO.28 * * Inch See Package 4 
C44.2x28.9x7.1) * * mm Infonnation 

WEIGHT 0.86 max * * oz 4 

25 max * * 
grams 

NOTES 
'Specified over the appropriate operating temperature range and for: Ca) :t 10% signal and reference amplitude variatioD; Cb) :t 10% signal and reference 
harmonic distortioD; (c) :t5% power supply variatioD; (d) :t10% variation in reference frequency. 

'ENABLE M enables most significant 8 bilS. 
ENABLE L enables least significant 4 bits (or 6 bilS for SDClRDCI740). 

'100% tested at Dominal values of power supplies, input signal voltages and operatiDg frequency. 
'Guaranteed by design. 

·Specifications same as SDClRDC1740. 
**Specifications same as SDClRDCI741. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
+Vs' to GND. . . . . . . . . . . . . . . . . . . .... + 17.Z5V de 
-Vs to GND ......................... -17.Z5V de 
+VL2 to GND ........................... +7V de 
Reference Input HI to GND ................. ±350V de 
Reference Input LO to GND ................ ±350V de 
Common Mode Range ..................... 17SV rms 
Sl, SZ, S3, S4 to GND .................... ±350V de 
Any Logical Input to GND .............. -O.4V to +VL 
Case to GND .........................•. ±20V dc 
Storage Temperature Range ............ -6SoC to + IS0°C 

CAUTION: 
'Correct polarity voltages must be maintained on the + V sand -V spins. 
'The + SV power supply must never go below GND potential. 

NOTE 
Absolute maximum ratings are those values beyond which damage to the 
device may occur. 

REV. A 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

~ANALOG 
WOEVICES 
MEMORY DEVICES OIVN. 

MADE IN ENGLAND 

SOC/ROC 1140 

OPTION [::.:1 

~~ : :.:.: '- PIN 1 IDENTIFIER 0.2 %0.010 -1- 15.0 ±O.2541 

[ Ii r--[ ------I.-l 

T r I ~ ~~~~1I1' l"-u:---J~ 
I. 1.74144.2) -I 
~ •........•.•.. --r 
o PIN 1 BEAD 

DiffERENT I 
COLOR 

1.14(29.01 

GLASS BEAD 
STANDOFFS 

0.08 DIA. ±O.010 
(2.03 DIA. ±O.254) 

BOTTOM VIEW 

o 
~ ____________ -+J J TOLERANCES: ::!:0.005 1:!:0.127) 

UNLESS OTHERWISE STATED 

1.400 (35.561 
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SDCIRDC/1740/174111742 
PIN CONFIGURATION 

(MSa) BIT 1 0 @ 
BIT 2 0 @ -v. 

BIT a 0 ® OVGND 

BlT4 0 ® +v. 

BITS 0 @ I 

BlTO 0 ® BUSY 

BIT 7 0 @ 

0 SOC/ROC ® 1740/174111742 
BIT I 

0 TOPYIEW @ (Not to Scale' BIT! N/C 

81T10 ® @ CA5E 

BIT 11 ® @ N/C 

@ @ 
@ ® 
® @ 

81T12 N/C 

(
IITla 

SeE NOTE 2 

BIT 14 

5. 

52 

lIP REFERENCE LO €) @ S3 

liP REFERENCE H I @ ® SEE NOTE 1 

NOTE 1. FOR THE RESOLVER OPTION PIN 1716 84. 
FOR THE SYNCHRO OPTION PIN 17 IS 
NOT CONNECTED. 

NOTE 2. FOR THE 174' AND 1742 PINS 13 AND 14 
ARE NOT CONNECTED. 

Bit Number 

1 (MSB) 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 (LSB for 174111742) 
13 
14 (LSB for 1740) 

Weight in Degrees 

180.0000 
90.0000 
45.0000 
22.5000 
11.2500 
5.6250 
2.8125 
1.4063 
0.7031 
0.3516 
0.1758 
0.0879 
0.0439 
0.0220 

Table I. Bit Weight Table 
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PIN FUNCTION DESCRIPTION 

Pin Mnemonic Description 

1-14 Bit 1-14 (1740) Parallel output data bits. 

1-12 Bit 1-12 (174111742) 

15 REFLO Input pins for the reference signal. 
16 REF HI 

17 S40R N/C S4 signal input for Resolver 
option. N/C for Synchro option. 

18 S3 
19 S2 SynchrolResolver input signals. 
20 SI 

21 N/C No Connection. 

22 N/C No Connection. 

23 CASE Should be connected to OV GND. 

24 N/C No Connection. 

25 ENABLEL ENABLE L enables the 6 or 4 
least significant bits. 

26 ENABLEM ENABLE M enables the 8 most 
significant bits. 
Logic High sets the output data 
bits to a high impedance state; a 
Logic Low presents the data in the 
latches to the output pins. 

27 BUSY Converter busy. A Logic High 
output indicates that the output 
latches are being updated and 
data should not be transferred. 

28 INHIBIT Logic Low inhibits the data 
transfer from the counter to the 
output latches. 

29 +Vs Main positive power supply. 

30 OVGND Power supply ground. 

31 -Vs Main negative power supply. 

32 +VL Logic power supply. 
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liP REF HI 

liP REF LO 

S1 

S2 

S3 

54 

(RESOLVER 
OPTION) 

INHIBIT 

ENABLEM 

ENAiii:IT 

BUSY V"~---..... 

RESOLVER
TO

DIGITAL 
CONVERTER 

SDC/RDC1740/1741/1742 

SOC/ROC 
1740/1741/1742 

R-TO-o 
SUPPLIES 

MATCH 
CONTROL I--~J-V. 

I--------------OOVGNO 

1--------------0 +V, 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 iMSB LSB I 
L-----------~\/r------------~ 

14· OR 12·811 DIGITAL OUTPUT WORD 

Figure 1. Functional Diagram of the SDCIRDC17401174111742 

THEORY OF OPERATION 
In the synchto-to-digital converter configuration, the 3-wire syn
emo output should be connected to SI, S2 and S3 on the unit 
and the Scott T transfonner pair will convert these signals into 
resolver fonnat, i.e., 

V,=K Eo sin wt sin 6 
V,=K Eo sin wt cos 8 

(SIN) 
(COS) 

where 6 is the angle of the synchto shaft. 

In the resolver-to-digital converter configuration, the 4-wire 
resolver output should be connected to SI, S2, S3 and S4 on the 
unit and the transformers will act purely as isolators. 

To understand the conversion process, then assume that the cur
rent word state of the up-down counter is <1>. 

V, is multiplied by COS<I> and V, is multiplied by SIN<I> to give: 

K Eo sin wt sin 6 cos <I> 
and K Eo sin wt cos 8 sin <1>. 

These signals are subtracted by the error amplifier to give: 

K Eo sin wt (sin 6 cos <I> -cos 6 sin <1» 
or K Eo sin wt sin (0-<1». 

A phase sensitive detector, integrator and voltage controlled 
oscillator (VCO) form a closed loop system which seeks to null 
sin (6-<1». The digital output (counter <1», then represents the 
synchro/resolver shaft angle 6 within the specified accuracy of 
the converter. 

INHIBIT INPUT 
The INHIBIT logic input only inhibits the data transfer from 
the up-down counter to the output latches and, therefore, does 
not interrupt the operation of the tracking loop. Releasing the 
INHIBIT automatically generates a busy pulse to refresh the 
output data. 
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ENABLE INPUTS 
The ENABLE inputs determine the state of the output data. A 
Logic High maintains the output data pins in the high imped
ance condition, and application of a Logic Low presents the 
data in the latches to the output pins. ENABLE M enables the 
most significant 8 bits, while ENABLE L, enables the least sig
nificant 4 bits (6 bits in the SDClRDCI740). The operation of 
the ENABLE inputs has no effect on the conversion process. 

DATA TRANSFER 
Data transfer can be accomplished using either the INHIBIT 
input or the trailing edge, positive to negative transition of the 
BUSY pulse output. 

The data will be valid 640ns after the application of a Logic Lo 
to the INHIBIT input. This is regardless of the time when the 
INHIBIT is applied and allows time for an active busy pulse to 

clear. By using the ENABLE M and ENABLE L inputs the 
two bytes of data can be transferred after which the INHIBIT 
should be returned to a Logic Hi state to enable the output 
latches to be updated. 

MAX DEPENDS ON I 600ns MAX I INPUT RATE I .• a.. ., 
200ns MIN 

BUSY --1 Jr-----'L 
~N~~~r 

DATA ~----V-A-L-ID----""X,-__ VA_L_ID_ 

Figure 2. Timing Diagram 
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SDC/RDC1740/1741/1742 
BUSY OUTPUT 
The validity of the output data is indicated by the state of the 
BUSY output. When the input to the converter is changing, the 
signal appearing on the BUSY output is a series of pulses at 
TTL levels. A BUSY is initiated each time the input moves by 
an analog equivalent of an LSB and the internal counter is 
incremented or decremented or the INHIBIT input is released. 

Typically the width of the BUSY pulse is 400ns during the posi
tion data output updates. The trailing edge, positive to negative 
transition, of the BUSY pulse indicates that the position data 
output has been updated and is ready for transfer (data valid). 
The maximum load on the BUSY output using the trailing edge 
of the BUSY pulse is 2 TTL loads. 

CONNECTING THE CONVERTER 
The power supply voltages connected to + V s and - V spins 
should be ± ISV and must not be reversed. The digital logic 
supply VL is connected to +5V. 

It is suggested that a parallel combination of a O.If1F ceramic 
and a 6.8f1F electrolytic capacitor is placed from each of the 
three supply pins to GND. 

The pin marked CASE is connected electrically to the case 
and should be taken to a convenient zero volt potential in the 
system. 

The digital output is taken from Pin I through to Pin 12 for 
the SDClRDC174111742 and Pin I through to Pin 14 for the 
SDClRDCI740 where Pin I is the MSB. 

The reference connections are made to REF HI and REF LO. 
In the case of a synchro, the signals are connected to S I, S2 and 
S3 according to the following convention: 

ESI-S,=ERLO_RHI sin wt sin 0 

ES3-S2=ERLO-RHI sin wt sin (0+ 120°) 

ES2-S1 =ERLO_RHI sin wt sin (0+240°) 

For a resolver, the signals are connected to S I, S2, S3 and S4 
according to the following convention: 

ES1 -S3 =ERl.o-RHI sin wt sin fl 

ES2-S• = ERH1-RI.O sin wt cos 0 

The BUSY, INHIBIT and ;;oEN=-A""'BL~E;;opins should be connected 
as described under the heading Data Transfer. 

Q);,C:IC:T"TD c:r- llY .... T ..... I"'Io.r. ....... Tn .. T ...... III:" _ .. _ ..................... .., ..... " ............... _ ..., ... " &.1"& v ... fill 

A feature of these converters is that the signal and reference 
inputs can be resistively scaled to accommodate any change of 
input signal and reference voltages. 

This means that a standard converter can be used with a person
ality card in systems where a wide range of input and reference 
voltages are encountered. 

Note: The accuracy of the converter will be affected by the 
matching accuracies of resistors used for external scaling. 

To calculate the values of the external scaling resistors in the 
case of a synchro converter, add 1.11 kO per extra volt of signal 
in series with SI, S2 and S3 and IkO per extra volt of reference 

in series with RHI. In the case of a resolver-to-digital converter, 
add 2.22kO in series with SI and S2 per extra volt of signal and 
IkO per extra volt of reference in series with RHI. 
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DYNAMIC PERFORMANCE 
The transfer function of the converter is given below. 

K. 

s' 
1+ ST, 

1 + ST2 

Figure 3. Transfer Function of 
SDCIRDC17401174111742 

Open loop gain: 

flOUT K. I+STI 
flIN = W . T+ST2 

Qosed loop gain: 

OOUT 1+ ST1 
OIN = S2 S3T2 

I + ST1 + K;; + -x,;-

Model SDClRDCI740 

Where Ka =56,000 
TI=O.OI 
T2=0.001525 

The gain and phase diagrams are shown in Figures 4 and 5. 

Model SDClRDCI74111742 

Where Ka =80,000 
Tl=o.o087 
T2=0.001569 

The gain and phase diagrams are shown in Figures 6 and 7. 

ACCELERATION ERROR 
A tracking converter employing a type 2 servo loop does not 
suffer any velocity lag, however, there is an additional error due 
to acceleration. This additional error can be defined using the 
acceleration constant Ka of the converter. 

Input Acceleration 
Ka = Error III Output Angle 

The numerator and,denominator have the same units. Ka does 
not define maximum acceleration, only the error due to accelera
tion, maximum acceleration is in the region of 5 times the K. 
figure. The following is an example using the K. of the 
SDCI740. 

Acceleration of 50 revolutions sec - 2 with K. = 56000 
. 50x 16384 

Error III LSBs = 56000 = 14.62LSBs 
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Figure 7. SDCIRDC174111742 Phase Plot 

RELIABILITY 
The reliability of these products is very high due to the exten
sive use of custom chip circuits that decrease the active compo
nent count. Calculations of the MTBF figure under various 
environmental conditions are available on request. 

As an example of the Mean Time Between Failures (MTBF) 
calculated according to MIL-HDBK-2l7E, Figure 8 shows the 
MTBF in years versus case temperature in naval Sheltered con
ditions for SDClRDC1740/41142. 
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SDCIROC1740/174111742 
ORDERING INFORMATION 

For full definition, the converter part number should be suf
fixed by an option code. All the standard options and their 
option codes are shown below. For options not shown, please 
consult Analog Devices. 

Y Z B SOC 174A X 

SDC-S_~n;g;oJ Con~ J 
RDC=Resolver-to-Digital Converter 

L"----R<IP-
Z=l Signal 11.8V Reference 
Z=2 Signal 90V Reference 
Z=3 Signal 11.8V Reference 

1740=14-Bit Resolution, ±S.3 arc min Accuracy 
1741=12-Bit Resolution, ±IS.3 arc min Accuracy 
1742=12-Bit Resolution, ±8.S arc min Accuracy 

Z=4 Signal 26V Reference 
Z=8 Signal 11.8V Reference 

Y = 1400Hz Reference Frequency 
Y=4 2.6kHz Reference Frequency 

26V Synchro 
l1SV Synchro 

l1.8V Resolver 
26V Resolver 
26V Resolver 

X=4 -55°C to + 125°C Operating Temperature Range 
X=5 0 to +70°C Operating Temperature Range 

OTHER PRODUCTS 
Many other hybrid products concerned with the conversion of 
synchro data are manufactured by Analog Devices, some of 
which are listed below. If you have any questions about our 
products or require advice about their use for a particular appli
cation, please contact our Applications Engineering Department. 

The SDCIRDC1767 and SDClROC1768 are hybrid synchro
to-digital converters with isolating microtransformers similar 
to the SDClRDC1740/41142 described on this data sheet with 
the additional features of analog velocity output and dc error 
output. 

The OSC1758 is a hybrid sine/cosine power oscillator which can 
provide a maximum power output of 1.5 watts, over a frequency 
range of 0 to 10kHz. 

The DRCI745 and DRC1746 are 14- and 16-bit natural binary 
latched output hybrid digital-to-resolver converters. The accura
cies available are ±2 and ±4 arc mins, and the outputs can sup
ply 2V A at 7V rms. 
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IIIIIIII ANALOG 
WDEVICES 

Tachogenerator 
Output, Variable Resolution, 

Hybrid, Resolver -to-Digital Converter 

FEATURES 
4O-Pin Hybrid 
Tachogenerator Velocity Output 
User Selectable Resolution 
DC Error Output 
Sub LSB Output 
Angle Offset Input 
Reference Frequency of 2kHz to 10kHz 
Logic Outputs for Extension Pitch Counter 

APPUCATIONS 
Numerical Control of Machine Tools 
Feed Forward Velocity Stabilizing Loops 
Robotics 
Closed Loop Motor Drives 
Brushless Tachometry 
Single Board Controllers 

GENERAL DESCRIPTION 
The 1874 is a hybrid device that convetts standard resolver 
inputs to digital position and analog velocity outputs. All the 
essential features of multiturn or multipitch operation are included 
for numerically controlled machine tool and velocity feedback 
applications. 

Typically, the input signal would be obtained from a brushless 
resolver and the resolver/convener combination gives a parallel 
absolute angular output word similar to that provided by an 
absolute encoder. The ratiometric conversion principle of the 
1874 ensures high noise immunity and tolerance of lead length 
when the convener is at a distance from the resolver. 

In conjunction with the IPAI764 preamplifier, the 1874 is also 
suitable for use with Inductosyns@. 

The output word is in three-state digital logic fonn with a high 
and low byte enable input so that the convener can communicate 
with an 8- or 16-bit digital highway. 

A unique feature of the convener is its internally generated 
tachogenerator velocity output offering a linear voltage-speed 
relationship. Only one external resistor is required to scale the 
velocity output to the user's chosen volts/rpm relationship. 

Repeatability is lL8B under constant temperature conditions. 

The resolution of the 1874 convener is user selectable by means 
of applying a specific binary code to two of the convener's pins. 

Four resolutions can be selected, all operating over a frequency 
range of 2kHz to 10kHz. 

10 bit up to 40,800 revolutions per minute. 
12 bit up to 10,200 revolutions per minute. 
14 bit up to 2,550 revolutions per minute. 
16 bit up to 630 revolutions per minute. 

IndllCtosyn® i. a registered trademark of Farrand Wuatriea, Inc. 
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FUNCTIONAL BLOCK DIAGRAM 
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APPLICATIONS 
The 1874 has been designed for motor position control in the 
CNC, robotic and military fields. The use of a type 2 tracking 
servo loop circuit with high inherent noise immunity, makes the 
product ideally suited to these applications. 

USER BENEFITS 
Allows both velocity and position measurement from a single, 
low cost, standard, brushless resolver. 

SOdB dynamic range of velocity output. 

0.5% ripple on velocity signal. 

0.1% linearity of velocity signal. 

Cost effective tachogenerator/encoder replacement. 

Tracks at 5 to 10 times the rate of equivalent resolution 
encoders. 

Analog output for interpolation between digital codes. 

Direction and Ripple Clock (Datum) outputs facilitate revolution 
counting. 

Hybrid construction offering small size and MTBF of >200 
years at 50°C GB. 

MIL operating temperature range and spec. options available. 
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1 S74 SPECIFICATIONS (typical for both commercial (~YO) and extended (4YO) temperature range options @ 
- +25°C and ±12V power supplies, unless noted.) 

Resolution 10 Bits 12 Bits 14 Bits 16 Bits Units 

RESOLVER INPUTS 
Signal Voltage 2.0(±5%) * * * Vrms 
Reference Voltage 2.0( +50% -20%) * * * Vrms 
Signal & Reference Frequency 2k-IOk * * * Hz 
Signal Input Impedance 10 (min) * * * MG 
Reference Input Impedance 125 * * * kG 
Allowable Phase Shift 

(Signal to Reference) ±10 * * * Degrees 

POSITION OUTPUT 
Resolution 10 12 14 16 Bits 
lLSB 0.35 0.088 0.022 0.0055 Degrees 
Accuracy (maximum error over 
temperature range) 

5YO ± 25.0 (0.42) ±8.5(0.14) ±5.3(0.09) ±4.0(0.07) arc-mins (degrees) 
±0.12 ±0.04 ±0.025 ±0.019 %F.S. 

4YO ±25.0(0.42) ±8.5(0.14) ±5.3(0.09) ±2.6(0.04) arc-mins (degrees) 
±0.12 ±0.04 ±0.025 ±0.012 %F.S. 

Digital Position Output Format Parallel natural binary * * * 
Load 6 (max) * * * LSTTL 
Monotonicity Guaranteed * * * 
Repeatability 1 * * * LSB 

DATA TRANSFER 
Busy Output Logic "Hi" when busy * * * 
Load 6 (max) * * * LSTTL 
Busy Width 380 (min) 530 (max) * * * ns 

ENABLE INPUTS Logic "Lo" to enable * * * 
Load 1 * * * LSTTL 
Enable & Disable Times 250 (max) * * * ns 

INHIBIT INPUT Logic "Lo" to inhibit * * * 
Load 1 * * * LSTTL 
Direction Output (DIR) Logic "Hi" when counting up, logic "Lo" when counting down. 

Load 6 (max) * * * LSTTL 
Ripple Clock (RC) Negative pulse indicating when internal counters change from aU "I 's" to aU "O's" or 

vice versa. 
Load 6 (max) * * * LSTTL 
Width I", (max) 8500 (min) * * * secs 

DYNAMIC CHARACTERISTICS 
Tracking Rate 

with ± 15V Supplies 40,800 (min) 10,200 (min) 2,550 (min) 630 (min) rpm 
with ± 12V Supplies 34,680 (min) 8,670 (min) 2,168 (min) 536 (min) rpm 

Acceleration Constant 
K. 220,000 * * * !~t.:'-2 

Settling Time llIYv step input) 25 (max) 35 (max) 60 (max) 120 (max) ms 
Bandwidth 230 * * * Hz 

VELOCITY OUTPUT 
Polarity Positive for increasing angle * * * 
Tachogenerator Voltage Scaling 0.25 1.00 4 16 V/Krpm 
Scale Factor Accuracy ± 1 (max) * * * % of output 
Scale Factor Tempco 200 (max) * * * ppml"C 
Reversion Error ±0.2(max) * * * % 
Reversion Error Tempco 50 (max) * * * ppml"C 
Linearity 0.1 * * * % of output 

Over Full Temperature Range 0.25 (max) * * * % of output 
Ripple and Noise 

Steady State (200Hz BIW) 100 150 300 1300 ",Vrms 
Dynamic Ripple (av-pk) 0.5 (max) * * * % of output 
Zero Offset ±500 * * * ",V 
Zero Offset Tempco 50 (max) * * * ".vrc 
Output Load 5 (min) * * * KG 
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lS74 
Resolution lOBits 12 Bits 14 Bits 16 Bits Units 

SPECIAL FUNCTIONS 
de Error Output Voltage 450 * * * mV/deg 
Inter LSB Output ±1(±20%) * * * V/LSB 

Load Ik(min) * * * n 
Angle Offset Input (over operating 
temperature range) 320(± 10%) * * * nAlLSB 

Maximum Input 32 * * * LSB 

POWER REQUIREMENTS 
Power Supplies 

±Vs ±15(±5%)or ± 12(±5%) * * * Vdc 
+5V +4.75to +5.25 * * * Vdc 

Power Supply Consumption 
+Vs 30 (max) * * * mA • -Vs 30 (max) * * * rnA 
+5V 125 (max) * * * rnA 

Power Dissipation 1.5 (max) * * * W 

TEMPERATURE RANGE 
Operating 5YO Option Oto +70 * * * °C 

4YOOption -55to+125 * * * °C 
Storage 5YO Option -55 to + 125 * * * °C 

4YOOption -60to + ISO * * * °C 

DIMENSIONS 
5YOOption 2.1 x l.l x 0.195 * * * Inches 

(53.5 x 28 x 4.95) * * * (mm) 
4YOOption 2.14x 1.l4xO.18 * * * Inches 

(54.5 x 29 x 4.6) * * * (mm) 

WEIGHT 1(28) * * * oz. (grams) 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM INPUTS (with respect to GND) CAUTION: 

+VSl OV to +17V de I. Correct polarity voltages must be maintained on the + V s 
_VSl OV to -17V de and - Vs pins. 
+5V2 .• . OV to +6.0V de 2. The + 5 volt power supply must never go below GND 

Reference ±17V de 
potential. 

Sine ... ±17V de 
Cosine .. ±17V de 
Any Logical Input . -O.4V to +5.5V de 
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lS74 
FUNCTIONAL DIAGRAM 
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OPERATION OF THE CONVERTER 
The IS74 is a tracking converter, this means that the output 
automatically follows the input for speeds up to the maximum 
tracking rate for the resolution option. No convert command is 
necessary as the conversion is initiated by each LSB increment 
of the input. Each LSB increment of the converter initiates a 
BUSY pulse. 

POSITION OUTPUT 
The resolver shaft position is represented at the converter output 
by a natural binary parallel digital word. 

The static angular accuracy quoted for each converter type is 
the worst case error that can occur over the full operating tem
perature range with the following input conditions: 

a) Signal input amplitudes within 5% of the nominal values. 

b) Signal and reference frequency within the specified operating 
range. 

c) Phase shift between signa1 and reference less than 10 degrees. 

d) Signal and reference waveform harmonic distortion less than 
10 percent. 

These test conditions are selected primarily to establish a repeatable 
acceptance test procedure which can be traced to national stan
dartis. in practice, the converters can be used well outside these 
operating conditions providing the following points are 
observed. 

SIGNAL AMPLITUDE (SINE AND COSINE INPUTS) 
The amplitude of the signal inputs should be maintained within 
5% of the nominal values if full performance is required from 
the analog outputs and inputs of the converter such as velocity, 
inter LSB position and angle offset. 

The digital position output is relatively insensitive to amplitude 
variation. Increasing the input signa1leve1s by more than 10% 
will result in a dramatic loss in accuracy due to interna1 overload. 
Reducing level will result in a steady decline in accuracy. With 
the signal levels at 50% of the correct value the angular error 
will increase by an amount equivalent to 1.3LSB. At this level 
the repeatability will also degrade to 2LSB and the dynamic 
response will also change, since the K. is proportional to signa1 
level. 
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PIN CONNECTIONS 

12 
11 ,. 
9 

• 7 

• o 
• • 2 
1 

ENL 
ENM 
GNP 
+ov 
+v. 
-v. 
Nle 

DCER 

NOTES 

0 P1N10 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 BOTTOM 0 
0 VIEW 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

1. "RUT" SHOULD BE CONNECTED TO 
"VEL" FOR UNITY GAIN. 

" ,. 
10 
16 
SC2 
se1 
iNti 
BUSY 

R"XT 
VEL 
ANGLE OFFSET 
GNOREF 
INTER LSB 
Re 
DIR 
CASE 
REF 
AGND 
SIN 
COS 

2. CASE PIN CONNECTED ON 460 OPTION ONLY 

SIGNAL AND REFERENCE FREQUENCY 
Any frequency within the specified range of the converter may 
be used. It should be noted that the signal and reference input 
voltages must be in resolver format. 

REFERENCE VOLTAGE LEVEL 
The amplitude and waveform of the reference signal applied to 
the converter's input is not critical, however it is essential that 
the zero crossing points are maintained in the correct place to 
drive the converter's phase sensitive detector. 

HARMONIC DISTORTION 
The amount of harmonic distortion allowable on the signal and 
reference lines mainly depends on the type of transducer being 
used. 

Square and triangle waveforms can be used but the input levels 
should be adjusted so that the average value after rectification is 
1.9 volts. (For example - a square wave should be 1.9V peak.) 

NOTE: The f"qpue specified of 10% harmonic distortion is for 
calibration convenience only. 

PHASE SHIFT (BETWEEN SIGNAL AND REFERENCE) 
See Section on "Dynamic Accuracy vs. Resolver Phase Shift". 

RESOLUTION PROGRAMMING 
The IS74 converter can be programmed for resolutions of 10, 
12, 14, and 16 bit by applying a binary code to the pins "SCI" 
and "SC2". 

The dc error output and maximum revolutions per minute for 
full scale are scaled internal1y ACTnrrling !I) !hI!! p.!!-.... i~±!' :-:::O!:::':uu 
selected. 

Table I gives the binary code, de error output and maximum 
tracking rate for the resolutions available. 

Tracking Rate 
8inaryCode DC Error for FS (± IOV) 

Resolution SCI SC2 (mVlBit) rpm 

10 Bit 0 0 160 40,800 

12 Bit 0 40 10,200 

14 Bit 0 10 2,550 

16Bit 2.5 630 

Table/. 

NOTE: When changing resolution under dynamic conditions, 
a period of uncertainty will exist before position and velocity 
data is valid. 

For more information ask for the relevant app6cation note. 
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DATA TRANSFER 
BUSY Output: 
The validity of the output data is indicated by the state of the 
BUSY output. When the input to the convener is changing, the 
signal appearing on the BUSY output is a series of pulses of 
TTL levels. A BUSY pulse is initiated each time the input 
moves by the analog equivalent of an LSB and the internal 
counter is incremented or decremented. 

INHIBIT Input: 
The INHIBIT logic input only inhibits the data transfer from 
the up-down counter to the output latches and therefore, does 
not interrupt the operation of the tracking loop. Releasing the 
INHffiIT automatically generates a BUSY pulse to refresh the 
output data. 

NOTE: With the INHIBIT input pin in the "Hi" TTL state, 
data will be transferred automatically to the output latches. 

ENABI:E Inputs: 
Two ENABLE inputs are provided, ENABLE M for the most 
significant 8-bits and ENABLE L for the least significant re
mainder. These ENABLES determine the state of the output 
data. A TTL logic "Hi" maintains the output data pins in a 
high impedance condition, the application of a logic "Lo" presents 
the data in the latches to the output pins. The operation of 
these ENABLES has no effect on the conversion process. 

Two methods are available for transferring data, by using the 
inputs and outputs described. 

One method is to transfer data when the BUSY is in a "Lo" 
state or clock the data out on the trailing edge of the BUSY 
pulse. Both the INHIBIT and the ENABLES must be in their 
correct state of "Hi" and "Lo's" respectively. 

The alternative method is to use the INHIBIT input. Data will 
always be valid one microsecond after the application of a logic 
"Lo" to the INHffirr. This is regardless of the time when the 
INHIBIT is applied. 

RIPPLE CLOCK (RC) AND DIRECTION (DIR) OUT
PUTS: 
As the digital output of the convener passes through the major 
carry, i.e., all "I's" to all "O's" or the converse, a RIPPLE 
CLOCK (RC) logic output is initiated indicating that a revolution 
or a pitch of the input has been completed. 

min = 935ns (il 40,800 rpm' 
530ns max max DEPENDS ON 

I 380ns min I INPUT RATE I LOGIC 
~::==.:t~. ----... ~ ___ .., ______ ~;ATE 

BUSV-.J I L---- ,O 
365n$ max 

~ 
DATA VALID IXI VALID VALID 

I 

_II 100ns max .r-46nstyp 
L-J ____________ :~ 

DIRECTION VALID D<XX><l 
NOTE 
1. 1574, 10-81T RESOLUTION. 

VALID IXXXXX 

Figure 1. TimingDiagram 
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lS74 
The DIRECTION (DIR) logic output indicates the direction of 
input rotation and this data is always valid in advance of the 
RIPPLE CLOCK pulse, and stays valid until the direction 
changes (see Timing Diagram). 

These two logic outputs are provided so that the user can count 
the input revolutions or pitches. An external extension counter 
is required. Figure 2 shows the application circuit which should 
be used to perform this counting function. 

Figure 2. Connections for Use with LS Extension 
Counters 

VELOCITY OUTPUT 
The tracking conversion technique produces an interna1 signal 
at the input to the voltage controlled oscillator (VCO) that is 
proportional to the rate of the input angle. In the IS74 additional 
circuitry is included to linearize this signal, which is closely 
characterized, producing a high quality tachogenerator velocity 
output at the-VELOCITY (VEL) pin. 

This analog tachogenerator velocity output is resistively scaled 
internally to give a full scale output of ± lOY dc at the specified 
tracking rate for the converter. 

However, a full scale output of ± 10V dc can be obtained for 
lower speeds by changing the gain of the internal scaling amplifier 
using only an external resistor. The external resistor, REXT, 

should be connected between "REXT" pin and ground, and 
calculated using the following equation. 

lOxA 
REXT=B_A k ohms 

Where A = required rpm to be represented by ± 10V FS 

B=specified rpm for the convener. 

NOTE: A cannot be greater than B and for unity gain "VEL" 
and "REXT" pins should be linked. 

Ripple and noise on the velocity signal consists of two compo
nents--steady state noise and dynamic noise. 

Steady state noi_this is internally generated noise produced 
by the convener's circuitry and is the only noise signal present 
under static input conditions. 

Dynamic noi_this is the noise produced, in addition to steady 
state noise, under dynamic operating conditions. 

The two main components of the dynamic noise signal are due 
to the "non-zero" angu1ar error of the resolver/convener combi
nation. The figures given in the specification are typical for a 
size 11, 7 arc-minutes, brushless resolver. 
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lS74 
It should be noted that when operating at low tracking rates it 
is critical to maintain the signal input voltage at its nominal 
value in order to keep the noise level on the velocity signal to an 
absolute minimum. The effect of variation in signal voltage at 
low tracking rates is to produce low energy spikes on the velocity 
output on the rising edge of the BUSY pulse. The amplitude of 
theSe spikes will be in the region of 30 ... V per percent variation 
in signal input voltage level. 

NOTE: The velocity signal output and max tracking rate 
derates by 15% (max) for operation with ± 12 volt power 
supplies. 

SPECIAL FUNCTIONS 
DC ERROR: The signal at the output of the phase sensitive 
detector is the input to the internal nulling loop and hence is 
proportional to the error between the input angle and the output 
digital angle. As the converters are a type 2 servo loop, this DC 
ERROR signal will increase if the output angle fails to track the 
input for any reason. It is therefore an indication that the input 
has exceeded the maximum tracking rate of the converter, or 
due to some internal malfunction, the converter is unable to 
reach a null. By the use of two external comparators this voltage 
can be used as a "built in test". 

INTER LSB OUTPUT: In order to overcome the "free play" 
inherent in a servo system using digitized position feedback, an 
analog output voltage is available representing the resolver shaft 
position within the least significant bit of the digital angle 
output. 

The output is therefore proportional to the inter LSB resolved 
position with a maximum output representing lLSB. 

+1 
DIGITAL 
COUNT 0 
OUTPUT 

-1 

FIgure 3. 

Figure 3 illustrates how the INTER LSB output compensates 
for the instances where, due to hysteresis, there is no change in 
the digital cOunt output for lLSB change in input angle. The 
sum of the digital count output and INTER LSB output equals 
the actual input angle. 

ANGLE OFFSET: A unique feature of the IS74 converter is 
the angle offset input which allows the user to electrically "rotate" 
the input shaft of the resolver. 

Injecting a current of 320nA into the angle offset input pin will 
offset the digital output of the converter by lLSB relative to the 
angle defmed by the resolver inputs. It is recommended that an 
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offset equivalent to no greater than 30LSB's be applied to this 
input. 

This input is a virtual ground, therefore a current source can be 
generated by a voltage source connected by a single resistor. 

DYNAMIC PERFORMANCE 
The transfer function of the converter is given below: 

TACHO OUTPUT 

·ON 

Positional Transfer Function: 

OOUT Kl K z 1 + STI 
-- = --. --- open loop 
OlN Sz 1 + sTz 

OOUT 1 + sTI 
- = -------"----::--closed loop 

Sz ~ °IN + STI + Kl K z + Kl K z 

Tachogenerator Transfer Function: 

Tachogenerator Output Kl(l +sTl) 1 
OlN = s(l + sTz) open oop 

Tachogenerator 
Output 

Where: Kl = 3.23 
Kl = 68.2 x 103 
K. = 220 x 103 

Tl = 4.46ms 
T z = 0.21ms 

Refer: Figures 4 and 5 
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DYNAMIC ACCURACY VS. RESOLVER PHASE SHIFT 
Under static operating conditions phase shift between signal and 
reference lines theoretically does not affect the converter's static 
accuracy: 
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lS74 1 

However, when rotating, most resolvers, particularly those of 
the brushless type, exhibit a phase shift between the aignal and 
the reference. This phsse shift will give rise under dynamic 
conditions, to an additional error defined by: 

SHAFT SPEED (RPS) x Phase Shift (DEGS) 
Reference Frequency 

For example, for a phsse shift of 20", a shsft rotation of 22rps 
and a reference frequency of 5kHz, the converter will exhibit an 
additional error of: 

2~O::O 22 = 0.088. 

This effect can be eliminated by putting a phase; shift in the 
reference to the converter equivalent tQ the phase shift in the 
resolver. 

NOTE: Capacitive and inductive ClfQQtaIk in the IipaI aad 
reference leadIJ and wiriDc can cause IiaUIar plQII1e .... 

13 

14 

15 

,,(LSB) 

scz 
se1 

1574 
INH 

BUSY 

AEXT 

VEL 

ANGLE OFFSET 

N/c 

INTER LSB 

AC 

DIR 

CASE 

REF 

12 

" 10 

MSB1 

EiiiL 
ENM 
GND 

+5V 

+V. 

OUTPUT 
ANGLE 

} 
DATA 
TRANSFER 

SUPPUES (NOTE 2) } 
POWER 

~~~:;::::::~AGND 'f SIN 

COS DC ERRDR BIT OUTPUT 
(NOTE6l 

NOTES: 
1. GND AND AGND ARE INTERNALLY CONNECTED. 
2. EACH SUPPLY SHOULD BE DECOUPLED WITH 100nF CERAMIC CAPACITOR 

IN PARALLEL WITH A 6p.F TANTALLUM CAPACITOR. 
3. REXT IS EXTBINAL TACHOGENERATOR SENSITIVITY SCALING RESISTOR 

(IF REOUIRED). SEE TEXT UNDER HEADING "VELOCITY OUTPUT". 
4. R1 AND A2 ARE ANGLE OFFSET INPUT SCALING RESISTORS (IF REQUIRED)· 

SEE TEXT. 
5. CASE PIN CONNECTED ON 460 OPTION ONLY. 
8. POSSIBLE USE AS BUILT·IN TEST EQUIPMENT. (SEE HEADING "SPECIAL 

FUNCTIONS".) 

Figure 6. Electrical Connections 

CONNECTING THE CONVERTER 
The electrical connection of the converter is straight-forward. 
The power supply voltages connected til + V, and - V, pins can 
be ± 12V to ± 15V but must not be reversed. The + 5V supply 
connects to the + 5V pin and should not be allowed to become 
negative with respect to the GND pin. 

When more than one converter is used on a card, then sepIIfIIt\' 
decoupling capacitors should be used for each converter. . 

It is suggested thst decoupling capacitors are connected in parallel 
between the power lines ( + V., - V. and + 5V) and GND adjacent 
to the converter. 
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The converter has some HIP decoupling provided internally, liS 

well as input protection on the aignal and reference inputs, 

The resolver connections are made to the sine and cosine inputs, 
reference and anslog ground as shown in the electrical IXInncc:tlOn 
diagram (Figure 6). The 2V rms reference $upply, which can be 
provided by the OSC1758 oscillator, should be connected to the 
resolver rotor. 
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lS74 
PROCESSING FOR HIGH RELIABILITY 

STANDARD PROCESSING 
As part of the standard' manufacturing procedure, all converters 
receive the following processing: 

Process 

I. Pre-Cap Visual Inspection 
2. Burn-In 
3. Constant Acceleration 
4. GrossLeakTest 
5. Final Electrical Test 

HI-REL PROCESSING . 

Condition 

In-House Criteria 
7O"C 
5000G 
In-House Criteria 
Performed at 25"C 

All mcidels ordered to high reliability requirements Will be 
identified with a B sUffix, and Win bave received the following proc
essing: 

1. IntemaI visual inspection 
2. Stabilization bake, 24 hours at ISO"C 
3. Temperature cycling, - 65"C to + 15O"C 
4. Constant acceleration, 5000g 
5. Powered bum-in, 160 hours at 12S"C 
6. Final electrical test at T min and T ""'" 
7. Seal test, fine and gross 
S. External visual inspection 

ORDERING INFORMATION 

IS74 X60 B 

I '- High Reliability Processing 

~ 2kHz to 10kHz reference frequency 

x = S 0 to + 7O"C operating temperature range 

x = 4 - 55"C to + 125"C operating temperature range. 

OUTLINE DIMENSIONS 
Dimensions ShoW11 in inches and (mm). 

PACKAGE FOR 560 OPTION 

"'ANALOG 
LIIIIIOEVICES 

1B74 

aPTiaN ~:::J 

0.14 :to .• ,3 '3.51 :1:0.331 

~~~~~LIF ===~ '>rt-'rI"'rI"tI~It't'rl"'rl"tlI-'r'IMr'rf'rl""'1-'rI-' T II a .. +aOO2 .1. 
U -0.001 

0.1 1U41-1 l- I (0.25~::S I I--:J: 
1----1.9141.31--:--_,,1 l---o.'I22.9'~ (4.461 

00000000000000000000 lr 

1.09 :1:0.011 

00000000000000000000 ] ••.• , .. 

I I 2.095 d.0211S3.2 :1:0.631---1 BOTTOM VIEW 

PACKAGE FOR sao OPTION. 

PACKAGE FOR 460 AND 4608 OPTIONS 

... ANALOG 
LIIIIIOEVICES 

1B74 

OPTION r::::JJo---1 -OPTIONCOD£ 

~N 11NDENTIFIEA 

14.61 [ U_ [ ::::J 
.- U I U U u u n u u u u u u u u u u u u U 0.0' .. 0 .... -6-

-l 1-0.'0012.51 TVP l--r 1 IUS 00.051 I 
11------1.900 148.3) r ~~.!': :::~I--~~----I 

PIN ONE GAEEN GLASS BEAD 

~ooooooooooooooooooo 1 
U~~:: TOLEMNCfS :0.005"11.31 

UNl.ESSOTHEAWISESTATEO 

i:::====:; •. :;-;, .. ;;;, .. ;::; .• :;:. ===:::::::!.I"TTl'WaVllOW 
00000000000000000000 

PAcKAGE FOR 4&0 AND _8 OPnONS 

OTHER PRODUCTS 

ISI4/IS2411S441IS64-

ISIO/IS20/1840/IS60/IS61-

IRDC1732-

IPA1751-
OSC1754-
OSCI7SS
IPAI764-
MCIl794-

Inductosyn ™ is a registered ttademark of Farraod Industries, Inc. 
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10-,12-, 14-and 16-BitHybrid 
Resolver-to-Digital Converters with High 
Specification Tachometer Output. 
10-, 12-, 14- and two 16-Bit Inductosyn TMI 

Resolver-to-Digital Converters (Hybrid) 
Inductosyn ™lResolver-to-Digital Converter (Hybrid), 
Low Cost 
Inductosyn ™ Pre-Amplifier 
Power Oscillator 
Power Oscillator (Hybrid) 
Inductosyn ™ Pre-Amplifier (Hybrid) 
3 Channel Inductosyn ™lResolver-to-Digital 
Converter (Multibus Compatible Card) 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Internal Signal Conditioning 
Direct Conversion to Digits 
Reference Frequency 400Hz or 1kHz to 10kHz 
High MTBF 
No External Trims 
Absolute Encoding 

APPUCATIONS 
Industrial Measurement and Gauging 
Numerical Control 
Avionic Control Systems 
Valves and Actuators 
Limit Sensing 

REFERENCE HI 
(PRIMARY 

EXCITATIONl LO 

DIFFERENTIAL HI 
(SECONDARY 

VOLTAGEl lO 

LVDT -to-Digital Converter 
2S50 I 

FUNCTIONAL BLOCK DIAGRAM 

'--1------0 iNHiBiT 

BUSY 

GENERAL DESCRIPTION PIN FUNCTION DESCRIPTION 
The 2S50 series converterS translate the outputs from LVDT 
and RVDT transducers into digits directly. No signal conditioning, 
trims, preamplifiers, demodulators or ruters are required. The 
2S50 series can also be used as general purpose ratiometric A-to
D converters; very compatible with load cells, strain gauge 
bridges, some pressure transducers and interferometers. 

The 2S50 linearly converts ac signals into an 11-bit parallel 
digital word. The digital output is an offset binary word which 
is the ratio of the signal and reference inputs. When used with 
LVDT and RVDT transducers, the digital output represents 
the linear or rotary displacements of the transducer. The converter 
is a continuous tracking type using a type 2 servo loop. 

PRINCIPLE OF OPERATION 
The 2S50 is a tracking converter. This means that the output 
automatically follows the input without the necessity of a convert 
command. 

A conversion is initiated by a change of input signal equivalent 
to ILSB of the output. 

Each LSB increment of the output is indicated by a "Busy" 
pulse. 

With an L VDT connected to give a null at center position, the 
output will track the input from digital "I + all zeroes" to 
digital "all ones" for plus full scale, and digital "I + all zeroes" 
to digital "all zeroes" for negative full scale. 

The 2S50 operates only on the ratio of the two inputs for the 
conversion process. As such the whole system, consisting of 
excitation oscillator, L VDT and converter, is insensitive to 
change in excitation voltage, amplitude, frequency and 
waveshape. 

Since a phase sensitive demodulator is included with the conversion 
loop of the 2S50, the system has a high rejection to signals that 
are not phase and frequency coherent with the excitation voltage. 
This feature, combined with ratiometric conversion gives a very 
high standard of integrity to digitized LVDT and RVDT 
systems. 

REV. A 

-Vs 

+Vs 

+5V 

GND 

Bit 1-11 

Ref Hi 

I DiffHi 
RefLo 
DiffLo 

INHIBIT 

BUSY 

ENABLE 

CASE 

N/C 

Main negative power supply -15V dc. 

Main positive power supply + 15V de. 

Logic supply. 

Power supply ground. Digitalground. 
Reference voltage low. 

Parallel output data bits. 

Analog reference input (Hi). 
Analog difference input (Hi). 
Analog reference input (Lo). 
Analog difference input (Lo). 

Inhibit logic input. Taking this pin "Lo" 
inhibits data transfer from counter to output 
latches. The conversion loop continues to 
track. 

Converter BUSY. A "Hi" output indicates that 
the output latches are being updated. Data 
should not be transferred from the converter 
while BUSY is "Hi". 

The output data bits are set to a low impedance 
state by application of a logic "Lo" . 

This shouldnortnally be grounded. Case can be 
taken to any voltage with a low impedance 
upto ±20V. 

Pins designated N/C not connected internally. 

ORDERING INFORMATION 

28501 x Y !. B II L H;gh Reliability Procesamg 

::: =:~=~=freq~ 
x - 4 - 55"<: to + 125"<: operatiDg tcmperatur< ~ (Metal Packaae) 

x - S 0 to +7O'C operatiDg temperature ~ (CcI"llDlic Pac ..... ) 
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2550 -SPECIFICATIONS (tYpical @ +25°C, unless othelWise noted) 

M~ 2550/510 2550/560 

~LUTION 11 BilS • 
ACCURACY· O. 1% (Full Scale) 0.1% 

LlNEARJrY ±II2LSB • 
REFERENCS PkEQUENCY 400Hz 1kHz-10kHz 

SiGNAL INPU1'S2 2.SVl1ns • 
INPUT IMPEDANCB 5MO(min) • 
SLnWRATB(Min) 200LSBlms 400LSB/ms 

SirtTLINGTlME (99% FS Step) sOms 2Sms 

ACCELEltATION CONSTANT (k.) 70,000 650,000 

SUSYPULSE Ij1.s(max) • 
1 LSTILLoad • 

Ikl:lmrr INPUT Logic "Lo" to Inhibit • 
1 LSTILLoad • 

POWEkDlSSIPATION 550mW • 
flOWER SUPPLlBS~ -ISV@ ISmA(typ)25mA(max) • 

+ ISV@ISmA(typ)2SmA(max) • 
+ SV@ 3mA (max) • 

tl!.MPERATURB RANOE 
Ojicratina Oto +7O"C • 
Storaae - 6O"C to + 1 5O"C • 

DIMENSiONS 1.72" x 1.l"xO.20S· • 
(43.5 x 2S.0 x S.2mm) • 

"IOHT 1 oz. (2Sg) • 
i'ACkAGEOmONS4 DH-32B DH-32B 

NOTES 
1 Accuracy applies over ± 20% signal voltage, ± 20% excitation frequency and fuD temperature range, 
and for not 81Uterdwt 3° phase error between referel1Ce and difference inputs. 

2'1bis is a1l<lminal value. 
'± 12 volts tlI ± 17vo1ts. 
4DH·32E '" Bottom Brazed Ceramic DIP; M = Metal Platform DIP. For outline information 
III!e PacJcaae Information section. 
~SpeciflCations same as 2S5OI510. 

··Specil'lCationsS81l1eas2S501410. 
SpeciflCationssubj..:tlOchltnaewithoutnotice. 

25501410 25501460 

• • 
0.2% 0.2% 

• • 
400Hz 1kHz-10kHz 

• • 
• • 
200LSBlms 400LSB/ms 

50ms 25ms 

70,000 650,000 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

- S5"C to + 12S·C •• 
• • 
1.74" x 1.14"xO.2S" •• 
(44.2 x 2S.9 x 7.1mm) •• 
• • 
M-32 M-32 

PIN CONFIGURATION AB50LUTB MAXIMUM INPUTS (with respect to GND) 

M 0 
MIC 0 

I!AIE 0 

""11 0 _1.0 
0 _1.0 
0 

DlFPHI 0 

IRUtI 0 
NIC 0 
NIC 0 

1 .... '" 0 
10 0 

• 0 

• 0 
7: 0 

• 0 

IIOnOMVlEW 

rJi-736 SID CONVERTERS 

, PIN 1 IIlENTIRER 
!)I. 

d' -v. 
0 +v. 
0 +5V 
0 GND 

0 NIC 

0 NIC 
0 NIC 

0 MIC 
0 eusy 
0 l1iIRJlii'i' 
0 TP1 

0 11MB.) 

0 2 

0 3 

0 4 

0 & 

+Vs .......• 
-Vs· ..... . 
+SV •.•••. 
Ref, Hi to Lo . . 
Diff, Hi to Lo . . 
CasetoGND ... 
Any Logical Input 

· •... OV to +17V de 
· . . . . fJ'l ~ - 17'.1 de· 
· •... OV to +S.SV de 
· . . . • . .. ±20V de 

· • . • . • . . • . . . • .. ±20V de 
. • • . • • . • •• ±20V de 

• .••..•.•. -0.4V to +S.SV de 

REV. A 



11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Direct Conversion of LVDT and RVDT Outputs into 

Digital Format 
Ratiometric Conversion for Extremely High Stability 
High Resolution (14-16 Bit) Parallel Digital Output 
User Definable Input Gain 
Quadrature Rejection 
Operation Over 360 Hz to 11 kHz Frequency Range 
Linearity Better than ±0.01% 
Internal Bridge Completion Resistors 
1 LSB Repeatability 
75% Overrange Capability 
Extended Temperature Range Versions 

APPLICATIONS 
Direct L VDT IRVDT -to-Digital Conversion 
Industrial Measurement and Gauging 
Valve and Actuator Control 
Limit Sensing 
Aircraft Control Systems 
Semiconductor Wafer Profiling 
AC-to-Digital Conversion 

GENERAL DESCRIPTION 
The 2S56 series of converters linearly converts the outputs of ac 
energized Linear and Rotary Variable Differential Transformers 
(LVDTs, RVDTs) directly into a high resolution digital format. 
For example, with a ± 1 mm stroke L VDT, the least significant 
bit (LSB) of the 2S56 will represent 0.061 microns. 

The 2S58, a high gain variant of the 2S56, can offer even higher 
positional resolution. Using the same ±1 mm stroke LVDT 
over a reduced range, the 2S58 can realize an LSB weighting of 
1.22 nm. 

The ratiometric conversion technique employed by the convert
ers obviates the need for high stability oscillators. The perfor
mance quoted for the devices can be achieved with as much 
as a ± 10% variation in reference amplitude. 

The converters are complete - no signal conditioning, pre
amplifiers or filters are required. The user need only supply 
a suitable reference oscillator. 

The converters operate on a Type II, tracking, servo loop prin
ciple which means that the digital output continuously follows 
the transducer input without the need for external convert com
mands as in conventional A-to-D converters. The conversion 
technique also ensures that there is no lag between digital out
put and transducer input under constant velocity conditions. 

To facilitate interfacing with various types of L VDTs and 
RVDTs, all inputs are fully differential. In addition, the con
verters have the flexibility of setting the input gain with a single 

REV. A 

High Resolution 
LVDT to Digital Converters 

2S54/2S56/2S58 I 
FUNCTIONAL BLOCK DIAGRAM 

REFOIP~_--..... ------l 

v, 

G2 

RoC 
G, 

DIFFOIP ~----' 

ENABLEM~===~~~~~~~_J::ij::~J ENABLEl [ 

-2854/2856 ONLY 

external resistor or link. In order to simplify the transducer in
terface, both the output of the gain stage as well as the reference 
voltage are brought out to enable simplified measurement. 

The parallel digital output word is through tri-state drivers to 
enable direct connection to system data buses. Included is a 
High/Low byte enable which allows communication on both 8 
and l6-bit busses. A separate line is provided to indicate the 
direction of transducer travel. A BUSY pulse is provided indi
cating that data is changing and not valid for transfer. 

APPLICATIONSIUSER BENEFITS 
Because the 2S56 series of converters operates on the ratio of the 
transducer output signal to the excitation (reference) voltage, the 
entire measurement system is insensitive to changes in reference 
voltage, frequency and wave shape. The resulting stability 
makes conversion technique unrivaled, particularly in applica
tions with poor voltage regulation. 

The converters can also be connected in a mode which allows 
the 2S54/56/58 to be galvanically isolated from the excitation 
source. This configuration has the added benefit of minimizing 
the effect of phase shifts and signal input quadrature. 

Because of the use of a phase sensitive demodulator in the track
ing loop, the system has extremely high rejection of signals 
which are not phase and frequency coherent with the excitation 
voltage. The resulting noise immunity makes the converters an 
ideal choice for industrial and airborne applications. 

The high precision of the conversion, together with the stability 
offered by ratiometric conversion, make the 2S56 series good 
candidates for applications previously beyond the capability of 
L VDTs. For example, the 2S58 can realize performance com
petitive with optical interferometric measurement systems. 
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2S54/2S56/2S58-SPECIFICATIONS1 

Models 2S54 2SS6 2S58 Comments Units 

DIGITAL OUTPUT Output Coding Parallel 
Format 14-Bit Binary 16-Bit Binary 16-Bit Binary Natural Binary 
Overrange' 75% ofFS * * 

INPUTS (DIFFERENTIAL) 
VREF 2 * * Vrms 
V2 2 * * Vnns 
VI' 0.2 (min) 2.0 (max) * 0.04 (min) 0.2 (max) See "INPUT GAIN" and Vrms 
Input Gain xl to xlO * xlO to x50 "SCALING INPUTS" 
Input Impedance (VREF' VIr I G{l * 6M{l 
CMRR2 

@ xl Gain 100 (min) * NA dB 
@ xlOGain 100 (min) * 120 (min) dB 
@ x50Gain NA NA 120 (min) dB 

BRIDGE COMPLETION RESISTORS2 (Only in 2S5412S56) 
Value (XYO Options) 9990 (min) 10010 (max) * NA {l 

Ratio Match 0.025 * NA % 
Tracking Temperature Coefficient 2 * NA ppmf'C 

REFERENCE FREQUENcy2 

SO Hz Bandwidth Option (2S54, 2S56) 360 (min) 5000 (max) * NA Hz 
140 Hz Bandwidth Option (2S54, 2S56) 1000 (min) 5000 (max) * NA Hz 
300 Hz Bandwidth Option (2S58 Only) NA NA 7000 (min) 11000 (max) Hz 

DIGITAL OUTPUT (BIT I-BIT 16) 
Output Voltage VL = +5V de 

(Logie Low IoL =8.0 rnA) 0.4 (max) * * Logic Low IoL = 8.0 rnA Vde 
(Logie High IoH= -0.4 rnA) 2.4 (min) * * Logie High IOH = -0.4 mA Vde 

Tristate Leskage Current VL = +5 Vde 
(VOZL =0.4 V de) ±20(max) * * Logie Low VOZL = 0.4 V de .,A 
(V oZH=2.4 V de) ±20(max) * * Logic High VOZH = 2.4V de .,A 

DIGITAL INPUT 
(INHIBIT, ENABLE M, ENABLE L) 

Low Input Voltage 0.7 (max) * * VL = +5 Vde Vde 
High Input Voltage 2.0 (min) * * VL = +5 Vde Vde 
Low Input Current -400 (max) * * VlL = O.4Vde .,A 
High Input Current 20 (max) * * V", = +2.4 V de .,A 

DATA TRANSFER2 See Figure 12 
BUSY Pulse Width 380 (min) 530 (max) * * ns 
BUSY Pulse Load' 6 * * BUSY Is "Hi" When LSTTL 

Output Is Changing Loads 
Enable/Disable Time 120 (typ) 220 (max) * * os 
Data Setup Time 600 * * os 

ACCURACY' 
Conversion Accuracy ±0.7 ±2.5 ±I LSB 
Gain ACClllBC}'" 7 

@ xl Gain 
o to + 70'<: (5YO) ±0.03 (max) * NA 2S5412S56 Only %FSR 
- 550C to + moc (4YO) ±0.03 (max) * NA %FSR 

@ xlO Gain 
o to + 70'<: (5YO) ±0.07 (max) * * 2S5412S56 and 2S58 %FSR 
-55OC to + moc (4YO) ±O.IO (max) * * %FSR 

@ x50 Gain 
o to + 70'<: (5YO) NA NA ±O.09(max) 2S58 Only %FSR 
- 550C to + l250C (4YO) NA NA ±0.12 (max) %FSR 
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2S54/2S56/2S58 
Models 2S54 2S56 

Integral Linearity". 7 

0" Phase Shift, V REF to V I 0:0.006 (max) • 
1° Phase Shift, VREF to VI 0:0.008 (max) • 
5° Phase Shift, VREF to VI 0:0.01 (max) · Differential Linearity· 0:0.5 (max) · Temperature Dependent 

Position Offset' 0:0.04 (max) · 
REPEATABILITY' 

Over 0 to + 7O"C' H • 
Hysterisis 0.5 (min) I (max) • 

DYNAMIC CHARACTERISTICS' 
Slew Rate' 

50 Hz Bandwidth Option (2S54, 2S56) ISO • 
140 Hz Bandwidth Option (2S54, 2S56) 360 · 300 Hz Bandwidth Option (2S58 Only) NA NA 

Settling Time (Half FS Step) 
50 Hz Bandwidth Option (2S54, 2S56) 160 300 
140 Hz Bandwidth Option (2S54, 2S56) 70 160 
300 Hz Bandwidth Option (2S58 Only) NA NA 

ANALOG OUTPUTS 
DIFF OIP (Max Allowable Swing) 10 · REF OIP (Max Allowable Swing) 10 · 

POWER REQUIREMENTS 
+Vs +150:5% · -Vs -IS 0:5% • 
+5V +50:5% • 
Supply Currents 

±Vs 25 (typ) 40 (max) · +5V 105 (typ) 125 (max) • 
Power Dissipation 1.3 (typ) 1.8 (max) • 

TEMPERATURE RANGE 
Operating o to + 70 (5YO Option) · -55 to + 125 (4YO Option) • 
Storage -55 to +125 • 

DIMENSIONS 2.145 x 1.145 x 
0.227 (max) • 

54.5 x 29.1 x 5.76 (max) · 
WEIGHT I • 

28 • 
PACKAGE OPTIONS' DH-40A DH-4OA 

NOTES 
ITested with nominal supply (0:15 V dc, +5 V de), reference/signal voltages and frequency. 
zGuaranteed by design, test not required. 

2S58 Comments Units 

0:0.00312 (max) See "PHASE SHIFT %FSR 
0:0.00437 (max) AND QUADRATURE %FSR 
0:0.00625 (max) EFFECTS" %FSR · LSB 

• %FSR 

· LSB 
• LSB 

NA LSB/ms 
NA LSB/ms 
688 LSB/ms 

NA HalfFS Step ms 
NA HalfFSStep ms 
65 Step From + FSR ms 

to -FSR 

• Vp-p · Vp-p 

• Vdc · Vdc 
• Vdc 

• Quiesoent Condition rnA 
• rnA · Watts 

• OC 
• OC 
• OC 

Inches · See Packaging · Specifications mm 

• Ounces 
• Grams 

DH-4OA 

3V1 is the signal input to the converter directly from the transducer. Vz is the output of the internal gain stage. Because Vz needs to be maintained at 2 V ±lO% 
in order to meet the converter accuracy (see Note 5), the gain and the maximum value of VI should be carefully chosen. Furthennore, because the converter 
operates on the ratio of V 2 and V ReF' care should be taken to see these voltages are matched in order to achieve the full dynamic range of the converter. 

4Maximum output current is 2.4 mAo 
'Specified over the operating temperature range of the option and for: 

a. 0: 10% difference in both V ReF and V 2 amplitudes 
h. 10% harmonic distortion in V REF and V I. 

c. The accuracy is specified for the preset gains of x 1, x 10, and x50. For accuracy in the intermediate range, see Section "PHASE SHIFT AND 
QUADRATURE EFFECTS." 

"Tested with input gains 1, 10 and 50 with VI attenuated by I, 10 and 50, respectively. 
'Full-Scale Range (FSR) is defmed as V, = +VREF to V, = -VREF• This would usually correspond to the utilized LVDT stroke. 
'DH-40A = Hermetic Metal Can DIP. 

'Specifications the same as the 2554. 
Specifications subject to change without notice. 
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2S54/2S56/2S58 
MODELS AVAILABLE 
The 2SS6 series is available in three versions: 

2SS4 
2SS6 
2SS8 

14-Bits 
16-Bits 
16-Bits 

Input Gain 1-10 
Input Gain 1-10 
Input Gain 10-50 

The 2SS4 and 2SS6 are available in two bandwidth options. The 
SO Hz bandwidth option operates over the reference frequency 
range of 360 Hz to 5 kHz, while the 140 Hz bandwidth option 
operates over the range of 1 kHz to 5 kHz. The 2SS8 is avail
able only in a 300 Hz bandwidth version which operates with 
reference frequencies between 7 kHz and 11 kHz. 

All three devices are available in both commercial (0 to + 70·C) 
and military (-SO·C to + l2S·C) operating temperature versions. 

Full ordering information is given on the back page of this data 
sheet. 

ABSOLUTE MAXIMUM RATINGS 
+Vs to GND ........................... +17 V dc 
-Vs to GND ........................... -17 V dc 
VREF •••••••••••••••••••••••••••••••• .35 V p-p 
+VL to GND ........................... +7 V dc 
VI .................................. 35 V p-p 
Logical Input to GND (max) ................ +5.5 V dc 
Logical Input to GND (min) ................. -0.4 V dc 
Case to GND ....................•...... ±20 V dc 
Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . .1. 8 Watts 
Junction Temperature ....................... + ISO·C 

CAUTION: 
1. Absolute Maximum Ratings are the limits beyond which 

damage to the device may occur. 

2. Correct polarity voltages must be maintained on the + V s and 
-Vs pins. 

3. The +5 V power supply must never go below GND. 

PRINCIPLES OF OPERATION 
The principle of operation is shown in Figure 1. 

v ... 

V1 

o. 

Ro[ 
G1 

.. FF O/P 9------' 

-2854I2S&6 ONlY 

Figure 1. Principle of Operation of the 2S56 Series 
Converters 
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USING THE 2S56 SERIES CONVERTERS 
The 2SS6 series of converters operates on a tracking principle. 
This means that the output digital word always automatically 
represents the position of the L VDT or RVDT without the 
need for external convert commands and status wait loops. As 
the transducer moves through a position equivalent to 1 Least 
Significant Bit (LSB) on the output, the output digital word is 
automatically updated. Each LSB update initiates a BUSY 
pulse. 

INPUT GAIN 
Since the transformation ratio of an L VDT or RVDT from 
excitation voltage to signal voltage is typically in the order of 
1:0.15, provision for gain scaling has been provided. The gain 
can, therefore, be selected to ensure that the full-scale output of 
the converter represents the maximum stroke position of the 
transducer. 

The gain setting is accomplished by means of Pins 21 and 22 
(G 1 and G2). A link between the two pins gives a preset gain of 
xlO (xSO on the 2SS8) whereas no connections between them 
gives a preset gain of x 1 (x 10 on the 2SS8). 

G = __ R_l_ + Goo 
Ro + R2 

where Ro is the value of the external resistor in k!l and G is the 
realized gain. 

For the 2S54 and 2S56: 

RJ = 27 [kG] 

R2 = 3 [kG] 

Goo = 1 

For the 2S58: 

R J = 108 [kG] 

R2 = 2.7 [kG] 

Goo = 10 

The internal resistors each have absolute accuracies of 0.02% at 
25·C. Their absolute temperature coefficient is ±25 ppmfC. 
Therefore, if the temperature coefficient and absolute accuracy 
of the external gain setting resistor, Ro, is known, the accuracy 
of the input gain stage can be calculated. This additional inaccu
racy must be added to the gain error of the converter. 

DIGITAL OUTPUT CODES 
The 2SS6 series of converters employs an offset binary output 
code, the null position of the L VDT being represented by the 
MSB being high and all other bits low. Representative digital 
output codes are shown in Figure 2. For the 2S54 (l4-bit resolu
tion), the two least significant bits are unused. 

NOTE: A negative position is defined as being when the VI 
and V REF are out of phase. A positive position is when they are 
in phase. 

OVERRANGE 
The digital output code format shown in Figure 2 enables the 
user to determine if the LVDT has exceeded the negative or 
positive full-scale position and has gone into overrange. An indi
cation of overrange can be obtained by performing an "exclusive 
OR" on Bits 1 and 2 (MSB and 2nd MSB). Alternatively this 
function can be performed in software. 
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2S54/2S56/2S58 
OUTPUT CODES 

MSB lSB 
0000 0000 0000 0000 

" Max +ve 
0010 0000 0000 0000 Position 

Overrange 

0100 0000 0000 0000 
+ ve Position 

Full Scale 

1000 0000 0000 0000 POSi~~~ k---~~----~~4-------------~~--------------k-----~~--~~, 

1011 1 1 1 1 1111 1 1 1 1 
- ve Position 

Full Scale 

Max -ve 
1101 1 1 1 1 1 1 1 1 1111 Position 

Overrange 

1111 1 1 1 1 1 1 1 1 1111 

RATIO OF V2IVREF 

Figure 2. Output Code Format 

PHASE SHIFT AND QUADRATURE EFFECTS 
Reference to signal phase shift can be high in L VDTs, some
times in the order of 70 degrees. If the converter is connected as 
in Figures 3 and 4, any effects due to this phase shift are mini
mized. This connection method, therefore, provides outstanding 
benefits. 

The additional gain error caused by reference to signal phase 
shifts is given by: 

(1 - cosa) x 100% of FSR 

where 
a = phase shift between V REF and VI. 

When the phase shift between V REF and VI is zero, additional 
quadrature on the signal will have no effect on the converter. 
This is another benefit of the conversion method. 

REV. A 

CONNECTING LVDTS 
Since all input connections to 2S56 converters are truly differen
tial, there is great flexibility in the input sensor connection con
figuration. Some of the various methods are shown in Figures 3, 
4 and 5. 

(It should be noted that a ground reference point should always 
be included and connected to either the V REF or VI inputs.) 

It is suggested that decoupling capacitors be connected in paral
lel between the power supply lines (+ V s, - V s, + 5 V) and 
GND, adjacent to the converter. Suggested values are: 6.8 f1F 
tantalum and 47 nF disc capacitors connected in parallel. When 
more than one converter is on a card, separate decoupling 
should be used for each converter, particularly the 47 nF 
capacitors. 

The + V s and the - V s pins should be connected to dc power 
supplies of the appropriate polarity in the range of ± 15 V ±5%. 
Care should be taken to ensure that the polarity can never be
come reversed. The + 5 V pins should be connected to a 
+5 V ±5% dc supply. The +5 V supply must never be allowed 
to go negative with respect to ground. 
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POWER SUPPLY AND ALi. DIGITAL 
CONNECTIONS NOT SHOWN HI 

AGND 

-I~ 

R. 

G' 

2S5N 

A 
L-_--~ 

"BRIDGE COMPLETION RESISTORS ARE 
INTERNAL ONLY ON THE 2S54/2S56 

G2 

Figure 3. Half Bridge L VDT Connection 

POWER SUPPLY AND ALL DIGITAL 
CONNECTIONS NOT SHOWN 

=fJl 
PISTON 

LO 

°BRIDGE COMPLETION RESISTORS ARE 
INTERNAL ONLY ON THE 2S54/2S56 

G, 

I 
I 
I 
I 
I 
I 
I 

" I 
I 
I 

R. 

G2 

2S5N 

A B 

DIGITAL 
POSITION 

DIGITAL 
POSITION 

Figure 4. Three· or Four·Wire LVDT Connection 

POWER SUPPLY AND ALL DIGITAL 
CONNECTIONS NOT SHOWN 

LO 

AUNlJ 

G, 

R. 

G2 

B 

PHASE LEAD = ARC TAN Ztt'fRC PHASE LAG = ARC TAN 21f fRC 

~T ~ 
R PHASE SHin CIRCUITS J C 

Figure 5. Two·Wire LVDT Connection 
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DIGITAL 
POSITION 

Half Bridge Type L VDT Connection 
In this method of connection, shown in Figure 3, the internal 
bridge completion resistors, RI and R2, in the 2S54 and 2S56 
are used. If this configuration is used with the 2S58, external 
precision resistors must be employed. The "BRIDGE COM· 
PLETION RESISTORS" in the SPECIFICATIONS section 
details the required precision. The internal resistors in the 2S54 
and 2S56 have nominal values of 10 kG and are matched suffi· 
ciently to ensure that the null position of the L VDT is repre· 
sented by the correct output code. The common connection 
between the two resistors (i.e., Ra to Rc3 on the 2S54, 2S56) 
can be replaced by a potentiometer if the null needs to be 
adjusted. For differential measurements, the resistors can be 
replaced by another LVDT. The system is nonisolated. 

Three or Four Wire LVDT Connection 
In this method of connection, shown in Figure 4, the converters 
digital output is proportional to the ratio: 

(A-B) 

(A+B)12 

where A and B are the individnal LVDT secondary output volt· 
ages. Inspection of Figure 4 should demonstrate why this rela· 
tionship is true. (A - B) is simply the voltage across the series 
connected secondaries of the L VDT and is applied to the VI 
input to the converter. (A + B)/2 is effectively the average of 
the two secondary voltages as computed by the balanced bridge 
completion resistors and the grounding of the secondary 
center·tap. 

Note: This method of connection is appropriate only for 
where (A+B) is a constant, independent of LVDT position. 
Any lack of constancy in (A+B) will be reflected as an addi
tional non-linearity in the output. It is up to the user to deter
mine if (A+B) is sufficiently constant over the particular 
stroke length employed. (A+B)/2 can be monitored on the 
"REF OIP" pin. 

This method will usually restrict the usable L VDT range to 
half of its full range. The restriction can be eliminated, how· 
ever, by attenuating VI by a factor of 2 or increasing VREF by 
a factor of 2. 

This connection method has the tremendous advantage of being 
insensitive to temperature related phase shifts and excitation 
oscillator instabililty effects usually associated with more conven· 

As in the case of the Half Bridge Type L VDT Connection, RI 
and R2 are the bridge completion resistors (internal on the 
2S54, 2S56; external on the 2S58) and are matched to a degree 
sufficient to ensure that the digital output representing the null 
position does not vary from the L VDT's natural null position. If 
null adjustment is required, a potentiometer can be used in 
place of the common connection between the two resistors. 

Two-Wire LVDT Connection 
This method should be used in cases where the sum of the 
L VDT secondary output voltages (A + B) is not constant with 
L VDT displacement over the desired stroke length. The method 
of connection, shown in Figure 5, still maintains the ratiometric 
operation and the insensitivity to variations in reference ampli· 
tude and frequency. However, the phase shift between VREF 

and VI should be minimized to maintain accuracy (see Section 
"PHASE SHIFT AND QUADRATURE EFFECTS"). Sug· 
gested phase compensation circuits are shown in Figure 5. 
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REF REF 
MSB LO HI 

BaITS 
AGNO 

2S54 
OR 

2S56 
ANALOG 

MUX 
4T01 A ENL 
E.G. 

112AD7501 ENM 

Gl G2 

SELECT 

SELECT 

SELECT ADDRESS 
TO DECODE 

MUX 

Figure 6. Multiplexing 4 L VDTs into the 255412556 

MULTIPLEXING THE CONVERTERS 
Although the 2S56 series of converters are primarily intended 
for use as single channel, continuous conversion devices, they 
can also be used in small multiplexed systems as shown in Fig
ure 6. However, when switching between LVDT channels, 
ample time must be allowed for the converters to settle prior to 
transferring data. 

Using the 2S541X40 as in Figure 6 and allowing a time between 
samples of 70 ms, the maximum settling time of the converter 
can yield four 14-bit results from the 4 LVDTs in 280 ms. The 
gain can be programmed, as shown, to accommodate various 
transformation rations of dissimilar LVDTs. Note, however, 
that the finite "ON" resistance of the analog switch used with 
the gain setting resistor can introduce gain inaccuracies. This 
error is minimized for lower gains as the "ON" resistance of the 
switch will be negligible compared to the gain setting resistor. 
The error introduced can be calculated from the equation for 
the preamplifier gain in the "INPUT GAIN" section. 

SCALING THE INPUTS 
In cases where there is a requirement for a particular L VDT 
stroke length to correspond to full-scale on the digital output, 
the input gain must be chosen accordingly. It is important to 
remember that it is the relationship between V2 and V REF' not 
VI and VREF, which determines the full-scale digital output. 
Furthermore, it should be ensured that these voltages are each 
2 V rms ± 10%, respectively. For monitoring purposes, V2 is 
brought to the "DIFF alP" pin and VREF is brought to the 
"REF alP" pin. 

REV. A 

Figure 7. Transfer Function 

DYNAMIC PERFORMANCE 
The transfer function of the converters, shown in Figure 7 is 
given by: 

Open Loop Gain: 

Closed Loop Gain: 

Il.OUT l+sTI 
Il./N = l+sT1+s2/K.+s3TzIK. 

where: 

2S54/56 XIO options 
2S54/56 X40 options 
2S58 

k. 
12000 sec-2 

93600 sec-2 

450000 sec-2 

T1 

14.7 ms 
5.9ms 
2.4 ms 

T2 

2.3 ms 
1.0 ms 
0.4ms 

The gain and phase response of each of the three options is 
shown in Figures 8, 9, 10, 11, 12 and 13. 
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Figure 8. Gain Plot 410 and 510 Options (255412556) 
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Figure 10. Gain Plot 440 and 540 Options (255412556) 
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Figure 12. Gain Plot for 2558 
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Figure 9. Phase Plot 410 and 510 Options (255412556) 
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Figure 11. Phase Plot 440 and 540 Options (255412556) 
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Figure 13. Phase Plot for 2558 
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ACCELERATION ERROR 
Tracking converters such as the 2S56 series, employing a type 2 
servo loop, do not suffer any velocity lag. However, there is 
an additional error when the L VDT is undergoing periods of 
acceleration. 

The additional error can be defined using the K. constant of 
the converter (see DYNAMIC PERFORMANCE section) as 
follows: 

K = Input acceleration 
a Error in output position 

where the numerator and the denominator are defined in the 
same units. 

K. does not define the maximum acceleration, only the error 
due to the acceleration. 

DATA TRANSFER 
The validity of the output data is indicated by the state of the 
BUSY output. When the input to the converter is changing, due 
to a change in displacement of the L VDT, the signal appearing 
on the converter's BUSY output pin is a series of pulses of TTL 
levels. A BUSY pulse is initiated each time the input moves by 
the equivalent of an LSB and the internal up-down counter is 
incremented or decremented. 

With the INHIBIT input pin in the "Hi" state, data will be 
transferred automatically to the output latches. 

The two three-state enable inputs, ENABLE L and ENABLE 
M, allow the digital input to be transferred on to a data bus in 
two separate bytes. ENABLE M enables the most significant 8 
bits of the output word while ENABLE L enables the remain
ing least significant bits. 

Figure 14 shows the timing diagram. 

There are two methods of transferring the output data. The first 
is to detect the state of the "BUSY" which is 'Hi" for 1 fLS max 

2S54/2S56/2S58 
and then transfer the data when the BUSY is "Lo". Both 
INHIBIT, ENABLE M and ENABLE L must be in their cor
rect state of "Hi" and "Lo" respectively, in order that the data 
is presented to the output. 

The alternative method is to use the INHIBIT input. Taking 
this input to a "Lo" state prevents the internal monostable cir
cuits being triggered and consequently the latches being 
updated. Data will always be valid 1 fLS after the application of a 
logic "Lo" to the INHIBIT. However, if INHIBIT is applied 
while BUSY is in the "Lo" state (with ENABLE M and 
ENABLE L also "Lo"), data is valid instantaneously. 

The internal tracking operation of the converter cannot in any 
way be affected by the logic state present on either the 
INHIBIT or the ENABLE pins. 

OTHER INPUTS AND OUTPUTS 
Differential Output (DIFF OIP) 
This signal is in fact V2 and is brought out to a pin in order to 
simplify scaling of the VI signal. 

Direction (DIR) 
This TTL output signal indicates the direction of the 
transducer. It is a logic "Hi" when counting up and a logic 
"Lo" when counting down. 

Reference Output (REF OIP) 
This is the reference signal after the input buffer stage. It can 
be used as a single ended measurement point for the V REF 

input. 

It can also be used as a BITE (Built in Test Equipment) signal 
to detect if the L VDT has become disconnected or the reference 
supply has failed. 

SUPPORT OSCILLATOR 
A power oscillator, OSC1758, is available for use as a reference 
generator for LVDT and RVDT transducers. It is capable of 
providing up to 7 volts rms at 1.4 VA. 

530 n5 MAX MAX DEPENDS ON 

,_ 380 n5 MIN • I_ INPUT RATE • ;.1 _____ ., ~~;+~ 

BUSY I I C=~~ 
70n5 --j :~nlt: r I 
MIN--j I 

DATA VALID IX! VALID VALID 

J 600n5 MIN f--
_ 1 .. 5 MAX 

DIRECTION 

Figure 14. 2556 Data Transfer Timing Diagram 
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2S54/2S56/2S58 

PIN CONFIGURATIONS 

BIT9 
BIT 10 
BITII 
BIT 12 
BIT 13 
BIT 14 
BIT 15 

BIT 161LSBI 
INH 

BUSY 
DIR 

AGND 
VREFHJ 

VREFLO 
VllAI 
VllBI 

Gl 
G2 

DIFFOIP 
REFOIP 

o 1 
o 2 
03 
o 4 
o 5 
06 
07 

. 0 8 

09 
010 TOP 
011 VIEW 
012 
013 
014 
015 
016 
017 
018 
019 
020 

400 
390 
380 
370 
360 
350 
340 
330 
320 
310 
300 
290 
280 
270 
260 
250 
240 
230 
220 
210 

NIC = NO CONNECT 

BIT 8 
BIT7 
BIT 6 
BITS 
BIT4 
BIT3 
BIT2 
IMSBI BIT 1 
ENL 
ENM 
GND 
+5V 
+V. 
-v. 

§ } N/C ON 2958 

TP 

CASE 

MEAN TIME BETWEEN FAILURES (MTBF) 
The predicted reliability of these converters is exceptionally high 
due to the extensive uses of LSI custom circuitry. Figure IS 
shows the MTBF of the 4YZ options as calculated according to 
MIL HDBK 217D at various temperatures under ground 
benign environment. For MTBF calculations under other envi
ronments, please consult the factory. 

400 

320 

'" ~ 
~ I--.. -:---

.. 
" .. .. 55 70 IS 100 

TEMPERATURE - "C 

Figure 15. 
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PIN FUNCTION DESCRIPTION 

-Vs 

+Vs 

+5 V 

GND 

Bit 1-14 (2S54) 
Bit 1-16 

INHIBIT 

BUSY 

ENABLEM 

ENABLE L 

Rei} 
Re2 

~} 
DIR 

AGND 

VREF HI } 
VREF LO 

VI (A) } 
VI (B) 

GI} 
G2 

DIFFOIP 

REF OfF 

CASE 

TP 

Main negative power supply. 

Main positive power supply. 

Logic power supply. 

Power supply ground. Digital ground. 

Parallel output data bits. 
(2S56, 2S58)) 

Inhibit logic input. Taking this pin "Lo" 
inhibits data transfer from counter to 
output latches. The conversion loop 
continues to track. 

Converter BUSY. A "Hi" output indicates 
that the output latches are being updated. 
Data should not be transferred from the 
converter while BUSY is "Hi." 

The 8 most significant output data bits are 
set to a high impedance state by 
application of a logic "Hi." 

The 6 least significant bits of a 2S54, or 
the 8 least significant bits of a 2S56 "and 
2S58," are set to a high impedance state 
by application of a logic "Hi." 

Connections to RI, internal bridge 
completion resistor (2S5412S56 only). 

Connections to R2, internal bridge 
completion resistor (2S5412S56 only). 

TTL output indicating the direction of 
movement of the transducer. 

Analog ground. 

Input pins for the Reference signal. 

Input pins for the Signal. 

A gain setting resistor, or a link, can be 
connected between these pins. 

This is a VI after scaling (V2). 

This is the reierence signal aiter the mput 
buffer stage. 

This should normally be grounded. Case 
can be taken to any voltage with a low 
impedance up to ±20 V. 

Test Point. Do not make connections to 
this pin. 
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STANDARD PROCESSING 
As part of the standard manufacturing procedure, all converters 
receive the following processing: 

Process Condition 

1. Preseal Burn In 64 Hours at + 125°C 
2. Precap Visual Inspection In-House Criteria 
3. Seal Test, Fine and Gross In-House Criteria 
4. Final Electrical Test 

Extended temperature range versions receive additional 
processing as follows: 

4. Final Electrical Test Performed at Maximum and Mini
mum Operating Temperatures 

PROCESSING FOR HIGH RELIABILITY 
All extended temperature range models are available with high 
reliability screening. The parts are identified with a B suffix, 
and will receive the following processing. 

Process 
1. Preseal Burn In 
2. Precap Visual Inspection 
3. Temperature Cycling 
4. Constant Acceleration 
5. Interim Electrical Tests 
6. Operating Burn In 
7. Seal Test, Fine and Gross 
8. Final Electrical Testing 

(Group A) 
9. External Visual Inspection 

Conditions 
64 Hours at + 125°C 
MIL-STD-883, Method 2017 
10 Cycles, -65°C to + 150°C 
5000G, Yl Plane 

96 Hours at + 125°C 
MIL-STD-883, Method 1014 
Performed at T m;n' T AMB' 

and Tmax 
MIL-STD-883, Method 2009 

NOTE: Test and screening data can be supplied. Further infor
mation on request. 

2S54/2S56/2S58 
OTHER TRANSDUCER INTERFACE PRODUCTS 

2S80/2S8112S82 

2S50 

OSC1758 

IPA1764 

10-16 Bit Variable Resolution Resolver to 
Digital Converter (Monolithic IC) 

10 Bit + Sign, LVDT to Digital Converter 
(Hybrid) 

Power Oscillator (Hybrid) 

Inductosyn Pre-Amplifier (Hybrid) 

ORDERING INFORMATION 

REV. A 

N = 4 14-Bit Binary 

N = 6 16-Bit Binary 

N = 8 16-Bit Binary 
High Precision 

2S5NI XY o B 

L High Reliability Process 

Y =" 1 50 Hz Bandwidth (2S54, 2S56 Only) 
(Ref 360 Hz-5 kHz) 

Y = 4 140 Hz Bandwidth (2S54, 2S56 Only) 
(Ref 1 kHz-5 kHz) 

Y = 0 300 Hz Bandwidth (2S58 Only) 

x = 5 0 to + 70°C Operating Temperature Range 

X = 4 -55OC to + 1250C Operating Temperature Range 
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2S54/2S56/2S58 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

40-Pin Bottom Brazed Ceramic DIP (DH-40A) 

PIN 1 

t-------~2.120 (53.851 MAX--------t.1 

0.2~721~=====:::;-;r=========~~.~~:!.~~: 
SEATING M;X , ::!::---. 

PLANE 0.200 (5.081 1 r 0.140 (3.561 
D.i2ifi3.ii5i _ ~N 

-l 
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0.023 (0.581 
0.014 (0.361 

0.100 (2.541 0.050 (1.27) 
0.030 (0.76) 

0.098 (2.49) 
MAX 

I _ 0.620 (15.751 _I 
,...... 0.580 114.731....., 
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Selection Tree 
Communications Products 

COMMUNICATIONS PRODUCTS 

I 
Analog I/O Ports 

~ G~alPurpo;e I 
AD7868 (12 Bit/Serial IntErface) 
AD7869 (14 Bit/Serial Interface) 

H Digital Mobil~~WJ 
AD7001 (European GSM Baseband) 
AD7002 (European GSM Baseband) 
AD700S (No. Amer TIA Baseband) 

DSP Peripherals I 
AD28msp01 
(High Perf Modem Front End) 
AD28msp02 
(Voiceband Linear Coded 

1 
Line Drivers/Receivers 

H RS-232St;-ndard I 
(#Drv/#Rcv) 

AD230 (S/O) 
AD231 (2/2) 
AD231A (Improved AD231) 
AD232 (2/2, +SV) 
AD232A (Improved AD232) 
AD233 (2/2, No Ext Caps) 
AD233A (Improved AD233) 
AD234 (410) 
AD23S (SIS, No Ext Caps) 
AD236 (4/3) 
AD237 (S/3) 
AD238 (414) 
AD239 (3/S) 
AD241 (4IS) 

Dual RS-232/RS-422 Standard 

AD7306 
(Drivers: 2[232] & 1[422]) 
(Receivers: 1[232] & 1[232 or 422]) 

H Thlecommunications 

AD 7001 
(European GSM Baseband 110) 
AD7002 
(European GSM Baseband 110) 
AD700S 
(No. Amer TIA Baseband 110) 

H Direct DigitaIS~h-;siSJ 
AD7008 (IF Modulator) 
AD9901 
(Phase/Frequency Discriminator) 
AD99S0 
(300 MHz Phase Accumulator) 

Analog Filters I 
AD7341 (Reconstruction Filter) 
AD7371 (Antialiasing Filter) 
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Selection Guide 
Communications Products 

Analog 1/0 Ports 
DACIADC DACIADC Through-
Resolution SNR+THD put Ref. Volt Bus Package Temp 

Model Bits dB kSPS IntlExt Interface Optionsl Range2 Page Comments 

*AD7001 10/8 56/44 2170 2.5 V, Int 10,8, 10 C3 C I 4-47 GSM Baseband 110 Port 
Serial, J.LP 

*AD7002 10/12 -162 4333 (DAC) 2.5 V, Int Serial, J.LP 10 C3 C I 4-59 GSM Baseband 110 Port 
541.7 (ADC) with On-Board GMSK Modulation 

*AD700s 10/12 -162 97.2 (DAC) 2.3 V, Int Serial, J.LP 10 C3 C I 4-75 TIA Baseband 110 Port 
194.4(ADC) 

*AD7868 12112 72172 83 3.0 V, Int Serial, J.LP 2,3,6 I,M C n 8--79 Complete 12-Bit Analog 110 System 
*AD7869 14114 78178 83 3.0 V, Int Serial, J.LP 2,3,6 I,M C n 8--95 Complete 14-Bit Analog 110 System 
*AD28msp02 16116 65/65 8 2.5 V, Int Serial, J.LP 6 C C I 4-25 Complete Voice Band Linear Codec 

with On-Chip Filtering 
*AD28mspOl 16116 SOISO 7.2/8.0/9.6 2.5 V, Int Serial, J.LP 6 C CI4-9 Complete Analog Front End for High 

Performance DSP-Based Modems 

Analog Fitters 
SNR Bus Package Temp 

Model (typ) dB Interface Optionsl Range' Page Comments 

AD7341 75 Parallel, J.LP 2,5 C CI4-99 Voiceband Reconstruction Filter 
AD7371 75 Parallel, J.LP 2,5 C CI4-99 Voiceband Antialiasing Filter 

'Package Options: I ~ Hermetic DIP, Ceramic or Metal; 2 ~ Plastic or Epoxy Sealed DIP; 3 ~ Cerdip; 4 ~ Ceramic Leadless Chip Carrier; 5 ~ Plastic Leaded Chip Carrier; 6 ~ Small Outline "SOIC" Package; 
7 ~ Hermetic Metal Can; 8 ~ Hermetic Metal Can DIP; 9 ~ Ceramic Flatpack; 10 ~ Plastic Quad Flatpack; 11 ~ Single-in-Line "SIP" Package; 12 ~ Ceramic Leaded Chip Carrier; 13 ~ Nonhermetic Ceramid 
Glass DIP; 14 ~ J-Leaded Ceramic Package; IS ~ Ceramic Pin Grid Array; 16 ~ TO-92. 

2Temperature Ranges: C ~ Commercial, 0 to +70"C; I ~ Industrial, -40"C to +8S"C (Some older products -2S"C to +8S"C); M ~ MilitarY, -SS"C to + 12S"C. 
'Operates to - 2S"C. 
-Boldface type: Product recommended for new design. 
*New product since the publication of the most recent Databooks. 
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Selection Guide 
Communications Produ(:ts 

Direct Digital Synthesis 
Model Bus Interface Package Options' Temp Range2 Comments Page 

*AD700S 8116 J.LP 10 

AD9901 3,4,5 

*AD9950 8116 J.LP 14 

C3 

C,M 

C,M 

DDS IF Modulator with 32-Bit Phase Accumulator and lO-bit DAC, 20 MHz Output C I 4-91 
Capability, Single 5 V Supply, Low Power 
U1trahiglt Speed Digital PhaselFrequency DiscrinIinator, No "Dead Zone," C I 4-115 
Linear Transfer Function up to 200 MHz 
32-Bit, 300 MSPS Phase Accumulator for DDS, On-Board Quad Logic C I 4-123 

Telecommunications 
Model 

LIU-Ol 
RPT-S2 
RPT-83 
RPT-S5 
RPT-86 
RPT-S7 

Description 

Serial Data Receive, Reconstructs Clock and Data 
TIIEI PCM RepeatH Featuring Automatic ALBO 
TIIEI PCM Repeater with ALBO and Clock Shutdown Circuit 
TIIEI PCM Repeater with XR-T445 Pinout 
TIIEI Low Power PCM Repeater with ALBO 
TIIEI Low Power PCM Repeater with ALBO and Clock Shutdown Circuit 

Package Options' 

2,3,6 
3,6 
3,6 
3,6 
2,3,6 
2,3,6 

Temp Range2 

I 
I 
I 
I 

Page 

C I 4-135 
C I 4-147 
C I 4-147 
C I 4-155 
C I 4-163 
C I 4-163 
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Une Drivers/Receivers 
Power No. of No. of External Low Power TIL Three- No. Package Temp 

Model Supply Voltage Drivers Receivers Capacitors Shutdown (SD) State EN of Pins Optionsl Range' Page 

*AD230 +5V 5 (232) 0 4 Yes No 20 2,3,6 C, I CI4-29 
*AD231 +5 V & 7.5 V to 13.2 V 2 (232) 2 (232) 2 No No 14 2,3,6 C,I,M CI4-29 
*AD231A +5 V & 7.5 V to 13.2 V 2 (232) 2 (232) 2 No No 14 2,3,6 C,I,M C I 4-41 
*AD232 +5V 2 (232) 2 (232) 4 No No 16 2,3,6 C,I,M C I 4-29 
*AD232A +SV 2 (232) 2 (232) 4 No No 16 2,3,6 C,I,M C I 4-41 
*AD233 +5V 2 (232) 2 (232) None No No 20 2 C,I CI4-29 
*AD233A +5V 2 (232) 2 (232) None No No 20 2 C, I C I 4-41 
*AD234 +5V 4 (232) 0 4 No No 16 2,3,6 C, I CI4-29 
*AD235 +5V 5 (232) 5 (232) None Yes Yes 24 2,3 C,I C I 4-29 
*AD236 +SV 4 (232) 3 (232) 4 Yes Yes 24 2,3,6 C,I,M C I 4-29 
*AD237 +SV 5 (232) 3 (232) 4 No No 24 2,3,6 C, I CI4-29 
*AD238 +SV 4 (232) 4 (232) 4 No No 24 2,3,6 C,I,M CI4-29 
*AD239 +5V & 12V 3 (232) 5 (232) 2 No Yes 24 2,3,6 C,I,M CI4-29 
*AD241 +SV 4 (232) 5 (232) 4 Yes Yes 28 6 C, I CI4-29 
*AD7306 +SV 2 (232) 1 (232) 4 No No 24 6 C,I C I 4-93 

1 (422) 1 (232/422) 

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

'Temperature Ranges: C ~ Commercial, 0 to +70"C; I = Industrial, -4O"C to +8SoC (Some older products -2S"C to +8S°C); M = MiliUtrY, -SsoC to + l2S"C. 
'Operates to - 2SOC. 
Boldface Type: Product recommended for new design. 
*New product since the publication of the most recent Databooks. 
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Orientation 
Communications Products 
Analog Devices produces a wide range of products serving the 
needs of the communications industry. Our product portfolio 
contains devices designed for such applications as digital mobile 
radio, radar, telecommunications, LAN s, and other serial data 
transmission applications. A brief description of our communica
tions product portfolios along with their respective applications 
is given below. 

ANALOG VO PORTS 
The Analog 110 Ports product portfolio displayed in this section 
contains application specific devices used in telecommunication 
and digital mobile radio applications. The AD7oo1, AD7002, 
are baseband modulators designed specifically to meet the 
requirements of the European Groupe Speciale Mobile (GSM) 
digital cellular telephone system. The AD7oo5 meets the 
requirements of the North American Telecommunications 
Industries Association (TIA) standard for its digital cellular tele
phone system. 

The AD7oo1 provides two lO-bit DACs and ftlters to generate a 
Gaussian Minimum Shift Keyed (GSMK) modulated bit-stream 
at 220 Kbitslsec. This modulated bit-stream is guaranteed to 
meet the requirements of the GSM specification. The receive 
channel provides an IQ amplifier, a programmable gain ampli
fier and a sample-and-hold circuit mixing for necessary signal 
preconditioning. The circuit features independent shutdown 
control of the transmit and receive functions for low power 
operation and also includes an 8-bit DAC for control of func
tions such as APC or AGe. 

The AD7oo2 is also designed for GSM but includes the ROM 
and logic to produce the GMSK modulated digital inputs to the 
DACs. The transmit path consists of an on-board ROM, and 
two high accuracy, fast 10-bit DACs with output reconstruction 
ftlters. The receive path is composed of two high performance 
sigma-delta ADCs with digital ftltering. Three control DACs 
ranging from 8- to 10-bit accuracy are also included for APC, 
AGe, and carrier signal shaping functions. The device also fea
tures power shutdown capabilities. 

The AD7oo5 is designed for the North American TIA standard. 
It features two 100bit transmit DACs and ftltering required for 
the TIA standard. Two sigma-delta 12-bit ADCs are provided 
for the receive cbannel along with digital FIR ftltering. Three 
auxiliary DACs are also provided. This device also has power 
shutdown capabilities. 

The AD28mspOl is a complete analog front-end for high per
formance modems and the AD28msp02 is a voiceband codec 
providing a complete analog front end for high performance 
voiceband DSP applications. Both devices have similar atchitec
tures and contain a 16-bit sigma-delta ADC and DAC with 
on-chip antialiasing and smoothing ftlters. 

The AD7868 and AD7869 are 12- and 14-bit 83 kSPS 110 ports 
designed for modems and other communications equipment. 
Both devices provide simple interfaces to the serial ports of stan
dard DSP processors such as the ADSP-2101 and are fully spec
ified in terms of ac and de performance. Both devices have an 
analog input/output range of ±3 V and have low power con
sumption (130 mW typical). 
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The specifications pertaining to the Analog 110 Ports are similar 
to the ADC and DAC specifications, and the definitions to these 
specifications may be found in the orientation segments of each 
respective product section. 

VOICEBAND FILTERS 
The AD7341 and AD7371 are a switched capacitor voiceband 
reconstruction and antialiasing ftlter chipset, respectively. 
These devices are designed to be used in conjunction with the 
AD7871/AD7872 and AD7840 14-bit AID and D/A converters 
or the l4-bit AD7869 analog 110 port to form a complete analog 
front-end for voiceband DSP applications. This chipset substi
tutes for discrete active ftlters and/or digital ftltering used on 
high performance DSP front-ends thus reducing design time, 
component cost, and PCB real estate. Specifications along with 
definitions are provided on the data sheets. 

DIRECT DIGITAL SYNTHESISIPHASE LOCK LOOP 
The AD7oo8 and AD9950 are designed for direct digital syn
thesis (DDS) applications used for dynamic sine waveform syn
thesis. The AD7oo8 is a numerically controlled oscil1ator 
employing a 32-bit phase accumulator and a 100bit DAC inte
grated on a single CMOS chip. The device is capable of phase 
modulation, frequency modulation, and both in-phase and 
quadrature amplitude modulation suitable for SSB generation. 
Clock rates up to 50 MHz are supported, thus providing for 
usable analog outputs up to about 20 MHz. The AD9950 is a 
32-bit, 300 MHz phase accumulator used as a building block for 
higher speed DDS applications. This device supports DDS 
applications using clock rates between 100 MHz and 300 MHz. 
The AD9901 is a digital phase/frequency discriminator used in 
phase-lock loop applications and is capable of directly comparing 
phase/frequency inputs up to 200 MHz. Specifications along 
with definitions are provided on the data sheets. 

SERIAL COMMUNICATIONS 
The AD232 family of parts consists of low power, high perfor
mance driver/receiver products for the RS-232 transmission stan
dard. The parts are designed to meet the requirements of EIA-
232-C, EIA-232-D and CCITT V.28. The AD231, AD232, 
AD233 support the basic RTS-CTS and XON-XOFP ~!"')!')~!~, 
while the AD230, AD234, AD235, AD236, AD237, AD238, 
AD239 and AD241 provide a selection of different receiver and 
driver combinations that can be used to implement a wide vari
ety of interface types. The AD241 is particularly suited to the 
standard PC serial interface. This part has been designed to 
meet the specific needs of a PC environment and provides ample 
driver current to directly drive a mouse. 

The AD231A, AD232A, AD233A are enhanced pin-compatible 
versions of the AD231, AD232, and AD233 offering 116 Kbaud 

. operation while using 0.1 ",F charge pump capacitors. 

The parts feature single 5 V supply operation and low operating 
current. A selection of features including tri-stateable outputs, 
on-board capacitors and a 1 .,A shutdown mode are available. 
On-board slew rate control ensures compliance to the standards 
with no requirement for external slew rate control capacitors. 
Under power-off conditions, driver output impedance is greater 
than 300 ohms and the receivers are designed to reject any noise 
impulses on the line that are faster than about 1 ",s. 



The AD7306 is a multiprotocol driver that supports both 
RS-232 and RS-422 standards. This is the industry's first single 
5 V supply, multiprotocol part. It operates on-board-saving 
0.1 ,....F capacitors and provides RS-422 transmission rates up to 
10 MHz. It also features very low output driver skew. 

TELECOMMUNICATIONS 
Our repeater and receiver line of communications products 
serves the needs of the serial data transmission networks used in 
telecommunications and LANs. These products perform the 
difficult interfacing function between the analog nature of a 
transmission line and the digital world of the microprocessor. 
The repeater products regenerate data which has been attenu
ated and distorted along the transmission line and retransmit the 
information synchronized to the original clock rate. The receiver 
products terminate the transmission line and separate the incom
ing clock and data information into microprocessor-compatible 
signals. Both are compatible with NRZ and RZ data transmis
sions, and both operate transparent to data formatting. 

The RPT-82/RPT-83 are monolithic PCM repeaters used to 
regenerate altemate-mark-inversion pulses in PCM carrier sys
tems at T1 (1.544 Mbps) and T148 (2.048 Mbps) data rates. 
These repeaters contain a high gain preamplifier and ALBO cir
cuitry to achieve over 40 dB of input signal dynamic range. 
RPT-86/RPT-87 are next generation PCM repeaters similar to 
the RPT -82/RPT -83 with many additional performance enhance
ments. These repeaters operate from a single 5.6 V supply and 
are compatible with TI, TI48, and the higher data rate TIC 
(3.152 Mbit) systems. The RPT-86/RPT-87 both contain dual 
ALBO ports for an increased dynamic range of over 50 dB. 
They also exhibit greatly improved stability versus temperature 
and supply voltage fluctuations. Both the RPT-83 and RPT-87 
also contain a clock shutdown function to prevent the transmis
sion of false data when the incoming signal falls below a usable 
level. 

The LIU-OI is a versatile serial data receiver. It also contains 
dual ALBO ports for over 60 dB of dynamic range and operates 
at data rates from 300 bps to over 6 Mbps. Unlike the repeaters, 
the LIU-OI presents both data and clock as TTL-CMOS com
patible outputs. It also outputs a LOSS OF CARRIER signal 
indicating that the incoming signal has fallen below a usable 
level. 

DEFINITIONS OF SPECIFICATIONS 
(REPEATERIRECEIVER PRODUCTS) 
ALBO Diode Impedance-The small-signal impedance of the 
ALBO diode measured from the ALBO input to ground. The ac 
impedance is the parallel combination of two diode-connected 
transistors and approximately 3 pF of stray capacitance. The 
impedance of the transistors is inversely proportional to the cur
rent flowing through them, Rn = 13l1n , where Rn is the 
ALBO diode impedance in ohms and In is the ALBO diode 
current in mAo 

ALBO Threshold-The differential voltage, measured between 
the preamp outputs, that is required to activate the internal 
peak detector which drives current through the ALBO diodes. 

AMI-Alternate Mark Inversion. A form of digital signal trans
mission where each successive I-bit is of opposite polarity. 

Automatic Line Build Out, ALBO-An automatic-gain-control 
circuit which operates by simulating the attenuation and fre
quency distortion of an extension of the transmission line. 

Bipolar Violation, BPV - The transmission of two consecutive 
pulses of the same polarity. 

Bit Error Rate, BER-A count of the errored data bits received 
per second of transmission. 

Clock Threshold-The differential voltage, measured between 
the preamp outputs, that is required to activate the clock syn
chronization circuitry. 

Data Threshold-The differential voltage, measured between 
the preamp outputs, that is required to activate the data detec
tion circuitry. 

Equalizing Network-A network which compensates for the 
attenuation and frequency response of the transmission cable 
over the operating bandwidth. 

Eye Pattem-The trace obtained on an oscilloscope by viewing 
a serial data receiver'slrepeater's preamplifier output while 
receiving a QRSS input signal. 

Interference Margin - The ratio of the signal amplitude to the 
maximum noise amplitude that a system can tolerate without 
errors. Interference Margin = 20 Log (SIN) dB. 

Loss of Carrier, LOC-An output indicating that the incoming 
signal has fallen below a usable level. This signal is active low. 

Maximum Density-An input signal pattern consisting of all Is. 

Minimum Density-For T1 format, this is a repeating signal 
pattern consisting of two Is followed by fourteen Os. 

Oscillator Bias Voltage - A dc level used to set the center point 
of an LC oscillator tank's operation. 

Output-Pulse Rise (Fall) Time-Measured from the 10% to 
90% points. 

Output-Pulse-Width Differential-In a TI carrier system, a 
typical transmitted data pulse width is 324 ns. The pulse-width 
differential is the difference in pulse width of two successive 
outputs. 

Preamplifier Bandwidth-3 dB bandwidth of the preamplifier 
circuit. 

Quasi-Random Signal Source, QRSS-A signal consisting of 
random Is and Os. 

RCLK -Received clock data extracted from the incoming data 
signal. 

RNEG-Received data extracted from negative incoming signal 
levels. 

RPOS-Received data extracted from positive incoming signal 
levels. 

COMMUNICA TlONS PRODUCTS 4-7 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
16-Bit Sigma-Delta AID Converter 
16-Bit Sigma-Delta DIA Converter 
80-dB SNR and THD 
Linear Phase Antialias and Anti-Image Filters 
Digital Resampling/lnterpolation Filter 
On-Chip Voltage Reference 
7.2 kHz. 8.0 kHz. and 9.6 kHz Sampling Rates 
8/7 Mode for 8.23 kHz. 9.14 kHz. and 10.97 kHz 

Sampling 
Synchronous and Asynchronous DAC/ADC Modes 
Bit and Baud Clock Generation 
Transmit Digital Phase-Locked Loop for Terminal 

Synchronization 
Independent Transmit and Receive Phase Adjustment 
DSP-Compatible Serial Port 
Single +5 V Supply with Power-Down Mode 
28-Pln DIP 

APPLICATIONS 
High Performance DSP-Based Mo 

V.32ter. V.32bis. V.32. V.22 
Bell 212A. 103 

Fax and Cellular-Compatible 
V.33. V.29. V.27ter. V.27bis. 7. 

Integrated Fax. Modem. and Speech Pro 

GENERAL DESCRIPTION 
The AD28mspOI is a complete analog front end for high perfor
mance DSP-based modems. The device includes all data conver
sion, fIltering, and clock generation circuitry needed to 
implement an echo-cancelling modem with one companion digi
tal signal processor. Software-programmable sample rates and 
clocking modes support all established modem standards. 

The AD28mspOl utilizes advanced sigma-delta technology to 
move the entire echo-cancelling modem implementation into the 
digital domain. The device maintains SO dB SNR and THD 
throughout all fIltering and data conversion. Purely DSP-based 
echo cancellation algorithms can thereby maintain robust bit 
enor rates under worst case signal attenuation and echo ampli
tude conditions. The AD28mspOI's on-chip interpolation fIlter 
resamples the received signal after echo cancellation in the DSP, 
freeing the processor for other voice or data communications 
tasks. 

On-chip bit and baud clock generation circuitry allows either 
synchronous or asynchronous operation of the transmit (DAC) 

Echo-Cancelling Modem 
Analog Front End 

AD28mspOl I 

ANALOG 
INPUT 

FUNCTIONAL BLOCK DIAGRAM 

SERlAL 
PORT 

DATA AND 
CONTROL 

and receive (ADC) paths. Each path features independent phase 
advance and retard adjustments via software control. The 
AD2SmspOl can also synchronize modem operation to an exter
nal terminal bit clock. 

Packaged in a 2S-pin DIP, the AD28mspOi provides a compact 
solution for space-constrained environments. The device oper
ates from a single +5 V supply and offers a low power sleep 
mode for battery-powered systems. 

A detailed block diagram of the AD2SmspOl is shown in 
Figure 1. 

The following abbreviations are used in this data sheet: 

DAC-Digital-to-Analog Converter 
ADC-Analog-to-Digital Converter 
SPORT -Serial Port 
soft reset-in a soft reset, the AD2SmspOl is reset but the con

trol register values do not change. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD28mspOl 
PIN DESCRIPTION 
Name Pin # 

Analog Interface 

VIN 27 

VFB 26 

VOUT+ 2 

VOUT-

REFCAP 28 

Serial Interface 

SCLK 18 

SOl 22 

SDIFS 21 

SDO 19 

SDOFS 20 

Clock Generation 

TSYNC 

TBIT 

TBAUD 

TCONV 

RBIT 

RBAUD 

RCONV 

MiseeDaneous 
MCLK 

RESET 

CS 

Pow"", Supplies 

VDDA 

GNDA 
VDDD 

GNDD 

7 

9 

10 

8 

12 

13 

11 

14 

6 

23 

4,25 
16,17 

5, 15,24 

Type Description 

0 

0 

0 

0 

OIZ 

O/Z 

OIZ 

0 

0 

0 

0 

0 

0 

Inverting terminal of the input amplifier to the receiver (ADC). Refer to Figure 2 for the analog input 

interface connections. 
Feedback terminal of the input amplifier to the receiver. Refer to Figure 2 for the analog input interface 

connections. 
Noninverting output terminal of the output differential amplifier, from the transmitter (DAC). Refer to Figure 

3 for the analog output interface connections. 
Inverting output terminal of the output differential amplifier from the transmitter. Refer to Figure 3 for 

analog output interface connections. 
Voltage reference decoupling pin. An external 0.1 ",F capscitor is recommended on this pin for optimum noise 
performance. 

Serial clock used for clocking data or control bits to/from the serial port (SPORT). The frequency of this clock 
is 1.7280 MHz. This pin is tristated when the chip select pin is low. 

Serial input of the SPORT used to supply data or control information to the AD28msp01. This pin is ignored 

when the chip select pin is low. 
Framing sYDchronization signal for serial data transfers to the AD28ms 
ignored when the chip select pin is low. 
Serial output of the SPORT used to obtain data or cont the AD28msp01. This pin is 

tristated when the chip select pin is low. 
Framing sYDchronization signal for serial pOl (via the SDO pin). This pin is 
tristated when the chip select pin 

is programmable via Control Register 3. It 

Transmit Baud Rate frequency is programmable via Control Register 3. 

It is sYDchronized to 
Transmit Conversion Clock. This cl tes when the ADC has finished a sampling cycle. The frequency 

of TCONV is programmed by setting the sample rate field in Control Register O. The programmed TCONV 
rate can be scaled by a factor of 817 by setting Bit 9 in Control Register 1. The phase of TCONV can be 
adjusted by wtitingthe Transmit Phase Adjust Register. 

Receive Bit Rate Clock. This is an output clock whose frequency is programmable via ContrOl Register 2. It is 

sYDchroniZed to the RCONV clock. 
Receive Baud Rate Clock. This is an output clock whose frequency is programmable via Control Register 2. It 
is synchronized to the RCONV clock. 
Receive Conversion Clock. This clock indicates when the DAC has finished a sampling cycle. The frequency 

of RCONV is programmed by setting the sample rate field in Control Register O. The programmed RCONV 
rate can be scaled by a factor of 817 by setting Bit 9 in Control Register 1. The phase of RCONV can be 
ii~jw.iN by wriring me Receiye Phase ad.Just Register. 

AD28mspOi Master Clock Input. The frequency of this clock must be exactly 13.824 MHz to guarantee the 
correct frequency response for the device's digital filters. 

Active-Low Chip Reset. This signal sets all AD28mspOi control registers to their default values and clears the 
device's digital filters. SPORT output pins are tristated when RESET is active. SPORT input pins are ignored 

when RESET is active. 
Active-high chip select. This signal tristates aD SPORT output pins and forces the AD28mspOI to ignore all 
SPORT input pins. Note that the AD28mspOl's ADC, DAC, and digital filters continue operating when CS is 

de-asserted. 

Analog Supply Voltage (Nominally +5 V). 
Analog Ground. 
Digital Supply Voltage (Nominally +5 V). 
Digital Ground. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

4-10 COMMUNICATIONS PRODUCTS REV. 0 



TSYNC 

FUNCTIONAL DESCRIPTION 
ADC 
The analog input is applied to the input 
gain setting resistors (see Figure 2, W . 

following page). The output of . 
on-chip voltage reference, is app 
modulator which noise-shapes it an odu 
1. 7280 MHz rate. The spectral content of 
noise-shaped such that in-band noise suppo 
of-band noise is rejected in subsequent filtering. 

This bit stream is fed to a decimation filter which has a Sinc' 
transfer function. The output of this decimation filter consists of 
a parallel data stream with a reduced sampling rate of 28.8 kHz, 
32.0 kHz or 38.4 kHz (depending on the input sample rate), 
which is now processed by the digital antialiasing low-pass filter. 
This filter low-pass filters the data stream and further reduces 
the sampling rate by a factor of four. Finally the high-pass filter 
removes input frequency components at the low end of the 
spectrum. 

Either the high-pass filter alone or the high-pass!low-pass filter 
combination can be bypassed by setting the appropriate bit in 
Control Register 1, thus producing samples at 7.2/8.0/9.6 kHz 
or 28.8/32.0/38.4 kHz, respectively. The frequency response of 
the AD28mspOi is altered when these filters are bypassed. The 
DSP processor that receives samples from the AD28mspOI may 
need to compensate for this change. 

Each resultant sample is then loaded into the SPORT for 
transmission. 

Analog Input Interface 
The recommended analog input interface is shown in Figure 2. 
Since the AD28mspOI operates from a single 5 V power supply, 
an arbitrary analog input signal with 0 V dc bias must be offset 
and scaled appropriately to avoid clipping and to ensure success
ful conversion. The scaling of the analog input is achieved by 
the resistors RIN and RpB• The gain - RnlRIN should be 

AD28mspOl 

SDOFS 

a full-scale analog input signal at AIN 
a 3.156 V peak-to-peak signal at the output of 

lifier (monitored at V FB)' The dc offsetting of the 
performed with an on-chip generated reference 

(nominal). The AIN signal must be ac-coupled 
CAe)' 

receiver uses a highly oversampled implementation 
roach which transfers the bulk of the antialiasing filtering 

requirement into the digital domain, the analog input anti
aliasing filter need only be oflow order. This fIrst stage of 
antialiasing is performed by the RFB/CFB combination, allowing 
the user to arbitrarily set the input 3 dB point. An acceptable 3 
dB point range is 20 kHz ±10%, which should be achieved 
using components in the ranges indicated. See Figure 2. Note 
that all frequency response specifications given in this data sheet 
do not include the slight in-band roIloff caused by the use of a 
feedback capacitor (CFB). 

This input structure also allows the easy combination of a num
ber of analog inputs before conversion via the summing node 
(VIN), as indicated in Figure 2. 

CF• 

CAe AIM RIM 
INPUT -l1-+-'V\iW>-----(....,::;'-! 

I 

INPUTx-l~ 
CACX A 1NX R INX 

GAlN:- RFB 
R'N 

VREF 
(INtERNAL) 

AD28msp01 

10kn S RF8 < SOIUl 
10kOSRIN cSOkn 
150pF ~ CFB S 680pF 

1 
2It RFB CFB = 20kHz (±10%) 

Figure 2. Analog Input Interface 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD28mspOl 
DAC 
The transmitter receives 16-bit samples at a 7.2 kHz, 8.0 kHz 
or 9.6 kHz rate from the SPORT. These samples are low-pass 
ftItered by the anti-imaging ftIter which also raises the sampling 
rate to 28.8/32.0/38.4 kHz. The low-pass anti-imaging ftIter can 
be bypassed by setting the appropriate bit in Control Register 1. 
If the ftIter is bypassed, the DSP that transmits data to the 
AD28mspOl must be able to transmit at the 28.8/32.0/38.4 kHz 
rate. 

The samples from the output of the anti-imaging ftIter are then 
fed to the Interpolator which raises the sampling rate to 1.7280 
MHz by interpolating between the incoming samples. These 
1. 7280 MHz 16-bit samples are then processed by the digital 
sigma-delta modulator which noise-shapes the data stream and 
reduces the sample width to one. 

This one-bit data stream at 1.7280 MHz is then fed to the ana
log smoothing ftIter in which the bit stream is converted to an 
analog voltage and low-pass ftItered. The output of the analog 
smoothing ftIter is a differential signal that is fed to the output 
amplifier, from which diffel'ential analog outputs are available, 
biased by the internal reference voltage. 

Analog Output Interface 
The differential analog output signal will be dc-biased at the 
internal reference voltage and, therefore, should be ac-coupl 
using CAC+ and CAC - before applying to a load as sho 
Figure 3. Load resistances in the range 2 kO to 
accommodated. 

OR 

AD28msp01 

Figure 3. Analog Output Interface 

A single-ended output can be achieved without ac coupling by 
means of an external differential-to-single-ended amplifier con
figuration (as shown in Figure 3). In this case, the output gain 
can be set by the appropriate selection of resistor values. 

Clock Generation 
The AD28mspOi generates all transmit and receive clocks 
necessary to implement standard voice-grade modems. The 
AD28mspOl can generate six different clock signals for transmit 
and receive timing as well as an additional clock signal for serial 
port timing. 

The receive clocks are the RCONV, RBIT and RBAUD signals. 
The individual clock rates are programmable and are all syn
chronized to RCONV. 

The transmit clocks are the TCONV, TBIT and TBAUD sig
nals. The individual clock rates are programmable and are all 
synchronized to TCONV. 

Depending on the operating mode, the converter clocks can be 
synchronized to an external clock signal (TSYNC) or can be 
generated internally. The clocks can be adjusted in phase by 
setting the appropriate phase adjust register. 

Resampling Interpolation Filter 
In V.32 modems the AD f the receiving modem samples at 

smitting modem's DAC, but at an 
he receiving modem must execute 

m to force the received data to be sam
received signal. The AD28mspOI 

ing interpolation ftIter to resample the 
hase. 

tion filter interpolates the data to a 
The data is then resampled (decimated) at the 
phase with the RCONV clock. The frequency 

. 'cs of the resampling interpolation filter are 
response characteristics of the DAC. 

pie phase is locked to RCONV, it can be 
or slipped by writing a signed-magnitude value to the 

e Phase Adjust Register (Control Register 2). The register 
decrements or increments to zero to determine the phase shift. 
The AD28mspOI implements the phase shift by adjusting the 
phase of an internal clock signal, the oversampling clock. The 
amount of time added or subtracted is relative to one period of 
the master clock (MCLK). The phase advance or slip is equal to 
the master clock period (13.824 MHz) multiplied by the signed
magnitude 9-bit value in Control Register 4 (or 5). 

The change in phase requires a maximum of two RCONV cycles 
to complete. If the value written to Control Register 4 is less 
than the oversampling ratio, then the chanl!e will com!'lete in 
one RCONV cycle. 

Control Registers 
The AD28mspOl contains six control registers which configure 
various modes of device operation-sampling rate, phase shift, 
clock rate, etc. All of the control registers are read and written 
via the serial port. Unused bits in the control registers should 
always be set to zero. 

The control registers should be set up for the desired mode of 
operation before bringing the AD28mspOi out of power down 
(by writing ones to the power-down analog and power-down dig
ital bits in Control Register I). 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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The sampling rate should be set before writing ones to the 
power-down bits. Changing the sampling rate at any other time 
will force a soft reset. Changing from an asynchronous operating 
mode to a V.32 mode or vice versa will also force a soft reset 
(see the Operating Modes section of this data sheet). 

In a soft reset, the AD2SmspO 1 is reset but the control register 
values do not change. 

The table below shows when a soft reset is caused by changing 
the values of certain control register bits while the device is 
operating. When these bits are modified, the AD2SmspOl will 
perform a soft reset and start up again in the new conflguration. 

Bits Configures 

Control Register 0, SRI-SRO Sampling rate 
Control Register 0, OP2-OPO Clock generation operating modes 

(async-to-V.32 or V.32-to-async) 
Control Register 0, TS3-TSO TSYNC rate 
Control Register 1, FB2-FBO Filter bypass conflguration 
Control Register 1, SAS7 Sampling rate scaling by S/7 

Control Register 0 address = OXOO 
This register is used to: 

• Enable/disable the resampling interpolation fIlte 
• Set the external TSYNC clock rate " 
• Select the sampling rate 
• Select the operating mode 

Control Register 1 address 
This register is used to: 

• Increase the sampling rate to 817 the ra 
Control Register 0 

• Power down the device 
• Bypass the digital fIlters 

If any low-pass fllter is bypassed, the resampling interpolation 
fIlter should be disabled (in Control Register 0.) 

Control Register 2 address = Ox02 
This register is used to: 

• Select the frequency of the Receive baud clock (RBAUD) 
• Select the frequency of the Receive bit clock (RBIT) 

Control Register 3 address = 0x03 
This register is used to: 

• Select the frequency of the Transmit baud clock 
(TBAUD) 

• Select the frequency of the Transmit bit clock (TBIT) 

AD28mspOl 
Control Register 4 address = Ox04 
This register is used to: 

• Change the phase of the Receive clocks (RBAUD, RBIT, 
RCONV) 

This register must be equal to zero before its value can be 
changed. Once you have written a value to the register, 
subsequent writes are ignored until the register is flnished 
incrementing/decrementing to zero. If the register is read while 
incrementing/ decrementing, its current value is returned (not 
the value originally loaded). 

Any value written to this register prior to the flrst rising edge of 
the conversion clock (RCONV) is ignored. 

The phase advance or slip is equal to the master clock period 
(13.S24 MHz) multiplied by the signed-magnitude 9-bit value in 
Control Register 4. The AD2SmspOl decrements Control Regis-
ter 4 as it adjus ase of RCONV. Control Register 4 will 
equal zero se shift is complete. 

address = Ox05 

ase of the Transmit clocks (TBAUD, 

st be equal to zero before its value can be 
ou have written a value to the register, 

es are ignored until the register is flnished 
ementing to zero. If the register is read while 

enting, its current value is returned (not 
y loaded). 

ue written to this register prior to the flrst rising edge of 
e conversion clock (TCONV) is ignored. 

The phase advance or slip is equal to the master clock period 
(13.S24 MHz) multiplied by the signed-magnitude 9-bit value in 
Control Register 5. The AD2SmspOI decrements Control Regis
ter 5 as it adjusts the phase of TCONV. Control Register 5 will 
equal zero when the phase shift is complete. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

1 101010101010101010101 1 1 1 1 1 

L Readlwrite bit. Set to one 
to read control register Address bits [4 ... 0IJ 

Address Word 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD28mspOl 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 

INTENlnterpolatlonfllteronable ----l I =r--r-
l=enabled; O=dlsablod L , 
~CRa-te-(-Hz-)----------------------S-Rl-.~O ~~!Genar~ono~~ng~ 
=:::: Sampling Rate (kHz) 000 Asyncllronous fallback modo 

0010 7200 00 9.6 001 Rasa .... d 
0011 4900 01 8.0 010 Reserved 
0100 2400 10 7.2 011 Rasarved 

11 Rasarved 100 V.32 TSYNC 
0101 1200 101 V.32lntemal Sync 
0110 600 110 V.32 Loopback 

~~~~ :: 111 Async. fallback mode TSYNC 

1001 12000 
Control Register 0 

SA87 

When set to a 1, this bit Increases the 
sampling rate to an of the programmed rate: 
(817) 9.6 kHz .10.97 kHz, 
(817) 8.0 kHZ. 9.14 kHz, 
(817) 7.2 kHz. 8.23 kHz 

No filter bypasa (defauR) 
Reserved 
ADC Hi ~S. filter bypasood 010 

011 
100 
101 
110 
111 

ADC HI and Lo pass filter bypaoood 
DAC fliler bypassed 

Control Register 1 

BA2.Q 
Receive baud rate clock selection 

000 2400 (delault) 
001 1600 
010 1200 
011 600 
100 Rooerved 
101 Reserved 
110 Reserved 
111 Rasarved 

BI3.Q 

Reserved 
DAC and ADC Hi pasa filters bypassed 
DAC, ADC Hi and ADC Lo ~ .. filters 
bypassed 

Receive bit rata clock selectton 

0000 9600 (dafauM) 
0001 8000 
0010 7200 
0011 4900 
0100 2400 
0101 1200 
0110 600 
0111 19,200 
1000 14,400 
1001 12,000 
1010 19,200 with SA87ln 

control register 1 sel 
(not acaled by 817) 

Control Register 2 (Receive Bit and Baud Rate Selection) 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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15 14 13 12 11 10 9 8 

BA2-Q 
Transmit baud rate clock selection 

000 2400 (delaull) 
001 1600 
010 1200 
011 600 
100 Re ....... d 
101 Reserved 
110 Reserved 
111 Reserved 

15 14 13 12 11 10 9 

0- Phase advance 
1 - Phase retard 

8 

7 6 5 

7 6 5 

4 3 2 o 

BI3-O 
Transmit bit rate clock selection 

0000 9600 (default) 
0001 8000 
0010 7200 
0011 4800 
0100 2400 
0101 1200 
0110 600 
0111 19,200 
1000 14,400 
1001 12,000 
1010 19,200 with SA871n 

control register 1 set 
(not scaled by 817) 

4 3 2 o 

P7-Q 
DAC Phase Adjust 

The amount of time slipped or 
advanced is defined as the 
number representad by P7-PO 
times the master clock period. 

Control Register 5 (DAC Phase Adjust) 

AD28mspOl 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD28mspOl 
DATA REGISTERS 
The AD28mspOI contains four data registers. 

Data Register 0 address = 0x06 
DAC Input Register (write-only): The 16-bit twos complement 
values written to this register are input to the AD28mspOl's 
digital-to-analog converter. 

Data Register 1 address = Ox07 
Interpolation Filter Input Register (write-only): The 16-bit twos 
complement values written to this register are input to the re
sampling interpolation filter. 

Data Register 2 address = 0x08 
ADC Output Register (read-only): The l6-bit twos complement 
values read from this register are the output of the 
AD28mspOl's analog-to-digital converter. 

Data Register 3 address = 0x09 
Interpolation Filter Output Register (read-only): The l6-bit 
twos complement values read from this register are the output of 
the resampling interpolation filter. 

Addresses OxOA...{lxlF are reserved. 

Address 
Bits 4-0 

00000 

00001 

00010 
00011 
00100 
00101 
00110 
001ll 
01000 
01001 
01010 

11111 

Table I. Register Addresses 

Register Description 

Control Register 0 Data Rate and Syn 
Selects, In 

Control Register 1 Filter B 
Mode Bits, 

Control Register 2 ADC Bit an aud 
Control Register 3 DAC Bit and Baud 
Control Register 4 ADC Phase Adjust 
Control Register 5 DAC Phase Adjust 
Data Register 0 DAC Input Register 
Data Register 1 Interpolation Filter Input Register 
Data Register 2 ADC Output Register 
Data Register 3 Interpolation Filter Output Register 
Reserved 

Reserved 

Serial Port 
The AD28mspO 1 includes a full-duplex synchronous serial port 
(SPORT) used to communicate with a host processor. The 
SPORT is used to read and write all data and control registers 
in the AD28mspOI. The SPORT transfers l6-bit words, MSB 
first, at a serial clock rate of 1.7280 MHz. 

When the AD28mspOI exits reset, both the analog circuitry and 
the digital circuitry are powered down. The serial port will not 
transmit data to the host until the host sets the power-down bits 
in Control Register 1 to 1. All control registers should be initial
ized before these bits are set. 

The SPORT is configured for an externally generated receive 
frame sync (SDIFS), and an internally generated serial clock 
(SCLK) and transmit frame sync (SDOFS). The host processor 
should be configured for an external serial clock and receive 
frame sync and an internal transmit frame sync. For example, to 

configure serial port 0 (SPORTO) of the ADSP-2101 processor 
to communicate with the AD28mspOl, the following ADSP-
2101 assembly language code fragment is used: 

AXO = Ox2AOF; 
DM(Ox3FF6) = AXO; 

The AD28mspOl-to-DSP processor interface is shown in 
Figure 4. 

~LK~--------~~;SC;L;K--------

SDOFS f------~I RECEIVE FRAME SYNC 

SDO f------~I RECEIVE DATA 

SDIFS 14------1 TRANSMIT FRAME SYNC 

SOl 14------1 TRANSMIT DATA 

'------I FLAG 

DSP Processor 

I Words to the AD28mspOl 
to the AD28mspOl can only be 

processor. When transferring data to the 
e host processor specifies the destination register 

a l6-bit address word and then transmitting 
The read/write bit in the address word 

e serial data stream from the host pro
SlSt of a sequence of alternating address and data 

e AD28mspOl will not write the target register until 
the address word and data word are completely transferred. 

The address word is defmed as follows: 

Bit 15 
Bit 14-5 

Bit 4-0 

Example 

1 = Read, 0 = Write 
Ignored (zeros when transfers originate from the 
AD28mspOl) 
5-bit address field (see Table I) 

Transferring the following 16-bit words to the AD28mspOl will 
initialize Control Registers 0-3: 

Wunl Transferred 

0x0000 
0x0254 
0x0002 
OXOO31 
OX0003 
0x0032 
OxOOOI 
OxOO18 

Description 

Control Register 0 Address Word 
Write this value to Control Register 0 
Control Register 2 Address Word 
Write this value to Control Register 2 
Control Register 3 Address Word 
Write this value to Control Register 3 
Control Register 1 Address Word 
Write this value to Control Register I 

Note that the power-down bits in Control Register 1 are released 
(set to 1) only after the AD28mspOl is fully configured by writ
ing to Control Registers 0, 2, and 3. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Transferring Data from the AD28mspOl to the Host 
Data transfers to the host processor can only be initiated by the 
AD2SmspOl. When transferring data the AD2SmspOl flrst spec
wes the source register by transferring a 16-bit address word 
and then transfers the contents of the source register. Bits 14-5 
of the address word will always be forced to zero. When trans
ferring data, the serial data stream from the AD2SmspOI will 
consist of a sequence of alternating address and data words. 

Transferring Control Words from the AD28mspOl to the Host 
All control registers in the AD28mspOi are host readable. To 
read a control register, the host must transmit a 16-bit address 
word with the ReadlWrite bit set, then transmit a dummy data 
word. The AD2SmspOi will respond by flrst completing any 
AD2SmspOl-to-Host transfer in progress. As soon as the 
dummy data 'word is received, the device will transfer a 16-bit 
word with the control register address and then transmit the 
contents of the control register. 

Example 
The following data streams show how a host can read the con
tents of an AD2SmspO 1 control register: 

Host AD28mspOl 
Transfer Transfer 

OxSOOl 
Ox1234 

Ox
Ox-
0x0001 
OX0023 

Serial Port Timing 
All serial transfers are synchronous. The receive ta (SDI) an 
receive frame sync (SOIFS) are clocked into the device on the 
falling edge of SCLK. The receive frame sync (SOIFS) must be 
asserted one SCLK cycle before the flrst data bit is transferred. 
When receiving data, the AD2SmspOI ignores the receive frame 
sync pin until the least significant bit is being received. 

When transmitting data, the AD28mspO 1 asserts transmit frme 
sync (SooFS) and transmit data (SDO) synchronous with the 

AD28msp01 

ANALOG IN 

MCLK--~~-------------t--~ 

TSYNC 

AD28mspOl 
rising edge of SCLK. Transmit frame sync is transmitted one 
SCLK cycle before the flrst data bit is transferred. 

All input signals to the serial port must meet setup and hold 
times as specwed in this data sheet. 

OPERATING MODES 
The AD28mspOi is capable of operating in several different 
modes, as described below. 

V.32 TSYNC Mode 
In V.32 TSYNC Mode, the AD2SmspOl's transmit circuitry is 
synchronized to an external TSYNC signal. The AD28mspOl's 
receive circuitry is sampled synchronous to the transmit cir
cuitry, but the data can be resampled at a different phase 
through the resampling interpolation ruter. 

TCONV, TBIT and TBAUD are generated internally but are 
phase-locked to the ternal TSYNC input signal with the digi- 4 
tal phase-loc RCONV, RBIT and RBAUD are gener-
ated inte be phase adjusted with the Receive 

er (Control Register 4). 

new DAC sample update and loads the ADC 
with a new sample. 

interpolation ruter can be used for digital 
e received signal. Enable this function by Set

ntrol Register O. The phase of the resampled 
with the Receive Phase Adjust Register. Sam-
to the interpolator at the TCONV rate and are 

CONY rate. 

ering V.32 TSYNC Mode, RCONV is locked to 
V before TCONV is locked to TSYNC. If this mode is 

entered from a non-V.32 mode, the device performs a soft reset. 
The time required to lock TCONV to RCONV is dependent on 
the phase difference between RCONV and TCONV when enter
ing the mode. 

This mode is entered by setting the Operating Mode fleld in 
Control Register O. The RCONVrrCONV rate can be set to 9.6 
kHz, S.O kHz or 7.2 kHz by setting the sample rate bit fleld in 

DSP Processor 

ANALOG OUT ".,...--11 ~ ______________ ..:167'-____________ t-__ -t_ FROM MODEMTX 

Figure 5. V.32 TSYNC Mode Block Diagram 

This information applies to a product under development. Its characteristics and sp~cifications ar~ sUbj.e.ct to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to In writing, 
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AD28mspOl 
DSP Processor 

ANALOG IN 

~K--~t-------------~~--~ 

ANALOGOUT.+--H /4--------------~"'""------------+----+_ FROM MODEM TX 

Figura 6. V.32 Internal Sync Mode Block Diagram 

Control Register O. The TBIT and TBAUD clock rates are set V.32 Internal S 
by adjusting the appropriate bits in Control Register 3. The In V.32 I o ,the AD28mspOl's transmit clocks 

The receive circuitry operates synchro
uitry, but the data can be resampled at 

RBIT and RBAUD clock rates are set by adjusting the appro
priate bits in Control Register 2. The bit rates, baud rates and 
TSYNC rate can be set to any combination of clock rates listed 
in the control register descriptions. The TSYNC field on Co 
trol Register 0 must be set to the frequency of the i 

Example 
Transferring the following word seque 
will configure the device for V.32 TSY 
rates indicated: 

Word Transferred 

OXOOOO 
Ox0254 

OxOOO2 
Ox0002 
OxOOO3 
Ox0023 
OxOOOI 
OxOOl8 

Description 

Control Register 0 address word 
Enable interpolation filter, TSYNC = 7200, 
sample rate = 7200, mode = V.32 TSYNC 
Control Register 2 address word 
RBAUD = 2400, RBIT = 7200 
Control Register 3 address word 
TBAUD = 1200, TBIT = 4800 
Control Register I address word 
Configure and power-up device 

DSP 
r-_',?6~. -+-+_P;..;TO,cessor 

~~= 

MeLK 

ANALOG 
OUT 

Figure 7. V.32 Loopback Mode Block Diagram 

the resampling interpolation filter. 

are generated internally and can 
the Transmit Phase Adjust Register 

5). RCONV, RBIT and RBAUD are also gen
d can be phase adjusted with the Receive 

r (Control Register 4). 

w DAC sample update and loads the ADC 
Register 2) with a new sample. 

. gital resampling interpolation filter can be used for digital 
sampling of the received signal. Enable this function by set

ting Bit 9 in Control Register O. The phase of the resampled 
signal is adjusted with the Receive Phase Adjust Register. Sam
ples are loaded into the interpolator at the TCONV rate and are 
resampled at the RCONV rate. 

When entering V.32 Internal Sync Mode, RCONV is first 
locked to TCONV. RCONV is then phase adjusted whenever a 
new value is written to the Receive Phase Adjust Register (Cor.
trol Register 4). If this mode is entered from a non-V.32 mode, 
the device performs a soft reset. The time required to lock 
TCUNV to RCUNV is dependent on the phase difference be
tween RCONV and TCONV when entering the mode. 

This mode is entered by setting the Operating Mode field in 
Control Register O. The RCONVrrCONV rate can be set to 9.6 
kHz, 8.0 kHz or 7.2 kHz by setting the sample rate bit field in 
Control Register O. The TBIT and TBAUD clock rates are set 
by adjusting the appropriate bits in Control Register 3. The 
RBIT and RBAUD clock rates are set by adjusting the appro
priate bits in Control Register 2. The bit and baud rates can be 
set to any combination of clock rates listed in the control regis
ter descriptions. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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V.32 Loopback Mode 
In V.32 Loopback Mode, the AD2SmspOl's receive circuitry 
and transmit circuitry are locked together. 

RCONV is generated internally and can be phase adjusted with 
the Receive Phase Adjust Register (Control Register 4). RBIT, 
RBAUD, TCONV, TBIT and TBAUD are all locked to 
RCONV. 

RCONV initiates a new DAC sample update and loads the ADC 
register (Data Register 2) with a new sample. The RCONV rate 
can be set to 9.6 kHz, S.O kHz or 7.2 kHz by setting the sample 
rate bit field in Control Register O. The bit and baud rates can 
be set to any combination of clock rates listed in the control reg
ister descriptions. 

V.32ter TSYNC Mode 
This mode is identical to V.32 TSYNC Mode except all clocks 
are scaled by a factor of sn over the corresponding V. 32 
TSYNC rate. In this mode, the maximum value to which the 
phase adjust registers (Control Registers 4 and 5) may be set is 
+192. 

Both TBIT and RBIT can be set to a 19,200 Hz rate that will 
,not be scaled by a factor of sn, by setting the appropriate fi 
in Control Registers 2 and 3. 

V.32ter Intemal Sync Mode 
This mode is identical to V.32 TSYNC 
are scaled by a factor of 817 over the 
TSYNC rate. In this mode, the 
phase adjust registers (Control Re 
+192. 

Both TBIT and RBIT can be set to a 19,200 t 
not be scaled by a factor of sn, by setting the appropriate fie 
in Control Registers 2 and 3. 

ANALOG 
IN 

MCLK 

TSVNC 

ANALOG 
OUT 

DSP 
Processor 

h;t-,H~ 
TO 
IIODEIIIRX 

Figure 8. Asynchronous Fallback TSYNC Driven Mode 
Block Diagram 

AD28mspOl 
Asynchronous Fallback TSYNC Mode 
TCONV, TBIT and TBAUD are generated internally but phase 
locked to the external TSYNC input signal. RCONV, RBIT and 
RBAUD are generated internally and can be phase adjusted with 
the Receive Phase Adjust Register (Control Register 4). 

This mode is entered by setting the Operating Mode field in 
Control Register O. The RCONVffCONV rate can be set to 
9.6 kHz, S.O kHz or 7.2 kHz by setting the sample rate bit field 
in Control Register O. The TBIT and TBAUD clock rates are 
set by adjusting the appropriate bits in Control Register 3. The 
RBIT and RBAUD clock rates are set by adjusting the appro
priate bits in Control Register 2. The bit rates, baud rates and 
TSYNC rate can be set to any combination of clock rates listed 
in the control register descriptions. 

ckMode 
AUD are generated internally and can 4 

the Transmit Phase Adjust Register 
CONV, RBIT and RBAUD are gener-

an also be phase adjusted with the Receive 
er (Control Register 4). The digital phase

this operating mode 

by setting the Operating Mode field in 
r O. The RCONVffCONV rate can be set to 9.6 
or 7.2 kHz by setting the sample rate bit field in 

O. The TBIT and TBAUD clock rates are set 
appropriate bits in Control Register 3. The 
D clock rates are set by adjusting the appro-

s m Control Register 2. The bit and baud rates can be 
any combination of clock rates listed in the control regis

descriptions. 

ANALOG 
IN 

IICLK 

ANALOG 
OUT 

DSP 
r-.:'7'B '-i~l-p .. roce88or 

TO 
MODEMRX 

Figure 9. Asynchronous Fallback Mode Block Diagram 
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AD28mspOl 
Transitions Between Operating Modes 
The AD28mspOi will perform a soft reset when transitioning 
between the following modes: 

• V.32 Modes to Asynchronous Fallback Modes 
• Asynchronous Fallback to V.32 Modes 

Operating Modes Summary 

Mode 

Async Fallback 

AsyncTSYNC 

V.32 TSYNCH 

V.32 Internal Sync 

V.32 Loopback 

Initial Phase 
Lock After 
Enteting Mode 

No Phase Lock 

TCONVLock 
to.TSYNC 

RCONVLock 
to TCONV 

RCONVLock 
to TCONV 

TCONVLock 
to RCONV 

Normal DPLL* 
Operation 

No Phase Lock 

TCONVLock 
to TSYNC 

TCONVLock 
to TSYNC 

No Phase Lock 

*DPLL-Digital Phase-Locked Loop. 
** ADC phase adjusted via Control Register 4, 
tAdjusting ADC phase also adjusts DAC 

NOTE 

PIN CONFIGURATION 

TBAUD 

RCONV 

RBIT 

RBAUD 

MCLK 

AD28msD01 
TOP VIEW 

(Not to Scale) 

REFCAP 

Y,N 

VF8 

GNDA 

GNDD 

~D 

sot 

SDiFS 

SDOFS 

SDO 

SCLK 

YDDD 

VDDD 

GNDD 

Phase Register 
Programmable** 

ADC,DAC 

ADC 

ADC 

ADC,DAC 

Internal Filter Operation 
Resampling Synchronous to 
Interpolator ADC DAC 

Not Used RCONV TCONV 

Not Used RCONV TCONV 

Input Synchronous TCONV TCONV 
and In Phase with 
TCONV, Output 
Synchronous and In 
Phase with RCONV 

TCONV 

TCONV 

PIN ASSIGNMENTS 

Pin Name Pin Name 

1 VDDA 15 GNDD 
2 VOUTP 16 VDDD 
3 VOUTN 17 VDDD 
4 GNDA 18 SCLK 
5 GNDD 19 SDO 
6 RESET 20 SDOFS 
I TSYNC 21 SUIf"S 
8 TCONV 22 SOl 
9 TBIT 23 CS 

10 TBAUD 24 GNDD 
11 RCONV 25 GNDA 
12 RBIT 26 VPB 
13 RBAUD 27 VIN 
14 MCLK 28 REFCAP 

Control 
Register 0 
OPZ·O 

000 

III 

100 

101 

no 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD28mspOl 
SPECIFICATIONS 
DIGITAL INTERFACE ELECTRICAL CHARACTERISTICS 
Parameter Test Condition Min Typ Max Unit 

VIH Input High Voltage VDD = max 2.0 V 
V1L Input Low Voltage VDD = min 0.8 V 
VOH Output High Voltage VDD = min, IOH = -0.5 rnA 2.4 V 

VOL Output Low Voltage VDD = min, IOL = 2 rnA 0.4 V 
IIH High Level Input Current VDD = max, VIN = max 10 !LA 
IlL Low Level Input Current VDD = max, VIN = OV 10 !LA 
IOZL Low Level Output 3-State Leakage Current VDD = max, VIN = max 10 !LA 
IozH High Level Output 3-State Leakage Current VDD = max, VIN = OV 10 !LA 
C1 Digital Input Capacitance pF 

Parameter Typ Max Unit 

Power Dissipation 

VDDA Analog Operating Voltage 5 V 
VDDD Digital Operating Voltage 5 V 
IDDA VDDA Operating Current A 40 rnA 
IDDD VDDD Operating C rnA 
P 1 POWet Dissipation mW 
IDDA VDDA 0 0.5 rnA 
IDDD VDDD rnA 
Po F mW 

RECOMMENDED OPE MAXIMUM RATINGS· 
oltage .•................... -0.3 V to +7 V 

Voltage ................ -0.3 V to VDD + 0.3 V 
Parametet 'Output Voltage Swing ........... -0.3 V to VDD + 0.3 V 
::V:-D-D---I--::S-uPP--;IY--=-V:-ol:-tage---+--;4-::.7::-5-1--::-::::--+~:C- Operating Temperature Range (Ambient) ... -40OC to +85°C 
TAMB Ambient Operating Storage Temperature Range .....•..... -65°C to +150OC 

Tempetature 0 +70 OC Lead Temperature (5 sec) PLCC .............. +280°C 
----~-~-------~---~------~---

Refer to Environmental Conditions for information on case temperature and 
thermal specifications. 

Specifications subject to change without notice. 

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

ESDSENSITIVITY--------------------------------------------------------------
The AD28mspOI features proprietary input protection circuitry to dissipate high energy discharges 
(Human Body Model). Pet Method 3015 of MIL-STD-883C, the AD28mspOI has been classified as 
a Class 1 device. 

Propet ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges readily accumulate on the human body and test equipment and discharge 
without detection. Unused devices must be stored in conductive foam or shunts, and the foam 
should be discharged to the destination socket before devices are removed. For further information 
on ESD precautions, refet to Analog Devices' ESD Prevention Manual. 

WARNING! c:J 
~~EOEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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SPECIFICATIONS - AD28mspOl 

Parameter 

Clock Signals 

Timing Requirement: 

Parameter 

Serial Ports 

Timing Requirement: 

tscs 
tSCH 

Switching Characuristic 

tsCK 
tRD 
tRH 
tscoH 
tscoo 

SDIISDIFS Setup before SCLK Low 
SDIISDIFS Hold after SCLK Low 

SCLKPeriod 
SDOFS Delay from SCLK High 
SDOFS Hold after SCLK High 
SDO Hold after SCLK High 
SDO Delay from SCLK High 

tMCK MCLK Frequency 13.824 13.824 MHz ±0.OO25% 
tMKL MCLK Width Low ns 
tMKH MCLK Width High ns 

Switching Characuristic: 

tSCK SCLK Period ns 
tSKL SCLK Width Low ns 
tsKH SCLK Width High ns 

Min Max Unit 

10 ns 
10 ns 

ns 
IS ns 

0 ns 
0 ns 

30 ns 

Parameter I Min MAY I TTnlt 

Serial Port Tristate 

Switching Characuristic: 

CS Low to SDO, SDOFS, SCLK Disable 
CS High to SDO, SDOFS, SCLK Enable 
CS High to SDO, SDOFS, SCLK Valid 

cs 

Is .. 
SDO ----------.. 

SooFS )-------(1 
~LK ________ -J 

ns 
ns 
ns 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

4-22 COMMUNICA TlONS PRODUCTS REV. 0 



ANALOG INTERFACE CHARACTERISTICS 
Parameter 

ADC: 
IL Input Leakage Current at VIN 
RI Input Resistance at V IN 

CxL Input Load Capacitance at V FB 

VINMAX Maximum Input Range at V IN 

DAC: 

Ro Output Resistance for Voice Frequencies* 
VOOFF Output dc Offset Between VOUT+ and VOUT-

CoL Output Load Capacitance* 
Vo Maximum Voltage Output Swing (P-p) Across RL Differential 
RL Load Resistance* 

·At VOUT+ and VOUT-

Parameter 

Absolute Gain 

ADC Milliwatt Response (ADC Gain Tolerance) 
Digital Milliwatt Response (DAC Gain Toler 

Parameter 

Gain Tra 

Typical Frequency Respouses 
The frequency responses of the ADC and DAC ate given below. 

9.6 kHz 

ADC 
Passband Ripple <0.1 dB 
Low-Pass Passband Cutoff Frequency 3.4 kHz 
Low-Pass Stopband Cutoff Frequency 4.8 kHz 
High-Pass Passband Cutoff Frequency 220Hz 
High-Pass Stopband Cutoff Frequency 60 Hz 
Low-Pass Stopband Rejection -55 dB 
High-Pass Stopband Rejection -50 dB 

DAC 
Passband Ripple <0.1 dB 
Passband Cutoff Frequency 3.4 kHz 
Low-Pass Stopband Cutoff Frequency 4.8 kHz 
Stopband Rejection -55 dB 

AD28mspOl 

Test Condition Min Typ Max Unit 

10 nA 
100 MO 
10 pF 
3.156 Vp-p 

1 n 
100 mV 

100 pF 
6.312 V 

2 kn 

Min Typ Max Unit 

±0.1 
±0.1 

Min Max Unit 

±0.1 dB 

±0.1 dB 

8.0 kHz 

<0.1 dB 
3.4 kHz 
4.0 kHz 
220 Hz 
60 Hz 
-55 dB 
-50 dB 

<0.1 dB 
3.4 kHz 
4.0 kHz 
-55 dB 

dBmO 
dBmO 

7.2 kHz 

<0.1 dB 
3.3 kHz 
3.6 kHz 
220 Hz 
60 Hz 
-55 dB 
-50 dB 

<0.1 dB 
3.3 kHz 
3.6 kHz 
-55 dB 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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SPECIFICATIONS - AD28mspOl 
Parameter Test Conditions Min Typ Max Unit 

Noise and Distortion 

ADC Signal to Noise Plus Distortion (Single Tone Test) Output Level: 0 
Output Level: - 20 dBmO 
Output Level: - 30 dBmO 
Output Level: -40 dBmO 
Output Level: -50 dBmO 
Output Level: -60 dBmO 
Output Level: -70 dBmO 
Output Level: - 80 dBmO 

DAC Signal to Noise Plus Distortion (Single Tone Test) Output Level: 0 

ADC Intermodulation Distortion 
DAC Intermodulation Distortion 
ADC Idle Channel Noise, 0 Hz-4000 Hz Flat 
DAC Idle Channel Noise, 0 Hz-4000 Hz Flat 

Parameter 

PSRR and Crosstalk 

V DDA & V DDD Power Supply ReI 
V DDA & V DDD Power Supply Reje , 
Crosstalk, ADC Channel-to-DAC Chiinnel 

Crosstalk, DAC Channel-to-ADC Channel 

Output Level: - 20 dBmO 
Output Level: -30 dBmO 
Output Level: -40 dBmO 
Output Level: - 50 dBmO 
Output Level: -60 dBmO 
Output Level: -70 dBmO 
Output Level: -80 dBmO 

UT at 1.02 kHz 
ut: Analog Ground 

DAC Input: 1.02 kHz at DmW· 
Measure ADC Output at 1.02 kHz 

*DmW = digital milliwatt 

9.6 kHz 8.0 kHz 7.2 kHz 

Typical Group Delay 12 13 15 
ADC Low-Pass Filter Group Delay 2 3 5 
ADC High-Pass Filter Group Delay 10 10 10 

AC". C"...rn11n np1!:I", ? , C n __ ----r ----J 
I 3 Resamp1ing Filter Group Delay 

ORDERING GUIDE 

Model Package Option· 

AD28mspOI N-28 

*N = Plastic DIP. For outline information see Package Information section. 

-80 

-80 

-80 
-80 
10 
10 

Min 

Unit 

ms 
ms 
ms 
--

Typ 

-35 
-35 
-80 

-80 

dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 
dBmO 
dBmO 
dBrn 
dBrn 

Max Unit 

dB 
dB 
dB 

dB 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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11IIIIIIII ANALOG 
WDEVICES Linear Codec 

AD28msp02 I 
FEATURES SIMPLIFffiD BLOCK DIAGRAM 
Complete Linear Coded Codec 
16-Bit Sigma-Delta ADC 
16-Bit Sigma-Delta DAC 
On-Chip Antialiasing and Anti-Imaging Filters 
On-Chip Voltage Reference 
8 kHz Sampling Frequency 
Twos Complement Coding 
65 dB SNR and THD 
Programmable Gain on DAC and ADC 
DSP Compatible Serial Port 
24-Pin (0.3 Inchl DIP/SOIC 
Single 5 V Power Supply 

GENERAL DESCRIPTION 

PORT 

DATA AND 
CONTROL 

The AD28msp02, as shown in Figure 1, is a 'be on-chip antialiasing and anti-imaging filters, 
front end for high performance voiceb C, 16-bit DAC and programmable gain amplifiers in a 
Compared to traditional j.L-iawand C ensures a highly integrated and compact solu-
AD28msp02's linear coded ADC ¥ analog processing requirements. 

dynamic range throughout the t port provides easy interface to industry standard 
ing far superior SNR and THD. ." . 4~.~.'. .processors such as the ADSP-2101, ADSP-2111, ADSP-
A sampling mte of 8.0 kHz coupled with 65 dB1,gNR and TH1l3 Z105, MC56001 and the TMS320C25. 
performance make the AD28msp02 atrmctive in many datacom·",~t" 
and telecom applications (e.g., cellular radio, telephones, etc.). 

SDOFS 

Soo 

SCLK 

SOl 

SOIFS 

Figure 1. AD28msp02 Block Diagram 

This information applies to a product under development Its characteristics and specifications are subject to change without notice. 
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AD28msp02 
PIN DESCRIPTION 

Pin Name VO Function 

Analog Interface 

V1NNORM Input Inverting terminal of the NORM 
amplifier for the encoder section 
(ADC). Refer to Figure 2 for the 
analog input connections. 

VFBNORM Output Output terminal of the NORM 
amplifier for the encoder section. 
Refer to Figure 2 for the analog 
input connections. 

VINAUX Input Inverting termina1 of the AUX 
amplifier for the encoder section 
(ADC). Refer to Figure 2 for the 
analog input connections. 

VPBAUX Output Output terminal of the AUX 
amplifier for the encoder section. 
Refer to Figure 2 for the analog 
input connections. 

VOUTP Output N oninverting output terminal of the 
output differential amplifier, from 
the decoder (DAC). Refer to Figure 
3 for the analog output conn 

VOUTN Output 

VREFOUT Output 

Power Supplies 

V= Analog supply voltage (Nominal 
+5 V) 

GNDA (2 pins) Analog ground 

VDD Digital supply voltage (Nominal 
+5 V) 

GNDD (2 pins) Digital ground 

Serial Interface 

SCLK Output Serial clock for clocking data or 
control bits to/from the serial port 
(SPORT). The frequency of this 
clock is the frequency of the master 
clock supplied at MCLK divided by 
5. SCLK can be three-stated under 
control of the TSEN pin. 

SDI Input Serial input to supply data or 
control information to the 
AD28msp02. 

SDIFS Input Framing signal for SDI serial 
transfers. 

SDO Output Serial output to obtain data or 
control information from the 
AD28msp02. This pin can be 
three-stated by the TSEN pin. 

SDOFS 

DATNCNTRL 

Miscellaneous 

MCLK 

RESET 

TSEN 

Output Framing signal for SDO. This pin 
can be three-stated by the TSEN 
pin. 

Input Differentiates between data and 
control serial transfers for the 
SPORT. 

Input The master clock to the 
AD28msp02. The clock frequency 
is 13.0 MHz. 

Input This pin three-states the SPORT 
pins and clears the digital filter in 
the modulator. 

Input This pin should be high to enable 
the SPORT. When not enabled, 
SPORT outputs are in a high-
impedance state. 

of two analog input amplifiers and a 
converter (ADC). The two analog 

) can be adjusted in gain from 
resistors. The amplifiers are 

voltage reference, VREFOUT (see Figure 2). 
ects one amplifier as the input to the sigma-

optional 20 dB pre-amplifier can be 
dulator. The pre-amplifier and multi
y bits in the control register. 

ADC consists of a sigma-delta modulator, an 
decimation filter, and a digital high pass filter. The 

-delta modulator noise-shapes the signal and produces I -bit 
samples at a 1.0 MHz rate. This bit stream, representing the 
analog input, is fed to the antialiasing decimation filter. This 
filter contains two stages. The first is a low pass filter that 
reduces the sampling rate to 40 kHz and increases the sample 
width to 16 bits. The resulting data stream is processed by the 
second stage, a low pass filter that further reduces the sampling 
rate to 8 kHz. Finally, the digital high pass filter removes 
input frequency components at the low end of the spectrunI. 
Each resultant sample is then loaded in to the SPORT for 
transmission. 

The high-pass filter can be bypassed by setting the appropriate 
bit in the control register. The input signal must be externally 
biased to the V REFOUT level if the high-pass filter is bypassed. 

Decoder 
The decoder consists of a sigma-delta digital-to-analog converter 
(DAC) and a differential output amplifier. The sigma-delta 
DAC reads 16-bit samples at an 8.0 kHz rate from the SPORT. 
These samples are low-pass and high-pass filtered by the anti
imaging and high pass filters. The multirate anti-imaging low
pass filter has two stages. The first stage interpolates the 
sampling rate to 40 kHz; the second stage interpolates to 
1.0 MHz. The high pass filter can be bypassed by setting the 
appropriate bit in the control register. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

4-26 COMMUNICA TIONS PRODUCTS REV. 0 



The 1.0 MHz 16-bit samples are processed by the digital sigma
delta modulator which noise-shapes the data stream and reduces 
the sample width to I bit. This I-bit data stream is fed at a 1.0 
MHz rate to the analog smoothing ftlter in which the bit stream 
is converted into an analog voltage and low pass ftltered. The 
gain of this smoothing ftlter can be adjusted via the control reg
ister from -IS dB to +6 dB in 3 dB steps. The output of the 
analog smoothing ftlter is a differential signal which is fed to the 
output amplifier. 

Serial Port 
The seria1interface consists of an I/O port which can be used to 
transmit and receive data or control information to and from the 
AD28msp02. 

Control Register 
The control register determines the configuration of the 
AD28msp02 and can be read and written via the SPORT by 
driving the DATAlCNTRL pin low. It is possible to program 
the encoder and decoder gain settings, ftlter bypass options, 
power-down option and encoder multiplexer selection using this 
register. 

DETAILED BLOCK DESCRIPTIONS 

Analog Input Interface 
The recommended analog input interface is 
Since the AD28msp02 operates from a . 
an arbitrary analog input signal . 
and scaled appropriately to avoid 
ful conversion. The scaling of the og 
the resistors RIN and RFB. The gain -
selected to ensure that a full-scale analog input at AI 
produces a 3.156 V peak-to-peak signal at the encoder input. 
The dc offsetting of the analog input is done with an on-chip 
generated reference voltage VREFOUT • Both the NORM and the 
AUX inputs must be ac coupled for proper operation. The cou
pling capacitor, CAC, should be O.I,..F or greater. The RIN 
resistors should be chosen to ensure a coupling corner frequency 
of 30 Hz. 

CAe1 RIN1 
A,.NORMI -j t-""rv-+---;....:.:;'-----I~ 

A,. NORMZ -jI-MI'Ir-.... 
CACZ R'N2 

CAC3 R'N3 
A,NAUX -jI-.I\I\/Ir ..... ----1f-"'---+'1O'i 

10ka::c. RFB c5OlUl: 
IOkn. R, ... 50Icn GAlli! = _ !!ED. 
l5OpF. C ••• SOOpF R,• 

.~' C • lID kHz CAC • ...'.R 
c:n;nFI Fa VVR IN 

ON - CliP REFERENCE 
VOLTAGE 

AD28msp02 

Figure 2. Analog Input Interface 

Since the encoder uses a highly oversampled implementation 
approach which transfers the bulk of the antialiasing ftltering 
requirement into the digital domain, the analog input antialias
ing filter need only be of low order. This antialiasing is done by 
the RFB/CFB combination, allowing the user to arbitrarily set 

AD28msp02 
the input 3 dB point. An acceptable 3 dB point range is 20 kHz 
± 10% which should be achieved using components in the 
ranges indicated. (See Figure 2.) 

The two separate input amplifiers NORM and AUX can be 
individually configured to allow for the variations in microphone 
sensitivity. The 20 dB gain stage can be selected when there is 
not enough gain in the input amplifier. 

This input structure also allows the easy combination of a num
ber of analog inputs before conversion. Figure 2 shows two 
inputs summed together at the NORM input. 

Analog Output Interface 
The differential analog output signal is dc biased at the interna1 
reference voltage and therefore can either be ac coupled using 
CAC+ and CAC- (Figure 3a) or can drive a differential load 
directly (Figure 3b) Load resistances in the range 2 kfl to 00 

can be acco . The output gain can be programmed via 
m -IS dB to +6 dB in 3 dB steps. The 
tial swing is +3.156 V to -3.156 V. 

output can be achieved without ac coupling, by 
differential-to-single-ended amplifier con

this case, the output gain can be set 
ection of resistor values. Alternatively, 

tputs may be u~d directly with degraded perfor
sistances greater than 2 kfl can be driven. The 
um single-ended output signal is 3.156 V peak-

mO). 

\bUTP 

YOUTN 

AD28msp02 

RL ~2kU 

CAe ~ 60~RL 
CAC+, CAe- OPnoNAL 

a. Differential Load with AC Coupling 

Serial Ports 

RINPO 

H--\M-lVoUTP 

h--\M-tVOUTN 

RGNDA 

AD28msp02 

DIFFERENTIAL· TO SINGLE· ENDED CONVERTER 

b. Single-Ended Output 

Figure 3. Analog Output Interface 

There is a bidirectional seria1 port (SPORT) for transmitting 
data between the AD28msp02 and the host processor, with a 
minimum of external hardware (Figure 4). 

All serial transfers are 16 bits long, MSB first, at the SCLK 
rate. SCLK is intema1ly set to the master clock frequency 
divided by 5, exactly 2.6 MHz. 

When data is written to the AD28msp02 via the SPORT, the 
transfer is initiated by the host processor driving the SDIFS 
input on the SPORT high shortly after the rising edge of SCLK 
and maintaining SDIFS high for one cycle. The DA T AlCNTRL 
line must be driven high when SDIFS is driven high. Data is 
then driven from the processor shortly after the rising edge of 
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AD28msp02 
the next clock and clocked into the AD28msp02 on the falling 
edge of SCLK in that cycle. All data bits are thus clocked into 
the AD28msp02 on the falling edge of SCLK starting with the 
MSB first. 

If the SDIFS input is driven high again before the end of the 
present transfer, it is not recognized until the falling edge of 
SCLK in the LSB cycle. 

The TSEN pin can be used to three-state the SPORT pins and 
disable communication to the host processor. This capability is 
useful in multi-codec configurations where the host processor 
can control each TSEN as a memory-mapped pin. 

SOl 13· STATE) TDATA os. 
AD28msp02 

SDIFS TFS 

SPORT 
SDO 13· STATE) ROATA 

SDOFS RFS 

DATAlCNTAL FLAG 

SCLK seLK 

a. Single AD28msp02 to Single-Port DSP 

SOl (3· STATE) TDATA 

SDIFS TFS 
AD28msp02 DATAl CNiii. 

SDOI3-STATE) 

SDOI'S 

Figure 4. Single Codecs 

CONTROL REGISTER 
The AD28msp02 has a control register for configuring various 
gain and power down modes. The host processor can read or 
write the control register via the serial port. 

. Control Register Writes 
To write the control register, the host processor must assert 
DAT AlCNTRL low when it asserts SDIFS. If the MSB of the 
bit stream is also low, the SPORT recognizes the incoming serial 
data as a new control word and copies it to the AD28m.n02 
control register. The format for the control word is listed in 
Table I. 

4-28 COMMUNICA TIONS PRODUCTS 

Control Register Reada 
To read the control register, the host processor must transfer 
two control words. For each transfer, the DATAlCNTRL pin 
must be low when SDIFS is asserted. If the MSB of the bit 
stream is high, the SPORT recognizes the incoming serial data 
as a request for control information. The protocol for reading 
the control register is as follows: 

a. The host processor sends a "Read Request" control word 
to the AD28msp02. Since the MSB of this control word is 
high, the SPORT recognizes the incoming serial data as a 
read request and does not overwrite the AD28msp02 con
trol register_ 

b. When the AD28msp02 receives the read request, it fm
ishes any data transfers in progress and waits for a "Read 
Ready" control word. 

c. The host processor then transfers a "Read Ready" control 
word to the AD28msp02. Upon receiving this control 
word, the AD28ms transfers the control register con-
tents to the or via the serial port. 

PWDD 
PWDA 
ADBY 

DABY 

TMS 

letes the control register transfer, it 
s transmitting data at an 8 kHz rate. 

ceive Gain Setting 
RG2 RGl RGO 
o 0 0 +6 dB 
o 0 1 +3 dB 
o 1 0 OdB 
o 1 1 -3 dB 
1 0 0 -6 dB 
1 0 1 -9 dB 
1 1 0 -12 dB 
1 I I -15 dB 
Power Down Digital: O=power down, l=running 
Power Down Analog: O=power down, l=running 
ADC High Pass Filter Bypass Select: O=use. 
I = bypass 
DAC High Pass Filter Bypass Select: O=use, 
I = bypass 
Transmit Multiplexer Select: I=AUX input, 
O=NORM input 

TPS Transmit Pre-Amplifier Select: 1=+20 dB, 0=0 dB 

Read Request Control Word: 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Read Ready Control Word: 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

Table I. Control Word Format 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Single 5 V Power Supply 
Meets All RS-232-C and V.28 Specifications 
Multiple Drivers and Receivers 
On-Board DC-DC Converters 
±9 V Output Swing with +5 V Supply 
Low Power CMOS: 5 mA Operation 
Low Power Shutdown :51 jiA 
3-State TTL/CMOS Receiver Outputs 
:t30 V Receiver Input Levels 
Plug-In Replacement for MAX230-241 

APPLICATIONS 
Computers 
Peripherals 
Modems 
Printers 
Instruments 

GENERAL DESCRIPTION 
The AD230 family of 5 V only, RS-232 line drivers/receivers 
provides a variety of configurations to fit most communication 
needs, especially in applications where ± 12 V is not available. 
The AD230, AD235, AD236 and AD241 feature a low power 
shutdown mode which reduces power dissipation to less than 
5 .... W making them ideally suited for battery powered equip
ment. The AD233 and AD235 do not require any external com
ponents and are particularly useful in applications where printed 
circuit board space is critical. 

SELECTION TABLE 

No. of No. of 
Part Power RS-232 RS-232 
Number Supply Voltage Drivers Receivers 

AD230 +5 V 5 0 
AD231 +5 V & +7.5 V 2 2 

to 13.2V 
AD232 +5 V 2 2 
AD233 +5V 2 2 
AD234 +5V 4 0 
AD235 +5V 5 5 
AD236 +5 V 4 3 
AD237 +5V 5 3 
AD238 +5V 4 4 
AD239 +5V&+12V 3 5 
AD241 +5 V 4 5 

REV. A 

+5 V Powered 
CMOS RS-232 Drivers/Receivers 

AD230-AD241 I 
AD232 TYPICAL OPERATING CIRCUIT 

+5VINPUT 

10p.F + •. 3V* 

10p.F 
I+1IV 
:' 

{~ 
I. "-} TTL/CMOS "5-232 

INPUTS- OUTPUTS 
T2w T2~ 

{"'~ " 13 
R'IN 

TTLlCMOS }~ OUTPUTS INPUTS·· 
HZ~ HZ,. 

AD232 
N I. 

-INTERNAL 400lIO PULL-UP RESISTOR ON EACH TTUCMOI INPUT 
• .. NT£RNAL &kO PUU-DOWN RESISTOR ON EACH RS-232INPUT 

All members of the AD230 family, except the AD231 and the 
AD239, include two internal charge pump voltage converters 
which allow operation from a single +5 V supply. These con
verters convert the + 5 V input power to the ± 10 V required for 
RS-232 output levels. The AD231 and AD239 are designed to 
operate from +5 V and + 12 V supplies. An interna1 + 12 V to 
-12 V charge pump voltage converter generates the -12 V 
supply. 

In order to minimize the package count in all applications, a 
wide selection of driver/receiver combinations is available (see 
table below). 

Low Power TTL 
External Shutdown Three-State No. of 
Capacitors (SD) EN Pins 

4 Yes No 20 
2 No No 14 

4 No No 16 
None No No 20 
4 No No 16 
None Yes Yes 24 
4 Yes Yes 24 
4 No No 24 
4 No No 24 
2 No Yes 24 
4 Yes Yes 28 
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AD230 AD 2· 41 SPECIFIC.'JIONS (Vee = +5 V ± 10% (AD231, AD2. 32, AD234, AD236, AD238, A. D239, 
.- - It AD241); Vee = +5 V ± 5% (AD233, AD235); V+ = 7.5 V to 13.2 Y 

(AD231) & Y+ = 12 V ± 10% (AD23~); All Specifications Tml" to Tmax unless otherwise noted.) 

Parameter 

Output Voltage Swing 
Vee Power Supply Current 

V + Power Supply Current 
Shutdown Supply Current 
Input Logic Threshold Low, V INL 
Input Logic Threshold High, V'NH 
Logic Pullup Current 
RS-232 Input Voltage Range 
RS-232 Input Threshold Low 
RS-232 Input Threshold High 
RS-232 Input Hysteresis 
RS-232 Input Resistance 
TTUCMOS Output Voltage Low, VOL 
TTUCMOS Output Voltage High, VOH 
TTUCMOS Output Leakage Current 
Output Enable Time (TEN) 

Output Disable Time (T DIS) 

Propagation Delay 
Instantaneous Slew Rate' 
Transition Region Slew Rate 

Output Resistance 
RS-232 Output Short Circuit Current 

NOTE 
'Sample tested to ensure compliance. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
(T A = 25"(; unless otherwise noted) 

Min 

±5 

2.0 

-30 
0.8 

0.2 
3 

3.5 

300 

Typ Max 

±9 
4 10 
0.4 1 
5 10 
1 10 

0.8 

15 200 
+30 

1.2 
1.7 2.4 
0.5 1.0 
5 7 

0.4 

0.05 ±10 
400 

250 

0.5 
30 

3 

±10 

Vee ............................ -0.3 V to +6 V 
V+ ....................... (Vee -0.3 V) to + 13 V 
V- ........................... +0.3Vto-13V 
Input Voltages 

T'N ..................... -0.3 V to (Vee +0.3 V) 
RIN ................................. ±30V 

Output Voltages 
TOUT ............... (V+, +0.3 V) to (V-, -0.3 V) 
RoUT .................... -0.3 V to (Vee +0.3 V) 

ShUl·i.. ~in;uii. Durauun 
TOUT ............................ Continuous 

Units Test Conditions/Comments 

Volts All Transmitter Outputs Loaded with 3 kO to Ground 
rnA No Load, T A = 25°C 
rnA AD231, AD239 
rnA No Load, V+ = 12 V AD231 & AD239 Only 
!IA TA = +25°C, VSD = +5 V 
V TIN' EN, SD 
V TIN' EN, SD 
!IA TIN = OV 
V 
V Vee = 5 V, TA = +25°C 
V Vee = 5 V, TA = +25°C 
V Vee = 5 V 
kO Vee = 5V, TA = +25°C 
V loUT = 1.6 rnA (AD231-AD233, lOUT = 3.2 rnA) 
V lOUT = -1.0 rnA 
..,A EN = Vee, 0 V :5 RoUT:5 Vee 
ns AD235, AD236, AD239, AD241 

(Figure 25. CL = 150 pF) 
ns AD235, AD236, AD239, AD241 

(Figure 25. RL = 1 kO) 
fLS RS-232 to TTL 
V/fLS CL = 10 pF, RL = 3-7 kO, TA = +25"C 
V/fLS RL = 3 kO, CL = 2500 pF 

Measured from +3 V to -3 V or -3 V to +3 V 
0 Vee = V+ = V- = 0 V, VOUT = ±2 V 
mA 

Power Dissipation 
Cerdip (Derate 9.5 mWrC above +70"C) ....... 675 mW 
Plastic DIP (Derate 7 mWrC above +70"C) ..... 375 mW 
SOIC (Derate 7 mWrC above +70°C) ......... 375 mW 

Operating Temperature Range 
Commercial (J Version) ................. 0 to +70"C 
Industrial (A Version) ............... -40°C to +85°C 
Extended (S Version) .............. -55"C to + 125°C 

Storage Temperature Range ........... -65°C to + 150"C 
Lead Temperature (Soldering, 10 secs) ............ + 300°C 

*This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operation sections of this 
specification is not implied. Exposure to absolute maximum rating conditions 

for extended periods of time may affect reliability. 

CAUTION ______________________________ ~----~~----~---

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

WARNING! LJ 
~~EDEVICE 
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AD230-AD241 
ORDERING GUIDE 

Temperature Package Temperature Package Temperature Package 
Model Range Option* Model Range Option* Model Range Option* 

AD230 AD231 AD232 

AD230JN O"C to +70°C N-20 AD23lJN O°C to +70°C N-14 AD232JN OOC to +70°C N-16 
AD230JR O"C to +70°C R-20 AD23lJR O°C to +70°C R-16 AD232JR O°C to +70OC R-16 
AD230AN -40OC to +85OC N-20 AD231AN -40°C to +85°C N-14 AD232AN -40°C to +85°C N-16 
AD230AR -40°C to +85°C R-20 AD231AR -40°C to +85OC R-16 AD232AR -40°C to +85°C R-16 
AD230AQ -40°C to +85°C Q-20 AD231AQ -40°C to +85°C Q-14 AD232AQ -40°C to +85OC Q-16 

AD231SQ - 55°C to + 125°C Q-14 AD232SQ -55°C to + 125°C Q-16 

AD233 AD234 AD235 

AD233JN O"C to +70°C N-20 AD234JN O°C to +70OC N-16 AD235JN O°C to +70°C N-24A 
AD233AN -40°C to +85OC N-20 AD234JR O°C to +70°C R-16 AD235AN -40°C to +85°C N-24A 

AD234AN -40°C to +85°C N-16 AD235AQ -40°C to +85OC D-24 
AD234AR -40°C to +85°C R-16 
AD234AQ -40°C to +85°C Q-16 
AD234SQ - 55°C to + 125°C Q-16 • AD236 AD237 AD238 

AD236JN O°C to +70°C N-24 AD237JN O"e to +70°C N-24 AD238JN O°C to +70"C N-24 
AD236JR O°C to +70OC R-24 AD237JR O°C to +70°C R-24 AD238JR O"C to +70°C R-24 
AD236AN -40°C to +85OC N-24 AD237AN -40°C to +85°C N-24 AD238AN -40°C to +85°C N-24 
AD236AR -40°C to +85°C R-24 AD237AR -40°C to +85°C R-24 AD238AR -40°C to +85OC R-24 
AD236AQ -40°C to +85°C Q-24 AD237AQ -40°C to +85°C Q-24 AD238AQ -40OC to +85°C Q-24 
AD236SQ - 55°C to + 125°C Q-24 AD238SQ - 55°C to + 125°C Q-24 

AD239 AD241 

AD239JN O°C to +70OC N-24 AD24lJR O°C to +70°C R-28 
AD239JR O°C to +70OC R-24 AD241AR -40°C to +85°C R-28 
AD239AN -40°C to +85°C N-24 
AD239AR -40°C to +85°C R-24 
AD239AQ -40°C to +85°C Q-24 
AD239SQ - 55°C to + 125°C Q-24 

*N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline information see Package Information section. 

8 
C1+ Vee 

10 Cl- VO~i:G~O~::.l'LERV+ 
9 

13 
11 C2+ +10V TO -10V V- 10p.F 

C2-VOLTAGE INVERTER ~+16V 
12 

T30UT T40UT 

T5'N 

T20UT NC TlON 5 
T10uT 

SO 

AD230 T5 0UT T21N 
4 3 

T20UT 

TOP VIEW 

TTL/CMOS 
T31N 

14 
T30UT 

R8-Z32 
INPUTS' OUTPUTS 

GNO 6 (Not to Scale) T4'N 

T31N 

15 20 
T4,N T40UT 

Cl+ V-

V+ C2-

TS'N 
19 16 

TSOUT Cl- C2+ 

NC 
18 A0230 17 

SD NC = NO CONNECT 
GND 

Figure 1. AD230 DIP/SOIC Pin Configuration 6 

-INTERNAL 400IlU PULL·UP RESISTOR ON EACH nt/CMOS INPUT 

Figure 2. AD230 Typical Operating Circuit 
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AD230-AD241 
DIP 

C1+ 

C1-

v-
T20UT 

R2'N 

R20UT 

T2'N 

sOle 

C+ 

C-

V-

T20UT 

R21N 

R20UT 

T2'N 

NC 

NC = NO CONNECT 

Vee 

GND 

T10UT 

R1'N 

R10UT 

T1'N 

Vee 

GND 

T10UT 

R1'N 

R10UT 

T1'N 

NC 

Figure 3. AD231 DIP & SOIC Pin Configurations 

C1+ Vee 

V+ GND 

C1-
AD232 T10UT 

,..~. 

TOPiiiEW "liN 

C2-
(Not to Scale) 

R10uT 

v- T1'N 

T20UT T2'N 

R2'N R20uT 

Figure 5. AD232 DIP/SOIC Pin Configuration 
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1N914 OR EQUIVALENT 

TTL/CMOS 
INPUTS' 

TTL/CMOS 
OUTPUTS 

C+ 
+12VTO -12V V+ +7.5V TO 13.2V 

+ 
4.7,.F VOLTAGE CONVERTER V- 3 
16V 2 4.7,.F 

C- ~+16V 

{ " .. 8 11 

"-} 
T2'N 

7 4 
T20UT 

{"'- 9 10 

". } 
R20UT 

6 5 
R2'N 

AD231 
GND 

12 

·INTERNAL 400kU PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
·*INTERNAL SkU PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

Figure 4. AD231 Typical Operating Circuit 

10,.F + 
6.3V~ 

+5VINPUT 

16 
1 C1+ Vee 

4 C2+ +10V TO -10V V
C2_VOLTAGEINVERTER 

RS-232 
OUTPUTS 

RS-232 
INPUTS" 

( 

TTL/CMOSJ 
INPUTS' l 

10llF 
~+16V 

T10UT 1 ~t~~tTS 
:><>-__ +7:...... __ T20uT J T2,N_-1.:.,:0+----I 

12 

TTL/CMOS {R1
0UT 

OUTPUTS 
R20UT _--9=t-----<0<. 

R1'N } RS-232 

8 INPUTS" 
1---F-_>-R2'N 

13 

AD232 
GND 

15 

"NTERNAL 400kll PULL·UP RESISTOR ON EAeH TTL/CMOS 'NPUT 
"'NTERNAL 5kll PULL·DOWN RES'STOR ON EACH RS·232 INPUT 

Figure 6. AD232 Typical Operating Circuit 

REV. A 



T2'N R20UT 

T11N R2'N 

R10ur T20UT 

R1'N V-

T10UT C2-

GND C2+ 

Vcc V+ 

C1+ Cl-

GND V-

C2- C2+ 

Figure 7. AD233 DIP Pin Configuration 

T10UT T3 0UT 

T20UT T40UT 

T21N T4'N 

T1IN T3 1N 

GND V-

Vee C2-

Cl+ C2+ 

V+ C1-

Figure 9. AD234 DIP/SOIC Pin Configuration 

REV. A 

AD230-AD241 

2 

TTL/CMOS{ T1'N 
INPUTS' 

T2'N ----'+----1 

+5VINPUT 

7 

3 

TTL/CMOS {Rl
0UT 

OUTPUTS 

R20UT ---==-t----o< 
DO NOT MAKE { 

Rl'N } RS-232 
INPUTS" 

1---r-_R2'N 

4 

CONNECTIONS TO 
THESE PINS 

INTERNAL { 
-10V POWER 
SUPPLY 

INTERNAL 
+10VPOWER 
SUPPLY 

'INTERNAL 400kU PULL·UP RESISTOR ON EACH TTL/CMOS INPUT 
"INTERNAL SkU PULL·DOWN RESISTOR ON EACH RS·232 INPUT 

Figure 8. AD233 Typical Operating Circuit 

+5VINPUT 

6 
7 C1+ Vee 

+5VTO +lDV 8 
Cl-VOLTAGE DOUBLER V+ 12 

V-

T11N 
4 

T10UT 

T2'N 
3 2 

T20UT 

TTL/CMOS 
INPUTS' 

T3'N 
13 16 

T30UT 

T4,N 
14 15 

T40UT 

AD234 
GND 

5 

'INTERNAL 400kU PULL·UP RESISTOR ON EACH TTL/CMOS INPUT 

Figure 10. AD234 Typical Operating Circuit 

RS-232 
OUTPUTS 
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AD230-AD241 

T40UT R3'N 

T3 0UT R30UT 

T10UT TS'N 

T20UT SO 

R2'N EN 

R20UT AD235 TS OUT 

T2'N 
TOP VIEW 

R4'N (NOllo Scale) 

T1'N R40UT 

R10UT T4'N 

R1'N T3'N 

GNO RS OUT 

Vee RS'N 

Figure 11. AD235 DIP Pin Configuration 

T3 0UT 

T10UT 

T20UT 

R1'N 

'" •• 'UUI 

T2'N 

T1'N 

GND 

Vee 

C1+ 

V+ 

C1-

AD236 
TOP VIEW 

(Nollo Scale) 

T40UT 

R20UT 

SO 

R30UT 

R3'N 

V-

C2-

C2+ 

Figure 13. AD236 DIP/SOIC Pin Configuration 
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TTL/CMOS 
INPUTS· 

TTL/CMOS 
OUTPUTS 

n lN T10UT 

T2" .. T20UT 

T3'N 
15 

T30UT 

16 
T41N T40UT 

T5'N 
22 19 

TSOUT 

AD235 

R10UT 
10 

R1'N 

R20UT R2'N 

23 
R30UT 

24 
R3'N 

R40UT 
17 18 

R41N 

14 13 
RSOUT RS1N 

EN 
20 21 

SO 
GNO 

11 
":" 

-INTERNAl400kU PUlL·UP RESISTOR ON EACH TTl/CMOS INPUT 
"I~TERNAL 5kU PULL·DOWN RESISTOR ON EACH RS·232 INPUT 

Figure 12. AD235 Typical Operating Circuit 

10 .... F 

I+16V 

RS-232 
OUTPUTS 

RS-232 
INPUTS" 

r n. 

"IJ;G~?S 1 T2,. --~----< 
T31N __ 1;.:8+-_-i 

T41N _-1"'9+-----1 

_-:x>------l>=----... ::'1 
J~M~~TS 

;>0---+=--.. T30UT 

AD236 
;:><>--__ +2;;.4 __ T40UT 

1-__ +2::.3 ___ R2,. ~~,;~VS' 
R1'N) 

20 EiIi--+--' 
GNO 

1-__ +16:-_0- R3'N 
21 

so 

-INTERNAL 400kH PULL·UP RESISTOR ON EACH TTl/CMOS INPUT 
--INTERNAL 5kU PULL·DOWN RESISTOR ON EACH RS·232 INPUT 

Figure 14. AD236 Typical Operating Circuit 

REV. A 



T3 0UT T40UT 

T10UT R2'N 

T20UT R20UT 

Rl'N T5'N 

R10UT T5 0UT 

T2'N T4'N 

T1'N T3'N 

GND R30UT 

Vce R3'N 

Cl+ V-

V+ C2-

Cl- C2+ 

Figure 15. AD237 DIP/SDIC Pin Configuration 

T20UT T3 0UT 

T10UT R3'N 

R2'N R30UT 

R20UT T4'N 

T1'N T40UT 

R10UT AD238 T3'N 

Rl'N 
TOP VIEW 

T2'N (Not to Scale) 

GND R40UT 

Vee R4'N 

Cl+ V-

V+ C2-

Cl- C2+ 

Figure 17. AD238 DIP/SOIC Pin Configuration 

REV. A 

AD230-AD241 

TTL/CMOS 
INPUTS' 

TTL/CMOS 
OUTPUTS 

'0 C1+ Vee 
+5V TO +10V 11 

12 C1- VOLTAGE DOUBLER V+ 15 

v- 10 .... F 

~+'6V 

"::>c>----+:...-- T1oUT 

T2'N ---1---; T20UT 

T3'N _-':.:8+----i T30UT 

AD237 
T4'N __ ':.:9+ __ -1 24 

T40UT 

T5,N _-2:.'+---1 20 
T50UT 

R10UT RllN 

R20UT 
22 23 

R21N 

R31N 
17 '6 

R30UT 

GNO 

"INTERNAL 400kU PULL-UP RESISTOR ON EACH TTLfCMOS INPUT 
.-INTERNAL SkU PULL·DOWN RESISTOR ON EACH RS-232 INPUT 

Figure 16. AD237 Typical Operating Circuit 

TTl/CMOS 
INPUTS· 

TTL/CMOS 
OUTPUTS 

10p.F 

¥'6V 
T11111 T10UT 

121111 '8 
T20UT 

131N 

,. 2. 
T30UT 

T41N 
2, 20 

T40uT 

R10UT RtlN 

R2uUT R21N 

R30uT 
22 23 

R31N 

R40UT 
11 '6 I!4,N 

GND 

"::' 

"INTERNAL 400k1l PULL·UP RESISTOR ON EACH TTl/CMOS INPUT 
"INTERNAL Sk11 PULL-DOWN RESISTOR ON EACH AS·232 INPUT 

Figure 18. AD238 Typical Operating Circuit 

RS·232 
OUTPUTS 

RS·232 
INPUTS" 

RS·232 
OUTPUTS 

RS·232 
INPUTS" 
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AD230-AD241 

RloUT n'N 

Rl'N T2'N 

GND R20UT 

Vee R2'N 

V+ T20UT 

C+ T10UT 

C- R3 'N 

V- R30UT 

RS 'N T3 'N 

RS OUT NC 

R40UT EN 

R4'N T3 0UT 

NC= NO CONNECT 

Figure 19. AD239 DIP/SOIC Pin Configuration 

T3 0UT T40UT 

T10UT R3 'N 

T20UT R30UT 

R2'N SO 

R20UT 

T2'N R4'N 
AD241 

R40UT n 'N TOP VIEW 

R10UT (Not to Scale) 
T4'N 

Rl'N T3 'N 

GND RS OUT 

Vee RS 'N 

Cl+ V-

V+ C2-

Cl- C2+ 

Figure 21. AD241 SOIC Pin Configuration 
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100f!±5% 6 
+ c+ v+ 

+12V:!::10% 

1N914 
OR 
EQUIVALENT 

~~:F c-voti~~J?NV~~~ER v- 8 
10p,F 

*+'6V 

TIl/CMOS n'N .. ___ ...;2::3t-----i 
INPUTS' T2'N 1 24 

)<)-__ -F20"--_:::~: ~~~~~TS '9 } 

l31N _-'::6t-----i )<)---.p'3:-_T3oUT 

AD239 

R1 oUT ..... --'t---oC I-----¥-- R11N 

RZOUT ..... -'2;;;:2+--+~'" t---t'2",' __ R21N 

t-__ f.'::8,-_ R31N 

R4oUT_-':.!'+--+-o<: 1-----t''''2'-__ R41N 

RSOUT_-':;:O+--+-o<: t---J."----RSIN 

EN __ ---"::;41--' 
GNO 

'5 NC 

*INTERNAl 400kH PUll-UP RESISTOR ON EACH nl/CMOS INPUT 
"INTERNAL SkU PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

Figure 20. AD239 Typical Operating Circuit 

12 Cl+ Vee 

14 Cl- VO~{:G~OD~00:LER v+ 13 

15 C2+ +10V TO -10V v- 17 10 fJ.F 
VOLTAGE INVERTER 16V 

RS·232 
INPUTS'" 

,," ~. :1 ~= 
20 Tlou, ~ OUTPUTS 

28 j 

TIl/CMOS1 :::: 
INPUTS· 

T31N 

TTL/CMOS 
OUTPUTS 

l T4,N_--'2:;,,:'t----l X>----1P'-- T4ou, 

AD241 

Rl ouT--"+---OC:::: R11N 

R2oUT ..... -~-+_-oC RZUII 

26 R30UT ..... --''''t-t--O, 27 
RliN 
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R4'N 

'9 R50Ul ..... -~-+_-<l<. 
'8 RSIN 
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GNO 

'0 

·INTERNAl 400kU PULL-UP RESISTOR ON EACH TTLfCMO$ INPUT 
·-INTERNAl 5kU PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

Figure 22. AD241 Typical Operating Circuit 
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AD230-AD241 
PIN FUNCTION DESCRIPTION 

Mnemonic 

V+ 

V

GND 

C+ 

C

Cl+ 

C1-

C2+ 

C2-

RouT 
EN 

SD 

NC 

REV. A 

Function 

Power Supply Input 5 V ± 10% (AD231, AD232, AD234, AD236, AD238, AD239, AD241). 
5 V± 5% (AD233, AD235). 

Internally generated positive supply (+ 10 V nominal) on all parts except AD231 and AD239. 
AD231 requires external 7.5 V to 13.2 V supply; AD239 requires external 10.8 V to 13.2 V supply. 

Internally generated negative supply ( - 10 V nominal). 

Ground pin. Must be connected to 0 V. 

(AD231 and AD239 only). External capacitor (+ terminal) is connected to this pin. 

(AD231 and AD239 only). External capacitor (- terminal) is connected to this pin. 

(AD230, AD232, AD234, AD236, AD237, AD238, AD241) External capacitor (+ terminal) is connected to this pin. 
(AD233) The capacitor is connected internally and no external connection to this pin is required. 

(AD230, AD232, AD234, AD236, AD237, AD238, AD241) External capacitor (- terminal) is connected to this pin. _ 
(AD233) The capacitor is connected internally and no external connection to this pin is required. .. 

(AD230, AD232, AD234, AD236, AD237, AD238, AD241) External capacitor (+ terminal) is connected to this pin. 
(AD233) Internal capacitor connections, Pins 11 and 15 must be connected together. 

(AD230, AD232, AD234, AD236, AD237, AD238, AD241) External capacitor (- terminal) is connected to this pin. 
(AD233) Internal capacitor connections, Pins 10 and 16 must be connected together. 

Transmitter (Driver) Inputs. These inputs accept TTUCMOS levels. An interna1400 kG pull-up resistor to V cc is 
connected on each input. 

Transmitter (Driver) Outputs. These are RS-232 levels (typically ± 10 V). 

Receiver Inputs. These inputs accept RS-232 signal levels. An internalS kG pull-down resistor to GND is connected 
on each input. 

Receiver Outputs. These are TTUCMOS levels. 

Enable Input (AD235, AD236, AD239, AD241). This is an active low input which IS used to enable the receiver 
outputs. With EN = 0 V, the receiver outputs are enabled. With EN = 5 V, the outputs are placed in a high 
impedance state. This facility is useful for connecting to microprocessor systems. 

Shutdown Input. (AD230, AD235, AD236, AD241). With SD = 5 V, the charge pump is disabled, the receiver 
outputs are placed in a high impedance state and the driver outputs are turned off. The supply current reduces to 
<5 IloA making these parts ideally suited for battery operation. 

No Connect. No connections are required to this pin. 
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AD23~AD241 
GENERAL INFORMATION 
The AD230-AD241 family of RS-232 drivers/receivers are de
signed to solve interface problems by meeting tbe RS-232-C 
specifications while using a single digital + 5 V supply. The RS-
232-C standard requires transmitters which will deliver ±5 V 
minimum on the transmission channel and receivers which can 
accept signal levels down to ±3 V. The AD230-AD241 meet 
tbese requirements by integrating step up voltage converters and 
level shifting transmitters and receivers onto tbe same chip. 
CMOS technology is used to keep tbe power dissipation to an 
absolute minimum. A comprehensive range of transmitter! 
receiver combinations is available to cover most communications 
needs. 

The AD230, AD235, AD236 and AD241 are particularly useful 
in battery powered systems as they feature a low power shut
down mode which reduces power dissipation to less tban 5 JJ.W. 

The AD233 and AD235 are designed for applications where 
space saving is important as tbe charge pump capacitors are 
molded into the package. 

The AD231 and AD239 include only a negative charge pump 
converter and are intended for applications where a positive 
12 V is available. 

To facilitate sharing a common line or for connection to a mi
croprocessor data bus tbe AD235, AD236, AD239 and AD241 
feature an enable (EN) function. When disabled, tbe receiver 
outputs are placed in a high impedance state. 

CIRCUIT DESCRIPTION 
The internal circuitry in tbe AD230-AD241 consists of three 
main sections. These are: 

(a) A charge pump voltage converter 
(b) ~S-232 to TTUCMOS receivers 
(c) TTUCMOS to RS-232 transmitters 

Charge Pump DC-DC Voltage Converter 
The charge pump voltage converter consists of an oscillator and 
a switching matrix. The converter generates a ± 10 V supply 
from tbe input 5 V level. This is done in two stages using a 
switched capacitor technique as illustrated in Figures 23 and 24. 
First, the 5 V input supply is doubled to 10 V using capacitor 
C1 as the charge storage element. The 10 V level is tben in
verted to generate -10 V using C2 as the storage element. 

~1 S3 
vee I .0---.--0 v+ = 2Vcc 

I + I ~ Aft 

S2: C1 S4: C3 
GND~~Vcc , , , , 

I O!~~~;;R II-.. 'O'---I[>o ...... ~,--
Figure 23. Charge-Pump Voltage Doubler 
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v+ I • GND ~1 S3 

FROM :' + :~ 
VOLTAGE DOUBLER S2: _ C2 T S4 J, T C4 

GND ~o----e--o V-=-(V+) 

I INTERNAL 
OSCILLATOR 

, , , , 

~~~--[:>o~-4~---

Figure 24. Charge-Pump Voltage Inverter 

Capacitors C3 and C4 are used to reduce tbe output ripple. 
Their values are not critical and can be reduced if higher levels 
of ripple are acceptable. The charge pump capacitors C1 and C2 
may also be reduced at tbe expense of higher output impedance 
on tbe V + and V-supplies. 

The V + and V-supplies may also be used to power external 
circuitry if tbe current requirements are small. 

Transmitter (Driver) Section 
The drivers convert TTUCMOS input levels into RS-232-C out
put levels. With Vee = +5 V and driving a typical RS-232-C 
load, tbe output voltage swing is ±9 V. Even under worst case 
conditions tbe drivers are guaranteed to meet tbe ±5 V RS-232-C 
minimum requirement. 

The input tbreshold levels are botb TTL and CMOS compatible 
witb tbe switching tbreshold set at V cd4. Witb a nominal 
V cc = 5 V the switching tbreshold is 1.25 V typical. Unused 
inputs may be left unconnected, as an internal 400 kG pull-up 
resistor pulls tbem high forcing tbe outputs into a low state. 

As required by the RS-232-C standard, tbe slew rate is limited 
to less tban 30 V!I'-S witbout tbe need for an external slew limit
ing capacitor and the output impeda,nce in the power-off state is 
greater tban 300 G. 

Receiver Section 
The receivers are inverting level shifters which accept RS-232-C 
input levels (±5 V to ±15 V) and translate tbem into 5 V TTU 
CMOS levels. The inputs have internal 5 kG pull-down resistors 
to ground and are also protected against overvoltages of up to 
±30 V. The guaranteed switching thresholds are 0.8 V minimum 
and 2.4 V maximum which are well within tbe ±3 V RS-232 
requirement. The low level tbreshold is deliberately positive as 
it ensures that an unconnected input will be interpreted as a low 
level. 

The receivers have Schmitt trigger inputs witb a hysteresis level 
of 0.5 V. This ensures error-free reception for botb noisy inputs 
and for inputs witb slow transition times. 

Shutdown (SD) 
The AD230, AD235, AD236 and AD241 feature a control input 
which may be used to disable tbe part and reduce the power 
consumption to less tban 5 JJ. W. This is very useful in battery 
operated systems. Witb SD = 5 V, the charge pump is disabled, 
tbe receiver outputs are placed in a high impedance state and 
tbe driver outputs are turned off. 
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Enable Input 
The AD235, AD236, AD239 and AD241 feature an enable in
put (EN). It is used to enable the receiver outputs. With 
EN = 0 V the outputs are enabled. With EN = 5 V the outputs 
are placed in a high impedance state. This function allows the 
outputs to be connected directly to a microprocessor data bus. It 
can also be used to allow receivers from different devices to 
share a common data line. The timing diagram for the enable 
function is shown in Figure 25. 

3V 

\ EN 
ov 

0 
0 
0 

T EN I -: 

ROUT 

Figure 25. Enable Timing 

APPLICATION HINTS 

Protection for Shorts to ± 15 V Supplies 
The driver outputs are internally protected against shorting to 
ground, to other driver outputs, to V + or to V -. In practice, 
these are the highest voltages likely to be encountered in an ap
plication. lethe possibility exists for shorting to ± 15 V, then it 
is recommended that external protection be provided. This may 
be done by connecting a series 220 {1 resistor on each transmit
ter output. 

220n 
nON n 

nOUT 

T20N T2 
220n 

T2 OUT 

AD230-AD241 

Figure 26. Protection for Shorts to ± 15 V 

Over-Vo1tagt; Protection for AD231, AD239 
The AD231 and AD239 require an external + 12 V supply as 
they do not contain an internal V+ generator. It is important 
that this supply be switched on before the 5 V, Vee supply. 

REV. A 

AD230-AD241 
If there is a possibility that the V = supply will be switched on 
first, or if the 12 V supply may be inadvertently shorted to 
ground, then it is recommended that a diode (lN914 or equiva
lent) be connected in series with the 12 V input. This will not 
affect normal operation but it ensures that under fault condi
tions, the device will be protected. 

+5V +12V 

1N914 

AD231 & AD239 

Figure 27. Diode Protection Scheme for AD231 and AD239 

High Baud Rate Operation 
The RS-232-C standard requires that "For Dala and Timing 
interchange Circuits, the time for the signal to pass through lhe tran
sition region shall not exceed one millisecond or four percent of the 
nominal duration of the signal element on that interchange circuit, 
whichever is the lesser." With the maximum transmission rate of 
19.2 kbaud, this translates into a minimum slew rate of 3 V/lI-s. 
The typical slew rate of the AD230-AD241 is 3 V/lI-s under 
maximum loading conditions and therefore meets the standard. 

The V.28 standard is more stringent and requires a transition 
time which will not exceed three percent of the nominal signal 
duration. This translates into a slew rate of 4 V/lI-s at the maxi
mum 19.2 kbaud rate. In practice, less than ideal slew rates will 
have negligible affect on the data transmission. The result is that 
the valid mark/space duration is slightly shorter than the opti
mum because the signal spends more time in the transition re
gion. The valid duration remains more than adequate for error
free reception even at maximum transmission rates and under 
worst case load conditions. 

Driving Long Cables 
In accordance with the RS-232-C standard, long cables are per
missible provided that the total load c.apacitance does not exceed 
2500 pF. For longer cables which do exceed this, then it is pos
sible to trade off baud rate vs. cable length. Large load capaci
tances cause a reduction in slew rate, and hence the maximum 
transmission baud rate is decreased. The AD230-AD241 are 
designed so that the slew rate reduction with increasing load 
capacitance is minimized. 

For the receivers, it is important that a high level of noise im
munity be inbuilt so that slow rise and fall times do not cause 
multiple output transitions as the signal passes slowly through 
the transition region. The AD230-AD241 have 0.5 V of hystere
sis to guard against this. This ensures that, even in noisy envi
ronments, error-free reception can be achieved. 
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r.ANALOG 
WDEVICES 

FEATURES 
100 kB Transmission Rate 
Small Charge Pump Capacitors 
Single 5 V Power Supply 
Meets All RS·232·C and V.2B Specifications 
Two Drivers and Two Receivers 
Onboard DC-DC Converters 
±9 V Output Swing with +5 V Supply 
Low Power CMOS: 10 mA Operation 
±30 V Receiver Input Levels 

APPLICATIONS 
Computers 
Peripherals 
Modems 
Printers 
Instruments 

GENERAL DESCRIPTION 
The AD231A1AD232A1AD233A RS·232 r 
are enhanced replacements for the AD 
much higher transmission rate of 
cient charge pump design allows s 
(0.1 fLF) to be used giving a large r ctio 
space. All three parts contain two RS·232 !lri 
RS·232 receivers. 

The AD231A is designed to operate from +5 V and + 12 V sup· 
plies. An internal + 12 V to -12 V charge pump voltage con· 
verter generates the -12 V supply. 

The AD232A contains two internal charge pump voltage con· 
verters which make operation from a single + 5 V supply possi· 
ble. These converters convert the + 5 V input power to the 
±10 V required for RS·232 output levels. 

High Speed Enhanced, + 5 V 
CMOS RS-232 Drivers/Receivers 

AD231 AlAD232A1AD233A I 
FUNCTIONAL BLOCK DIAGRAM 

TTLiCMOS ( T1'N 

INPUTS 

T2'N _-+---1 

Tl
0UJ RS·232 

OUTPUTS 

.)0--+- T2 OUT 

RlINJ~~~~ 
1--+-R2'N 

s not require any external components and is 
seful in applications where printed circuit board 

On this part the charge pump capacitors are 
into the package. 

Number 

AD23lA 
AD232A 
AD233A 

Table I. Selection Table 

Power External 
Supply Voltage Capacitors 

+5 V & +7.5 V to 13.2 V 2 
+5 V 4 
+5 V None 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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(Vee = +5 V ± 10%, V+ = 7.5 V to 13.2 V 

AD231A1AD232A1AD233A-SPECIFICATIONS ~~:!~:~eA:oie:~;fications TMIN to TMAX unless 

Parameter 

Output Voltage Swing 
Vee Power Supply Current 
V + Power Supply Current 
Input Logic Threshold Low, V,NL 
Input Logic Threshold High, V,NH 
Logic Pull-Up Current 
RS-232 Input Voltage Range 
RS-232 Input Threshold Low 
RS-232 Input Threshold High 
RS-Z32 Input Hysteresis 
RS-232 Input Resistance 
TTUCMOS Output Voltage Low, VOL 
TTUCMOS Output Voltage High, VOH 
Propagation Delay 
Instantaneous Slew Rate' 
Transition Region Slew Rate 

Output Resistance 
RS-232 Output Short Circuit Current 

NOTE 
I Sample tested to ensure compliance. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25'C unless otherwise noted.) 

Vee····················· . 
V+ ...................... ( 

Min 

±5 

2.0 

-30 
0.8 

0.2 
3 

3.5 

300 

V- .......................... . 
Input Voltages 

Typ Max 

±9 
10 15 
5 10 

0.8 

IS 200 
+30 

1.2 
1.7 2.4 
0.5 1.0 
5 7 

0.4 

0.5 
30 

10 

±5 ±7 

T'N .................... -0.3 V to ( + 0.3 V) 
RIN ................................. ±30 V 

Output Voltages 
TOUT ............... (V+, +0.3 V) to (V-, -0.3 V) 
RoUT ................... -0.3 V to (Vee + 0.3 V) 

Short Circuit Duration 
TOUT ............................ Continuous 

Units Test Conditions/Comments 

Volts All Transmitter Outputs Loaded with 3 kO to Ground 
mA No load, TA = 25°C 
mA No load, V + = 12 V (AD231 Only) 
V T'N 
V T'N 
fLA T'N = OV 
V 
V Vee = 5 V, TA = +25°C 
V Vee = 5 V, TA = +25°C 
V Vee = 5 V 
kO TA = +25°C 
V lOUT = 3.2 mA 
V lOUT = -1.0 rnA 
fLS RS-232 to TTL 
V/fLS CL = 10 pF, RL = 3-7kO, TA = +25°C 
V/fLS RL = 3 kO, CL 2500 pF 

Measure V to -3 V or -3 V to +3 V 
0 V = 0 V, VOUT = ±2 V 

........................... 675 mW 

a ove +70°C) 
. .......................... 375 mW 

ate 7 mWrC above +70°C) 
rating Temperature Range 

Commercial (J Version) ................ O°C to + 70°C 
Industrial (A Version) ............... -40°C to +85°C 
Extended (S Version) .............. -55°C to + 125°C 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 

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

CAUT!ON ____________________________________________________________ __ 

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

WARNING! g 
~~EDEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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PIN CONFIGURATIONS 

AD231A SOIC 

v-

R20ur 

AD232A DIPISOIC 

AD232A 

TOP VIEW 
(NOllo Scale) 

v. 

Vee 

GND 

TIOUT 

R11N 

Rl0UT 

T11N 

Vee 

GND 

T10UT 

R11N 

R10UT 

TI,. 

12'N 

AD231A1AD232A1AD233A 

TTL/CMOS 
INPUTS" 

[ TI,. 

12,. 

G.1~F • 
6.3V 

O.1J1F + 
l6V 

.5VINPUT 

r----{:i131)---' 

vee 

.5VINPUT 

,----{11SI)---' 

Vee 

+5VTO+10V 
3 Cl!!OLTAGE DOUBLER 

TTL/CMOS [ R1 0UT 
OUTPUTS 

R20ur ~~~~----~~:~----~ 

.7.5VTO l3.2V 

R8-232 TIOUT J 
OUTPUTS 

120UT 

R11N 

H2, • 

O.l~F 

.6.3V 

J R8-232 
INPUTS"" 

_232 TIOUT J 
OUTPUTS 

12 OUT 

JR8-232 
INPUTS" 

'INTERNAL 400kn PULL·UP RESISTOR ON EACH TTL/CMOS INPUT 
"INTERNAL 5kn PULL·DOWN RESISTOR ON EACH R8-232INPUT 

Figure 2. AD232A Typical Operating Circuit 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD231A1AD232A1AD233A 

Mnemonic 

Vee 
V+ 

V
GND 

C+ 

C
Cl+ 

C1-

C2+ 

C2-

TOUT 

RIN 

ROUT 

NC 

PIN CONFIGURATION 

AD233A DIP/SOIC 

R20UT 

R21N 

12 OUT 

v-

C2-

C2+ 

v+ 

Cl-

v-

C2+ 

Function 

Power supply input 5 V ± 10%. 

Internally generated positive supply ( 
supply. 

Internally generated negative supply (-10 V nominal). 

Ground pin. Must be connected to 0 V. 

[TIIH TIL/CMOS 
INPUTS· 

12IH 

TILlCMOS [ R10UT 

OUTPUTS 
R20UT 

AD231: External capacitor (+ terminal) is connected to this pin. 

AD231: External capacitor (- terminal) is connected to this pin. 

TIOUT ] 
RS·232 
OUTPUTS 

T20UT 

RIIN 

] RS·232 
INPUTSH 

R21H 

AD232: External capacitor (+ terminal) is connected to this pin. AD233: The capacitor is connected internally and no 
external connection to this pin is required. 

AD232: External capacitor (- terminal) is connected to this pin. AD233: The capacitor is connected internally and no 
external connection to this pin is required. 

AD232: External capacitor (+ terminal) is conne~ted to this pin. AD233: Connect both C2+ pins together to use the 
intern::ll c..Af'::IC'itnr 

AD232: External capacitor (- terminal) is connected to this pin. AD233: Connect both C2- pins together to use the 
internal capacitor. 

Transmitter (driver) inputs. These inputs accept TTL/CMOS levels. An internal 400 ko' pull·up resistor to Vee is 
connected on each input. 

Transmitter (driver) outputs. These are RS·232 levels (typically ± 10 V). 

Receiver inputs. These inputs accept RS·232 signal levels. An internalS ko' pull·down resistor to GND is connected on 
each of these inputs. 

Receiver outputs. These are TTL/CMOS levels. 

No Connect. No connections are required to this pin. 

This information applies to a product under. development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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GENERAL INFORMATION 
The AD23IA, AD232A, AD233A family of RS-232 drivers! 
receivers are designed to solve interface problems by meeting 
the RS-232-C specifications while using a single digital + 5 V 
supply. The RS-232-C standard requires transmitters which will 
deliver ±5 V minimum on the transmission channel and receiv
ers which can accept signal levels down to ± 3 V. The parts 
achieve this by integrating step up voltage converters and level 
shifting transmitters and receivers onto the same chip. CMOS 
technology is used to keep the power dissipation to an absolute 
minimum. 

The AD232 contains an internal voltage doubler and a voltage 
inverter which generates ± 10 V from the +5 V input. External 
0.1 fLF capacitors are required for the internal voltage converter. 

The AD233 is designed for applications where space saving is 
important as the charge pump capacitors are molded into the 
package. 

The AD231 contains only a negative charge pump converter and 
is intended for applications where a positive 12 V is available. 

CIRCUIT DESCRIPTION 
The internal circuitry consists of three main sections. T 

(a) A charge pump voltage converter '" 
(b) RS-232 to TTLICMOS receivers 
(c) TTLICMOS to RS-232 transmitt 

Charge Pump DC-DC Voltage 
The charge pump voltage convert 
a switching matrix. The converter rat 
from the input 5 V level. This is done in t 
switched capacitor technique as illustrated bel Firstly the 
5 V input supply is doubled to 10 V using capacitor Cl as the 
charge storage element. The 10 V level is then inverted to gen
erate - 10 V using C2 as the storage element. 

Capacitors C3 and C4 are used to reduce the output ripple. 
Their values are not critical and can be reduced if higher levels 
of ripple are acceptable. The charge pump capacitors Cl and C2 
may also be reduced at the expense of higher output impedance 
on the V + and V - supplies. 

The V + and V - supplies may also be used to power external 
circuitry if the current requirements are small. 

VCC O Serlo 
cl1 

s.v.o 
C3:t 

DV+= 2VCC 

I I 

82 ' I ¥o I GNDO ~ OVec 
I I 

I INTERNAL I 
OSCILLATOR [>0 

Figure 4. Voltage Doubler 

AD231A1AD232A1AD233A 
Sl 

v+ 0 c....,.". 
FROM I 
VOLTAGE DOUBLER I 

I 

GNDOO _______ s~~~~~~------~----~ 
I 
I 

I INTERNAL ~----t 
OSCILLATOR 

Figure 5. Voltage Inverter 

Transmitter (Driver) Section 
The drivers convert TTLICMOS input levels into RS-232-C 
output levels. With Vee = +5 V and driving a typical RS-232-C 
load, the output voltage swing is ±9 V. Even under worst case 
conditions the driv are guaranteed to meet the ± 5 V 
RS-232-C min· 

vels are both TTL and CMOS compatible 
reshold set at Vee/4. With a nominal Vee 
threshold is 1.25 V typical. Unused inputs 
ted, as an internal 400 kO pull-up resistor 

the outputs into a low state. 

e RS-232-C standard the slew rate is limited to 
V/fLS without the need for an external slew limiting 

the output impedance in the power-off state is 
O. 

n 
vers are inverting level shifters which accept RS-232-C 

levels (± 5 V to ± 15 V) and translate them into 5 V TTLI 
MOS levels. The inputs have internal 5 kO pull-down resistors 

to ground and are also protected against overvoltages of up to 
±30 V. The guaranteed switching thresholds are 0.8 V mini
mum and 2.4 V maximum which are well within the ±3 V 
RS-232 requirement. The low level threshold is deliberately 
positive as it ensures that an unconnected input will be inter
preted as a low level. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Single +5 V Supply 
Single Channel 8-Bit AID Converter 

2.16 MHz Sampling Rate 
Receive Difference Amplifier 
Programmable Gain Amplifier 

Two 10·Bit D/A Converters 
2 MHz Throughput Rate 
Simultaneous Update Mode 
4th Order Antialias Filters 

Single Serial Auxiliary 8-Bit D/A Converter 
Fast Interface Port 
Power Down Models) 
On·Chip Voltage Reference 
44-Pin POFP 

APPLICATIONS 
Digital Cellular Telephony 
Private Mobile Telephony 
Satellite Baseband Digitization 
Radar Signal Processing 
Signal Generation and Acqu' 

Tx STROBE 0-----------, 
IDAC 0------, 

TxDATA 
DX9-DXO 

QDAC 0------' 

Ax DATA 
DR7-DRO 

AUX DATA 0-----, 

AUXCLOCK 

AUXLATCH 

DGNDTx 

DONDRx 

AUXDAC REF Rx STROBE 
OUT 

LC2MOS 
GSM Baseband lID Port 

AD7001 I 
GENERAL DESCRIPTION 
The AD7001 is a complete low power, LC2MOS, input/output 
port with single +5 V power supply. The part is designed to 
perform the conversion of I and Q signals in the transmit and 
receive data paths of Pan·European Digital Cellular Telephone 
(GSM) systems. However, the device can be used in any appli· 
cation requiring fast and accurate signal conversion in the sub· 
600 kHz band. 

Besides providing two high accuracy lo-bit digital·to-analog 
converters in the transmit path and a single fast analog-to-digital 
converter in the path, the part also provides antialiasing 
filters and tioning functions. The difference ampli-
fier is d Q mixing function. 

VDDTx YDDRx 

GCLK 

control of this device is contained on 
ta bus allows easy interface with all commonly 

processors. 

. ty for all GSM mobile systems to use the lowest 
e device has power down options for both the 

and the receive path which are independent of 
r. The AD700 1 is housed in a space efficient 44-pin 

(Plastic Quad Flatpack). 

TEST 

GDATA POWER-UPTx POWER-UP fix 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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(Vaa Tx = Vaa Rx = +5 V ± 10%; Test = AGNDTx = AGNDRx = DGNDTx = 
AD7001-SPECIFICATIONS 1 ::I::::t;e!~aT:.a~~i'N to TMAX• POWER-UP Tx = POWER-UP Rx = VaD. 

Parameter AD700IA Units Test Conditions/Comments 

ADC SPECIFICATIONS 
Resolution 8 Bits 
Signal Input Range V REF ± V REp/2 Volts PGA = I 

VREF ±VREP'4 Volts PGA = 2 
VREF ±VREF/8 Volts PGA = 4; All Biased on V REF 

Sampling Rate 2.17 MSPS 
DC Accuracy 

Integral Nonlinearity ±I LSBmax 
Differential Nonlinearity ±I LSBmax No Missing Codes Guaranteed 
Offset Error 

@ +250(; ±1.5 LSBmax PGA= 1 
TMlNtoTMAX ±3 LSBmax PGA= I 
TMlN to TMAX TBD LSB max PGA=20r4 

Full-Scale Error Positive and Negative 
@ +250(; ±2.5 LSB max PGA = 1 
TMIN to TMAX ±3.5 LSBmax PGA = I 
TMIN to TMAX TBD LSBmax PGA = 2 

Input Resistance (DC) 5 kO Inin 
Input Capacitance 50 pFmax 
Dynamic Specifications Full-Scale Sine Wave, 

Signal-to-Noise Ratio = 2.16 MHz, PGA = I 
Peak Spurious Noise 
Total Harmonic Distortion 
Gain Accuracy 

Coding 
Power Down Option 

DIFFERENCE AMPLIFIER SPECIF 
Differential Gain 474 kHz ± 80 kHz; Biased on VREF 

Gain Accuracy 
Input Common-Mode Rejection Ratio RxA = RxB = 0.4 V pk-pk @ 500 kHz 
Distortion VOUT = I V pk-pk @ 500 kHz; Biased on V REF 
Input Impedance 
RxA to REF OUT 20/60 ill minimax 40 kO Typical 

RxB to REF OUT 10/40 ill minimax 25 ill Typical 
RxA toRxB 3/10 ill minimax 6.5 kO Typical 

Output Offset 
@ +250(; ±5 mVmax At RxC When Inputs Are Floating 
TMINtoTMAX ±IO mVmax 

Power-Down Option Yes POWER-UP Rx = 0 V 

SIGNAL DAC SPECIFICATIONS 
Resolution 10 Bits 
Number of Channels 2 
TT_..:II_ ... _,.... _ 
VVUALC .n.i:LLC I..n MSPS 
DC Accuracy 

Integral Nonlinearity ±2 LSB typ 
Differential Nonlinearity ±2 LSB typ 
Output Signal Range V REF ± V REp/2 Volts Biased on VREF; 10 knt20 pF Load 
Offset Error ±50 mVmax 10 0000 0000 Loaded to DAC 

Dynamic Specifications 
Gain ±0.5 dB max Measure at 66.65 kHz 
Gain Matching Between Channels ±O.I dB max Generating 66.65 kHz Sine Waves 
Differential Group Delay 200 nsmax Measured Relative to the Absolute Group Delay 

at 10 kHz in the Frequency Band 10 kHz-200 kHz 
Phase Matching Between Channels ±3 ° max Measured at 66.65 kHz 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Parameter 

GMSK Spectrum Mask 
100 kHz 
200 kHz 
250 kHz 
400 kHz 
600 kHz-1000 kHz 
>1 MHz 

GMSK Phase Trajectory Error 

LP Filter Response 
300kHz 
1 MHz 
2 MHz 

SNR + THD (0 MHz-l.OS MHz) 
@ +25"C 
TMINtoTMAX 

Peak Spurious Noise (0 MHz-6.5 MHz) 
Coding 
Power-Down Option 

AUXILIARY DAC SPECIFICATIONS 
Resolution 
DC Accuracy 

Integral Nonlinearity> 
Differential Nonlinearity> 
Offset Error 
Gain Error 

Output Signal Range 
Output Impedance 

Coding 
Power-Down Option 

REFERENCE SPECIFICATIONS 
V REF, Reference Output 
Reference Variation3 

LOGIC INPUTS 
VINH, Input High Voltage 
VINL> Input Low Voltage 
IINH' Input Current 
C1N, Input capacitance 

LOGIC OUTPUTS 
VOH' Output High Voltage 
VOL' Output Low Voltage 

POWER SUPPLIES 
Voo 
100 

All Sections 
ADC and Bandpass Filter Active4 

Signal DACs and AUX DAC ActiveS 
All Sections Powered Down4, S 

NOTES 

AD700lA 

+0.5 
-30 
-33 
-60 
-70 
TBD 
TBD 
TBD 

-3 
-20 
-44 

54 
52 
-70 
Binary 
Yes 

S 

2.412.6 
5 

Voo-O·9 
0.9 
10 
10 

4.0 
0.4 

4.515.5 

55 
35 
20 
2 

'Operating temperature rangeo as fonows: A Version; -25"(; to +85°C. 

Units 

dB min 
dB min 
dB min 
dB min 
dB min 
dB min 
o rms typ 

o Peak typ 

dB typ 
dB typ 
dB typ 

VminNmax 
mVmax 

V min 
V max 
.."A max 
pFmax 

V min 
V max 

VminNmax 

mAmax 
mAmax 
mAmax 
mAmax 

'AUX DAC DC linearity is measured between codes 3 and 255, see terminology. 
'Variation of the Reference between different POWER-UP Tx and POWER-UP Rx modes. 
'Measured while the digital inputs to the transmit interface are static. 
'Measured while the digital inputs to the receive interface are static. 
Specifications subject to change without notice. 

AD7001 
Test Conditions/Comments 

PIoducing 66.65 kHz Sine Wave with 2.17 MHz 
Updated Rate 

ISINK = 250 I1A 
ISOURCE = 250 I1A 
ISINK = 250 I1A 

POWER-UP Tx = 0 V 

RL = 10 ill, CL = 10 nF 

II0UTI oS 4O.."A 
II0UTI oS l.6 mA 

POWER-UP Tx = 0 V 
POWER-UP Rx = 0 V 
POWER-UP Tx = POWER-UP Rx = 0 V 

This information applies to a product under development. Its characteristics and speCifications are subject to change without notice. 
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AD7001 
ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25'C uol .... otherwise noted) 

VDD Tx, VDD Rx to AGND ..••....•... -0.3 V to +6 V 
AGND to DGND ................. -0.3 V to +0.3 V 
Digital 110 Voltage to DGND ...... -0.3 V to VDD + 0.3 V 
Analog 110 Voltage to AGND ...... -0.3 V to VDD + 0.3 V 
Operating Temperature Range 

Industrial (A Version) ......••....••. -25"<: to +85"<: 
Lead Temperature (Soldering, 10 sees) .........•. + 300"<: 
Storage Temperature Range •••.•.••••• -65"<: to + 150"<: 
Power Dissipation (Any Package) to +75"<: .•..... 450 mW 
Derates Above +75"<: by •....•.....••.••.. 10 mWrc 

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

CAUTION ________ .., 

ESD (electrostatic discharge) sensitive 
however, permanent damage may 
static fields. Unused devices must be st in 
should be discharged to the destination socket 

TO OUTPUT 
PIN o--4~"'" +2.1V 

Figure 1. Load Circuit for Access Time Test 

PIN CONFIGURATION 

33QTx 
32 AGNDTx 
31 TEST 

30ITx 
28 AUXOUT 

28 REF OUT 

'r1 RxA 
26 RxB 

25 RxC 
24 RxSlGNAL 

23AGNDRx 

WARNING! d 
~~EDEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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TERMINOLOGY 
Signal Input Rauge 
The input signal range for Rx SIGNAL is biased about VREF. It 
can go ±VRE~2, ±VRB~4 or ±VRB~8 volts (depending on the 
PGA setting) about this point. 

Integral Nonlinearity 
This is the maximum deviation from a straight line passing 
through the endpoints of the DAC or ADC transfer function. 

Differential Nonlinearity 
Differential nonlinearity is the difference between the measured 
change and an ideal 1 LSB change between any two adjacent 
codes. 

Auxiliary DAC Linearity 
The AUX DAC output amplifier can have an internal negative 
offset, even though the part operates from a single (5 V) supply. 
However, because the negative rail is 0 V, the output cannot 
actually go below ground, resulting in the transfer function 
shown below. This "Knee" is an offset effect, not a linearity 
error, and the transfer function would have followed the dotted 
line if the output voltage could have gone negative. 

AUXDAC 
OUTPUT 

VOLTAGE 

..1.. 
NEGATIVE 

OFFSET 

T 
Effect of Negative Offset 

Normally, linearity is measured between zero (all Os) and full 
scale (allIs) after offset and full scale have been adjusted out, 
but this is not possible with the AD7001 AUX DAC if the offset 
is negative. Instead, linearity of the AUX DAC is measured 
between full scale and the lowest code which is guaranteed to 
produce a positive output voltage. This code is calculated from 
the maximum specification for negative offset. For the AD7001 
AUX DAC the linearity is measured between codes 3 and 255. 

Bias Offset Error 
This is the offset error (in LSBs) in the DAC or ADC and is 
measured with respect to V REF. 

Signal-to-Noise Ratio 
Signal-ta-noise ratio (SNR) is the measured signal to noise at the 
output of the receive channel. The signal is the rms amplitude 
of the fundamental. Noise is the rms sum of all nonfundamental 
signals up to half the sampling frequency (fs/2), excluding de. 

AD7001 
SNR is dependent upon the number of quantization levels in the 
digitization process; the more levels, the smaller the quantiza
tion noise. The theoretical SNR for a sine wave is given by: 

SNR=(6.02 N+1.76)dB 

Differential Group Delay 
Absolute group delay is the rate of change of phase versus fre
quency, d<l>/df. For the AD7001, differential group delay is the 
absolute group delay in a specified band relative to the absolute 
group delay at 10 kHz. The specified band for the AD7001 is 
10 kHz-200 kHz. 

Group Delay Between Channels 
This is the difference between the group delay of the I and Q 
channels and is a measure of the phase matching characteristics 
of the two. 

range for the transmit channel section 
section. For the transmit channel the 

centered on VREF and for the auxiliary DAC 

YREF· 

section . 

·s is a measure, expressed in LSBs, of the output error 
between an ideal DAC and the actual device output with allIs 
loaded after offset error has been adjusted out. In the AD7001, 
gain error is specified for the auxiliary section. 

Output Impedance 
This is a measure, expressed in kOs, of the drive capability of 
the auxiliary DAC output. 

GMSK Spectrum Mask 
This is the output spectrum of the I and Q transmit channels 
when transmitting a random sequence of data bits using GMSK 
modulation, as specified in the GSM standard, using a bit trun
cation of ± 4-bit periods. 

GMSK Phase Trajectory Error 
This is a measure of the phase error between the transmitted 
phase of an ideal GMSK modulator and the actual phase trans
mitted by the AD700l, when transmitting a random sequence of 
data bits. It is specified as a pest phase error and also as a rms 
phase error. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7001 
ADC TIMING (Voo Tx = Voo Rx = +5 V ± 10%; Test = AGND Tx = AGND Rx = DGND Tx = DGND Rx = 0 V; 

unless otherwise stated) 

Limit at Limit at 
Parameter TA = +2S"C TA = -25°C to +8S0C Units Description 

tl 100 100 ILS min POWER-UP Rx to Rx STROBE Setup Time 
t2 380 380 nsmin Rx STROBE to New Rx DATA 

440 440 nsmax 
t3 460 460 nsmin Rx STROBE Period 
4 200 200 nsmin Rx STROBE High Period 
ts 200 200 nsmin Rx STROBE Low Period 
t,; 3680 3680 nsmax ADC Settling Time Mter Switching from 

VREF to Rx SIGNAL 
t7 0 0 nsmin POWER-UP Rx Going Low to Rx DATA 

40 40 nsmax 3-State 

NOTES 
'AU input signals are specified with tr= tf= 5 ns (10% to 90% of5 V) and timed from a voltage level of 1.6 V. 
'See Figure I. 
't, is measured with the load circuit of Figure I and is defined as the time required for an output to cross 0.8 V 0 

'1, is derived from the measured time taken by the data outputs to change 0.5 V when loaded with the ci· I. The measured number is then 
extrapolated back to remove the effects of charging or discharging the 50 pF capacitor. Tltis means quoted in the tinting characteristics is the 
true bus relinquish time of the part and as such is independent of external bus loading capacitan 

t-- I,--, 

POWER-tJP-Rx 

Rx-8TROBE ---------" 

ADCDATA 
DllG-DR7 

Figure 2. ADC 

\'-----17-: 
I 

l-
I 
I 
I 

PGA TIMING 
Noo Tx = Voo Rx = +5 V ± 10%; Test = AGND Tx = AGND Rx = DGND Tx = DGND Rx = 0 V; 
unless otherwise stated) 

Limit at Limit at 
Parameter TA = +2S0C TA = -25°C to +8S"C 

t,; 150 150 
t7 75 75 
t. 75 75 
to 40 41} 

50 50 

NOTES 
'All input signaI rise and faD times measured frOm 10% to 90% of +5 V; tr = tf = 10 os. 
'Tinting measurement reference level is (V 1H + V,,)/2. 

GCLK __ ---JI 

Units 

nsmin 
ns min 
nsmin 
.... u .............. 

nsmin 

Description 

GCLKPeriod 
GCLK Low Period 
GCLKHighPeriod 
r"T"IoA"rA ... _ "'''''T or, "'_~_._ 

<uu" U,L.n.:a..I..u. LV U,",.&....I'\.. ~~LU v 
GDATA to GCLK Hold Time 

1'-----

te :"-PGA UPDATED 
I I AFTER 8 GCLKS 

-.lt9~ I 

GDATA ~~f7W77~.,...,.-r)IMSB! ~LSB! 'f&. 
____ ...1 ..... tl0.... ! 

Figure 3. PGA Timing Diagram 
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A07001 

SIGNAL OAC TIMING ~~~!iS: !:~:~ = +5 V ± 10%; Test = AGND Tx = AGND Rx = DGND Tx = DGND Rx = OV; unless 

Limit at Limit at 
Parameter TA = +25°C TA = -25°C to +85OC Units 

t" 100 100 itS min 
t12 100 100 nsmin 
t13 40 40 nsmin 

t" 10 10 nsmin 
t'5 50 50 nsmin 
t'6 50 50 ns min 

t'7 100 100 nsmin 
t'8 400 400 nsmin 

NOTES 
'All input signal rise sod fall times measured from 10% to 90% of +5 V; tr = tf = 20 ns. 
'Timing measurement reference level is (V m + V'L)I2. 

POWER-UPTx ~ 
It-o .. I------- '" -------I~ 

Description 

POWER-UP Tx to Tx STROBE Setup Time. 
IDAC, QDAC Pulse Width 
Tx DATA Setup Time 
Tx DATA Hold Time 
IDAC to Tx STROBE Setup Time 
QDAC to Tx STROBE Setup Time 
Tx STROBE Pulse Width 
Tx STROBE Period 

~ 

tTx, QTx • ...::..ce G:s-____ V;.::R=EF ___ = ~--~~~~~~~-~~.~ 
.DAC 

QDAC 

Tx STlIOBE 

Figure 4. Signal DAC Timing Diagram 

AUXILIARY OAC TIMING ~~:!x o~ev.:s~ ~te~~ V ± 10%; Test = AGND Tx = AGND Rx = DGND Tx = DGND Rx = 0 V; 

Limit at Limit at 
Parameter TA = +25OC TA = -25OC to +85OC Units 

t ,• 75 75 nsmin 
t20 75 75 nsmin 
t21 40 40 nsmin 
t22 50 50 nsmin 
t23 50 50 nsmin 
t2• 40 40 nsmin 
t25 8 (t, + t2) 8 (t, + t2) nsmin 

NOTES 
'All input signal rise and faU times measured from 10% to 90% of +5 V; tr = tf = 20 ns. 
'Timing measurement referenoe level is (Vm + V,LlI2. 

AUX-CLOCK 

AUX-LATCH 

AUX·DATA 

Description 

AUX CLOCK Low Duration 
AUX CLOCK High Duration 
AUX DATA to AUX CLOCK Setup Time 
AUX DATA to AUX CLOCK Hold Time 
AUX LATCH to AUX CLOCK Setup Time 
AUX LATCH to AUX CLOCK Hold Time 
AUX LATCH Duration 

___ "~~_J~ __ J~ __ ~~ __ ~\ __ -J'~~-JL-~~'~~_/~ ____ 

Figure 5. Auxiliary DAC Timing Diagram 
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AD7001 
TRANSMIT SECTION 
The transmit section of the AD7001 performs the baseband con
version of I and Q (In-phase and Quadrature) wavefonns for the 
GSM Pan-European Digital Cellular Communications system. 
The transmit channel consists of two IO-bit DACs, followed by 
4th order Bessel reconstruction IDters. Also included in the 
transmit channel is a single 8-bit auxiliary DAC. 

Transmit DACs 
The IO-bit DACs can be used to perfonn the conversion of I 
and Q waveforms when implementing GMSK modulation in 
accordance with the GSM 5.04 standard. . 

Reconstruction Filters 

lD ... 
I 

l!l 
::;) 

t: z 
~ 
::Ii 

0 

-10 

-20 

-30 

-40 

-60 

-60 
1.00E+04 

..... 
1\ 
~ 

\ 

\ 
1.00E + 05 1.00E + 06 1.00E+07 

FREQUENCY - Hz 

The reconstruction IDters smooth the DAC output signals, pro
viding continuous time I and Q wavefonns at the output pins. 
These are 4th order Besse1low-pass filters with a cutoff fre
quency of approximately 300 kHz. Figure 6 shows a typical 
transmit IDter frequency response, while Figure 7 shows a typi
cal plot of group delay versus frequency. The IDters are 
designed to have a linear phase response in the passband and 
due to the reconstruction IDters being on-chip, the phase mis
match between the I and Q transmit channels is kept to a mini
mum. 

Figure 6. Transmit Filter Frequency Response 

Transmit DACs Digital Interface 
The IO-bit DACs are double buffered, allowing the DACs to 
simultaneously updated via a single lO-bit data bus (D 
Figure 4 illustrates the Timing interface for the 
The I and Q latches are loaded on the 
QDAC, respectively, with data on the 
latches have been updated, Tx STRO 
the contents of both I and Q Latches to 

The transmit DACs are put into sleep mode (dra 
current) by bringing POWER-UP Tx low. During p mode 1.0E+05 1.0E+07 
the I Tx and Q Tx outputs go into high impedance. On 
POWER-UP Tx going high, the I and Q DACs are reset to 

FREQUENCY - Hz 

V REF' which prevents any imbalance between the I and Q chan
nels when the I Tx and Q Tx outputs are ac coupled to the 
IFIRF modulator. Allow time for the transmit section to fully 
power-up before updating the I and Q latches. Figure 8 shows a 
typical GSM transmission burst. 

Figure 7. Transmit Filter Group Delay 

POWE~UPTx ~r----------------------------~r-------------------il~-------' ss SS 1 

~ 
TxSTROBE 

I 

1 1 
1 1 
1 1 
: O~VREF 1 

rrx~~:----~'~'-----~--------1~======jt'=====]!~~~=====~~======~ 1 
I~VREF : 

QTx ~)J-I -----<~)""-~---.... (r_-_-_-_-_-J;r__--------C2E~Ui~sI---------:~~----~-----= 
: 1 

.... : .. ---- 100JlS .. : .. 

~~ 
1 
1 
1 
1 
1 
1 

~ ~~ 
1 

1 BURST * 3-STATE 

1 
1 

~: QBURST :: * 3-STATE 
1 
1 

6OOJ!S ...1 
I 

Figure 8. Typical GSM Transmission Burst 
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:::> 
!:: -50 z 
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GMSK SPECTRUM TEST, DC TO 6.4MHz, 
FREQUENCY RESOLUTION: 30.1514kHz 

-' 
.-.. 

8.0 1.6 2A 3.2 4.0 4.8 5.6 6.4 

FREQUENCY - MHz 

Figure 9. GMSK Spectrum Mask Generated Using the I 
Transmit Channel 

O~~~--~----~---r--~--~ 

~O~~~----~--~----~--~--~ 

-40 

-80 ~~~hr~H+~h-r---+-~~~~ 

-90 

-100 
O.OOE + 00 3.61E + 05 7.22E + 05 1.08E + 06 

1.81E + 05 5.42E + 05 9.03E + 05 

Figure ". Frequency Plot of the I Channel Generating a 
Sine Wave at 66.65 kHz 
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1.37 
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1.19 

1.17 
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1.12 

GMSK I AND Q COMPOSITE MAGNITUDE (VOLTS). 
180 Tx BITS = HEADER OF 16 ONES, 

148 RANDOM BITS, AND 16 ONES (TAIL BITS). 

w. Ba ...... Idta Ib~ luaJ I,uh I •• • .,...... II' 'I IIIn 1III-r'I'I"·nM 

Figure 13. Typical Plot of the GMSK I and Q Waveforms 
Generated Using the I and Q Transmit Channels 
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AD7001 
GMSK SPECTRUM TEST, DC TO 6.4MHz, 
FREQUENCY RESOLUTION: 30.1514kHz 

"- --
1.2 2.6 3.8 5.1 6.4 

Mask Generated Using the Q 

7.22E + 05 1.08E + 06 
5.42E + 05 9.03E + 05 

Figure 12. Frequency Plot of the Q Channel Generating a 
Sine Wave at 66.65 kHz 

I 

I AND Q WAVEFORMS GENERATED FROM 180 
DATA BITS MADE UP OF A HEADER OF 16 ONES, 

148 RANDOM BITS (DATA) AND 16 ONES (TAIL 
BITS). PHASE ERROR TRAJECTORY (DEGREES) 

PEAK = 1.642 DEG, RMS = 0.63 DEG. 
5.00 r--r--~---r-........ --.--...---.-......., 

I 3.00 I---I--t--+-~--+--+--+--I 
I 

a: 
i iii 1.00 I---iJlt--hft-l-f-:-1t 

~ 0 

t; -1.00 F"'"'tt-+''ft-Ifftlt-'tt-tl--'l'iffffW'"''I-IP''.L:J 
w 

~ 
~ ~.001---t---t---+---~--~---r---r---; 

~ 
-5.00 '----''----''----'_.......1_.......1_--'_--'_--' 

Figure 14. Typical Plot of the GMSK Phase Error Trajec
tory Generated Using the AD7001 I and Q Transmit 
Channels 
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AD7001 
Auxiliary DAC 
An 8-bit auxiliary serial DAC is also provided for such functions 
as Automatic Gain Control or for ramping up/down the transmit 
power amplifiers during the beginning/end of a transmit burst. 
Interfacing to the auxiliary section is accomplished via a serial 
interface. 

The AD7001 auxiliary DAC is a voltage mode DAC, consisting 
of R-2R ladder network, constructed from highly stable thin
fIlms resisters and high speed single pole, double throw 
switches. 

The output of the voltage mode auxiliary DAC is buffered by a 
noninverting CMOS amplifier with a gain of two. This scales 
the output of the R-2R network from a voltage range of 0 -
VREP/2 to a voltage range of O-VREP• Due to the single supply 
operation of the buffer it has limited sink capability near 
ground. 

AUX DAC Digital Interface 
The serial interface timing is illustrated in Figure 5. The serial 
interface is controlled using AUX CLOCK, AUX LATCH and 
AUX DATA. AUX LATCH must go low prior to the clocking 
of new serial data, this prevents the AUX DAC output from 
being corrupted while new serial data is being loaded. The AUX 
CLOCK must be a gated clock; i.e., it must only be active 
when loading the auxiliary DAC. AUX DATA is latched on 
rising edge of AUX CLOCK. When eight data bi 
where DBO is the LSB and DB7 is the MSB, A 
brought high to update the AUX DAC ou 

The auxiliary DAC is also put into sl 
POWER-UP Tx low. During sleep m 
is put into high impedance. The auxi1i 
contents while in sleep mode and will power-up t 
value and settle within 100 jl.S. The auxiliary DAC also be 
loaded with new data while in sleep mode thereby allowing the 
AUX DAC output to power-up to a different value. However, 
while exercising the serial interface during sleep mode, the sleep 
current will increase. 

RECEIVE SECTION 
The receive channel consists of a low power, two stage flash 
8-bit analog to digital converter (ADC) combined with an 
on-chip sample and hold amplifier (SHA) and a PGA. The PGA 
provides programmable gains settings of 1, 2 or 4. Also included 
in the receive path is a differential amplifier. 

POWER-UP Rx ---.J 
RxSTROBE 

----------------------------~ 

Differential Amplifier 
The differential amplifier provides a means for amplifying the 
IF receive signal before being digitized. The differential inputs 
can configured either for single-ended or for differential-ended 
operation. The RxC output can be directly connected to the Rx 
SIGNAL pin. For optimum performance the inputs (RxA and 
RxB) should be ac coupled, as this ensures proper internal bias
ing around V REp. The output (RxC) of the differential amplifier 
is given as: 

RxC= 10 (RxB-RxA) + VREF 

POWER-UP Rx is used to put the differential amplifier into 
sleep mode. Figure 15 illustrates the operation of the differential 
amplifier under the control of POWER-UP Rx and Rx 
STROBE. While the receive section is in sleep mode (POWER
UP Rx low), the differential inputs (RxA and RxB) are open 
circuit. On POWER-UP Rx going high, the differential inputs 
are then connected to V REP through a nominal impedance of 
300 O. The inputs are co ed for normal operation after two 
Rx STROBE cycles, i the third rising edge of Rx 
STROBE. The ) also sits at V REP while the inputs 

I 
I 
I 

h allows the ADC to measure the 
no AC signal being applied to the Rx 

L to be amplitude by a factor 1, 2 
e value loaded into the 2-bit PGA register. 

to the part, the 2-bit PGA register will 
therefore, must be initialized as described 

MSB LSB 

o 0 
o 1 
1 0 
1 1 

PGA Gain 

1 
2 
2 
4 

ss 

I 

~: ~ NORMAL OPERATION X ole RxA & RxB INPUTS ~ _____________ V_R_E_F ____________ ___' 

I 
I 

~: )f: 10 (RxB-RxA) + VREF X OIC RXCOUTPUT~ _____________ V~R~E~F ____________ ~ 

OIC = OPEN CIRCUIT 

Figure 15. Operation of the Differential Amplifier 
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PGA Digital Interface 
The receive channel PGA is programmed via a two pin serial 
interface (GCLK and GDATA). Figure 3 illustrates the serial 
interface timing diagram for the PGA. GDATA is latched on the 
fa1ling edge of GCLK. GCLK must be a gated clock, active only 
when updating the PGA. Eight clock cycles are required to 
update the PGA setting, where the first six cycles are dummy 
cycles and only the last two clock cycles load new data into the 
2-bit PGA register. These last two data bits are loaded MSB 
first. On the last fa1ling edge of GCLK the PGA is set to a gain 
of I, 2 or 4, depending on the 2-bit value contain in the PGA 
register. Table I illustrates the truth table for the PGA setting. 

On initial power being applied to the part, the PGA seria1logic 
will be in an undetermined state; however, each time the receive 
section is brought out of sleep mode (POWER-UP Rx brought 
high) the serial logic is reset. In order to correctly initialize the 
2-bit PGA register, one must first reset the seria1logic after 
power has initially been applied to the part. The PGA can be 
updated at any time, except when the serial logic is being reset. 
Hence, one should not attempt to update the PGA register 
immediately before or after POWER-UP Rx goes high. A guard 
band of ISO ns before and 300 ns after POWER-UP Rx going 
high is sufficient for correct operation. 

SHAandADC 
The 8-bit flash ADC, combined with the on
Hold Amplifier (SHA), generates 8-bit 
of 2.17 MHz. When the receive se 
mode the receive path is initially c 
the ADC to measure on-chip offsets. ence 
conversions, following POWER-UP Rx goiIlg 
surement of the reference. However, the AD70 es not su 
tract the offset measurement from subsequent conversions and, 
if so required, should be carried by the DSP/ASIC following the 
receive section. As these two conversions may not yield the same 
offset value, one shonld average the two conversions to obtain 
an overall offset value. 

ADC Digital Interface 
Figure 2 illustrates the receive timing interface. Control of the 
receive interface is effected through the use of the POWER-UP 
Rx and Rx STROBE pins with the receive data available on a 
parallel interface (DRO-DR7). 

On POWER-UP Rx going high, time (tl) must be provided to 
allow the receive circuitry to become fully powered up. Rx 
STROBE can now be activated to initial ADC conversions. As 
described earlier, the first two conversions are of the reference, 
after which the input to the PGA is switched from the reference 
to the Rx SIGNAL input pin. Although the ADC will continue 
to convert, time (t,;) must be allowed for the ADC conversions 
to settle due to the internal switching from V REF to the Rx SIG
NAL input. Conversions are initiated on the rising edge of Rx 

AD7001 

11 ... 111 

11 ... 110 

10 ... 001 
w c 8 10 ... 000 

~ 
01 .•. 111 

01 ..• 110 

VREF +VFULL SCALE 

VIN • INPUT VOLTAGE 

6. ADC Transfer Function 

e conversion is complete, the DRO-DR7 

s an on-chip bandgap reference which pro
lse, temperature compensated reference to the I1Q 

DACs and the I1Q receive ADC. The reference is also 
n the REF OUT pin and can be used to bias 

itry in the IF section. 

e transmit section and the receive section are in 
ode (POWER-UP Tx and POWER-UP Rx low), the ref

ce output buffer is also powered down by approximately 80%. 
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Figure 17. Typical Plot of Reference Variation vs. 
Temperature 

Table n. Truth Table for IDD Control 

POWER-UPTx POWER-UPRx Operation IDDmax 

0 0 All Sections Powered Down 2mA 
0 I Tx Section Powered Down, Rx Section Operational 35 mA 
I 0 Tx Section Operational, Rx Section Powered Down 20mA 
I 1 All Sections Operational SOmA 
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AD7001 

PQFPPin 
Number Mnemonic 

POWER SUPPLY 

PIN FUNCTION DESCRIPTION 

Function 

34 V DD Tx Positive Power Supply for transmit section. 
22 VDD Rx Positive Power Supply for receive section. Both VDD pins must be tied together. 
32 AGND Tx Analog Ground for transmit section. 
23 AGND Rx Analog Ground for receive section. Both AGND pins must be tied together. 
42 DGND Tx Digital Ground for transmit section. 
13 DGND Rx Digital Ground for receive section. Both DGND pins must be tied together. 

ANALOG SIGNAL AND REFERENCE 
28 REF OUT Reference Output, this is 2.5 V nominal. 
24 Rx SIGNAL Analog Input for receive channel. 
30 I Tx Analog Output Voltage from the I transmit channel. This output comes from a 10-bit DAC 

and is flltered by a 4th order Besseilow-pass fllter. 
33 Q Tx Analog Output Voltage from the Q Transmit channel. This output comes from a lO-bit 

DAC and is flltered by a 4th order Bessel low-pass fllter. 
29 AUX DAC Analog Output Voltage from the 8-bit A ·s output comes from a buffer 

amplifier. 
27 RxA Analog Input for the inverting input of 
26 RxB Analog Input for the noninve 
25 RxC Analog Output Voltage fi 

TRANSMIT INTERFACE AND CONTROL 
5 TxSTROBE 

4 

3 

2,1 
44,43 
41-36 
7 

6 

8 

IDAC 

QDAC 

DX9, DX8 
DX7, DX6 
DXS-DXO 
AUXCLOCK 

AUXDATA 

AUXLATCH 

POWER-UP Tx 

the contents of both the I and Q 
It DACs, respectively. This is used to update 

I and Q latches have been loaded via a single 

pdate the I latch via DX9-DXO. This is 
on the rising edge of I DAC. 

used to update the Q latch via DX9-DXO. This 
XO are latched on the rising edge of Q DAC. 

Transmit Data Bit 9 and Bit 8, digital inputs. DX9 is the most significant bit (MSB). 
Transmit Data Bit 7 and Data Bit 6, digital inputs. 
Transmit Data Bits 5 to 0, digital inputs. DXO is the least significant bit (LSB). 
Auxiliary Clock, edge triggered digital input. Serial data bits are latched on the rising edge 
AUX CLOCK when AUX LATCH is low. AUX CLOCK must be a gated clock, which is 
only active when data is being loaded into the serial register 
Auxiliary Data, digital input. This data input is used in conjunction with AUX CLOCK 
and AUX LATCH to load the 8-bit Auxiliary DAC register. 
Level triggered Digital Input. AUX LATCH controls the transfer of data between the AUX 
DAC serial register and the AUX DAC latch. When high, the AUX DAC latch is 
transparent. Data is latched when AUX LATCH is brought low. 
Power-Up Transmit, Digital Input. When this goes low the transmit section goes into 
standby mode, drawing minimum current. 

RECEIVE INTERFACE AND CONTROL 
18 Rx STROBE Receive Strobe, Digital Input. Rx STROBE initiates an ADC conversion, at the end of 

9-12 
14-17 
20 

21 

19 

31 

DR7-DR4 
DR3-DRO 
GCLK 

GDATA 

POWER-UPRx 

TEST 

which DR7-DRO are updated. 
Receive Data Bits 7 to 4, Digital Outputs. DR7 is the most significant bit (MSB). 
Receive Data Bits 3 to 0, Digital Outputs. DRO is the least significant bit (LSB). 
PGA Clock, Digital Input. GDATA bits are latched on the falling edge ofGCLK. The PGA 
must be loaded using 8 GCLKs, the last two bits that are loaded are used to set the PGA. 
Programmable Gain Data, Digital Input. This input is used in conjunction with GCLK to 
set the gain for the PGA. 
Power-Up Receive, Digital Input. When this goes low the receive section goes into standby 
mode, drawing minima1 current. 
Test mode, Digital Input. This pin is used to put the device into a special factory test 
mode. For normal device operation this pin must be tied to DGND. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Single +5 V Supply 
2-Chennel Sigma-Delta ADC 

13 MHz Sampling Rate 
Simultaneous Sampling 
Digital Filter 

2-ChanneI10-Bit D/A Converter 
4 MHz Throughput Rate 
Simultaneous Update 
4th Order Reconstruction Filters 
GMSKROM 

3 Auxiliary D/A Converters 
Fast Interface Port 
Power-Down Modes 
On-Chip Voltage Reference 
44-Pin PQFP 

APPUCATIONS 
GSM 
PCN 

TxSLEEP 

Tl<DATA 

Tx CI.K 

3-STATE ENABLE 

RxelK 

Rx DATA (I DATA) 

RxSYNC 

UQ(ODATA) 

RATE 

MODE 

AUXDATA 

AUXCLK 

AUXLATCH 

AxSLEEP1 

RxSLEEP2 

AUX 
DAC1 

RECEIVE 
CHANNEL 

SERIAL 
INTERFACE 

AUX 
DAe. 

AUX AUX 
DAC3 FLAG 

LC2MOS 
GSM Baseband liD Port 

AD7002 I 
GENERAL DESCRIPTION 
The AD7002 is a complete low power, two-channel, input/out
put port with signal conditioning. The device is utilized as a 
baseband digitization subsystem performing signal conversion 
between the DSP and the IFIRF sections in the Pan-European 
telephone system (GSM). 

The transmit path consists of an on-board ROM, containing all 
the code necessary for performing Gaussian Minimum Shift 
Keying (GMSK), two high accuracy, fast DACs with output 
reconstruction filters. The receive path is composed of two high 
performance s' ta ADCs with digital filtering. A common • 
bandgap s the ADCs and signal DACs. • 

UX DACI to AUX DAC3) are included 

CAL CLK2 

AFC, AGe and carrier signal shaping. In 
G is the DAC Shift Register output and 

> digital control information through the 

ty for all GSM mobile systems to use the lowest 
the device has power-down or sleep options for 
smit, receive and auxiliary). 

used in 44-pin PQFP (Plastic Quad Flatpack). 

AD7002 

1------QITl< 

1------QOTl< 

>---(:J REF OUT 

IRx 

ORx 

elK1 MZERO 
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AD7002 -SPECIFICATlONS1 

Parameter AD7002A 

ADC SPECIFICATIONS 
Resolution 12 
Signal Input Span ±VREP/2 
Sampling Rate 13 
Output Word Rate 270.8 

541.7 
Accuracy 

Integral ±I 
Differential2 0 
Bias Offset Error @ + 25"C ±5 
TMIN to TMAX ±12 

Input Resistsnce (DC) 300 
Input Capacitsnce 10 
Dynamic Specifications 

Dynamic Range 64 
Signal to (Noise+ Distortion) 62 

Gain Match Between Channels 0.05 
Filter Settling Time 46.7 
Frequency Response 

0-100 kHz 
110 kHz 
122 kHz 
200 kHz 
>400 kHz 

Absolute Group Delsy 
Group Delsy Between Channels (0-120 kHz) 
Coding 
Power Down Option 

TRANSMIT DAC SPECIFICATIONS 
Resolution 
Number of Channels 
Update Rate 
DC Accuracy 

Integral ±2 
Differential ±2 

Output Signal Span ±Vgp/2 
Output Signal Full-Scale Accuracy ±I 
Offset Error ±25 
Gain Matching Between Channels ±O.l 
Absolute Group Delsy 10 
Group Delay Linearity (0-120 kHz) 30 
PhRse Matching Between Channels TBD 
GMSK Spectrum Mask' 

100 kHz -3 
200 kHz -32 
,c;n kH! -35 
400kHz -63 
600-1800 kHz -73 

GMSK Phase Trajectory Error' 3 
10 

Output Impedance 
ITx 120 
QTx 120 

GMSKROM Yes 
Power Down Option Yes 

(AVDD = +5 V ± 5%; DVDD = +5 V ± 5%; AGND Tx = AGND Rx = 
DGND = 0 V. fClK! = fCIJ(2 = 13 MHz; TA = TM1" to Tw. Rx SLEEP, = Rx 
SLEEP2 = Tx SLEEP = 0 V. unless otherwise stated) 

Units Test Conditions/Comments 

Bits 
Volts Biased on V REF (2.5 V) 
MSPS 
kHz RATE 0 
kHz RATE 1 

LSB 

LSB Mter Calibration 
LSB After Calibration 
k.O. Olin 
pFmax 

dB Olin 
dB Olin 
dB max Input Frequency = 67.5 kHz 
,,"stYP 

16x Oversampling of the Bit Rate 

LSB typ 
LSB typ 
Volts Centered on V REP Nominal (100 k0l20 pF Load) 
dBtyp 
mVmax 100000 0000 Loaded to DAC 
dB max 
,,"s typ Measured at 67.5 kHz 
nstyp Each Channel, 10 kHz < FoUT < 100 kHz 
° max Generating 67.5 kHz Sine Waves 

dB Olin 
dB Olin 
WiJ.JJ.i.u 
dB Olin 
dB Olin 
o rms max 
° peak max 

Otyp 
Otyp 

Contains GMSK Coding, Four-Bit Impulse Response 
Independent of Receive 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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Parameter 

AUXILIARY DAC SPECIFICATIONS 
Resolution 
DC Accuracy 

Integral 
Differential 
Offset Error 
Gain Error 

LSB Size 

AD7002A 

AUXI 
9 

±4 
±I 
±2 
±4 
4_88 

AUX2 AUX3 
11 8 

±4 ±2 
±I ±I 
±4 ±1 
±4 ±2 
2_44 9.77 

Output Sigoal Span 
Output Impedance 

o toVREF 0 toVREF 0 to VREF 

Coding 
Power-Down 

REFERENCE SPECIFICATIONS 
REF OUT, Reference Output 
REF OUT, Reference Output @ +25"(; 
Reference Temperature Coefficient 
Reference Variation4 

Output Impedance 

LOGIC INPUTS 
V INH' Input High Voltage 
VINV Input Low Voltage 
IINH, Input Current 
ern, Input Capacitance 

LOGIC OUTPUTS 
VOH' Output High Voltage 
VOL' Output Low Voltage 

POWER SUPPLIES 
AVDD 

DVDD 

IDD 

All Sections Active 
ADC and Auxiliary Paths Active' 
Transmit DAC and AUX Paths Active· 
Auxiliary Path only Active" 6, 7 

NOTES 

10 10 10 
8 8 8 
Binary Binary Binary 
Yes Yes Yes 

2.412.6 
2.48 
TBD 
±5 
60 

lOperating temperature ranges as follows: A Versions: -25"(; to +85"C. 
2Unmeasurable: sigma-delta conversion is inherently free of differential nonlinearities. 
3See terminology. 
'Change in reference voltage due to a change in Tx SLEEP or Rx SLEEP modes. 
'Measuted while the digital inputs to the transmit interface are static. 
·Measuted while the digital inputs to the receive interface are static. 
7Measuted while the digital inputs to the auxiliary interface are static. 
Specifications subject to change without notice. 

Units 

Bits 

LSBmax 
LSBmax 
LSBmax 
LSBmax 
mVtyp 
Volts 
kO max 
kOtyp 

mAmax 
mAmax 
mAmax 
mAmax 

AD7002 
Test Conditions/Comments 

Guaranteed Monotonic 

Unloaded Output 
AUX DACs Have Unbuffered Resistive Outputs 

Power-down Is Implemented by Loading All 
Is or All Os 

RL = 100 kO, CL = I oF 
100 kO, CL = I nF 

Tx SLEEP = V DD 

Rx SLEEP, = Rx SLEEP, = VDD 

Tx SLEEP = Rx SLEEP, = Rx SLEEP, = VDD 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7002 
ABSOLUTE MAXIMUM RATINGS· 
(T A = + 25'C unless otherwise noted) 

DVoo to AGND ................... -0.3 V to +6 V 
AVoo to AGND ...•............... -0.3 V to +6 V 
AGND to DNGD ................. -0.3 V to +0.3 V 
Digital Input Voltage to DGND ... -0.3 V to DVoo + 0.3 V 
Analog Input Voltage to AGND ... -0.3 V to AVoo + 0.3 V 
Input Current to Any Pin Except Supplies2 ••••••• ±10 mA 
Operating Temperature Range 

Industrial Plastic (A Version) •......... -25°C to +85°C 
Storage Temperature Range ........•.. -65°C to + 1500C 
Lead Temperature (Soldering, 10 sees) ........•.. + 300°C 
Power Dissipation (Any Package) to +75°C ... . .. 450 mW 
Derates Above +75°C .....•.......•...... 10 mWrC 

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

'Transient currents of up to 100 mA will not cause SCR latch-up. 

CAUTION ______ ----" 

ESD ( electrostatic discharge) sensitiv 
however, permanent damage may oc 
static fields. Unused devices must be sto m 
should be discharged to the destination socket befi 

TxSLEEP 1 

PIN CONFIGURATION 

Srl5 
~ 8 Q C§i§~ 

.l!Ki.l!'!!I!i,!!i§~l:ll:ll:l 
_~Cl_a:::accccc 

:I ~ *,,;!i!lli!; lUi;!; 

AD7002PQFP 
TOPYIEW 

(Nollo Scale) 

33 AUXFLAG 
32 AUXLATCH 

31 AUXCLK 

30 AUXDATA 
29 MZERO 

28 NC 

27 RxSLEEPl 

26 TESTZ 

25 NC 

24 RxSLEEPZ 

23 CAL 

WARNING! c:J 
~~EDEVICE 
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TERMINOLOGY 
Signal Input Span 
The input signal range for the I and Q channels is biased about 
V REp. It can go ± 1.25 volts about this point. 

Sampling Rate 
This is the rate at which the modulators on the receive channels 
sample the analog input. 

Output Rate 
This is the rate at which data words are made available at the 
Rx DATA pin (Mode 0) or the I DATA and Q DATA pins 
(Mode 1). There are two rates depending on whether the device 
is operated in RATE 0 or RATE 1. 

Integral Nonlinearity 
This is the maximum deviation from a straight line passing 
through the endpoints of the DAC or ADC transfer function. 

Differential Nonlinearity 
This is the difference between the measured and the ideal 
1 LSB change between any two adjacent codes in the DAC or 
ADC. 

Bias Offset Error 
This is the offset error (in LSBs) in the ADC section. 

Dynamic Range 
Dynamic Range is the ratio of the maximum 
the smallest output signal the converter 
expressed logarithmically, in decibe 
For an N -bit converter, the ratio is 
equal to 2N [(in dB, 20N IOglO(2) = 
oretical value is degraded by converter noise 
the LSB weight. 

Signal to (Noise + Distortion) Ratio 
This is the measured ratio of signal to (noise + distortion) at the 
output of the receive channel. The signa1 is the rms amplitude 
of the fundamental. Noise is the rms sum of all nonfundamental 
signals up to half the sampling frequency (fs/2), excluding dc. 
The ratio is dependent upon the number of quantization levels 
in the digitization process; the more levels, the smaller the 
quantization noise. The theoretical signa1 to (noise + distortion) 
ratio for a sine wave is given by: 

Signal to (Noise + Distortion) = (6.02N+1.76)dB 

Absolute Group Delay 
Absolute group delay is the rate of change of phase versus fre
quency, dc!>/df. It is expressed in microseconds. 

AD7002 
Group Delay Linearity 
The group delay linearity or differential group delay is the 
group delay over the full band relative to the group delay at one 
particular frequency. The reference frequency for the AD7002 is 
1 kHz. 

Group Delay Between Channels 
This is the difference between the group delay of the I and Q 
channels and is a measure of the phase matching characteristics 
of the two. 

Phase Matching Between Channels 
This is a measure of the phase matching characteristics of the 
I and Q transmit channels. It is obtained by transmitting all 
ones and then measuring the difference between the actual 
phase shift between the I and Q outputs and the ideal phase 
shift of 90·. 

Settling Time 
This is the settling time in the AD7002 receive sec- • 

p or after returning from the sleep 
to wait this amount of time to get useful 

range for the transmit channel section 
DAC section. For the transmit channel the 

volts centered on 2.5 volts and for the auxiliary 
n it is 0 to +VREP• 

set Error 

-Scale Accuracy 
cy of the full-scale output (all Is loaded to the 

e transmit channel and is expressed in dBs. 

. s is the amount of offset in the transmit DACs and the auxil
iary DACs and is expressed in mVs for the transmit section and 
in LSBs for the auxiliary section. 

Gain Error 
This is a measure of the output error between an ideal DAC and 
the actual device output with allIs loaded after offset error has 
been adjusted out and is expressed in LSBs. In the AD7002, 
gain error is specified for the auxiliary section. 

Output Impedance 
This is a measure of the drive capability of the auxiliary DAC 
outputs and is expressed in kOso 

GMSK Spectrum Mask 
This is the output spectrum of the I and Q transmit channels, 
when transmitting a random sequence of data bits using GMSK 
modulation as specified in GSM 5.04. 

GMSK Phase Trajectory Error 
This is a measure of the phase error between the transmitted 
phase of an ideal GMSK modulator and the actual phase trans
mitted by the AD7002, when transmitting a random sequence of 
data bits. It is specified as a peak phase error and also as an rms 
phase error. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV. 0 COMMUNICA TlONS PRODUCTS 4-63 



. A07002 

INPUT C• 'OCK TIMING SPECIFIC.'JIONS1 (AVDD = +5 V ± 5%; DVDD = +5 V ± 5%; AGND Tx = AGND Rx = 
Li "DGND = 0 V; TA = TMIN to TMAX, unless otherwise stated) 

Limit at Limit at 
Parameter TA = +2S"C TA = -2S·C to +8S·C Units Description 

tl 76 76 nsmin CLKI, CLK2, AUX CLK Cycle Time 
t2 30 30 nsmin CLKI, CLK2, AUX CLK High Time 
t3 30 30 nsmin CLKI, CLK2, AUX CLK Low Time 

(AVDD = +5 V ± 5%; DVDD = +5 V ± 5%; AGND Tx = AGND Rx 

TRANSMIT SECTION TIMING SPECIFICATIONS :th~::e ~~t:d)fcull = fcoo = 13 MHz; TA = TMIN to TMO' unless 

Limit at Limit at 
Parameter TA = +2S·C TA = -2S"C to +8S"C 

t4 0 0 
ts 25 25 
t,; 24 tl + 80 24 tl + 80 
t7 48 tl 48 tl 
ts 24 tl 24 tl 
~ 24 tl 24 tl 
tlO 30 30 
til 25 2S 
t12 10 10 
t13 0 0 

23 t' 
tl4 10 
tiS 10 

AUXILIARY OAC TIMING ~~V;H~ T: = 

Parameter 

NOTES 

Limit at 
TA = +2S·C 

15 
5 
25 
20 
50 
10 
10 

Limit at 
TA = -2S"C to +8S·C 

15 
5 
25 
20 
50 
10 
10 

Units 
nsmin 
nsmin 
nsmax 
ns 
ns 

Units 
nsmin 
nsmin 
nsmin 
nsmin 
nsmax 
nsmax 
nsmax 

Description 

Tx SLEEP Hold Time 
Tx SLEEP Setup e 
Tx CLK A CLKI Rising Edge 
TxCLK 

x = AGND Rx = DGND = 0 V, fAUX CLK = 
d) 

Description 

AUX DATA Setup Time 
AUX DATA Hold Time 
AUX LATCH to SCLK Falling Edge Setup Time 
AUX LATCH to SCLK Falling Edge Hold Time 
AUX LATCH High to AUX FLAG Valid Delay 
Digital Output Rise Time 
Digital Output Fall Time 

lSampIe tested At +2:t;oC.tnPn.llr,.rt:'!!!::'!!!!!~ .. All !..-::r.!! ~:..-: z~ci!1;~ .... ,ita';, u:;:: if - 5 lilt (lv% Lv;\i% ur:; Vi ami ~ from. a VOLtage level of 1.6 V. 
2Digital output rise and fall times specify the time required for the outpUt to go between 10% and 90% of 5 V. 
'1" specifies a window, that Tx SLEEP should be asserted for the current Tx eLK to be the last prior to entering SLEEP mode. 

Specifications subject to change without notice. 

CLK1,CLK2, 
AUXCLK 

TO OUTPUT 
PIN 0---.-0( +2.1V 

Figure 1. Clock Timing Figure 2. Load Circuit for Timing Specifications 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7002 

RECEIVE SECTION TIMING (AVoo = +5 V ± 5%; DVoo = +5 V ± 5%; AGN.D Tx = AGND Rx = DGND = 0 V, fcm = 
fCLl(2 = 13 MHz; TA = TMI" to TMAX, unless otherwise stated) 

Limit at Limit at 
Parameter TA = +25"(; TA = -25°C to +85"(; Units Description 

t23 0 0 nsmin Rx SLEEP Hold Time After CLKl, CLK2 High 
t24 25 25 nsmin Rx SLEEP Setup Time Before CLKl, CLK2 High 
t25 0 0 nsmin Rx SYNC to Rx SLEEP Asserted; See Note 4 

39 tl 39 tl nsmax RATE 0 
15 tl 15 tl nsmax RATE 1 

t26 Rx CLK Active After CLKI Rising Edge Following Falling 
Edge of Rx SLEEP 

32 tl + t2 32 tl + t2 ns Mode 0 
31 tl + t2 31 tl + t2 ns Mode 1 

t27 Rx CLK Cycle Time 
tl tl ns MODE 0 
2 tl 2 tl ns MODEl 

t28 RxC 
30 30 
90 90 

t29 
30 30 
30 30 

t30 25 25 elay from CLKl, CLK2 High to Rx eLK High 
t31 20 20 id Prior to Rx CLK Falling 
t32 h Pulse Width 

tl 
2 tl 

t33 C Cycle Time 
24 tl 24 tl DE 0 RATE 0 
12 tl 12 tl MODE 0 RATE 1 
48 tl 48 tl ns MODE 1 RATE 0 
24 tl 24 tl ns MODE 1 RATE 1 

t34 15 15 nsmin Rx DATA Valid After Rx CLK Rising Edge 
t35 15 15 nsmax Propagation Delay from Rx CLK Rising Edge to I/Q 
t36 10 10 nsmax Digital Output Rise Time' 
t37 10 10 nsmax Digital Output Fall Time' 

(AVOD = +5 V ± 5%; DVDD = +5 V ± 5%; AGND Tx = AGND Rx = DGND = 
CALIBRATION AND CONTROL TIMING 0 v, fAUX CUI = 13 MHz; TA = TMIN to TMAX, unless otherwise stated) 

Limit at Limit at 
Parameter TA = +25°C T A = -25"(; to +85"(; Units Description 

t38 25 25 nsmin SLEEP to CAL Setup Time 
t39 608 tl 608 tl nsmin CAL Pulse Width 
t40 25 25 nsmin RATE, MODE or 3-STATE ENABLE Setup Time 

NOTES 
'Sample tested at +25'C to ensure compliaru:e. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
'Digital output rise and fall times specify the time required for the output to go between 10% and 90% of 5 V. 
'See Figore 4 for test circuit. 
"'t" specifies a window, after Rx SYNC which marks the beginning of I data, that Rx SLEEP should be as .. rted for the subsequent IQ data pair to be last prior 
to entering SLEEP mode. 

Specifications subject to change without notice. 
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AD7002 
CIRCUIT DESCRIPTION 
TRANSMIT SECTION 
The transmit section of the AD7oo2 generates GMSK I and Q 
waveforms in accordance with GSM specification 5.04. This is 
accomplished by a digital GMSK modulator, followed by 10-bit 
DACs for the I and Q channels and on-chip reconstruction fIl
ters. The GMSK (Gaussian Minimum Shift Keying) digital 
modulator generates I and Q signals, at 16x oversampling, in 
response to the transmit data stream. The I and Q data streams 
drive 10-bit DACs, which are filtered by on-chip 4th order 
Bessel low-pass filters. 

TXDATA 

I 
I 
I 
I I 
---------------------------~ 

Figure 3. GMSK Functional Block Diagram 

Table I. Truth Table for the Differential Encoder 

TxDATA; TxDATA;..l Differentially Encoded Data 

o 
o 
1 
1 

o 
I 
o 
1 

GMSK Modulator 

o 
1 
1 
o 

Figure 3 shows the functional block diagram of 
modulator. This is implemented using controllogi 
look up table, to generate I and Q data samples at 1 times the 
transmit data rate. The transmit data (Tx DATA) is first differ
entially encoded as specified by GSM 5.04 section 2.3 (Table I). 
The GMSK modulator generates 10-bit I and Q waveforms (In
phase and Quadrature), in response to the encoded data, which 
are loaded into the 10-bit, I and Q transmit DACs. The Gaus
sian filter, in the GMSK modulator, has an impulse response 
truncated to 4 data bits. 

When the transmit section is brought out of sleep mode (Tx 
SLEEP low), the modulator is reset to a transmitting all Is 
state. When Tx SLEEP is asserted (Tx SLEEP high), the 

transmit section powers down, with the I TX and Q TX outputs 
connected to VREF through a nominal impedance of 80 kil. 

Reconstruction Filters 
The reconstruction filters smooth the DAC output signals, 
providing continuous time I and Q waveforms at the output 
pins. These are 4th order Bessel low-pass filters with a cutoff 
frequency of approximately 300 kHz. Figure 6 shows a typical 
transmit filter frequency response, while Figure 7 shows a 
typical plot of group delay versus frequency. The filters are 
designed to have a linear phase response in the passband and 
due to the reconstruction filters being on-chip, the phase mis
match between the I and Q transmit channels is kept to a 
minimum. 

Transmit Section Digital Interface 
Figure 4 shows the timing diagram for the transmit interface. 
Tx SLEEP is sampled on the falling edge of CLKI. When Tx 
SLEEP is brought low, Tx CLK becomes active after 24 master 
clock cycles. Tx CLK can be used to clock out the transmit data 
from the ASIC or D e rising edge and Tx DATA is 
clocked into the the falling edge of Tx eLK. When 
Tx SLEEP ansmit section is immediately put 

Tx CLK and powering down the 

MS GENERATED FROM 180 DATA 
P OF A HEADER OF 16 ONES. 

BITS (DATA) AND 16 ONES (TAll BITS). 
ASE ERROR TRAJECTORY (DEGREES) 
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Figure 4. Transmit Section Timing Diagram 
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AD7002 
RECEIVE SECTION 
The receive section consists of I and Q receive channels, each 
consisting of a simple switched capacitor filter followed by a 
12-bit sigma-delta ADC. The data is available on a flexible serial 
interface, interfacing easily to most DSPs. The data can be con
fIgured to be one of two formats and is also avai1able at two 
sampling rates. On-board digital fllters, which form part of the 
sigma-delta ADCs, also perform critical system level filtering. 
Their amplitude and phase response characteristics provide 
excellent adjacent channel rejection. The receive section is also 
provided with a low power sleep mode to place the receive sec
tion on standby between receive bursts, drawing only minimal 
current. 

Switched Capacitor Input 
The receive section analog front end is sampled at 13 MHz by a 
switched capacitor filter. The filter has a zero at 6.5 MHz as 
shown in Figure 12a. The receive channel also contains a digital 
low-pass fllter (further details are contained in the following sec
tion) which operates at a clock frequency of 6.5 MHz. Due to 
the sampling nature of the digital filter, the pass hand is 
repeated about the operating clock frequency and at multiples of 
the clock frequency (Figure 12b). Because the fIrst null of the 
switched capacitor filter coincides with the fIrst image of the 
digital filter, this image is attenuated by an additional 30 dBs 
(Figure 12c) further simplifying the external antialiasing 
requirements. 

OdB 
FRONT-END 
ANALOG fiLTER 
TRANSFER FUNCTION 

a. Switched Cap Filter Frequency Res 

~:~~L~::: n'-"-----LO+'----....IO+'-----L.O+-"-.~ 
6.5 13 19.5 MHz 

b. Digital Filter Frequency Response 

-3OdB 
OdBn 0 SYSTEM FILTER MAX __ 1\.11 

TRANSFER FUNClION L...-'-----L.'-l-''f-L---..J.~+-'L---~J¥1fJ-..,.~ 
6.5 13 19.5 MHz 

c. Overall System Response of the Receive Channel 

Figure 12. 

SIGMA·DELTA ADC 
The AD7002 receive channels employ a sigma-delta conversion 
technique, which provides a high resolution 12-bit output for 
both I and Q channels with system flltering being implemented 
on-chip. 

The output of the switched capacitor fllter is continuously 
sampled at 6.5 MHz (master clockl2), by a charge balanced 
modulator, and is converted into a digital pulse train whose 
duty cycle contains the digital information. Due to the high 
oversampling rate, which spreads the quantization noise from 

o to 3.25 MHz (Fsl2), the noise energy contained in the band of 
interest is reduced (Figure 13a). To reduce the quantization still 
further, a high order modulator is employed to shape the noise 
spectrum, so that most of the noise energy is shifted out of the 
band of interest (Figure 13b). 

~ k-1>~""'#' '?'4l\%"/ /,0//.-0j 
--t BAND OF I-- FS12 

INTEREST 3.25 MHz 

a. Effect of High Oversampling Ratio 

~~---t BAND OF I-- FSI2 
INTEREST 3.25 MHz 

ping to Further Improve SNR 

Figure 13. 

I 
FSI2 

3.25MH. 

ter that follows the modulator removes the large 
band quantization noise (Figure 13c), while converting 

the digital pulse train into parallel 12-bit wide binary data. The 
12-bit I and Q data is made avai1able, via a serial interface, in a 
variety of formats. 

Digital Filter 
The digital filters used in the AD7002 receive section carry out 
two important functions. First, they remove the out of band 
quantization noise which is shaped by the analog modulator. 
Second, they are also designed to perform system level filtering, 
providing excellent rejection of the neighboring channels. 

Digital filtering has certain advantages over analog filtering. 
First, since digital filtering occurs after the AID conversion pro
cess, it can remove noise injected during the conversion process. 
Analog filtering cannot do this. Second, the digital filter com
bines low passband ripple with a steep roll off, while also main
taining a linear phase response. This is very difficult to achieve 
with analog filters. 

However, analog filtering can remove noise superimposed on the 
analog signal before it reaches the ADC. Digital filtering cannot 
do this and noise peaks riding on signals near full-scale have the 
potential to saturate the analog modulator, even though the 
average value of the signal is within limits. To alleviate this 
problem, the AD7002 has overrange headroom built into the 
sigma-delta modulator and digital fllter which allows overrange 
excursions of 100 mY. 
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Filter Characteristics 
The digital ftlter is a 288-tap FIR ftlter, clocked at half the mas
ter clock frequency. The frequency response is shown in F· 
15. The 3 dB point is at 122 kHz. 

Due to the low pass nature of the receive ftlter 
tIing time associated with step input fun 
not be meaningful until all the digi 
loaded with data samples taken a~ 
the AD7002 digital ftlters have a 
(288 x 2 tl). 

When coming out of sleep, the digital ftlter tap reset. 
Hence data, initially generated by the digital ftlters, will not b 
correct. Not until all 288 taps have loaded with meaningful data 
from the analog modulator, will the output data be correct. The 
analog modulator, on coming out of sleep, will generate mean
ingful data after 21 master clock cycles. 

Calibration 
Included in the digital ftlter is a means by which receive signal 
offsets may be calibrated out. Calibration can be effected 
through the use of the CAL and MZERO pins. 

Each channel of the digital low-pass ftlter section has an offset 
register. The offset register can be made to contain a value rep
resenting the dc offset of the preceding analog circuitry. In 
normal operation, the value stored in the offset register is sub
tracted from the ftlter output data before the data appears on 
the serial output pin. By so doing, the dc offset gets cancelled. 
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e offset register is cleared (twos complement 
L· high and becomes loaded with the first digi

falls. This result will be a measure of 
e analog channel is switched to zero 

ling. Time must be provided for the analog cir-
e digital ftlter to settle after the analog circuitry is 

and before CAL falls. The offset register will 
ith the a proper representation of the dc offset. 

for more than 608 master clock cycles 
). If the analog channels are switched to zero 

t with CAL rising, this time is also sufficient to satisfy 
settling time of the analog sigma-delta modulators and the 

digital ftlters. CAL may be held high for an unlimited time if 
convenient or necessary. Only the digital result following the fall 
of CAL will be loaded into each offset register. Mter CAL falls, 
normal operation resumes immediately. 

The offset registers are static and retain their contents even dur
ing sleep mode (Rx SLEEPI and Rx SLEEP2 high). They need 
only be updated if drifts in the analog dc offsets are experienced 
or expected. However, on initial application of power to the dig
ital supply pins the offset registers may contain grossly incorrect 
values and, therefore, calibration must be activated at least once 
after power is applied even if the facility of calibration is not 
regularly used. 

RxSLEEP1 
FlxSLEEP2 ~~------------------~/ 

:-- 138 --I"~: ----138 --.: 

/,-------.\ 
CAL ____________________ ~:r_------J. I~ ________________________ ___ 

---: I .. :.-

RATE, MOOE, ---------------,~ 
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Figure 16. Calibration and Control Timing Diagram 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV. 0 COMMUNICA TlONS PRODUCTS 4-69 

• 



AD7002 
Table n. Truth Table for the Mode and Rate Pins 

Mode Rate Data Format Output Word Rate 

0 0 IQ Data I/Q 270.8 kHz 
0 I IQ Data I/Q 541.7 kHz 
1 0 I Data QData 270.8 kHz 
1 1 I Data Q Data 541.7 kHz 

The MZERO pin can be used to zero the sigma-delta modula
tors if calibration of preceding analog circuitry is not required. 
Each analog modulator has an internal analog multiplexer which 
is controlled by MZERO. With MZERO low, the modulator 
inputs are connected to the I Rx and Q Rx pins for normal 
operation. With MZERO high, both modulator inputs are con
nected to the V REF pin, which is analog ground for the modula
tors. Typically, the CAL and MZERO pins would be tied 
together and driven by the same digital signal. If calibration of 
external analog circuitry is desired, MZERO should be kept low 
during the calibration cycle. 

The offset registers have enough resolution to hold the value of 
any dc offset between ±5 V. However, the performance of the 
sigma-delta modulators will degrade if full scale signals with 
more that 100 mV of offset are experienced. If large offsets are 
present, these can be calibrated out, but signal excursions fro 
the offsets should be limited such that the I Rx and Q Rx 
ages remain within ± 1.35 V of V REF' 

Receive Section Digital Interface 
A flexible serial interface is provided fi 
section. Four basic operating modes 
shows the truth table for the different m 
available. The MODE pin determines whether 
serial data is made available on two separate pins ( D 1) 
or combined on to a single output pin (MODE 0). The RATE 
pin determines whether I and Q receive data is provided at 
541.7 kHz (RATE 1) or at 270.8 kHz (RATE 0). 

When the receive section is put into sleep mode, by bringing Rx 
SLEEP, and Rx SLEEP2 high, the receive interface will com
plete the current IQ cycle before entering into a low power sleep 
mode. 

MODE 0 RATE 1 Inter/ace 
The timing diagram for the MODE 0 RATE 1 receive interface 
is shown in Figure 17. It can be used to interface to DSP pro
cessors requiring only one serial port. 

When using MODE 0, the serial data is made available on the 
Rx DATA pin, with the I/Q pin indicating whether the 12-bit 
word being clocked out is an I sample or a Q sample. Although 
the I data is clocked out before the Q data, internally both sam
ples are processed together . RATE 1 selects an output word rate 
of 541.7 kHz, which is equal to the master clock (CLKl, 
CLK2) divided by 24. 

When the receive section is brought out of sleep mode, by 
bringing Rx SLEEP, and Rx SLEEP2 10w, (after 32 master 
clock cycles) the Rx CLK output will continuously shift out I 
and Q data, always beginning with I data. Rx SYNC provides a 
framing signal that is used to indicate the beginning of an I or 

Q, 12-bit data word that is valid on the next falling edge of Rx 
CLK. On coming out of sleep, Rx SYNC goes high one clock 
cycle before the beginning of I data, and subsequently goes high 
in the same clock cycle as the last bit of each 12-bit word (both 
I and Q). Rx DATA is valid on the falling edge of Rx CLK and 
is clocked out MSB first, with the I/Q pin indicating whether 
Rx DATA is I data or Q data. 

MODE 0 RATE 0 Inter/au 
Figure 18 shows the receive timing diagram when MODE 0, 
RATE 0 is selected. Again I and Q data are shifted out on the 
Rx DATA pin but here the output word rate is reduced to 
270.8 kHz, this being equal to master clock (CLKl, CLK2) 
divided by 48. 

Once the receive section is brought out of sleep mode, (after 56 
master clock cycles) the Rx CLK output becomes active and 
generates an Rx SYNC framing pulse on the first Rx CLK. This 
is followed by 12 continuous clock cycles during which the I 
data is shifted out on the Rx DATA pin. Following this the 
Rx CLK remains high fo 1 master clock cycles before clocking 
out the Q data . 

Rx DATA' . g edge ofRx CLK with the I/Q 
DATA is I data or Q data. 

r MODE 1 RATE 1 receive digi
E 1 gives an output word rate of 

d Q data are transferred on separate pins. I 
on Rx DATA (I DATA) pin and Q data is 
I/Q (Q DATA) pin. RATE 1 selects an out

.7 kHz (this is equal to the master clock 

eive section is brought out of sleep mode, by 
Rx SLEEP, and Rx SLEEP, low, (after 32 master 

ck cycles) the Rx CLK output will continuously shift out I 
and Q data, on separate pins. Rx SYNC provides a framing 
signal that is used to indicate the beginning of an I or Q, 12-bit 
data word that is valid on the next falling edge of Rx CLK. On 
cODling out of sleep, Rx SYNC goes high one clock cycle before 
the beginning of I data, and subsequently goes high in the 
same clock cycle as the I and Q LSBs. It takes 24 Rx CLKs 
(excluding the first framing pulse) to complete a single IQ cycle. 
I DATA and Q DATA are valid on the falling edge of Rx CLK 
and are clocked out MSB first. 

MODE 1 RATE 0 Interface 
Figure 20 shows the receive timing diagram when MODE 1 
RATE 0 is selected. MODE 1 RATE 0, again I and Q data are 
transferred on separate pins. I data is shifted out on Rx DATA 
(I DATA) pin and Q data is shifted out on the I/Q (Q DATA) 
pin. The output word rate is reduced to 270.8 kHz, this equal 
to master clock (CLKl, CLK2) divided by 48. 

Once the receive section is brought out of sleep mode, and after 
56 master clock cycles, the Rx CLK output becomes active and 
generates an Rx SYNC framing pulse on the first Rx CLK. This 
is followed by 12 continuous clock cycles during which both the 
I and Q data is shifted out on I DATA and Q DATA pins. Fol
lowing this the Rx CLK remains high for 22 master clock cycles 
before clocking out the next IQ data pair. 
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Figure 17. 
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Figure 18. MODE 0 RATE 0 Receive Timing 
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AD70D2 
CLK1, CLK2 0) I\.J\.f 

1u~-+t~t24 
Rx SLEEP1 (I) ~ i u 
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Figure 20. MODE 1 RA TE 0 Receive Timing 

AUXH..IARY DACs 
Three auxiliary DACs are provided for extra control functions 
such as automatic gain control, automatic frequency control or 
for ramping up/down the transmit power amplifiers during the 
beginning/end of a transmit burst. The three auxiliary DACs, 
AUX DACl, AUX DAC2 and AUX DAC3, have resolutions of 
9-, 10- and 8-bits, respectively. In addition to the three auxiliary 
DACs, the auxiliary section contains a digital output flag (AUX 
FLAG) with three-state control. Communication and sleep 
trol of the auxiliary section is totally independent 0 

transmit or receive sections. 

R R 

2R 

VREFo-~~~~~~----4~-~~~~ 
AGND~._~~~._-----4~--e_--~ 

SHOWN FOR ALL 1. ON DAC 

Figure 21. Auxiliary DAC Structure 

The AD7002 AUX DACs are voltage mode DACs, consisting of 
R-2R ladder networks (Figure 21 shows AUX DACI architec
ture), constructed from highly stable thin-films resistors and 
high speed single pole, double throw switches. This design 
architecture leads to very low DAC current during normal oper
ation. However, the AUX DACs have a high output impedance 
(typical 8 kO) and hence require external buffering. The AUX 
DACs have an output voltage range of 0 V to VRBP -1 LSB. 
Each AUX DAC can be individually entered into low-power 
sleep mode, simply by loading all ones or all zeros to that partic
ular AUX DAC. This does not affect the normal operation of 
AUX DACs, as either of these two codes (all Os = 0 IIA, all 
Is = 50 ",A typical) represent the operating points for lowest 
power consumption. 

The digital AUX FLAG output is available for any external 
logic control that may be required. For instance, the AUX 
FLAG could be used to control the Tx SLEEP pin, turning on 
the transmit section prior to ramping up (using one of AUX 
DACs) the RF amplifiers. 

AUX DAC Digital Interface 
Communication with the auxiliary section is accomplished via a 
three-pin serial interface, the timing diagram in Figure 23 
illustrates. While TCH is low, data is clocked into a 
16-bit shift UX DATA and AUX CLK pins. 
AUX n the falling edge of AUX CLK, MSB 

. ster is organized as a data field 
I field (DBIO-DBlS). The data field 

nding on the AUX DAC being 
dicates which AUX DACs are being 

. es the state of the AUX FLAG pin. 

'""FlAG 

DB13 

Figure 22. Auxiliary Section Serial Interface 

When the shift register has been loaded, AUX LATCH is 
brought high to update the selected AUX DACs and the AUX 
FLAG pin. The control bits are active high, and since a control 
bit has been assi!llled to each AUX OAr., th;. f~~11!!!t~5 !h~ 
simultaneous loading of more than one AUX DAC (with the 
same data). DBI0, DBll and DB12 selected AUX DAC3, AUX 
DACI and AUX DAC2 respectively and DBlS determines the 
logic state of AUX FLAG while DB14 determines whether the 
3-state driver is enabled. 

AUX CLK (I) 

AUX DATA (') 000 

I 
..... '19 14-'-______ ~~----_'~r---Sf -

"':"'" 
AUX FLAG (0) ----------iSSS--O-L-D-AU-X-FLA-G--~ FLAG 

S~ ~ 

Figure 23. Auxiliary DAC Timing Diagram 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

4-72 COMMUNICATIONS PRODUCTS REV. 0 



AD7002 
VOLTAGE REFERENCE 
The AD7002 contains an on-chip bandgap reference which pro
vides a low noise, temperature compensated reference to the IQ 
transmit DACs and the IQ receive ADCs. The reference is also 
made available on the REF OUT pin and can be used to bias 
other analog circuitry in the IF section. 

When both the transmit section and the receive section are in 
sleep mode (Tx SLEEP and Rx SLEEP asserted), the reference 
output buffer is also powered down by approximately 80%. 

PQFPPin 
Number 

POWER SUPPLY 
37 
38 

Mnemonic 

AVDD 

AGND 

PIN FUNCTION DESCRIPTION 

Function 

Positive power supply for analog section. This is +5 V±5%. 
Analog ground. 

4, 15 DV DD Positive power supply for digital section. 
5, 16 DGND Digital ground. 

ANALOG SIGNAL AND REFERENCE 

41 ITx 

39 QTx 

44 IRx 
42 QRx 

34 AUXDACI 

36 AUXDAC2 

35 AUXDAC3 

40 REF OUT 

. This output comes from a lO-bit DAC and is 
',", 1 -bit DAC is loaded with I data, which is 

el. This output comes from a lO-bit DAC and 
er. The 10-bit DAC is loaded with Q data, 

uxiIiary DAC. This is a voltage mode DAC with a 
high nce should be buffered if used to drive moderate impedance 
loads. 
Analog output voltage from the 10-bit auxiliary DAC. This is a voltage mode DAC with a 
high output impedance and hence should be buffered if used to drive moderate impedance 
loads. 
Analog output voltage from the 8-bit auxiliary DAC. This is a voltage mode DAC with a 
high output impedance and hence should be buffered if used to drive moderate impedance 
loads. 
Reference output; this is 2.48 volts nominal. 

TRANSMIT INTERFACE AND CONTROL 
7,11 

3 

2 

CLKl, CLK2 

TxCLK 

TxDATA 
TxSLEEP 

Master clock inputs for both the transmit and receive sections. CLKI and CLK2 must be 
externally hardwired together and driven from a 13 MHz TTL compatible crystal. 
Clock output from the AD7002 which can be used to clock in the data for the transmit sec
tion. 
Data input for the transmit section, data is clocked on the falling edge of Tx CLK. 
Sleep control input for transmit section. When it is high, the transmit section goes into 
standby mode and draws minimal current. 
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AD7002 
PQFPPin 
Number Mnemonic Fnnction 

RECEIVE INTERFACE AND CONTROL 
13 MODE Digital control input. When ffigh. (MODE 1), the I and Q outputs are on separate pins (Q 

12 

18 

19 

20 

21 
22 

23 

29 

27,24 

RATE 

RxDATA (I 
DATA) 

I1Q(Q 
DATA) 

RxSYNC 
RxCLK 
3-STATE 
CONTROL 
CAL 

MZERO 

RxSLEEP1, 

Rx SLEEP2 

DATA and I DATA). When Low (MODE 0), I and Q are on the same pin (Rx DATA). 

Digital control input. This determines whether the receive section interface operates at a 
word rate of 541.7 kHz or at a word rate of 270.8 kHz. When High (RATE I), the output 
word rate is 541.7 kHz. When Low (RATE 0), the output word rate is 270.8 kHz. 

This is a dual function digital output. When the device is operating in MODE 0, the Rx 
DATA (both I and Q) is available at this pin. When the device is operating in MODE 1, 
only I DATA is available at this pin. 

This is a dual function digital output. When the device is operating in MODE 0, it 
indicates whether I DATA or Q DATA is present on Rx DATA pin. In MODE 1, Q 
DATA is available at this pin. 

Synchronization output for framing I and Q data at the receive interface. 

Output clock for the receive section interface. 

This digital input controls the output 3-state drivers 
it is ffigh., the outputs are enabled. When Low 

Calibration control pin for digital filter 
master clock cycles, the receive se 
registers are updated, when 
subtracted out from s 

the receive section interface. When 
e in high impedance. 

en high, the receive section goes into 
EEP1 and Rx SLEEP2 must be externally 

AUXILIARY INTERFACE AND CONTROL 
32 AUX 

LATCH 

31 AUXCLK 

30 AUXDATA 
33 AUXFLAG 

TEST 
8,26 Test I, Test 2 

,. H ..... --~.., ~ . ~ 
4-T, ~-' .I.'(;DL';', A.Ci5L'" 

Qock input for the auxiliary DACs' 16-bit shift register. AUX DATA is latched on the 
falling edge of AUX CLK while AUX LATCH is low. 

Data input for the AUX DACs and the AUX FLAG serial interface. 

Digital output flag, this can be used as a digital control output and is controlled from the 
auxiliary serial interface. 

Test pins for factory use only. These pins should be left unconnected and not used as routes 
for other circuit signals. 
Test pins. Tnese must be tied to ground lor normal device operation . 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Single +5 V Supply 
2-Channel Sigma-Delta ADC 

2.33 MHz Sampling Rate 
Simultaneous Sampling 
Digital Filter 122 kHz Bandwidth) 

2-ChanneI10-Bit D/A Converters 
194.4 kHz Update Rate 
Simultaneous Update 
4th Order Bessel Low-Pass Filters 

3 Auxiliary D/A Converters 
Fast Interface Port 
Power Down Modes 
On-Chip Voltage Reference 
44-Pin PGFP 

APPLICATIONS 
TIA Digital Cellular Telephony 
Private Mobile Telephony 
Signal Generationl Acquisition 
FSK. PSK Demodulation 

OVDD 

DONO 

TXOATA 

TXCLK~~~ ____________________ '-I 

OACSELECT 

OAC STROBE V'~",-____ ..J 

3-STATE 
ENABLE 

R,CLK 

Rx DATA (I DATA) 

RxSYNC 

I/Q (Q DATA) 

RATE 

MODE 

OVDD DONO CAL CLK2 

LC2MOS 
Baseband lID Converter 

AD7005 I 
GENERAL DESCRIPTION 
The AD700S is a complete low power, two-channel, input! 
output port with signa! conditioning. The device is utilized as a 
baseband digitization subsystem performing signal conversion 
between the DSP and the IFIRF sections in the American digi
tal cellular telephone system. 

The transmit path contains two high accuracy, fast DACs with 
output reconstruction filters. The receive path is composed of 
two high performance sigma-delta ADCs with digital filtering. A 
common bandgap reference feeds the ADCs and signal DACs. 

AUX DACI to AUX DAC3) are included • 
FC, AGC and transmit power control. I 

for all mobile systems to use the lowest 
device has power down or sleep options. 

. . a! channels has an independent power 

J logic is contained on-chip. 

is housed in 44-pin PQFP. 

AVoD AOND 

ITX 

QTX 

IC1 

1C2 

lea 

IRX 

OC1 

QC2 

0C3 
20k 

QRX 

20k 

VREF 

Rx CLK1 MZERO Ax 
SLEEp, SLEEP. 
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AD7005 SPECIFIC.'JIONSl (AVDD = +5 V ± 5%; DVDD = +5 V ± 5%; AGND = DGND = 0 V. 
- " fcuu = fCLK2 = 2.33 MHz; TA = TM1" to TMAX• unless otherwise stated) 

Parameter 

ADC SPECIFICATIONS 
Resolution 
Signal Input Span 
Sampling Rate 
Output Rate 

Accuracy 
Integral 
Differential' 
Bias Offset Error @ + 25"(; 
TMlN to TMAX 

Input Reoistance (de) 

Input Capacitance 
Dynamic Specifications 

Dynamic Range 
Signal to (Noise + Distortion) 

Gain Match Between Channels 
Frequency Response 

0-17 kHz 
19kHz 
21 kHz 
35 kHz 
>97.6 kHz 

Group Delay Between Channels (0-21 kHz) 
Coding 
Absolute Group Delay Linearity (0-21 kHz) 
Power Down Option 

TRANSMIT DAC SPECIFICATIONS 
Resolution 
Number of Channels 
DC Accuracy 

Integral 
Differential 

Output Signal Span 
Output Signal Span Accuracy 
Offset Error 
Gain Matching between Channels 
Delsy Matching between I and Q Channels' 
Power Down Option 
Update Rate 
Transmit Filter Frequency Reoponse 

Attenuation at 19.4 kHz 
97.2 kHz 
194.4 kHz 

Spurious Output Spectra 

AUXILIARY DAC SPECIFICATIONS 
Resolution 
DC Accuracy 

Integral 
iju7erentiai 
Offset Error 
Gain Error 

LSB Size 
Output Signal Span 
Output Impedance 

Coding 
Power Down 

REFERENCE SPECIFICATIONS 
REF OUT, Reference Output 
REF OUT, Reference Output @ +25"(; 
Reference Temperature Coefficient 
Reference Variation' 
Output Impedance 

AD7oo5A 

12 
±1.l5 
2.33 
48.6 
97.2 

I 
0 
±IO 
±12 
40 
38142 
20 

64 
62 
±O.I 

±O.I 
-0.8 
-2.5 
-66 
-72 
50 

Twos Complement 
126 
Yes 

Yes 
194.4 

<3 
>18 
>46 
<50 

AUXI AUX2 AUX3 
9 10 8 

±4 ±4 ±2 
±I ±I ±I 
±2 ±4 ±I 
±4 ±4 ±2 
4.49 2.24 8.98 
o to VREF o to V"BF o to VREF 

10 10 10 
8 8 8 
Binary Binary Binary 
Yes Yes Yes 

2.212.3 
2.3 
TBD 
±5 
60 

Units Teat ConditionS/Comments 

Bits 
Volts Biased on VREF (2.3 V) 
MHz 
kHz RATE 0 
kHz RATE I 

LSB 

LSB After Calibration 
LSB After Calibration 
kG typ 
kG minimax 
pFmax 

dB min 
dB min 
dB max Input Frequency = 12.15 kHz 

dB max 
dB max 
dB max 
dB max 
dB max 

Monotonic 
2.3 V Nominal (10 k0/20 pF Load) 

kHz w.r.t. 2.3 V pk-pk 
000 000 Loaded to DAC 

kHz 

dBtyp 
dBtyp 
dBtyp 
dBetyp When Producing a Sine Wave of 12.15 kHz on 

Output with Receive Side Inactive and over the 
Frequency Band 0 MHz to 2.33 MHz 

Bits 

LSBmax 
LSBmax Guaranteed Monotonic 
LSBmax 
LSBmax 
mVtyp 
Volts Unloaded Output 
kG max AUX DACs Have Unbuffered Resistive Outputs. 
kGtyp 

Power Down Is Implemented by Loading All Os. 

V minlVmax RL = 100 kG, CL = I of 
Vtyp RL = 100 kG, CL = I of 
ppml"C typ 
mVmax 
Gtyp 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7005 
Parameter AD700SA Units Test Conditions/Comments 

LOGIC INPUTS 
V INH' Input High Voltage VDD - 0.9 V min 
V'NL' Input Low Voltage 0.9 V max 
I'NH' Input Current 10 .. A max 
CIN , Input Capacitance 10 pFmax 

LOGIC OUTPUTS 
V OH' Output High Voltage 4.0 V min iIoUTi s 200 ~ 
VOL' Output Low Voltage 0.4 V max ilouTi s 1.6 rnA 

POWER SUPPLIES 
AVDD 4.7515.25 VminIV max 
DVDD 4.7515.25 VminIV max 
IDD 

All Sections Active 25 rnA max 
ADC and Auxiliary Paths Active 13 rnA max Tx SLEEP = "I" 
Transmit DAC and Aux Paths Active 12 rnA max Rx SLEEP, = Rx SLEEP, = VDD 
Auxiliary Path Only Active 2 rnA max Tx SLEEP = "I"; Rx SLEEP, = Rx SLEEP, = VDD 

NOTES 
'Operating temperature ranges as follows: A Version: -4O"C to +85"C. 
'Unmeasurable: sigma.cJelta conversion is inherently free of differential non1inearities. 
'DefIned as the delay between V REF transition on the I and Q outpUt as each DAC is stepped from 113 to 
SpecifICations subject to change without notice. 

(T A = + 2S'C unless oth 

DVDDtoAGND 
AVDD to AG 
AGNDto 
Digi 

a 
Comme .... -40"C to +85°C 

Storage Tem ature ........ -65°C to + 15O"C 
Lead Temperature (Sold sees) ....•...... + 300°C 
Power Dissipation (Any Package) to +75°C .....•. 450 mW 
Derates Above +75°C by ..•......•........ 10 mWrC 

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

'Transient currents of up to 100 rnA will not cause SCR latcbup. 

CAUTION ______________________________________________ ___ 

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

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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A07005 
INPUT CLOCK TIMINGSPECIFICATIONS1 

(AVDD = +5 V ::t 5%; DVDD = +5 V ± 5%; AGND = DGND = D V; 
TA = TMI• to TMAl(, unless otheIWise stated) 

Limit at Limit at 
Parameter TA = 25"<: TA = -4O"C to +85"<: Units Desc:ription 

t, 300 300 nsmin CLK1, CLK2 Cycle Time 
t2 100 100 nsmin CLK1; CLK2 High Time 
t3 100 100 nsmin CLK1, CLK2 LOw Time 

AUXISIGNAL OAC TIMING (VDD Tx = VDD Rx = +5 V ::t 10%; Test = AGND = DGND Tx = DGND Rx = 0 V, unless other
wise stated) 

Parameter 

NOTES 

Limit at 
TA = 25"<: 

100 
4Of60 
60140 
40 
50 
50 
40 
16 (~+ ts) 
20 

20 

Limit at 
TA = -4O"C to +85°C 

100 
4Of60 
6Of4O 
40 
50 
50 
40 
16 (~ + ts) 
20 

20 

Units 

nsmin 
% max 
% max 
nsmin 

Desc:ription 

Tx CLOCK Cycle Time 
Tx CLOCK Duty Cycle 

DATA to Tx CLOCK Setup Time 
DATA to Tx CLOCK Hold Time 
OBE to Tx CLOCK Setup Time 
OBE to Tx CLOCK Hold Time 

STROBE Duration 
DAC SELECT to DAC STROBE 

pTime 
C SELECT ro DAC STROBE 

Hold Time 

1 All input signal rise and faD times measured 

~' 12 

CLK1, CLK2 (I) 

I. 

+2.1V 

Figure 1. Clock Timing Figure 2. Load Timing Circuit 

TxCLK 

DAC ----'---.I 
STROBE 

~--~~~~~r----v----,,--__ .rST--~r----'r----~----v-~-
DATA---;;J~~-1~---'\----J'----J~ST--j~----J~----I~----I'-;---

DAC ~~Ir-------------------------~T----------------------~~ 
SEum ~~~------------------------~T----------------------~LL 

Figure 3. Awe/Signal DAC Timing Diagram 

This information applies to a product under development. Its characteristics and specifications are subject to change without nolice. 
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AD7005 

RECEIVE SECTION TIMING 
(AVoo = +5 V ± 5%; DVoo = +5 V ± 5%; AGND = DGND = 0 V. feun = few= 2.33 MHz; 
T, = T MIN to T MAJ(' unless otherwise stated) 

Limit at Limit at 
Parameter TA = 2S"C TA = -4O"C to +SsoC 

t'4 0 0 
tIS 25 25 

t'6 0 0 
1St, 1St, 
39t, 39t, 

t'7 

56 56 
32 32 

t'8 
t, t, 
2t, 2t, 

t'9 
30 30 
90 90 

tzo 
30 30 
30 30 

tz, 25 25 
tzz 20 20 
tZ3 

t, 
2t, 

t24 
24t, 24t, 
12t, 12t, 
48t, 48t, 
24t, 24t, 

tzs 15 15 
t26 15 15 
tZ7 10 10 
t28 10 10 

CALIBRATION AND CONTROL TIMING 
Limit at Limit at 

Units Description 

nsmin Rx SLEEP Ho!d Time Mter CLK!, CLK2 High 
nsmin Rx SLEEP Setup Time Before CLK!, CLKl High 
nsmin Rx SYNC to Rx SLEEP asserted, See Note4 
nsmax RATE 0 
nsmax RATE! 

Rx CLK Active after CLK! Rising Edge 
Following Falling Edge of SLEEP 

ns RATE 0 
ns RATE 1 

Rx CLK Cycle Time 
ns MODE 0 
ns MODEl 

RxCLK 
nsmin MO 

from CLKl, CLKl High to Rx CLK High 
·d Prior to Rx CLK Falling. 

C High Pulse Width 

Cycle Time 
o RATE 0 

DE 0 RATE 1 
MODE 1 RATE 0 
MODE 1 RATE 1 

nsmin Rx DATA Valid After Rx CLK Rising Edge 
nsmax Propagation Delay from Rx CLK Rising Edge to I1Q 
nsmax Digital Output Rise Timez 

nsmax Digital Output Fall Time2 

IAVoo = +5 V ± 5%; DVoo = +5 V ± 5%; AGND Tx = AGND Hx = DGND = 
o V. feun• feLla = 2.33 MHz. VREf = 2.5 V; T, = TMI• to TMAJ(. unless 
otherwise stated) 

Parameter TA = 2S"C TA = -4O"C to +SS"C Units Description 

tZ9 25 25 nsmin RxSLEEProCALS~pTime 

t30 608t, 6OSt, nsmin CAL Pulse Width 
t31 25 25 nsmin RATE, MODE or 3-STATE ENABLE S~p Time 

NOTES 
'Sample tested at 2S'C to ensure compliance. All input signals are specified with tr ~ tf ~ S ns (10% to 90% of S V) and timed from a voltage level of 1.6 V. 
2Disital outpUt rise and fall times specify the time required for the output to go between 10% and 90% of S V. 
·S .. Figure 2 for Test Circuit. 
"'t'6 speciflOS a window, after Rx SYNC which marks the beginning of I data, where Rx SLEEP should be asserted for the current IQ data pair to be last prior 
to entering SLEEP mode. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7005 

PQFPPin 
Number Mnemonic 

POWER SUPPLY 
28 
37 
4,15 

7,16 

AVoo 
AGND 

DVoo 

DGND 

ANALOG SIGNAL AND REFERENCE 

5 ITx 

3 QTx 

39 IRX 
42,40 ICl,IC3 

41 IC2 

2 QRX 

43,1 QCl, QC3 

44 QC2 

34 AUXDACI 

36 AUXDAC2 

35 AUXDAC3 

38 REF OUT 

PIN FUNCTION DESCRIPTION 

Function 

Positive power supply for analog section. This is +5 V ± 5%. 

Analog ground. 

Positive power supply for digital section. This is +5 V ± 5%, both DVoo pins must be 
tied together. 

Digital ground; both DGND pins must be tied together. 

Analog output for the I (In-phase) channel. This output comes from a 10-bit DAC and is 
flltered by a 4th order Bessel low-pass fllter. 

Analog output for the Q (Quadrature) channel. This output comes from a 10-bit DAC and 
is flltered by a 4th order Bessel low-pass fllter. 
Analog input for the I receive channel. 

An external capacitor can be connected between the 
channel input conditioning circuit as a SaIl 
Otherwise these pins should be left 0 

two pins, in order to configure the I 
cond order low-pass fllter. 

An external capacitor can be 
channel input conditio 
Otherwise these p. 

these two pins, in order to confIgure the 
& Key second order low-pass fllter. 

in and AGND, in order to confIgure the 
& Key second order low-pass fllter. 

crrcuit. 
auxiliary DAC. This is a voltage mode DAC with a 

ence should be buffered if used to drive moderate impedance 

Analog output voltage from the 10-bit auxiliary DAC. This is a voltage mode DAC with a 
high output impedance and hence should be buffered if used to drive moderate impedance 
loads. 

Analog output voltage from the 8-bit auxiliary DAC. This is a voltage mode DAC with a 
high output impedance and hence should be buffered if used to drive moderate impedance 
loads. 
Reference output, this is 2.5 volts nominal. 

TRANSMIT AND AUXILIARY INTERFACE AND CONTROL 
0, jj CLKl,CLKl Master clock inputs for both the transmit and receive sections. CLKI and CLK2 must be 

externally hardwired together and driven from a 2.33 MHz TTL compatible crystal. 
31 

32 

30 

33 

DAC STROBE 

DACSELECT 

TxCLK 

TxDATA 

DAC latch strobe, digital input. When DAC STROBE is brought low, it enables the 
16-bit shift register to be loaded. On the rising edge of DAC STROBE, the contains of the 
shift register is transferred to either the I and Q-latches or to the auxiliary DAC latches, 
depending on DAC SELECT. 

DAC SELECT, digital input. DAC SELECT determines whether the transmit DACs or 
the auxiliary DACs are being updated when loading the 16-bit shift register. 

Transmit clock, digital input. Serial data bits are loaded into the 16-bit shift register on 
the rising edge of Tx CLK while DAC STROBE is low. 

Transmit data, digital input. This input is used in conjunction with Tx CLK and DAC 
STROBE to load the 16-bit shift register. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7005 
PQFPPin 
Number Mnemonic Function 

RECEIVE INTERFACE AND CONTROL 

13 

12 

18 

19 

20 

21 

22 

23 

29 

27,24 

TEST 

8,26 

14 

MODE 

RATE 

Rx DATA (I DATA) 

I/Q (Q DATA) 

RxSYNC 
RxCLK 

3-STATE CONTROL 

CAL 

MZERO 

Rx SLEEPl , Rx SL 

Test 1, Test 2 

Test 3 

Digital control input. When high (MODE 1), the I and Q outputs are on separate pins (Q 
DATA and I DATA). When low (MODE 0), I and Q are on the same pin (Rx DATA). 

Digital control input. This determines whether the receive section interface operates at a 
word rate of 97.2 kHz or at a word rate of 48.6 kHz. When high (RATE I), the output 
word rate is 97.2 kHz. When low (RATE 0), the output word rate is 48.6 kHz. 

This is a dual-function digital output. When the device is operating in MODE 0, the 
Rx DATA (both I and Q) is available at this pin. When the device is operating in MODE 
1, only I DATA is available at this pin. 

This is a dual-function digital output. When the device is operating in MODE 0, it 
indicates whether I DATA or Q DATA is present on Rx DATA pin. In MODE 1, Q 
DATA is available at this pin. 

Synchronization output for framing I and Q data at the receive interface. 

Output clock for the receive section interface. 
This digital input controls the output 'vers on the receive section interface. When 

ey are in high impedance. it is high, the outputs are enable 

Calibration control pin for 
master clock cycles, 
registers are upd 
are subtra 

. When brought high, for a minimum of 608 
a calibration cycle. Where I and Q offset 

t low again, with offset values which 
ns. CAL should remain low during 

g modulator input is internally grounded (i.e. 
·th CAL, allows on-chip offsets to be calibrated 

on. When high, the receive section goes into 
urrent. Rx SLEEPl and Rx SLEEPz must be 

normal device operation. 

Test pins for factory use ouly. These pins should be left unconnected and not used as 
routes for other circuit siguals. 

Test pin. These must be tied to ground for normal d~vice operation. 

PIN CONFIGURATION 

QC31 
aRX 2 
aTX 3 

DVDD 4 

ITx 5 

NC 6 
DGND 7 
ClK18 

TEST1 9 
NC10 

ClK211 

AD7005 
TOP VIEW 

(Not to Scale) 

33 Tx DATA 
32 DAC SELECT 
31 DAC STROBE 
30 Tx ClK 
29 MZERO 
28 AVOD 

27 RxSLEEP1 
26 TEST 2 
25 NC 
24 Rx SLEEP2 
23 CAL 
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AD7005 
TERMINOLOGY 
Signal Input Span 
The input signal range for the I and Q channels is biased about 
V REp. It can go ± 1.25 volts about this point. 

Sampling Rate 
This is the rate at which the sigma-delta modulators on the 
receive channels sample the analog input. 

Output Rate 
This is the rate at which data words are made available at the 
Rx DATA pin (Mode 0) or the I DATA and Q DATA pins 
(Mode 1). There are two rates: RATE 0 and RATE 1. When 
operating in RATE 1 the output word rate is equal to 97.2 kHz, 
and is equal to 48.6 kHz for RATE o. 
Integral Nonlinearity 
This is the maximum deviation from a straight line passing 
through the endpoints of the DAC or ADC transfer function. 

Differential Nonlinearity 
This is the difference between the measured and the ideal 
1 LSB change between any two adjacent codes in the DAC or 
ADC. 

Bias Offset Error 
This is the offset error (in LSBs) in the ADC section. 

Dynamic Range 
Dynamic~istheratiomthemaximumou 
the amallest output signal the converter can 
expressed logarithmically, in decibels 
an N -bit converter, the ratio is theore 
2N (in dB, 20Nlog10(2) = 6.02N). How , 
value is degraded by converter noise and inac 
LSB weight. 

Signal to (Noise + Distortion) Ratio 
This is the measured ratio of signal to (noise + distortion) at the 
output of the receive channel. The signal is the rms amplitude 
of the fundamental. Noise is the rms sum of all nonfundamental 
signals up to half the sampling frequency (fsl2), excluding dc. 
The ratio is dependent upon the number of quantization levels 
in the digitization process; the more levels, the smaller the 
quantization noise. The theoretical signal to (noise + distortion) 
ratio for a sine wave is given by: 

Signal to (Noise + Distortion) = (6.02N + 1.76) dB 

& .......... 1_ .. _ ~_ .. __ .... _1 __ _ 
............... _ ..... _""UI" - ... &03 

Absolute group delay is the rate of change of phase versus fre
quency, dO/df. It is expressed in microseconds. 

Group Delay Linearity 
The group delay linearity or differential group delay is the 
group over the full band relative to the group delay at one par
ticular frequency. The reference frequency for the AD7005 is 
1 kHz. 

Group Delay Between Channels 
This is the difference between the group delay m the I and Q 
channels and is a measure of the phsse matching characteristics 
of the two. 

Settling Time 
This is the digital filter settling time in the AD7005 sigma-delta 
modulator section. On initial power up or after returning from 
the Sleep mode, it is necessary to wait this amount of time to 
get useful data. 

Output Signal Span 
This is the output signal range for the transmit chsnnel section 
and the auxiliary DA n. For the transmit channel, the 
span is ± 1.25 on 2.5 volts and for the auxiliary 
DAC sectio 

Accuracy 
full-scale output (all Is loaded to the 

and is expressed in dBs. 

of the output error between an ideal DAC and 
evice output with allIs loaded after offset error has 

djusted out and is expressed in LSBs. In the AD7005, 
error is specified for the auxiliary section. 

Output Impedance 
This is a measure of the drive capability of the auxiliary DAC 
outputs and is expressed in kOso 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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CIRCUIT DESCRIPTION 
TRANSMIT SECTION 
The transmit section of the AD700S performs the baseband con
version of I and Q CIn phase and Quadrature) waveforms for the 
TIA Digital cellular communications system. The transmit chan
nel consists of two 10-bit DAGs, followed by 4th order Bessel 
reconstruction filters. 

Transmit DACs 
The IO-bit DAGs can be used to perform the conversion of I 
and Q waveforms when implementing '1t/4 DQPSK modulation 
in accordance with the TIA digital telephony standard. When 
Tx SLEEP is set CDBl3 = "I''), the transmit section powers 
down, with the I Tx and Q Tx outputs connected to V REF 

through a nominal impedance of 80 ItO. 

Reconstruction Filters 
The reconstruction fIItets smooth the DAG output signals, 
providing continuous time I and Q waveforms at the output 
pins. These are 4th order Bessel low-pass fIItets with a cut-
off frequency of approximately 19.4 kHz. Figure S shows a 
typical transmit filter frequency response, while Figure 6 shows 
a typical plot of group delay vetsus frequency. The flltets are 
designed to have a linear phase response in the passban 
due to the reconstruction fIItets' being on-chip, the p 
mismatch between the I and Q transmit 
minimum. 

DAC "EL~ECl'_-' 

DACLATCH 

Tx eLK ---L./ 
TxDATA -------1 

AD7005 
Digital Interface 
Mode 0 Interfacing, DAC SELECT = "0" 
In Mode 0 interfacing, both the transmit DAGs and auxiliary 
DAGs can be updated using a three-pin serial interface. The 
16-bit serial register is organized into a data field CDBO-DB9) 
and a control field CDBIO-DBIS). Data is clocked into a 16-bit 
shift register on the rising edge of each Tx GLK, MSB first, 
and is framed by the DAG STROBE signal. On loading the 
16-bit serial register, the DAG STROBE signal is brought high, 
preventing any further clocking of the serial register and updates 
the selected latch. Gontrol bits DB13-DBIS relate to the trans
mit I and Q transmit DAGs, and DBl3 determines whether the 
transmit section is active CDBl3 = 0) or in sleep mode CDBl3 
= 1), while control bits DBI4 & DBIS relate to the individual 
loading of the I and Q IO-bit latches. 

usly update the I and Q latches, a buffer 
porarily store the contains for the Q latch. 

DBIS = 0, the contains of the data field 
ed to a Q-buffer latch. When DBI4 = 1 

ontains of the data field is transferred to 
taneously, the contains of the Q-buffer 

Q latch on the rising edge of DAG 
tain simuitaDeous loading of the I and Q 

st first load the Q buffer, then load the I latch. 

Figure 4. Logical Representation of the Transmit/Auxiliary Interface when DAC SELECT is Low 
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Figure 5. Transmit Filter Frequency Response 

Mode 1 Interfacing, DAC SELECT = "1" 
Mode 1 interfacing provided direct access to the transmit DACs 
but only 8 of the 10 bits are available. If the DAC SE:L.ECT pin 
is high prior to DAC STROBE falling then the 16-bit serial reg
ister is organized as two 8-bit words. The lower 8 bits 
(DBO-DB7) are mapped to the I DAC and the hi 
(DB8-DBI5) are mapped to the Q DAC. The 
DAC are internally grounded. Data is I 
DATA and Tx CLK pins, as illustra 
clocked into a 16-bit shift register on 
CLK, MSB f1l'St, and is framed by the 

DAC ""'-EI>T_r-:::::--J 

TlICLK--_",,-
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Figure 6. Transmit Filter Group Delay 

e 0 interfacing, the transmit 
mode by setting a control bit (DB13) 

register when in Mode 0 (DAC SELECT 

TlIDATA------t _________________ ~ 

Figure 7. Logicai RepresentatIon Of the Transmit Interface when DAC SELECT is High 
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RECEIVE SECTION 
INPUT CONDITIONING CIRCUIT 
An input conditioning circuit, one for each channel, is provided 
so that antialiasing filters can be implemented on-chip, if required, 
and they can also be used to provide additional attenuation near 
the passband of the digital filter. The input conditioning circuits 
can be configured as a second order low-pass Sallen and Key 
active filter with the addition of only two external capacitors. 
They can also be confIgured as noninverting buffers by simply 
not connecting any external components. Figure 8 shows typical 
capacitor values, while Figures 9 and 10 show the frequency 
response and group delay for these capacitor values. 

IRXOR 10kU 
QRX 

INPUTS 

Figure 8. Equivalent Circuit for 

SIGMA-DELTA ADC 
rsi 

technique that provides a high resolution lZ-bit tput for bo 
I and Q channels with system filtering being implemented 
on-chip. 

The output of the switched capacitor fllter is continuously sam
pled at 1.165 MHz (master clocklZ), by a charge-balanced mod
ulator, and is converted into a digital pulse train whose duty 
cycle contains the digital information. Due to the high oversam
piing rate, which spreads the quantization noise from 0 to 
58Z.5 kHz (FslZ), the noise energy contained in the band of 
interest is reduced (Figure lla). To reduce the quantization still 
further, a high order modulator is employed to shape the noise 
spectrum, so that most of the noise energy is shifted out of the 
band of interest (Figure llb). 

The digital fllter that follows the modulator removes the large 
out-of-band quantization noise (Figure llc), while converting 
the digital pulse train into para1lel lZ-bit-wide binary data. The 
lZ-bit I and Q data are made available, via a serial interface, in 
a variety of formats. 

Digital Filter 
The digital filters used in the AD7005 receive section carry out 
two important functions. First, they remove the out-of-band 
quantization noise which is shaped by the analog modulator. 
Second, they are also designed to perform system level flltering, 
providing excellent rejection of the neighboring channels. 
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ncy Response for Capacitors Values 
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Figure 10. Absolute Group Delay for Capacitors Values 
Shown 

BAND OF INTEREST 

Figure 11. a) Effect of High Oversampling Ratio. 
b) Use of Noise Shaping to Further Improve SNR. 
c) Use of Digital Filtering to Remove the Out of Band 
Quantization Noise. 
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Figure 12. Frequency Response of the Receive Digital 
Filter 

Digital f1ltering has certain advantageS over analog f1ltering. 
First, since digital f1ltering occurs after the AID conversion pro
cess, it can remove noise injected during the conversion process. 
Analog f1ltering cannot do this. Secondly, the digital f1lter com
bines low passband ripple with a steep roll off, while also main
taining a linear phase response. This is very difficult to 
with analog f1lters. 

However, analog f1ltering can remove noise s 
analog signal before it reaches the 
do this and noise peaks riding on s' 
the potential to saturate the analog mod 
average value of the signal is within limits 
problem, the AD700S has overtange headroom b . 
sigma-delta modulator and digital f1lter which allows 
excursions of 100 mY. 

Filter Characteristics 
The digital f1lter is a 288-tap FIR f1lter, clocked at half the mas
ter clock frequency. The frequency response is shown in Figure 
12. The 3 dB point is at 22 kHz. The digital f1lter has a linear 
phase response with an absolute group delay of 123.6 IJ.S 
(144 x 2t1). 

Due to the low-pass nature of the receive f1lrers, there is a set
tling time associated with step input functions. Output data will 
not be meaningful until all the digital f1lter taps have been 
lc::d:d n1th data OAillpks tdk.;u &fig UlC ~icp ciJ.ange. Hence, 
the AD700S digital f1lters have a settling time of 247.2 .... s 
(288 x 2t1). 
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01 ..• 110 

w 00 ..• 001 

8 00 ••. 000 ___________ _ 

g 11 ••. 111 
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11 ... 110 

10 •.. 00:L: 
10 ••• 000 
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VIN·INPUTVOLTAGE 
'''>uLLOCALE 

Figure 13. ADC Transfer Function for I and Q 
Receive Channels 

. . tallow-pass f1lter section has an offset 
register can be made to contain a value 

the de offset of the preceding analog circuitry. In 
operation, the value stored in the offset register is sub

tracted from the f1lter output data before the data appears on 
the serial output pin. By so doing, the de offset gets cancelled. 

In each channel the offset register is cleared (twos complement 
zero) when CAL is high and becomes loaded with the first digi
tal f1lter result after CAL falls. This result will be a measure of 
the channel de offset if the analog channel is switched to zero 
prior to CAL falling. Time must be provided for the analog cir
cuitry and the digital f1lter to settle after the analog circuitry is 
switched to zero and before CAL falls. The offset register will 
then be loaded with the proper representation of the de offset. 

RxSLEEP, \ I 

Rx~~ ____ ~~~_t-UJ=-~~-~-===: __ _ 
____ )_~_F= ______________ __ RATE. MODE, 

$-STATE CONTROL 

Figure 14. Calibration and Control Timing 
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CAL must be high for more than 608 master clock cycles 
(CLKI, CLK2). If the analog channels are switched to zero 
coincident with CAL rising, this time is also sufficient to satisfy 
the settling time of the analog sigma-delta modulators and the 
digital filters. CAL may be held high for an unlimited time if 
convenient or necessary. Only the digital result following the fall 
of CAL will be loaded into each offset register. After CAL falls, 
normal operation resumes immediately. 

The offset registers are static and retain their contents even dur
ing sleep mode (Rx SLEEPI and Rx SLEEPz high). They need 
only be updated if drifts in the analog dc offsets are experienced 
or expected. However, on initial application of power to the dig
ital supply pins the offset registers may contain grossly incorrect 
values, and therefore calibration must be activated at least once 
after power is applied even if the facility of calibration is not 
regularly used. 

The MZERO pin can be used to zero the sigma-delta modula
tors if calibration of preceding analog circuitry is not required. 
Each analog modulator has an internal analog multiplexer which 
is controlled by MZERO. With MZERO low, the modulator 
inputs are connected to the IRx and QRx pins for normal ope 
tion. With MZERO high, both modulators inputs are 
to the REF OUT pin, which is analog ground for the 
tors. Typically, the CAL and MZERO pins 
together and driven by the same digital . 
external analog circuitry is desi 
during the calibration cycle. 

The offset registers have enough 0 

any dc offset between ±S V. However, th 
sigma-delta modulators will degrade if full-scale with 
more that 100 m V of offset are experienced. If large offsets are 
present, these can be calibrated out, but signal excursions from 
the offsets should be limited such that the I Rx and Q Rx volt
ages remain within ±1.3S VofVREF• 

Digital Interface 
A flexible serial interface is provided for the AD700S receive 
section. Four basic operating modes are available. Table I shows 
the truth table for the different serial modes that are available. 
The MODE pin determines whether the I and Q serial data is 
made available on two separate pins (MODE 1) or, combined 
on to a single output pin (MODE 0). The RATE pin determines 
whether I and Q receive data is provided at 97.2 kHz (RATE 
1) or at 48.6 kHz (RATE 0). 

When the receive section is put back into sleep mode, by bring
ing Rx SLEEP I and Rx SLEEP z high, the receive interface will 
complete the current IQ cycle before entering into a low-power 
sleep mode. 

MODE 0 RATE 1 Interface 
The timing disgram for the MODE 0 RATE 1 receive interface 
is shown in Figure 15. It can be use to interface to DSP proces
sors requiring the use of only one serial port. 

When using MODE 0, the serial data is made available on the 
Rx DATA pin, with the I1Q pin indicating whether the 12-bit 
word being clocked out is an I sample or a Q sample. Although 
the I data is clocked out before the Q data, internally both sam
ples are processed together . RATE 1 selects an output word rate 

AD7005 
of 97.2 kHz, which is equal to the master clock (CLKI, CLK2) 
divided by 24. 

When the receive section is brought out of sleep mode, by 
bringing Rx SLEEPI and Rx SLEEPzlow, (after 32 master 
clock cycles) the Rx CLK output will continuously shift out I 
and Q data, always beginning with I data. Rx SYNC provides a 
framing signal that indicates the beginning of an I or Q, 12-bit 
data word that is valid on the next falling edge of Rx CLK. On 
coming out of sleep, Rx SYNC goes high one clock cycle before 
the beginning of I data, and subsequently goes high in the same 
clock cycle as the last bit of each 12-bit word (both I and Q). 
Rx DATA is valid on the falling edge ofRx CLK and is clocked 
out MSB fIrst, with the I1Q pin indicating whether Rx DATA is 
I data or Q data. 

MODE 0 RATE 0 Interface 
Figure 16 shows ive timing diagram when MODE 0, 
RATE 0 is . , I and Q data are shifted out on the 
Rx DA A the output word rate is reduced to 
48 equal to the master clock (CLKI, CLK2) 

is brought out of sleep mode, (after 
the Rx CLK output becomes active and 

C framing pulse on the fIrst Rx CLK. This 
2 continuous clock cycles during which the I 
ut on the Rx DATA pin. Following, the 

high for 11 master clock cycles before clocking 
exactly the same manner. 

IS valid on the falling edge of Rx CLK with the I1Q 
·cating whether Rx DATA is I data or Q data. 

MODE 1 RATE 1 Interface 
Figure 17 shows the timing for MODE 1 RATE 1 receive digi
tal interface. MODE 1 RATE 1 gives an output word rate of 
97.2 kHz, but I and Q data are transferred on separate pins. I 
data is shifted out on Rx DATA (I DATA) pin and Q data is 
shifted out on the I/Q (Q DATA) pin. RATE 1 selects an out
put word rate of 97.2 kHz (this is equal to the master clock 
divided by 24). 

When the receive section is brought out of sleep mode, by 
bringing Rx SLEEPI and Rx SLEEPzlow, (after 32 master 
clock cycles) the Rx CLK output will continuously shift out I 
and Q data, on separate pins. Rx SYNC provides a framing sig
nal that is used to indicate the beginning of both the I and Q, 
12-bit data word that is valid on the next falling edge of 
Rx CLK. On coming out of sleep, Rx SYNC goes high one 
clock cycle before the beginning of I data, and subsequently 
goes high in the same clock cycle as the I and Q LSBs. It takes 
24 Rx CLKs (excluding the fIrst framing pulse) to complete a 
single I1Q cycle. I DATA and Q DATA is valid on the falling 
edge of Rx CLK and is clocked out MSB fIrst. 

MODE 1 RATE 0 Interface 
Figure 18 shows the receive tinting disgram when MODE 1 
RATE 1 is selected. MODE I RATE 1, again I and Q data are 
transferred on separate pins. I data is shifted out on Rx DATA 
(I DATA) pin and Q data is shifted out on the I1Q (Q DATA) 
pin. The output word rate is reduced to 48.6 kHz, which is 
equal to the master clock (CLKl, CLK2) divided by 48. 
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Figure 16. Mode 0, Rate 0 Receive Timing 
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Figure 18. Mode 1, Rate 0 Receive Timing 
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AD7005 
Once the receive section is brought out of sleep mode, and after 
56 master clock cycles, the Rx CLK output becomes active and 
generates an Rx SYNC framing pulse on the first Rx CLK. This 
is followed by 12 continuous clock cycles during which both the 
I and Q data is shifted out on I DATA and Q DATA pins. Fol
lowing this the Rx CLK remains high for 22 master clock cycles 
before clocking out the next I1Q data pair. 

AUXILIARY DACs 
The auxiliary DAC section provides three DACs for extra 
control functions like Automatic Gain Control, Automatic 
Frequency Control or ramping up/down the RF amplifter. 
The three auxiliary DACs: AUX DACl, AUX DAC2 and 
AUX DAC3, have resolutions of 9, 10 and 8 bits, respectively. 
Each auxiliary DAC can be powered down independently 
of the others and independently of either the transmit or receive 
section. 

R R R R R 

2R 2R 2R 

VREF o-f-I---'-Ht-----f-+-H>--+ 
AGND04~~-~-----4-~~~ 

The AD7005 AUX DACs are voltage mode DACs, 

AUXDACl 

R-2R ladder networks (Figure 19), constructed from 'ghly sta
ble thin-films resisters and high speed single pole, double-throw 
switches. This design architecture leads to very low DAC cur
rent during normal operation. However, the AUX DACs have a 
high output impedance (typical 8 kn) and hence require exter
nal buffering. The AUX DACs have an output voltage range of 
OV to VREF -1 LSB. Each AUX DAC can be individually 
entered into low power sleep mode simply by loading all zeros 
to that particular AUX DAC. This does not affect the normal 
operation of AUX DACs, as all zeros represent the DAC code 
where no currents flow in the R-2R ladder. 
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Figure 20. Typical Plot of the REFOUT Voltage versus 
Temperature 

plished via the same l6-bit shift 
e transmit DACs. When loading any 

e DAC SELECT signal must be low. 
the serial interface when DAC 

ial word is organized as a data 
ed with control field (DBlO-DB13). 

, or 10 bits wide, depending on the AUX 
. The control bits indicate which AUX DACs 

10-DB12), where DBlO, DBll & DB12 
AUX DAC2 & AUX DAC3, respectively. 

s are active high and, since a control bit has 
to each AUX DAC, this facilitates the simulta

oading of several AUX DACs. 

VOLTAGE REFERENCE 
The AD7005 contains an on-chip bandgap reference that pro
vides a low noise, temperature compensated reference to the I1Q 
transmit DACs and the I1Q receive ADCs. The reference is also 
made available on the REF OUT pin and can be used to bias 
other analog circuitry in the IF section. 

When both the transmit section and the receive section are in 
sleep mode (Tx SLEEP and Rx SLEEP asserted), the reference 
output buffer is also powered down by approximately 80%. 

Table I. Truth Table for the Mode and Rate Pins 

Mode Rate Data Format Output Word Rate 

0 0 IQData I1Q 48.6 kHz 
0 1 IQ Data I1Q 97.2 kHz 

1 0 I Data QData 48.6 kHz 

1 1 I Data Q Data 97.2 kHz 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
32-Bit Phase Accumulator 
10-Bit Analog DAC Output 
50 MHz Clock 
20 MHz Output Capability 
Frequency, Phase and Amplitude Modulation 
Full AM Quadrature Modulator for SSB 
Unused Section Power Down 
Bit Serial or Parallel Control Interface 
Single +5 V Supply 
Low Power 
TTL/5 V CMOS Compatible Logic Inputs 
8-I1fl-Bit Microprocessor Interface 
44-Pin PQFP 

GENERAL DESCRIPTION 
The AD7008 direct digital synthesis chip is a 
trolled oscillator employing a 32-bit p 
10-bit D/A converter integrated on 
!ation capabilities are provided for 
modulation, and both in-phase and 
!ation suitable for SSB generation. 

CLOCK 

FSELECT 

GND 

CMOS 
DDS IF Modulator 

AD7008 I 
Clock rates up to 50 MHz are supported, yielding usable analog 
outputs up to about 20 MHz. Frequency accuracy can be con
trolled to one part in 4 billion. Modulation is controlled by load
ing registers either through the parallel microprocessor interface 
or the serial interface. A frequency select pin permits selection 
between two frequencies on a per cycle basis. 

An amplitude modulator contains two mUltipliers fed with sine 
and cosine values from a ROM lookup table, and with ampli
tude values loaded from either the parallel or serial ports. When 
loaded with qua data, the sum of the two multipliers pro
vides a SSB 

interfaces may be operated independently 
from the DDS clock; the transfer control 
synchronized to prevent metastability prob
er can be bypassed to reduce the transfer 

the microprocessor clock is synchro
clock. 

pin allows external control of a power-down 
so accessible through the microprocessor interface). The 

justed for speed and power through a single 

IREF 

> ..... -~CDMP 

lOUT 

L...._...J ...... ""lOUT 

SCLK~~~--~----------~~-----m-A-N-s-FE-R--, 
SDATA y-...... ~=======~ AND 

L.z----------..;.;.;.....,r.n.l... ...... CONTROL LOGIC 

AD7008 

DO WR CS TCO TC3 TE TEST RESET 
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AD7008 -SPECIFICATIONS1 (VDD +5 V ± 5%; TA = TMIN to TMAX• unless otherwise stated) 

Parameter 

SlGNAL DAC SPECIFICATIONS 
Resolution 
Number of Cbannels 
Update Rate 

. DC Accuracy 
Integral Nonlinearity 
Differential Nonlinearity 

Dynamic Specifications 
Signa1-to-Noise Ratio 
Total Harmonic Distortion 
Peak Spurious Noise 

Coding 
Power-Down Qption 

LOGIC INPUTS 
V'NH' Input High Voltage 
V'NL' Input Low Voltage 
I'NH' Input Current 
C'N' Input Capacitance 

LOGIC OUTPUTS 
VOH' Output High Voltage 
VOL> Output Low Voltage 

POWER SUPPLIES 
Voo 
100 

Norinal Operation 
Low Power Sleep Mode 

NOTE 
'Operating temperature ranges as follows: A Version; -
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 2S'C unless otherwise noted) 

AD7008A 

10 
1 
50 

±1 
±1 

TBD 
TBD 
TBD 
Binary 
Yes 

Voo -0.9 
0.9 
10 
10 

4.0 
0.4 

Voo TX, Voo, RX to AGND .......... -0.3 V to +6 V 
AGND to DGND .............. , .. -0.3 V to +0.3 V 
Digitial 1/0 Voltage to DGND ...... ~0.3 V to Voo +0.3 V 
Analog 1/0 Voltage to AGND ...... -0.3 V to Voo +0.3 V 
Operating Temperature Range 

Industrial (A Version) ............... -25°C to +85°C 
Storage Temperate Range ............. -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ............ + 300°C 
Power Dissipation (Any Package) to +75°C ....... 450 mW 
D~r:::!:~:; ... "",bc;·c : 75°(,: ...............•.• by Hi mwr-c 

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

Units 

Bits 

MSPS 

LSB max 
LSB max 

dB min 
dB min 
dB min 

V min 

DGNO 1 
082 
093 

0104 
0115 
.... e; u 

0137 
0148 
0159 
WR10 

VDDII 

Test Conditions/Comments 

II0UTI s: 40 f.lA 
IIoUTI s: 1.6 rnA 

SLEEP = OV 
SLEEP = Voo 

PIN CONFIGURATION 

.. ClCIC~ 

~U ,:~I~ U ~ bl m 
;CIl':t$lllln:I!I;I; 

33 VDD 
32 RESET 
31 SLEEP 

AD700SPQFP 
30TE 
29 TC3 
26 IC;,! 

TOP VIEW 'E1 TCI 
(Not to SCale) 26 TCO 

25 FSELECT 
24 CK 
23 OGNO 

!i! 8 Q S S 11 8 8 S If! II 
co > 
CI 

CAUTION ______________________________________________ ___ 

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

WARNING! ~ 

~~EDEVICE 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
RS-232 and RS-422 on One Chip 
Single +5 V Supply 
0.1 ",F Capacitors 
Short Circuit Protection 
Excellent Noise Immunity 
Low Power BiCMOS Technology 
High Speed, Low Skew RS-422 Operation 

APPLICATIONS 
DTE-DCE Interface 
Packet Switching 
Local Area Networks 
Data Concentration 
Data Multiplexers 
Integrated Services Digital Network (ISDN) 

GENERAL DESCRIPTION 
The AD7306 line driver/receiver is a 5 V 
which provides an interface betw 
standard EIA RS-232IRS-422 si 
two RS-232 drivers, one RS-422 
and one receiver which can be confi 
as RS-422. 

An internal charge pump voltage converter facilitates operatio 
from a single +5 V power supply. The internal charge pump 
generates ± 10 V levels allowing RS-232 output levels to be 
developed without the need for external bipolar power supplies. 

A highly efficient charge pump design allows operation using 
non polarized, miniature 0.1 j.LF capacitors. This gives a consid
erable saving in printed circuit board space over conventional 
products which use up to 10 j.LF capacitors. The charge pump 
output voltages may also be used to power external circuitry 
which requires dual supplies. 

+5 V Powered 
RS-232, RS-422 Transceiver 

AD7306 I 
FUNCTIONAL BLOCK DIAGRAM 

+5Vto+10V 
VOLTAGE DOUBLER 

T1OUT)::~ 
~--+-~T2 OUT 

1'3 OUT(B~ RS.422 

1....,~---I-.1'3OUT(AJ OUTPUT 

) RS·232 I---+-.... R2'N INPUT 

~ RII-232I 
1-...... -+.... R11N IR1'N (A) RII-422 

INPUT 

O~I-"'-!l'-.r--t- R11N(B0 RS-422 :J INPUT 

S-232 channels are suitable for communications rates up 
to 60 kHz and the RS-422 channels are suitable for high speed 
communications up to 500 kHz. The RS-422 transmitter com
plementary outputs are closely matched and feature low timing 
skew between the complementary outputs. This is often an 
essential requirement to meet tight system timing specifications. 

All inputs feature ESD protection, all driver outputs feature 
high source and sink current capability and are internally pro
tected against short circuits on the outputs. An epitaxial layer is 
used to guard against latch-up. 

The part is available in 24-pin DIP and sOle packages. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7306 SPECIFICATIONS (Vee = +5 V ± 5~. Cl = C2 = C3 = C4 = 0.1 "F. All specifications TMIN to 
- . TMAX unless otherwise noted.) 

Parameter Min Typ Max Units Test Conditions/Comments 

RS-232 DRIVER 
TIL Input Logic Threshold Low, VINL 1.4 0.8 V 
TIL Input Logic Threshold High, VINH 2.0 1.4 V 
Input Logic Current 5 20 I1A 
RS-232 High Level Output Voltage 5.0 7.3 V RL =3kO 
RS-232 Low Level Output Voltage -5.0 -6.5 V RL =3kO 
Output Shon Circuit Current ±S ±12 mA VOUT=OV 
SlewRste 4 IS 30 V/fJ.s CL = 2500 pF, RL = 3 kO 
Output Resistance (Powered Down) 300 0 Vc;c = V+ = V- = OV, VOUT = ±3V 

RS-232 RECEIVER 
Input Voltage Range -IS +15 
RS-232 Input Threshold Low +0.8 +1.3 
RS-232 Input Threshold High 1.7 +2.4 
RS-232 Input Hysteresis 0.1 0.4 1.0 
RS-232 Input Resistance 3 5 7 
TIL Output Voltage Low, VOL 0.2 0.4 Vc;c = +5 V, loUT = +4 mA 
TIL Output Voltage High, VOH 3.5 4.8 = +5 V, loUT = -4mA 
Output Shon Circuit Current s VOUT s Vc;c 

RS-422 DRIVER 
TIL Input Logic Threshold Low, V INL 
TIL Input Logic Threshold High, V INH 2.0 
Logic Input Current 

Differential Output Voltage 

Common-Mode Output Voltage 
a VOUT for Complementary OIP Stat RL = 100 0 
Output Shon Circuit Current -IVSVCMR S+7V 

RS-422 RECEIVER 
Common-Mode Voltage Range Typical RS-422 Input Voltage <5 V 
Differential Input Threshold Voltage 
Input Voltage Hysteresis 70 mV VCM = OV 
Input Resistance 3 5 7 kO 
TIL Output Voltage Low, VOL 0.4 V lOUT = +4.0 mA, Vc;c = 5 V 
TIL Output Voltage High, VOH 3.5 V lOUT = -4.0 mA, Vc;c = 5 V 
Shon Circuit Output Current ±7 ±8S mA VOUT = GNDorVc;c 

POWER SUPPLY CURRENT 

Icc 18 30 mA Outputs Unloaded 

CHARGE PUMP VOLTAGE GENERATOR 
V+ Output Voltage 7.8 8.8 V lOUT = OmA 

7.3 8.2 V TG= = ~ mA 

6.8 7.4 V lOUT = 10mA 
5.8 6.6 V lOUT = 15 mA 

V- Output Voltage -7.3 -8.6 V lOUT = OmA 
-6.3 -7.3 V lOUT = -5 mA 

Generator Rise Time 200 fJ.S 
Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7306 

TIMING SPECIFICATIONS ~~:s; O::!i: ~~:.: = C2= C3 = C4 = 0.1 .... F. All specifications TMI" to TMAl( 

Parameter 
Switching Characteristics 
Propagation Delay RS-422 
TTUCMOS to RS-422 tPLH 
TTUCMOS to RS-422 tPHL 
RS-422 OIP to OIP tSKEW 
Driver Rise/Fall Time tR, tF 

RS-422 Receiver 
Input to Output tpLH, tpHL 
RS-232 Disable to RS-422 Enable tENl 
RS-422 Disable to RS-232 Enable tEN2 
Baud Rate 

RS-232 
RS-422 

2.5V----, 

INPUT (Jll.iii) 

-.2.5V----I'--------

vOH ----"\. 

OUTPUT (RO) 

VOL------'-----~ 

Min 

57.6 
500 

Typ 

35 
35 
5 
15 

llO 
25 
25 

Max Units 

100 ns 
100 ns 
10 ns 
40 ns 

200 ns 
100 ns 
100 ns 

kHz 
kHz 

tSKEW 

~-~V~DI-FF-=~V-~--~V~~--~~~ ~PO~T 

..j~PO~ 
tF 

Figure 2. RS-422 Transmitter Timing 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7306 
ABSOLUTE MAXIMUM RATINGS· 
(T A = 25'C unless otherwise noted) 

Vee ..•.....•.•.•.........•........... +7V 
V+ ...................... (Vee -0.3 V) to + 13.2 V 
V- .......••................. +0.3 V to -13.2 V 
Inputs 

TIIN, T21N ......................... V- to V+ 
T31N ...•.•.•.•.•.•....... -0.3 V to Vee + 0.3 V 
RIIN AlB, R21N ....•.......•.•... -25 V to +25 V 
SEL ...................... -0.3 V to Vee +0.3 V 

Outputs 
TlOUT ,T2oUT ......... (V+, +0.3 V) to (V-, +0.3 V) 
T30UT(A), (B) ................... -15 V to + IS V 
RloUT, R20UT ...........•. -0.3 V to (Vee + 0.3 V) 

Short Circuit Duration 
ToUT ............................ Continuous 

Power Dissipation 
Plastic DIP (Derate 7 mWI"C above +70"C) ...•. 675 mW 
Small Outline (Derate 7 mWfC above +70°C) .... 375 mW 

Operating Temperature Range 
Industrial (A, B Versions) ....••.•...• -4O"C to +85OC 
Extended (S Version) .........•.•. ; -55OC to + 125°C 

Storage Temperature Range ........••. -65°C to + 1500C 
Lead Temperature (Soldering, 10 sees) ..........• + 300°C 
Power Dissipation (Any Package) to +75°C .....•. 450 mW 

Derates Above +75°C by ......••......... 6 mWfC 

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

CAUTION ______________________________________________ ~ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protec 
however, permanent damage may occur on unconnected devices subject to high en 
static fields. Unused devices must be stored in conductive foam or shunts. The p 
should be discharged to the destination socket before devices are inserted. 

" T30UT(B~ R~ 
J/100---T'-. T3OUT (A)) OUTPUT 

... Af---~C 1---F-4 ) R5-232 R2 R2 IN INPUT 

A ..... RR-'~'I .. -+-..... _< I-..... -T~ R1'N IR1'N (A) I R5-W 
) INPIIT 

Figure 3. Application Circuit 

v-

C2-

C2+ 

R20UT 

nIH 

AD7306 T2'N 
TOPV1EW 

(Not to Scale) 
GND 

R10UT 

T3 'N 

2321422 SEL 

GND 

Ne 

Ne .. NO C:ONNFr.T 

This information applies to a product under development. Its characteristics and speCifications are subject to change without notice. 
Analog Devices assumes no obligation· regarding future manufacture unless otherwise agreed to in writing. 
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GENERAL DESCRIPTION 
The AD7306 drivers/receivers provide an interface which is 
compatible with RS-232IRS-422 standard interfaces. As both 
standards are widely accepted it is often necessary to provide an 
interface which is compatible with both. The AD7306 is ideally 
suited to this type of application as both standards may be met 
using only one package. 

Charge Pump DC-DC Voltage Converter 
The charge pump voltage converter consists of an oscillator and 
a switching matrix. The converter generates a ± 10 V supply 
from the input 5 V level. This is done in two stages using a 
switched capacitor technique as illustrated below. First the 5 V 
input supply is doubled to 10 V using capacitor Cl as the charge 
storage element. The 10 V level is then inverted to generate 
- 10 V using C2 as the storage element. 

SI 
+V I I (g.--' ... ...----

FROM I 
VOLTAGEDO~BLER I C2 I 

S2 S4 
GND I :O---<~--40 

.". I I v-=-(v.) 

I ;NTERNAL ~_' ----1~ .. 
. OSCILLATOR.· V----

Figure 5. Voltage Inverter 

Capacitors C3 and C4 are used to reduce the output ripple. 
Their values are not critical and can be reduced if higher levels 
of ripple are acceptable. 

The charge pump capacitors Cl and C2 may also be reduced at 
the expense of higher output impedance on the V + and V
supplies. 

The V + and V-supplies may also be used to power external 
circuitry if the current requirements are small. 

AD7306 
The generator rise time after power up is 200 flos typical. This 
time is necessary to completely charge the storage capacitors in 
the charge pump. Therefore, RS-232 data transmission should 
not be initiated until this time has elapsed after switch on. This 
will ensure that valid data is transmitted. 

RS-232 Drivers 
The RS-232 drivers in thelAD7306 meet the EIA RS-232 speci
fications. The drivers are inverting level shifters which convert 
TTL/CMOS levels into RS-232-C output levels. The input 
switching threshold is typically 1.3 V. With a typical RS-232 
load, the output levels are ±8 V. Under worst case load condi
tions, the drivers are guaranteed to provide ± 5 V which meets 
the minimum RS-232 requirement. The output slew rate is 
internally limited to <30 V/floS without the need for an external 
slew-limiting capacitor. Short circuit protection is also provided 
which prevents~. ge in the event of output fault conditions. 
Active current . . g is provided which limits the output short 
circuit cu· i' . ch does not degrade the output voltage 
sw ~ "load as conventional passive limiting 

level shifters which accept RS-232-C 
to ± 15 V) and translates them into 5 V 

els. The input switching thresholds are 0.75 V 
and 2.5 V maximum which are well within the 

irement of ±3 V. Internal pull-down resistors to 
on the receiver inputs. This ensures that an 

input will be interpreted as a low level giving a 
on the TTL/CMOS output. Excellent noise immunity 

ac .. eved by the use of hysteresis and interna1 fIltering 
circuitry. The filter rejects noise glitches of up to 0.5 ILs in 
duration. 

RS-422 Drivers 
The RS-422 drivers on the AD7306 accept TTL/CMOS inputs 
and translate them into differential RS-422 level signals. The 
input switching threshold is typically 1.3 V. The unloaded out
put differential voltage is typically ±4.S V (see Typical Perfor
mance Characteristics). Short circuit protection is provided on 
the output which limits the current to less than 100 mAo Only 
one output should be shorted at any time to avoid exceeding the 
total power dissipation for the package. 

RS-422 Receivers 
The RS-422 receivers on the AD7306 accept differential input 
signals and translates them into TTL/CMOS output levels. 
Excellent noise immunity is achieved using the differential 
configuration. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7306 
Single-Ended Data Transmission 
Single-ended interfaces are used for low speed, short distance 
communications such as from a computer terminal to a printer. 
A single line is used to carry the signal. Various standards have 
been developed to standardize the communication link, the most 
popular of these being the RS-232. The RS-232 standard was 
introduced in 1962 by the EIA and has been widely used 
throughout the industry. It was developed for single-ended data 
transmission at relatively slow data rates over short distances. A 
typical RS-232 interface is shown in Figure 6. 

DATA 
IN 

Figure 6. Single-Ended RS-232 Interface 

Receiver Input Resistance 
Receiver Input Sensitivity 
Receiver Input Voltage Range 
No. of Drivers per Line 
No. of Receivers per Line 

Differential Data Transmission 
When transmitting at high data rates, over long distances and 
through noisy environments, single-ended data transmission is 
often inadequate. In this type of application, differential data 
transmission offers superior performance. Differential transmis
sion uses two signa1lines to transmit data. It rejects ground 
shifts and is insensitive to noise signals which appear as common 
mode voltages on the transmission lines. To accommodate faster 
data communication, the differential RS-422 standard was devel
oped. Therefore, it can be used to reliably transmit data at 
higher speeds and over longer distances than sing1e-ended trans
mission. A typical RS-422 interface is shown in Figure 7. 

30V/ILS max 
3kOto7kO 
±3 V 
±IS V 
I 
I 

4kO min 
±200 mV 
±7V 
I 
10 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

4-98 COMMUNICA TlONS PRODUCTS REV. 0 



rIIIANALOG 
WDEVICES 

FEATURES 
AD1341 - Transmit (Reconstruction) Filter for 14-Bit 

DAC (AD1840) 
Programmable Attenuation (OdB to -38dB) 

AD1311 - Receive Filter for 14-Bit ADC (AD1811) 
Programmable Gain (OdB to 24dB) 

10dB Stopband Attenuation 
15dB In-Band Signal-to-Noise Ratio 
Better Than -15dB Total Harmonic Distortion 
CCITT V.32 and V.33 Compatible 
Small. 0.3". 24-Pin Plastic Package and 28-Pin PLCC 

GENERAL DESCRIPTION 
The AD7341 and AD7371 are reconstruction and antialiasing 
fllters designed for use in high speed voiceband modems with 
speeds up to 14.4 kbits/sec, in accordance with CCITT V.32 
and V.33 recommendations. These fllters, along with the 
AD7840 DAC, the AD7871 ADC and a digital signal processor 
(DSP) can be used to implement a complete modem. 

The AD7341 is the transmit or reconstruction fllter. It imple
ments the fllter function using a seventh order low pass 
switched capacitor fllter and a second order low pass continuous 
time fllter. The cutoff frequency is 3.5kHz. 

The AD7371 is the receive fllter. It is a high order bandpass 
fllter with a lower cutoff frequency of 180Hz and an upper 
cutoff frequency of 3.5kHz. The fllter function is implemented 
using a second order low pass continuous time fllter, a fourth 
order high pass switched capacitor fllter and a seventh order low 
pass switched capacitor fllter. 

REV. A 

LC2MOS 
Voiceband Reconstruction 
and Antialiasing Filter Set 

AD7341/AD7371 I 
FUNCTIONAL BLOCK DIAGRAMS 

DPO DP1 Vee VgD TXIN 

DGND AGND Vss TXOUT 

DPO OP1 

DSO OS1 082 DGND AGND V. AXOUT 
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AD7341/AD7371-SPECIFICATIONS 
TRAN< SMIT FI- 'IE· R' (Yoo = Yee = 5Y :t: 5%; Vss = -5V :t: 5%; AGND = DGND = OY; eLKIN = 288kHz (MIS Ratio = 48/60 to 

L 60140. T. = + 25OC. Attenuator set at OdB, unless otherwise stated.> 

. AD734lJN 
Parameter AD734lJP Uaits Test Conditions/Comments 

INPUT CHARACTERISTICS 
Input Signal Range :±3 V max 
Input Impedance 100 MOtyp 

FILTER CHARACTERISTICS2, 3 
CLKIN Frequency 288 kHz NI=I (i.e., DPO=I, DPI=O) 
Cutoff Frequency 3.5 kHz O.ldB Down from the Lowest Point in the Passband 
Second Harmoaic -80 dBtyp 
Third and Higher Harmoaics -80 dBtyp 
Passband Ripple 0.4 dB max Osfs3.3kHz 
Passband Gain Error :±0.5 dB max Deviation from Nominal Setting on Programmable 

Attenuator 
Signal-to-Noise Ratio 72 dB min Osfs3.5kHz 

75 dBtyp SNR Includes Noise and Harmonics 
70 dBtyp Attenuator Set at - 30dB, Osfs3.5kHz 

. Stopband Rejection 70 dB min £2:6. 1kHz 
Differential Group Delay 350 fJ.styp Osfs3.3kHz and Referenced to the Absolute 

Group Delay at 1kHz 

OUTPUT CHARACTERISTICS 
Output Voltage :±3 V max RL = 3kO, CL = lOOpF 
Offset Voltage :±70 mVmax 
Attenuation Range o to -38 dB Determined by DB2-DB7, See Table III 
Relative Accuracy3, 4 :±O.I dBtyp 
Output Resistance 0.2 Otyp 

LOGIC INPUTS 
WR, DB2-DB7, DPO, DPI, 
DSO-DS2, SYNCIN, CLKIN 

VINH, Input High Voltage 2.0 V Inin 
V1NL> Input Low Voltage 0.8 V max 
IINH' Input Current 10 fJ,Amax 
CIN,InputCapacitance 10 pFmax 

CLKIN Divider Range (NI)' I to 4 CLKIN Can Be Set to 288kHz, 576kHz, 864kHz or 
1.152MHz. NI Is Set by DPO, DPI. 

LOGIC OUTPUTS SYNCOtJT6 
Divider Range (N2) I to 8 N2 Is Set by DSO-DS2. 
Frequency fCLKIN/(NI x 5 xN2) kHz 
Pulse Width IIfCLKIN fJ.S 
VOH' Output High Voltage 2.4 V min IsotJRCE = 4OOfJ,A 
V,,!.. Out!lut Low Voltage 0.4 V!'!:a.~ T _1 iC.._A 

"'SINK ~ .&.u.&u£. 

POWER SUPPLIES 
Voo 4.75/5.25 V minIV max 
Vee 4.75/5.25 V minIV max 
Vss -4.75/-5.25 V IninIV max 
100 + Icc 25 mAmax 
Iss 25 mAmax 
Power Dissipation 265 mWmax 

NOTES 
'Operating temperature ranges as follows: J versions: 0 to + 7O"C. 
'Specified for an input frequency of 288kHz. This is internally divided by S to produce a switched capacitor filter frequency of S7.6kHz. For input frequencies 
lower than 288kHz, the filter response is shifted down by the ratio of this input frequency to 288kHz. 

'Measured using a ±3V, 1kHz sine wave. 
'Measured over the full attenuation range. 
'Required to derive internal frequency of 288kHz from eLKIN. 
"Determined by data transmission rate. 
Specifications subject to change without notice. 
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AD7341/AD7371 
RECEIVE FILTERl NDD = Vee = 5V ± 5%; Vss = -5V ± 5%; AGND = DGND = OV; ClKIN = 288kHz MIS Ratio = 40/60 to 

60/40. TA = + 25°C. PGA set at OdB, unless otherwise stated.} 

AD7371JN 
Parameter AD7371JP Units Test Conditions/Comments 

INPUT CHARACTERISTICS 
Input Signal Range ±3 V max 
Input Impedance 10 kOtyp 

FILTER CHARACTERISTICS2, 3 

CLKIN Frequency 288 kHz Nl=1 (i.e., DPO=I, DPl=O) 
Lower Cutoff Frequency 180 Hz O.ldB Down from the Lowest Point in the Passband 
Upper Cutoff Frequency 3.5 kHz O.ldB Down from the Lowest Point in the Passband 
Second Harmonic -80 dBtyp 
Third and Higher Harmonics -80 dBtyp 
Passband Ripple 0.4 dB max 200Hz:5f:53.3kHz 
Passband Gain Error ±0.5 dB max Deviation from Nominal Setting on PGA 
Signa1-to-Noise Ratio 72 dB min 180Hz:5f:53.5kHz 

75 dBtyp 
60 dBtyp Input Signal Level of -24dB; PGA Gain Set at +24dB 

Stopband Rejection 66 dB min f;;':6.1kHz 
40 dB typ f;;,:60kHz 

Differential Group Delay 300 I1styp 500Hz:5f:53.3kHz and Referenced to the Absolute 
Group Delay at 1kHz 

OUTPUT CHARACTERISTICS 
Output Voltage ±3 V max RL = 3kO, CL = l00pF 
Offset Voltage ±70 mVmax 
Gain Range o to +24 dB Determined by DBO-DB7, see Table VI 
Relative Accuracy" 4 ±0.1 dB typ 
Output Resistance 0.2 o typ 

LOGIC INPUTS 
WR, DBO-DB7, DPO, DPl, 
DSO-DS2, SYNCIN, CLKIN 

V1NH, Input High Voltage 2.0 V min 
V,NL, Input Low Voltage 0.8 V max 
IINH' Input Current 10 I1A max 
C,N, Input Capacitance 10 pFmax 

CLKIN Divider Range (Nl)s 1 to 4 CLKIN Can Be Set to 288kHz, 576kHz, 864kHz or 
1.152MHz. Nl Is Set by DPO, DPI. 

LOGIC OUTPUTS SYNCOU'f6 
Divider Range (N2) 1 to 8 N2 Is Set by DSO-DS2. 
Frequency fCLKIN/(NI x 5 xN2) kHz 
Pulse Width lIfCLKIN I1S 
VOH' Output High Voltage 2.4 V min ISDURCE = 4OO1LA 
VOL> Output Low Voltage 0.4 V max ISINK = 1.6mA 

POWER SUPPLIES 
Voo 4.75/5.25 VminIV max 
Vee 4.75/5.25 V minIV max 
Vss -4.75/-5.25 V minIV max 
100 + Icc 25 mAmax 
Iss 25 rnA max 
Power Dissipation 265 mWmax 

NOTES 
'Operating tempeIature ranges as follows: J versions: 0 to + 70·C. 
'Specified for an input frequency of 288kHz. This is internally divided by 5 to produce a switched capacitor filter frequency of 57.6kHz. For input frequencies 
lower than 288kHz, the filter response is shifted down by the ratio of this input frequency to 288kHz. 

3Measured. using a ::!:3V, 1kHz sine wave. 
4Measured over the full attenuation range. 
'Required to derive a switched capacitor fIlter frequency of 288kHz from CLKIN. 
"Determined by data transmission rate. 

Specifications subject to change without notice. 
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AD7341/AD7371 

TIMING CHARACTERISTICS1 
(VDD =Vcc =+5V ±5%, Vss=-5V ±5%) 

Limit at 
Parameter TA = +2SOC UDits Comments 

tWR 80 nsmin Write Pulse Width 
tos 60 nsmin Data Setup Time 
tOH 20 nsmin Data Hold Time 
tSYNCIN 80 nsmin SYNeIN PuJse Width 

NOTE 
'Timing specifications are sample tested at + 25"C to ensure compliance. All 
input control signals are specified with ta = tp = 20ns (10% to 90% of +5V) 
and timed from a voltage level of + 1.6V. 

SpecificatioDS subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
Voo to AGND ..................... -O.3V to +7V 
Vee to DGND ...................... -O.3Vto +7V, 
Voo to Vec ...................... -0.6V to +0.6V 
Vss to DGND ...................... +0.3V to -7V 
AGND to DGND .................... -0.3V to Vee 
RXIN, TXIN to AGND ....... Vss -0.3V to Voo + O.3V 
RXOUT, TXOUT to AGND i ... Vss -O.3V to Voo + 0.3V 
Digital Input Voltage to DGND ...•.. -0.3V to Vee + 0.3V 
Power Dissipation (Any Package) to +7S'e ....... lOOOmW 
Operating Temperature Range 

J Versions .......................... 0 to +70'e 

!. t05 .:. tOM .! 

, , 
Wii ------""""''\'-___ ...;fr-------: 

NOTES 
1. ALL INPUT SIGNAL RISE AND FALL nMES MEASURED fROM 10% to 90% 

of +5V. tr==tf==2Ons. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS IVIH + V1I,1/2. 

Figure 1. AD73411AD7371 Timing Diagram 

Storage Temperature Range ........... -6S'e to + ISO'e 
Lead Temperature (Soldering, 10secs) ........... + 300"C 

NOTE 
'RXOUT, TXOUT may be sborted to AGND, DGND, VDD, Vcc' V •• 
provided that the power dissipation of the package is not exceeded. 

'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. Tbis is a stress rating only and functional 
operation of the device at these or any other conditions above those indio 
cated in the operational sections of this specification is not implied. Expo. 
sure to absolute maximum rating conditions for extended periods of time 
may affect device reliability. Only one absolute maximum rating may be 
applied at anyone time. 

CAUTlON ____________________________________________ ___ 

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

ORDERING GllTOF. 

Temperature Package 
Model Function Range Option* 

AD734lJN Transmit Filter o'e to +70'e N-24 
AD734lJP Transmit Filter o'e to +70'e P-28A 
AD7371JN Receive Filter o'e to +70'e N-24 
AD7371JP Receive Filter o'e to +70'e P-28A 

*N = Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC). For outline 
information see Package Information section. 
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AD7341/AD7371 

PIN CONFIGURATIONS 

TERMINOLOGY 
Cutoff Frequency 

DIP 

The filter cutoff frequency is the point in the response where 
the amplitude begins to falloff. For the AD7341 and AD7371 it 
is defined as O.ldB down from the lowest point in the passband. 
The AD7341 low pass filter has one cut off frequency at 3.5kHz 
while the AD7371 band pass filter has a lower cutoff frequency 
of 180Hz and an upper cutoff frequency of 3.5kHz. 

Signal-to-Noise Ratio (SNR) 
Signal-to-noise ratio (SNR) is the measured signal to noise at the 
output of the filter. The signal is the rms magnitude of the fun
damental. Noise is the rms sum of all nonfundamental signals 
(including harmonics) up to 3.5kHz. 

Second Harmonic 
Second harmonic is the ratio of the second harmonic amplitude 
to the fundamental amplitude, expressed in dBs. 

Third and Higher Harmonics 
This is the amplitude ratio of the rms sum of the third and 
higher harmonics to the fundamental, expressed in dBs. Total 
harmonic distortion (THD) is the rms sum of the second har
monic and the third and higher harmonics. 

Passband Ripple 
This is the ripple in the passband section of the frequency re
sponse and is expressed in dBs. For the AD7341, it is measured 
in the band 0 to 3.3kHz, and for the AD7371 it is measured in 
the band 200Hz to 3.3kHz. 

Passband Gain Error 
Passband gain error is the deviation of the actual passband 
level from the ideal passband level. For the AD7341, it is 
measured with the attenuation set to OdB (DB2-DB7 = I); 
for the AD7371, it is measured with the gain set to OdB 
(DBO-DB7 = I). 
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AD7341 PLCC 
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This is the magnitude of the stopband response relative to the 
passband magnitude. The stopband is specified for frequencies 
greater than 6. 1kHz. 

Differential Group Delay 
Absolute group delay is the rate of change of phase versus fre
quency, dO/df. For the AD7341 and AD7371, differential group 
delay is the absolute group delay in a specified band relative to 
the absolute group delay at 1kHz. The specified band for the 
AD7341 is 0 to 3.3kHz and for the AD7371 it is 500Hz to 
3.3kHz. 

Offset Voltage 
This is the amount of offset introduced into the input signal by 
the filter. For the AD7341 it is measured with the attenuation 
set at OdB, and for the AD7371 it is measured with the gain set 
at OdB. 

Attenuation Range 
For the AD7341, this is the amount by which the output can be 
attenuated, using the digital inputs DB7-DB2. Table I gives a 
selection of attenuations for various values of digital input. 

Gain Range 
For the AD7371, this is the amount by which the input can be 
amplified, using the digital inputs DB7-DBO. Table VI gives 
gain versus digital input code. 

Relative Accuracy 
This is a measure of the accuracy with which either the AD7341 
attenuation or the AD7371 gain can be programmed, having 
allowed for the passband gain error. It is expressed in dBs rela
tive to attenuation or gain setting with a digital input code of 
all Is. 
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TYPICAL PERFORMANCE CURVES (Voo=Vcc= +5V, Vss= -5V, fCLKIN = 288kHz, TA= +25·C unless otherwise stated) 
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Figure 2. AD7341 Amplitude 
Response 
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Figure 3. AD7371 Amplitude 
Response 

.re 

I 
" 1 \ 

\ 

'0' 

/ \ I 1 
1\ V I \ 

\ / \ II 

\ .. J 

'80 
~ 

I"\, 
'\ 

1\ 

'35 .. 
I 45 

........ 

:-...., 

'" 

, 
1-45 

-eo 

-'35 
-'80 ~ 

... k 
FREQUENCY - Hz 

Figure 4. AD7341 Phase Response 
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Figure 5. AD7371 Phase Response 
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Figure 8. AD7371 Group Delay 
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Figure 6. Passband Ripple in the 
AD73411AD7371 
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Temperature 
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Figure 10. AD7371 SNR vs. 
Temperature 
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Pin 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
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20 

21 

22 

23 

24 

Mnemonic 

TXOUT 

Vss 

SYNCOUT 

DS2 

DSI 

DSO 

DGND 

Vee 

SYNCIN 

DPI 

DPO 

CLKIN 

WR 

DB7-DB2 

NC 

NC 

AGND 

Voo 

TXIN 

AD7341/AD7371 
AD7341 DIP PIN FUNCTION DESCRIPTION 

Description 

Signal output pin from filter. 

Negative supply pin for the device. This is -5V ± 5%. 

This output pulse is derived from the SCF (Switched Capacitor Filter) clock and can be used in system 
synchronization. The pulse frequency is fsYNCOUT = fCLKIN I (Nlx5xN2), where fCLKIN is the input 
frequency at CLKIN, Nl is the value loaded to the input programmable divider and N2 is the value 
loaded to the output programmable divider. Nl is set by DPO and DPI (see Table II). N2 is set by DSO, 
DSI and DS2 and varies from 1 to 8. Table I shows the typical SYNCOUT frequencies which can be set 
when fCLKIN is 288kHz and Nl is 1. 

Unlatched digital input which is used to set SYNCOUT frequency. See Table I. 

Unlatched digital input which is used to set SYNCOUT frequency. See Table I. 

Unlatched digital input which is usa!. to set SYNCOUT frequency. See Table I. 

Ground point for on chip digital circuitry. 

Positive supply pin for the on c1Iip digital circuitry. This is + 5V ± 5%. 

This asynchronous digital input resets the internal clock circuitry from which SYNCOUT is derived. This 
allows SYNCOUT to be synchronized to an external signal. 

Unlatc1Ied digital input pin which is used to set divide ratio on the CLKIN input. See Table II. 

Unlatched digital input pin which is used to set divide ratio on the CLKIN input. See Table II. 

Clock input for the device. This is internally divided to produce the SCF clock. 

Active low digital input. Data for the on chip programmable attenuation is loaded to the input latc1I when 
this signal goes low and is latched when it goes high. 

Six-bit data bus which sets the attenuation level on the output. See Table III. 

No connect. 

No connect. 

Ground point for the on-chip analog circuitry. 

Positive supply pin for the on-chip analog circuitry. This is +5V ± 5%. 

Filter input. 

Table I. Setting SYNCOUT Frequency Using OS2, OSI, OSO Table /I. Setting CLKIN Divide Ratio Using OP1, OPO 

SYNCOUT CLKIN Divide 

DS2 DSI DSO Frequency DPl DPO Ratio, Nl 

0 0 0 7.2kHz 0 0 4 

0 0 1 57.6kHz 0 1 1 

0 1 0 28.8kHz 1 0 2 

0 1 1 19.2kHz I 1 3 

I 0 0 1404kHz 
I 0 1 11.52kHz 
1 1 0 9.6kHz 
1 1 1 8.22kHz 

Table III. Output Attenuation vs. Digital Input Code 

Attenuation 
DB7 DB6 DBS DB4 DB3 DB2 dB 

1 1 1 1 1 1 0 
0 1 1 1 I 1 -6 
0 0 1 1 I 1 -12 
0 0 0 1 I I -18 
0 0 0 0 1 1 -24 
0 0 0 0 0 1 -30 
0 0 0 0 0 0 -.38 
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Pin 

1 
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WR 
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AD737l DIP PIN FUNCTION DESCRIPTION 

Description 

Signal output pin from filter. 

Negative supply pin for the device. This is -5V :t 5%. 

This output pulse is derived from the SCF (switched capacitor filter) clock and can be used in system 
synchronization. The pulse frequency is fsYNCOUT = fCLKIN I (Nlx5xN2), where feLKIN is the input 
frequency at CLKIN, Nl is the value loaded to the input programmable divider and N2 is the value 
loaded to the output programmable divider. NI is set by DPO and DPI (see Table V). N2 is set by DSO, 
DSI and DS2 and varies from I to 8. Table IV shows the typical SYNCOUT frequencies which can be 
set when fcLKIN is 288kHz and NI is I. 

Unlatched digital input which is used to set SYNCOUT frequency. See Table IV. 

Unlatched digital input which is used to set SYNCOUT frequency. See Table IV. 

Unlatched digital input which is used to set SYNCOUT frequency. See Table IV. 

Ground point for on chip digital circuitry. 

Positive supply pin for the on chip digital circuitry. This is +5V :t 5%. 

This digital input resets the internal clock circuitry from which SYNCOUT is derived. This 
allows SYNCOUT to be synchronized to an external signal. 

Unlatched digital input pin which is used to set divide ratio on the CLKIN input. See Table V. 

Unlatched digital input pin which is used to set divide ratio on the CLKIN input. See Table V. 

Clock input for the device. This is internally divided to produce the SCF clock. 

Active low digital input. Data for the on chip programmable gain is loaded to the input latch when this 
signal goes low and is latched when it goes high. 

Eight-bit data bus which sets the gain level on the input. See Table VI. 

Ground point for the on-chip analog circuitry. 

Positive supply pin for the on-chip analog circuitry. This is +5V :t 5%. 

Filter input. 

Table IV. Setting SYNCOUT Frequency Using DS2, OS " 
OSO Table V. Setting CLKIN Divide Ratio Using DP1, DPO 

SYNCOUT CLKIN Divide 
DS2 DSl DSO Frequency DPI DPO Ratio, NI 

0 0 0 7.2kHz 0 0 4 
0 0 I 57.6kHz 0 1 1 
0 I 0 28.8kHz 1 0 2 
0 I I 19.2kHz 1 3 . U v 14.4kHz , 
1 0 I 11.52kHz 
I I 0 9.6kHz 
I I I 8.22kHz 

Table VI. Input Gain vs. Digital Input Code 

Gain 
DB7 DB6 DBS DB4 DB3 DB2 DBI DRO dB 

0 0 0 0 0 0 0 0 24 
0 0 0 0 0 1 1 1 21 
0 0 0 1 0 0 0 1 18 
0 0 0 1 1 1 1 1 15 
0 0 1 1 0 0 1 1 12 
0 1 0 1 0 0 0 0 9 
0 1 1 1 1 0 0 0 6 
1 0 1 1 0 0 0 0 3 
1 1 1 1 1 1 1 1 0 
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CIRCUIT DESCRIPTION 

AD7341 Filter 
The A07341 transmit filter performs the reconstruction or 
smoothing function for the transmit channel 01 A converter. 
Figure II is the block diagram for the filter and programmable 
attenuation section. 

TXIN 

SCf CLOCK o----o--t 

DB7 

DOZ 

TXOUT 

Figure 11. AD7341 Filter Section 

The transmit channel signal is applied at TXIN and is converted 
to a differential signal. It then goes to the fully differential 
switched capacitor low pass section. This is a seventh order el
liptical filter which gives a 3.5kHz cut off frequency and stop
band attenuation of greater than 70dB at frequencies above 
6. 1kHz. The use of the differential filter structure ensures an 
excellent harmonic distortion figure and also gives improved re
jection of common mode noise such as clock feed through in the 
switched capacitor switching transistors. The filter cut off fre
quency depends directly on the clock driving the switched ca
pacitor section and upon the capacitor matching. Capacitor 
matching is typically better than 2% and this means that if the 
clock is constant, cut off frequency variation from device to de
vice will be less than 2%. Since the switched capacitor filters are 
sampled data systems (analog data) with a sampling frequency of 
57.6kHz, they must be followed by a smoothing filter to remove 
aliased components due to this clock. This smoothing filter is a 
second order low pass continuous time section. The differential 
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AD7341/AD7371 
outputs of the two smoothing filters are then recombined to a 
single ended signal. The level of SCF clock feedthrough at the 
output is typically -65dB. This can be further reduced by using 
a simple RC combination at the output (39kO and IOOOpF re
duce the feed through to - 80dB). The second order filter shown 
in Figure 22 reduces it to below -90dB. After recombination of 
the differential signals, a programmable attenuation stage fol
lows. The attenuator circuit diagram is shown in Figure 12. It 
consists of an 8-bit multiplying OAC with the two LSBs (OBI, 
OBO) tied high. The transfer function is given by: 

256 
A=20 log 4N+3 

where A is the attenuation in dBs and N is the 6-bit binary code 
loaded to the device. Expressing N in terms of A gives: 

I [ 256 ] 
N = 4 loA'2o-3 

v,. .. BIT 
MUL TtPLYING DAC 

Figure 12. AD7341 Output Attenuator 

This allows the calculation of the device input code for a given 
output attenuation. The attenuation range is 0 to 38dB and al
lows the user to adapt the output signal for different line specifi
cations. Figure 13 shows how attenuation varies with input 
code, and Table III gives a selection of attenuations for specific 
codes. 

40 

&1 30 .. 
I r\ 

i5 r ,. 
• • 

\ 
'\ 
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zo 40 .. 
DEVICE INPUT CODE (N)IN DECIMAL 

• • 

Figure 13. Programmable Attenuation vs. Input Code for 
theAD7341 
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AD7341/AD7371. 
AD7371 Filter 
The receive filter performs the antialiasing function for the re
ceive channel AID converter. It provides rejection of high fre
quency out-of-band signals, attenuation of low frequency noise 
at both 50Hz and 60Hz line frequencies and programmable gain 
for the input signal. Figure 14 is the block diagram for the filter 
and programmable gain section. 

RXIN 

RXQUT 

Figure 14. AD7371 Filter Section 

The input signal is applied at RXIN and passes through the 
programmable gain stage. Figure IS shows the circuit diagram 
for this. It consists of an 8-bit multiplying DAC and resistor 
combination in the feedback loop of an operational amplifier. 
The transfer function is given by: 

272.2 
G = 20 log N+17.2 

G is the gain in dBs and N is the 8-bit binary code loaded to the 
device. Varying this code between 0 and 255 gives a gain range 
of 24dB to OdB. Expressing N in terms of G gives: 

272.2 
N = lOGi2o - 17.2 
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DBO DB7 

Figure 15. AD7371 Programmable Gain Amplifier 

This equation can be used to calculate the code, N, needed to 
give the desired gain, G. Figure 16 is a graph of gain versus in
put code, and Table VI gives a selection of gains for specific 
codes. 

0 

20 
\ 
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0 

t'-.. I'-
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DEVICE INPUT CODe (N) IN DECIMAL 

Figure 16. Programmable Gain vs. Input Code for the 
AD7371 

After the PGA stage, the receive signal is converted to a fully 
differential signal before going to the differential filters. The 
first differential filter is a second order continuous time section. 
This is necessary to provide antialiasing for the sampliug 
switched capacitor filter. The continuous time filter eliminates 
any high frequency components from the input signal which 
would be aliased back into the passband of the switched capaci
tor filter and appear as noise. Following the continuous time 
filter, the fourth order elliptical high pass switched capacitor 
section has a cutoff frequency of 180Hz, aild the seventh 
order elliptical low pass switched capacitor section has a cutoff 
frequency of 3.skHz. As in the reconstruction filter, the cutoff 
frequency variation from device to device for fixed eLKIN is 
typically less than 2%. On recombination of the differential 
signals, the output goes to RXOUT. 
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SCF Clock and System Synchronization 
The clock generation circuitry for both the AD7341 and the 
AD7371 is identical and is shown in Figure 17. For the speci
fied fllter response, the switched capacitor clock must be 
57.6kHz. This means that CLKX in Figure 17 must always be 
288kHz (S7.6kHzx5). The input programmable divider allows 
the user the option of four CLKIN frequencies (288kHz, 
576kHz, 864kHz or 1152kHz). The input divider can then be 
programmed to ensure that CLKX is 288kHz. 

DaO DB1 

SCFCLK 

DSG OSl DS2 

Figure 17. AD73411AD7371 Clock Generation Circuitry 

The AD7341 and the AD7371 are always used with a DAC and 
ADC respectively. The DAC and ADC update and sample at a 
certain rate (9.6kHz or 7.2kHz, for example). The fllters sample 
at 57.6kHz. In order to ensure that there is no low frequency 
aliasing, the DACIADC rate must be synchronized with the SCF 
clock. This means the SCF rate must be an integral multiple of 
the DACIADC rate. The AD73411AD7371 actually generates 
this required synchronized clock on chip. The output program
mable divider allows division of the SCF clock by I to 8. The 
divide ratio is determined by inputs DSO- DS2. The output of 
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AD7341/AD7371 
the programmable divider goes to SYNCOUT which is then 
used to drive either the CONVST input of an ADC or the 
LDAC input of a DAC. The output programmable divider also 
has a reset input (SYNCIN). This is normally tied high. When 
it is brought low, the counter is reset. On returning high, the 
counter is reactivated. By using this SYNCIN facility, it is pos
sible to adjust the point in time at which sampling occurs while 
maintaining the same rate. This is useful in modem applications 
and is known as cycle slipping. Figure 18 shows the complete 
timing waveforms for the AD73411AD7371. 

eLKX ....... 
SCK elk 
57.6kHz 

JUlJUUUUlf- -- -lfUUlfU1fUlJlf--lJUUUUlIUlj 

JLS----~~--LJU 

LJ nn 

r=---~~~---~~~ 

T = [57.6 ~ ,0' x N2] SECONDS 

Figure 18. AD73411AD7371 Timing Waveforms 

APPLYING THE AD7341n371 
The prime application for the AD734117371 is in the analog 
front end for echo-cancelling modems. Here, the fllters are com
bined with a high resolution DAC and ADC to provide the in
terface between the analog and the digital domain. The excellent 
noise performance of the AD7371 and the high resolution of the 
AD7871 (14-bit ADC) combine to allow the modem echo
cancelling loop to be implemented totally in the digital domain. 
This overcomes the disadvantage with lower resolution systems 
which need to do a digital approximation of the echo and recon
struct in analog form for an analog echo-cancelling loop. 

Conversely, in the modem transmitter, the combination of 
AD7341 and high resolution DAC (14-bit AD7840) allows trans
mission of the signal with minimum impairments to the line. 

Figure 19 shows a typical hardware interface between the analog 
front end chipset and the ADSP-2101 in an echo-cancelling mo
dem. The ADSP-210l is the new DSP microcomputer from An
alog Devices. It has program memory and data memory on chip 

AD7871 

- SCU< &eLK 

CLK - R .. 

lDATA DR 

m 
- DT 

ADSP-2101 

AD7840 

&CLIC -- -
SOATA 

V.~ 

Figure 19. Modem Analog Front End and Interface to. ADSP-2101 DSP 

REV. A COMMUNICATIONS PRODUCTS 4-109 



AD7341/4D7371 
and is code compatible with the ADSP-2l00. It also has two 
serial ports. The particular configuration, shown in Figure 19, 
uses the serial interface on both the AD7840 and AD7871 to 
talk to one of the ADSP-2101 setial ports. The system timing 
diagram is shown on Figure 20. The 288kHz clock drives the 
two filters and the ADC. The SYNCIN pulse may be used to 
set the absolute sampling instant. DSO, DSI and DS2 on the 
AD7371 are programmed to give a 9.6kHz SYNCOUT signal. 
This drives the.AD7871 CONVST input and is thus the. sam
pling rate. SCLK on the AD7871 clocks out serial data on its 
rising edge. SSTRB is the framing pulse for the serial data. 
Within this framing pulse, a 16-bit data stream is output on the 
SDATA line. Each data bit is valid on the falling edge of 
SCLK. There are two leading zeros and the 14-bit conversion 
result appears after these. When RFS on the ADSP-2101 goes 
low, data appearing on DR is clocked into the receive shift reg
ister on each falling edge of SCLK. Once the 16 data bits have 
been received an internal interrupt is set and the processor can 
read the data. 

~e@a¥T -------11 U-
9.6kHz U 

=H. JlJUU1IlflJUl.f----1JUUU1J1IU1J1f --WWUlf\1UU 
SSTRB ----------, r
RFS L- ---1 

~ATA ---------~::: =-:J 
WA/SVNC 
TFS 

----~ ~ 

g~ATA ----------------u= =r-
Figure 20. System Timing for Figure 19 

The circuit of Figure 19 also uses the SSTRB signal to frame 
the transmit data from the DSP . Thus, when SSTRB goes low, 
,ill'" .:omained in [he rransmi[ shut register ot the USP is 
clocked out on each rising edge of SCLK. The AD7840, in 
turn, loads each data bit into its input register on the SCLK 
falling edges. The DAC output is updated when 16 data bits 
have been received. 
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Using the ADSP~2101 and the chipset, the modem hardware is 
simplified. The number of lines required to connect the chips is 
much less than a parallel interface structure wo.uld need and no 
external glue logic is required. 

CHIPSET LAYOUT 
Figure 23 is the circuit diagram for a modem analog front end 
based on ·the Analog Devices chip set. The component overlay is 
given in Figure 21, while the PCB layout is given in Figures 24 
and 25. 

The modem analog front end uses the AD7341, AD7371, 
AD7840 and AD7871. Total channel SNR performance is better 
than 72dB with a full scale input signal and unity gain on the 
filter chips. The 14-bit resolution of the converters gives an in
stantaneous dynamic range of 84dB. If greater dynamic range is 
required, then the AD7371 PGA can be used to give up to 
24dB extra. 
The evaluation board makes full use of the flexible interfaces on 
the AD7840 and the AD7871. Jlis a 96-way VME bus connec
tor which carries the parallel interface for the board. This plugs 
directly into the connector on the evaluation board for the 
ADSP-2100, which is another in the Analog Devices family of 
Digital Signal Processors and is code compatible with the 
ADSP-2101. Thus, direct interfacing between the boards is pos
sible. All the signals necessary for interfacing to other DSPs are 
available on JI. The 9-way D-Type connector, J2, carries the 
serial interface for the board. This allows DSPs with serial ports 
to interface directly to the chipset. 

Power supplies used to operate the board are ± 15V analog sup
plies and a single +5V digital supply. A ±5V analog supply is 
derived from the ± 15V supply by using the 78L05179L05 regu
lators. This supply is used for the AD7341, AD7371, AD7840 
and AD7871. The supply grounds are tied together on the board 
so that there is no need to have them connected back at the sup-
9ly source. 

The analog input and output ranges are both ±lOV. The analog 
input is attenuated by ICI and associated circuitry to give the 
required ±3V input range for the filter and ADC. Likewise, the 
analog output from the reconstruction filter (± 3V) is gained up 
by the output amplifier (IC6) to give a ± lOY output. This out
put amplifier also contains a simple second order filter to further 
attenuate the switched capacitor clock noise at the output. 

There are three digital inputs to the board. These are CLKIN, 
ADC SYNCIN and DAC SYNCIN. CLKIN provides the clock 
for the ADC and filters. The DIP switches on the board have 
been set up to accept a nominal clock of 288kHz for the filters. 
ADC SYNCIN and DAC SYNCIN can be used to resynchro
nize the filters/converters with an external synchronizing signal. 
If this is not required, then both of these inputs should be tied 
high. 
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Figure 21. Component Overlay for Circuit of Figure 23 

Parallel Interface 
If the parallel interface is required, then the four latch chips 
(IC7 to ICIO) should be inserted into the sockets provided. 
Links L16, L17, Ll8, LS and L6 should be omitted. This iso
lates the serial port from bus activity. Link LIS should be in
serted to choose 14-bit parallel operation for the ADC. Omit 
links LI4 and LB. Internal or external clock operation for the 
ADC may be chosen by Lll and Ll2. Lll gives external clock 
operation, while LI2 gives internal clock operation. AD7871 
conversion is started by CONVST (pin I) going low. When con
version is complete, INTIBUSY (pin 4) goes low. ICB extends 
this pulse. This is then used to read the ADC result into the 
latches and to interrupt the processor. The processor interrupt 
service routine then reads the latch contents. Note that the data 
format is 14 bits with sign extension to 16 bits. 

On the AD7840 insert L2 to tie the chip select low and omit 
Ll. Insert L3 to use SYNCOUT of ftIter to write to the DAC 
and omit U. Thus, the processor writes data to the latches and 
the DAC gets updated on every rising edge of WRISYNC. The 
data format is 14-bit right justified. 

Serial Interface 
If the serial interface is required, then omit the four latches 
(74LS374) and use the serial connector G2). Links LS, L6, 
L16, Ll7 and Ll8 must be inserted. Omit LIS and insert Ll4. 
This places the AD7871 in serial mode of operation with contin
uously running SCLK. As in the parallel mode, conversion is 
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started by CONVST going low. Serial data appears on Pin 9 
(SDATA) as conversion is taking place, and it is latched into the 
processor shift register on each falling edge of SCLK. The 
frame synchronization pulse for the data is on Pin 7 (SSTRB). 
The data format is 16-bit with the MSB fIrst. The 16 bits of 
data are made up of two leading zeros and the 14-bit conversion 
result. For the DAC in the serial mode omit L3 and insert U. 
This provides the necessary inversion of the SYNCOUT pulse 
from the ftIter so that it can be used as the frame synchroniza
tion for the DAC and the processor. When this goes low data in 
the processor shift register is clocked out on each rising edge of 
SCLK and latched into the DAC shift register on each falling 
edge of SCLK. Since LDAC (Pin 24) is tied permanently low, 
the DAC register is updated automatically when the 16-bit data 
stream has been received. The format of this data stream is set 
up by links L7 to LlO. Consult Table I on the AD7840 data 
sheet for the appropriate settings. Figure 22, below, shows the 
pin designations for J2. 

Figure 22. Pin Configuration for J2 (Front View) 
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(+10V~a-l0VI 

NOTES 
1 22k PULL·UP RESISTORS ON DIP SWITCHES ARE OMITTED FOR CLARITY 

2 POWER SUPPliES ON let TO leG ARE ALL DECOUPLEQ WITH 0 'I'F and lOI'F 
CAPACITORS THESE ARE NOT SHOWN 

Figure 23. Circuit Diagram for Modem Analog Front End 

4-112 COMMUNICATIONS PRODUCTS 

PARALlel PORT 
fORADSP-2100 
EVALUATION BOARD 

86 EDMACIC 

Illi~~~~~~l g~ODC,~OUT B120M014 
B130M013 
8140M012 
815 DMDH 
816 DMD10 
817 OM09 
8180MOS 

Imllli~@820 DMD7 

'" DMD, 
8220MOS 
823 DM04 
BZ4 oM03 
825 DMD2 

" .. 
" " 

REV. A 



AD7341/AD7371 

II 

• .. . .......... . 
• ... .. :: .. :;;: 

.~ . 
;/ .......... II 

Figure 24. PCB Component Side Layout for Figure 23 
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Figure 25. PCB Solder Side Layout for Figure 23 

4-114 COMMUNICATIONS PRODUCTS REV. A 



~ANALOG 
WDEVICES 

FEATURES 
Phase and Frequency Detection 
ECl/TTl/CMOS Compatible 
linear Transfer Function 
No "Dead Zone" 
Mll-STD-883 Compliant Versions Available 

APPLICATIONS 
low Phase Noise Reference loops 
Fast-Tuning "Agile" IF loops 
Secure "Hopping" Communications 
Coherent Radar Transmitter/Receiver Chains 

GENERAL DESCRIPTION 
The AD9901 is a digital phase/frequency discriminator capable 
of directly comparing phase/frequency inputs up to 200MHz. 
Processing in a high speed trench-oxide isolated process, com
bined with an innovative design, gives the AD9901 a linear de
tection range, free of indeterminate phase detection zones 
common to other digital designs. 

With a single +SV supply, the AD9901 can be configured to 
operate with TTL or CMOS logic levels; it can also operate with 
ECL inputs when operated with a -S.2V supply. The open
collector outputs allow the output swing to be matched to post
filtering input requirements. A simple current setting resistor 
controls the output stage current range, permitting a reduction 
in power when operated at lower frequencies. 

Ultrahigh Speed 
Phase/Frequency Discriminator 

REFERENCE 
INPUT 

AD9901 I 

PHASE-LOCKED LOOP 

OSCILLATOR 
OUTPUT 

A major feature of the AD9901 is its ability to compare phase
/frequency inputs at standard IF frequencies without prescalers. 
Excessive phase uncertainty which is common with standard 
PLL configurations is also eliminated. The AD9901 provides 
the locking speed of traditional phase/frequency discriminators, 
with the phase stability of analog mixers. 

The AD9901 is available as a commercial temperature range de
vice, O°C to + 70°C, and as a military temperature device, -SsoC 
to + l2SoC. The commercial versions are packaged in a 14-pin 
ceramic DIP and a 20-pin PLCC. 

The AD9901 Phase/Frequency Discriminator is available in ver
sions compliant with MIL-STD-883. Refer to the Analog De
vices Military Products Databook or current AD9901/883B data 
sheet for specifications. 

FUNCTIONAL BLOCK DIAGRAM 
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REFERENCE 
INPUT 

FUP·FLOP 

Q 

REFERENCE 
FREQUENCY 

DISCRIMINATOR 
FUP·FlOP 

L..._-I'-..... _ OUTPUT 

r:==-~=~~~ OUTPUT 

OSCILLATOR 
FREQUENCY 

DISCRIMINATOR 
FUP-FlOP 
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AD9901-SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS' Operating Temperature Range 
Positive Supply Voltage (+VS for TTL Operation) .... +7V AD990lKQ/KP .................... O°C to +70°C 
Negative Supply Voltage (-Vs for ECL Operation) ..... -7V Storage Temperature Range ........... -65°C to + 150°C 
Input Voltage Range (TTL Operation) ........ OV to +5.5V Junction Temperature2 

Differential Input Voltage (ECL Operation) .......... 4.0V Plastic .............................. + 150°C 
ISBT Current ............................. l2mA Ceramic ............................. + 175°G 
Output Current ........................... 30mA Lead Soldering Temperature (1 Osee) ............ + 300°C 

ELECTRICAL CHARACTERISTICS (±Vs = +5.0V [for TTL] or -5.2V [for Eel], unless otherwise noted) 

Commercial Temperature 
O·C to +70°C 

AD990IKQIKP 
Test 

Temp Level Min Typ Max Units 

INPUT CHARACTERISTICS 
TTL Input Logic "I" Voltage Full VI 2.0 V 
TTL Input Logic "0" Voltage Full VI 0.8 V 
TTL Input Logic "1" Current' Full VI 0.6 rnA 
TTL Input Logic "0" Current' Full VI 1.6 rnA 
ECL Differential Switching Volt. Full VI 300 mV 
ECL Input Current Full VI 20 ,...A 

OUTPUT CHARACTERISTICS 
Peak-to-Peak Output Voltage Swing' Full VI 1.6 1.8 2.0 V 
TTL Output Compliance Range Full V 3-7 V 
ECL Output Compliance Range Full V ±2 V 
lOUT Range Full V 0.9--11 rnA 
Internal Reference Voltage Full VI 0.42 0.47 0.52 V 

AC CHARACTERISTICS 
Linear Phase Detection Range' 

40kHz +25°C V 360 Degrees 
30MHz +25°C V 320 Degrees 
70MHz +25°C V 270 Degrees 

Functionality @ 70MHz +25°C I Pass/Fail 

POWER SUPPLY CHARACTERISTICS 
TTL Supply Current (+5.0V)5, 6 +25°C I 43.5 54.0 rnA 

Full I 43.5 54.0 rnA 
ECL Supply Current (-5.2V)5, 6 +25°C I 42.5 52.5 rnA 

Full I 42.5 52.5 rnA 
Nominal Power Dissipation +25°C V 218 mW 

NOTES 
'Absolute maximum ratings are limiting values, to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximwn rating conditions for an extended period of time may affect device reliability. 

2Maximum junction temperature should not exceed + 175°C for ceramic packages, +150"<: for plastic packages. Junction temperature can be calculated by: 
tl = PD (alA) +tA = PD (aIC) +Ie 

where: 
PD = power dissipation 
alA = thermal impedance from junction to air (OCfW) 
0Je = thermal impedance from junction to case (oC/W) 
tA = ambient temperature (OC) 
Ie = case temperature (0C) 
typical thermal impedances: 

AD9901 Ceramic DIP = alA = 74"CfW; alC = 21°CfW . 
AD9901 LCC = alA = 80°CfW; alC = 19"CfW 
AD9901 PLCC = alA = 88.2'CfW; alC = 45.2°CfW 

'VL = +O.4V; VH = +2.4V. 
4RSET = 47.S!l; RL = 182!l. 
'Includes load current of lOrnA (load resistors = 182!l). 
·Supply should remain stable within ±S% for normal operation. 

Specifications subject to change without notice. 
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DAa 

DA2 

A09901 

INPUTIOUTPUT EQUIVALENT CIRCUITS 
(Based on DIP Pinouts) 

+s.ov 

TTL Input 

AD9901 BURN-IN CIRCUIT 
(Based on DIP ECL Pinouts) 

-Vsl-S.2VI 

~O.OI'F 

-S.2V 

ECL Input 

TTL MODE = +Vs 1+5.0VI 
Eel MODE = GROUND 

TTL MODE '" GROUND 
Eel MODE = Vsl-5.2VI 

Output 

DIE LAYOUT AND MECHANICAL INFORMATION 

GNDI-Vsl 

+VsIGNDI 

GNDIVCOINI VCOIN!-Vsl OUTPUT 

Die Dimensions ............... 63 x 118 x 16(:;:2) mils 
Pad Dimensions ........................ 4 x 4 mils 
Metalization .......................... Aluminum ' 
Backing ................................ None 
Substrate Potential . . . . . . . . . . . . . . . . . . . . . . . . . . - \' s 
Pass.ivation ............................. Nitride 
Die Attach ......................... Gold Eutectic 

E:~HIGH n n n r 
Eel LOW ----1 L-J U L.J 

ALL RESISTORS :t:5% 
All CAPACITORS :t20% 
ALL SUPPLY VOLTAGES :1:5% 
VMID =-1.3V :1:5% 

Bond Wire ........ 1.25 mil Aluminum; Ultrasonic Bonding 

ECLHIGH LJlJ1J1Jl. 
DA3 

Eel lOW 

STATIC: DA2=ECL HIGH; DA3=ECL LOW 

DVNAMIC: Eel HIGH 

REV. A 

ORDERING GUIDE 

Package 
Model Temperature Description Optionl 

AD9901KQ O"C to +70OC 14-Pin Ceramic DIP Q-14 
AD9901KP O"C to +70OC 20-PinPLCC P-20A 
AD9901TQ/8832 - 55°C to + 125°C 14-Pin Ceramic DIP Q-14 
AD9901TElSW - 55°C to + 125°C 20-Contact Ceramic LCC E-20A 

NOTES 
'E = Leadless Ceramic Chip Carrier; P = Plastic Leaded Chip Carrier; Q = Cerdip. 
For outline information see Package Information section. 

2For specifications, refer to Analog Devices Militmy Products Databook. 
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AD9901 
TTUCMOS MODE FUNCTIONAL PIN DESCRIPTIONS 

GROUND 

BIAS 

VCOINPUT 

OUTPUT 

RSET 

OUTPUT 

REFERENCE 
INPUT 

Ground connections for AD9901. Connect all 
grounds together and to low-impedance 
ground plane as close to the device as 
possible. 

Positive supply connection; nominally +S.OV 
for TIL operation. 

Connect to +Vs (+SV) for TIL operation. 

TIL compatible input; normally connected to 
the VCO output signal. VCO INPUT and 
REFERENCE INPUT are equivalent to one 
another. 

The noninverted output. In TIUCMOS 
mode, the output swing is approximately 
+3.2V to +SV. 

External RSET connection. The current 
through the RSET resistor is equal to the 
maximum full-scale output current. RSET 
should be connected to ground through an 
external resistor in TTL mode. ISET = 
0.47VlRsET = ILOAD (max.) 

The inverted output. In TIL/CMOS mode, 
the output swing is approximately + 3.2V to 
+SV. 

TIL compatible input, normally connected to 
the reference input signal. The VCO INPUT 
and the REFERENCE.lNPUT are 
equivalent. 

TTL Mode 
(Based on DIP Pinouts) 
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ECL MODE FUNCTIONAL PIN DESCRIPTIONS 

BIAS 

VCOINPUT 

VCOINPUT 

OUTPUT 

GROUND 

OUTPUT 

REFERENCE 
INPUT 

REFERENCE 
INPUT 

Negative supply connection, nominally -S.2V 
for ECL operation. 

Connect to -S.2V for ECL operation. 

Inverted side of ECL compatible differential 
input, normally connected to the VCO output 
signal. 

Noninverted side of ECL-compatible 
differential input, normally connected to the 
VCO output signal. 

The noninverted output. In ECL mode, the 
output swing is approximately OV to -1.8V. 

Ground connections for AD9901. Connect all 
grounds together and to low-impedance 
ground plane as close to the device as 
possible. 

External RSET connection. The current 
through the RSET resistor is equal to the 
maximum full-scale output current. RSET 
should be connected to - V S through an 
external resistor in ECL mode. ISET = 
O.47VIRSET = ILOAD (max). 

The inverted output. In ECL mode, the 
output swing is approximately OV to -1.8V. 

Noninverted side of ECL-compatible 
differential input, normally connected to the 
reference input signal. The VCO INPUT and 
the REFERENCE INPUT are equivalent to 
one another. 

Inverted side of ECL-compatible 
differential input, normally connected to the 
rererenCe input signal. The VCO INPUT and 
the REFERENCE INPUT are equivalent. 

ECL Mode 
(Based on DIP Pinouts) 
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AD9901 

EXPLANATION OF TEST LEVELS 
Test Level 
I 100% production tested. 
II 100% production tested at + 25°C, and sample tested at 

specified temperatures. 
III Sample tested only. 
IV Parameter is guaranteed by design and characterization 

testing. 

V 
VI 

Parameter is a typical value only. 
All devices are 100% production tested at + 25°C. 
100% production tested at temperature extremes for 
extended temperature devices; sample tested at 
temperature extremes for commercial/industrial 
devices. 

PIN CONFIGURATIONS 

GROUND 4 

NC 5 

GROUND 6 

NC 7 
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VCOINPUT 4 

NC 5 
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NC 7 
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AD9901 
THEORY OF OPERATION 
A phase detector is one: of three basic components of a phase
locked loop (PLL); the other two are a mter and a tunable oscil
lator. A basic PLL control system is shown in Figure I. 

REFERENCE 
INPUT 

Figure 1. Phase-Locked Loop Control System 

The function of the phase detector is to generate an error signal 
which is used to retune the oscillator frequency whenever its 
output deviates from a reference input signal. The two most 
common methods of implementing phase detectors are (1) an 
analog mixer and (2) a family of sequential logic circuits known 
as digital phase detectors. 

The AD990 I is a digital phase detector. As illustrated in the 
block diagram of the unit, straightforward sequential logic 
design is used. The main components include four "D" flip
flops, an exclusive-OR gate (XOR) and some combinational out
put logic. The circuit operates in two distinct modes: as a linear 
phase detector and as a frequency discriminator. 

When the reference and oscillator are very close in frequency, 
only the phase detection circuit is active. If the two inputs are 
substantially different in frequency, the frequency discrimina
tion circuit overrides the phase detector portion to drive the 
oscillator frequency toward the reference frequency and put it 
within range of the phase detector. 

Input signals to the AD9901 are pulse trains, and its output 
duty cycle is proportional to the phase difference of the oscilla
tor and reference inputs. Figures 2, 3 and 4 illustrate, respec
tively, the input/output relationships at lock; with the oscillator 
leading the reference frequency; and with the oscillator lagging. 
This output pulse train is low-pass mtered to extract the dc 

REFERENCE 1 n n n n n 
INPUT LJ LJ LJ LJ LJ l 

OSCILLATOR n n n n n r 
INPUT J LJ U LJ LJ LJ 

OSCILLATOR 1 " " r FUp·FLOP L-...J L-...J L-...J 
OUTPUT DC MEAN 

VALUE 

xg.:':ru~~ 

Figure 2. AD9901 Timing Waveforms at "Lock" 

REFERENCE' n n n n n 
INPUT U L...J LJ L..J LJ L 

OSCILLATOR n n n r1 n 
INPUT ...J LJ L..J L..J LJ L 

IIfFERENCE ~ F ... ·FLOP 
OUTPUT 

OSCILLATOR -, " r--1 
FUP·FLOP L-...J L-...J L-
OUTPUT DC MEAN 

VALUE 

X8~:rJl 

Figure 3. Timing Waveforms ("'OUT Leads "'IN) 
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REFERENCE 1 n n' n n n . 
INPUT LJ LJ LJ L..J L..J L 

OSCILLATOR --, n n n n r 
INPUT L...J LJ U LJ L.J 

REFERENCE~ 
FLIP-FLOP 
OUTPUT 

OSCILlATOR r---1 r--1 r 
FUp·FLOP -----1 'L-...J L-J 
OUTPUT DC MEAN 

VALUE 

xg::~~ dUJLJUL.Jl:. 
Figure 4. Timing Waveforms ("'OUT Lags ""N) 

mean value [K." (<I>I - <1>0)] where K", is a proportionality con
stant (phase gain). 

At or near lock (Figures 2, 3 and 4), only the two input flip
flops and the exclusive-OR gate (the phase detection circuit) are 
active. The input flip-flops divide both the reference and oscilla
tor frequencies by a factor of two. This insures that inputs to 
the exclusive-OR are square waves, regardless of the input duty 
cycles of the frequencies being compared. This division-by-two 
also moves the nonlinear detection range to the ends of the 
range rather than near lock, which is the case with conventional 
digital phase detectors. 

Figure 5 illustrates the constant gain near lock. 

-2, 

Fo""5MHz 

TYPICAL PHASE DETECTOR 
GAIN IS O.2865YIRAD 

4.VCM.rr=1,8V 

PHASE DIFfERENCE AT INPUTS 

Figure 5. Phase Gain Plot 

When the two square waves are combined by the XOR, the out
put has a 50% duty cycle if the reference and oscillator inputs 
are exactly 180· out of phase; under these conditions, the 
AD9901 is operating in a locked mode. Any shift in the phase 
relationship between these input signals causes a change in the 
output duty cycle. Near lock, the frequency discriminator flip
flops provide constant HIGH levels to gate the XOR output to 
the tmal output. 

The duty cycle of the AD9901 is a direct measure of the phase 
difference between the two input signals when the unit is near 
lock. The transfer function can be stated as 
[K",(<PI - <Po](VIRAD), where K", is the allowable output volt
age range of the AD9901 divided by 2.". 

For a typical output swing of 1.8V, the transfer function can be 
stated as (1.8V/2." = 0.285VIRAD). Figure 5 shows the rela
tionship of the dc mean value of the AD9901 output as a func
tion of the phase difference of the two inputs. 

It is important to note that the slope of the transfer function is 
constant near its midpoint. Many digital phase comparators have 
an area near the lock point where their gain goes to zero, result
ing in a "dead zone." This causes increased phase noise (jitter) 
at the lock point. 

The AD9901 avoids this dead zone by shifting it to the end
points of the transfer curve, as indicated in Figure 5. The 
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AD9901 

Photograph 1. AD9901 Output 
Waveform(Fo « F,) 

Photograph 2. AD9901 Output 
Waveform (Fo » F,) 

Photograph 3. AD9901 Output 
Waveform (Fo=F{= 50MHz) 

increased gain at either end increases the effective error signal to 
pull the oscillator back into the linear region. This does not 
affect phase noise, which is far more dependent upon lock 
region characteristics. 

It should be noted, however, that as frequency increases, the 
linear range is decreased. At the ends of the detection range, the 
reference and oscillator inputs approach phase alignment. At 
this point, slew rate limiting in the detector effectively increases 
phase gain. This decreases the linear detection by nominally 
3.6ns. Therefore, the typical detection range can be found by 
calculating [(lIF - 3.6ns)/(l/F)] x 3600 • As an example, at 
200MHz the linear phase detection range is ± SO°. 

Away from lock, the AD9901 becomes a frequency discrimina
tor. Any time either the reference or oscillator input occurs 
twice before the other, the Frequency High or Frequency Low 
flip-flop is clocked to logic LOW. This overrides the XOR out-

AD9901 APPLICATIONS 
The figure below illustrates a phase-locked loop (PLL) system 
utilizing the AD990 1. The first step in designing this type of 
circuit is to characterize the VCO's output frequency as a func
tion of tuning voltage. The transfer function of the oscillator in 
the diagram is shown in Figure 6. 

16. 

15. 
145 

N 135 

i 
1125 

> 
~ 115 

1105 

~ 95 .. 
'v .. 

-1 

V 

-/ 
/' 

/ 
/ 

/ 
/ 

/ 

+1 +2 +3 +5 +6 

VARACTORS TUNING VOLTAGE - VOLTS 

Figure 6. VCO Frequency vs. Voltage 

Next, the range of frequencies over which the VCO is to operate 
is examined to assure that it lies on a linear portion of the trans
fer curve. In this case, frequencies from 100MHz to 120MHz 
result from tuning voltages of approximately + 1.SV to +2.SV. 
Because the nominal output swing of the AD9901 is 0 to 
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put and holds the output at the appropriate level to pull the 
oscillator toward the reference frequency. Once the frequencies 4 
are within the linear range, the phase detector circuit takes over 
again. Combining the frequency discriminator with the phase 
detector eliminates locking to a harmonic of the reference. 

Photograph 1 shows the effect of the "Frequency Low" flip-flop 
when the oscillator frequency is much lower than the reference 
input. The narrow pulses, which result from cycles when two 
positive reference-input transitions occur before a positive VCO 
edge, increase the dc mean value. Photograph 2 illustrates the 
inverse effect when the "Frequency High" flip-flop reacts to a 
much higher VCO frequency. 

Photograph 3 shows the output waveform at lock for SOMHz 
operation. This output results when the phase difference 
between reference and oscillator is approximately -.".Rad. 

-1.8V, an inverting amplifier with a gain of 2 follows the loop 
filter. 

As shown in the illustration, a simple passive RC low-pass filter 
made up of two resistors and a tantalum capacitor eliminates the 
need for an expensive high speed op amp active-filter design. In 
this passive-filter second-order-loop system, where n=2, the 
damping factor is equal to: 

8 = O.S [KoKin(TI + T,)]'IZ [T, + (n 1KoKd)] 

and the values for T, and T, are the low-pass filter's time con
stants R,C and R,C. The gain of 2 of the inverting stage, when 
combined with the phase detector's gain, gives: 

Kd = O.S72V/RAD 

With Ko = ll5.2 MRAD/sN, T, equals 1.7l5s, and T, equals 
3.ll x 1O-4s for the required damping factor of 0.7. The 
illustrated values of 300 (R,), 1600 (R, ), and IOfl.F (C) in the 
diagram approximate these time constants. 

The gain of the RC filter is: 

VoN) = (1 + sR,C)/[1 + s(R, + R,)C]. 

Where KoKd » Wn , the system's natural frequency: 

Wn = [KoKd/n(T, + T,)]'IZ = 4.SkHz. 

For general information about phase-locked loop design, the 
user is advised to consult the following references: Gardner, 
Phase-Lock Techniques (Wiley); or Best, Phase Locked Loops 
(McGraw-Hill). 

COMMUNICATIONS PRODUCTS 4-121 



AD9901 

++ys 

ALTERNATE HIGH LEVEL 
OUTPUT CIRCUIT 

(++Vs TYPICALLY +15VTO +60V) 

4-122 COMMUNICATIONS PRODUCTS 

Phased Locked Loop Using AD9901 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
300 MSPS Clock Rate 
32-Bit Frequency Resolution 
Low Power: 1.5 W 
On-Board Quad Logic 
16- or 32-Bit Bus Compatible 

APPLICATIONS 
Frequency Synthesizers 
Waveform Generators 
Frequency Hopping Systems 
Communications and Radar Receivers 

GENERAL DESCRIPTION 
The AD9950 is a 32-bit, 300 MSPS phase accumulator for direct 
digital synthesis (DDS) applications. The twelve most significant 
bits (MSBs) of the accumulator are provided to address an exter
nal phase-to-amplitude conversion table for waveform synthesis. 

32-Bit, 300 MSPS Phase 
Accumulator for DDS 

AD9950 I 
Frequency control signals are TTL compatible, and the internal 
accumulator can operate at rates up to 300 MSPS because of the 
high speed bipolar process used in fabricating the device. Out
put phase data is ECL compatible and can be interfaced with 
either ROM or RAM. An external look-up table can contain 
data to generate standard functions such as sines, cosines, etc. 

On-board quadrature logic reduces the amount of external mem
ory required to implement the phase-to-amplitude conversions in 
applications which generate periodic waveforms symmetrical 
about their 90° phase points. 

The AD9950KJ is packaged in a 68-pin J-leaded ceramic chip • 
carrier for a commercial temperature range of O°C to + 70°C; the j 

model AD9950TJ is available for military applications with a 
temperature range of - 55°C to + 125°C in the same package. 
Contact the factory for information on devices meeting the re
quirements of MIL-STD-883. 

AD9950 DDS PHASE ACCUMULATOR BLOCK DIAGRAM 
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LATCHLSW 
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CARRY IN 
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AD9950 -SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS Storage Temperature 
Supply Voltage (:t V s) ....................... :t 7 V AD9950KJ ..................... -WC to + 150°C 
TTL Inputs ...................... ". + V s to -0.5 V AD9950TJ ..................... -65°C to + 150°C 
ECL Inputs .......................... 0 V to -Vs Junction Temperature' 
Operating Temperature Range AD9950KJ ........................... + 175°C 

AD9950KJ ................ ' ........ O°C to + 70°C AD9950TJ ........................... + 175°C 
AD9950TJ ..................... -55°C to + 125°C Lead Soldering Temperature (10 sec) ............ +300°C 

DC ELECTRICAL CHARACTERISTICS (unless otherwise noted, +Vs = +5 V; -Vs = -5.2 V) 

Test AD9950KJ AD9950TJ 
Parameter Temp Level Min Typ Max Min Typ Max Units 

ECLINPUTS 
Logic "1" Voltage Full VI -1.1 -1.1 V 
Logic "0" Voltage Full VI -1.5 -1.5 V 
Logic "1" Current Full VI 200 200 fLA 
Logic "0" Current Full VI 200 200 fLA 
Input Capacitance +25°C V 2 2 pF 

ECLOUTPUTS 
Logic "I" Voltage Full VI -1.1 -1.1 V 
Logic "0" Voltage Full VI -1.5 -1.5 V 

TTL INPUTS 
Logic "1" Voltage Full VI +2 +2 V 
Logic "0" Voltage Full VI +0.8 +0.8 V 
Logic "1" Current Full VI 300 300 fLA 
Logic "0" Current Full VI 500 500 fLA 
Input Capacitance +25°C V 2 2 pF 

POWER SUPPLIES '. 
- V s Supply Current +25°C I 288 350 288 350 mA 

Full VI 375 375 rnA 
+ V s Supply Current +25°C I 11 14 11 14 mA 

Full VI 16 16 rnA 
Nominal Power Dissipation +25°C V 1.5 1.5 W 

AC ELECTRICAL CHARACTERISTICS (unless otherwise noted +Vs = +5 V· -Vs = -52 V) , , 

Test AD9950KJ AD9950TJ 
Parameter Temp Level Min Typ Max Min Typ Max Units 

ECL INPUTS 
CLOCK Update Rate2 +25°C I 250 300 250 300 MSPS 

Full V 250 250 MSPS 
CLOCK Pulse Width HIGH +25°C IV 2.0 1.7 2.0 1.7 ns 

Full V 2.0 2.0 ns 
CLOCK !'w.!lse '.'{'idt.~ LO'~' -+ 25°C IV 1 " l Z.G 1 ns ~.v 

Full V 2.0 2.0 ns 
CARRY IN Set-Up Time3 +25°C IV 0.2 0 0.2 0 ns 

Full V 0.5 0.5 ns 
CARRY IN Hold3 +25°C IV 2.0 1.25 2.0 1.25 ns 

Full V 1.5 1.5 ns 

EeL OUTPUTS4 

Rise TimeS +25°C N 1 1.6 1 1.6 ns 
Full V 1.2 1.2 ns 

Fall Time + 25°C IV 1 1.6 1 1.6 ns 
Full V 1.2 1.2 ns 

Data Skew" + 25°C V 0.4 0.4 ns 
Output Capacitance +25°C V 2 2 pF 
Ao-All Delay3 + 25°C IV 3.7 4.5 5.3 3.7 4.5 5.3 ns 

Full V 5.0 5.0 ns 
SYNC Propagation Delay3 +25°C IV 3.5 4.2 5.0 3.5 4.2 5.0 ns 

Full V 4.6 4.6 ns 
CARRY OUT Propagation Delay' +25°C N 3.6 4.4 5.2 3.6 4.4 5.2 ns 
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Test AD9950KJ 
Parameter Temp Level Min Typ Max Min 

TTL INPUTS-Bus Mode 
T 16-T'l Set-Up Time7 +25°C IV 5.0 3.8 5.0 

(tTSU) Full V 4.3 
T 16-T'l Hold Time7 +25°C IV 0.5 -0.5 0.5 

(tTH) Full V 0.5 
LOAD Set-Up Time' +25°C IV 0.75 0.2 0.75 

(tLSU) Full V 0.5 
LOAD Hold Time' +25°C IV 0.2 0 0.2 

(tLH) Full V 0.2 

TTL INPUTS-Parallel Mode 
T 1-T31 Set-Up Time' +25°C IV 3.0 1.5 3.0 

(tTSU) Full V 2.5 
TcT'l Hold Time' +25°C IV 0.5 -0.5 0.5 

(tTH) Full V 1.0 
LOAD Set-Up Time' +25°C IV 0.75 0.2 0.75 

(tLSU) Full V 0.5 
LOAD Hold Time' +25°C IV 0.2 0 0.2 

(tLH) Full V 0.2 

RESET 
Minimum Pulse Width +25°C IV 2.5 1.6 2.5 

(Low) Full V 2 

NOTES 
'Typical thermal impedances (part in socket): alA ~ 42"CIW; ale ~ ll'C/W. 
2Minimum specification with 50% duty cycle on clock. Typical can be achieved with duty cycle adjustment to 70% HIGH. 
'Referenced to CLOCKICLOCK differential signal crossing point (CLOCK rising; CLOCK falling). 
'ECL outputs terminated to - 2 V through 100 fl. 
sMeasured as the 10% (0 90% transition time. 
6Measured as the worst case difference between the 50% points of both falling and rising edges. 
'Referenced to the 50% point of the rising edge of LATCH MSW or LATCH LSW. 

Specifications subject to change without notice. 

AD9950TJ 
Typ Max 

3.8 
4.3 
-0.5 
0.5 
0.2 
0.5 
0 
0.2 

1.5 
2.5 
-0.5 
1.0 
0.2 
0.5 
0 
0.2 

1.6 
2 

EXPLANATION OF TEST LEVELS 
Test Level 

AD9950 

I - 100% production tested. 
II - 100% production tested at + 25°C, and sample tested 

at specified temperatures. 
III - Sample tested only. 
IV - Parameter is guaranteed by design and characterization testing. 
V - Parameter is a typical value only. 
VI - All devices are 100% production tested at + 25°C. 100% produc

tion tested at temperature extremes for extended temperature 
devices; sample tested at temperature extremes for 
commerciaVindustrial devices. 

TTL HIGH 

-VS 

r"" 
QUADEN*} 

LATCHLSW* CLOCK* 
LATCHMSW* 

LOAD" 

RESET* CLOCK*} 

BUS* 
CARRYIN* 

{ AO-~l** +Vs 
CARRYOUT** -Vs 
SYNC** 

GROUND 

AD9950 

Units 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 

ECLHIGH 

ECLLOW 

+SV 

-S.2V 

*INDICATES EACH PIN IS CONNECTED THROUGH l00Q 
**INDICATES EACH PIN IS CONNECTED THROUGH 10kQ 

AD9950 Burn-In Connections 
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T23 

T24 

T25 
T26 
T27 
T28 
T28 
T30 

T31 (MSB) 
LATCHMSW 

RESET 
BUS 

GROUND 
-Vs 
-Vs 

GROUND 
QUAD EN 

BUS RESET 

1 1 

1 1 

1 1 

X 0 

BUS RESET 

0 1 

X 0 

27 
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AD9950 TRUTH TABLE 
BUS MODE 

(Data Inputs = T .. - T ,,) 

LATCH LATCH 
MSW 

0 

1 

1 

X 

LSW LOAD OPERATION 

1 0 Transfers Most Significant 
16-Bit Tuning Word into 
MSW Register 

0 0 Transfers Least Significant 
16-Bit Tuning Word into 
LSW Register 

1 1 Load MSW and LSW 
Registers (32 Bits) Into 
d-Phase Register on Next 
CLOCK Cycle 

X X Asynchronous Reset 

PARALLEL MODE 
(Data Inputs = To-T,,) 

LATCH LATCH 
MSW LSW LOAD OPERATION 

X X 1 Load 32-Bit Tuning Word 
into d-Phase Register on 
Next CLOCK Cycle 

X X X Asynchronous Reset 

43 

AD9950 Pin Designations 

CARRY IN 
LATCHLSW 

GROUND 
-Vs 
CLOCK 

CLOCK 
-Vs 
GROUND 
DNC 
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Pin Name 

1,3-18 To-T31 
and 
54-68 

2 +Vs 

19 LATCHMSW 

20 RESET 

21 BUS 

22,25,35, GROUND 
45,50 

23,24,36, -Vs 
46,49 

26 QUAD EN 

27 CARRY OUT 

47 CLOCK 

48 CLOCK 

28-34 Ao-All 
and 37-41 

42,44 DNC 

43 SYNC 

51 LOAD 

52 LATCHLSW 

53 CARRY IN 
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AD9950 PIN DESCRIPTIONS 

Function 

TTL-compatible word that determines the phase step of the accumulator. The tuning word can 
be loaded in parallel (32 bits) or bus (16 bits) mode. In bus mode, the two 16-bit words are 
loaded into the MSW and LSW registers through T I6-T31 • 

Positive power supply, nominally +5 V. 

TTL-compatible latch command for the 16 most significant bits (MSBs) of the tuning word. In 
parallel mode, the MSW register is always transparent. In bus mode, the MSW register is 
transparent when LATCH MSW is LOW. 

TTL-compatible asynchronous reset command. See text. 

TTL-compatible control pin. Logic HIGH enables the MSW and LSW registers, and 
multiplexes the data from T 16-T 31 into both registers. Logic LOW enables the parallel load 
mode; the MSW and LSW registers are transparent, and T 0-T 31 are latched directly into the 
delta-phase register by the LOAD signal. 

Ground return for the device. Ground for the ECL output stages is Pin 35. 

Negative power supply, nominally -5.2 V. Power for the ECL output stages is from Pin 36. 

ECL-compatible control pin. Logic HIGH enables the quadrature logic, which reduces the 
amount of memory required to implement the external phase-to-amplitude look-up table. The 
quadrature logic is used when generating waveforms symmetrical about the 900 and 1800 phase 
points (i.e., a sine wave). See text. 

ECL-compatible overflow flag. Logic HIGH at this pin indicates an overflow condition exists 
for the output data during that clock cycle. For applications in which two AD9950 units are 
cascaded to obtain 64 bits of phase resolution, CARRY OUT of the lower-order accumulator 
should be connected to CARRY IN of the higher-order accumulator. 

ECL-compatible input; should be driven differentially with CLOCK. 

ECL-compatible input; should be driven differentially with CLOCK. The contents of the 
delta-phase register are added to the output register after each rising edge of the CLOCK 
input. 

Twelve bits of ECL-compatible output data from the phase accumulator output register. 

Internal test points. Do not connect; let pins float. 

ECL-compatible output signal. SYNC will go HIGH for one clock cycle following the 
prealignment of new tuning data. SYNC serves as a flag to indicate the completion of the 
minimum period for loading new data. See Theory Section. 

TTL-compatible latch control for the delta-phase register. Data is transferred into the 
delta-phase register on the first rising edge of CLOCK after LOAD has gone HIGH. 

TTL-compatible latch command for the 16 least significant (LSBs) of the tuning word. In 
parallel mode, the LSW register is always transparent. In bus mode, the LSW register is 
transparent when LATCH LSW is LOW. 

ECL-compatible input. The effective value of the tuning word is increased by one LSB when 
CARRY IN is HIGH. For applications in which two AD9950 units are cascaded to obtain 64 
bits of phase resolution, CARRY OUT of the lower-order accumulator should be connected to 
CARRY IN of the higher-order accumulator. 
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AD9950 
AD9950 THEORY OF OPERATION 
Refer to the block diagram of the AD99S0 on the first page of 
this data sheet. 

The heart of the AD99S0 is a 32-bit carry-save adder accumula
tor, implemented with 2~bit ripple-carry adder cores. The 32-bit 
input for this adder is stored in the l1-phase registers. 

Registers for the most significant word (MSW) and least signifi
cant word (LSW) are controlled by the BUS command. In the 
parallel mode (BUS (it' logic LOW), these registers are transpar
ent, and serve only to buffer the tuning data. In the bus mode 

(BUS (it logic HIGH), they operate as level-triggered latches; 
and data is strobed into the registers on the leading edge of 
LATCH MSW or LATCH LSW. In the bus mode, data for 
both registers is multiplexed through T 16-T 31' 

In either mode, new data is strobed into the I1-Phase register by 
the rising edge of the first clock cycle after the LOAD com
mand goes high. These and other timing relationships are illus
trated in the timing diagrams. 

CLOCK 
(ECL) 

j.-- 17 CLOCK CYCLES -.j 
'I 

T16-T31 
(TTL) 

LATCHMSW 
(TTL) 

MSW REGISTER TUNEUWSWORD II TUNE WORD 2 
DATA (INTERNAL) .. MSW 

LATCHLSW 
(TTL) 

LSW REGISTER 
DATA (INTERNAL) 

LOAD 
(TTL) 

A-PHASE 
REGISTER DATA 

(INTERNAL) 

SYNC 
(ECL) 

Ao- A-, 1 
(ECL) 

IJ 

TUNE WORD 1 I :1 TUNE WORD 2 
LSW ... LSW 1 

TUNE WORD 1 I TUNE WORD 2 : 

tSD --: I--
______________________________ ~$.~~-----~~ tsp ~ ____________ _ 

1 

trsu TUNING DATA LATCH SET-UP TIME 
tTH TUNING DATA HOLD TIME 
t LMp MSW/LSW LATCH MINIMUM PULSE WIDTH LOW = 2ns 
tLSU LOAD COMMAND SET -UP TIME 
tLH LOAD COMMAND HOLD TIME 
tLD MINIMUM LOAD COMMAND DELAY, MEASURED FROM MOST RECENT MSW/LSW REGISTER UPDATE 
tSD SYNC PROPAGATION DELAY (DOES NOT INCLUDE 17 CLOCK CYCLE PIPELINE DELAY) 
tsp SYNC PULSE WIDTH 
t pD OUTPUT DATA (Ao-All) PROP DELAY 

Figure 1. AD9950 Bus Mode Timing Diagram 
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14 17 CLOCK CYCLES ------.j 

~Jl CLOCK 
(ECL) 

~U~ ~~t~~----~----------_r----------------~ ~ TUNVWORD3 

~L·----------~gD-~---------~--------------------I t LH LOAD COMMANDS APPEARING 

LOAD 
(lTL) 

t LSU --I;..:~= __ ..:....; IEFO"E 17 CLOCK CYCLES ~ __ _ 
HAVE PASSED HAVE NO EFFECT ~ ~ 

I 

6-PHASE 
TUNE I TUN!WORD2 I REGISTER DATA TUNE WORD 3 

(INTERNAL) WORD 1 

tSD -- I--
SYNC ~ (ECL) g 

Ao (LSB)- IIIIl 
All (MSB) 

(ECL) 'f-...J\_-J"-_-!,-_~-:----II~_~ __ .JL_-JL_--I'-

hsu TUNING DATA (To - T 31) SET-UP TIME 
tTH TUNING DATA HOLD TIME 
tLSU LOAD COMMAND SET-UP TIME 
tLH LOAD COMMAND HOLD TIME 

REFLECTS 
TUNE WORD 2 

tSD SYNC PROPAGATION DELAY (DOES NOT INCLUDE 17 CLOCK CYCLE PIPELINE DELAY) 
tsp SYNC PULSE WIDTH 
tPD OUTPUT DATA (Ao- AId PROP DELAY 

Figure 2. AD9950 Parallel Mode Timing Diagram 

When new data is presented to the a-Phase register, the carry
save architecture requires that the data for the 2-bit cores be 
staggered in time, and this delay is provided by the block la
beled Pre-Align Pipeline Register. The scheme used to prealign 
the data requires the a-Phase Register to remain constant for 16 
clock cycles after each update. 

Timing circuits in the AD9950 latch the contents of the a-phase 
register for 16 clock cycles after the LOAD command goes 
HIGH, preventing corruption of the data during the prealign
ment process. After the 16-clock-cycle delay, the SYNC output 
will go high for one clock cycle to indicate that new data has 
completed the prealignment, and a new tuning word can be 
loaded into the a-phase register. It should be noted that the 
tuning speed (frequen'-'Y update rate) of the DDS is limited by 
this architecture to one-seventeenth of the clock rate. 

The data from the 2-bit cores must also be realigned to provide 
the 12-bit output of the AD9950, and this delay is provided by 
the block labeled Post-Align Register. When the quad logic is 
enabled (QUAD EN @ logic HIGH), the 10 LSBs (Ao-A9) are 

REV. A 

inverted when AIO is HIGH. This logic is used with similar ex
ternallogic to reduce the size of a sine look-up table. 

Pre- and post-alignment delays combine to form a 17-clock-cycle 
delay of the output data. In addition to this delay, the loading of 
the a-phase register and the adder accumulator each add an ad
ditional clock cycle delay, bringing the total delay through the 
AD9950 to 19 clock cycles. 

The RESET (active LOW) command is asynchronous, and 
will reset the adder accumulator and the post-align logic. The 
a-phase register and the pre-align logic are not affected by the 
RESET command, even though the timing (SYNC) circuits are 
reset. A complete reset of the AD9950 should be executed 
whenever power is applied. This resetting consists of loading the 
a-phase register with all zeros; allowing the data to propagate 
through the prealign registers (16 clock cycles, as described 
above); and then taking the RESET pin LOW. 

Timing for the reset circuits is shown in Figure 3. 
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CLOCK 
(ECl) 

W//$2Z/////////J'-___ D:_~_:_IN_F~_R_W_~_:_~_T __ 

lOAD 
(TTl) I f! I 

RESET 
(TTl) 

NOTE 
BUS=lOWOR 

55 

BUS = HIGH, LATCH LSW = LATCH MSW = lOW 

~ DON'TCARE 

Figure 3. AD9950 RESET Timing Diagram 

DIRECT DIGITAL SYNTHESES 
Direct digital synthesis (DDS) is a method of deriving a wide
band, digitally controlled frequency (sine wave) synthesizer from 
a single reference frequency (system clock). 

The circuit has three major components: 
1. Phase Accumulator 
2. Phase-to-Amplitude Converter 
3. Digital-to-Analog Converter 

These major stages and their relationships to one another are 
illustrated in the block diagram shown below. 

'e 

.• IIIIIIII~IIIII "111111" 

FiiJure 4. Give;' Diagram of DDS Generaror 

" OUTPUT 

The phase accumulator is a digital device which generates the 
phase increment of the output waveform. Its input is a digital 
word which (with the reference oscillator) determines the fre
quency of the output waveform. The output of the phase accu
mulator stage represents the current phase of the generated 
waveform. In effect, the accumulator serves as a variable
frequency oscillator generating a digital signal. 

Translating phase information from the phase accumulator into 
amplitude data takes place in the phase-to-amplitude converter; 
this is most commonly accomplished by means of a look-up 
table (LUT) stored in memory. 
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In the final step of frequency synthesis, amplitude data is con
verted into an analog signal. This is done by a digital-to-analog 
(D/A) converter which must have good linearity; low glitch im
pulse; and fast, symmetrical rise and fall times. When it does, 
the frequency synthesizer is able to produce a spectrally pure 
waveform. 

The AD9950 is a digital phase accumulator intended for use in 
DDS applications. A simplified block diagram of an accumula
tor is shown below. 

N 
IJ. PHASE 

ClOCKo-----------------__ ~----~ 

Figure 5. Accumulator Simplified Block Diagram 

Operation of me device is stralghttorward: the contents of the in
put register are added to the output register on each clock cycle. 

Input data represents a phase step, and is referred to as A-phase. 
The output data is a digital ramp whose frequency is a fraction 
of the clock frequency: 

Phase Step A Phase 
fOUT = 27r fCLOCK = ~ fCLOCK, 

A Phase :S 2N - I 

where N is the resolution (number of bits) of the accumulator. 
(N determines the resolution to which the output frequency can 
be adjusted: fCLOcJd2N.) 
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The output data of the phase accumulator can be considered a 
phase vector moving around a circle, as shown graphically in 
Figure 6. 

M 
STEP 

SIZE ""I 

000 ... 0 

ACCUMULATOR RESOLUTION 

BITS NUMBER OF POINTS 
8 256 

12 4096 
16 65536 
20 1048576 
24 16777216 
28 268435456 
32 4294967296 

Figure 6. Vector Representation of Phase Accumulator 
State 

In this analogy, the vector will move around the circle in fixed 
steps, called A-Phase, in response to each clock cycle. The num
ber of phase points which is available is determined by N, the 
resolution of the accumulator. The frequency of the output 
waveform is determined by the number of clock cycles required 
to move the phase vector around the circle one time. 

Phase data at the output of the accumulator is converted to am
plitude data by means of a look-up table (LUT); that data, in 
turn, is convened to an analog signal by a digital-to-analog con
verter (DAC). 

To avoid aliasing, the output frequency should be limited to less 
than one-half the clock frequency. This translates to limiting 
A-Phase :s2(N-l). The majority of DDS systems limit output 
frequency to less than 40% of the clock rate to make design of 
the low-pass filter (LPF) easier. Practical DDS designs often 
limit the output frequency to less than 25% to minimize the ef
fects of ac limitations in the DAC. 

The DAC is the only analog component in the circuit, and its 
resolution determines the amplitude quantization of the gener
ated waveform. This amplitude quantization places a theoretical 
limit on the signal-to-noise ratio (SNR) of the DDS system. In 
addition to quantization effects, the DAC has static and dynamic 
nonlinearities which corrupt the converter's ideal transfer func
tion. DC nonlinearity, slew rate, glitch impulse, settling time, 
and digital feedthrough are all DAC characteristics which can 
reduce the dynamic range of the overall DDS system. 

Implementing the Look-Up Table 
Using the full resolution of the phase accumulator in the phase
to-amplitude conversion is both impractical and unnecessary. As 
an example, using the full resolution of the AD9950 would re
quire a look-up table >4G x 12. 

It is preferable to have the LUT only large enough to insure 
that the dc error of the output waveform is dominated by the 
quantization error of the DAC. In most DDS applications, the 
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AD9950 
conversion is to a sine (or cosine) wave. This requires the look
up table to have two more bits of resolution than the DAC. In 
the AD9950, phase output data is truncated to 12 bits, support
ing a 10-bit DAC for sine wave applications (4k x 10 LUT). 

Using the Quad Logic 
In sine wave applications, the amount of memory needed to im
plement the LUT can be reduced by taking advantage of the 
known characteristics of a sine wave. The AD9950 incorporates 
on-board "quad logic" to simplify using this technique. This 
logic is enabled by taking the QUAD EN (Pin 26) input high. 

First, the look-up table does not need to store the most signifi
cant bit (MSB) of the amplitude data because it is the same as 
the MSB of the phase accumulator data; this reduces the 
amount of memory which is required to 4k x 9. 

The symmetrical properties of sine waves allow funher reduc
tion. Only the first quadrant (90°) of the sine wave is required, 
as shown. This reduces the memory of the LUT addressed by 
the 10 LSBs of the AD9950 to Ik x 9. 

111 ••• 1 

SYIIMETRY 
ABOUT 10" 

i 
~ 
~ 100 •.• 0 ~!!!~~~----~:-:I--------r-

I 
000 ... 0 '::0~----N2::---------"~~----:-2>t-

PHASE 

Figure 7. AD9950 Sinewave Phase-Amp Converter 

Because the second quadrant of the sine wave is the mirror 
image of the first, it can be addressed by inverting the 10 least 
significant bits (LSBs) of the AD9950. This address inversion is 
performed on board the AD9950 by the quadrature logic, a set 
of inveners which are transparent when data is in the first quad
rant, but functional when data is in the second quadrant. The 
second-most significant bit (A lO) of the accumulator determines 
in which quadrant the data is located and controls the inveners. 
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· AD9950· 
Each inverter is actually a two-input exclusive-or (XOR) gate 
driven by one of the LSBs (Ao-A.) and Aio. Its operation is il
lustrated in Figure 8. 

(A10) CONTROL :J.D-o 
OUTPUT 

(Ao-A.) SIGNAL 

CONTROL SIGNAL OUTPUT 

o o } ACTIVE 

o 
o o o } TRANSPARENT 

Figure 8. XOR as Controlled Inverter 

--------------------AD99~~ 

(MSB) P111-------I 
P101----.... ---I 

(lSB) po-p. 

PHASE 
ACCUMULATOR 

(QUAD 
lOGIC) 

A.-AO 

ECl 
OUTPUT 
STAGE 

I 

I 
I 
I 

----- ______ 1 

QUAD EN 0------1 

Quadrants three and four of the sine wave are the inverse of 
quadrants one and two. Amplitude data for the LSBs in these 
quadrants is obtained by inverting the data from the LUT. This 
step is similar to the inversion described earlier, and is con
trolled by the complement of the accumulator's MSB. In the 
Analog Devices model AD9720, this operation is integrated into 
the DAC. The complete phase-to-amplitude conversion process 
using quad logic is illustrated below. 

The memory used to construct the look-up table must have a 
fast read access time; 3 ns ECL RAM (lOE474, lk x 4) will 
support the update rate of the AD9950. Most applications will 
require a separate read-only memory (ROM) to store the data 
permanently and an initialization process to load this data into 
the RAM during the time the DDS circuit is being initialized. 

r----------------------~ I AD9720 I 
I I 

10 

REGISTER 

D/A 
CONVERTER 

I 
I 
I 
I 

I SINE 
I WAVE 
I OUTPUT 
I L ______________________ J 

Figure 9. Phase-to-Sine Amplitude Conversion, Using Quad Logic 

Layout and Power Supplies 
Proper layout of high speed circuits is always critical, but is par
ticularly important when both analog and digital signals are in· 
volved (i.e., DDS systems). 

Analog signal paths should be kept as short as possible, and be 
properly terminated to avoid reflections. The analog input volt
age and the voltage references should be kept away from digital 
signal paths; this reduces the amount of digital switching noise 
that is capacitively coupled into the analog section of the circuit. 

Digital signal paths should also be kept short, and run lengths 
should be matched to avoid propagation delay mismatch. Termi
nations for ECL signals should be as close as possible to the re
ceiving gate. 
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In high speed circuits, layout of the ground circuit is a critical 
factor. A single, low impedance ground plane, on the compo
nent side of the board, will reduce noise on the circuit ground. 
Power supplies should be capacitively coupled to the ground 
plane to reduce noise in the circuit. Multilayer boards allow de· 
signers to layout signal traces without interrupting the ground 
plane, and provide low Impedance power planes. 
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AD9950 APPLICATION 
The diagram shown below illustrates implementation of a 300 
MSPS direct digital synthesizer using the AD9950 32-bit phase 
accumulator and the AD9720 IO-bit 300 MSPS digital-to-analog 
converter (DAC). The AD9950 is controlled by a 16-bit micro
processor, which provides tuning data for the system. 

Phase-to-amplitude conversion uses a Ik x 9 LUT and is 
stored in very fast (3 ns access time) ECL RAM. Data for the 
ECL RAM is stored permanently in a CMOS ROM and is 
transferred into the RAM as part of the initilization process dis
cussed earlier. 

+Vs 

"PROCESSOR 

BUS 
QUAD EN 

T18 - T31 (MSB) 

LDAD 
LATCHLSW 
LATCHMSW 

RESET 

AD9950 

AD9950 

Sine data for the LUT is based on the 12-bit phase data from 
the AD9950 and is calculated as: 

ROUND [511.5 x sin (~~-~9 x 21<)] 

This provides data for the AD9720 DAC that has a spectral 
purity of " 76 dBFS. 

GROUND 

CUXKo-------------------~----------------------------------------~ 

T7 

T, 
T. 
T,. 
T" T,. 
T" T,. 
T" 
+vs 
T" 
T17 
T" 
T" 
T •• T., 
T •• 
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Figure 10. AD9950 10-Bit DDS Application 

DIE LAYOUT AND MECHANICAL INFORMATION 

SYNC 

DNC 

A. (LSB) 

A, 
A. 
A3 ____ =--' A. 

-Vs 
GROUND 
As 

o z z W 
::1 0 
0 .. 
a: ::1 
"'0 

A. 
A7 
A, 

A. 

A,. 
A" (MSB) 

CARRY OUT 

Die Dimensions ............. 175 x 172 x IS (:±:2) mils 
Pad Dimensions ........................ 4 x 4 mils 
Metalization .............................. Gold 
Backing ................................ None 
Substrate Potential .......................... - V s 
Passivation ............................. Nitride 
Die Attach .................. Gold Eutectic (Ceramic) 
Bond Wire ........... 1-1.3 mil, Gold; Gold Ball Bonding 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD9950KJ O°C to +70°C 68-Pin J-Leaded Ceramic J-68 
AD9950TJ -55°C to + 125°C 68-Pin J-Leaded Ceramic J-68 

*J = J-leaded =amic package; hermetically sealed =amic package, similar to PLCC. 
For outline information see Package Information section. 
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r.ANALOG 
WDEVICES 
I 
FEATURES 
• Recovers Data From Lines Varying From 

o ft. to Over 6000 ft. 
• Wide Data Range, Under 300bps to Over 6Mbps 
• Accepts RZ and NRZ Data Formats 
• Accepts Unipolar and Bipolar Transmission Formats 
• Single ..sVolt Operation 
• Automatic Gainl Equalization Control; 

Dynamic Range>6OdB 
• TTL/CMOS Compatible Clock and Data Outputs 
• Provides LOSS-OF-CARRIER Output 
• Suitable for T1, E1, T1 C, T2, DDS, and LAN Applications 
• MeetsCCm and ATT Specifications for ISDN Compatibility 

APPLICATIONS 
• PBXs and LANs Using Twisted-Pair, Coax, 

or Fiber Optic Cable 
• ISDN Compatible Equipment: Computers, FAX Machines, 

Test Equipment 
• Industrial Communications/Process Control 
• Digital Multiplexers, CSUs, and Switching Equipment 

FUNCTIONAL BLOCK DIAGRAM 

. REV. B 

Serial 
Data Receiver 

LlU-Ol I 
GENERAL DESCRIPTION 

The LlU-01 is a versatile monolithics receiver for use in serial data 
transmission networks. It allows the recovery of data transmitted 
in both RZ and NRZ formats over lines from 0 ft. to over 6000 ft. 
The LlU-01 separates the clock from data and presents both clock 
and data as TTL/CMOS compatible outputs. A LOSS-OF-CAR
RIER output is also provided to indicate that the incoming signal 
has fallen below a usable level. The LlU-01 incorporates a high 
gain preamplifier and dual ALBO ports enabling ilto ;l.utomatically 

Continued 

PIN CONNECTIONS II 
PREAMP {+ 1 • 

OUTPUTS _ 2 

vee 3 

LCTANK • 

OSCBIAS 5 
DELAY 6 

RNEG 1 

,. -}PREAMP 
15 + INPUTS 

,. ALBOFILTER 

16-PIN CERDIP 
(a·Sufflx) 

16-PINSOL 
(8-Sufflx) 

16-PIN PLASTIC DIP 
(P·Sufflx) 

CLOCK 9 

RPOS 8 

RNEG 7 
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GENERAL DESCRIPTION Continued 

adjustforthe signal attenuation and frequency distortion encoun
tered at varying lengthsoftwisted-pair, coax, or fiber optic trans
mission lines. It will tolerate an input signal range of over 60dB 
and can handle data rates ranging from less than 300bps to 
greater than 6Mbps. 

The LlU-01 meets all CCITT and A TT specifications for an ISDN 
compatible receiver interface. Additionally, it is directly compat
ible with the R8070 and, with one additional inverter gate, the 
OS2180 digital T1 transeivers. 

ORDERING INFORMATION t 
PACKAGE 

CERDIP PLASTIC 
16-PIN 16-PIN 

LlUOI FO LIUOI FP 
LIU-IFStt 

OPERATING 
TEMPERATURE 

RANGE 

XIND 
XIND 

Burnwin is available on commercial and industrial temperature range parts in 
CerDIP and plastic DIP packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

ABSOLUTE MAXIMUM RATINGS 
MaximumVoltage, Pin 3 to Pin 11 ......................... 6.5V, -C.5V 
Maximum Voltage, Any Pin Except 12 and 13 ..................... V cc 
Maximum Sinking Current, Any Pin ................................. 20mA 
Operating Temperature Range ........................ -40°C to +85°C 
Storage Temperature Range ........................ -65°C to + 150°C 
Lead Soldering Temperature ...... , ................................ +300°C 
Junction Temperature ................................................... +150°C 

PACKAGE TYPE alA (Note I) alC UNITS 

16-Pln Hermetic DIP (0) 94 12 'CIW 

16-Pin Plastic DIP (P) 76 33 'CIW 
t 6-Pln SOL (S) 92 27 'CIW 

NOTES: 
I. e'A is specified for worst case mounting conditions, i.e., aJA is specified fordevlce 

i~ socket for CerDIP and P-DIP packages; elA Is specified for device soldered 
to printed circuit board for SOL package. 

ELECTRICAL CHARACTERISTICS at VCC = 5V, -40°C:5 TA:5 +85°C, unless otherwise noted. 

LlU-01F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

SUPPLY 

Supply Current Icc (Note I) 20 28 mA 

Supply Voltage Vcc 4.75 5.0 5.5 V 

PREAMPLIFIER 

Preamplifier Open-Loop Gain Ao .1Av(Diff)/(2AvIN(Diff)) 52 56 dB 

Preamplifier Bandwidth Bw -3dB (Note 2) 6 9 MHz 

Preamplifier Input 
ZIN f= t.544MHz 50 kO 

Impedance, Differential 

Preamplifier Input 
Vas (Notet) 0.8 5 mV 

Offset Voltage 

Preamplifier Output Impedance loUT 50 100 0 

Preamplifier Output High VaHA TA= +25'C 3.8 4.0 V 

Preamplifier Output Low VOLA TA= +25'C 1.0 1.2 V 

Preamplifier Input 
;e (Note i) 4 I1A Bias Current 

Preamplifier Input 
loS (Notet) 0.01 0.5 IlA Offset Current 

Preamplifier Output 
Voc TA = +25'C 2.5 V 

Self-Bias Vo~age 

OUTPUT DRIVE 

Output High Voltage, roc VOHC IL= 100l1A 3.5 4.0 V 

Output Low Voltage, roc VOLC IL= 5mA 0.22 0.4 V 

Output High Voltage, 
VOHO IL = 4001lA 3.2 3.5 V 

RPOS, RNEG, RCLK 

Output Low Voltage, 
YOLO IL=-5mA 0.15 0.4 V 

RPOS, RNEG, RCLK 
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ELECTRICAL CHARACTERISTICS at Vcc - 5V, -40·C S TA S +85·C, unless otherwise noted. Continued 

LlU·01F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Output Pulse Rise· Time TOR 20 ns 

Output Pulse Fall·Time TOF 20 ns 

Output Pulse·Width, 
Pwo l.l.S44MHz 648 ns 

RPOS,RNEG 

Output Pulse·Width, 
Pwc 1= 1.544MHz 280 ns 

RCLK 

CLOCK CIRCUIT 

Oscillator Bias Voltage VBIAS VPIN5 4 V 

Tank Emltter·Foliower 
ITB (Note 1) 5 pA 

Base Current 

Oscillator Bias Current lose 720 pA 

Oscillator Injection Current IINH 200 pA • Data Sampling Interval Tos 20 ns 

Delay Circuit Resistor ReI 
Measured Irom Pin 6 to Pin 3 
TA=+25'C 

700 1000 1300 n 

ALBO 

Differential Voltage, measured 
ALBO Threshold VTA between Pins 1 and 2, required 1.35 1.5 1.65 V 

to activate the Peak Detector 

ALBO Threshold ±Differential VTAO 75 mV 

ALBO ON Voltage Vou 
Measured at Pin 14, 

1.0 1.7 4.0 V 
[VPIN 1 - VPIN 21- ALBO Threshold + 20mV 

ALBO OFF Voltage VF14 
Measured at Pins 12, 13, 14 

75 mV 
(Note 1) 

Minimum ALBO 
RoMIN 6 15 0 Diode Resistance 

Maximum ALBO 
RoMAX 1_ 1.544MHz (Note 2) 20 30 kn Diode Impedance 

ALBODlode 
Ro=1000 Impedance Matching 

10 % 

DATAICLOCK THRESHOLDS 

Differential Voltage, measured 
Clock Threshold VTC between Pins 1 and 2, required 0.92 1.05 11.22 V 

to activate the Peak Detector 

Clock Threshold 
as % 01 ALBO Voltage 

VTC1Io 68 71 74 % 

Differential Voltage, measured 
Data Threshold VTO between Pins 1 and 2, required 0.62 0.75 0.90 V 

to activate the Peak Detector 

Data Threshold 
Tco .. as % 01 ALBO Voltage 46 50 54 % 

NOTES: 
1. Preamplifier self· biased VPIN 1 = VPIN 2· VPIN 15 = VPIN 18· 
2. Guaranteed by design. 
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TYPICAL ELECTRICAL CHARACTERISTICS 
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APPLICATIONS INFORMATION 

FUNCTIONAL DESCRIPTION 
The Preamplifier: The LIU-Q1 contains a differential-input, differen
tial-output preamplifier with a gain-bandwidth product of over 
5GHz. Internally, the preamp outputs drive a differential signal into 
a set of threshold comparators. The external inverting preamp 
output is normally used only for biasing. The differential inputs 
and the external noninverting output behave as a conventional op 
amp. Thus, the preamplifier open-loop gain, AVOL, is specified as 
~VoC+)/ ~VIN(Diff). Preamplifier bandwidth, typically 9MHz, is the 
frequency at which AVoLhas fallen 3dB from its DC value. Unlike a 
741-type op amp whose Single-pole open-loop gain response 
provides unity gain stability, the LlU-01's preamplifier has been 
optimized for maximum gain-bandwidth product and exhibits a 
multiple-pole gain roll-off beyond 10M Hz. The preamp's open
loop gain and phase vs. frequency characteristics are shown in 
Figure 1. Specific points on these characteristic curves are listed in 
Table 1. The curves imply that the LlU-01 requires a minimum 
closed-loop gain of 200 for stability. By providing 46dB of feed
back loop attenuation at 20M Hz, the preamp will be stable with 
about 35° of phase margin. To aid in modeling the frequency 
response of the LlU-01 preamp, Table 2 lists the approximate 
locations of the first 6 open-loop poles. 

.. 
10 

30 

TA-+21'C 
v .... +sv 

20 -

.... ~ 

1M 

" 
I\, 

10M 

GAIN 

I' 

~ -180 

-225 
100M 

FREQUENCY (Hz) 

FIGURE 1: LtV-01 preamplifier gain/phase vs frequency. 

TABLE 1: Typical Preamp Gain/Phase Response 

FREQUENCY (MHz) AyOL (dB) PHASE (DEG) 

1.0 
1.544 
9.0 

20.0 
30.0 

55.7 
55.7 
52.7 
45.8 
40.8 

TABLE 2: LIU-01 Preamp Model 

AYOL Ro 

56dB 500 

REV. B 

-8.7 
-14.0 
-82.7 

-145.7 
-180.8 

OPEN-LOOP POLES 

12MHz 
20MHz 

4 x 135MHz 

LlU-Ol 
The LlU-01's preamp is designed to operate around a balanced 
DC common-mode bias level equal to roughly 50% of the supply 
voltage on both its inputs and outputs. This allows the outputs to 
achieve maximum swing when amplifying an AC coupled, bipolar 
signal. It also produces zero differential preamp output voltage for 
zero input signal. Operating from a +5V supply, the preamp out
puts will balance at approximately +2.5V allowing an output volt
age swing of ±1.5V around this bias level as illustrated in Figure 2. 

FIGURE 2: The differential outputs of the LtV-01's 
preamplifier swing symmetrically around a DC bias point of 
about 2.5V. Vo(-) is inverted with respect to Vo(+) about 
this pOint . 

Figures 3 and 4 show two methods of configuring the preamp to 
automatically self-bias both the inputs and outputs to an optimum 
level. The Single resistor and capacitor used in Figure 3 extracts 
the DC average of the inverting output and feeds it back to the 
noninverting input to establish the input common-mode level. 
This negative feedback will force the outputs to center their swing 
around the DC level at which VoCDiff) = OV. This type of self
biasing is practical only when the preamp is passing a balanced, 
AC coupled, bipolar signal. If the preamp must preserve the DC 
level of an unbalanced, unipolar signal, then a self-biasing scheme 
as is shown in Figure 4 is required. This network sets the input 
common-mode level by establishing the DC average of both 
differential outputs. I n this way, the input common-mode level will 
always be that voltage at which VoCDiff) = OV regardless of the 
input signal. 

R, 

FIGURE 3: Preamp self-biasing for use with AC coupled, 
balanced bipolar signals. 
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R, R, Aa 

~CI 

FIGURE 4: Universal preamplifier self-biasing technique 
allowing unipolar signal amplification. 

Threshold Comparators: The LlU-Q1 contai ns three pai rs of thresh
old comparators to monitor the differential outputs of the 
preamplifier. Each ofthe'six comparators is set to detect a specific 
differential preamp output level. Three comparators measure pos
itive differentials and three measure negative differentials. The 
individual thresholds are labeled as positive and negative Peak, 
Clock and Data as shown in Figure 5. 

FIGURE 5: Six threshold comparators detect positive and 
negative differential preamp output levels. 

The Peak detector outputs are used to perform an AGC-type 
function (ALBO) to maintain a constant preamp output level. The 
Clock detector thresholds are set at 71% of the Peak levels. When 
the Clock thresholds are reached, the comDarators send a syn
chronization pulse to the on-board oscillator to lock its frequency 
to that of the incoming signal. The Data detector thresholds are set 
at 50% of the Peak levels for maximum noise immunity. The 
outputs of these comparators provide the digital data which is 
clocked into the output latches. A preamp differential output 
which exceeds the positive Data threshold represents a digital "1" 
and produces a high output on RPOS. Exceeding the negative 
Oats threshold, also a digital "1", produces a high output on 
RNEG. A preamp output which exceeds neither Data threshold, a 
digital "0", produces a low output on both RPOS and RNEG. 

ALBO/LOC: Both the ALBO and LOC functions are driven from 
the Peak threshold detector outputs. The ALBO, Automatic Line 
Build-Out, circuitry consists of two current driven diodes which 
act as variable impedance elements enabling the LlU-D1 to close 
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an AGC loop around the preamplifier. As a Peak level is detected, 
a current pulse is sourced into the ALBO diodes. These pulses are 
averaged to a DC current by an external ALBO filter capacitor. As 
the current flowing through the diodes increases, their incremen
tal impedance is lowered as described by the exponential I-V 
curve for a diode-connectedNPN transistor shown in Figure'6. 
The impedance of the NPN transistor emitters which source the 
current to the ALBO diodes follOWS an identical curve. Because 
the bases of these transistors look like an AC short to ground by 
virtue of the external ALBO filter capaCitor, the total AC impEl'
dance of each ALBO port looks like the parallel combination of 
two diodes: 

Equation 1 
0.026V 

Ro ;: --- + RSTRAY 
210 

where 10 equals the DC current flowing through the diodes and 
RSTRAY represents the stray resistance inherent in the LlU~01, 
about 30. The longer a Peak level is detected, the greater 10 
becomes, lowering RD. When no Peak levels are detected, the 
voltage on the ALBO filter capacitor becomes zero, shutting off 
current to the diodes. Under this condition, the stray pin capaci
tance of about 3pF will limit maximum ALBO impedance. A 
1.544MHz signal will see an effective port ALBO impedance of 
about 30kO. In addition to shutting off the ALBO diodes, the loss 
of voltage on the ALBO filter will trigger the simple two-transistor 
comparator that forms the Loss-of-Carrier detector, COC, bring
ing that output low. This signal can be used to warn the digital 
system receiving the data from the LlU-D1 that the incoming signal 
has fallen below a manageable level and any data output under 
this condition may be false. If a Peak level is again detected and 
ALBO filter voltage rises above about 0.7V, LOC will return high 
indicating that the received data is again valid. 

FIGURE 6: The incremental impedance of the diode
connected NPN transistor used as the ALBO diode is 
dependent on the DC bias current flowing through it. 

The OSCillator: The LlU-01's on-board oscillator is designed to be 
free-running at a frequency, f ~ by an external inductor and 
capacitor, where f 0 '" 1/(21CV' LC ). The phase and exact fre
quency of the oscillator are synchronized to the incoming data 
signal by the Clock threshold comparators. Each time thll pream
plifier'S differential output exceeds the Clock thresholds, the com
parator's outputs inject a current pulse into the LC tank oscillator 
aligning its oscillation with the incoming signal. During periods 
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here no Clock levels are detected by the comparators, the LC w 
ta 
in 
o 
a 
w 
th 
co 

nk's OSCillation will relax back to its own resonantfrequency. An 
ternal comparator is used to square the LC tank's sinusoidal 
sCillation into a digital level clock. This comparator incorporates 
delay function to allow the user to control when the clock edge 
ill reach the output latches. The clock signal then passes 
rough an inverter buffer and is presented as a TTUCMOS 
mpatible output, RCLK. 

he Output Latches: Two edge-triggered, D-type latches provide T 
th 
R 
D 
ri 
R 
T 

e TTUCMOS compatible digital data outputs, RPOS and 
NEG, of the LIU-Ot The digital information at the outputs of the 
ata threshold comparators is clocked into these latches on the 
sing edge of the internal clock. This corresponds to RPOS and 
NEG both being updated on the falling edge ofthe output clock. 
he latched data outputs will remain stable until they are updated 

again by the next clock cycle, therefore, the rising edge of the 
RCLK can be used directly to shift RPOS and RNEG into a shift 
register or onto a microprocessor bus. The timing of the L1U-01 
digital outputs is illustrated in Figure 7. The output architecture of 
the L1U-D1 is directly compatible with the R8070 digital trans
ceiver. Unlike the R8070, the DS2180 digital transceiver clocks 
data in on the falling edge of the input clock. Using an inverting 
gate to invert RCLK enables the L1U-01 to shift data into the 
DS2180. 

RCLK 
II 

1 1'''''"--...1 

R.OS 3" '\ 
I~------
I~ ____ -. 

RNEQ -----------'1 '-
FIGURE 7: The LtU-01's output timing insures that the data 
outputs are stable on the riSing edge of RCLK. Skew 
between outputs is typically 10ns. 

DESIGNING WITH THE LlU-01 

DESIGNING A WIDEBAND AMPLIFIER 
Figure 8 shows a typical configuration using the LIU-01's pream
plifier to create a high gain, wideband amplifier. The capaCitor C, 
determines the amplifier's low frequency gain roll-off while resis
tors R, and R2setthe AC closed-loop gain. At DC, the amplifier is 
in unity gain. A zero at w, = 1/(R2C,) causes the AC gain to rise 
until a pole is reached at w2= 1/(R,C,). The final value of closed
loop signal gain is equal to: 

Equation 2 
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=:=c, 

~c, 

FIGURE 8: Typical non inverting preamplifier gain 
configuration with self-biasing. 

To ensure preamp stability, the ratio R2/R, must be a minimum of 
200 to a bandwidth of at least 20M Hz. Low value resistors should 
be used for R2and R, to minimize the effects of stray capacitance 
in the feedback loop. Since PC board applications exhibit at least 
2pF of stray feedback capacitance (equal to about 4kO impedance 
at 20MHz), R, should be less than 200. 

Because the preamp's differential output voltage is monitored by 
the internal threshold comparators, any output offset will degrade 
the symmetry of positive and negative threshold levels. Operating 
the preamplifier in DC unity gain is instrumental in minimizing the 
output offset voltage. Offset can be further reduced by balancing 
the preamp's DC input source impedance. Preamp output loading 
in the form of feedback and biasing networks should also be 
balanced to ensure uniform inverting action between the two 
preamp outputs. 

AGe USING THE ALBO DIODES 
The variable impedance action of the L1U-D1's internal ALBO 
diodes can be used to create a wide dynamiC range AGC loop with 
the preamplifier as shown in Figure 9. While the preamp operates 
at a fixed AC gain, the input signal is variably attenuated by the 
impedance-divider networks of R,/Zo, and R2/Z02. As the input 
signal magnitude increases and the preamp's outputs cross the 
Peak thresholds, ALBO diode impedance decreases providing 
more signal attenuation prior to the preamplifier input. If input 
signal magnitude decreases, diode impedance will increase, 
reducing signal attenuation. The result is a constant preamp input 
level creating a constant preamp output amplitude. 

The DC blocking capacitors C, and C2 are required to remove 
from the signal path the DC bias voltage, OV to 0.8V, of the ALBO 
diodes. These capacitors also create a frequency dependency by 
adding a pole/zero pair in the attenuation characteristics of each 
ALBO diode stage. Figure 10 illustrates the gain vs. frequency 
response of the first ALBO stage assuming that R,~R2 and 
Zo,~R,. As Zo, changes depending on input signal amplitude, W z 
also changes. At Zo, = R oMAX, wz= wp, and the stage gain equals 
unity with flat frequency response. At Zo, = RoMIN, there is 
maximum separation between wzand wpand a maximum attenua
tion equal to approximately Zo/R,. Combining the effects of two 
ALBO stages allows the programming of two variable-duration 
poles and a gain ranging from unity to (Zo,Zo2)/(R,R2). 
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FIGURE 9: By attenuating the input signal through 
impedance dividers, the ALBO network simulates the 
attenuation and frequency characteristics of maximum line 
length. 
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FIGURE 10: The ALBO impedance creates frequency 
dependent attenuation. 

DESIGNING THE LC.TANK OSCILLATOR 
The oscillator on-board the LlU-Q1 is based on a pulsed LC 
resonant tank and produces a continuous "square-wave" clock 
output even in the absence of an inr.nmina ('I~t~ si~r!!!!. C!:Ir'!!1ected 
as shown in Figure 11, the oscillator input, Pin 4, oscillates siriu
soidally about the 4V oscillator bias, Pin 5. The nominal oscillation 
frequency, f 0' is given by the formula: 

Equation 3 fo=J-. A / ~ - -1-2 
21t·V LC 4R2C 

which takes into account the effect of the damping resistor, R. The 
damping resistor is used to reduce the Q of the LC tank where: 

Equation 4 Q=R{f 
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FIGURE 11: A simple LRC resonant tank oscillator is used 
by the L/U-01 to recover the encoded clock from an 
incoming data signal. 

As the Q of the tank is reduced, the oscillation frequency be
comes more easily pulled away from fo by the synchronizing 
pulses of the Clock threshold comparators. A low Q, 2 to 10, is 
desirable for the receiver's oscillator because often the incom
ing data bit stream is timed at a clock rate slightly different from 
fo . The bit stream may also contain timing jitter where each data 
bit or packet of bits arrives with a slightly different clock timing. 
To ensure that no data bits are missed under these conditions, 
the LlU-01's oscillator must be flexible enough to track the clock 
freq uency carried within the incoming bit stream. However, if the 
LlU-01's clock output is to be used to retransmit the recovered 
data, a higherQ, 10t030, is recommended as it greatly reduces 
transmitted jitter while still remaining flexible enough to tolerate 
input signal jitter. 

The damping reSistor also determines the amplitude of the LC 
tank's oscillation. Assuming R is the only dissipative element in the 
tank, its value can be calculated as a function of the peak-ta-peak 
oscillation amplitude on Pin 4: 

Equation 5 R=~ 
4(7201JA) 

where 720pA equals the oscillator bias current, I esc. To avoid 
driving the tank OSCillation onto the oscillator clamping diode 
contained within LlU-01, Vp-p should be set less than 1.2Vp-p. 
Letting R = 1.1 kO sets an optimum oscillation level of 1Vp-p for the 
LlU-Q1. 

The values for Land C can be calculated by choosing thA rI,,_~ired 

Q and fo and then substituting Equation 4 into Equation 3. The 
generalized formulas for Land C become: 

Equation 6 C=~ 
41tfoR 

Equation 7 

Note that to maintain a sustained oscillation during the absence of 
an incoming data bit stream, the Q olthe LCtank must be greater 
than 1. 
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FIGURE 12: The LC tank is synchronized to the incoming 
data when the clock detector injection current, IINJ, is 
centered inside the oscillator's bias current pulse. 
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LlU-Ol 
When an incoming data bit stream is of sufficient amplitude to 
cross the Clock detectors' thresholds, a pulse of current is injected 
into the tank to synchronize the oscillator frequency to that of the 
incoming encoded clock. When synchronization is achieved, the 
various voltage and current waveforms are aligned as shown in 
Figure 12. 

For maximum noise and jitter immunity, the clock edge which 
latches data into the D-type output latches should appear cen
tered in the period where valid data is present. This active clock 
edge, generated by the negative-going "zero crossing" of the 
oscillation voltage on Pin 4, which leads by goo in phase the center 
of the synchronized data bit. To accommodate this phenomena, a 
capacitor is used on Pin 6 to delay the clock edge as it passes to 
the D-Iatches. For the LlU-Q1, the value ofthis capacitor is calcu
lated as: 

Equation 8 COELAY = _1_ - 16ns 4 
5Rofo Ro 

taking into account the value of the internal delay resistor, Ro = 
1kO nominal, and a small propagation delay associated with the 
logic gates inside the LlU-Ot 
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FIGURE 13: The LlU-Ot enables this 4-wire transceiver to recover T1 data at t.544MbitS/s with an input signal/evel varying from OdB 
to less than -38dB. The ALBO/equalization network is compatible with unshielded #22A WG twisted-pair wire measuring t6pflft. 
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LlU-Ol 
TYPICAL APPLICATIONS 

The circuit shown in Figure 13 is a complete bidirectional4-wire 
T1 line interface. The LlU-01's oscillator tank is tuned to recover 
a 1.S44MHz clock with a 0 of about 2.4 for excellent jitter toler
ance. The line input network, including the preamplifier feed
back loop and ALBO diodes, is designed to compensate for the 
losses and distortion of the #22AWG unshielded twisted-pair 
wire transmission line whose characteristics of loss vs. fre
quency vs.length are shown in Figure 14. The goal of the re
ceiver's equalization network is to allow the recovery of 
1.544Mb/s T1 format with an input level that varies from OdB 
(6Vp•p) to -3BdB (75mVp_p) measured at a frequency 1/2 the 
data rate, 772kHz. At 0 ft. of transmission line, the receiver's in
coming signal is at OdB level with no frequency distortion. By 
3000 feet, the signal is at -12dB level and falling at -6dB/oc
tave, single-pole roll-off, between 770kHz and 1.S44MHz. At 
6000 feet of transmission line, the signal falls to -24dB with a 
-12dB/octave, double-pole frequency roll-off. 

Data rate and transmission line characteristics play an impor
tant role in determining the maximum line length from which the 
LlU-01 can recover data. From Figure 14 it can be seen that 
#22AWG twisted-pair wire exhibits much less loss and fre
quency distortion at lower frequencies. Thus, the LlU-01 can 
recover data from much longer transmission lines if a lower data 
rate is used. Similarly, using a transmission line with less loss 
and frequency distortion will allow the LlU-01 to recover higher 
speed data over longer line lengths. 
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7701< 1.5M 

FREQUENCY (Hz) 

FIGURE 14: Both line attenuation and freauencv distortion 
become worse as line length increases. 

In the receiver'S equalization network, R7 and C7 form one zero 
while Rg , R10 and Cs create a second zero in addition to signal 
gain. At long transmission line length, this provides a double
zero rise plus gain to equalize the line's double-pole roll-off and 
attenuation. At short line length, the two ALBO diodes will be 
driven ON by the increased input signal amplitude and will cre
ate two poles in the equalization network as well as attenuation. 
At 0 ft., the two ALBO poles cancel the two network zeros, 
matching the line's flat frequency response and reducing the 
overall network gain to -12dB to accomodate the peak thresh
old comparators. The oscilloscope photos in Figure 15a and b 
show both OdB and -36dB incoming signal levels and the timing 
of the LlU-01 digital outputs. 
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While RCLK, RPOS, and RNEG can be connected directly to the 
receive inputs of the RB070 digital transceiver, an inverter gate 
must be used on RCLK when interfacing to the DS2180 which 
clocks in data on the negative edge of the received clock. To 

. complete the line interface, a simple transmitter consisting of 
0 1, O2, and their Schottky diode clamps is driven through R16 
and R1? directly from the TPOS and TNEG outputs of the digital 
transceiver, as shown in Fig ure 13. 

(8) 

SIGNAL AT OdS 

SIGNAL AT -31dB 

(b) 

ACLK 

RPOS 

RNEG 

FIGURE 15: The LlU-01 receives the signal, as shown in 
(a), ranging in amplitude from OdB to -36dB and produces 
TTL/CMOS compatible digital outputs (b). 

When designing a system with the LlU-01 receiver, every precau
tion should be taken to minimize the exposure olthe sensitive ana
log circuit inputs to high frequency noise. Both the ground plane and 
the signal traces should be placed on the componentside ofthe printed 
circuit board with the ground trace used to isolate the analog inputs 
from the digital outputs. All digital circuitry should be placed well away 
from the analog inputs. 

Ideally though, the LlU-01's digital outputs should be connected 
directly to the receiving digital system by the shortest possible 
path to avoid thA additinn.A1 ~trRy InRrfil1~ ~!1t::f !1t)!~~ ra.d!~!!0n of 

long digital traces. If more than two digital inputs are to be driven 
by any of the LlU-01 's outputs, or if the output traces are over 3 
inches long, it is recommended that a CMOS 74HCT08 placed 
adjacent to the LlU-01 be used to buffer its outputs. 

The oscilloscope photos in Figure 16 show the LlU-01's pream
plifier output, pin #1 , as it receives data patterns of a) 1 -of-9 and 
b) ORSS at the end of 6000 ft. of transmission line. The nearly 
ideal equalization can be seen as the distinct half-sinusoidal 
pulses are recreated with no appreciable overshoot or under
shoot resulting in the "wide-open" eye-pattern with better than 
10dB interference margin, or signal-to-noise ratio, capability. 
With careful circuit layout, digital clock noise has been held to 
only about 50mV high frequency spikes. This same circuit can 
.receive data without error from 0 ft. up to 9000 ft. of #22AWG 
transmission line. 
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LlU-Ol 

(a) (b) 

FIGURE 16: The LtU-01 's preamplifier output, pin #1, should produce half-sinusoidal pulses of recovered data signal when properly 
equalized for the transmission line. The circuit of Figure 13 has excellent response as shown here receiving at 6000 ft. a 1-of-9 
pattern, a, and a ORSS pattern, b. • 

In some applications, such as passive transmission line moni- With a nominal collector current of 4mA set by the 5000 emitter j 

toring, the receiver must not terminate the line, but instead resistor, 01 drives the LlU-OI 's network with about 80 output 
appears as a very high impedence load. To accomodate this impedence. The AC coupling capacitor, Cc ' is required to re-
need and still provide a low source impedence to the LlU-Ol, a move the DC level shift of 01 's base-emitter voltage drop. 
buffer amplifier can be used as shown in Figure 17. The JFET 
input of BUF-03 presents a very high impedence to the trans
mission line while driving the equalization network with less than 
100 output impedence at 1.544MHz. This buffering technique 
works well when analog supply voltages of at least :1:8 volts are 
available to power the buffer. Figure 18 shows another tech
nique for buffering the LlU-OI from the transmission line using 
only a single +5 volt supply. The emitter-follower transistor, 01, 
appears to the line to be about a 50kO impedence at 1 .544MHz. 

TRANSMISSION 
LINE 

v. 

v-

FIG U RE 17: The OP-42 provides high impedance input to the 
equalization network without raising the source impedance to 
the L1U-01 preamplifier. 

REV.S 

In Figure 19, the LlU-OI is used as an in-line monitor allowing 
data and clock to be read from the transmission line while simul
taneously retransmitting a regenerated OdS Tl signal. The data 
outputs RPOS and RNEG are logically recombined with RCLK 
by the 74HCOO which also acts directly as output line driver. The 
Schottky diode, 01, along with R 1 and C1 stretch the duty cycle of 
RCLK from a nominal 43% to 50% as required for Tl transmis-
sian. 

TRANSMISSION 
LINE 

~rl 
5000 

FIGURE 18: Emitter-follower 0 , acts as buffer between the 
equalization network and the transmission line while operating 
from only a +5V supply. 
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EQUAUZATlON 
NETWORK 

74HCOO 

ANEG 1-_-_---+-1 

APOS I--+-.--+--+--r~ 

ACLK 

D, 
HP5OII2-2836 

RNEG APOS RCLK 

FIGURE 19: The LtV-01 acts an in-line monitor/repeater using 74HCOO as an output driver. 01, R 1, and C 1 stretch the duty cycle of RCLK 
to 50%. The value of R 1 depends on the operating data rate. 
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~ANALOG 
WDEVICES 

FEATURES 

• Automatic ALBO Function 
• Clock-Shutdown Circuit (RPT-83) 
• Low-Power Operation (100mW) 
• Pin Compatible with XR-C277 

GENERAL DESCRIPTION 
The RPT-82/83 are integrated circuits that perform the active 
functions required for regenerative PCM repeaters. They can 
operate from less than 100kHz to greater than 3MHz. In PCM 
systems, information is transmitted by the presence or absence 
of bipolar pulses in specified time slots. The RPT-82/83 repeat
ers automatically adjust gain to optimize signal levels, deter
mine if a pulse is present or not, and retransmit the recon
structed pulses. 

The difference between the RPT-82 and the RPT-83 is that the 
RPT-83 contains a clock-shutdown circuit. This shutdown 
circuit senses the incoming signal level and disables the clock 
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RPT -82/RPT -83 

ABSOLUTE MAXIMUM RATINGS Junction Temperature .................................................... 150·C 
Pin 10 to Pin 7 or 6 ............................................. ±16.0V, -o.2V 
Pin 15 to Pin 7 or.6 ................................................. a.ov, -o.2V 
Maximum Voltage at Pins a or 9 ............................. 30V, -O.2V 

PACKAGE TYPE alA (Note 1) alc UNITS 

16·Pin Hermetic DIP (Q) 100 16 "CIW 

Maximum Voltage at Pins 2, 3, 4, 5, 11, 12, 14 ................ V CC2 16·Pin SO (S) 111 35 "CIW 

NOTES: Maximum Sinking Current at Pin a or 9 ......................... 300mA 
Operating Temperature Range ....................... -40°C to +a5°C 
Storage Temperature Range ........................ -65·C to +150·C 

1. a'A is specified for worst case mounting conditions. i.e., a'A is specified for 
d~vice in socket for CerDIP package; a'A is specified for d~vice soldered to 
printed circuit board for SO package. ) 

Lead Solding Temperature ............................................. 300·C 

ELECTRICAL CHARACTERISTICS at V CCI = 4.4V, V CC2 = 6.aV, -40·C S TA S +85°C, unless otherwise noted. 
VPIN6 = VplN 7 = VplN 13 =GND. 

RPT -821RPT-83 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

SUPPLY 

Supply Current ICCl T A = +2S"C (Note 1) 5.0 8.5 9.5 mA 

Supply Current Icc2 T A = +2S"C (Note 1) 1.0 2.5 3.5 mA 

Total Supply Current ICCl + ICC2 T A = +2S"C (Note 1) 6 11 13 mA 

PREAMPLIFIER 

Preamplifier Opsn-Loop Gain 
AVplNS 

Ao 
Measure AV Pin 2 necessary to change 

44 48 51 dB 
AVpIN2 pins from 1.9V to 3.2V 

Preamplifier Bandwidth Bw 3dB Points (Note 2) 3 5 MHz 

Preamplifier Input Impsdance liN 600 kn 

Preamplifier Input Offset Voltage Vos VplN 2- VpIN • (Note 1) 15 mV 

Preamplilier Output Impedance loUT (Note 2) 80 150 n 
Preamplifier Output High VQHA VplN 4 with VplN 2=2.SV, VpIN • =2.7V, TA = +2S"C 3.35 3.45 3.75 V 

Preamplifier Output Low VOLA V plN 4 with VplN 2=2.SV, VplN .=2.3V, TA =+2S"C 1.0 1.4 1.45 V 

Preamplier Input Bias Current Is IplN 2 or IplN • (Note 1) 4 j1A 

Preamplifier Input Offset Current los IplN 2 -lplN • (Note 1) 0.05 2 flA 

OUTPUT DRIVE 

Output Voltage Swing Vop V p1N 8 High - Vp1N 8 Low' V PIN 9 High - Vp1N 9 Low 6 V 

Output Voltage, Low VOL T A = +25°C. ILOAD "" 15mA 0.5 0.8 1.1 V 

Differential Output Voltage, Low VOLD TA = +2S"C.ILOAD = ISmA 0.02 0.15 V 

Output Leakage Current 10H 
VplN 14 = 4.9V, VpIN • = VplN .=20V, (Note 1) 
TA = +25°C 

0.05 50 flA 

Output Pulse Rise-Time Tos (Note 2) 30 50 ns 

Output Puis. Fall-Time TOF (Note 2) 10 60 ns 

Output Pulse Width Pw At f = 1.544MHz 324 ns 

Pulse-Width Differential PWD (Note 2) 3 12 ns 

Bipolar Violations at Maximum Density BV, MAX 0 

Bipolar Violations with Quasi-Random 
BVRMAX 0 

Input Pattern 

CLOCK CIRCUIT 

Tank Emitter-Follower Base Current ITS IplN 14' VPIN 14 = 4.9V (Note 1) 4 15 flA 

Tank Input Impedance ll~T Measured from pin 14 to pin 15 300 kO 

Oscillator Bias Current losc VplN 14 =3.9V (losC-ITel (Note 1) 10 30 50 j1A 

Oscillator Injection Current IINJ 
SetVplN 4 - VplN s±I.4V, VplN 14 =3.9V 

(IINJ - lose) 
60 160 190 flA 

Delay Circuit Resistor Rd 
Measured from pin 11 or pin 1210 pin IS, 

3.2 4.0 4.8 kO 
TA =+25°C 
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RPT -82/RPT -83 
ELECTRICAL CHARACTERISTICS at V CC1 = 4.4V, V CC2 = 6.8V, -4O·C:S TA :s +8S·C, unless otherwise noted. 
VplN 6 = VplN 7 = VplN 13 = GND. Continued 

RPT-821RPT-83 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

MISCELLANEOUS 

Differential voltage. measured between pins 4 
ALBO Threshold VTA and 5, required to activate the Peak Detector. 1.35 1.5 1.65 V 

TA = +25'C 

Differential voltage. measured between pins 4 
Clock Threshold VTC and 5, required to activate the Data Detector 0.85 1.0 1.2 V 

TA =+25'C 

Differential voltage, measured between pins 
Data Threshold Vn 4 and 5. required to activate the Data Detector 0.65 0.75 0.85 V 

TA =+25'C 

Clock Threshold as % of ALBO Voltage VTC% TA = +25'C 67 73 78 % 

Data Threshold as % of ALBO Voltage VTL% TA =+25'C 46 54 58 % 

ALBO ON Voltage VOl. 
Measured at pin 16, 

1.0 1.7 2.5 V 
IV p4 - V p51 = ALBO Threshold 

ALBO OFF Voltage VF1 • 
Measured at pin 16 and pin 1 

75 mV 
TA =+25'C 

Minimum ALBO Diode Resistance RDMIN 8 n 
Maximum ALBO Diode Impedance RDMAX f=1.544MHz 30 kn 
ALBO Gain Range Am (Note 3) 36 48 dB 

NOTES: 2. Sample tested. 
1. VpIN2 = 2.5V; adjust VplN • untilVplN 4 = VPIN 5' 3. Guaranteed by design. 

FUNCTIONAL DESCRIPTION 

Bipolar-pulse transmission, the transmission of alternately 
positive and negative pulses, is used on repeater lines to re
move the DC component present in unipolar PCM pulse trains. 
This also places the principal energy components in the 
0-1.S44MHz band, as opposed to the 0-3.088MHz band for 

unipolar pulse trains. The absence of a DC component in bipolar 
pulse trains permits the repeater to be transformer-coupled to 
the repeater line and helps prevent time-shifting of the regen
erator firing levels with variations in input pulse density (see 
Figure 1). 

ENERGY SPECTRA OF BIPOLAR AND UNIPOLAR PULSE TRAINS 

Figure 1 
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RPT -82/RPT -83 
FUNCTIONAL BLOCK DIAGRAM 

Figure 2 

The bipolar-PCM pulse train is transformer-coupled into the 
preamplifier as shown in the functional block diagram (Figure 
2). The secondary of the input transformer is loaded with the 
proper terminating resistor. RT• to match the line impedance. 
One side of the transformer secondary is AC-coupled to ground 
by capacitor C1; the other side of the secondary winding is in 
series with resistance Rs. Resistor Rs and the RC network RA CA 
are AC-coupled to the ALBO input by capacitor C2. The impe
dance of the ALBO (Automatic Line Build-Out) input to ground 
is governed by the amount of currenlthrough the ALBO diode. 
Rs. in series with RACA• provides signal attenuation propor
tional to the current flowing through the ALBO diode. When 

tively isolated from ground and the input signal attentuation is 
minimal. The ALBO diode range of sn to 30kQ provides com
pensation for line losses of approximately 5dB to 41dB. 

The preamplifier stage amplifies the input signal and applies it 
to the three comparators labeled data detector, clock detector, 
and peak detector, respectively. Each comparator provides an 
output whenever the signal exceeds the trip pOint on both 
positive and negative pulses. Each comparator trips at a differ
ent threshold. The data detector is set to trip at the 54% point; 
the clock detector trips at the 73% point; and the peak detector 
trips at peak amplitude. Thresholds and waveforms are shown 
in Figure 3. 

Current pulses from the peak detector are integrated by the 
capacitor in the ALBO filter. This causes a relatively constant 
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current to flow through the emitter follower and D1. In the 
RPT-S3. a low voltage at the ALBO filter enables the clock
shutdown circuit when there is no input signal. The clock
shutdown circuit turns off the clock amplifier so that neither the 
regenerated clock. nor the strobe outputs. are sent to the flip
flops. This prevents the RPT-83 from sending noise or cross
talk out as valid-appearing data pulses when the incoming data 
level is too low. 

The clock detector output locks the oscillator to the input 
frequency. The following amplifier stages shape the oscillator 

FIgure 3 

PEAK~ DATA CLOCK 

~~':,~~~ 
r1 n n DATA DETECTOR 

...J U L---J L OUTPUT 

n n n CLOCK DETECTOR 
...J L...J '---J L OUTPUT 

n n n PEAK DETECTOR 
-IL-IL---JL OUTPUT 

REV. A 



output and shift it in time. The phase-shift capacitor is selected 
to provide additional phase-shift so that the strobe pulses will 
occur at the center of the incoming pulses. This provides 
optimum timing for determining if a "1" or a "0" is present. A 
o-to-30pF capacitor (10pF is typical at 1.544MHz) will optimize 
the performance of the complete repeater. 

The delayed regenerated clock and the data-detector outputs 
drive the input flip-flops and output transistors. The output 
transistors are coupled to the transmission line through an 
output transformer. 

DETAILED DESCRIPTION 
PREAMPLIFIER 
The preamplifier performs two basic functions. The first is to 
raise the level of the incoming Signal to the correct level to trip 
the comparators. The second is to provide frequency/gain 
compensation to enhance the signal-te-noise ratio of the 
incoming signal. The preamp is designed to be operated in a 
near open-loop condition. A limited amount offeedback is used 
to control the frequency response. The gain-phase relationship 
of the preamp (see Figures 4 and 5) implies that the feedback 
network must have 40dB attenuation or more at 20MHz and 
above to ensure stability. 

ALBO 
To enable the preamp to operate open-loop with a wide range of 
signal levels, the ALBO diode is connected between the 
preamp input and ground. Since the ALBO-diode conductance 
is directly proportional to the ALBO-diode current, and the 
ALBO diode is driven by the peak detector, any signal in excess 
of that required to trip the peak detector will be shunted to 
ground through the ALBO diode. This automatic-gain-control 
function maintains the signal at the optimum level to operate 
the clock and data detectors. 

Figure 4 
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The combination of Rs and RA, in parallel with both CA and the 
series impedance of the ALBO diode, perform the following two 
functions: 1) the automatic-gain-control function previously 
described, and 2) the frequency/phase compensation for trans
mission-line losses. 

FREQUENCY/PHASE COMPENSATION 
Frequency/phase compensation is desirable for three reasons: 

1. If the bandwidth is wider than necessary, noise and cross
talk outside of the signal-frequency band will appear at the 
threshold detectors. Out-of-band signals increase the prob
ability that an incorrect logic decision will be made. These 
incorrect logic decisions will increase the bit error rate. 

2. Nonlinear phase-shifts in the transmission line may cause 
the Signal to be distorted to the extent that bit errors occur. 
Phase compensation in the repeater can partly correct for 
this problem. 

3. Large phase-shifts in the preamplifier at high frequencies 
can cause instability if not compensated for by the feed
back network. (See Figures 4 and 5). 

CLOCK DETECTOR 
The clock detector drives the clock-tank circuit with a pulse 
each time that the incoming signal is greater than 73% of the 
average peak signal. 

PEAK DETECTOR 
The peak detector drives the ALBO buffer and ALBO diode at 
the peak of the amplified "1" bits. Whenever the preamp AG
signal-output exceeds about 1.5V peak-to-peak, the ALBO 
buffer becomes forward biased and drives current into both the 
ALBO diode and the ALBO filter. This closed-loop AGC action 
maintains the preamp input signal at about 5mVp-p. 
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RPT-82183 IN TYPICAL 1.544MHz T1 REPEATER SYSTEM 
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'300 
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Figure 6 *o.,P' 

APPLICATION 
In a typical T1. 1.544MHz repeater system (see Figure 6). the 
repeater is placed in series with a twisted-pair transmission line 
at distances of up to approximately 6000 feet. The power is 
supplied by a constant current of 60mA that is sent common
mode down the transmission line. This constant current is 
separated from the signal by input transformer T1 and output 
transformer T2. and is converted to voltages VCC1 and VCC2 by 
zener diodes ZD1 and Z02. The signal is coupled into the input 
network by T1. One end of T1 is held at AC ground by C2; and 
the other end is 'terminated by the line-matching resistor R1. 
The line-matching resistor is followed with a resistiveattenuator 
consisting of R2 and R3. and the ALBO series impedance R4. 
The two resistors. R2 and R3. isolate the changing ALBO-diode 
impedance from the transmission line such that the transmission 
line is always correctly terminated. Resistor R4. in series with 
the shunt ALBO-diode impedance. determines the amount of 
attenuation provided at any given ALBO-diode current. 
Capacitor C1 provides a shunt path to ground for signals that 
are above the signal frequency. 
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Vcc, 

Rn 

5.",," 

m. } 556(l EQUALIZING 
NETWORK 

RPT-82/ 
RPT-83 

NOTE: 
n: BOURNS PIN 4260-1520 
12: BOURNS PIN 4286-2007 
Ll: BOURNSP!N4H6-1199 

When the ALBO-diode impedance is high. the ALBO series and 
shunt impedances have very little effect. so the unattenuated 
signal is applied to the preamp input with only C1 affecting the 
frequency response. When the ALBO-diode input impedance is 
reduced by higher signal levels. more of the input signal is 
shunted to ground through the ALBO shunt impedance. 

The ALBO shunt impedance. C3 and R5. changes the input 
attenuation vs. frequency such that the system has more high 
frequency response at low signal levels. and less high fre
quency response at high signal levels. This change in band
width with signal level is intended to partially compensate for 
the increased high-frequency losses that occur in long trans
mission lines. 

The bias feedback components between pin 4 and pin 2. con
sisting of C7, R7. and C2. operate as a DC self-biasing network. 
This C-R-C network prevents AC feedback and allows the 
preamp to establish a balanced input-and-output DC bias of 2.5 
to 2.6 volts. Resistor R11 provides the DC path for biasing 
between pins 5 and 3. 
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Resistor R11 and capacitor C6 provide an AC feedback path. 
Resistors R10 and R11 act as an AC voltage divider that is 
shunted by the variable impedance of the resonant circuit com
prised of L2 and C9. This frequency-selective feedback path, 
between pin 5 and pin 3, increases preamp gain at approxi
mately 900kHz which further improves the system signal-to
noise ratio. The beneficial effect of the frequency-selective 
network is shown in Figure 7. The lower trace is a typical input 
signal (all 1's in this example) and the upper trace is the pre
amp output. 

Figures 8 and 9 show the appearance of different preamp inputs 
measured at pin 5. Figure 8 is typical of an all1's signal pattern 
with very little cross-talk or noise. Figure 9 shows a normal 
pattern of random 1's and O's. 

Due to the automatic-gain-control action of the ALBO ci rcuitry, 
the peak amplitude is held constant for line losses of approxi
mately 5dB to greater than 36dB. These signals are superim
posed on a DC level of approximately 2.5V. 

The preamp output drives the clock detector (reference Figures 
2 and 6) which drives the clock-tank circuitry (L 1, C8, and R12). 
The signal at pin 14, a sine wave of 0.2 to 1.0Vp-p (depending 
upon the percentage of 1-bits), drives the clock amplifier. The 
phase-shift capacitor, C11, provides the additional phase shift 
so that this integrated and phase-shifted signal (Figure 10) will 
strobe the output flip-flops at the optimum timeto determine if a 
1-bit is present. If a 1-bit is present, outputs from the data 
detector and the strobe cause the flip-flops to drive alternate 
output transistors. This signal is coupled through the output 
transformer into the next section of transmission line (see Fig
ure 11, all1's; and Figure 12, a random 1-0 pattern). 

Figure 7 Figure 8 

Figure 10 
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Figure 13 is a scope photograph of the signals as observed at 
several locations in the system. All traces are DC coupled and 
referenced to zero volts atthe bottom graticule line. All signals, 
except the output, are displayed at 1-volt-per-division. The out
put is shown at 2-volts-per-division. The signal is all 1's. The 
phase relationships are typical for this type of repeater. 

The signals shown are: 

1. The preamp output at pin 5. 

2. The clock-tank at pin 14. 

3. The phase-shifted clock at pin 11. 

4. The output signal at pin 8. 

R13, 14, 15, and C12 control ringing and overshoot in the output 
waveform. 

The fault-locating winding with L3 and R16 is used in long-line 
systems to determine which repeater, in a large series of repeat
ers, has become defective. 

The RPT-82 and RPT-83 can be used in a variety of systems over 
a wide range of frequencies. The low-frequency response is 
limited by the difficulty in maintaining useable Q in the clock
tank circuit and by transformer-coupling losses. At high fre
quencies, the major limitation is the output-pulse rise-and-fall 
time. 

The preamp is a high-gain, wide-bandwidth linear amplifier. 
Analog circuits do not have the noise rejection that is common 
with most digital circuits. To obtain best performance, certain 
precautions should be observed. 

Figure 9 

, 

\ .....•• ~ ..... \ 
fi1 
fmliIi .l$~ 

Figure 11 
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RPT -82/RPT -83 

Figure 12 

Circuit layout techniques used for R.F. amplifiers should be 
followed. Use of double-sided boards with all unused circuit
board area made into a ground plane is highly recommended. 
Keep input and output leads as far apart as possible, and signal 
runs as short as possible. Locate the attenuator network and the 
ALBO series impedance R4 as close to pin 2 as possible. 

Power supply voltages VCC1 and VCC2 should be bypassed near 
pins 10 and 15. A bypass capacitor between the VCC2 connec
tion on T2 and pin 7 is also recommended. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Automatic ALBO Function 
• Low-Power Operation (100mW) 
• Wide Data Rate Range <100 kbit/s to >3 Mbit/s 
• Compatible with T1, CEPT/E1, and T1 C Systems 
• Pin Compatible with XR-T445 

ORDERING INFORMATION t 
PACKAGE 

CERmp so 

RPT-85FQt RPT-85FStt 

OPERATING 
TEMPERATURE 

RANGE 
XINO 

t Burn-in is available on extended industrial temperature range parts in CerOIP. 
tt For availability and burn-in information on SO packages. contact your local 

sales office. 

GENERAL DESCRIPTION 
The RPT-S5 is an integrated circuit that performs the active 
functions required for regenerative PCM repeaters. It can oper-

RPT-85 SIMPLIFIED SCHEMATIC 

REV. A 

PCM 
Repeater 
RPT-85 I 

ate from less than 100kHz to greater than 3M Hz. In PCM sys
tems, information is transmitted by the presence or absence of 
bipolar pulses in specified time slots. The RPT-S5 repeater 
automatically adjusts gain to optimize signal levels, determines 
if a pulse is present or not, and retransmits the reconstructed 
pulses. 

For higher dynamic range performance and single supply de
signs, see RPT-S6 and RPT-S7. 

PIN CONNECTIONS 

16 ALBO FILTER 

PREAMP {+ 2 15 VCC1 
16-PIN 

INPUTS _ 14 LCTANk HERMETIC DIP 

PREAMP {+ 4 13 gg~~~roR (Q-Suffix) 
OUTPUTS _ 

12 } PHASE 
SHIFT 

16-PIN SO ANALOGGND 6 11 CAP 

DIGITAL GND 7 10 VCC2 (S-Suffix) 
~~~ 8 

9 DRIVER 
OUTPUT 
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RPT-85 
ABSOLUTE MAXIMUM RATINGS 
Pin 10 to Pin 7 or 6 ................................................ 16.0V. ~.2V Junction Temperature .................................................... 150·C 
Pin 15 to Pin 7 or 6 .................................................. 8.0V. ~.2V PACKAGE TYPE UNITS 
MaximumVoltage at Pins 8 or 9 .............................. 30V. ~.2V 
Maximum Voltage at Pins 2. 3. 4. 5. 11. 12. 14 ................. V CC2 

Maximum Sinking Current at Pin 8 or 9 •........................• 300mA 

1 &-Pin Herme~c DIP (0) 100 16 

1&-PinSO(S) 111 35 

NOTE: Operating Temperature Range ........................ -40·C to +85·C 
Storage Temperature Range ......................... -65·C to + 150·C 
Lead Soldering Temperature .......................................... 300·C 

1. a iA is specified for worst case mounting conditions, I.e., aiA is specified for 
device in socket for CerDIP package; a'A is specified for device soldered to 
printed circuit boerd for SO package. J 

ELECTRICAL CHARACTERISTICS at V CCl = 4.4V, V CC2 - 6.8V, -40·C S; TA S; +85·C, unless otherwise noted. 

VplN 6 = VplN 7= VplN 13 = GND. 

RPT-85 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

SUPPLY 

Supply Current Ic01 T A = +2SoC (Note 1) 5.0 8.5 9.5 

Supply Current ICC2 T A = +2SoC (Note 1) 1.0 2.5 3.5 

Total Supply Current ICCI + Icc2 T A = +2SoC (Note 1) 6 11 13 

PREAMPLIFIER 

/J.V Measure /J.VpIN 2 Necessary to Change 
Preamplifier Qpen·Loop Gain ~ Ao 44 48 53 

PIN2 Pins From 1.9V to 3.2V 

Preamplifier Bandwidth Bw 3dB Points (Note 2) 3 5 

Preamplifier Input Impedance liN 600 

Preamplifier Input Offset Voltage Vos VpIN2 - VplN • (Note 1) 15 

Preamplifier Output Impedance lOUT (Note 2) 80 150 

Preamplifier Output High VOHA VplN 5 with VplN 2 = 2.SV, VpIN • = 2.7V, TA = +25°C 3.35 3.45 3.75 

Preamplifier Output Low VOLA VplN 5 with VplN 2· 2.5V, VplN .=2.3V, TA = +2Soc 1.0 1.4 1.45 

Preamplifier Input Bias Current la IplN 20r IplN • (Note 1) 4 

Preamplifier Input Offset Current los IplN 2 -lpIN • (Note 1) 0.05 2 

OUTPUT DRIVE 

Output Voltage Swing Vop V p1N 8 High -VPIN 8 Low' V p1N9 High - VpIN9low 6 

Output Voltage, Low VOL TA = +25°C.ILOAD = 15mA 0.5 0.8 1.1 

Differential Output Voltage, Low VOLD TA = +25°C. ILOAD = 15mA 0.02 0.15 

Output Leakage Current 10H 
VplN 14 = 4.9V, VplN 8 = VplN .=20V, (Note 1) 0.05 50 
TA = +2SoC 

Output Pulse Rise· Time tOR (Note 2) 30 50 

Output Pulse Fall-Time 'oF (Note 2) 10 60 

Output Pulse Width Pw Atf = 1.544MHz 324 

Pulse-Width Differential PWD (Note 2) 3 12 

Bipolar Violations at Maximum Density BV, MAX 0 

Bipolar Violations with Ouasi-Random 
BVRMAX 0 

Input Pattern 

CLOCK CIRCUIT 

Tank Emitter-Follower Base Current ITa IplN 14' VplN 14 = 4.9V (Note 1) 4 15 

Tank Input Impedance liNT Measured From Pin 14to Pin 15 300 

Oscillator Bias Current losc VplN 14 =3.9V (Iosc-i,-a> (Note 1) 10 30 50 

Oscillator Injection Current IINJ 
SetVplN 4- VplN 5±1.4V, VplN 14 =3.9V 
(IINJ-Iosc) 

60 160 190 

Delay Circuit Resistor Rd 
Measured From Pin 11 or Pin 12 to Pin 15, 

3.2 4.0 4.8 
TA = +2SoC 
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RPT-85 

ELECTRICAL CHARACTERISTICS at V CCI = 4.4V, V CC2 = 6.8V, -40·Cs TA S+8S·C, unless otherwise noted. 
VpINS = V plN 7= VpINI3 =GND. Continued 

RPT-85 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

MISCELLANEOUS 

Differential voltage, measured between pins 4 
ALBO Threshold VTA and 5, required to activate the Peak Detector. 

TA =+25'C 
1.35 1.5 1.65 V 

Differential voltage, measured between pins 4 
Clock Threshold VTC and 5, required to activate the Data Detector. 0.85 1.0 1.2 V 

TA = +25'C 

Differential voltage, measured between pins 4 
Dala Threshold VTL and 5, required to activate tha Data Detector. 0.65 0.75 0.85 V 

TA = +25'C 

Clock Threshold as % of ALBO Voltage VTC% TA = +25'C 67 73 78 % 

Data Threshold as % of ALBO Voltage VTL% TA = +25'C 46 54 58 % 

ALBO ON Voltage V016 
Measured at Pin 16, 

1.0 1.7 2.5 V 
IV PIN 4 - V PIN sl = ALBO Threshold 

ALBO OFF Voltage VF16 
Measured at Pin 16 and Pin I 

75 mV 
T A = +25'C (Note 1) 

Minimum ALBO Diode Resistance RoMIN 8 a 
Maximum ALBO Diode Impedance RoMAX f= 1.544MHz 30 ka 

ALBO Gain Range Am (Note 3) 36 48 dB 

NOTES: 2. Sample tested. 
I. VplN 2 = 2.5V; adjustVPIN 3 until VplN 4 = VplN 5' 3. Guaranteed by design. 

FUNCTIONAL DESCRIPTION 

Bipolar-pulse transmission, the transmission of alternately 
positive and negative pulses, is used on repeater lines to re
move the DC component present in unipolar PCM pulse trains. 
This also places the principal energy components in the 
0-1.S44MHz band, as opposed to the Q-3.088MHz band for 

unipolar pulse trains. The absence of a DC component in bipolar 
pulse trains permits the repeater to be transformer-coupled to 
the repeater line and helps prevent time-shifting of the regen
erator firing levels with variations in input pulse density (see 
Figure 1). 

PRINCIPAL FREQUENCY J COMPONENT = 1.544MHz 

A A A I~ , .... \ A / .. 
=f V "d ~ \::.. UNIPOLAR 

PCMTRAIN 

PULSE 

~= CHANGING 
DC LEVEL 

- - --- .... __ _ _ AVERAGE DC 

LEVEL 

rnkHz 1.S44MHz 3.IIII8MHz 
FREQUENCY 

FIGURE 1: Energy Spectra of Bipolar and Unipolar Pulse Trains 
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RPT-85 

5 PREAMP OUTPUT 

FIGURE 2: Functional Block Diagram 

The bipolar-PCM pulse train is transformer-coupled into the pre
amplifier as shown in the functional block diagram (Figure 2). 
The secondary of the input transformer is loaded with the proper 
terminating resistor, Rp to match the line impedance. One side 
of the transformer secondary is AC-coupled to ground by ca
pacitor C1; the other side of the secondary winding is in series 
with resistanceRs' Resistor Rs and the RC network RACA are 
AC-coupled to the ALBO (Automatic Line Build-Out) input by ca
pacitor C . The impedance of the ALBO input to ground is gov
erned by'he amount of current through the ALBO diode. Rs' in 
series with RA C A' provides signal att~nuation propo~i?nal to the 
current flowing through the ALBO diode. When minimum cur
rent flows through the ALBO diode, C2 is effectively isolated 
from ground and the input signal attenuation is minimal. The 
ALBO diode range of SO to 30kn provides compensation for line 
losses of approximately 5dB to 41 dB. 

The preamplifier stage amplifies the input signal and applies it to 
the three comparators labeled data detector, clock detector, 
and peak detector, respectively. Each comparator provides an 
output whenever the signal exceeds the trip point on both posi
tive and negative pulses. Each comparator trips at a different 
threshold. The data detector is set to trip at the 54% point; the 
clock detector trips at the 73% point; and the peak detector trips 
at peak amplitude. Thresholds and waveforms are shown in Fig
ure 3. 

Current pulses from the peak detector are integrated by the ca
pacitor in the ALBO filter. This causes a relatively constant cur-
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rent to flow through the emitter follower and 01' 

The clock detector output locks the oscillator to the input fre
quency. The following amplifier stages shape the oscillator out
put and shift it in time. The phase-shift capaCitor is selected ~o 
provide additional phase-shift so that the strobe pulses Will 
occur at the center of the incoming pulses. This provides opti
mum timing for determining if a "1" or a "0" is present. A O-to-
30pF capacitor (1 OpF is typical at 1.544MHz) will optimize the 
performance of the complete repeater. 

ii 

r1 r1 r1 DATA DETECTOR 
---.J U '----J L OUTPUT 

CLOCK DETECTOR 
OUTPUT 

PEAK DETECTOR 
OUTPUT 

AGURE 3: Thresholds and Waveforms 
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The delayed regenerated clock and the data-detector outputs 
drive the input flip-flops and output transistors. The output tran
sistors are coupled to the transmission line through an output 
transformer. 

DETAILED DESCRIPTION 

PREAMPLIFIER 
The preamplifier performs two basic functions. The first is to 
raise the level of the incoming signal to the correct level to trip 
the comparators. The second is to provide frequency/gain 
compensation to enhance the signal-to-noise ratio of the incom
ing signal. The preamp is designed to be operated in a near 
open-loop condition. A limited amount of feedback is used to 
control the frequency response. The gain-phase relationship of 
the preamp (see Figures 4 and 5) implies that the feedback 
network must have 40dB attenuation or more at 20MHz and 
above to ensure stability. 

ALBO 
To enable the preamp to operate open-loop with a wide range of 
signal levels, the ALBO diode is connected between the preamp 
input and ground. Since the ALBO-diode conductance is directly 
proportional to the ALBO-diode current, and the ALBO diode is 
driven by the peak detector, any signal in excess ofthat required 
to trip the peak detector will be shunted to ground through the 
ALBO diode. This automatic-gain-control function maintains the 
signal at the optimum level to operate the clock and data detec
tors. 

The combination of Rs and RA, in parallel with both CA and the 
series impedance of the ALBO diode, perform the following two 

.. 
50 

.. 
i 
I 3D 
m 

211 

'0 

o 
0.' 

1\ 

\ 
10 100 '000 

FREQUENCY CIlHa) 

FIGURE 4: Preamp/ifier Frequency Response 
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RPT-85 
functions: 1) the automatic-gain-control function previously de
scribed, and 2) the frequency/phase compensation for trans
mission line losses. 

FREQUENCY/PHASE COMPENSATION 
Frequency/phase compensation is desirable for three reasons: 

1. If the bandwidth iswiderthan necessary, noise and crosstalkoutside 
of the signal-frequency band will appear at the threshold detec
tors. Out-of-band signals increase the probability that an incor
rect logic decision will be made. These incorrect logic decisions 
will increase the bit error rate. 

2. Nonlinearphase-shifts in the transmission line maycausethe signal 
to be distorted to the extent that bit errors occur. Phase compen
sation in the repeater can partly correct for this problem. 

3. Large phase-shifts in the preamplifierathighfrequenciescan cause 
instability if not compensated for by the feedback network (see 
Figures 4 and 5). 

CLOCK DETECTOR 
The clock detector drives the clock-tank circuit with a pulse each 
time that the incoming signal is greater than 73% of the average 
peak signal. 

PEAK DETECTOR 
The peak detector drives the ALBO buffer and ALBO diode at 
the peak of the amplified "1" bits. Whenever the preamp AC
sigal-output exceeds about 1.5V peak-to-peak, the ALBO buffer 
becomes forward biased and drives current into both the ALBO 
diode and the ALBO filter. This closed-loop AGC action main
tains the preamp input signal at about 5mV p.p. 

.. 
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0., 

~ 

\ 

1\ 
10 100 '000 
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FIGURE 5: Preamplifier Phase Response 
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YCC2 VCC1 
6.8V 4.4V 

100pF 

FIGURE 6: RPT -85 in Typical 1. 544MHz T1 Repeater System 

APPLICATION 
In a typical T1, 1.544MHz repeater system (see Figure 6), the 
repeater is placed in series with a twisted-pair transmission line 
at distances of uo 10 annrnximalAlv Rnnn ! .... t Th .. nnw", ic: 

• ., ----.# - - - - --~" •.• - .--.'-' --

supplied by a constant current of 60mA that is sent common
mode down the transmission line. This constant current is sepa
rated from the signal by input transformer T,and output trans
former T 2' and is converted to voltages V cc, and V CC2 by zener 
diodes ZD, and ZD2. The signal is coupled into the input net
work by T,. One end of T, is held at AC ground by C2; and the 
other end is terminated by the line-matching resistor R,. The 
line-matching resistor is followed with a resistive attenuator con
sisting of R2 and R3 , and the ALBO series impedance R4 . The 
two resistors, R2 and R3 , isolate the changing ALBO-diode im
pedance from the transmission line such that the transmission 
line is always correctly terminated. Resistor R4 , in series with 
the shuntALBO-diode impedance, determines the amount of at
tenuation provided at any given ALBO-diode current. Capacitor 
C, provides a shunt path to ground for signals that are above the 
signal frequency. 
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-
NOTE: 
T,: BOURNS PIN 4280-1520 
T.: BOURNS PIN 4285-2007 
L 1: BOURNS PIN 4265-1199 

556.Q EQUALIZING 
NETWORK 

When the ALBO-diode impedance is high, the ALBO series and 
shunt impedances have very little effect, so the unattenuated 
signal is applied to the preamp input with only C, affecting the 
freque!"!cy response. '..A!her: the ALSO -diode input ::"i1p~dY:ice is 
reduced by higher signal levels, more of the input signal is 
shunted to ground through the ALBO shunt impedance. 

The ALBO shunt impedance, C and R5, changes the input at
tenuation vs. frequency such t~at the system has more high 
frequency response at low signal levels, and less high fre
quency response at high signal levels. This change in band
width with signal level is intended to partially compensate for the 
increased high-frequency losses that occur in long transmission 
lines. 

The bias feedback components between pin 5 and pin 2, con
sisting of C7 , R7 , and C2, operate as a DC self-biasing network. 
This C-R-C network prevents AC feedback and allows the 
preamp to establish a balanced input-and-output DC bias of 2.5 
to 2.6 volts. Resistor R" provides the DC path for biasing be
tween pins 4 and 3. 
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Resistor Rll and capacitor C6 provide an AC feedback path. 
Resistors Rl0 and Rll act as an AC voltage divider that is 
shunted by the variable impedance of the resonant circuit com
prising L2 and Cg • This frequency-selective feedback path, be
tween pin 4 and pin 3, increases preamp gain at approximately 
900kHz which further improves the system signal-to-noise ra
tio. The beneficial effect of the frequency-selective network is 
shown in Figure 7. The lower trace is a typical input signal (alii's 
in this example) and the upper trace is the preamp output. 

Figures 8 and 9 show the appearance of different preamp inputs 
measured at pin 4. Figure 8 is typical of an alii's signal pattern 
with very little crosstalk or noise. Figure 9 shows a normal pat
tern of random 1 's and O's. 

Due to the automatic-gain-control action of the ALBO circuitry, 
the peak amplitude is held constant for line losses of approxi
mately 5dB to greater than 36dB. These signals are superim
posed on a DC level of approximately 2.5V. 

The preamp output drives the clock detector (reference Figures 
2 and 6) which drives the clock-tank circuitry (Ll , Ca, and R12). 
The signal at pin 14, a sine wave of 0.2 to 1.0Vp_p (depending 
upon the percentage of I-bits), drives the clock amplifier. The 
phase-shift capacitor, Cll , provides the additional phase shift 
so that this integrated and phase-shifted signal (Figure 10) will 
strobe the output flip-flops at the optimum time to determine if a 
I-bit is present. If a I-bit is present, outputs from the data detec
tor and the strobe cause the flip-flops to drive alternate output 
transistors. This signal is coupled through the output trans
former into the next section of transmission line (see Figure 11, 
alii's; and Figure 12, a random 1-0 pattern). 

Figure 13 is a scope photograph of the signals as observed at 
several locations in the system. All traces are DC coupled and 
referenced to zero volts at the bottom graticule line. All signals, 
except the output, are displayed at 1-volt-per-division. The out
put is shown at 2-volts-per-division. The signal is all l's. The 
phase relationships are typical for this type of repeater. 

The signals shown are: 

1 . The preamp output at pin 4. 

2. The clock-tank at pin 14. 

3. The phase-shifted clock at pin 11. 

4. The output signal at pin 8. 

R13, R14, R15 and C12 control ringing and overshoot in the output 
waveform. 

The fault-locating winding with ~ and R16 is used in long-line 
systems to determine which repeater, in a large series of repeat
ers, has become defective. 

The RPT-85 can be used in a variety of systems over a wide 
range of frequencies. The low-frequency response is limited by 
the difficulty in maintaining useable Q in the clock-tank circuit 
and by transformer-coupling losses. At high frequencies, the 
major limitation is the output-pulse rise-and-fall time. 

REV. A 

RPT-85 
The preamp is a high-gain, wide-bandwidth linear amplifier. 
Analog circuits do not have the noise rejection that is common 
with most digital circuits. To obtain best performance, certain 
precautions should be observed. 

Circuit layout techniques used for R.F. amplifiers should be fol
lowed. Use of double-sided boards with all unused circuitboard 
area made into a ground plane is highly recommended. Keep 
input and output leads as far apart as possible, and signal runs 
as short as possible. Locate the attenuator network and the 
ALBO series impedance R4 as close to pin 2 as possible. 

Power supply voltages V cc 1 and V CC2 should be bypassed near 
pins 10 and 15. A bypass capacitor between the V CC2 connec
tion on T2 and pin 7 is also recommended. 

FIGURE 7 

FIGURE 8 

FIGURE 9 
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FIGURE 10 FIGURE 12 

FIGURE 11 FIGURE 13 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Low Power Consumption (56mW) 
• Single-Supply Operation 
• Wide Data Rate Range <1 OOkbit/s to >3Mbltls 
• Dual ALBO Diodes; Dynamic Range >50dB 
• Clock-Shutdown Circuit (RPT-87) 

ORDERING INFORMATIONt 

PACKAGE OPERATING 

TEMPERATURE 

CERDIP PLASTIC SO RANGE 

RPT86FQ RPT86FP RPT86FStt XIND 

RPT87FQ RPT87FP RPT87FStt XIND 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP. plastic DIP packages. 

It For availability and burn-in information on SO packages. contact your local 
sales office. 

GENERAL DESCRIPTION 

The RPT-86 and RPT-87 are monolithic repeater circuits con
taining all the active functions required in regenerative PGM 
repeaters. These devices automatically adjust gain to optimize 
signal levels, determine if a pulse is present, and re-transmitthe 
reconstructed pulses. The RPT -86 and RPT -87 operate at data 
rates from under 100kbitls to over 3Mbitls and are compatible 

FUNCTIONAL DIAGRAM 
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Low Power 
PCM Repeaters 

RPT -86/RPT -87 I 
with T1 (1.544Mbitls), GEPT/E1 (2.048Mbitls), and T1 G 
(3.152Mbitls) systems. 

A key feature of the RPT-86/RPT-87 repeaters is the ability to 
operate on a single supply of 5.6V with a typical quiescent sup
ply current of only 10mA. In addition, the RPT -86 and RPT -87 
have two Automatic Line Build-Out (ALBO) diodes coupled with 
a high-gain preamplifier that allows for a dynamic input signal 
range exceeding 50dB. 

The RPT -87 also contains a clock-shutdown circuil. This shut
down circuit senses the incoming signal level and disables the 
clock drive to the output latches if the incoming signal is below 
the level where accurate pulse reconstruction is possible. This 
prevents noise or crosstalk from being mistaken as valid data 
and retransmitted. 

PIN CONNECTIONS 

ALBOINPUT 

ALBOINPln 2 

PREAMP\+ 3 
INPUTS _ 

PREAIIP\+ 6 
OUTPUTS _ 

1. ALBO FILTER 

14 LCTANK 

13 :=r.oR 

"1 PHASE SHIFT 
11 CAl' 

OND 7 10 Vee 

O~= --. _......r.-:=.. 

16-PIN CERDIP 
(Q-Sufflx) 

16-PIN PLASTIC DIP 
(P-5uffix) 

16-PINSO 
(S-Sufflx) 
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RPT -86/RPT -87 
ABSOLUTE MAXIMUM ~ATINGS 

Voltage Pin 10to Pin 7.20ms Pulse. 
Duty Cycle S;O.OS ..........................•......................••. 35V. -1.0V 

Voltage Pin 10 to Pin 7; Continuous SOHz 
Half-Wave Sinusoid ................................................. 2SV.-1.OV 

Pin 10 to Pin 7. Continuously .................................... 13.SV. -4:).7V 
Voltage Pins 8 or 9 to Pin 7. Continuously ......••............ 35V. -1.0V 
Voltage Pins 3,4.S.6.11.12.14 to Pin 7 .................................... Vcc 
Sinking Current at Pin 8 or 9 .............................................. 300mA 
Operating Temperature Range ........................•... -40·C to +85·C 
Storage Temperature Range .........•......•............ ~S·Cto + 1S0·C 

Lead Soldering Temperature ......•••... ~ ...............•. ; •...•.......... 300·C 
Junction Temperature ....................................................... 1S0·C 

PACKAGE TYPE 8 1A (Note 1) 8 1C UNITS 

16-Pin Hermetic DIP (a) 100 16 "CIW 

16-Pin Plastic DIP (P) 82 39 "CIW 

16-Pin SO (S) 111 35 -eIW 

NOTE: 
1. 8 j , is specified for worst case mounting conditions. i.e .• 8., is specified for 

device in socket for CerDIP and P-DIP packages; 8., is s~eCified for device 
soldered to printed circuit board for SO package. I 

ELECTRICAL CHARACTERISTICS at Vcc = S.6V. -40·C S; TA S;+85·C. unless otherwise noted. VplN 7- Vp1N 13" GND. 

RPT·86F/RPT·87F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

SUPPLY 

Supply Current Icc (Note 1) 5 9.8 10.5 mA 

PREAMPLIFIER 

Preamplifier Open· Loop Gain Ao 46 49 54 dB 

Preamplifier Bandwidth Bw -:!dB (Note 3) 3 5 MHz 

Preamplifier Input 
liN f= 1.544 MHz 50 kll 

Impedance, Differential 

Preamplifier Input 
Vos (Note 1) 0.5 2.5 mV 

Offset Voltage 

Preamplifier Output Impedance lOUT (Note 2) 200 300 II 

Preamplifier Output High VOH, T, =+25"C 3.30 3.50 V 

Preamplifier Output Low VOLA T, = +2S"C 1.20 1.45 V 

Preamplifier Input 
I. (Note 1) 4 JLA Bias Current 

Preamplilier Input 
los (Note 1) 0.01 0.1 JLA Offset Current 

Preamplifier Output 
Voc T, = +25"C (Note 1) 2.35 2.45 2.60 V 

Self-Bias Voltage 

OUTPUT DRIVE 

Output Voltage Low VOL ILOAO =20mA 0.65 0.85 1.05 V 

Differential Output 
VOLO ILOAO = 20mA 0.02 0.1 V 

Voltage, Low 

VplN 14 = 4.9V, 
Output Leakage Current 10H VplN 8= VplN .=20V 0.05 50 Jl.A 

(Note 1) 

Output Pulse Rise·Time TOR (Note 2) 30 50 ns 

Output Pulse Fall-Time TOF (Note 2) 10 60 ns 

Output Pulse Width Pw f= 1.544MHz 324 ns 

Pulse·Width Differential Pwo (Note 2) 3 12 ns 

CLOCK CIRCUIT 

Tank Emitter·Foliower 
ITa 

IplN 14' VplN 14 = 4.9V 3 10 
Base Current (Note 1) 
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ELECTRICAL CHARACTERISTICS at Vee = S.6V, -40°C ~ TA ~ +85°C, unless otherwise noted. VplN 7 = VpIN '3 = GND. Continued 

RPT-86F/RPT-87F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Oscillator Bias Current lose 
liplN 14: a.9V, (lose-ITe) ,0 30 50 ItA (Note ') 

Oscillator Injection Current IINJ 
SetVpIN • - VplN s=±1.4V, 

80 110 ,40 ILA 
VplN 14 = 3.9V, (IINJ-Iose) 

Data Sampling Interval Tos (Note 3) 70 95 ns 

Measured from pin 11, 
Delay Circuit Resistor Rd orpin'2topin'S 3.6 4.4 5.2 kn 

TA = +2SoC 

Oscillator Bias Voltage VBIAS Vp1N 15 4.4 V 

ALBO 

Dillerential voltage, measured • ALBO Threshold VTA between pins 6 and 5, required ,25 '.45 '.65 V 
to activate the Peak Detector. 

ALBO Threshold ± Differential VTAO ,00 mV 

Measured at pin, 6, 

ALBO ON Voltage V01 • IVplN .-VPIN sl = '.0 '.6 2.5 V 
ALBO Threshold + 20mV 

ALBO OFF Voltage VF16, 
Measured at pin, 6. pin" and pin 2 

75 mV 
(Note ') 

Minimum ALBO 
Forced AI 016 mA to 7 mA, 

Diode Resistance 
RoMIN measure voltage at pins 1 and 7. 6 ,0 0 

Calculate Ro by 112. 

Maximum ALBO 
RoMAX 1=, .S44MHz (Note 4) 

Diode Resistance 
20 30 kO 

ALBO Diode 
ROMIN '; Ro ,; ROMAX Impedance Matching 

,0 % 

DATA I CLOCK THRESHOLDS 

Dillerential voltage, measured 
Clock Threshold VTC between pins 6 and 5, required 0.85 '.0 1.15 V 

to activate the Clock Detector. 

Clock Threshold 

as % of ALBO Voltage VTC% 63 69 75 % 

Differential voltage, measured 
Data Threshold VTL between pins 6 and 5, required 0.65 0.75 0.85 V 

[0 activate the Data Detector. 

Data Threshold 
VTl% as % of ALBO Voltage 

46 5, 56 %'-

NOTES: 
1. Preamplifier self·biased. V PIN 3 "V PIN 4 " V PIN 5" V PIN 6' 
2. Sample tested. 
3. Guaranteed by correlation to other tested parameters. 
4. Guaranteed by design. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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APPLICATIONS INFORMATION 
FUNCTIONAL DESCRIPTION 
The Preamplifier: The RPT-86 and RPT-8? repeater ICs con
tain a differential input, differential output preamplifier. From the 
differential input to the noninverting output, it behaves as a con
ventional op amp. The preamplifier has typically 5MHz, -3dB 
bandwidth. Its open-loop gain-phase frequency response is 
shown in Figure 1. In order to operate the preamplifier under a 
stable condition, some amount of external feedback is neces
sary to control the frequency response. The open-loop fre
quency response suggests that the feedback network must 
have 40dB attenuation or more at 20MHz and above to ensure 
stability. 

.. 
50 

40 

I 
~ 30 

20 

10 

o 
0.1 

~ 
II 

~1J 

• 
1\ 

10 

FREQUENCY (MHz) 

\ 
100 

-45~ 

-80 i 
-1351 
-180 

-225 ,. 

FIGURE 1: Gain-Phase Frequency Response of the Preamplifier 

TABLE 1: Typical Preamp Gain/Phase Response 

FREQUENCY (MHz) AVOL(dB) PHASE(DEG) 

1.0 
1.544 
6.2 
20 
25.3 
45 

50 
50 
4? 
39 
36.3 
29.5 

-12 
-20 
-60 
-119 
-135 
-180 

FIGURE 2: The differential outputs of the RPT-B6IB7 pream
plifier swing symmetrically around a DC bias point of about 
2.5V. Vol-) is inverted with respect to Vo(+) about this point. 
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The RPT-86/87's preamp is designed to operate around a bal
anced DC common-mode bias level roughly equal to 2.5V on 
both its inputs and outputs. This allows the outputs to achieve 
maximum swing when amplifying an AC-coupled, bipolar signal. 
It also produces zero differential preamp output voltage for zero 
input signal. Operating from a +5.6V supply, the preamp out
puts will balance at approximately +2.5V allowing an output 
voltage swing of ±0.?5V around its bias level as illustrated in 
Figure 2. 

Figures 3 and 4 show two methods of configuring the preamp to 
automatically self-bias both the inputs and outputs to an opti
mum level. The single resistor and capacitor used in Figure 3 
extracts the DC average of the inverting output and feeds it back 
to the noninverting input to establish the input common-mode 
level. This negative feedback will force the outputs to center 
their swing around the DC level at which V o(Diff) = OV. This type 
of self-biasing is practical only when the preamp is passing a 
balanced, AC coupled, bipolar signal. If the preamp must pre
serve the DC level of an unbalanced, unipolar signal, then a self
biasing scheme as is shown in Figure 4 is required. This network 
sets the input common-mode level by establishing the DC aver
age of both differential outputs. In this way, the input common
mode level will always be that voltage at which Vo(Diff) = OV 
regardless of the input signal. 

R, 

R, 

FIGURE 3: Preamp self-biasing for use with AC coupled, bal
anced bipolar signals. 

R, 

~C, 

FIGURE 4: Universal preamplifier self-biasing technique 
allowing unipolar signal amplification. 
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RPT -86/RPT -87 
Threshold Comparators: The RPT-86/87 contains three pairs 
of threshold comparators to monitor the differential outputs of 
the preamplifier. Each of the. six comparators is set to detect a 
specific differential preamp output level. Three comparators 
measure positive differentials and three measure negative dif
ferentials. The individual threshold comparators are labeled as 
positive and negative Peak, Clock, and Data detector, as shown 
in Figure 5. 

FIGURE 5: Six threshold comparators detect positive and 
negative differential preamp output levels. 

The data Detector thresholds are set at 50% of the Peak levels 
for maximum noise immunity. The outputs of these compara
tors contain the digital data and are presented to the output R-S 
flip-flops. The Clock Detector thresholds are set at 70% of the 
Peak levels. When the Clock thresholds are reached, the com
parators send a synchronization pulse to the on-board oscillator 
to lock its frequency and phase to that of the incoming signal. 
The peak detectors trip when the signal exceeds the peak 
thresholds. Peak Detector outputs are used to perform an AGC 
function to maintain a constant preamp peak output level. 
Thresholds and waveforms are shown in Figure 6. 

J-UL..JL ~~i~U~ETECTOR 
n n n CLOCK DETECTOR 

-.J LJ L.....-...J L OUTPUT 

n n n PEAK DETECTOR 
-lL....JL..--...JL- OUTPUT 

FIGURE 6: Comparator Thresholds and Waveforms 
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ALBO: The ALBO function is driven from the Peak threshold 
detector outputs. The ALBO (Automatic Line Build-Out) cir
cuitry consists of two current-driven diodes which act as vari
able impedance elements enabling the RPT-86/87 to close an 
AGC loop around the preamplifier. As a peak level is detected, 
a current pulse is sourced into the ALBO diodes. These pulses 
are averaged to a DC current by an external ALBO filter capaci
tor. As the current flowing through the diodes increases, their 
incremental impedance is lowered as described by the expo
nentiall-V curve for a diode-connected NPN transistor shown in 
Figure 7. The impedance of the NPN transistor emitters which 
source the current to the ALBO diodes follows an identical 
curve. Because the bases of these transistors look like an AC 
short to ground by virtue of the external ALBO filter capacitor, 
the total AC impedance of each ALBO port looks like the parallel 
combination of two diodes. 

Equation 1: R 0 :; O. 026V + R STRAY 
210 

where 10 is equal to the DC current flowing through the diodes 
and RSTRAY represents the stray resistance inherent in the RPT-
86/87, about 30. 

The longer a peak level is detected, the greater 10 becomes, 
lowering Ro. When no peak levels are detected, the voltage on 
the ALBO filter capacitor becomes zero, shutting off current to 
the diodes. Under this condition, the stray pin capacitance of 
about 3pF will limit maximum ALBO impedance. A 1.544MHz 
signal will see an effective port ALBO impedance of about 30kO. 

In the RPT-87 only, a low voltage at the ALBO filter enables a 
clock-shutdown circuit when there is no input signal. The clock
shutdown circuit disables the clock strobe, preventing it from 
latching the output flip-flops. This prevents the RPT-87 from 
sending false data that is triggered by noise or crosstalk when 
the incoming signal level is too low. 

j 
R1NC = !y 

I ~. 
v 

FIGURE 7: The incremental impedance of the diode-con
nected NPN transistor used as the ALBO diode is dependent 
on the DC bias current flowing through it. 
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The Oscillator: The RPT-86/87's on-board oscillator is de
signed to be free-running at a frequency, fo' set by an external 
inductor and capacitor across pins 14 and 15, where fo = 11 
(27t-{[C). The phase and exact frequency of the oscillator are 
synchronized to the incoming data signal by the Clock threshold 
comparators. Each time the preamplifier's differential output 
exceeds the Clock thresholds, the comparator's outputs inject a 
current pulse into the LC tank oscillator aligning its oscillation 
with the incoming signal. During periods where no Clock levels 
are detected by the comparators, the LC tank's oscillation will 
relax back to its own resonant frequency. An internal compara
tor is used to square the LC tank's sinusoidal oscillation into 
digital level clock. This comparator incorporates a delay func
tion (a capacitor across pins 11 and 12) that provides additional 
phase-shift so that the strobe pulses will occur at the center of 
the incoming pulses, thus allowing the user to control when the 
clock strobe will reach the output latches.This provides opti
mum timing for determining if a "1" or a "0" is present. A 0 to 
30pF capacitor (1 OpF is typical at 1.544MHz) will optimize the 
performance of the complete repeater. 

Data Output: When the incoming signal is detected as valid 
data, it is strobed into the two output R-8 flip-flops. Their respec
tive outputs are open-collector drivers that allows driving di
rectly into a center-tapped isolation transformer. This recreates 
a full amplitude bipolar, AMI signal and transmits it down the 
next length of transmission line. 

DESIGNING WITH THE RPT-86 AND RPT·87 

DESIGNING A WIDEBAND AMPLIFIER 
Figure 8 shows a typical configuration using the RPT-86/87's 
preamplifier to create a high-gain, wideband amplifier. The 
capacitor C, determines the amplifier's low frequency gain roll
off while resistors R, and R2 set the AC closed-loop gain. At DC, 
the amplifier is in unity gain. A zero at CJl, = I/(R2C,) causes the 
AC gain to rise until a pole is reached atCJl2 = I/(R,C2). The final 
value of closed-loop signal gain is equal to: 

Equation 2: AVCL AVCA. 

1+(A~R1) 

To ensure preamp stability, the ratio R/R, must be a minimum 
of 100 to a bandwidth of at least 20M Hz. Low value resistors 
should be used for R2 and R, to minimize the effects of stray 
capacitance in the feedback loop. Since PC board applications 
exhibit at least 2pF of stray feedback capacitance (equal to 
about 4kO impedance at 20MHz), R, should be less than 400. 

Because the preamp's differential output voltage is monitored 
by the internal threshold comparators, any output offset will 
degrade the symmetry of positive and negative threshold levels. 
Operating the preamplifier in DC unity gain is instrumental in 
minimizing the output offset voltage. Offset can be further re
duced by balancing the preamp's DC input source impedance. 
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R, 

FIGURE 8: Typical noninverting preamplifier gain configura
tion with self-biasing. 

Preamp output loading in the form of feedback and biasing net
works should also be balanced to ensure uniform inverting ac
tion between the two preamp outputs. 

AGC USING THE ALBO DIODES 

The variable impedance action of the RPT-86/87's internal 
ALBO diodes can be used to create a wide dynamic range AGC 
loop with the preamplifiers as shown in Figure 9. While the 
preamp operates at a fixed AC gain, the input signal is variably 
attenuated by the impedance-divider networks of R,tZ01 and 
R/Z02. As the input signal magnitude increases and the 
preamp's outputs cross the Peak thresholds, ALBO diode im
pedance decreases providing more signal attenuation prior to 
the preamplifier input. If input signal magnitude decreases, 
diode impedance will increase, reducing signal attenuation. 
The result is a constant preamp input level creating a constant 
preamp output amplitude. 

WC1 C, 

13 12 

ZD1 Z02 

11 R. R, 

C, 

FIGURE 9: By attenuating the input signal through imped
ance dividers, the ALBO network simulates the attenuation 
and frequency characteristics of maximum line length. 
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RPT -86/RPT -87 
The DC blocking capacitors C1 and C2 are required to remove, 
from the signal path, the DC bias voltage, OV to O.8V, of the 
ALBO diodes. These capacitors also create a frequency de
pendency by adding a pole/zero pair in the attenuation charac
teristics of each ALBO diode stage. Figure 1 0 illustrates the gain 
vs. frequency response of the first ALBO stage assuming that 
Rl «R2 and Zo 1 «R1• As Zo 1 changes depending on input sig
nal amplitude, OlZ also changes. At ZOI=RoMAX, OlZ= Olp' and 
the stage gain equals unity with flat frequency response. At 
ZOI= ROM IN, there is maximum separation between OlZ and Olp 
and a maximum attenuation equal to approximately ZO/Rl. 
Combining the effects of two ALBO stages allows the program
ming of two variable-duration poles and a gain ranging from 
unity to (ZOl02)/(R1 R2). 

ALBO GAIN (dB) 

..... 

CUp cuz 
FREQUENCY 

FIGURE 10: The ALBO impedance creates frequency dependent 
anenuation. 

DESIGNING THE LC TANK OSCILLATOR 
The oscillator on board the RPT -86/87 is based on a pulsed LC 
resonant tank and produces a continuous "square-wave" clock 
output even in the absence of an incoming data signal. Con
nected as shown in Figure 11, the oscillator input, Pin 14, oscil
lates sinusoidally about the 4V oscillator bias, Pin 15. The 
nominal oscillation frequency, fo' is given by the formula: 

Equation 3: fo=~V ..L __ 1_ 
27t LC 4~c2 

which takes into account the effect of the damping resistor, R. 
The damping resistor is used to reduce the Q of the LC tank 
where: 

Equation 4: Q = R{f 

As the Q of the tank is reduced, the oscillation frequency becomes 
more easily pulled away from fo by the synchronizing pulses of the 
Clock threshold comparators. A low Q is desirableforthe repeater's 
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R 

*O.lpF c 

15 14 

RPT-861B7 

FIGURE 11: A simple LRC resonant tank oscillator is used by 
the RPT-86/87 to recover the encoded clock from an incoming 
data signal. 

oscillator because often the incoming data bit stream is timed at 
a clock rate slightly different from fo. The bit stream may also 
contain timing jitter where each data bit or packet of bits arrives 
with a slightly different clock timing. To ensure that no data bits 
are missed under these conditions, the RPT-86/87's oscillator 
must be flexible enough to track the clock frequency carried 
within the incoming bit stream. 

The damping resistor also determines the amplitude of the LC 
tank's oscillation. Assuming R is the only dissipative element in 
the tank, its value can be calculated as a function of the peak-to
peak oscillation amplitude on Pin 14: 

Equation 5: 

where 30llA equals the oscillator bias current, losc. To avoid 
driving the tank oscillation onto the oscillator clamping diode 
contained within the RPT-86/87, Vp_p should be set less than 
1.2Vp.p'. Letting R = 24kQ sets an optimum oscillation level of 
1Vp_p for the RPT-86/87. 

The values for Land C can be calculated by choosing the de
sired Q and fo and then substituting Equation 4 into Equation 3. 
The generalized formulas for Land C become: 

Equation 6: C=~ 
47t foR 

Equation 7: 

Note that to maintain a sustained oscillation during the absence 
of an incoming data bit stream, the Q of the LC tank must be 
greater than 1. 

When an incoming data bit stream is of sufficient amplitude to 
cross the Clock Detector's thresholds, a pulse of current is in
jected into the tank to synchronize the oscillator frequency to 
that of the incoming encoded clock. When synchronization is 
achieved, the various voltage and current waveforms are 
aligned as shown in Figure 12. 
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VO(DI",L ____ --'~L_ ____ 1__-_-_-_D_A'_" __ 

FIGURE 12: The LC tank is synchronized to the incoming 
data when the clock detector injection current, IINJ ' is 
entered inside the oscillator's bias current pulse. 
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RPT -86/RPT -87 
TYPICAL APPLICATIONS 

The circuit shown in Figure 13 is a typical T1, 1.544Mbitls repeater 
system. The repeater is placed in series with a #22AWG 
unshielded, twisted-pair transmission line at distances of up to 
every 9,000 feet. The power is supplied by a constant current of 
60mA that is sent common-mode down the transmission line. This 
constant current is separated from the signal by input transformer 
T1 and output transformer T 2, and is converted to a 5.6V supply 
voltage that powers the RPT -86/87 by the Zener diodes Zo. The 
incoming signal is coupled into the input network by the trans
formerT1' One end ofT1's secondary winding is held atAG ground 
by capacitors Gg and G10; and the other end is terminated by the 
line-matching resistor R1. The line-matching resistor is followed 
by a line equalization network, which includes the preamplifier 
feedback circuit and ALBO diodes. This network is designed to 
compensate for the losses and distortion olthe #22AWG twisted-

~'~~F-----: ___ fV~ 
+5.6V 10 

3.9kO 

FIGURE 13: A complete 1.544Mbitls T1 Repeater Design. 
For additional detailS, see application note AN-140. (Note: for 
2.048 Mbitls E1 application, this same circuit works well to 
-44dB. The only changes necessary are R, = 1200, C '3 = 
150pF, and L, = 39tlH. See application note AN-118). 
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RPT .. 86IRPT-87 
pair wire transmission line whose characteristics of loss vs. fre
quency vs. length are shown in Figure 14. The goal of the 
repeater's equalization network is to allow the recovery of the 
1.544 Mbitls T1 format data with an input level that varies from 
OdB (6Vp-p) to -36dB (95mVp;» measured at a frequency 1/2 
the data rate, or 772kHz. As evidenced in Figure 14, at 0 feet of 
transmission line, the receiver's incoming signal has OdB attenu
ation with no frequency distortion. By 3000 feet, the signal am
plitude reduces to -12dB level and falling at -6dB/octave, single
pole roll~off, between 770kHz and 1.544MHz. At 6000 feet of 
transmission line, the signal falls to -26dB with -12dB/octave, 
double-pole frequency roll-off. 

Data rate and transmission line characteristics play an important 
role in determining the maximum line length from which the RPT-
86/87 can recover data. From figure 14 it can be seen that 
#22AWG twisted-pair wire exhibits much less loss and frequency 
distortion at lower frequencies. Thus, the RPT -86/87 can recover 
data from much longer transmission lines if a lower data rate is 
used. Similarly, using a transmission line with less loss and fre
quency distortion will allow the RPT -86/87 to recover higher speed 
data over longer line lengths. 

o daJ&:r.ve 11 on. 

.... 11 -- ........... 1000 ft. - J'l. 
~ " -6dBlOcIave 

~l 
-12.BIO~ 

I' ""0. 

l ... 
z -12 

~ 
:I -16 

~-20 .. 
~-24 

.... 
1\ I LX J1 

-36 
"6000n. IX II 

10 .. 1M I 10 II 

770k 1.5M 

FREQUENCY (Hz~ 

FIGURE 14: Both line attenuation and frequency distortion 
become worse as line length increases. 

In the repeater's equalization network, R2, R3 and C1 form one 
zero while the oreampfeedback, R" Re. R~. R~G. C~, Cu, :!~d L2 
create a second zero in addition to signal gain. At long transmis
sion line length, this provides a double-zero rise plus gain to 
equalize the lines double-pole roll-off and attenuation. At short 
line length, the two ALBOdiodes will be driven ON by the increased 
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input signal amplitude and will create two poles in the equalization 
network as well as attenuation. At 0 feet, the two ALBO poles 
cancel the two network zeros, matching the line's flat frequency 
response and reducing the overall network' gain to -12dB to ac
commodate the peak threshold comparators. The 'oscilloscope 
photos of Figure 15 show: a) both OdB and-36dB incoming signal 
levels; and b) the reconstucted data. 

SIGNAL AT OdS 

(a) 
SIGNAL AT -36dB 

(b) 

FIGURE 15: The RPT-86/87 receives the transmitted signal, 
as shown in (a), ranging in amplitude from OdB to -36dB. It 
then recovers and reconstructs the data for retransmission 
in (b). 

In the repeater application of Figure 13, resistor R1 terminates 
the incoming line matching its characteristic impedance. Be
cause the preamplifier is operating at high gain over a wide 
bandwidth, impedances in the signal path must be kept as low 
as is practical to minimize their noise contributions. A low im
pedance at the preamp input also helps reduce the pick-up of 
stray radiated system noise including noise capacitively 
coupieci irom tne RPT-Hc/Hl's own digital outputs. 
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Model 

AD2026 
AD20Ht 
AD2021 

Digits 

3 
3112 
3112 

I'S 
Range 

--99 mV to +999 mV 
;:199,9 mV 
;:199,9 mY, ±1.999 V, ±19,99 V 

Data Display 
Output Type Page Comments 

N/A LED CIS-II +5 V Power 
BCD LED C I 5-7 +5 V Power 
Serial LED CI S-9 +5 V Power 



A digital panel instrument is a self-contained instrument designed 
for panel mounting. It contains circuitry for measuring analog 
quantities, converting them to digital and providing a numeric 
readout. In addition, it usually provides data outputs for interfacing 
with a printer and/or a computer system. A digital panel meter 
measures voltage, generally with fractional-millivolt resolution. 

A useful publication from Analog Devices may be helpful in 
understanding the issues involved in data conversion: Analog
Digital Conversion Handbook, third edition (1986, $32.95). It is 
available from the Analog Devices Literature Center at P.O. 
Box 7%, Norwood MA 02062. 

A DPM samples the input voltage periodically, converts that 
voltage to digital, and displays the corresponding reading visually. 
A digital panel meter, then, consists of four basic functional 
sections: the input section, including signal conditioning and 
analog to digital conversion circuitry; the display; the data outputs 
and the power supply. 

Processing the Input Signal 
The primary function of the input section is to convert an analog 
input voltage into a digital signal for display. Besides this basic 
function, the input section also buffers the input to provide a 
high input impedance, prevent circuit damage in overvoltage 
conditions, reject both normal-mode and common-mode noise 
on the input signal, compensate for large variations in operating 
temperature and sometimes even measure the ratio of rwo separate 
input voltages. 

The analog to digital conversion scheme used on most DPMs is 
the dual-slope type due to its inherent stability and normal-mode 
noise rejection. The dual-slope converter can also be used to 
measure the ratio of rwo input voltages in some DPM designs. 
Lower-resolution DPMs sometimes use staircase or single slope 
converters which require RC filtering of the input signal for a 
normal-mode-noise rejection. 

The input of the DPM may be single-ended, differential or 
floating. Single-ended inputs measure the input voltage with 
respect to input common and may require some care in application 
to avoid ground loop problems. To prevent ground loops, some 
of Analog Devices' DPMs use a "limited differential input," 
where a resistor separates analog and digital grounds allowing 
up to 200mV of common-mode voltage and providing up to 
60dB of common-mode rejection. 

Displaying the Data - Digital Outputs 
Once the input signaI is digitized, it is decoded and displayed 
on a digital readout. Analog Devices DPMs use large seven
segment light-emitting diode (LED) displays. 

DPM full-scale range, including OfJerrange, is defined by the 
number of digits and polarity. In mixed-fraction designations 
(e.g., 3 112 digits), a full digit is one capable of displaying any 
numeral from 0 through 9. The fraction generally means the 
ratio of the display's maximum leading digit to the power of rwo 
that corresponds to the number of overrange bits; for example, 
a 3 1I2-digit meter's maximum reading is 1999, a 43/4-digit 
meter's maximum reading is 39999. 

Since the visual display of a DPM must be in a decimal format, 
counter chips used in DPM conversion circuitry are generally 
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binary-coded decimal (BCD) types. The data output format 
depends on the circuit design of the meter; for example, the 
AD20 1 0 has parallel BCD data outputs with all BCD bits available 
simultaneously, while the AD2021 has character-serial outputs -
each BCD digit is gated onto a single set of parallel output lines 
in sequence. The latter technique requires fewer connections 
and simplifies data interfacing. 

Digital data outputs from DPMs are generally compatible with 
DTL or TTL logic systems; many DPMs are also compatible 
with CMOS logic. 

Control 
The kinds and number of control inputs and outputs - and 
their interpretation - may differ from one model to another, but 
they are well defined on the data sheets. Examples of typical 
control functions that may be found in DPMs include triggering 
of conversions, external hold, decimal points (jumper or logic
programmable), display blanking and status output . 

Understanding Performance Specifications 
Resolution, Accuracy and Stability - these three specs are very 
important in the selection of a DPM. Although more digits may 
mean more resolution, the digits themselves are useless unless 
the accuracy is sufficient for the digits to have real meaning. 
Therefore, accuracy and resolution should be comparable. 

Besides temperature variations, there are three components of 
DPM inaccuracy: zero offset error, gain error and quantization 
error. In any device using a counter and clock to determine a 
digital output, there is always a potential ± 1 count error in the 
output. This is caused by the timing of the input gate of the 
counter; when the gate closes asynchronously with the clock, a 
clock pulse that occurs just as the gate closes mayor may not be 
counted, hence the fixed ± 1 digit inaccuracy. 

Zero-level offsets in the analog circuitry cause errors specified as 
a percentage of full-scale reading. These errors can be corrected 
by a zero-calibration potentiometer requiring periodic reserting. 

Gain variations occur as a function of signal level in the analog 
circuitry and produce errors which are specified as a percentage 
of the reading. These are the hardest errors to design out of a 
DPM circuit, but they can be minimized by component specifi
cation and selection. A range potentiometer is used for periodic 
adjustment of the gain. 

Since all the electronic components used in the design of a 
DPM have some temperature dependence, one can expect the 
accuracy of the DPM to be affected by changes in operating 
temperature. If automatic zero correction circuitry is not used, 
the zero level may drift with temperature. Variations in the 
reference voltage circuitry and its associated switches will cause 
changes in the gain of the DPM, but careful selection and matching 
of components can minimize this error. 

To illustrate these specifications, consider a 3 112 digit DPM 
(1999 counts full scale). The resolution of the unit is the value 
of one digit, I part in 2000 or 0.05% of full scale. If the accuracy 
is compara:ble to the resolution (exclusive of digital indecision), 
the DPM should have a maximum error of ±0.05% ± 1 digit. 

DIGITAL PANEL METERS ~3 

• 



Temperature coefficient specifications for a DPM should be 
very good to maintain the accuracy. A tempco of only 5Oppm/"C 
(0.005%fC) will produce an additional error of ± 0.05% over a 
range of only ± 10°C. 

Since each manufacturer tends to use a different method of 
specifying accuracy and temperature coefficients, specifications 
must be expressed in common terms to be comparable. 

DEFINmONS - DPM TERMS & SPECIFICATIONS 
Accuracy (Absolute): DPMs are calibrated with respect to a reference 
voltage which is in turn calibrated to a recognized voltage standard. 
The absolute accuracy error of the DPM is the tolerance of the 
full-scale set point referred to the absolute voltage standard. 

Accuracy (Relative): Relative accuracy error is the difference 
between the nominal and actual ratios to full scale of the 
digital output corresponding to a given analog input. See also: 
Linearity. 

Bias Current: The current required from the source at zero 
signal input by the input circuit of the DPM. Bias current is 
normally specified at typical and maximum values. Analog Devices' 
DPMs using transistor input circuitry are biased current sinks. 

Binary Coded Decimal (BCD): Data coding where each decimal 
digit is represented by a group of 4 binary coded digits (called 
"quads"). Each quad has bits corresponding to 8, 4, 2 and 1 
and 10 permissible levels with weights 0-9. BCD is normally 
used where a decimal display is needed. 

Bipolar: A bipolar DPM measures inputs which may be of either 
positive or negative polarity and automatically displays the polarity 
as well as the magnitude of the input voltage on the readout. 

Character Serial BCD: Multiplexed BCD data outputs, where 
each digit is gated sequentially onto four common output lines. 

Common-Mode Rejection: A differential-input DPM will reject 
any input signals present at both input terminals simultaneously 
if they are within the common-mode voltage range. Common
mode rejection is expressed as a ratio and usually given in dB. 
(CMR = 20 log CMRR 120dB of common-mode rejection.) 
(CMRR = 10~ means that a lOY common-mode voltage is 
processed as though it were an additive differential input signal 
oi lUlL V magnitude. 

Common-Mode Voltage: A voltage that appears in common at 
both input terminals of a device, with respect to its ground. 

Conversion Rate: The frequency at which readings may be pro
cessed by the DPl\i. Specifications are typically given for internally 
clocked rates and maximum permissible externally-triggered 
rates. 

Conversion Time: The maximum time required for a DPM to 
complete a reading cycle, specified for the full-scale reading. 

Dual-Slope Conversion: An integrating AID conversion technique 
in which the unknown signal is converted to a proportional time 
interval, which is then measured digitally. This is done by inte
grating the unknown for a predetermined time. 
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Then a reference input is switched to the integrator, and integrates 
"down" from the level determined by the unknown, until a 
"zero" level is reached. The time for the second integration 
process is proportional to the average of the unknown signal 
level over the predetermined integrating period. 

Input Impedance: The complex ratio of signal voltage to signal 
current at the input temnnals. For dc measuring DPMs, the 
input is measured at dc. For ac measuring DPMs, it is expressed 
as a dc resistance shunted by a specified capacitance. 

Linearity: The conventional definition for nonlinearity of a DPM 
is the deviation from a "best" straight line which has been fitted 
to a calibration curve. Analog Devices defines nonlinearity as 
the deviation from a straight line drawn between the zero and 
full-scale end points. Not only is this an easier method for customer 
calibration, it is also a more conservative method of specifying 
nonlinearity . 
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Normal-Mode Rejection: Filtering or integrating the input signal 
improves noise rejection of undesired signals present at the 
analog high input. Normal-mode rejection is expressed as the 
ratio of the actual value of the undesired signal to its measured 
value over a specified frequency range. (NMR (dB) = 20 log 
NMRR, e.g., NMR = 40dB means an attenuation of 100:1.) 

Overload: An input voltage exceeding the full-scale range of the 
DPM produces an overload condition. An overload condition is 
usually indicated by conspicuous manipulation of the display 
such as all dashes, flashing zeros, etc. On a 3 112 digit DPM 
with a range of 199.9mV, a ;;,:20OmV, signal will produce an 
overload condition. 

Overrange: An input signal that exceeds all nines on a DPM, 
but is less than an overload. On a 3 112 digit DPM with a full-scale 
range of 199.9mV, the all-nines range is 0-99.9mV, and signals 
from 100-199. 9m V are said to fall in the 100% overrange region. 
Some DPMs have higher overrange capability. A 3 3/4 digit 
DPM has a full-scale range of 3.999 or 300% overrange. 



Overoohage Protection: The input section of the DPM must 
provide protection from large overloads. Specifications are given 
for sustained dc voltages that can be tolerated. 

Parallel BCD: A data output format where all digital outputs 
are available simultaneously. 

Range (Temperamre Operating): The range of temperatures 
over which the DPM will meet or exceed its performance 
specifications. 

Range (Full Scale): The range of input signals that can be measured 
by a DPM before reaching an overload condition. A 3 112 digit 
DPM's full-scale range consists of three digits (all-nines range) 
and 100 percent overrange capability. 

RatiomelTic: Dual Slope DPMs compare voltage inputs to a 
stable internal reference voltage. In some systems, the voltage 
being measured is a function of another voltage, and accurate 
measurements should be made as the ratio of the two voltages. 
Some DPMs provide inputs for external reference voltages for 
ratiometric measurements. 

SINGLE ENDED LIMITED DIFFERENTIAL 

LINE POWERED 

ANALO~ROUND POWER SUj Y GROUND 

Resolution: The smallest voltage increment that can be measured 
by a DPM. It is a function of the full-scale range and number 
of digits of a DPM. For example, if a 3 112 digit DPM has a 
resolution of I part in 2000 (0.05%) over a full-scale range of 
199.9mV, the DPM can resolve O.lmV. 

Digits Counts (F.S.) Resolution(% F.S.) 

2112 199 0.5% 
3 999 0.1% 
31/2 1999 0.05% 
33/4 3999 0.025% 
4 9999 0.01% 
4112 19999 0.005% 
43/4 39999 0.0025% 

Temperature CoeffICient: The additive error term (ppml"C or % 
Readingf'C) caused by effects of variations in operating temper- • 
ature on the electronic characteristics of the DPM. 

Unipolar Input DPM: A DPM designed to measure input voltages 
of ouly one polarity. 

DIFFERENTIAL FLOATING 

Grounding Configurations of DPMs 
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~ANALOG 
WDEVICES 

FEATURES 
LED Display with Latched Digital Outputs 
Small Size, Lightweight 
Automatic Zero Correction; Max Error: 0.05% :!:: 1 Digit 
High Normal Mode Rejection: 40dB @ 50 or 60Hz 
Optional Ratiometric Operation 
Leading "0" Display Blanking 
5VDC Powered 

APPLICATIONS 
MeclicallScientificl Analytic Instruments 
Datil Acquisition Systems 
Industrial Weighing Systems 
Reeclouts in Engineering Units 
Digital Thermometers 

GENERAL DESCRIPTION 
Analog Devices' model AD2010 represents an advance in pricel 
performance capabilities of 3~ digit digital panel meten. The 
AD2010 offers 0.05% ±l digit maximum error with bipolar, 
single ended input, resolution of 100pV, and a common mode 
rejection ratio of 60dB (CMRR) at ±200mV (CMV). 

The AD2010 features a light-emitting-diode (LED) display 
with a full scale range of 0 to ±199.9 millivolts,latched digital 
data outputs and control interface signals, and leading zero dis
play blanking. Automatic-zero correction circuitry measures 
and compensates for offset and offset drift errors, thereby 
providing vittually no error. Another useful feature of the 
.AD2010 is its SV dc operation. The AD2010 can operate from 
the users' 5V de system supply, thereby eliminating the shield
ing and decoupling needed for line powered units when the ac 
line must be routed near signal leads. 

To satisfy most application requirements, the conversion rate 
of the AD2010 is normally 4 readings per second. However, an 
external trigger may be applied to vary the sampling rates from 
a maximum of 24 readings per second dow __ .0 an indefinite 
hold time. The AD2010 can also be connected for automatic 
convenion at its maximum convenion rate. Dilring conversion, 
the previous reading is held by the latched logic. The numeric 
readout is available as BCD data. Application of the metering 
system in a computer or data logging system is made easy with 
the availability of the "overrange," "polarity," "overload," 
and "status" signals. 

A simplified block diagram of the AD2010, illustrating the 
features described above is shown in Figure 1. 

For detalled informacion, contact factory. 
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Figure 1. Simplified Functional Block Diagram 

IMPROVED NOISE iMMUNITY, ACCURACY AND 
ZERO STABILITY 
Dual-slope integration, as used in the AD2010 and as described 
in the theory of operation section, offers several design benefits. 
• Conveision accuracy, for example, is independent of both 

the timing capacitor value and the clock frequency, since 
they affect both the up ramp and down ramp integration 
in the same ratio. 

• Normal mode noise at line frequencies or its harmonics is 
rejected since the average value of this noise is zero over the 
integration period. 

• To achieve zero stability, a time interval during each conver
sion is provided to allow the automatic-zero correction cir
cuitry to measure and compensate for offset and offset drift 
errors, thereby, providing virtually no zero error. 
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AD201 0 -SPECIFICATIONS (typical at +25°C and +5V dc unless otherwise noted) 

DISPLAY OUTPUT 
• Display consists of four LED's (0.27" (6.9mm) high). 

for data digits plus 100% overrange and polarity 
indication. 

• Overload - three data digits display zeros 
and flashes. 

• Decimal Points - selectable at input connector. 
• Leading "0" Display Blanking - controlled externally. 

INPUT 
• Full Scale Range - 0 to ±199.9 millivolts 
• Automatic Zero 
• Automatic Polarity 
• Bias Current - 3 nA 
• DC Impedance -IOOMf! 
• Overvoltage Protection - 20V sustained, SOY momentary 

without damage. . 
• Decimal Points (3) - illuminate with logic 'II", e~in

guish with logic "0". 

ACCURACY 
• Maximum Error - 0.05% of reading ±1 digit 
• Resolution - 0.1 millivolt 
• Temperature Range - 0 to +50·C operating 

-30·C to +85·C storage 
• Temperature Coefficient - ±50ppm/·C 

NORMAL MODE REjECfION 
• 4OdB@6OHz 

COMMON MODE REjECfION 
• 60dB@ ±200mV 

CONVERSION RATE 
• External Trigger - up to 24 conversions per second 
• Internal Trigger - 4 conversions per. second 
• Automatic - A new conversion is initiated automatically 

upon completion of conversion in proceSSj conversion 
rate will vary from 24/sec to 40/sec depending on input 
magnitude. 

• Hold and Read upon command. 

CONVERSION TIME 
• Normal Conversion - 42ms max (full scale input) 
• Overload Conversion - 62ms max 

INTERFACE SIGNALS 
• DTLITTL Compatible 

• Inputs 

logic "0" 
logic "I" 

IN 
<0.8V 
>2.0V 

OUT 
<0.4V 
>2.4V 

External Trigger - Operation in the "External Trigger" 
mode requires that the "External Hold" input'be a logic 
"0" or ground. 

Negative Trigger Pulses - Applying a logical "low" to 
the "HOI.D" inout di!ll;ahlf"!I. ,.h,. int~rn:.1 triaaC'"1" A 

negative trigger pulse (logic "1" to logic .. O~) of 
1.0,," minimum applied to the "EXT TRIGGER" in
put will initiate conversion in the same manner as the 
internal oscillator. The external trigger should not be 
repeated, however. until the "status" indicates ~om
pletion of the conversion in process. 
Positive Trigger Pulses - The "HOLD" input can be 
used to trigger the AD2010 from a "normally low" 
signal with the "EXT TRIGGER" input open or logic "I". 
Following a "hold" a new reading will be initiated on the 
leading edge ,?f the "hold" signal. Thus, a momentary 
positive pulse on the "HOLD" input can be used to 
trigger the AD2010: The drift correct interval, how-
ever, begins on the trailing edge of the positive pulse, 
so if the pulse width exceeds 1ms, the conversion will 
actually be initiated by the internal trigger. 

Specifications subject to change without notice. 
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Maximum Conversion Rate - Automatic - The AD2010 
can also be connected for automati~ conversion at its 
maximum conversion rate by connecting the "status" 
output back into the "holer' input. In this manner the 
status signal going high at the end of one conversion 
immediately initiates a new conversion. The pulses 
appearing on the status line can be used to step a 
multiplexer directly, since the built-in drift-correct 
delay of 8.33ms will allow sertling of the input prior 
to conversion. A logic "0" applied to the "EXT TRIGGER" 
will inhibit the automatic trigger mode. 

External Hold - Logic "0" or ground applied to this in
put disables the internal trigger and the last conversion is 
held and displayed. For a new conversion under internal 
control the input must be opened or at logic "1". For a 
new conversion under external control, a positive pulse 
of less than 1.0ms can he applied (as previously explained). 

OUTPUTS 
• 3 BCD Digits (8421 Positive True) -latched - 3TTL loads 
• Overrange -logic "I" -latched - 6TTL loads, indicates 

overrange. 
• Overload -logic "0" indicates overload (>199.9mV) 

logic "I" - latched - 6TTL loads, indicates 
data valid. 

• Polarity - logic "I" -latched - 6TTL loads, indicates 
positive polarity input. 

• Status ~ logic "0" ~ conversion in process 
Ingic "I" -latched - 6TTL loads, indicates con
version complete. 

POWER 
• +5V dc ±5%, 500mA 

WARM UP 
• Essentially none to specified accuracy 

ADJUSTMENTS 
• Range potentiometer for full scale calibration. calibra

tion recommended every six months. 

SIZE 
• 3"W x 1.8"H x 0.84"0 (76.2 x 45.7 x 21.3mm) (overall 

depth for case and printed circuit board extension is 
1.40" (35.6mlll». 

ORDERING GUIDE 
• AD2010 - Standard AD2010 as described above - tuned 

for peak normal mode rejection at 60Hz and its 
harmonics. 

WEIGHT 
• 4 oz. (1l3.5gm) 

OVERALL DIMENSIONS 
All dimensions are given in inches and (mm). 

PIN "8" 

00.3017.821 MIN. 

1'5.81 ~======~---r 
MAXL, 0,840 121.3) MAX. 

H======:::::p,.-t 
I 1---•. 020176.71 MAX. ---l 1-;;T.5 ('.941 MAX. 
1---3.420 (88.9) MAX.---I 

~2Im'803 151.41 145.81 

~~I ~X. 
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Low Cost, 3 112 Digit 
Logic Powered DPM with LED Displays 

FEATURES 
"Second Generation" MOS-LSI Design 
Large 0.5" 113mm) LED Displays 
+5VDC Logic Powered 
±1.999V, ±199.9mV or ±19.99V Full Scale Ranges 
Limited Differential Input 
Low Power Consumption: 2.0 Watts 
Small Size,lndustry Standard Case Design 

APPLICATIONS 
General Purpose Logic Powered DPM Applications 
Portable Applications Requiring Low Power Consumption 

GENERAL DESCRIPTION 
The AD2021 is a low cost, 3% digit, +5V dc logic powered 
digital panel meter with large LED displays. While designed for 
general purpose DPM applications, the small size, light weight 
and low power consumption of the AD2021 make it an ideal 
digital readout for modern, compact instrument designs. 

THE BENEFITS OF "SECOND GENERATION" DESIGN 
The AD2021 is designed around MOS-LSI (Metal-Oxide-Semi
conductor, Large Scale Integration) integrated circuits, which 
greatly reduce the number of components, and thereby the 
size, and reduce power consumption to 2.0 watts. Both the 
lower power consumption and fewer interconnections between 
components promise greatly increased reliability, and the cir
cuit design maintains the performance and features of earlier 
DPMs. Large 0.5 inch (13mm) LED displays offer the visual 
appeal of gas discharge displays with the ruggedness and life
time of all solid state devices. 

EXCELLENT PERFORMANCE AND EASY APPLICATION 
The AD2021 measures input voltage over a full scale range of 
±1.999V dc or ±199.9mV dc ("S" option) with an accuracy 
of ±0.05% reading ±0.025% full scale ±1 digit. Using the 
"limited differential" input first used on Analog Devices' 
AD2010, the AD2021 prevents ground loop problems and 
provides 35 to 50dB of common mode rejection at common 
mode voltages up to ±200mV. Normal mode rejection is 
40dB at 50Hz to 60Hz. 

BCD data outputs are provided in a bit parallel, character serial 
format compatible to CMOS logic systems. For those applica
tions requiring parallel BCD data, schemes for making the ser
ial to parallel conversion are available. Controls to hold readings, 
select decimal points and blank the display are provided. 

DESIGNED AND BUILT FOR RELIABILITY 
The AD2021 is packaged in Analog Devices'logic powered 
DPM case size, only 1.25 inches (32mm) deep. The small size 
of this DPM makes it easy to accommodate in any instrument 
design, and since several other manufacturers now use the same 
panel cutout for logic powered DPMs, this industry standard
ization allows mechanical seeond sourcing. In addition, the 

For detailed infonnation, contact factory. 
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AD2021 I 

AD2021 uses the same pin connections as the AD2010 (except 
in BCD outputs, of course) as a convenience to allow updating 
designs to take advantage of the second generation design and 
larger display of the AD2021. Each AD2021 receives a full 
one week failure free burn-in before shipment. 

CLOCK 
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Figure 1. AD2021 Bit Parallel Character Serial to Full Parallel 
Data Conversion. AD2021 Pin Connections Are Shown in 
Parentheses. 
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AD2021-SPECIFICATIONS (typical at +2S'C and nominal power supply voltage) 

DISPLAY OUTPUT 
• Light emitting diode, planar seven segment display read

outs, 0.5" (13mm) high for three data digits, 100% over
range and negative polarity indication. Overload indicated 
by flashing display, polarity remains valid. 

• Decimal points selectable at input connector. 
• Display blanking on three data digits (does not affect 

overrange digit, polarity sign of decimal points). 

ANALOG INPUT 
• Configuration: bipolar, limited differential 
• Full Scale Range: ±1.999V or ±199.9mV ("S" option) 

±19.99V ("V" option) 
• Automatic Polarity 
• Auto Zero 
• Input Impedance: .100Mil (lMil - "V" option) 
• Bias Current: SOpA 
• Overvoltage Protection: ±SOV dc, sustained 

ACCURACY 
• ±O.OS% reading ±0.02S% full scale ±l digiti 
• Resolution: ImV, 10mV ("V" option) or 100j.IV 

("S" option) . 

• Temperature Range2 : 0 to +SO'C operating; -2SoC to 
+8So C storage 

• Temperature Coefficient: Gain: SOppm/'C 
Zero: auto zero 

• Warm-Up Time to Rated Accuracy: less than one minute 
• Settling Time to Rated Accuracy: 0.4 second 

NORMAL MODE REJECTION 
• 40dB at SO-60Hz 

COMMON MODE REJECTION 
• AD2021: 3SdB (dc -10kHz) 
• AD20211S: SOdB (dc -10kHz) 
• AD20211V: ISdB (dc -10kHz) 

COMMON MODE VOLTAGE 
• ±200mV 

CONVERSION RATE 
• S conversions per second 
• Hold and read on command 

CONTROL INPUTS 
• Display Blanking: (TTL, DTL compatible, 2 TTL loads). 

Logic "0" or grounding blanks the three data digits only, 
not the decimal points, overrange digit (if on) and polar
ity sign. Logic" I" or open circuit for normal operation. 
Display blanking has no effect on output data and the 
display reading is valid immediately upon removal of a 
blanking signal. 

• Hold: (CMOS, DTL, TTL compatible, lLP TTL load). 
Logic "0" or grounding causes the DPM to cease conver
sions and display the data from the last conversion. Logic 
"1" or open circuit for normal operation. After the 
"Hold" input is removed, one to two conversions are 
needed before the reading is valid. 

• Decimal Points: Grounding or Logic "0" will illuminate 
the desired decimal point. External drive circuitry must 
sink 35mA peak at a 25% duty cycle when the decimal 
points are illuminated. 
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DATA OUTPUTS (See Application Section for details on 
data outputs) 

• BCD Data Outputs: (CMOS, LP TTL or LP Schottky 
compatible), bit parallel, character serial format. 

• Digit Strobe Outputs: (CMOS, DTL, TTL compatible, 
one TTL load). Logic "I" on any of these lines indicates 
the output data is valid for that digit. 

• Polarity Output: (CMOS, TTL, DTL compatible, one 
TTL load). Logic "I" indicates positive polarity input, 
logic "0" indicates negative polarity. 

• Status: (CMOS or LP TTL compatible). When this signal 
is at Logic "1", the output data is valid. 

• Clock: (CMOS, DTL, TTL compatible, one TTL load). 
The clock signal is brought out to facilitate conversion 
from character serial to parallel data. 

• INTERFACING DATA OUTPUTS. The BCD data outputs 
are in a bit parallel, character serial format. There are four' 
BCD bit outputs (1, 2, 4, 8) and four digit outputs(lOo,10 l , 

102 , 103 ). The BCD digits are gated onto the output lines 
sequentially, and the BCD bits are valid for the digit whose 
digit line is high. The data is valid except when being updated 
which occurs within 2 milliseconds after the status line 
goes low. 

REFERENCE OUTPUT 
• A 6.4V ±5% analog reference output is made available. 

This reference should be buffered and filtered if use in 
external circuitry is desired. 

POWER INPUT 
• +5V dc ±S%, 1.4S watts 

CALIBRATION ADJUSTMENTS (See Application Section for 
calibration instructions) 

• Gain 
• Zero 
• Recommended recalibration interval: six months 

SIZE 
• 3"W x 1.8"H x 1.33"0 (76 x 46 x 34mm) 
• 1.90" (48mm) overall depth to rear of card edge connector. 
• Panel cutout required: 3.175" x 1.810" (80.6S x 45. 97mm). 

WEIGHT 
• 4 ounces, (11S grams) 

OPTIONS - ORD!!:R!NG GUm!!: 
• Input Voltage Range: AD2021 - 1.999V dc Full Scale 

AD20211S - 199.9mV dc Full Scale 
AD20211V - 19.99V dc Full Scale 

CONNECTOR 
• 30 pin, 0.156" spacing card edge connector. Viking 

2VKlSD/1-2 or equivalent. 
• Optional: Order AC1S01 

NOTES 

1 Guaranteed at 25°C and Dominal supply voltage 
• Guaranteed 

Specifications subject to cbange without DOtice. 

REV. A 



11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Third Generation 12L LSI Design 
Logic Powered 1+5 V DC) 
Large 0.56" Red Orange LEOs 
Balanced Differential InputlFloating 
1000 V, CMV 
Terminal Block Interface lAC Version) 
High Reliability: >250,000 Hour MTBF 
Small Size and Weight 
Low Cost 

GENERAL DESCRIPTION 
The AD2026 is specifically designed to provide a digital alterna
tive to analog panel meters. The AD2026 is logic powered 
(+5 V de). Most of the analog digital circuitry is implemented 
on a single I2L LSI chip, the AD2020. Only 13 additional 
components are required to complete the AD2026. The entire 
assembly is mounted on a single 3" x I 5/8" PCB. 

The AD2026 offers as a standard feature, 0.56" high LED 
Displays. Brightness is enhanced due to the Red Orange lens. In 
addition to the Red Orange lens, the AD2026 is also available 
with a dark red lens for applications where maximum brightness 
is not required and minimum backlighting is desired. 

A unique patented case design utilizes molded-in fingers, both 
to capture the PCB in the case and to provide snap-in mounting 
of the DPM in a standard panel cutout. No mounting hardware 
of any kind is used. The AD2026 occupies less than I" of space 
behind the panel. 

EXCELLENT PERFORMANCE 
The AD2026 offers the instrument designer digital accuracy, 
resolution and use of readout while occupying less space than its 
analog counterpart. Other features of analog meters such as reli
ability and instantaneous response are retained in the AD2026. 

The AD2026 measures and displays inputs from -99 mV to 
+999 mY, with an accuracy of 0.1% of reading ±I digit. Zero 
shift is less than one bit over the full operating temperature 
range, resulting in the same performance as a DPM with auto 
zero. The balanced differential input of the AD2026 rejects 
common-mode voltages up to 200 mY, enough to eliminate most 
ground loop problems. 

WIRING CONNECTIONS 
For Balanced Differential operation with the AD2026, connect 
input as shown in Figure I. The common-mode loop must pro
vide a return path for the bias currents internal to the AD2026. 
The resistance of this path must be less than 100 kG and total 
common-mode voltages must not exceed 200 mY. 

"Covered by Patent Numben: 4,092,698, 29,992; 3,872,466; and 3,887,863. 
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Low Cost, 3 Digit 
Logic Powered DPM 

AD2026* I 

For applications where attenuation is required scaling resistors 
can be connected between Pins 6 and 7 and between Pins F and 
H. Pin 5 must be used as the High Analog Input when scaling 
resistors are used and Pin 4 when they are not. Pin E is the 
Analog Low Input. 
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Figure 1. 

PIN CONNECTIONS 
DC VERSION 

Pin Function Pin Function 

1 +5 V Power A Decimal Point XX.X 
2 +5 V Display Power B Decimal Point XXX. 
3 Decimal Point XXX C Power Ground 
4 Input (When Scaling) D Hold 

Resistors Not Used) E Analog Ground 
5* Input (When Scaling F* Shunt Arm of Scaling 

Resistors Are Used) Resistor Divider 
6* Series Arm of Scaling H* Shunt Arm of Scaling 

Resistor Divider Resistor Divider 
7* Series Arm of Scaling 

Resistor Divider 

"Not normally used. Allows convenient mounting of scaling resistors. 

DIGITAL PANEL METERS 5-11 



AD2026 -.-SPEC I FI CATIONS (typical at +25°C and nominal supply yoltalle unless othelWise noted) 

DISPLAY OUTPUT 
• Light Emitting Diode, Planar Seven Segment Display 

Readouts, 0.56" (14.6 mm) High (Orange) 
• Overload Indication: EEE 
• Negative Indication: -XX 
• Negative Overload Indication: - - -
• Decimal Points: Three (3) Selectable at Input Connector 

ANALOG INPUT 
• Configuration: Balanced Differential Input 
• Full-Scale Range: -99 mV to +999 mV 
• Automatic Polarity 
• Input Impedance: 100 MO 
• Bias Current: 100 nA 
• Overvoltage Protection: ± 15 V dc, Sustsined 

ACCURACY· 
• ±0.1% ±1 Digit' 
• Resolution: 1 m V 
• Temperature Rangel: -10·C to +600C Operating: -25OC 

to + 800C Storage 
• Temperature Coefficient: Gain: 50 ppmf'C 

Zero: 10 fJ-vrc (Essentially Auto 
Zero) 

• Warm-Up Time to Rated Accuracy: Instantaneous 
• Settling Time to Rated Accuracy: 0.3 sec for Full Input 

Voltage Swing 

COMMON-MODE REJECTION 
(1 kO Source Imbalance, DC to 1 kHz) 

• 50 dB, ±200 mV Common-Mode Voltage 

CONVERSION RATE 
• 4 Conversions per Second 
• Hold and Read On Command 

CONTROL INPUTS 
Display B~isplay Power Input: The display of the 
AD2026 can be blanked by removal of power to the display 
power input, with no effect on conversion circuitry. If exter
nallogic switching is used, the display requires 110 mA peak 
(85 mA Average) when illuminated. 

Hold: When the Hold input is at Logic "0," grounded or open 
circuit, the AD2026 will convert at 4 conversions.per second •. If 
a voltsge of 0.6 V to 2.4 V is applied to this input, the DPM 
will stop converting and hold the last reading. A 12 to resistor 
in series with this input to + 5 V will provide the proper voltage 
input. 

DECIMAL POINT 
• To illuminate Decimal Points Ground Appropriate Pin (A, 

B or 3) 

POWER INPUT3 

• Converter: +5 V ±5%, 0.2 Watts Typ; 0.33 Watts Max 
• Display: +5 V ±40%, 0.45 Watts Typ; 0.75 Watts Max 

CALmRATION ADJUSTMENTS 

• Gain 
• Zero • Recommended Recalibration Interval: Six Months 

SIZE 
• 3.43" W x 2.0" H x 0.85" D (87 x 52 x 22 mm) 
• 0.88" (22 mm) Overall Depth to Rear of Connector 
• Panel Cutout Required: 3.175 ±0.0lS" x 1.810 ±0.0lS" 

(80.65 ±0.38 x 45.97 ±0.38 mm) 

WEIGHT 
• 1.8 Ounces (53 Grams) 

CONNECTIONS 
A 10-Pin T&B/Ansley 609-1000M with Two Feet of 10 Con
ductor Ribbon Cable Is Available. Order AC2618. 

Conductor to Pin A Is Color Coded. Sequence of Ribbon 
Connections Is A, 1, B, 2, C, 3, etc. 

ORDERING GUIDE 
AD2026-11 

Lens' 
Red Lens 
Red Orange Lens 

NOTES 

1 
2 ENTER 

lGuaranteed at + 25'C and nominal supply voltage. 
'Guaranteed. 
'When the same power supply is used to power both display and converter, 
+5 V, ±5%, 0.65 wattS typical, 0.9 wattS max is required. 

'No Charge Optious. 
Specifications subject to change without notice. 

()LJTL1N~ DIMENSIONS 
Dimensions shown in inches and (nun). 

fol·~----3.43I87.'2)------l 

I 
T~ 
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NOTES: 
1. ALLDIMENIIONSARE IN INCHES AND tMM'. 
2. 'ANEL THtcKNESB D.ou& TOG.1215j1.1, TO (3.2). 
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Digital Signal Processing Components 
For more than twenty-five years, Analog Devices has provided 
high-performance solutions to signal processing problems. This 
extensive interaction with designers of leading-edge signal pro
cessing systems forms the basis for continued development of 
new signal processing products. Today, Analog Devices offers a 
wide range of progtammable DSP processors based on an archi
tecture that is optimized for signal processing. Processors range 
from a very low cost fixed-point microcomputer, to the highest 
performance IEEE-compatible floating-point microprocessor. 

Together with our signal processing customers, Analog Devices 
has created the industry's first family of Mixed-Signal 
Processors (MSProcessors'") and Mixed-Signal Peripherals 
(MSPeripherals'"). Mixed-Signal Processors combine a progtam
mabie DSP architecture for signal processing with Analog 
Devices' precision signal acquisition circuitry to provide com
pact, low cost, high performance, single-chip solutions. Analog 
Devices is committed to the continuing integration of high
performance signal acquisition systems with optimized DSP 
processors. 

Future MSProcessors will extend the performance of both the 
signal acquisition system and the DSP engine to address emerg
ing applications requirements. What applications can you imag
ine with MSProcessors? 

OPTIMIZED DSP ARCIUTECTURE 
Architectures optimized for DSP must meet the five following 
requirements: 

Fast, Flexible Arithmetic 
• Arithmetic units arranged in parallel for Fixed- and Floating

Point families 
• Single-cycle register context switch for Fixed- and Floating-

Point families 
• Separate input and output registers for Fixed-Point family 
• General purpose register me for Floating-Point family 

Extended Dynamic Range of Multiply/Accumulate 
• 4O-Bit accumulator for Fixed-Point family 
• 80-Bit accumulator for Floating-Point family 

Single-Cycle Access of Dna! Operands 
• Provides single-cycle, 3-bus performance: 

- next instruction fetch 
-2 data operands 

MSProcessors and MSPeripherals are trademarks of Analog Devices, Inc. 

Hardware Circular Buffer 
• Maintains 8 simultaneous circular buffers for Fixed-Point 

family 
• Maintains 16 simultaneous circular buffers for Floating-Point 

family 

Zero-Overhead Looping and Single-Cycle Conditional Branching 
• Single-cycle conditional arithmetic instruction for Fixed- and 

Floating-Point families 
• Stack supports 4 levels of nested loops for Fixed-Point family 
• Stack supports 16 levels of nested loops for Floating-Point 

family 

Analog Devices extends the optimized DSP architecture to 
include features such as: 
• Auto data buffering 
• Auto boot from external byte-wide EPROM 
• Auto companding of data through serial port 

DSP DEVELOPMENT SUPPORT 
All processors are supported with a comprehensive set of devel
opment tools including: 

• ANSI C-Compiler • Assembler 

• Linker • Simulator 
• System Builder • Demonstration Board 
• Low Cost EZ-TOOLS • In-Circuit Emulators 

Applications assistance is provided by: 

• Expert DSP Staff • DSPatch Applications 
• Applications Handbooks Newsletter 
• Applications Assistance Line • Applications Library 
• Computer Bulletin Board • 3-Day Progtamming 

Workshop 

For more information on our DSP products, contact your local 
Analog Devices sales office or authorized distributor. For mar
keting information, contact DSP marketing (617) 461-3881. For 
applications assistance, contact DSP applications (617) 461-3672. 

DIGITAL SIGNAL PROCESSING PRODUCTS 6-1 
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Selection Guide 
DSP Processor Key Feature Summary 

Inst Internal Internal Intemal 8Il6-Bit 
Cycle Off-Cbip Program Data Program Program Host On-Cbip Low 
Time Harvard Memory Memory Cache Memory Serial Interface Program ND and Ext Power Pin Package 

Model as Arch RAM RAM Word Boot Ports Port Tuner D/A Interrupts Modes Count Optionsl 

16-Bit Fixed-Point 

ADSP-2100A 80 ~ 16 x 24 4 100 PGA,PQFP, 
CQFP 

ADSP-2101 60 2K x 24 IK x 16 ~ 2 ~ 3 68 PGA,PLCC 
ADSP-2102 60 2K x 24! IK x 16 ~ 2 ~ 3 68 PGA,PLCC 
ADSP-210S 100 IK x 24 O.SK x 16 - ~ ~ 3 68 PLCC 
ADSP-2106 100 IK x 24:! O.SK x 16 - ~ ~ 3 68 PLCC 
ADSP-211l 60 2K x 24 IK x 16 ~ 2 ~ ~ 3 100 PGA,PQFP 
ADSP-2112 60 2K x 24:! IK x 16 ~ 2 ~ ~ 3 100 PGA,PQFP 
ADSP-2ImspSO 77 2K x 24 IK x 16 ~ 2 ~ ~ ~ 3 2 1321144 PQFPIPGA 
ADSP-2ImspSI 77 2K x 24"& IK x 16 ~ 2 ~ ~ ~ 3 2 1321144 PQFPIPGA 

2K x 24 ROM 

3Z140-Bit Floating-Point 
ADSP-21020 40 ~ 32x48 - ~ 4 223 PGA,PPGA 

NOTES 
'Packa&c Options: CQFP = CeramiC Quad Flat Pack; PGA = Ceramic Pin Grid Array; PLCC = Plastic Leaded Chip Carrier; PQFP = Plastic Quad Flat Pack; PPGA = Plastic Pin Grid Array. 
'RAMIROM. 



Bus Interface & Serial lID Products 
THE ...,MACIII SERIES 
The ,...MAC product line consists of data acquisition and control 
front ends designed for use in industrial applications. The sys
tems provide signal conditioning, AID and D/A conversion and 
control capabilities in front of a supervisory computer or in a 
stand-alone configuration. Two general groups of systems are 
available: intelligent, fixed function systems and programmable 
stand-alone systems. 

Fixed-Function Front Ends 
The fixed function systems are the ",MAC-4000 and the ",MAC-
1050. The ",MAC-4000 system provides isolation and condition
ing of signals, AID and DI A conversion, and storage of data (in 
engineering units) that is transferred to any host computer upon 
command (via RS-232 link). The ILMAC-I050 offers additional 
levels of functionality such as minimum/maximum recording, 
local alarming, CAM sequence emulation, configuration storage 
in EEPROM, ramping of analog outputs, and other features that 
minimize host computer interaction. The unit also supports an 
RS-4221485 port for multidrop configurations. 

Software driver options are available for both the ",MAC-4000 
and ",MAC-I050 to provide a high level language interface to 
the units as well as support from Industry Standard software 
packages such as FIX DMACS, Control EG, LABTECH 
NOTEBOOK and LABTECH CONTROL. Refer to the chart 
for more detailed information. 

Programmable Units 
The programmable ",MAC units are the ",MAC-I060, ,...MAC-
5000, ",MAC-6000, and the ",DCS-6000. The ",MAC-5000 and 
,...MAC-6000 are fully programmable in ,...MACBASICIII or C 
(",MAC-6000 only) and support battery-backed data and pro
gram storage, hardware watchdog timers, and seria1 communica
tions for stand alone operation or custom host interface. 

The ",MAC-I060 is a single board controller that offers unprece
dented price/performance levels. The unit is programmable in a 
fast, space efficient version of C, and also provides a watchdog 
timer, battery-backed memory, and up to three serial ports. 

The ",DCS-6000 provides a complete solution for distributed 
process monitoring and control applications. Based on the 
",MAC-6000 hardware, the system becomes a powerful control
ler with embedded FIX DMACS* software from Intellution 
for a ttuJy "No Programming Required" distributed control 
solution. 

RTI, pMAC and pMACBASIC are registered trademarks of AIIaIog 
Devices, IDc. 
*ASYST is a trademark of ASYST Software Technologies, Inc. 
Control EG is a trademark of Quinn-Curtis 
PS/2, Micro Channel, PC DOS, IBM PC, PClXT and PC AT are trade
marks of International Business Machines Corporation 
LABTECH NOTEBOOK and LABTECH CONTROL are registeled 
trademarks of Laboratory TechnoJogies Corporation 
MS-DOS, QuickBASlC and Mic:roooft are registered trademarks of 
Microsoft Corporation 
MUL T1BUS is a trademark of Intel Corporation 
SNAPSHOT STORAGE SCOPE is a trademark of HEM Data 
Corporation 
THE FIX and FIX DMACS are trademarks of InteUution, Inc. 
TURBO Pascal and TURBO C are trademarks of Borlancl International 
Corporation 
Unkelscope i. a trademark of the Masaacbuaetts Institute of Technology 

THE RTIIII SERIES 
The RTI Series consists of analog and digital input/output 
boards that are compatible with popular microcomputer bus 
standards including: 

• RTI -800 Series, 
• RTI-200 Series, 
• RTI-1200 Series, 
• R TI -600 Series, 
• RTI-700 Series, 

mM PClXT/AT* 
IBM PS/2,* Micro Channel* Architecture 
STD 
VMEbus 
MULTIBUS* 

The RTI Series are families of boards that provide a wide range 
of functionality. Each board can operate independently or can 
be used with other RTI Series boards to solve an application. 
Different analog-to-digital conversion speeds, resolutions, input 
and output channel capacities and configurations are available, 
allowing customization of the systems. The RTI Series is typi
cally used in applications where the computer is close to the sen
sors being measured. 

RTI Software 
The RTI-200 Series, RTI-800 Series and some of the RTI-I200 
Series boards are supported by MS-DOS* driver software that 
provides easy-to-use, high-level routines for user written soft
ware programs. The routines can be called from popular lan
guages like Microsoft* BASIC (Interpreted and Compiled), C, 
QuickBASIC,* Borland International TURBO Pasca1* and 
TURBOC.* 

Industry standard data acquisition and control software products 
like LABTECH NOTEBOOK,* LABTECH CONTROL,* 
ASYST*, SNAPSHOT STORAGE SCOPE,* Control EG,* 
THE FIX,* UnkelScope* and others support many of the RTI 
Series boards. 

Signal Conditioners 
The,...MAC and RTI products can be used with signal condi
tioners in applications that require conditioning for isolated or 
nonisolated signa1s. The 3B and 5B Series of signa1 conditioning 
modules and the STB family of analog signa1 conditioning pan
els can be used with most RTI and ,...MAC products. 

BUS INTERFACE & SERIAL liD PRODUCTS 7-1 
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Selection Guide 
Bus Interface & SerialllO Products 
IBM PC/XT/AT liD Boards 

Analog Input 

Analog Max 
Input Throughput 

Model Function Channels Resolution XT AT 

RTI-SOO Analog Input 16 SEtS DI 12-Bit 31kHz 27kHz 
RTI-800-A and Digital I/O 16 SEtS DI 12-Bit 5SkHz 5SkHz 
RTI-SQO-F 16 SEt8 DI 12-Bit 91kHz 5SkHz 

RTI-S02-4 Analog Output 
RTI-S02-S 

RTI-SI5 Multifunction 16 SEtS DI 12-Bit 31 kHz 27kHz 
RTI-SI5-A Analog and 16 SEtS DI 12-Bit 5SkHz 5SkHz 
RTI-S15-F Digital I/O 16 SEtS DI 12-Bit 91kHz 5SkHz 

RTI-S17 Digital I/O 

RTI-S20 Modular Up to 64 12-Bit 19kHz 19kHz 
Analog and 
Digital I/O 

RTI-S27 Frequency Input, Event 
Counting, Pulse Output 

RTI-S50-F High Resolution SDI 16-Bit N/A 71kHz 
Analog Input IS-Bit N/A 76kHz 

14-Bit N/A 76kHz 

RTI-S60 High Speed 16SE 12-Bit N/A 250kHz 
Simultaneous Analog Input S-Bit N/A 330kHz 

RTI-S70 Ultrahigh Resolution 4DI 22-Bit 20Hz 
---- --~--

Analog Output Digital I/O 

Analog 
Output 
Channels Resolution Channels Time-Related Other Features 

S InlS Out 3 Counterrrimers Analog Input 
S InlS Out 3 Countetrrimers Expandable to 
8 InlS Out 3 Counterrrimers 32 SEt16 DI 

PGA 
External Digital Trigger 

4 12-Bit Remote Sensing 
S 12-Bit 

2 12-Bit S InIS Out 3 Counterrrimers Analog Input 
2 12-Bit S InIS Out 3 Counterrrimers Expandable to 
2 12-Bit S InlS Out 3 Counterrrimers 32 SEt16 DI 

PGA 
External Digital Trigger 

Three 8-Bit Ports External Strobing 
Interrupts on Change 
of State 

Up to 16 12-Bit Three S-Bit Ports Interfaces Directly to 
Analog Signal 
Conditioning Panels; 
Slave Microprocessor 
Controls Analog 
Outputs 

Three Outputs 5 Counterrrimers Debounce Circuitry on 
One 4-Bit Port on Inputs 

External Interrupts 

On-Board Memory 
Extensive Analog and 
Digital Triggering 

On Board Memory 
Extensive Analog and 
Digital Triggering 

Two 4-Bit Ports 
------- -_ .. _----- ---- -- -~ 
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STD BUS Compatible liD Boards 

Analog Devices 
Part Number RTI·1226 

Board Type Input • 
InpurlOutput 
Output 

Channel Capacity Input 
(Single Ended! 

Differential) 1618 
Output 

Input Resolution 10 Bits • 
12 Bits 

Output Resolution 8 Bits 
12 Bits 

Additional Features 
Programmable Gain Amplification 
Single + 5 V Operation • 
4-20 rnA Output 
Direct Sensor Interface 

Thermocouples, RTDs 
mM PC Software Compatible 

RTI·122S RTI·1260 

• 
• 

1618 32116 
2 

• 
• 

• 

• 
• • 

SID BUS STDBUS 
(NMOS) (CMOS) 

RTI·1262 RTI·I26S RTI·1266 RTI·I267 RTI·I280 RTI·12S1 RTI·1282 

• • 
• • • 

• • 
24 

64 64 Digital 1618 1618 
4 16 I/O 2 4 or 8 

• • • • 

• • • • 

• • 
• • • • • • • 
• • 

• • 
• • • 

• 



r Selection Guide 
~ Bus Interlace & Serial I/O Products 
it! 
~ IBM PS/2 Micro Channel I/O Boards 
hl 
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Model 

RTI-204 

RTI-20S 

RTI-217 

RTI-220 

RTI-222 

Function 

Low Cost Analog Input 
and Digital 110 

Low Cost Multifunction 
Analog and Digital 110 

Digital 110 

Analog 110 

Analog Output 

Analog Input 

Analog 
Input Max 
Channels Resolution Throughput 

8 SE 12-Bit 19 kHz 

8 SE 12-Bit 19 kHz 

0 N/A N/A 

Up to 64 12-Bit 21kHz 

0 N/A N/A 

Analog Output Digital 110 Other 

Analog 
Output 
Channels Resolution Channels Time Related Other Features 

0 N/A 8 Bits 2 CounterlTimers Digital Pattern Recognition 

2 12-Bit 8 Bits 2 CounterlTimers Digital Pattern Recognition 

0 N/A Four 8-Bit Ports 0 Interrupt on Change of State; 
External Strobing and 
Interrupt Support 

Up to 16 12-Bit 0 0 Interfaces Directly to 
Analog Signal 
Conditioning Panels; 
Slave Microprocessor 
Controls Analog 
Outputs 

Up to 16 12-Bit 0 0 Interfaces Directly to Analog 
Signal Conditioning Panels; 
Slave Microprocessor Controls 
Analog Outputs 
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VMEbus Compatible liD Boards 

Analog Devices VMEbus 
Part Number RTI·600 RTI·602 

Board Type Input • 
Input/Output 
Output • 

Channel Capacity Input 
(Single Ended! 

Differential) 32/16 
Output 4 

Input Resolution 10 Bits 
12 Bits • 

Output Resolution 8 Bits 
12 Bits • 

Additional Features 
Programmable Gain Amplification • 
Single + 5 V Operation • • 
4-20 rnA Output • 
Direct Sensor Interface 

Thermocouples, RTDs 
-

Multibus Compatible liD Boards 
Multibus 

Analog Devices 
Part Number RTI·711 RTI·724 RTI·732 

Board Type Input • 
Input/Output • 
Output • 

Channel Capacity Input 
(Single Ended! 

Differential) 32/16 32116 
Output 4 2 

Input Resolution 10 Bits 
12 Bits • • 

Output Resolution 8 Bits 
12 Bits • • 

Additional Features 
Programmable Gain Amplification • • 
Single + 5 V Operation • • • 
4-20 rnA Output • 
Direct Sensor Interface 

Thermocouples, RTDs 
~- '--- --

I 
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Selection Guide 
Bus Interlace & Serial 1/0 Products 
J.lMAC Series 

"MAC-I050 (.LMAC-4000 (.LMAC-SOOO 

Programming Fixed Function Fixed Function (.LMACBASIC 
(PC Programming 
in C, Basic Pascal, 
3rd Party Packages) 

Max RAM NIA NIA 128K 

# Comm Ports 

Serial 1 1 2 

IEEE-488 None Nom' None 

Max I/O Points 

AIO 48 AIN, 10 AOT 48 AN, 32 AOT 100+* 

DIO 64 272 304 

Resolution (Bits) 18 Bits 13 Bits 11114 Bits 

Data Acquisition 20 15 50/25 
Rate per Channel 

-- --

*InputlOutput capability depends on configuration. 

(.LMAC-6000 (.LMAC-I060 (.LDCS-6000 

(.LMACBASIC, C C FIXDMACS 

256K 512K 256K 

3 3 max 3 

1 None For Expansion Only 

350+* 64 AIN, 32 AOT 1000+ 

1024 128 4000+ 

12/14 Bits 13-18 Bits 12/14 Bits 

2800/1400 (C) 400-40 10 

_ .. _-- ----



Mixed-Signal 
Application Specific Integrated Circuits 

Analog Devices offers a full spectrum of signal conditioning 
and conversion capabilities in mixed-signal application specific 
integrated circuits (ASICs). These chip-level systems can imple
ment combined analog/digital designs with 10- to 14-bit accuracy 
and 12- to 20-bit resolution that formerly required board-level 
solutions. Combined with our general purpose DSPs from 
the ADSP-2100 and ADSP-21000 families, our ASICs can 
provide custom two-chip solutions to meet complex system 
requirements. 

Analog Devices can incorporate most of the functions of its stan
dard monolithic linear and converter parts in full-custom and 
semicustom ICs. Full-custom parts optimize performance and 
space requirements, while cell-based semicustom parts reduce 
development time and engineering expense. Development costs 
can be cut further by tailoring a predefmed system-on-a-chip 
known as a Linear System Macro to your application. 

Analog's experienced design engineers work with powerful 
computer-aided design tools to design and layout your circuit. 
Design centers are currently in Massachusetts, England and 
Ireland. 

Multiple locations for fabrication, assembly and testing ensure a 
ready supply of production parts. Products can be processed in 
our MIL-3851 0 certified facilities. 

DESIGN EXAMPLES 
Analog Devices has created a variety of customer-specific and 
function-specific ASIC parts. Described here are three Linear 
System Macros, a custom chipset and a semicustom chip. 

AD75004 Quad DAC 
This circuit contains four separate 12-bit D/A converters with 
amplifiers for voltage output and an on-board reference. Double
buffering latches interface with an 8-bit parallel bus and permit 
updating of all four channels individually or simultaneously. 
Outputs swing ±5 V, drive ±5 mA, and settle within 4 ILS. 

AD75004 QUAD DAC 
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AD75068 Octal Programmable Gain Amplifier 
The AD75068 contains eight programmable gain amplifiers 
(PGAs). Each is complete, including switch/resistor network and 
gain programming latch, and requires no external components. 
Each channel may be independently programmed for gains from 
1 to 128. A unique circuit design maintains constant 2 MHz 
bandwidth at all gains and offers very low phase shift; the PGAs 
also feature low input bias current «4 pA). 

AD75068 OCTAL PROGRAMMABLE GAIN AMPLIFIER 
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The circuits outlined above can be modified to suit a specific _. 
customer's application. For example, the AD75004 quad DAC 
could be expanded to 6 channels, each of which may have 
separate reference inputs. The AD75068 could be configured to 
include filtering. These modifications, when based on standard 
library cells, can provide the fastest, most cost effective semi-
custom solution. 

Modem Chipset 
Library cells can be combined to form macro building blocks 
for high speed modems. This two-chip design concept filters 
and converts data to interface an Analog Devices digital signal 
processor with the analog circuitry of a 9600-baud modem. On 
one chip, the received signal passes through an antialiasing fil
ter, sample-and-hold, 12-bit AID converter, 8th-order digital 
filter and decimation. On the other chip, transmit data is 8 x 
oversampled, then goes to an 8th-order filter, a 12-bit DAC and 
an active reconstruction filter. 

AD79015 Low Level DAS 
This circuit is a complete data acquisition system for low level 
signals (e.g., ECG and EEG) with a throughput of 10,000 sam
ples per second. It provides high accuracy, high stability and 
functional completeness in a small2S-pin PLce package. It in
cludes a high performance instrumentation amp, low-pass and 
band-pass filters, and a 12-bit ADC with on-chip reference. It 
also includes a fast 81l2-bit serial port to interface to most mi
croprocessor systems. 
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Analog Devices' semicustom and custom circuits are fabricated 
using the same high performance processes as our standard
product ICs. These mixed bipolar-CMOS processes include thin
fllm resistors which may be laser trimmed for precise matching 
!!!d ~.rid.e s~b!= perl':::=-~~::: over 1& n:'kk i:w:upcr.Luf~ iwl!Sc. 

The ABCMOS, BiMOS II, and Linear Compatible CMOS 
(LC2MOS) processes combine bipolar and CMOS devices on 
one chip. Functional density is an order of magnitude greater 
than previous mixed-signal processes; over 40,000 devices can be 
placed on a single chip. Bipolar transistors provide low noise, 
low offset input stages and moderate power output stages. The 
CMOS devices offer high input impedance, and make dense 
logic and analog switches for data converters, multiplexers and 

FILTER SAMPLING ADSP-2111 

switched-capacitor ftIters. LC2MOS also provides a JFET 
for very low noise amplifiers, and a low-noise buried-Zener 
reference. ABCMOS represents the next generation in a com
bined bipolar/CMOS process for mixed-signal applications. 

The bipolar-CMOS processes operate on supply voltages ranging 
from single + 5 V to split ± ISV, with signal levels ranging from 
single-ended + 3 V to ± 10 V. These processes are ideally suited 
for applications in avionics, instrumentation, industrial automa
tion, computers and peripherals, and telecommunications. 

The following table summarizes the processes available for de
signing ASICs. Other processes in development wilJ offer even 
higher speed, denser logic and higher integration of analog and 
digital functions. 

CELL LIBRARIES 
Cell libraries for the bipolar/CMOS processes are described be
low. These libraries are growing with the development of new 
processes, macrocells and cells. Many new catalog parts wilJ also 
be available as cells. YOur local sales office can give you current 
information on the cell libraries and available Linear System 
Macros. 

Operationai ampiifiers are avaiiabie in bIpolar, J FET and CMOS 
con(igurations. Representative bipolar op amp cells have perfor
mance characteristics similar to an AD OP-27 and a slew
enhanced AD741. The LC2MOS process offers JFET op amps, 
including an AD711 equivalent. 

Instrumentation amplifiers with performance comparable to the 
AD521 and AD524 are available. Linear comparators have re
sponse times down to 100 nanoseconds and strobed comparators 
have setup/access times down to 50 nanoseconds. 

ANALOG DEVICES HIGH PERFORMANCE BiCMOS PROCESSES FOR ASICS 

Process Power Signal. Features 

ABCMOS 
BiMOS II 
LC2MOS 
LC2MOS 2 

+S V to ±5 V 
±5 Vto ±12 V 
+SVto±ISV 
+S V to ±5 V 
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+3Vto±3V 
±3Vto±IOV 
+3Vto±IOV 
+3 V to ±3 V 

Fine Geometries; Double Metal 
Double Metal 
JFET, Zener 
Fine Geometries; Poly-Poly Capacitors, JFET, Zener 



Digital-to-analog converters range in resolution from 8 to 16 
bits, and include cells similar to the AD667 and AD1856. 
Analog-to-digital converters vary from 8 to 16 bits in resolution, 
and include cells equivalent to the AD7871 and AD674. 

Support cells include sample-and-hold amplifiers with perfor
mance comparable to the AD585, low-voltage bandgap refer
ences comparable to the AD584, and low-noise buried Zener 
references. 

RC active fIlters and programmable switched-capacitor filters are 
available with specifications in these ranges: 
Topology: all classical fIlter types 
Frequency Range: 200 Hz to 20 kHz (switched-cap) or 

100 Hz to I MHz (RC) 

Number of Sections: up to 10th-order (switched-cap) 
or 4th-order (RC) 

SignalINoise and THD: >75 dB, compatible with 
12-bit data acquisition. 

Logic cells include gates, counters, registers, microsequencer, 
PLA, RAM and ROM. Interface cells include 8-bit and 16-bit 
parallel 110 ports as well as synchronous serial ports and 
UARTs. 

COMPUTER-AIDED DESIGN TOOLS 
Designing a high performance mixed-signal IC is inherently 
more difficult than designing a gate array. The variety of analog 
and digital functions requires a cell-based approach. However, 
the use of powerful tools gives high confidence of functionality 
at first silicon through thorough simulation and layout verifica
tion. Complete computer-generated documentation of all sche
matics and analog and logic simulation waveforms permits 
thorough evaluation of Analog's design by your design staff be
fore signoff for fmallayout and fabrication. 

The overall work flow through the CAD environment follows. 
Key to meeting the special challenges of mixed analog/digital 
circuitry are the simulation and auto-layout tools, and the unifi
cation of design and layout information in a single database. 
Analog Devices has developed a suite of proprietary computer
aided design tools, called JANUS'·, to address these issues and 
to implement tum-key designs. 

The JANUS schematic editor offers numerous time-saving tech
niques and provides for specification of such data as wire 
widths, routing layers and routing priorities. It automatically 
generates a net list used by subsequent tools. 

Analog uses several simulators, including electrical, logic and 
behavioral types. ADICE, a proprietary enhanced version of the 
SPICE electrical simulator, gives precision simulation of critical 
analog sections. It uses Newton-Raphson methods to iteratively 
solve nonlinear time-dependent simultaneous differential equa
tions. It is efficient for circuits up to about 250 active devices 
and is used for the frequency domain or transient analysis of 
analog cells such as op amps, or sensitive digital cells such as 
dynantic RAM. 

JANUS is a trademark of Analog Devices, Inc. 

COMPUTER-AIDED DESIGN FLOW 

Event-driven simulators handle larger circuits, with thousands of 
devices, and are typically used to simulate logic. The JANUS 
mixed-signal simulator combines an event-driven simulator with 
Newton-Raphson methods. It dynamically partitions the circuit 
to apply the faster event-driven techniques where possible, and 
the matrix methods where necessary. It also dynamically sizes 
the matrix and time steps to speed simulation further. The sitn
ulator can operate at the transistor level or use behavioral mod
els, or both at the same time, allowing trade-offs between 
accuracy and speed. 

For layout, the challenge is to increase automation while accom
modating the layout sensitivity of analog circuitry. Device gener
ators exist for the full range of active and passive devices 
available in the technology to automatically create a physical 
representation of the circuit schematic. This layout may be opti
mized through conventional interactive polygon-pushing. 

The JANUS routing editor is driven by the connectivity of the 
schematics, but allows great freedom to manually control the 
routing of critical analog signal paths or power/ground lines 
while autorouting noncritical nets and spacing the layout to 
achieve automatic enforcement of layout rules. The JANUS 
routing editor uses up to three interconnect levels, and will au
tomatically expand and compact placement as necessary to 
achieve 100% routing. 

Finally, industry-standard layout verification tools assure con
formance of the layout to both the schematic and design rules to 
give high confidence of functionality in first silicon. The CAD 
tool suite communicates via industry-standard stream formats to 
external databases and pattern generators. 
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TEST AND TRIM 
Analog Devices has over 20 years of experience in testing com
plex circuits and manufactures commercial test systems for pre
cision linear ICs. In each fabrication facility, a computer 
network integrates Analog Devices, H-P, Teradyne and LTX 
test equipment. The design, wafer probe and test areas share 
data on the network for statistical analysis and device modeling. 

All Analog Devices ASICs are tested at the wafer level, and 
most are 1aser-wafer trimmed to achieve high accuracy.Unt
rimmed thin-film resistors match within 1% to 0.1%, depending 
on ares. Trimmed resistors can match to better than 0.01%. 
Wafers may be 1aser drift trimmed with a hot-chuck probe to 
minimize the effects of temperature on accuracy. 

After packaging, all parts are tested to assure that they meet 
guaranteed specifications. Environmental handlers can verify 
parts at multiple temperatures. Bum-in is performed as specified 
by the customer. 

PACKAGING 
Analog Devices ICs are available in most modern package 
types, including high pin-count and surface mount varieties. 
ASICs may be assembled in any of Analog Devices' standard 
packages, listed below. This list is constantly expanded and 
other packages may be used if th~ are suitable for high perfor
mance applications. 

Available Packages 
Pin Grid Array (PGA): 68 to 144 pins 
Leaded Ceramic Chip Carrier (LDCC): 44 pins 
Plastic Quad Flat Pack (PQFP): 44 to 132 pins 
Plastic Lesded Chip Carrier (PLCC): 20 to 68 pins 
Plastic Dual Inline Package (DIP): 14 to 64 pins 
Side-Brazed DIP: 14 to 64 pins 
Frit-Seal DIP (Cerdip): 14 to 40 pins 
Small Outline (SO): 14 to 28 pins 
Ceramic Quad Flat Pack (CQFP): 80 to 104 leads 

lJ.4 APPLICA TION SPECIFIC ICs 

PROGRAM RESPONSIBILITIES AND INTERFACES 
The followjng fIgUre shows the major phases in developing an 
ASIC and responsibilities during each phase. The overall devel
opment time depends on the complexity of the circuit and on 
how custom the design is. 

Your Analog Devices Sales Engineer is your first interface for 
ASIC development. Your local sales office can provide further 
information on Analog Devices' customlsemicustom capabilities. 

PROGRAM RESPONSIBILITIES AND INTERFACES 
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GENERAL DESCRIPTION 
Analog Devices offers a broad line of modular aeldc power sup
plies that provide both OEMs and designers a reliable, easy to 
use, low-cost solution to their power requirements. Models are 
available in PC mountable and chassis mountable designs with 
S volt to IS volt (single, dual, triple) outputs and current ratings 
from 2S rnA to S amps. Since these modular supplies are fully 
encapsulated, no trimming or external component selection is 
necessary; simply mount the unit, connect power and output 
leads, and you're on the air! Most Analog Devices' power sup
plies are available from stock in both large and small quantities 
with substantial discounts being applied to large quantity orders. 

ACIDC POWER SUPPLY FEATURES 
• Current Limit Shon Circuit Protection 
• PC Mounted and Chassis Mounted Versions 
• Single (+S V), Dual (±12 V, ±IS V), and Triple 

(±IS V/+S V, ±IS V/+l V to +IS V) Output Supplies 
• Current Outputs: 

2S mA to 1000 rnA for Dual and Triple Output Supplies 
2S0 mA to SOOO rnA for Single Output Supplies 

• Wide Input Voltage Range 
• Low Output Ripple and Noise 
• Excellent Line & Load Regulation Characteristics 
• High Temperature Stability 
• Free-Air Convection Cooling; No External Heat Sink Required 

Power Supplies 
Modular AC/DC Power Supplies 

GENERAL SPECIFICATIONS 
Power Requirements 

Input Voltage Range: 
Frequency: 

Electrical Specifications 
Temperature Coefficient: 
Output Voltage Accuracy: 

Breakdown Voltage: 
Isolation Resistance: 
Short Circuit Protection: 

Environmental Requirements 
Operating Temperature 

Range: 
Storage Temperature 

Range: 

lOS V ac to 12S V ac 
SO Hz to 2S0 Hz 

0.02%I"C 
±2%,max 
See Specifications Table 
SOO V rms, min 
SOMO 
All aeldc power supplies 
employ current limiting. They 
can withstand substantial 
overload including direct 
shon. Prolonged operation 
should be avoided since 
excessive temperature rises 
will occur. 

-2S0C to +71°C 

- 2SoC to + 8SoC 

SPECIFICATIONS - Typical @ +2SOC and llS V 8e 60 Hz unless otherwise noted* 

Output Output Line Reg. Load Reg. Output Ripple & 
Voltage Current max max Voltage Noiae Dimensions 

Type Model Volts mA % % Error max mV rms max Inches 

-1 
904 ±IS ±SO 0.02 0.02 ±200mV O.S 3.Sx2.SxO.87S 

-OmV 
902 ±IS ±Ioo 0.02 0.02 +300mV O.S 3.Sx2.Sx1.25 

-OmV 
Dual 902-2 ±IS ±Ioo 0.02 0.02 +300mV O.S 3.Sx2.5xO.87S 

... Output -OmV 
S 920 ±15 ±2oo 0.02 0.02 +300mV O.S 3.Sx2.5x 1.25 g -OmV 
::E 92S ±IS ±350 0.02 0.02 ±I% 0.5 3.Sx2.SxI.62 

1 921 ±12 ±240 0.02 0.02 +300mV O.S 3.Sx2.S x 1.25 
-OmV = 

a:: Single 
90S 1000 0.02 O.OS ±1% 1 3.Sx2.Sx1.2S 
922 2000 0.02 O.OS ±I% I 3.S x2.S x 1.62 

j 
Output 928 3000 O.OS 0.10 ±2% S (typ) 3.5x2.5x1.2S 

923 ±IS ±100 0.02 0.02 ±1% O.S 3.Sx2.5x1.2S 
Triple +S SOO 0.02 0.05 ±1% O.S 
Output 927 ±IS ±IS0 0.02 0.02 ±2% O.S (typ) 3.Sx2.SxI.62 

+S 1000 0.02 0.10 ±2% 1.0 (typ) 

-+ 9S2 ±IS ±100 O.OS O.OS ±2% 4.4x2.7xI.4S 
Dual 970 ±IS ±200 O.OS O.OS ±2% 4.4x2.7x I.4S 

1 Output 973 ±IS ±3S0 O.OS O.OS ±2% 4.4x2.7x2.oo 

" 97S ±IS ±SOO O.OS O.OS ±2% 4.4x2.7x2.oo 

~ 955 1000 0.05 0.15 ±2% 2 4.4x2.7x I.4S 
.~ Single 976 3000 O.OS 0.10 ±2% S (typ) 4.7Sx2.7x I.4S 
:; Output 977 SOOO O.OS 0.10 ±2% S (typ) 4.7Sx2.7x I.4S 

LTriPle 974 ±IS ±ISO 0.02 0.02 ±2% 0.5 (typ) 4.7Sx2.7x I.4S 
Output +S 1000 0.02 0.10 ±2% 1.0 (typ) 

"'Consult Analog Devices Power Supplies Catalog for additional information. 
Specifications subject to change without notice. 
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Power Supplies 
Modular DCIDC Converters 
GENERAL DESCRIPTION 
Analog Devices' line of compact dddc converters offers system 
designers a means of supplying a reliable, easy to use, low cost 
solution to a variety of floating (analog and digital) power appli
cations. These devices provide high accuracy, short circuit pro
tected, regulated outputs with very low output noise and ripple 
characteristics. 

Fourteen models are offered in five power levels of 1 watt, 1.8 
watts, 4.5 watts, 6 watts and 12 watts. Input voltage versions 
include 5 volt, 12 volt, 24 volt and 28 volt with output ranges 
as follows: +5 volt, ±12 volts and ±lS volts at ±6O mA to 
1000 mA output current capability. 

Most models are high efficiency (typically over 60% at full load) 
and feature complete 6-sided continuous shielding for EMIIRFI 
protection. A or-type input ftlter is contained, in some models, 
which virtually eliminates the effects of reflected input ripple 
current. Most Analog Devices' dddc converters are available 
from stock in both large and small quantities with substantial 
discounts being applied to large quantity orders. 

DC/DC POWER SUPPLY FEATURES 
• Inaudible (>20 kHz) Converter Switching Frequency 
• Continuous, Six-Sided EMIIRFI Shielding Except on 1 Watt 

and 1.8 Watt Models 
• Output Short Circuit Protection (Either Output to Common) 
• Automatic Restart After Short Condition Removed 
• Automatic Starting with Reverse Current Injected into 

Outputs 
• Low Output Ripple and Noise 
• High Temperature Stability 
• Free Air Convection Cooling 

No external heat sink or specification derating is 
required over the operating temperature range. 

GENERAL SPECIFICATIONS FOR 1 WAND 
1.8W MODELS 
Line Regulation - Full Range: ±0.3% (±1% max, 949) 
Load Regulation - No Load to Full Load: ±0.4% (±0.5% max, 

949) 
Output Noise and Ripple: 20 mV POp (with 15 ILF tantalum 

capacitor across each output) 2 m V rms max, 949) 
Breakdown Voltage: 300 V dc min (500 V dc min, 949) 
Input Filter Type: or 
Operating Temperature Range: -25°C to +7lOC 
Storage Temperature Range: -40°C to + 125°C ( + 1000C, 949) 
Fusing: If input fusing is desired, we recommend the use of a 

slow blow type fuse that is rated at 150%-200% of the 
dddc converter's full load input current. 

GENERAL SPECIFICATIONS FOR 4.5 W, 6 W AND 
12W MODELS 
Line Regulation - Full Range: ±0.07% max (±0.02% max, 951, 

960 Series) (±0.1% max, 943) 
Load Regulation - No Load to Full Load: ±0.07% max 

(±0.02% max, 951, 960 Series) (±0.1% max, 943) 
Output Noise and Ripple: 1 mV rms max 
Breakdown Voltage: 500 V dc min 
Input Filter Type: or 
Operating Temperature Range: - 25°C to + 7l °C 
Storage Temperature Range: -40°C to + 12SOC 
Fusing: If input fusing is desired, we recommend the use of a 

slow blow type fuse that is rated at 150%-200% of the 
dddc converter's full load input current. 

SPECIFICATIONS - Typical @ + 25°C at nominal input voltage unless otherwise noted* 

Input' 
Output Output Input Voltage Input Output Temperature Efficiency 
Voltage Current Voltage Range Current Voltage Coefficient Full Load Dimensions 

Model Volts mA Volts Volts Full Load Error max f'C max min Inches 

943 5 "''''' . ". ..,~t~ "'til:" 
J."}"n. 1.1% 1.0.02% 62% 2.0><2.0><0.36 <vvu J .,..f.}'J.'-.} 

958 5 100 5 4.5/5.5 200 rnA ±S% ±0.01% (typ) 50% 1.25 x 0.8 x 0.4 
941 ±12 ±150 5 4.75/5.25 1.l7A ±l% ±0.01% 58% 2.0x2.0xO.38 
960 ±12 ±40 5 4.5/5.5 384 rnA ±5% ±0.01 % (typ) 50% 1.25xO.8xO.4 
962 ±15 ±33 5 4.5/5.5 396mA ±5% ±0.01% (typ) 50% 1.25xO.8xO.4 
964 ±lS ±33 12 10.8113.2 165 mA ±S% ±0.01% (typ) 50% 1.25 x 0.8 x 0.4 
965 ±15 ±190 5 4.6515.5 1.7 A ±1% ±0.005% (typ) 62% (typ) 2.0x2.0xO.38 
966 ±15 ±190 12 11.2113.2 7l0mA ±1% ±0.005% (typ) 62% (typ) 2.0x2.0xO.38 
967 ±15 ±190 24 22.3/26.4 350mA ±1% ±0.005% (typ) 62% (typ) 2.0x2.0xO.38 
949 ±15 ±6O** 5 4.6515.5 0.6A ±2% ±0.03% 58% 2.0x 1.0xO.375 
940 ±15 ±150 5 4.7515.25 1.35 A ±1% ±0.01% 62% 2.0X2.0XO.38 
953 ±15 ±150 12 11/13 0.6A ±0.5% ±0.01% 62% 2.0x2.0xO.38 
945 ±15 ±150 28 23/31 250mA ±0.5% ±0.01% 61% 2.0x2.0xO.38 
951 ±15 ±410 5 4.6515.5 3.7 A ±0.5% ±0.01% 62% 3.5x2.SxO.88 

NOTES . 
'Models 940 and 941 will deliver up to 120 mA output current (and Model 943 will deliver up to 600 mAl over an input voltage range of 4.65 V dc 
and 5.5 V de. 

·Consult Analog Devices Power Supplies Catalog for additional information. 
··Single-ended or unbalanced operation is permissible such that total output current load does not exceed a total of 120 rnA. 
Specifications subject to change without notice. 
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Package Information 
Contents 

MIL-M38510 
ADI Letter PMILetter Package Applicable 
Designator Designator Description ConfIguration Page 

Side Brazed DIP (Ceramic) 

D-16 QB* 16-Lead 02-3 10-3 
D-18 XB* 18-Lead 06-3 10-4 
D-20 RB* 20-Lead 08-3 10-5 
D-24 VB* 24-Lead 03-3 10-6 
0-24A 24-Lead (Single Width) 10-7 
0-28 TB* 28-Lead 010-3 10-8 
0-40 4O-Lead 10-9 

Side Brazed DIP for Hybrids (Ceramic) 

OH-24A 24-Lead 10-10 
OH-28 28-Lead (Large Cavity) 10-11 

Bottom Brazed DIP (Ceramic) 

OH-28A 28-Lead 10-12 
OH-32E 32-Lead 10-13 

Metal Platform DIP 

M-32 32-Lead 10-14 
M-40 4O-Lead 10-15 

Leadless Chip Carrier (Ceramic) 

E-20A RC 20-Terminal C-2 10-16 
E-28A TC 28-Terminal C-4 10-17 
E-44A 44-Terminal 10-18 

Plastic Quad Flatpack 

S-44 44-Terminal 10-19 
S-I60 160-Terminal 10-20 

CerpackslFlatpacks 

L 10-Lead 10-21 
M 14-Lead 10-22 
F 16-Lead 10-23 
N 24-Lead 10-24 

F1atpacks III L* 10-Lead 10-25 
LB* IO-Lead (Bottom-Brazed) 10-25 
M* 14-Lead 10-26 
MB* 14-Lead (Bottom-Brazed) 10-26 
F* 16-Lead 10-27 
FB* 16-Lead (Bottom Brazed) 10-27 
N* 24-Lead 10-28 
NB* 24-Lead (Bottom-Brazed 10-28 

*Special Order Only 
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M1L-M38510 
ADlLetter PMI Letter Package Applicable 
Designator Designator Description Configuration Page 

Plastic DIP 

N-8 P 8-Lead 10-29 
N-14 P 14-Lead 10-30 
N-16 P 16-Lead 10-31 
N-18 P 18-Lead 10-32 
N-20 P 20-Lead 10-33 
N-24 P 24-Lead (Narrow Body) 10-34 
N-24A P 24-Lead (Double Width) 10-35 
N-28 P 28-Lead 10-36 
N-40A 4O-Lead 10-37 

Plastic Leaded Chip Carrier (PLCC) 

P-20A PC 20-Lead 10-38 
P-28A PC 28-Lead 10-39 
P-44A 44-Lead 10-40 

J-Leaded Chip Carrier 

J-44 44-Lead CJ4 10-41 
J-68 68-Lead 10-42 

Cerdip 

0.8 Z 8-Lead 04-1 10-43 
0.14 y 14-Lead Dl-l 10-44 
0.16 Q 16-Lead D2-1 10-45 
Q-18 X 18-Lead D6-1 10-46 
Q-20 R 20-Lead D8-1 10-47 
Q-22 22-Lead 10-48 
Q-24 W 24-Lead (Narrow Body) 03-1 10-49 
Q-28 T 28-Lead DlO-l 10-50 

Small Outline (SOIC) 

S 14-Lead (Narrow Body) 10-51 
R-16 16-Lead (Wide Body) 10-52 
R-I6A S 16-Lead (Narrow Body) 10-53 
R-18 S 18-Lead (Wide Body) 10-54 
R-20 S 20-Lead (Wide Body) 10'55 
R-24 S 24-Lead (Wide Body) 10-56 
RZe S ')SLY Ao)..-i f\Y!;.-1 ... 'Rnrl,,' !I)-57 _ ... --- , ..... _- ---J I 
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INCHES 
SYMBOL MIN MAX 

A 0.200 
b 0.014 0.023 
b, 0.030 0.070 
c 0.008 0.015 
D 0.840 
E 0.220 0.310 
E, 0.290 0.320 
e 0.090 0.110 
L 0.125 0.200 
L, 0.150 
Q 0.015 0.060 
S 0.080 
S, 0.005 

Package Outline Dimensions 
D-16 

16-Lead Side Brazed Ceramic DIP 

MILLIMETERS 
MIN MAX 

5.08 
0.36 0.58 
0.76 1.78 
0.20 0.38 

21.34 
5.59 7.87 
7.37 8.13 
2.29 2.79 
3.18 5.08 
3.81 
0.38 1.52 

2.03 
0.13 

NOTES 

6 
2.6 
6 
4 
4 

7 

3 
5 
5 

R 
I-E,--I 

NOTES 
1. Index area; a notch or aleed one identificetion mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58mm) for all four .comer leads only. 
3. Dimension Q shall be measured from the saating plane 

to the base plana. 
4. This dimension allows for off,centar lid. meniscus 

and glass overrun. 
5. Applies to all four corners. 
6. All leads - increa .. maximum limit by 0.003" (O.08mm) 

measured at the center of the flat. when hot solder 
dip lead finish is applied. 

7. Fourtean spaces. 
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D-18 
IS-Lead Side Brazed Ceramic DIP 

-II-S, ~ ~S 
18 

D 
10 

9 

INCHES MilliMETERS 
SYMBOL MIN MAX MIN 

A 0.200 
b 0.014 0.023 0.36 
b, 0.030 0.070 0.76 
c 0.008 0.015 0.20 
D 0.960 
E 0.220 0.310 5.59 
E, 0.290 0.320 7.37 
e 0.090 0.110 2.29 
L 0.125 0.200 3.18 
L, 0.150 3.81 ... "',..41: ""ftCft "". 
5 0.098 
5, 0.005 0.13 
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MAX 

5.08 
G.58 
1.78 
0.38 

24.38 
7.87 
8.13 
2.79 
5.08 

. "''' 
2.49 

NOTES 

6 
2.6 
6 
4 
4 

7 

.. 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58mml for all four corner leads only. 
3. Dimension Q shall be meesured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid, meniscus 

and glass overrun. 
5. Applies to all four corners. 
6. All leads - increase maximum limit by 0.003" (O.08mml 

measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Sixteen s!)aces . 



SYMBOL 

A 
b 
b1 
c 
D 
E 

E1 
e 
L 

L1 
Q 

S 

51 

SEE 
NOTE 1 

'" 

INCHES 

MIN MAX 

0.200 
0.014 0.023 
0.030 0.070 
0.008 0.015 

1.060 
0.220 0.310 

0.290 0.320 

0.090 0.110 
0.125 0.200 
0.150 
0.015 0.060 

0.080 

0.005 

0-20 
20-Lead Side Brazed Ceramic DIP 

I-- 51 

20 

MILUMETERS 
MIN MAX 

5.08 
0.36 0.58 
0.76 1.78 
0.20 0.38 

26.92 
5.59 7.87 
7.37 8.13 

2.29 2.79 
3.18 5.08 
3.81 
0.38 1.52 

2.03 
0.13 

NOTES 

6 

2.6 
6 
4 
4 

7 

3 

5 
5 

10 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b1 may be 0.023" 

(0.58mm) for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid. meniscus 

and glass overrun. 
5. Applies to all four corners. 
6. All leads - increase maximum limit by 0.003" (0.08mm) 

measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Eighteen spaces. 
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SEE 
NOTE 1 

" 

INCHES 
SYMBOL MIN MAX 

A 0.225 
b 0.014 0.023 
b, 0.030 0.070 
c 0.008 0.015 
D 1.290 
E 0.500 0.610 
E, 0.590 0.620 
e 0.090 0.110 
L 0.120 0.200 
L, 0.150 
Q 0.015 0.075 
S 0.098 
S, 0.005 
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D-24 
24-Lead Side Brazed Ceramic DIP 

MILLIMETERS 
MIN MAX 

5.72 
0.36 0.58 
0.76 1.78 
0.20 0.38 

32.77 
12.70 15.49 
14.99 15.75 
2.29 2.79 
3.05 5.08 
3.81 
0.38 1.91 

2.49 
0.13 

NOTES 

6 
2,6 
6 
4 
4 

7 

3 
5 
5 

13 

12 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58mm) for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the' base plane. 
4. This dimension allows for off·center lid, meniscus 

and glass overrun. 
r A __ 1: __ ... __ II .1:_ •• _______ _ 

~. _..,..,UlIC:o:. .. "" UII '''''\oil .. Ullllll:il.,. 

6. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Twenty-two spaces. 



INCHES 

SYMBOL MIN MAX 

A 0.200 

b 0.Ot4 0.023 

b, 0.030 0.070 
c 0.008 0.015 
D 1.280 
E 0.220 0.310 

E, 0.290 0.320 
e 0.090 0.110 
L 0.125 0.200 
L, 0.150 
Q 0.015 0.060 

S 0.098 
S, 0.005 

D-24A 
24-Lead Side Brazed Ceramic DIP (Single Width) 

MILLIMETERS 

MIN MAX 

5.08 

0.36 0.58 

0.76 1.78 

0.20 0.38 
32.51 

5.59 7.87 

7.37 8.13 

2.29 2.79 

3.18 5.08 
3.81 
0.38 1.52 

2.49 

0.13 

NOTES 

6 
2,6 

6 
4 

4 

7 

3 

5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off·center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 
6. All leads - increase maximum limit by 0.003" (0.08mm) 

measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Twenty·two spaces. 

PACKAGE INFORM A TION 10-7 

III 



SEE 
NOTE 1 

" 
A 

D-28 
28-Lead Side Brazed Ceramic DIP 

................. P""'t ................... _ .... ___ ... 

28 15 

1 14 - --~ .. D , ~t--E-~i 

..... -t-~--T~ SEATING ; Q I~ 

SYMBOL 

A 
b 
b, 
c 
D 
E 
E, 
e 
i.. 
L, 
Q 

S 
S, 

L J L L, L- + 
b../I- .../ • I- b, 

C-4 _ 

.. I---E, ---.elll 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

0.225 5.72 
0.014 0.026 0.36 0.66 
0.030 0.070 0.76 1.78 
0.008 0.018 0.20 0.46 

1.490 37.85 
0.500 0.610 12.70 15.49 
0.590 0.620 14.99 15.75 
0.090 0.110 2.29 2.79 
ii.i25 v.2iiu i.iii ii.iii 
0.150 3.81 
0.015 0.060 0.38 1.52 

0.100 2.54 
0.005 0.13 

NOTES 

6 
2,6 
6 
4 
4 

7 

3 
5 
5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(O.SSmm) for all four corner leads·only. 
3. Dimension a shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for off·center lid, meniscus 

and glass overrun. 
5. Applies to all four corners. 
6. All leads - increase maximum limit by 0.003" (O.OSmm) 

measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Twenty,six spaces. 
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-II-s, -I .......... 

SEE 
NOTE 1 

" 

40 

D-40 
4O-Lead Side Brazed Ceramic DIP 

20 

I- - - - - - - -0- - - - - - - -I C-E--! 

-~-t~J-l-iIA 
b ..j j.- ..j • j.- b,~ E, ---I 

INCHES 
SYMBOL MIN MAX 

A 0.225 
b 0.014 0.023 
b, 0.030 0.070 
c 0.008 0.015 
D 2.096 
E 0.590 0.620 
E, 0.520 0.630 
e 0.090 0.110 
L 0.125 0.200 
L, 0.150 
Q 0.015 0.060 
S 0.098 
S, 0.005 

MilliMETERS 
MIN MAX 

5.72 
0.36 0.58 
0.76 1.78 
0.20 0.38 

53.24 
12.95 15.75 
13.21 16.00 
2.29 2.79 
3.18 5.08 
3.81 
0.38 1.52 

2.49 
0.13 

NOTES 

6 
2.6 
6 
4 
4 

7 

3 
5 
5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58mm) for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid. meniscus 

and glass overrun. 
5. Applies to all four corners. 
6. All leads - increase maximum limit by 0.003" (0.08mm) 

measured at the center of the flat. when hot solder 
dip lead finish is applied. 

7. Thirty-eight spaces. 
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SYMBOL 

A 

b 

b, 

c 

U 

E 

E, 

e 

L 

L, 

Q 

S 

S, 

1~S, 

SEE 
NOTE 1 

~ 

24 

DH-24A 

24-Lead Side Brazed Ceramic DIP for Hybrid 

12 

.... -------- D --------t 

f 

INCHES MILLIMETERS 

MIN MAX MIN MAX 
0.225 5.72 

0.014 0.023 0.36 0.58 

0.030 0.070 0.76 1.78 

0.008 0.015 0.20 0.38 

Ui~ ~ii.:;S; 

0.580 0.605 14.73 15.37 

0.590 0.620 14.99 15.75 

0.100 BSC 2.54 BSC 

0.120 3.05 

0.180 4.57 

0.040 0.060 1.02 1.52 

0.098 2.49 

0.005 0.13 

NOTES 

2 

6 

4,7 

3 

5 

5 

NOTES 

c ..... i'

~I.--E' ---.l~ 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54 mml between 
centerlines. 

5. Applies to all four corners. 
6. E, shall be measured at the centerline of the leads. 
7. Twenty-two spaces. 
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-II-s, 

SEE 
NOTE 1 

" 

28 

DH-28 
28-Lead Side Brazed Ceramic DIP for Hybrid (Large Cavity) 

14 

I. D 1 ~I·-- E ---el_1 

~~f~J-L- ---T~ 
b..fl- -I e I- b, 14-1. --E, ---eoI~ 

INCHES 

SYMBOL MIN MAX 

A 0.225 

b 0.014 0.023 

b, 0.030 0.070 

c 0.008 0.015 

D 1.414 

E 0.580 0.610 

E, 0.590 0.610 

e 0.100 BSC 

L 0.120 

L, 0.180 

Q 0.040 0.060 

S 0.098 

S, 0.005 

MILLIMETERS 

MIN MAX 

5.72 

0.36 0.58 

0.76 1.78 

0.20 0.38 

35.92 

14.73 15.49 

14.99 15.49 

2.54 BSC 

3.05 

4.57 

1.01 1.52 

2.49 

0.13 

NOTES 

2 

6 

4,7 

3 

5 

5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58 mml for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 

4. The basic pin spacing is 0.100" (2.54 mml between .... 1 
centerlines. .. 

5. Applies to all four corners. 
6. E, shall be measured at the centerline of the leads. 

7. Twenty-six spaces. 
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SEE 
NOTEI "III 

28 

INCHES 

SYMBOL MIN MAX 
A 0.225 

b 0.014 0.023 

b, 0.030 0.070 

c 0.008 0.015 

D 1.575 

C u.Tiu u.iiiu 

E, 0.550 0.620 

e 0.100 BSC 

L 0.145 

L, 0.180 

Q 0.015 0.035 

5 0.137 

5, 0.005 

DH-28A 
28-Lead Bottom Brazed Ceramic DIP for Hybrid 

MILLIMETERS 

MIN MAX 
5.72 

0.36 0.58 

0.76 1.78 

0.20 0.38 

40.01 

iii.56 .2u.5i 

14.99 15.75 

2.54 BSC 

3.68 

4.57 

0.38 0.89 

3.48 

0.13 

NOTES 

2 

6 

4.7 

3 

5 

5 

15 

14 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58 mml for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. The basic pin spacing is 0.100" (2.54 mml between 

5. Applies to all four corners. 
6. E, shall be measured at the centerline of the leads. 
7. Twenty-six spaces. 
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SYMBOL 

A 

b 

b, 

c 

D 

E 

E, 

e 

L 

L, 

Q 

S 

Sl 

DH-32E 
32-Lead Bottom Brazed Ceramic DIP 

32 

SEE 
NOTE1'" 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.225 5.72 

0.014 0.023 0.36 0.58 

0.030 0.070 0.76 1.78 

0.008 0.015 0.20 0.38 

1.750 44.45 

1.075 1.105 27.31 28.07 

0.890 0.910 22.61 23.11 

0.100 BSC 2.54 BSC 

0.145 3.68 

0.180 4.57 

0.015 0.035 0.38 0.89 

0.120 3.05 

0.005 0.13 

17 

16 

rt---- E ------I-I 
t'=r-__ ....-='J 

1 .+ 
... ~ --E,-----.j~ 

NOTES 

2 

6 

4, 7 

3 

5 

5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54 mm) between 
centerlines. 

5. Applies to all four corners. 
6. E, shall be measured at the centerline of the leads. 

7. Thirty spaces. 
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SEE 
NOTE 1 

32 

M-32 
32-Lead Metal Platform DIP 

17 

" 16 
ccococcoocccc~oc 

~ D _/ I~. ---E-----..!-' 

Il J l J 

J. ~ ~ ~ ~ ~ tu ~ .~ ~ ~ J V Jl '---rr--~~t----E-,~l.l 
INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 
A 0.200 5.08 
0 u.u~u u.Si 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. Applies to all four corners. 

D 1.745 44.323 3. E, shall be measured at the centerline of the leads. 
D, 1.494 1.506 37.948 38.252 4. Thirty spaces. 
E 1.145 29.083 
E, 0.880 0.920 22.352 23.368 3 
e 0.098 0.102 2.49 2.59 4 
L, 0.240 6.09 
S 0.115 0.135 2.92 3.43 2 

S, 0.115 0.135 2.92 3.43 2 

10-14 PACKAGE INFORMATION 



SYMBOL 

A 

b 
D 
D, 
E 

E, 

e 
L, 

S 

S, 

M-40 
40-Lead Metal Platform DIP 

C 0 C 0 = ~ c c = c = c e c ceo e c v 

40 21 

SEE 
NOTE 1 

" 20 = = c c ceo C C C C ceo C = C C c e 

l'--n-__ J 

~~f- E, --------.fl.l 
INCHES MILLIMETERS 

MIN MAX MIN MAX NOTES NOTES 

0.19 4.83 1. Index area; a notch or a lead one identification mark 

0.020 0.51 is located adjacent to lead one. 

2.145 54.483 2. Applies to all four corners. 

1.894 1.906 48.108 48.412 3. E, shall be measured at the centerline of the leads. 

1.145 29.083 
4. Thirty-eight spaces. 

0.880 0.920 22.352 23.368 3 

0.098 0.102 2.49 2.59 4 
0.240 6.09 

0.115 0.135 2.92 3.43 2 
0.115 0.135 2.92 3.43 2 
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E-20A 
20·Terminal Leadless Ceramic Chip Carrier 

BOTTOM VIEW 

(h x 45°) L I -.l r 450) 
3PLACES TT IT IX 

CD -I 
1 IH H H H HIll 

INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX NOTES NOTES • 

1. Dimension A controls the overall package thickness. 
A 0.064 0.100 1.63 2.54 1 2. Applies to all 4 sides. 
B, 0.022 0.028 0.56 0.71 3. All terminals are gold plated. 
D 0.342 0.358 8.69 9.09 2 
D, 0.075 REF 1.91 REF 
e O.05OBSC 1.27BSC 
j 0.020 REF 0.51 

h 0.040 REF 1.02 
L 0.045 0.055 1.14 1.40 

10-16 PACKAGE INFORMATION 



E·28A 
28-Terminal Leadless Ceramic Chip Carrier 

-.l -,-B, 
.L ...... 
e NO.1 PIN INDEX 

T 
BOTTOM VIEW 

IhX45°I L -.i.. 
3 PLACES I I Ii x 45°1 

'f D l' 
IIHHHHHHHlIT 

INCHES MILUMETERS 
SYMBOL MIN MAX MIN MAX NOTES NOTES 

A 0.064 0.100 1.63 2.54 1 
B, 0.022 0.028 0.56 0.71 
D 0.442 0.458 11.23 11.63 2 

1. Dimension A controls the overell peckage thickness. 
2. Applies to all 4 sides. 
3. All terminal. are gold plated. 

D, 0.075 REF 1.91 REF 
e O.05OBSC 1.27BSC 

i 0.020 REF 0.51 
h 0.040 REF 1.02 
L 0.045 0.055 1.14 I 1.40 
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E-44A 
44-Tenninal Leadless Ceramic Chip Carrier 

L 
e BOTTOM VIEW 

T 

INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX NOTES 

A 0.064 0.100 1.63 2.54 1 

B, 0.022 0.028 0.56 0.71 

D 0.640 0.662 16.27 16.82 2 

NOTES 
1. Dimension A controls the overall package thickness. 

2. Applies to all 4 sides. 
3. All terminals are gold plated. 

D, 0.075 REF 1.91 REF 

e O.05OBSC 1.27BSC 

i 0.020 REF 0.51 

h I 0.040 REF 1.02 
L 0.045 I 0.055 1.14 I 1.40 
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S-44 
44-Lead Plastic Quad Flatpack (PQFP) 

SYMBOL 

A 

b 

A3 

A, 

D 

A2 

D, 
e 

L 

0< 

-If
b 

INCHES 
MIN MAX 

0.096 

0.012 0.016 

0.077 0.083 

0.032 0.040 

0.546 0.548 

0.032 0.040 

0.390 0.398 

0.029 0.033 

0.025 0.037 

0.8 8.0" 

MILLIMETERS 
MIN MAX 

2.44 

0.30 0.41 

1.96 2.11 

0.81 1.02 

13.875 13.925 

0.81 1.02 

9.91 10.11 

0.74 0.84 

0.64 0.94 • 
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S·l60 
160-Lead Plastic Quad F1atpack (PQFP) 

INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 

A 0.160 4.07 

A, 0.062 0.070 1.57 1.77 

Az 0.062 0.070 1.57 1.71 

A3 0.125 0.145 3.17 3.67 

D 1.246 1.266 31.65 32.15 

E 1.098 1.106 27.90 28.10 

D, 1.098 1.106 27.90 28.10 

e 0.029 0.033 0.75 0.85 

L 0.025 0.037 0.85 0.95 
b 0.012 0.016 0.30 0.14 

E, 1.098 1.106 27.90 28.10 

Of 0.0" 8.0" 
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INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX 
A 0.030 0.085 0.76 2.16 

b 0.010 0.019 0.25 0.48 

c 0.003 0.006 0.08 0.15 

D 0.290 7.37 

E 0.240 0.260 6.10 6.60 

e 0.050 BSC 1.27 BSC 

k 0.008 0.015 0.20 0.38 

L 0.250 0.370 6.35 9.40 

Q 0.010 0.040 0.25 1.02 

S 0.045 1.14 

S, 0.005 0.13 

10-Lead Cerpack!Flatpack 
(L-Suffix) 

NOTES 

3 

4 

8 

2 

5 

5.6 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one and shall be located 
within the shaded area shown. Alternatively. a tab 
(dim. kl may be used to identify lead one. This tab 
may be located on either side as shown. 

2. Dimension Q shall be measured at the point of exit 
of the lead from the body. 

3. The dimension allows for off-center lid. meniscus and 
glass overrun. . 

4. The basic lead spacing is 0.050" (1.27 mml between 
centerlines. 

5. Applies to all four corners. 
6. Dimension S, may be 0.000" (0.00 mml if corner leads 

bend toward the cavity of the package within one 
lead's width from the point of entry of the lead into 
body. 

7. Optional configuration. If this configuration is used. no 
organic or polymeric materials are molded to the bot
tom of the package to cover the leads. 

8. Optional. see Note 1. " a lead one identification mark 
is used in addition to this tab. the minimum limit of 
dimension k does not apply. 
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INCHES 

SYMBOL MIN MAX 
A 0.030 0.085 

b 0.010 0.019 

c 0.003 0.006 

D 0.280 

E 0.240 0.260 

e 0.050 BSC 

k 0.008 0.015 

L 0.250 0.370 

Q 0.010 0.040 

S, 0.005 

S2 0.004 

14-Lead Cerpack/Flatpack 
(M-Suffix) 

SEE NOTE 1 k 

.i.===~~~ e 

7 

MILLIMETERS 

MIN MAX 
0.76 2.16 

0.25 0.48 

0.08 0.15 

7.11 

6.10 6.60 

1.27 BSC 

0.20 0.38 

6.35 9.40 

0.25 1.02 

0.13 

0.10 

NOTES 

3 

4 

8 

2 

5,6 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one and shall be located 
within the shaded area shown. Alternatively, a tab 
(dim. kl may be used to identify lead one. This tab 
may be located on either side as shown. 

2. Dimension Q shall be measured.at the point of exit 
of the lead from the body. 

3. The dimension allows for off-center lid, meniscus and 
glass overrun. 

4. The basic lead spacing is 0.050" (1.27 mm) between 
centerlines. 

5. Applies to all four corners. 
6. Dimension S, may be 0.000" (0.00 rnm) if corner leads 

bend toward the cavity of the package within one 
lead's width from the point of entry of the lead into 
body. 

7. Optional configuration. H this configuration is used, no 
organic or polymeric materials are molded to the bot
tom of the package to cover the leads. 

8. Optional, see Note 1. If a lead one identification mark 
is used in addition to this tab, the minimum limit of 
dimension k does not apply. 
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INCHES 

SYMBOL MIN MAX 
A 0.045 0.085 

b 0.015 0.019 

c 0.003 0.006 

D 0.440 

E 0.245 0.285 

e 0.050 BSC 

k 0.008 0.015 

L 0.250 0.310 

a 0.010 0.040 

S 0.045 

S, 0.005 

16·Lead CerpackIFlatpack 
(F·Suffix) 

+ : SEE NOTE 1 '" 

-. 
• e 

• 
• • 

MILLIMETERS 

MIN MAX 
1.14 2.16 

0.38 0.48 

0.08 0.15 

11.18 

6.22 1.24 

1.21 BSC 

0.20 0.38 

6.35 9.40 

0.23 1.02 

1.14 

0.13 

~1.~ 16 

: 1 

8 

NOTES 

3 

4 

8 

2 

5 

5.6 

9 ~l 
:, 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one and shall be located 
within the shaded area shown. Alternatively. a tab 
(dim. k) may be used to identify lead one. This tab 
may be located on either side as shown. 

2. Dimension a shall be measured at the point of exit 
of the lead from the body. 

3. The dimension allows for off·center lid. meniscus and 
glass overrun. 

4. The basic lead spacing is 0.050" (1.21 mm) between 
centerlines. 

5. Applies to all four corners. 
6. Dimension S, may be 0.000" (0.00 mm) if corner leads 

bend toward the cavity of the package within one 
lead's width from the point of entry of the lead into 
body. 

1. Optional configuration. If this configuration is used. no 
organic or polymeric materials are molded to the bot· 
tom of the package to cover the leads. 

8. Optional. see Note 1. If a lead one identification mark 
is used in addition to this tab. the minimum limit of 
dimension k does not apply. 
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INCHES 

SYMBOL MIN MAX 
A 0.045 0.090 

b 0.015 0.019 

c 0.003 0.006 

D 0.430 

E 0.245 0.285 

e 0.050 BSC 

k 0.008 0.015 

L 0.250 0.370 

Q ii.iiiii ii.ii4ii 

S 0.005 

S2 0.004 

24-Lead Cerpac.klFlatpack 
(N-Suftix) 

SEE NOTE 1 
k 

======~~~rr==========~b 

MILLIMETERS 

MIN MAX 
1.14 2.29 

0.38 0.48 

0.08 0.15 

10.92 

6.22 7.24 

1.27 BSC 

0.20 0.38 

6.35 9.40 

ii.tiS i.Uti 

0.13 

0.10 

NOTES 

3 

4 

8 

ti 

5,6 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one and shall be located 
within the shaded area shown. Alternatively, a tab 
(dim. k) may be used to identify lead one. This tab 
may be located on either side as shown. 

2. Dimension Q shall be measured at the point of exit 
of the lead from the body. 

3. The dimension allows for off-center lid, meniscus and 
glass overrun. 

4. The basic lead spacing is 0.050" (1.27 mm) between 
centerlines. 

5. Applies to all four corners. 
6. Dimension S, may be 0.000" (0.00 mm) if corner leads 

bend toward the cavity of the package within one 
lead's width from the point of entry of the lead into 
body. 

7. Optional configuration. If this configuration is used, no 
organic or polymeric materials are molded to the bot
tom of the package to cover the leads. 

8. Optional, see Note 1. H a lead one identification mark 
is used in addition to this tab, the minimum limit of 
dimension k does not apply. 
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INCHES 

SYMBOL MIN MAX 
A 0.030 0.085 

b 0.010 0.019 

c 0.003 0.006 

D 0.290 

E 0.240 0.260 

E, 0.280 

fa 0.125 

Ea 0.030 

e 0.050 BSC 

k 0.008 0.015 

L 0.250 0.370 

Q 0.010 0.040 

S 0.045 

S, 0.005 

MILLIMETERS 

MIN MAX 
0.76 2.16 

0.25 0.48 

0.08 0.15 

7.37 

6.10 6.60 

7.11 

3.18 

0.76 

1.27 BSC 

0.20 0.38 

6.35 9.40 

0.25 1.02 

1.14 

0.13 

lO-Lead F1atpack 
(L-Suffix) 

Bottom-Brazed (LB-Suffix) 

NOTES 

3 

3 

4 

8 

2 

5 

5,6 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one and shall be located 
within the shaded area shown. Alternatively, a tab 
(dim. k) may be used to identify lead one. This tab 
may be located on either side as shown. 

2. Dimension Q shall be measured at the point of exit 
of the lead from the body. 

3. The dimension allows for off-center lid, meniscus and 
glass overrun. 

4. The basic lead spacing is 0.050" (1.27 mm) between 
centerlines. 

5. Applies to all four corners. 
6. Dimension S, may be 0.000" (0.00 mm) if corner leads 

bend toward the cavity of the package within one 
lead's width from the point of entry of the lead into 
body. 

7. Optional configuration. If this configuration is used, no 
organic or polymeric materials are molded to the bot
tom of the package to cover the leads. 

8. Optional, see Note 1. If a lead one identification mark 
is used in addition to this tab, the minimum limit of 
dimension k does not apply. 
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INCHES 

SYMBOL MIN MAX 

A 0.030 0.085 

b 0.010 0.019 

c 0.003 0.006 

D 0.280 

E 0.240 0.260 

E, 0.280 

E2 0.125 

E3 0.030 

e 0.050 BSC 

k 0.008 0.015 

L 0.250 0.370 

Q 0.010 0.040 

S, 0.005 

S2 0.004 

14-Lead Flatpack 
(M·Suffix) 

SEE NOTE 1 

MILLIMETERS 

MIN MAX 

0.76 2.16 

0.25 0.48 

0.08 0.15 

7.11 

6.10 6.60 

7.11 

3.18 

0.76 

1.27 BSC 

0.20 0.38 

6.35 9.40 

0.25 1.02 

0.13 

0.10 

Bottom·Brazed (MB·SufflX) 

NOTES 

3 

3 

4 

8 

2 

5,6 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one and shall be located 
within the shaded area shown. Alternatively, a tab 
(dim. k) may be used to identify. lead one. This tab 
may be located on either side as shown. 

2. Dimlmsion Q shall be measured at the point of exit 
of the lead from the body. 

3. The dimension allows for off·center lid, meniscus and 
glass overrun. 

4. The basic lead spacing is 0.050" (1.27 mm) between 
centerlines. 

5. Applies to all four corners. 
6. Dimension S, may be 0.000" (0.00 mm) if comer leads 

bend toward the cavity of the package within one 
lead's wid1h from the point of entry of the lead into 
body. 

7. Optional configuration. If this configuration is used, no 
organic or polymeric materials are molded to the bot· 
tom of the package to cover the leads. 

8. Optional, see Note 1. If a lead one identification mark 
is used in addition to this tab, the minimum limit of 
dimension k does not apply. 
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INCHES 

SYMBOL MIN MAX 
A 0.045 0.085 

b 0.015 0.019 

c 0.003 0.006 

D 0.440 

E 0.245 0.285 

E, 0.305 

E2 0.130 

E3 0.030 

e 0.050 BSC 

k 0.008 0.015 

L 0.250 0.370 

a 0.010 0.040 

S 0.045 

S, 0.005 

MILUMETERS 

MIN MAX 
1.14 2.16 

0.38 0.48 

0.08 0.15 

11.18 

6.22 7.24 

7.75 

3.30 

0.76 

1.27 BSC 

0.20 0.38 

6.35 9.40 

0.23 1.02 

1.14 

0.13 

16-Leacl Flatpac:k 
(F-Suffix) 

NOTES 

3 

3 

4 

8 

2 

5 

5,6 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one and ihall be located 
within the shaded area shown. Alternatively, a tab 
(dim. kl may be used to identify lead one. This tab 
may be located on either side as shown. 

2. Dimension a shall be measured at the point of exit 
of the lead from the body. 

3. The dimension allows for off-center lid, meniscus and 
glass overrun. 

4. The basic lead spacing is 0.050" (1.27 mml batween 
centerlines. 

5. Applies to all four corners. 
6. Dimension S, may be 0.000" (0.00 mml if corner leads 

bend toward the cavity of the package within one 
lead's width from the point of entry of the lead into 
body. 

7. Optional configuration. If this configuration is used, no 
organic or polymeric materials are molded to the bot
tom of the package to cover the leads. 

8. Optional, see Note 1. If a lead one Identification mark 
is used in addition to this tab, the minimum limit of 
dimension k does not apply. 
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INCHES 

SYMBOL MIN MAX 
A 0.045 0.090 

b 0.015 0.019 

c 0.003 0.006 

D 0.430 

E 0.245 0.285 

E, 0.305 

E. 0.125 

E3 0.030 

e 0.050 BSC 

k 0.008 0.015 

L 0.250 0.370 

Q 0.010 0.040 

S 0.005 

S. 0.004 

24·Lead Flatpack 
(N·Suffix) 

SEE NOTE 1 
k 

MILLIMETERS 

MIN MAX 
(14 2.29 

0.38 0.48 

0.08 0.15 

10.92 

6.22 7.24 

7.75 

3.18 

0.76 

1.27 BSC 

0.20 0.38 

6.35 9.40 

0.25 1.02 

0.13 

0;10 

rr=======:~b 

Bottom·Brazed (NB·Sufflx) 

NOTES 

3 

3 

·4 

8 

2 

5,6 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one and shall be located 
within the shaded area shown. Alternatively, a tab 
(dim. k) may be used to identify lead one. This tab 
may be located on either side as shown. 

2. Dimension Q shall be measured at the point of exit 
ofthelead from the body. 

3. The dimension allows for off·center lid, meniscus and 
glass overrun. 

4. The basic lead spacing is 0.050" 11.27 mm) between 
centerlines. 

5. Applies to all four corners. 
6. Dimension S, may ~e 0.000" (0.00 mm) if corner leads 

bend toward the cavity ofthe package within one 
lead's width from the point of entry of the lead into 
body. 

7. Optional configuration. If this configuration is used, no 
organic or polymeric materials are molded to the bot· 
tom of the package to cover the leads. 

8. Optional, see Note 1. If a lead one identification mark 
is used in addition to this tab, the minimum limit of 
dimension k does not apply. 
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INCHES 
SYMBOL MIN MAX 

A 0.210 

A2 0.115 0.195 
b 0.014 0.022 
b, 0.045 0.070 
c 0.008 0.015 
D 0.348 0.430 
E 0.300 0.325 
E, 0.240 0.280 
e 0.100BSC 
L 0.125 0.200 
L, 0.150 
a 0.015 0.060 

b e 

MILLIMETERS 
MIN MAX 

5.33 
2.93 4.95 
0.356 0.558 
1.15 1.77 
0.204 0.381 
8.84 10.92 
7.62 8.25 
6.10 7.11 

2.54BSC 
3.18 5.05 
3.81 
0.38 1.52 

N-S 
8-Lead Plastic DIP 

b, 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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SYMBOL 

A 

A2 
b 
b, 
c 
D 
E 
E, 
e 
L 
L, 
Q 

N-14 
14-Lead Plastic DIP 

SEE --.-
NOTE 1 I 
~ E, 

""""'""T'"T""""""""'""T'"T"""1"'T"T"'T'"7"T-' --1 
~D~ 

SEATING i--*--T~Q 
PLANE-r-- - - - - - - -,' 

INCHES 
MIN MAX 

0.210 
0.115 0.195 
0.014 0.022 
0.045 0.010 
0.008 0.015 
0.725 0.795 
0.300 0.325 
0.240 0.280 

0.100BSC 
0.125 0.200 
0.150 
0.015 0.060 

.L IIII + 
b-.ll-- -Ie \.- ~ ~ b, 

MILLIMETERS 
MIN MAX 

5.33 
2.93 4.95 
0.356 0.558 
1.15 1.77 
0.204 0.381 

18.42 20.19 
7.62 8.25 
6.10 7.11 

2.54BSC 
3.18 5.05 
3.81 
0.38 1.52 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. This dimension does not include mold flash or 

protrusions. 
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INCHES 
SYMBOL MIN MAX 

A 0.210 
A2 0.115 0.195 
b 0.014 0.022 
b, 0.045 0.070 
c 0.008 0.015 
0 0.745 0.840 
E 0.300 0.325 
E, 0.240 0.280 
e 0.100BSC 
L 0.125 I 0.200 
L, 0.150 
Q 0.015 0.060 

MILLIMETERS 
MIN MAX 

5.33 
2.93 4.95 
0.356 0.558 
1.15 1.77 
0.204 0.381 

18.93 21.33 
7.62 8.25 
6.10 7.11 

2.54BSC 
3.18 I 5.05 
3.81 I 
0.38 I 1.52 

N-l6 
16-Lead Plastic DIP 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. This dimension does not include mold flash or 

protrusions. 
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INCHES 
SYMBOL MIN MAX 

A 0.210 
A2 0.115 0.195 
b 0.014 0.022 
b, 0.045 0.070 
c 0.008 0.015 
0 0.845 0.925 
E 0.300 0.325 
E, 0.240 0.280 
e 0.1ooBSC 
L 0.125 I 0.200 
L, 0.150 
Q 0.015 0.060 
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MILLIMETERS 
MIN MAX 

5.33 
2.93 4.95 
0.356 0.558 
1.15 1.77 
0.204 0.381 

21.47 23.49 
7.62 8.25 
6.10 7.11 

2.54BSC 
3.18 5.05 
3.81 
0.38 1.52 

N-18 
IS-Lead Plastic DIP 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. This dimension does not include mold flash or 

protrusions. 



SYMBOL 

A 
Az 
b 
b, 
c 
0 
E 
E, 
e 
L 
L, 
Q 

N·20 
20·Lead Plastic DIP 

~~:::::::::II 
~ D ~ 1,= E=~1-..L 
'~OAz __ 1 __________ !, -:f 

PLANE ---.- ~ ~ L, c L • 

~~b -.j e\-- b, 

INCHES 
MIN MAX 

0.210 
0.115 0.195 
0.014 0.022 
0.045 0.070 
0.008 0.015 
0.925 1.060 
0.300 0.325 
0.240 0.280 

0.100BSC 
0.125 0.200 
0.150 
0.015 0.060 

MILLIMETERS 
MIN MAX 

5.33 
2.93 4.95 
o.a56 0.558 
1.15 1.77 
0.204 0.381 

23.50 26.90 
7.62 8.25 
6.10 7.11 

2.54BSC 
3.18 5.05 
3.81 
0.38 1.52 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identHication mark 

is located adjacent to leadone. 
2. This dimension does not include mold flash or 

protrusions. 
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INCHES 
SYMBOL MIN MAX 

A 0.210 
A2 0.115 0.195 
b 0.014 0.022 
b, 0.045 0.070 
c 0.008 0.015 
D 1.125 1.275 
E 0.300 0.325 
E, 0.240 0.280 
e 0.100BSC 
L 0.125 0.200 
L, 0.150 
-u I 0.01!1 0.060 
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MILLIMETERS 
MIN MAX 

5.33 
2.93 4.95 
0.356 0.558 
1.15 1.77 
0.204 0.381 

28.60 32.30 
7.62 8.25 
6.10 7.11 

2.54BSC 
3.18 5.05 
3.81 
0.38 1.52 

N-24 
24-Lead Plastic DIP 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. This dimension does not include mold flash or 

protrusions. 



N-24A 
24-Lead Plastic DIP (Double Width) 

24 "1 
E, 

NOTE 1 SEE 1 
'~~r-T""T""'T""T"'2 

I. D ~ I.=E==j~ 
HA~ [~-*1 t, \~ 

..jJ.-b -4 .10- ~ ~b' 
INCHES 

SYMBOL MIN MAX 

A 0.250 
A2 0.125 0.195 
b 0.014 0.022 
b, 0.030 0.070 
c 0.008 0.015 
D 1.150 1.290 
E 0.600 0.625 
E, 0.485 0.580 
e 0.100BSC 
L 0.125 0.200 
L, 0.150 
Q 0.015 0.060 

MILLIMETERS 
MIN MAX 

6.35 
3.18 4.95 
0.356 0.558 
0.77 1.77 
0.204 0.381 

29.30 32.70 
15.24 15.87 
12.32 14.73 

2.54BSC 
3.18 5.05 
3.81 
0.38 1.52 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. This dimension does not include mold flash or 

protrusions. 
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INCHES 
SYMBOL MIN MAX 

A 0.250 

A2 0.125 0.195 
b 0.014 0.022 
b, 0.070 
c 0.008 0.015 
0 1.380 1.565 
E 0.600 0.625 
E, 0.485 0.580 
e 0.100BSC 
L 0.125 0.200 
L, 0.150 
Q 0.015 0.060 
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MILLIMETERS 
MIN MAX 

6.35 
3.18 4.95 
0.356 0.558 

1.77 
0.204 0.381 

35.10 39.70 
15.24 15.87 
12.32 14.73 

2.54BSC 
3.18 I 5.05 
3.81 I 
0.38 I 1.52 

N-28 
28-Lead Plastic DIP 

NOTES 

2 

2 

NOTES 
1. Index area; a note" or a lead one identification mark 

is located adjacent to lead one. 
2. This dimension does not include mold flash or 

protrusions. 



N-40A 
40-Pin Plastic DIP 

20 

~ ~ 

-~f~L--f1 
~~ ~.~ ~ b~ 

t==E ·1 

It-~=~ 
--/a ,,~'fr-

NOTE: 
LEADS ARE SOLDER-PLATED KOVAR OR ALLOY 42 

INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 

A - 0.200 - 5.08 
b 0.015 0.025 0.38 0.64 
b, 0.040 0.060 1.02 1.52 
c 0.008 0.015 0.20 0.38 
0 - 2.08 - 52.83 
E 0.550 0.550 13.46 13.97 
E, 0.580 0.620 14.73 15.75 
e 0.1ooBSC 2.54BSC 
L 0.120 0.175 3.05 4.45 
L, 0.140 - 3.56 -
Q 0.015 0.060 0.38 1.52 
S - 0.110 - 2.79 
S, 0.005 - 0.13 -
II O· 15· O· 15· 
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PIN 1 
IDENTIFIER 

10-38 PACKAGE INFORM A TION 

P-20A 
20-Lead Plastic Leaded'Chip Carrier (PLCC) 

INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 

A 0.385 0.395 9.78 10.02 
B 0.385 0.395 9.78 10.02 
C 0.165 0.180 4.19 4.57 
D 0.025 0.040 0.64 1.01 
E 0.085 0.110 2.16 2.79 
F 0.013 0.021 0.33 0.53 
G 0.050BSC 1.27BSC 
H 0.026 0.032 0.66 0.81 
J 0.015 0.075 I)~I! I).I!~ 

K 0.290 0.330 7.37 8.38 
R 0.350 0.356 ,8.89 9.04 
U 0.350 0.356 8.89 9.04 
V 0.042 0.048 1.07 1.21 
W 0.042 0.048 1.07 1.21 
X 0.042 0.056 1.07 1.42 
Y 0.020 0.50 



PIN 1 
IDENTIRER 

TOP 
VIEW 

/ 

P-28A 
28-Lead Plastic Leaded Chip Carrier (PLCC) 

YR 

INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 

A 0.485 0.495 12.32 12.57 
B 0.485 0.495 12.32 12.57 
C 0.165 0.1BO 4.19 4.57 
D 0.025 0.040 0.64 1.01 
E 0.085 0.110 2.16 2.79 
F 0.013 0.021 0.33 0.53 
G O.05OBSC 1.27BSC 
H 0.026 0.032 0.66 0.81 
J 0.015 0.025 0.38 0.63 
K 0.390 0.430 9.91 10.92 
R 0.450 0.456 11.43 11.58 
U 0.450 0.456 11.43 11.58 
V 0.042 0.048 1.07 1.21 
W 0.042 0.048 1.07 1.21 
X 0.042 0.056 1.07 1.42 
Y 0.020 0.50 

o 
PIN 1 

IDENTIFIER 

BOTTOM 
VIEW 
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PIN 1 
IDENTIFIER 

TOP 
VIEW 

1~ PACKAGE INFORMATION 

P-44A 
44-Lead Plastic Leade4 Chip Carrier (PLCC) 

VR 

INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 

A 0.685 0.695 17.40 17.65 
B 0.685 0.695 17.40 17.65 
C 0.165 0.180 4.19 4.57 

0 0.025 0.040 0.64 1.01 

E 0.085 0.110 2.16 2.79 
F 0.013 0.021 0.33 0.53 

G 0.050 BSC 1.27 BSC 
H 0.026 0.032 0.66 0.81 

J 0.015 0.025 0.38 0.63 

K 0.650 0.656 16.51 16.66 
R 0.650 0.656 16.51 16.66 

U 0.650 0.656 16.51 16.66 

V 0.042 0.048 1.07 1.21 
W 0.042 0.048 1.07 1.21 

X 0.042 0.056 1.07 1.42 

Y 0.020 0.50 



INCHES 
SYMBOL MIN MAX 

A 0.100 0.135 
A1 0.054 0.078 
A2 0.025 

B 0.013 0.023 
B1 0.020 0.032 
C 0.006 0.013 

DIE 0.680 0.700 

D1/E1 0.628 0.662 
D2/E2 0.250 BSC 
D3/E3 0.500 BSC 
D4/E4 0.610 0.650 
e 0.050 BSC 
e1/e2 0.012 
L 0.030 
L1 0.005 
L2 0.025 
Q 0.003 
R 0.015 
R1 0.025 0.040 
h 0.040 REF 
j 0.020 REF 

J-44 
44-Lead J-Leaded Chip Carrier 

MILLIMETERS 
MIN MAX 
2.54 3.43 
1.37 1.98 
0.64 

0.33 0.58 
0.51 0.81 
0.15 0.33 

17.27 17.78 

15.95 16.82 
6.35 BSC 

12.70 BSC 
15.49 16.51 

1.27 BSC 
0.30 
0.76 
0.12 
0.76 
0.08 
0.38 
0.76 1.02 

1.02 REF 
0.52 REF 

NOTES 
2 

3 
3 
3 

I--D/El 
90°-50 

+100 R 

1 (OUTSIDE) 

AL1 
1" 
L 

NOTES 
1. Pin 1 indicator is on the bottom of the package. 
2. Dimension A controls the overall package thickness. 
3. All leads-increase maximum limit by 0.003" 

(0.08 mm) measured at the center of the flat. when 
hot solder dip lead finish is applied. 
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INCHES 

SYMBOL MIN MAX 

A 0.100 0.135 
A, 0.069 0.091 

Az 0.025 

B 0.013 0.023 
B, 0.020 0.032 

C 0.006 0.013 
DIE 0.980 1.000 
DlIE1 0.920 0.960 

D2/E2 0.400 BSC 

D3/E3 0.800 BSC 

D4/E4 0.910 0.950 

e 0.050 BSC 

e1/e2 0.012 

L 0.030 

L1 0.005 

L2 0.025 

Q 0.003 

R 0.015 

R1 0.025 0.040 

h 0.040 REF 

j 0.020 REF 
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J-68 
68-Lead J-Leaded Chip Carrier 

MILLIMETERS 

MIN MAX 

2.54 3.43 
1.75 2.31 

0.64 

0.33 0.58 
0.51 0.81 

0.15 0.33 
24.89 25.4 
23.37 24.38 

10.16 BSC 

20.32 BSC 

23.11 24.13 

1.27 BSC 

0.30 

0.76 

0.12 

0.76 

0.08 

0.38 

0.76 1.02 

1.02 REF 

0.52 REF 

NOTES 

2 

3 
3 

3 

NOTES 
1. Pin 1 indicator is on the bottom of the package. 
2. Dimension A controls the overall package thickness. 
3. All leads-increase maximum limit by 0.0003" 

(0.08 mmJ measured at the center of the flat. when 
hot solder dip lead finish is applied. 



INCHES 
SYMBOL MIN MAX 

A 0.200 
b 0.014 0.023 
b, 0.030 0.070 
c 0.008 0.015 
D 0.405 
E 0.220 0.310 
E, 0.290 0.320 

• 0.090 0.110 
L 0.125 0.200 
L, 0.150 
Q 0.015 0.010 
S 0.055 
S, 0.005 
Cl 0" 15" 

I-- S, 

MILUMETERS 

Q-8 
8-Lead Cerdip 

--I r- S 

MIN MAX NOTES NOTES 

5.08 
0 •• 0.58 
0.78 1.78 
0.20 0.38 

10.29 
5.59 7.87 
7.37 8.13 
2.29 2.79 
3.18 5.08 
3.81 
0.38 1.52 

1.35 
0.13 
0" 15° 

7 
2.7 
7 
4 
4 
8 
8 

3 
5 
5 

1. Index area;. a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.S8mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off·center lid. meniscus 
and glass overrun. 

5. Applies to all four corners. 
6. Lead center when .. is 0·. E, shall be measured at the 

centerline of the leads. 
7. All leads - increase maximum limit by 0.003"(0.08mm) 

measured at the center of the flat. when hot solder 
dip lead finish is applied. 

8. Six spaces. 
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SYMBOL 

A 
b 
b, 
c 
D 
E 
E, 
e 
L 
L, 
Q 

S 
S, .. 

Q-14 
14-Lead Cerdip 

-, ~S, --I r- S 

~~:::::: :1 
I~ D ~ 

-*-::i!.- --I.!.- b'.~. SEE 

NOTE 7 

INCHES MILLIMETERS 
MIN MAX MIN 

0.200 
0.014 0.023 0.36 
0.030 0.070 0.76 
0.008 0.015 0.20 

0.785 
0.220 0.310 5.59 
0.290 0.320 7.37 
0.090 0.110 2.29 
0.125 0.200 3.18 

-- ---

0.150 3.81 
0.015 0.060 0.38 

0.098 
0.005 0.13 
0" 15° 0" 

MAX NOTES 

5.08 
0.58 7 
1.78 2,7 
0.38 '7 

19.94 4 
7.87 4 
8.13 6 
2.79 8 
5.08 

1.52 3 
2.49 5 

5 
15° 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(O.58mm) for all four comer leads only. 
3. Dimension Q shall be measurad from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid, meniscus 

and glass overrun. 
5. Applies to all four corners. 
6. Lead center when .. is 0". E, shall be measured at the 

eente.line of tha laads. 

7. All leads - increase maximum limit by 0.003" (0.08mm· 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Twelve spaces. 
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INCHES 
SYMBOL MIN MAX 

A 0.200 
b 0.014 0.023 
b, 0.030 0.070 
c 0.008 0.015 
D 0.840 
E 0.220 0.310 
E, 0.290 0.320 
e 0.090 0.110 
L 0.125 0.200 
L, 0.150 
Q 0.015 0.060 
S O.oao 
S, 0.005 
a O· 15· 

Q-16 
16-Lead Cerdip 

11+s, -.j r- S 

~~: : : : : : : :1 
I- D ~ 

SI-- -./ . I-- J Lb'~-;. E, ,-oil--

MILLIMETERS 
MIN MAX 

5.08 
0.36 0.58 
0.76 1.78 
0.20 0.38 

21.34 
5.59 7.87 
7.37 8.13 
2.29 2.79 
3.18 5.08 
3.81 
0.38 1.52 

2.03 
0.13 
0- 15· 

NOTES 

7 
2.7 
7 
4 
4 
6 
8 

3 
5 
5 

NOTES 

SEE 
NOTE 7 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off·center lid. meniscus 
and glass overrun. 

5. Applies to all four corners. 
6. Lead center when a is 0·. E, shall be measured at the 

centerline of the leads. 
7. All leads - increase maximum limit by O.003"(0.08mm) 

measured at the center of the flat. when hot solder 
dip lead finish is applied. 

8. Fourteen spaces. 
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SYMBOL 

A 
b 
b, 
c 
D 
E 
E, 
e 
L 
i" 
Q 

S 
S, 
a 

Q-18 
IS-Lead Cerdip 

., ~S, --I r- S 

~~: : : : : : : :1 
~ D ~ 

A T~Q SEATING ! L1 _________ ~ 
PLANE -.-- J L T L L ' 

i- i 
b~~ ..J e j.. b,-.fa 

INCHES MlLUMETERS 
MIN MAX MIN MAX 

0.200 5.08 
0.014 0.023 0.36 0.58 
0.030 0.070 0.76 1.78 
0.008 0.015 0.20 0.38 

0.960 24.38 
0.220 0.310 5.59 7.87 
0.290 0.320 7.37 8.13 
0.090 0.110 2.29 2.79 
0.125 0.200 3.18 5.08 
U.iDU i.ii 
0.015 0.060 0.38 1.52 

0.098 2.49 
0.005 0.13 
0" 15° 0" 15° 

NOTES 

7 
2.7 
7 
4 
4 
6 
8 

3 
5 
5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(O.58mm) for all four corner leads only. 
3. Dimension Q shell be measured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid. meniscus 

and glass overrun. 
5. Applies to all four corners. 
6. Lead center when a is 0°. E, shall be measured at the 

centerline of the leads. 
7. All leads - increase maximum limit by O.OO3"IO.08mm, 

measured at the center of the flat. when hot solder 
dip lead finish is applied. 

8. Sixteen spaces. 
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SYMBOL 

A 
b 
b1 
c 
D 
E 
E1 
e 
L 
L1 
Q 

S 

S1 
Cl 

Q-20 
20-Lead Cerdip 

11-- S1 -.j r- S 

~i: : : : : : : : : :1 
I. D -I 

,- Q Ul ~--~ 

s~ ~.~ J Lb' ~. E'.-+-
SEE 
NOTE 7 

INCHES MILUMETERS 
MIN MAX MIN 

0.200 
0.014 0.023 0.36 
0.030 0.070 0.76 
0.008 0.015 0.20 

1.060 
0.220 0.310 5.59 
0.290 0.320 7.37 
0.090 0.110 2.29 
0.125 0.200 3.18 
0.150 3.81 
0.015 0.060 0.38 

0.098 
0.005 0.13 
0" 15° 0" 

MAX NOTES 

5.08 
0.58 7 
1.78 2,7 
0.38 7 

26.92 4 
7.87 4 
8.13 6 
2.79 8 
5.08 

1.52 3 
2.49 5 

5 
15° 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b1 may be 0.023" 

(0.S8mm) for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid, meniscus 

and glass overrun. 

5. Applies to all four corners. • 
6. Lead center when Cl is 0". E1 shall be measured at the I 

centerline of the leads. 
7. All leads - increase maximum limit by 0.003"(0.08mm) 

measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Eighteen spaces. 
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Q-22 
22-Lead Cerdip 

-1'-s, -I r- S 

~~: : : : : : : : : : :1 
~ D ~ 

,r- Q I I 

i- + 
PLANE L .. JL L, E, 

b-U- -I e I- b,.,u c~\-

INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 

A 0.200 5.08 
b 0.014 0.023 0.36 0.56 
b, 0.030 0.070 0.76 1.76 
c 0.006 0.015 0.20 0.36 
D 1.175 29.65 
E 0.320 0.410 6.13 10.41 
E, 0.390 0.420 9.09 10.67 
e 0.100 BSC 2.54 BSC 
L 0.125 0.200 3.16 5.06 
L, 0.150 3.61 
Q 0.015 0.060 0.36 1.52 
S 0.096 2.49 
S, 0.005 0.13 
u cr 15° cr 15° 
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NOTES 

7 
2. 7 

7 
4 
4 
6 
6 

3 
5 
5 

NOTES 

SEE 
NOTE 7 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.56 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid. meniscus 
and glass overrun. 

5. Applies to all four corners. 
6. Lead center when u is 0°. E, shall be measured at the 

centerline of the leads. 
"i. Aii isaeis - increase maximum limit by 0.003" (0.08 mm) 

measured at the center of the flat. when hot solder dip 
lead finish is applied. 

8. Twenty spaces. 



SYMBOL 

A 
b 
b, 

c 
D 
E 
E, 
e 
L 
L, 
Q 

S 
S, 
Cl 

Q-24 
24-Lead Cerdip 

-1I-- S1 -I r s 

~~: : : : : : : : : : : :1 
I- D ~ 

i .-11- -1. I- J L.. ~. .. . .\\0-

INCHES MIWMETERS 
MIN MAX MIN MAX 

0.200 5.08 
0.014 0.023 0.36 0.58 
0.030 0.070 0.7. 1.78 
0.008 0.015 0.20 0.38 

1.280 32.51 
0.220 0.310 5.59 7.87 
0.290 0.320 7.37 8.13 
0.090 0.110 2.29 2.79 
0.125 0.200 3.18 5.08 
0.150 3.81 
0.015 0.060 0.38 1.52 

0.098 2 •• 
0.005 0.13 
00 15° 00 15° 

NOTES 

7 
2,7 
7 
4 
4 

• 
8 

3 
5 
5 

NOTES 

SEE 
NOTE 7 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(O.58mml for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the bese plane. 

4. This dimension allows for off·center lid. meniscus 
and glass overrun. 

5. Applies to all four corners. 
•. Lead center when Cl is 00. E, shall be measured at the 

centerline of the leads. 
7. All leads - increase maximum limit by 0.OO3"(0.0Imml 

measured at the center of the flat. when hot solder 
dip lead finish is applied. 

I. Twenty-two spaces. 
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., I-s, 

SEE 
NOTE 1 

28 

INCHES 
SYMBOL MIN MAX 

A 0.225 
b 0.014 0.026 
b, 0.030 0.070 
c 0.008 0.018 
0 1.490 
E 0.500 0.610 
E, 0.590 0.620 
e 0.090 0.110 
L 0.125 0.200 
L, 0.150 
Q 0.015 
S 0.100 
S, 0.005 
CIt 0" 15° 

10--50 PACKAGE INFORM A TION 

MIWMETERS 
MIN MAX 

5.72 
0.36 0.66 
0.76 1.78 
0.20 0.46 

37.85 
12.70 15.49 
14.99 15.75 
2.29 2.79 
3.18 5.08 
3.81 
0.38 

2.54 
0.13 
0" 15° 

Q-28 
28-Lead Cerdip 

NOTES 

7 
2.7 
7 
4 
4 
6 
8 

3 
5 
5 

..... --E--.. 

NOTE 7 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.5Bmml for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid. meniscus 

and glass overrun. 

6. Lead center when .. is 0". E, shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003"(0.OBmml 
measured at the center of the flat. when hot solder 
dip lead finish is applied. 

B. Twenty-six spaces. 



SYMBOL 

A 

b 

c 

0 

E 

H 

e 

h 

L 

Q 

'" 

80-14 
14-Lead Narrow-Body SO 

(S-Suffix) 

F14 ~~8TI 
SEE 11 I 

NOTE 2 E H 

INCHES 

MIN MAX 

0.0532 0.0688 

0.0138 0.0192 

0.0075 0.0098 

0.3367 0.3444 

0.1497 0.1574 

0.2284 0.2440 

0.0500 BSC 

0.0099 0.0196 

0.0160 0.0500 

0.0040 0.0098 

0° 8° 

'~,~lj 
Q j.1o 0 [J 0 0 0 Wl 

h x45° 
-jl-

c*J~1-'-tel- -tl-\ 
SEE DETAIL 

ABOVE 

MILLIMETERS 

MIN MAX 

1.35 1.75 

0.35 0.49 

0.19 0.25 

8.55 8.75 

3.80 4.00 

5.80 6.20 

1.27 BSC 

0.25 0.50 

0.41 1.27 

0.10 0.25 

0° 8° 

b SEATING 
PLANE 

NOTES NOTES 
1. Package dimensions conform to JEDEC specification 

MS-012-AB (Issue A, June 19851. 
2. Index area; a dimple or lead one identification mark is 

located adjacent to lead one and is within the shaded 
area shown. 
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INCHES 
SYMBOL MIN MAX 

A 0.0926 0.1043 

b 0.0138 0.0192 

c 0.0091 0.0125 

0 0.3977 0.4133 

E 0.2914 0.2992 

H 0.3937 0.4193 

e 0.0500BSC 

h 0.0098 0.0291 

L 0.0157 0.0500 

Q 0.0040 0.0118 

0< 0" 8" 
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MILLIMETERS 
MIN MAX 

2.35 2.65 

0.35 0.49 

0.23 0.32 

10.10 10.50 

7.40 7.60 

10.00 10.65 

1.27 BSC 

0.25 0.74 

0.40 1.27 

0.10 0.30 

0" 8" 

R-16 (S-SuffIX) 
16-Lead Wide-Body SO 

(SOL-16) 

hx45Q "1 ;.:.t--___ ~ 

iJ r } ~ c. --/'b14-
SEATING SEE DETAIL 
PLANE ABOVE 

NOTES NOTES 
1. Package dimensions conform to JEDEC specification 

MS-013-AA (Issue A, June 19851. 
2. Index area; a dimple or lead one identification mark is 

located adjacent to lead one and is within the shaded 
area shown. 



SEE 

INCHES 

SYMBOL MIN MAX 

A 0.0532 0.0688 

b 0.0138 0.0192 

c 0.0075 0.0099 

0 0.3859 0.3937 

E 0.1497 0.1574 

H 0.2284 0.2440 

e 0.0500 BSC 

h 0.0099 0.0196 

L 0.0160 0.0500 

Q 0.0040 0.0098 

()( 0° 8° 

MILLIMETERS 

MIN MAX 

1.35 1.75 

0.35 0.49 

0.19 0.25 

9.80 10.00 

3.80 4.00 

5.80 6.20 

1.27 BSC 

0.25 0.50 

0.41 1.27 

0.10 0.25 

0° 8° 

R-l6A (S-Suffix) 
16-Lead Narrow Body 80 

(80-16) 

NOTES 

SEATING 
PLANE 

h x 450 

-jl--

ctJ F3-.ll .. 

NOTES 

SEE DETAIL 
ABOVE 

1. Package dimensions conform to JEDEC specification 
MS-012-AC (Issue A. June 1985). 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 
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INCHES 
SyMBOL MIN MAX 

A 0.0926 0.1043 

b 0.0138 0.0192 

c 0.0091 0.0125 

D 0.4469 0.4625 

E 0.2914 0.2992 

H 0.3937 0.4193 , 0.0500 BSC 

h 0.0098 0.0291 

L 0.0157 0.0500 

a 0.0040 0.0118 

CIt O· 8· 
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MILLIMETERS 
MIN MAX 

2.35 2.65 

0.35 0.49 

0.23 0.32 

11.35 11.75 

7.40 7.60 

10.00 10.65 

1.27 BSC 

0.25 0.74 

0.40 1.27 

0.10 0.30 

0" S" 

R-18 (S-Suffix) 

IS-Lead Wide-Body SO 
(SOL-IS) 

NOTES 

SEATING 
PLANE 

NOTES 

L--------J} l 
--114'

SEE DETAIL 
ABOVE 

1. Package dimensions conform to JEDEC specification 
MS-013-AB (Issue A, June 1985). 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 



INCHES 
SYMBOL MIN MAX 

A 0.0926 0.1043 

b 0.0138 0.0192 

c 0.0091 0.0125 

D 0.4961 0.5118 

E 0.2914 0.2992 

H 0.3937 0.4193 

e 0.0500 BSC 

h 0.0098 0.0291 

L 0.0157 0.0500 

Q 0.0040 0.0118 

0< 0° 8° 

MILLIMETERS 
MIN MAX 

2.35 2.65 

0.35 0.49 

0.23 0.32 

12.60 13.00 

7.40 7.60 

10.00 10.65 

1.27 BSC 

0.25 0.74 

0.40 1.27 

0.10 0.30 

0° 8° 

R·20 (S·Suffax) 
20-Lead Wide-Body SO 

(SOL-20) 

NOTES 

&=1=======6) l 
--It-

SEE DETAIL 
ABOVE SEATING 

PLANE 

NOTES 
1. Package dimensions conform to oJEDEC specification 

MS-013-AC (Issue A. June 1985). 
2. Index area; a dimple or lead one identification mark is 

located adjacent to lead one and is within the shaded 
area shown. 
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INCHES 

SYMBOL MIN MAX 

A 0.0926 0.1043 

b 0.0138 0.0192 

c 0.0091 0.0125 

0 0.5985 0.6141 

E 0.2914 0.2992 

H 0.3937 0.4193 

e O.0500BSC 

h 0.0098 0.0291 

L 0.0157 0.0500 

Q 0.0040 0.0118 

Ot 0" 8° 
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MILLIMETERS 

MIN MAX 

2.35 2.65 

0.35 0.49 

0.23 0.32 

15.20 15.60 

7.40 7.60 

10.00 10.65 

1.27 BSC 

0.25 0.74 

0.40 1.27 

0.10 0.30 

0" SO 

R-24 (S-Sufflx) 
24-Lead Wide-Body SO 

(SOL-24) 

NOTES 

\ 
I l \ ~

---" 

\ :::-; J 
\ L~/ " / ---

hx45° 

1;.;..~---....., 

IjE h 
c l ..t'9.. 

SEATING 
PLANE 

NOTES 

SEE DETAIL 
ABOVE 

1. Package dimensions conform to JEDEC specification 
MS.013-AD (Issue A. June 19851. 

2. Index area; a dimple or lead one identification mark is 
located adjacant to lead one and is within the shaded 
area shown. 



INCHES 
SYMBOL MIN MAX 

A 0.0926 0.1043 

b 0.0138 0.0192 

c 0.0091 0.0125 

D 0.6969 0.7125 

E 0.2914 0.2992 

H 0.3937 0.4193 

e 0.0500BSC 

h 0.0098 0.0291 

L 0.0157 0.0500 

Q 0.0040 0.0118 

0< 0" So 

MILLIMETERS 
MIN MAX 

2.35 2.65 

0.35 0.49 

0.23 0.32 

17.70 18.10 

7.40 7.60 

10.00 10.65 

1.27 BSC 

0.25 0.74 

0.40 1.27 

0.10 0.30 

0" 8" 

R-28 (S-SufflX) 
28-Lead Wide-Body SO 

(SOL-28) 

NOTES 

hx4S' 

1;-1-"----, 

tJ r ) l c, ~ ~ 

PLANE 

SEE DETAIL 
ABOVE 

NOTES 
1. Package dimensions conform to JEDEC specification 

MS-013-AE (Issue A. June 1985). 
2. Index area; a dimple or lead one identification mark is 

located adjacent to lead one and is within the shaded 
area shown. 
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Ordering Guide 
INTRODUCTION 
This Ordering Guide should make it easy to order Analog Devices products, whether you're buying one IC op amp, a muitioption 
subsystem, or 1000 each of IS different items. It will help you: 

1. Find the correct part number for the options you want. 

2. Get a price quotation and place an order with us. 

3. Know our warranty for components and subsystems. 

For answers to further questions, call the nearest sales office (listed at the back of the book) or our main office in NorwOod, Mass. 
U.S.A. (617-329-4700). 

MODEL NUMBERING 
In this reference manual many of the data sheets for products having a number of standard options contain an Ordering Guide. Use it 
to specify the correct part number for the exact combination of options you want. Two model numbering schemes are used by Analog 
Devices. The fIrst model numbering scheme is used for designating standard Analog Devices monolithic and hybrid products. The 
second scheme is used by our Precision Monolithics Division (formerly PMI) as designators for its product line. 

Figure I shows the form of model number used for our proprietary standard monolithic ICs and many of our hybrids. It consists of 
an "AD" (Analog Devices) prefIX, a 3-to-5-digit number*, an alphabetic performance/temperature-range designator and a package 
designator. One or two additional letters may immediately follow the digits ("A" for second-generation redesigned ICs, "DI" for 
dielectrically isolated CMOS switches, e.g., AD536AJH, AD7512DIKD). 

Figure 2 shows a different numbering scheme used by our Precision Monolithics Division. This numbering scheme starts with a 
prefIX which designates the device type and model number. It is then followed by a Suff'1X consisting of alphabetic designators (as 
applicable) to indicate additional functional designations or options and packaging options. 

[NANN] 

1 OR 2 LETTERS PROVIDE 
ADDITIONAL GENERAL INFORMATION 
A: SECOND GENERATION 
01: DIELECTRICALLY ISOLATED 
Z: OPERATION ON ±12Y SUPPLIES 

PERFORMANCE·TEMPERATURE 
RANGE DESIGNATOR' 

( I I INCREASING 
J .. PARAMETRIC 

y 

O"C TO +7O'C l ~ , PERFORMANCE 

M BEST OVERALL 
PERFORMANCE 

1 INCREASING 
, PERFORMANCE 

BEST OVERALL 
PERFORMANCE 

1 INCREASING 
, PERFORMANCE 

BEST OVERALL 
PERFORMANCE 

PACKAGE OPTIONS: 

D HERMETIC DIP, CERAMIC OR METAL 
E CERAMIC LEADLESS CHIP CARRIER 
F CERAMIC FLATPACK 
G CERAMIC PIN GRID ARRAY 
H HERMETIC METAL CAN 
J J·LEADED CERAMIC 
M HERMETIC METAL CAN OIP 
N PLASTIC OR EPOXY SEALED DIP 
P PLASTIC LEADED CHIP CARRIER 
Q CERDIP 
R SMALL OUTLINE "SO" PACKAGE 

T TO-II2 STYLE PACKAGE 
W NONHERMETIC CERAMIC/GLASS DIP 
Y SlNGLE·IN-LINE "SIP" PACKAGE 
Z CERAMIC LEADED CHIP CARRIER 

EXAMPLES: 

AD521KCHIPS 
A07524AD 
ADS38ASH1883B 
AD7512DIKD 

'MONOLITHIC CMOS CHIPS IN THE AD75XX SERIES 
WERE FORMERLY DESIGNATED AD75XX1COM1CHIPS 
AND AD75XXIMIUCHIPS AND MAY APPEAR ON PRICE 
LISTS WITH THOSE DESIGNATIONS. CONSULT ANALOG 

1..-___________ -..1 DEVICES FOR CURRENT PRICING OF AD75XX CHIPS. 

Figure 1. Model-Number Designations for Standard Analog Devices Monolithic and Hybrid Ie Products. S, T and U 
Grades have the Added Suffix, /8838 for Devices that Qualify to the Latest Revision of MIL-STD-883, Level 8. 

"For some models, the combiDalkm [dilitlletter][two or three digits] is used instead of ADXXXX, e.g., 1580. 
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DA -XX BI E 

DEVICE TYPE AND MODEL NUMBER 

DEVICE TYPE: 

ADC ANALOG-T()'DIGITAL CONVERTER 
AMP INSTRUMENTATION AMPLIFIER 
BUF BUFFER (VOLTAGE FOLLOWER) 
CMP COMPARATOR 
DAC DIGITAL-TO~ANALOG CONVERTER 
JAN MlL·M-38510 SLASH SHEET 
LlU HIGH SPEED SERIAL DATA RECEIVER 
MAT MATCHED TRANSISTOR 
MUX MULTIPLEXER 
OP PROPRIETARY OPERATIONAL AMPLIFIER 
PKD PEAK DETECTOR 
PM SECOND-SOURCE. INDUSTRY SPECIFICATIONS 
REF VOLTAGE REFERENCE 
RPT PCM LINE REPEATER 
SMP SAMPLE·AND-HOLD AMPLIFIER 
SW ANALOG SWITCH 
SSM SOLID STATE MUSIC PRODUCT 
TMP TEMPERATURE SENSOR 

BURN·IN OPTION 

Pili. OFFERS MOST O"I7O°C, -25°/+85OC AND -40"/+85OC 

::~~~~=':;--L~=8~r:D:~~:~::t:E -
MODEL NUMBER AND THE ELECTRICAL GRADE. FOR 
EXAMPLE, TO ORDER DAC-08EQ wmt BURN-IN, THE 
PART NUMBER IS DAC-08BIEQ. 

I ELECTRICAL GRADE ,~ 
SELECT ELECTRICAL GRADE 
FROM DATA SHEET. 

MIL·STD-883. CLASS B. REVISION C OPTION 

PMl-55°C TO .125°C DEVICES ARE AVAILABLE 
WtTH MIL-sTD-883, CLASS B SCREENING AS 
STANDARD PRODUCTS. TO ORDER AN 883 PART, 
SIMPLY ADO THE DES1GNATION 1883 TO THE PART 
NUMBER. FOR EXAMPLE, THE DAC-OBAQ, SCREENED 
TO THE 883 REQUIREMENTS WOULD BE ORDERED 
AS A DAC-G8AQ1883. CONTACT FACTORY FOR 883 
DEVICE SPECIFICATIONS. 

PACKAGE SUFFIX 

PACKAGE TYPE: 

H 6-LEAD T()'78 CAN 
J II-LEAD TO-99 CAN 
KIa-LEAD T().IOO CAN 
o NOT USED 
P EPOXY DIP 
PC PLASTIC LEADED CHIP CARRIER 
Q 16-LEAD CERAMIC DIP 
R 2Q.LEAD CERAMIC DIP 
RC 2Q.POSmON LCC' 
S SMALL OUTLINE PACKAGE 
T 28-LEAD CERAMIC DIP 
TC 28-POSmON LCe' 
U NOT USED 
V 24-LEAD CERAMIC DIP 
X III-LEAD CERAMIC DIP 
Y 14-LEAD CERAMIC DIP 
Z II-LEAD CERAMIC DIP 
*AVAILABLE WITH MlL-8TD-883 PROCESStNG 

ONLY. 

Figure 2. Precision Monolithics Division's Product Designations 

ORDERING FROM ANALOG DEVICES 
When placing an order, please provide specific information regarding model type, number, option designations, quantity, ship-to and 
bill-to address. Prices quoted are list; they do not include applicable taxes, customs, or shipping charges. All shipments are F.O.B. 
factory. Please specify if air shipment is required. 

Place your orders with our local sales office or representative, or directly with our customer service group located in the Norwood 
facility. Orders and requests for quotations may be telephoned, sent via FAX or TELEX, or mailed. Orders will be acknowledged 
when received; billing and delivery information is included. 

Payments for new accounts, where open-account credit has not yet been established, will be C.O.D. or prepaid. Analog Devices' min
imum order value is two hundred fifty dollars ($250.00). 

When prepaid, orders should include $2.50 additional for packaging and postage (and a 5% sales tax on the price of the goods if you 
are ordering for delivery to a destination in Massachusetts). 

You may also order Analog Devices parts through distributors. For information on distributors, please see pages 11-12 and 11-13 at 
the back of this volume. 

WARRANTY AND REPAIR CHARGE POLICIES 
All Analog Devices, Inc., products are warranted against defects in workmanship and materials under normal use and service for one 
year from the date of their shipment by Analog Devices, Inc., except that components obtained from others are warranted only to the 
extent of the original manufacturers' warranties, if any, except for component test systems, which have a ISO-day warranty, and 
~AC and MACSYM systems, which have a 9O-day warranty. This warranty does not extend to any products which have been sub
jected to misuse, neglect, accident, or improper installation or application, or which have been repaired or altered by others. Analog 
Devices' sole liability and the Purchaser's sole remedy under this warranty is limited to repairing or replacing defective products. 
(The repair or replacement of defective products does not extend the warranty period. This warranty does not apply to components 
which are normally consumed in operation or which have a normal life inherently shorter than one year.) Analog Devices, Inc., M 
not be liable for consequential damages under any circumstances. 

THE FOREGOING WARRANTY AND REMEDY ARE IN LIEU OF ALL OTHER REMEDIES AND ALL OTHER 
WARRANTIES, WRITTEN OR ORAL, STATUTORY, EXPRESS, OR IMPLIED, INCLUDING ANY WARRANTY 
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. 
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Product Families Not Included in the Reference Manual 
(But Still Available) 
The information published in this Reference Manual is intended to assist the user in choosing components for the design of new 
equipment, using the most cost-effective products available from Analog Devices. The popular product types listed below may have 
been designed into your circuits in the past, but they are no longer likely to be the most economic choice for your new designs. 
Nevertheless, we recognize that it is often a wise choice to refrain from redesigning proven equipment, and we are continuing to 
make these products available for use in existing designs. Data sheets on these products are available upon request. 

Model Model· Model Model 

ADIOI AD7541 DAS1150 2B59 
AD201 AD7546 DAS 115 I 4B Series 
AD293 AD7550 DAS1155 40 
AD294 AD7552 DAS1156 44 
AD301 AD7576 DRC1705 45 
AD301AL AD7772 DRCI706 46 
AD367 AD9502 DSCI705 50 
AD368 AD%l1 DSC1706 51 
AD369 AD%86 HDS-1240E 118 
AD370/371 ADC-908 HOS-050/050Al050C 148 
AD392 ADC-912 HOS-060 171 
AD503 ADC1130 HTC-0300A 184 
AD504 ADCll31 HTS-OOiO 234 
AD506 ADC1143 HTS-0025 235 
AD510 ADC-12QM JM385 10/ll301l1 1302 261 
AD515 AD DAC-08 MUX-88 275 
AD518 ADDAC71 PM-562 277 
AD533 ADDAC72 PM-7541 285 
AD535 ADEB770 PM-7574 288 
AD545 CAV-1210 ROC-1700 310 
AD567 DAC-QS RDC-1702 429 
AD611 DAC-QZ RDC-1704 433 
AD651 DAC-Ol RDC-1725 434 
AD 1147 DAC-02l03 ROC-I726 435 
AD 1148 DAC-05/06 RDC-1768 436 
AD1403 DAC-I0Z RTM Series 440 
AD2004 DAC-12M SDCI700 442 
AD2006 DAC-12QS SDC1702 450 
AD2008 DAC-12QZ SDCI704 451 
AD2009 DAC-20 SDCI725 452 
AD2016 DAC71n2 SDCI726 453 
AD2020 DAC-86 SDC1768 458 
AD2033 DAC-88 SHA-5 460 
AIl20411 DACS9 ,rooyy" 1 ....... 603 t3,I,J.n,-J.J.,:J'" 

AD3554 DAC-210 SHA-l144 751 
AD3860 DAC-888 SMP-81 756 
AD5200 Series DACll08 STM Series 903 
AD5210 Series DAC1l36 SW-OI/02 906 
AD7110 DAC1l38 SW-7510n511 2B24 915 
AD7240 DACll46 2B34 926 
AD7520 DAC-I408A 2B35 947 
AD7521 DAC1420 2B50 959 
AD7522 DAC1422 2B52 968 
AD7523 DAC1423 2B53 972 
AD7525 DAC1508A 2B56 
AD7530 DAC-8212 2B57 
AD7531 DAS1128 2B58 
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Substitution Guide for Product Families 
No Longer Available 

The products listed in the left-hand column are no longer available from Analog Devices. In many cases, comparable functions and 
performance may be obtained with newer models, but-as a rule-they are not directly interchangeable. The closest recommended 
Analog Devices equivalent, physically and electrically, is listed in the right-hand column. If no equivalent is listed, or for further 
information, contact your local sales office. 

Closest Closest Closest 
Recommended Recommended Recommended 

Model Equivalent Model Equivalent Model Equivalent 

ADl08/208/308 AD705 AD2037 None AMP-01BX AMP-OlAX 
AD108A1208AI308A AD705 AD2038 None AMP-01BXl883C AMP-01AX1883C 
AD 111/21113U AD790 AD5010/6020 AD9000 AMP-05BX AMP-05AX 
AD345 AD 132111322 AD6012 AD565A AMP-05BXl883C AMP-05Z1883C 
AD351 AD790 AD7115 AD7111 API1620/1718 Consult ADI 
AD362 AD1362 AD7513 ADG201A BDM 1615116/17 None 
AD376 ADl376 AD7516 AD7510DI BUF-03BJ/883C BUF-03AJ/883C 
ADS01 AD711 AD7519 None CA V -0920/1020 AD9020/9060 
AD502 AD711 AD7527 AD7548 CAV-1202 AD9005 
ADS05 ADS09 AD7544 AD7548 CAV-1205 AD9005 
AD508 AD517 AD7555 AD1175K CMP-01Z CMP-OlJ 
ADS 11 AD711 AD7560 None CMP-05BJ CMP-05CJ 
AD512 AD711 AD7570 AD7579/AD7580 CMP-05BZ CMP-05CZ 
AD513 AD711 AD7571 AD7579/AD7580 CMP-05GJ CMP-05CJ 
ADS 14 AD711 AD7583 AD7880+MUX CMP-404BY CMP-404AY 
ADS 16 AD711 AD9011 AD9002 CMP-404BY/883C CMP-404AY/883C 
AD520 AD524 AD9521 AD640 DAC-02ACX1 DAC-02CCX1 
AD523 ADS49 AD9615 AD96111AD9617 DAC-05AX1 DAC-02CCX1 
AD528 AD711n44 AD9685 AD96685 DAC-05EX1 DAC-02CCX1 
ADS30 AD533 AD9687 AD96686 DAC-10BX DAC-10FX 
AD531 ADS32 AD9688 AD9002lAD9028 DAC-1OCX DAC-1OGX 
AD540 AD544 ADADC-816 AD7820/AD7821 DAC-10DF ADS68 
AD559 AD557/AD558 ADC-8S AD673 DAC-10H DAC-10Z 
ADS65 ADS65A ADC-10Z ADS74A DAC-l4QM DAC1136 
AD566 AD566A ADC-12QL AD7578 DAC-16QM DAC1136 
AD612 AD524 ADC-12QZ AD574A1AD674A DAC-100AAQ7 DAC-100ACQ7 
AD614 ADS24 ADC-14I1171 AD1l70 DAC-100AAQ8 DAC-100ACQ8 
AD689 AD586 ADC-llOO AD7550/AD7552 DAC-100ABQ7 DAC-100ACQ7 
AD801 AD711 ADC1102 AD7870 DAC-100ABQ8 DAC-100ACQ8 
AD810-813 None ADCll03 AD7572A DAC-100BBQ51 DAC-100ACQ51 
AD814-816 None ADCll05 AD7550/AD7552 883C 883C 
AD818 None ADC1109 AD7572A DAC-100BCQ7 DAC-100BBQ7 
AD82o-S22 None ADCllll ADS74A DAC-100DDQ7 DAC-100CCQ7 
AD830-833 None ADC1121 AD7880 DAC-312BR DAC-312ER 
AD835-839 None ADC1l23 AD7880 DAC-888AX DAC-88SEX • AD1145 AD7846 ADC1l33 AD574A DAC-888BX DAC-888EX 
ADl40S AD55S ADC-QM AD574A1AD674A DAC1009 AD767 
AD150S ADS58 ADC-QU ADS74A1AD674A DAC1106 AD568 
ADl67S AD67S AD DAC100 ADS61 DACll12 DAC12QS 
AD1679 AD679 ADG200 None DAClllS AD767 
ADl779 AD779 ADG201 ADG201A DAC1l22 AD7541A 
AD2003 AD2021 ADLHOO32G/CG ADS43 DAC1l25 AD7533 
AD2022 None ADLHOO33G/CG AD9620/AD9630 DAC1132 AD667 
AD2023 None ADM501 None DAC-140S-6P DAC-l40S-SP 
AD2024 None ADP501 None DAC-I408-7P DAC-1408-SP 
AD2025 None ADREF01 REF-01 DAC-1408-7Q DAC-140S-8Q 
AD2027 None ADREF02 REF-02 DAC-l40S-GQ DAC-140S-8Q 
AD2028 None ADSHC-85 AD585 DAC-1508A-8Q DAC-1408-8Q 
AD2036 None ADSHM-5 HTC-0300A DRCl605/06 DRC1705/06; SDC1740 
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Cosest Cosest Cosest 
Recommended Recommended Recommended 

Model Equivalent Model Equivalent Model Equivalent 

DRCI76SI66 AD2S6S/66 OP-02EZ OP-I77GZ PM-IS7J PM-17SJ/883C 
DSCI60S/06 DSCI70S/06; SDCI740 OP-02J OP-02AJ PM-IS7J/883C PM-IS7 A]/883C 
DSCl76S/66 AD2S6S/66 OP-02l883C OP-02AZl883C PM-208A] PM-I08AJ/883C 
DTM17l6l17 AD2S6S/66 OP-04DY OP-04CY PM-208AZ PM-I08AZ 
HAS-0802 HASl202A OP-04GBC OP-04NBC PM-308AZ PM-lOO8GZ 
HAS-lOO2 HASl202A OP-04Y/883C OP-04AY/883C PM-308J PM-lOO8G 
HAS-1202 HASl202A OP-OSZ OP-OSAZ PM-4136RC OP-IIARC/883C 
HDD-IOIS AD9712A OP-OS/883C OP-OSAZl883C PM-S62AV PM-S62HV 
HDD-I409 None OP-06BJ/883C OP-06AJ/883C PM-S62BV PM-S62HV 
HDG-080S AD9701 OP-06EZ OP-06GZ PM-S62FV PM-S62HV 
HDH-0802 AD9713A OP-06FZ OP-06GZ PM-S62GV PM-S62HV 
HDH-IOO3 AD9713A OP-08AJ PM-lOO8AJ PM-74IJ OP-02AJ 
HDH-1205 AD9713A OP-08AJ/883C PM-lOO8AJ/883C RACl763 None 
HDL-3805 ADV4S3/ADV478 OP-08AZ1883C PM-lOO8AZ1883C RDCI602I03 RDCl702l03 
HDL-3806 ADV4S3/ADV478 OP-08CZ1883C PM-IOO8AZ1883C RDCI711 None 
HDM-1210 AD6681AD9713A OP-08EJ PM-lOO8EJ RDCI721 AD2S46 
HDS-0810E AD9712A OP-08EZ PM-lOO8EZ RDCl767 RDCl768 
HDS-0820 AD9713A OP-09ARC/883C OP-llARC/883C RSCTl62I AD2S80Al82A 
HDS-IOISE AD9712A OP-09FY OP-09EY RTI-I200 RTI -711 Series 
HDS-I02S AD9713A OP-12BZ OP-I2AZ RTI-1201 RTI-711 Series 
HDS-l2S0 AD668/AD9713A OP-12CZ OP-12AZ RTI-1202 RTI-711 Series 
HOS-lOOAHlSH None OP-12GZ OP-12FZ RTM1630-34 RTMl680/83 
HOS-200 AD9620/30 OP-14DZ OP-I4CZ RTMl636 Consult AD! 
HTC-0300 HTC-0300A OP-I4GRBC OP-I4GBC RTMI660/63/71m Consult ADI 
HTC-OSOO HTC-0300A OP-14J/883C OP-14AJ/883C RTMl679 None 
IPA-1751 IPA-1764 OP-15BJ OP-15AJ RTMl68 1/86187/89 ConsultADI 
IRDCl730-33 AD2S80Al82A OP-ISBZ OP-ISAZ RTMI690/96 Consult AD! 
MAR-0801 AD900S OP-16BJ OP-16AJ RTMI697 None 
MAH-IOOI AD9005 OP-17BZl883C OP-17AZ1883C RTM1736137 RDC1740 + CCT 
MAS-0801 AD9005 OP-17CJ OP-17AJ SAC 1763 None 
MAS-IOOI AD900S OP-17FJ OP-17EJ SBCDl7S2IS3/S6IS7 None 
MAS-1202 AD900S OP-17FZ OP-17EZ SCDXl623 None 
MAT-01/883C MAT-OIAHI883C OP-2OCJ OP-20BJ SCMI677 None 
MAT-02BH MAT-02AH OP-2IGRBC OP-21GBC SDCl602I3/4 SDC1702103/04/40 
MA T-02BHl883C MAT -02AH1883C OP-21SBJ OP-21SAJ SDC1711 None 
MATV-0811 AD9012148 OP-21SBJ/883C OP-21SAJ/883C SDCl721 AD2S46 
MATV-0816 AD9012148 OP-2ISBZ OP-2ISAZ SDCl767 SDCl768 
~_6;.T'1-CB2C .. A .. D9012!4e 1""\'0 "11(""?/OO~"" nn ." .. CTJ?/no"ll ("oT:O...,. ....... ,...,'r J.Ll,iAC-3iNU _ ... -~J..oI~6JlUUJ,", V.I. -I..J.JUUOOJ ".cALIDA 

MCI-1794 AD2S80Al82A OP-2IBJ OP-2IAJ SHA-IA ADS8S 
MDAFamily AD9712A113A OP-2IBZ OP-2IAZ SHA-2A AD781 
MDHFamily AD9712A113A OP-2IEJ OP-2IAJ SHA-3 ADS8S 
MDMS Family AD9712A113A OP-220BJ OP-220AJ SHA-4 AD585 
MDS Family AD9712A113A OP-22AJ OP-22AJ/883C SHA-6 ADl1S4 
MDSLFamily AD9712A113A OP-22EJ OP-22AJ/883C SHAll 14 ADS85 
MOD-l005/20 AD9020/60 OP-32BZ OP-32AZ SMP-IOBY SMP-IOAY 
MUX-08AQ MUX-08BQ OP-32BZl883C OP-32AZl883C SMP-IOBY/883C SMP-IOAY/883C 
MUX-24AQ MUX-24EQ OP-32FZ OP-32EZ SPA-169S None 
MUX-24BQ MUX-24FQ OP-SOBY OP-SOAY SSCTl621 AD2S80Al82A 
MUX-16AT MUX-16ET OP-SOBY/883C OP-SOAY/883C SSCT1622123 None 
MUX-16BT MUX-16FT OSC-1754 OSC-1758 STM1630-34 STM1680183 
OP-OIHJ OP-OIJ PKD-OIBY PKD-OIAY STMl636 Consult AD! 
OP-OIHZ OP-OIHP PKD-OIBY/883C PKD-OIAY/883C STM1660/63mm Consult AD! 
OP-02BJ OP-02AJ PM-lllY PM-lllJ STMl679 None 
OP-02BJ/883C OP-02AJ/883C PM-11Y/883C PM-lllJ/883C STM1681186187/89 ConsultADI 
OP-02EJ OP-07DJ PM-139AY PM-139AY/883C STMI690196 Consult AD! 
OP-02EP OP-I77GP PM-IS6AZ PM-156AZ1883C STMl697 None 
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Oosest Oosest 
Recommended Recommended 

Model Equivalent Model Equivalent 

STM1736137 SDCI740 + CCT 311 AD549 
SW-OIBQ SW-OIFQ 350 None 
SW-7510AQ SW-7510EQ 424 435/ADS34 
SW-7510BQ SW-7510FQ 426 AD534 
SW-75I1AQ SW-1577BQ 427 None 
THC-Family HTC-0300A 428 AD538 
THS-Family HTC-0300A 432 None 
TSLI612 ConsultADI 454 AD537 
ISI0/20 IS4O; AD2S80Al82A 456 AD537 
IS 14124144164 IS74 602JlO AD524 
IS61 IS6O; AD2S80Al82A 602JlOO AD524 
2S20 AD2S80Al82A 602KlOO AD524 
5S70/5S72 AD2S75 603 ADS24 
9S70mm None 605 AD524 
9S75n6l79 None 606 AD625 
41 AD515A 610 AD625 
42 AD549 752 759 
43 AD549 901 904 
47 AD845 907 921 
48 AD845 908 921 
52 AD707 909 921 
102 AD845 931 None 
106 118 932 None 
107 118 933 None 
108 AD845 935 None 
110 AD845 942 None 
120 50 944 None 
141 40 946 None 
142 AD845 948 947 
143 AD845 950 None 
146 AD382 956 None 
149 50 971 921 
153 ADS 17 
161 None 
163 None 
165 None 
170 None 
180 AD OP-07 
183 184 III 220 234 
230 235 
231 233 
232 235 
233 None 
260 AD707 
272 None 
273 None 
276 None 
274J 284J 
279 286J 
280 281 
282J 292A 
283J 292A 
287 None 
301 310 (Module) 
302 310 (Module) 
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Technical Publications 
Analog Devices provides a wide array of FREE technical publi
cations. These include Data Sheets, Catalogs, Application Notes 
and Guides and four serial publications; Analog Productlog, a 
digest of new-production information; DSPatch ,. , a newsletter 
about digital signal-processing (applications); Analog Briefings~, 
current information about products for military/avionics and the 
status of reliability at ADI; and Analog Dialogue, our technical 
magazine, with in-depth discussions of products, technologies 
and applications. 

In addition to the free publications, a group of technical refer
ence books are available at reasonable cost. Subsystem products 
are supported with hardware, software, and user documentation, 
at prices related to content. 

Brief descriptions of typical publications appear below. For 
copies of any items, to subscribe to any of our free serials or to 
request any other publications, please get in touch with Analog 
Devices or the nearest sales office. 

CATALOGS 
Data Acquisition Products Databooks. Contain selection 
guides, data sheets and other useful information about all 
Analog Devices ICs, hybrids, modules and subsystem com
ponents recommended for new designs. The current series 
consists of: 

DATA CONVERTER REFERENCE MANUAL-I992: 
Volumes I and 2. Data sheets and selection guides on AID and 
D/A Converters, VIF and FN Converters, SynchrolResolver-to
Digital Converters, SampleJTrack-Hold Amplifiers, Switches 
and Multiplexers, Voltage References, Data-Acquisition Sub
systems, Analog I/O Ports, Communications Products, Bus In
terface and 110 Products, Application-Specific ICs, Digital Panel 
Meters, Power Supplies. (Available FREE) 

LINEAR PRODUCTS DATABOOK-I9901I99I. Data Sheets 
and Selection Guides on Op Amps, Instrumentation Amplifiers, 
Isolators, RMS-to-DC Converters, Multipliers/Dividers, Log! 
Antilog Amplifiers, Comparators, Temperature-Measuring Com
ponents and Transducers, Special Function Components, Digital 
Panel Instruments, Signal-Conditioning Components and Sub
systems, Mass Storage Components, ATE Components, Auto-

Application Specific ICs. (Available FREE.) 

AUDIOIVIDEO REFERENCE MANUAL-SSM Audio Prod
ucts from ADI's PMI Division: VCAs, Surround-Sound Decoder, 
Audio Preamplifiers, Audio Switches, Line DriverlReceiver, 
Audio Op Amps, Matched Transistors, Level Detection System, 
Voltage-Controlled Filters, Log Conversion Amplifier, Multi
plexed Sample/Hold, plus 19 Application Notes. 

MILITARY PRODUCTS DATABOOK-I990 (in two vol
umes) Information and data on products available with process
ing in accordance with MIL-STD-883. 

Volume 2: PM! Division products-including Class S 
Volume I: All other Analog Devices products 

DATA-ACQUISITION AND CONTROL CATALOG-I990. 
Tutorial and Configuration Guide, with Product Reference 
and Index. Bus-Compatible 110 Boards for: IBM PS/2,* IBM 
PC/XT/AT,* STD Bus, VMEbus, MULTlBUS.t Distributed 
110 Subsystems-fIXed-function front ends, programmable 
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units, and distributed control systems. Modular Signal Condi
tioners-analog and digitizing. Analog Signal-Conditioning 
Panels-isolated and nonisolated. Digital Subsystems-l6- and 
24132-channel. Software-DOS drivers and applications 
packages. 

POWER SUPPLIESt.-Linear Supplies-DC-DC Converters. 
12-page Short-Form Catalog listing ACIDC Power Supplies, 
Modular DC/DC Converters, Power-Supply Test Procedures, 
Transients, Thermal Derating, Mechanical Outlines of Packages 
and Sockets. 

APPLICATION NOTES 
Available individually upon request: 

AID Converters 
"AD671 12-Bit, 2-MHz ADC Digitizes CCD Outputs for 
Imaging Applications" [E1455] 
"AD7672 Converter Delivers 12-Bit 200-kHz Sampling 
Systems" [EBB] 
"Asynchronous Clock Interfacing with the AD7878" [EB34] 
"Bipolar Operations with the AD7572" [EIOIO] 
"Evaluation Board for the AD7701lAD7703 Sigma-Delta 
AID Converters" [E1483] 
"FIFO Operation and Boundary Conditions in the ADB32 
and AD1334" [El355] 
"How to Obtain the Best Performance from the AD7572" 
[EI038] 
"Implement Infmite Sample-and-Hold Circuits Using 
Analog Input/Output Ports" [EB59] 
"Simple Circuit Provides Ratiometric Reference Levels for 
AD782X Family of Half-Flash ADCs" [E1412] 
"Simultaneous and Independent Sampling of Analog Signals 
with the AD1334" [El358] 
"The AD7574 Analog-to-Microprocessor Interface" [E694] 
"Using Multiple ADB34s in Many-Channel Synchronous 
Sampling Applications" [E1435] 

Amplifiers 
"A Balanced-Input High-Level Amplifier" [AN-1I2] 
"Active Feedback Improves Amplifier Phase Accuracy" 
[AN-I07] 
"AD9617/AD9618 Current-Feedback Amplifier Macro
Models" [EI460] 
"An IC Amplifier User's Guide to Decoupling, Grounding, 
and Making Things Go Right for a Change" [AN-202] 
"An Ultralow-Noise Preamplifier" [AN-B6] 
"An Unbalanced Virtual-Ground Summing Amplifier" 
[AN-1l3] 
"Applications of High-Performance BiFET Op Amps" [E727] 
"CMOS DACs and Operstional Amplifiers Combine to 
Build Programmable-Gain Amplifiers" (in 2 parts: I and II) 
[EI073A and ElllO] 

Analos BriefiDp is a rqistered tracIemarIr. of Analos DeYi_. IDe. 
DSPateb is a tracIemarIr. of Analos DeYiceo. Ine. 
Word-Slic:e i. a relistered trademark of ABalos DeYi_. Inc. 

*PClXT/AT. PS/2 and Miero Channel are tracIemarIr.a of International 
BuaiDeuMacbiDe. Corporatioll. 

tMUL 11BUS is a tracIemarIr. of Intel Cotporatioo. 
:n'bis pubtieatioo is available in North Americ:. only. 



"How to Test Basic Operational Amplifier Parameters" 
[AN-20l] 
"JFET-Input Amps Are Unrivalled for Speed and Accuracy" 
[AN-I08] 
"Low-Cost Two-Chip Voltage-Controlled Amplifier and Video 
Switch" (AD539) [AN-213] 
"Using the AD9610 Transimpedance Amplifier" [EI097] 
"Very Low-Noise Operational Amplifier" (OP-27) [AN-I02] 

Analog Signal-Processing and Measurement 
"A Function Generator and Linearization Circuit Using the 
AD7569" [E1369] 
"Precision Surface Measurements Using the AD2S58" 
[EI486] 
"RMS-to-DC Converters Ease Measurement Tasks" 
[EI519] 
"Understanding and Applying the AD7341/AD7371 
Switched-Capacitor Filters" [E1373] 

Audio 
"A Balanced Mute Circuit for Audio Mixing Consoles" 
[AN-122] 
"A Constant-Power 'Pan' Control Circuit for Microphone 
Audio Mixing" [AN-123] 
"A High-Performance Compandor for Wireless Audio 
Systems" [AN-133] 
"An Automatic Microphone Mixer" [AN-134] 
"An Ultralow Noise Preamplifier" [AN-136] 
"A Precision Sum and Difference (Audio Matrix) Circuit" 
[AN-129] 

"A Two-Band Audio Compressor/Limiter" [AN-130] 
"A Two-Channel Dynamic Filter Noise Reduction System" 
[AN-125] 
"High Performance Stereo Routing Switcher" [AN-121] 
"Interfacing Two 16-Bit ADl856 (ADI851) Audio DACs with 
the Philips SAA7220 Digital Filter" [AN-207] 
"Three High-Accuracy RlAAlIEC MC and MM Phono 
Preamplifiers" [AN-124] 

D/A Converters 

"AD7528 Dual 8-Bit CMOS DAC" [E757] 
"Analog Panning Circuits Provide Almost Constant Output 
Power" [AN-206] 
"Circuit Applications of the AD7226 Quad CMOS DAC" 
[E873] 
"CMOS DACs and Operational Amplifiers Combine to Build 
Programmable-Gain Amplifiers" (in 2 parts: I and II) 
[EI073A and ElllO] 
"Dynamic Performance of CMOS DACs in Modem 
Applications" [E 1172] 
"8th Order Programmable Low-Pass Filter Using Dual 12-Bit 
DACs" [AN-209} 
"Exploring the AD667 12-Bit Analog Output Port" [E875] 
"14-Bit DACs Maintain High Performance Over Extended 
Temperature Range" [E987] 
"Gain Error and Tempco of CMOS Multiplying DACs" 
[E63OC] 
"Generate 4 Channels of Analog Output Using AD7542 12-Bit 
D/A Converters and Control the Lot with Only Two Wires" 
[E909] 

"Interfacing the AD7549 Dual 12-Bit DAC to the MCS-48 
and MCS-SI Microcomputer Families" [E94I] 
"Replacing the AD1145 with the AD7846" [EI467] 
"Simple Interface Between D/A Converter and Microcomputer 
Leads to Programmable Sine-Wave Oscillator" (AD7542) 
[E889] 
"The AD7224 DAC Provides Programmable Voltages Over 
Varying Ranges" [E91O] 
"Three-Phase Sine-Wave Generation Using the AD7226 Quad 
DAC" [E924] 
"Understanding and Preventing Latchup in CMOS DACs" 
[AN-I09] 
"Voltage Adjustment Applications of the DAC-8800 
TrimDAC"', an Octal 8-Bit D/A Converter"[AN-142] 

Digital Signal-Processing 
"Considerations for Selecting a DSP Processor" (ADSP-2100A 
vs. TMS32OC25) [E1306] 
"Considerations for Selecting a DSP Processor" (ADSP-2101 
vs. WE DSPI6A) [EI446] 
"Considerations for Selecting a DSP Processor" (ADSP-2101 
vs. TMS320CSO) [EI558] 
"Implement a Cache Memory in Your Word-Slice@ System" 
[EI062] 
"Sharing the Output Bus of the ADSP-1401 Microprogram 
Sequencer" [EI059] 
"Using Digitally Programmable Delay Generators" [EI518a] 
"Variable-Width Bit Reversing with the ADSP-1410 Address 
Generator" [E I 061] 

Disk-Drive Electronics 
"Microstepping Drive Circuits for Single Supply· Systems" 
[EI229A] 
"Simple DAC-Based Circuit Implements Constant Linear 
Velocity (CLV) Motor Speed Control" [EI236] 

Modelling 
"AD9617/AD9618 Current-Feedback Amplifier Macro
Models" [EI460] 
"OP-42 Advanced SPICE Macro-Model" [AN-117] 
"OP-64 Advanced SPICE Macro-Model" [AN-ll0]· 
"OP-260 Advanced SPICE Macro-Model" [AN-126] 
"OP-400 SPICE Macro-Model" [AN-120] 
"OP-470 SPICE Macro-Model" [AN-132] 
"SPICE-Compatible Op Amp Macro-Models" [AN-138] 

Power Supply 
"A Low-Voltage Power Supply Watchdog Monitor Circuit" 
[AN-139] 

Practice 
"An IC Amplifier User's Guide to Decoupling, Grounding, 
and Making Things Go Right for a Change" [AN-202] 
"How to Reliably Protect CMOS Circuits Against Power
Supply Overranging" [CI499] 

Repeater Circuits 
"Improved Tl48 (CEPT) PCM Repeater for #22AWG 
(0.7mm) Unshielded Twisted-Pair Wire" [AN-119] 

Resolver (Synchro) to Digital Conversion 
"Circuit Applications of the 2S81 and 2S80 Resolver-to
Digital Converters" [E114O] 
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"Dynamic Characteristics of Tracking Conveners" [E1l41] 
"Dynamic Resolution-Switching on the IS74 Resolver-to
Digital Converter" [E919] 
"Using the 2S80 Series Resolver-to-Digital Converters with 
SyncMos: Solid-State Scott-T Circuit" [E1361] 
"Why the Velocity Output of the IS74 and IS64 Series RID 
Converters is Continuous and Step-Free Down to Zero 
Speed" [E893] 

Sample-Holds 
"Applying IC Sample-Hold Amplifiers" [E931] 
"Generate 4 Channels of Analog Output Using AD7S42 12-Bit 
D/A Converters and Control It All with Only Two Wires" 
[E909] 
"Implement Infmite Sample-and-Hold Circuits Using Analog 
Input/Output Ports" [E1359] 

Switches and Multiplexers 
"ADG201A1202A and ADG2211222 Performance with 
Reduced Power Supplies" [EI052] 
"Bandwidth, OFF Isolation, and Crosstalk Perfonnance of the 
ADG5XXAA Multiplexer Series" [E1340] 
"Overvoltage Protection for the ADG5XXA Multiplexer 
Series" [EI237] 
"RoN Modulation in CMOS Switches and Multiplexers; What 
it Is and How to Predict its Effect on Signal Distortion" 
[EI470] 

Temperature Measurement 
"A Cost-Effective Approach to Thermocouple Interfacing in 
Industrial Systems" [E730] 
"Use of the ADS90 Temperature Sensor in a Remote Sensing 
Application" [E920] 

V/F Converters 
"Analog-to-Digital Conversion Using Voltage-to-Frequency 
Converters" [E994A] 
"Operation and Applications of the AD654 IC V-to-F 
Converter" [E923] 
"Using the AD6S0 Voltage-to-Frequency Converter as a 
Frequency-to-Voltage Converter" [ElS39] 

Video Applications 
"Animation Using the Pixel Read Mask Register of the 
ADV41X :senes of VIdeo KhM-UJ\L;s" ll:iB16J 
"Changing Your VGA Design from a 171/176 to an 
ADV471" [EI260] 
"Design and Layout of a Video Graphics System for 
Reduced EMI" [E1309] 
"Improved PCB Layouts for Video RAM-DACs Can Use 
Either PLCC or DIP Package Types" [EI22S] 
"Low Cost Two-Chip Voltage-Controlled amplifier and 
Video Switch." (AD539) [AN-213] 
"The AD9S02 Video Signal Digitizer and Its Applications" 
[E1173] 
"Video Formats & Required Load Terminations." [AN-20S] 

APPLICATION GUIDES 
Analog CMOS Switches and Mulliplexers. A 16-page short-form 
guide to high-speed CMOS switches, CMOS switches with di
electric isolation and CMOS multiplexers. Also included are reli
ability data and information on single-supply operation. 
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Applications Guide for Isolation Amplijim and Signal Conditioners. 
A 20-page guide to specifications and applications of galvanically 
isolated amplifiers and signa1 conditioners for industria1, instru
mentation and medical applications. 

CMOS DAC Application Guide 3rd Edition by Phil Burton 
(1989-64 pages). Introduction to CMOS DACs, Inside CMOS 
DACs, Basic Application Circuits in Current-Steering Mode, 
Single-Supply Operation Using Voltage-Switching Mode, The 
Logic Interface, Applications. 

ESD Prevention Manual - Protecting ICs from electrostatic dis
charges. Thirty pages of information that will assist the reader 
in implementing an appropriate and effective program to assure 
protection against electrostatic discharge (ESD) failures. 

High-Speed Data Conversion - A 24-page short-form guide to 
video and other high-speed AID and D/A converters and 
accessories, in forms ranging from monolithic ICs to card-level 
products. 

RMS-to-DC Conversion Application Guide 2nd Edition by 
C. Kitchin and L. Counts (1986-61 pages). RMS-DC Conver
sion: Theory, Basic Design Considerations; RMS Application 
Circuits; Testing Critical Parsmeters; Input Buffer Amplifier 
Requirements; Programs for Computing Errors, Ripple and 
Settling Time. 

Surface Mount IC:I:-A 28-page guide to ICs in SO and PLCC 
packages. Products include op amps, rms-to-dc converters, 
DACs, ADCs, VFCs, sample-holds and CMOS switches. 

DIGITAL SIGNAL PROCESSING MANUALS 
Available at no charge for single copies; write on letterhead. 

ADSP-210IlADSP-2102 USER'S MANUAL-Architecture. 
[Fixed-point processor] Introduction; Computational Units; 
Data Moves, Program Control; Timer; Serial Ports; System In
terface; Memory Interface; Instruction Set Overview; Appen
dixes; Index. 190 pages. 

ADSP-2111 USER'S MANUAL-Architecture. [Fixed-point 
processor] Introduction; Computational Units;' Data Moves; Pr0-
gram Control; Timer; Host Interface Port; Serial Ports; System 
Interface; Memory Interface; Instruction Set Overview; Appen-
..l!_~ __ • 7_..1 ___ ""0 ____ _ 
UJ.A\;;', .ulllol.\;.A. "' ... 0 ,lJCl5\;;'. 

ADSP-2J020 USER'S MANUAL. [Floating-point processor] 
Introduction; Computational Units; Program Sequencing; Data 
Addressing; Timer; Memory Interface; Instruction Summary; 
Assembly Programmer's Tutorial; Hardware System Configura
tion; Appendixes; Index. 394 pages. 

TECHNICAL REFERENCE BOOKS 
Can be purchased from Analog Devices, Inc., at the prices 
shown. If more than one book is ordered, deduct a discount of 
$1.00 from the price of each book. Price of the entire set of 9 
books is $166.00-a bargain for your department's library (in 
effect, the nonlinear, transducer, and high-speed books come 
free). VISA and MasterCard are welcome; phone (617) 461-3392 
or FAX (617)821-4273. Or send your check for the indicated 
amount to Analog Devices, Inc., P.O. Box 9106, Norwood, MA 
02062-9106. 

fThia pub6catioa is available in NOJdI America only. 



ANALOG-DIGITAL CONVERSION HANDBOOK: Third 
Edition, by the Engineering Staff of Analog Devices, edited by 
Daniel H. Sheingold. Englewood Cliffs, NJ: Prentice Hall 
(1986). A comprehensive guide to AID and D/A converters and 
their applications. This third edition of our classic is in hard
cover and has more than 700 pages, an Index, a Bibliography, 
and much new material, including: video-speed, synchro
resolver, VIP, high-resolution, and logarithmic converters, ICs 
for DSP, and a "Guide for the Troubled." Seven of its 22 chap
ters are totally new. $32.95 

DIGITAL SIGNAL-PROCESSING APPLICATIONS US
ING THE ADSP-2IOO FAMILY, by the Applications Staff of 
Analog Devices, DSP Division; edited by Amy Mar (628 pages). 
Englewood Cliffs NJ: Prentice Hall (1990). Bridge the gap be
tween DSP algorithms and their real-world implementation on 
state-of-the-art signal processors. Each chapter tackles a specific 
application topic, briefly describing the algorithm and discussing 
its implementation on the ADSP-2100 family of DSP chips. 
Comprehensive source-code listings are complete with comments 
and accompanied by explanatory text. Programs are listed on a 
pair of supplementary diskettes-furnished with the book. Ap
plication areas include fixed- and floating-point arithmetic, func
tion approximation, digital filters, one- and two-dimensional 
FFTs, image processing, graphics, LP speech coding, PCM, 
ADPCM, high-speed modem algorithms, DTMF coding, sonar 
beamforming. Additional topics include memory interface, mul
tiprocessing, and host interface. The book can serve as a com
panion to Digital Signal Processing in VLSI. Price includes 
diskettes. $38.00 

DIGITAL SIGNAL PROCESSING IN VLSI, by Richard J. 
Higgins. Englewood Cliffs NJ: Prentice Hall (1990). An intro
ductory 614-page guide for the engineer and scientist who needs 
to understand and use DSP algorithms and special-purpose DSP 
hardware ICs-and the software tools developed to carry them 
out efficiently. Real-World Signal Processing; Sampled Signals 
and Systems; The DFT and the FFT Algorithm; Digital Filters; 
The Bridge to VLSI; Real DSP Hardware; Software Develop
ment for the DSP System; DSP Applications; plus Bibliography 
and Index. $38.00 

NEW-DIGITAL SIGNAL PROCESSING LABORATORY 
Using lhe ADSP-2I01 Microcomputer, by Vinay K. Ingle and 
John G. Proakis (Northeastern University). Englewood Cliffs 
NJ: Prentice Hall (1991). Contents: Introduction to the ADSP-
2100/2101 family; ADSP-2101 instruction set overview; Over
view of development tools; Getting started with the ADSP-2101; 
Laboratory experiments using the ADSP-2101; FIR ftIter imple
mentation; I1R ftIter implementation; Fast Fourier transform 
implementation; Applications in communications; Adaptive ftI-
ters and their applications; References; Index. $24.00 

*lnduc:tosyn is a registered trademark of Farrand Industries, Inc. 

HIGH-SPEED DESIGN SEMINAR, published by Analog 
Devices (1990). A 496-page guide to the practical application of 
high-speed semiconductor devices in processing of analog sig
nals. Topics include: data conversion, digital video applications, 
high-speed sample-holds and operational amplifiers, nonlinear 
signal processors (including log amps), comparators and pin 
electronics, time-delay generators, phase-locked loops, direct 
digital synthesis, computer graphics and RAMDACs, and high
speed techniques. $20.00 

NEW-MIXED-SIGNAL DESIGN SEMINAR, published by 
Analog Devices (1991). Contents: Introduction to mixed-signa! 
processing of real-world signals and signa! conditioning; Linear 
and nonlinear analog signal processing; Fundamentals of 
sampled-data systems; ADCs for DSP applications; DACs for 
DSP applications; Sigma-delta ADCs and DACs; Digital signal
processing techniques; DSP hardware; Interfacing ADCs and 
DACs to digital signal processors; Mixed-signal processing appli
cations; Mixed-signal circuit techniques; Index. $22.00 

NONLINEAR CIRCUITS HANDBOOK: Designing wilh 
Analog Function Modules and ICs, by the Engineering Staff of 
Analog Devices, edited by Daniel H. Sheingold. Norwood MA: 
Analog Devices, Inc. (1974). A 540-page guide to multiplying 
and dividing, squaring and rooting, rms-to-dc conversion, and 
multifunction devices. Principles, circuitry, performance, speci
fications, testing, and application of these devices-contains 325 
illustrations. $5.95 

SYNCHRO & RESOLVER CONVERSION, edited by Geoff 
Boyes. Norwood, MA; Analog Device.s, Inc. (1980). Principles 
and practice of interfacing synchros, resolvers, and Inductosyns* 
to digital and analog circuitry. $11.50 

TRANSDUCER INTERFACING HANDBOOK: A Guide 10 

Analog Signal Conditioning, edited by Daniel H. Sheingold. Nor
wood MA: Analog Devices, Inc. (1980). A book for the elec
tronic engineer who must interface transducers for temperature, 
pressure, force, level, or flow to electronics, these 260 pages tell 
how transducers work-as circuit elements-and how to connect 
them to electronic circuits for effective processing of their 
signals. . $14.50 
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Worldwide Sales Directory 
North American Sales Offices and Representatives 
Alabama G.orgia Michigan New York T.xas 

(205) 536·1506 (404) 497.9404 (313) 489·1500 (516)673·1900 *(214) 231·5094 

Alaska *(404) 263·7995 *(313) 348·5795 (716) 381·9100 Utah 
*(206) 575·6344 HawaII Minn .. ota North Carolina (801) 466·9336 
*(714) 641·9391 *(714) 641·9391 (612) 835·2414 (919) 373·0380 V.rmont 
Arizona Idaho Mississippi (704) 846-1702 *(617) 329-4700 

(602) 949·0048 (303) 443·5337 (205) 536·1506 North Dakota Virginia 
Arkansas *(206) 575·6344 Missouri (612) 835·2414 *(301) 992·1994 
*(214) 231·5094 illinois (314) 521·2044 Ohio Washington 
California (708) 520·0710 (913) 829·2800 (216) 247·0060 *(206) 575·6344 
*(714) 641·9391 Indiana Montana *(614) 764-8795 

West Virginia 
*(408) 559·2037 (317) 244-7867 (801) 466·9336 Oklahoma (412) 745-8441 
*(619) 268-4621 Iowa *(714) 641·9391 *(214) 231·5094 *(614) 764-8795 
Colorado (319) 373-0200 Nebraska Oregon Wisconsin 

(303) 443·5337 Kansas (913) 829·2800 *(206) 575-6344 (414) 784·7736 
*(303) 668-6874 (913) 829-2800 Nevada P.nnsylvania Wyoming 
Connecticut K.ntucky 

(505) 828·1300 (412) 745·8441 (801) 466-9336 
(516) 673·1900 (615) 459-0743 

*(408) 559·2037 *(215) 643-7790 
(203) 431·4151 *(714) 641-9391 Pu.rto Rico 

*(617) 329-4700 Rhod. Island *(617) 329-4700 *(617) 329-4700 New Hampshire *(617) 329-4700 louisiana *(617) 329·4700 Canada O.laware *(214) 231·5094 South Carolina (416) 821-7800 *(215) 643-7790 
Main. 

New Jersey (919) 373-0380 (613) 564-0014 
Florida *(617) 329-4700 

(201) 761-1846 
South Dakota (514) 697-0801 

(407) 855-0843 (201) 972·7788 
(612) 835-2414 (604) 465-6892 

(407) 724-6795 Maryland (516) 673-1900 

(813) 963·1076 *(301) 992-1994 *(215) 643-7790 T.nn ..... M.xico 

(904) 994-0599 Massachusetts NewM.xico (205) 536-1506 *(617) 329·4700 

*(407) 660·8444 *(617) 329-4700 (505) 826-1300 (615) 459·0743 

North American Distributors 
Alliance Electronics (505) 292-3360, Allied Electronics (817) 595-3500, Anthem Electronics (408) 453-1200, Bel/Industries (213) 826-
6778, Future Electronics (Canada) (514) 694-1710, Future Electronics (U.S.A.) (508) 779-3013, Hal/·Mark Electronics (214) 343-5000, 
Newark Electronics (312) 784·5100, Pioneer Standard Electronics (216) 587-3600 and Pioneer Technologies Group (301) 921-0060. 

International Direct Sales Offices 
:~::::;; :::12) lie72Gi;" .; ...... n, Tukyu (3i 3:2636826,;; OsaKa i6/3721814;* Korea, (2) 5543301* 

International Distributors 
Australia 
N. S. D. Australia 
Melbourne 

(3) 8900970 
Sidney 

(2) 646-5255 
Brisbane 

(7) 845-1911 
Adelaide 

(8) 211-8499 

Brazil 
Hicad Sistemas Ltda. 

(11) 531-9355 

Hong Kong 
General Engineers 
Hong Kong 
8339013 

Tektron Electronics 
(HK) Ltd. 
388·0629 

India 
Pune 

(212) 342150 
New Delhi 

(11) 6862460 
Bangalore 

(812) 560506 

*Analog Devices, Inc., Direct Sales Offices 
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Malaysia 
Excelpointe Systems 
PTE 

(65) 2848537 
(Singapore) 

M.xlco 
Canadien 

(83) 652020 

New Zealand 
N. S. D. Australia 

(61 3) 8900970 

Peopl.'s R.public of 
China - Beijing 
Excelpoint Company 
Limited 

(1) 8498888 Ext 20635 

Singapore 
Excelpointe Systems 
PTE 

2848537 

South Africa 
Analog Data Products 
CC 

(11) 444-8160 

Taiwan 
Andev Technology 
Co., Ltd. 

(2) 763·0910 
MSI International 
Corp. 

(2) 719-8419 
Jeritron Ltd. 

(2) 88 20710 



European Direct Sales Offices 
Austria Germany Israel SWeden Birmingham 
Tel (222) 88 55 04-0 Munich Tel (52) 911415 Tel (8) 282 740 Tel (021) 501 1166 
Fax (1) 88 55 0485 Tel (89) 57 005-0 Fax (52) 914261 Fax (8) 292 842 Fax (021) 585 5503 

Belgium Fax (89) 57 005 157 Italy SWitzerland Scotland 

Tel (3) 237 1672 Berlin Milan Zurich Tel (0506) 303 06 

Fax (3) 237 84 12 Tel (30) 391 90 35 Tel (2) 665 00 120 Tel (1) 820 01 02 Fax (0506) 372 25 

Denmark 
Fax (30) 392 80 11 Fax (2) 614 12 32 Fax (1) 820 26 01 Southern Area, Walton 

Tel (42) 84 58 00 
Hamburg Turin Morges Tel (0932) 246 200 

Fax (42) 84 03 22 
Tel (4181) 8051 Tel (11) 287 789 Tel (21) 803 25 50 Fax (0932) 224 660 
Fax (4181) 8058 Fax (11) 24812 35 Fax (21) 803 25 52 Sales, Walton 

France Cologne Rome Baar Tel (0932) 253 320 
Antony Cedex Tel (221) 68 60 06 Tel (6) 86 200 306 Tel (42) 330 710 Fax (0932) 253 129 
Tel (1) 46 66 25 25 Fax (221) 680 51 01 Fax (6) 86 200 247 Fax (42) 330 720 Eastern Sales, Harlow 
Fax (1) 46 66 2412 Stuttgart 

Netherlands United Kingdom 
Tel (0279) 418 611 

Meylan Tel (711) 88 11 31 Fax (0279) 430 737 
Tel (76) 41 91 43 Fax (711) 8816 73 Tel (1620) 815 00 Head Office Walton Newbury 
Fax (76) 41 29 90 Fax (1620) 268 19 Tel (0932) 247 401 

Tel (0635) 353 35 
Fax (0932) 253 320 Fax (0635) 373 71 

European Distributors 
Austria France Hungary Norway Turkey 
A.D.E.C. SCAIB SMD Technology BIT ELEKTRONIKK Elektro - Istanbul 
Tel (222) 88 92 876-0 Tel (1) 46 87 23 13 Tel/Fax (1) 1895815 Tel (3) 847 099 Tel (1) 337 22 45 
Fax (222) 88 92 876 85 Fax (1) 45 60 55 49 Italy Fax (3) 845 510 Fax (1) 336 8814 

Belgium RTF Diffusion DeMico Poland Ik Romania United Kingdom 
Betea Tel (1) 49 65 26 26 Tel (2) 95343600 0.1. Stoits, Vienna Polar Electronics 
Tel (02) 725 1080 Fax (1) 49 65 26 49 Fax (2) 9522227 Tel (43) 22 46 41 95 Limited 
Fax (02) 725 1080 DIMACEL Special-Ind Fax (43) 22 46 41 97 (0525) 373 839 
Texim Tel (1) 40 87 70 00 Tel (2) 55210574 Portugal Access Electronic 
Tel (02) 460 52 82 Fax (1) 47.37 5387 Fax (2) 55210612 ATD Electronica Components 
Fax (02) 480 75 85 Verospeed Tecknica DUE Tel (1) 847 2200 (0462) 480888 

Bulgaria 
Tel (44) 84 72 72 Tel (438) 555447 Fax (1) 847 2197 Phoenix Electronics 

0.1. Stoits, Sofia 
Fax (44) 05 1349 Fax (438) 940418 Comelta Limited 

Tel/Fax (92) 890 412 Germany Hellis S.A.S. Tel (1) 942 4106 (0555) 515 66 

Czechoslovakia SPOERLE Elektronik Tel (536) 804104 
Spain 

Arrow Electronics 
Tel (6103) 304-0 Fax (536) 802343 (UK) Limited 

STG ELCON Fax (6103) 304 - 201 LA Tecknica DUE Comelta (0234) 270 777 
Tel (89) 321 49 SASCO GmbH Tel (11) 2425905 Tel (1) 7543001 Jermyn Distribution 
Tesla Piestany Tel (89) 46 11-0 Fax (11) 2425940 Fax (1) 7542151 (0732) 450 144 
Tel (838) 219 31 Selco 
Fax (838) 237 14 

Fax (89) 46 11 270 Pantronic S.R.L. 
Tel (1) 326 4213 USSR 

Semitron Tel (6) 6276209 Argus Trading III Denmark Tel (7742) 70 11 Fax (6) 6272242 Fax (1) 259 2284 
Tel (95) 945 2777 

MER-EL AIS Fax (7742) 69 01 Netherlands Sweden 
Tel (42) 57 1000 Greece Malchus Integrerad Elektronik Yugoslavia 
Fax (42) 57 22 99 AB ALMA Electronic 

Micrelec Tel (010) 427 77 77 
Tel (8) 80 46 85 Tel (41) 428 678 

Finland Tel (1) 544 27 79 Fax (010) 415 44 66 Fax (41) 428735 
Oxxo Oy Fax (1) 544 58 62 Texim Fax (8) 26 22 86 

Electra - Trieste 
Tel (0) 34 55 377 Tel (05427) 333 33 SWitzerland Tel (40) 826 545 
Fax (0) 34 55 471 Fax (05427) 33 888 EljapexAG Fax (40) 820 739 

Tel (56) 27 57 77 

EUROPEAN HEADQUARTERS Fax (56) 26 1486 

EdelsbergstraBe 8-10, 8000 Munchen 21, Germany 
Tel: (89) 57 005-C, Fax: (89) 57 005-257 

WORLDWIDE HEADQUARTERS 
One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A. 
Tel: (617) 329-4700, (1-800) 262-5643 (U.S.A. only); Twx: (710) 394-6577; Fax: (617) 326-8703; Telex: 924491 10191 
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Alphanumeric by Model Number 

Model Page· 

ACI226 .................................. L 
AC2626 .................................. L 

eAD2S34 .............................. C I 3-7 
eAD2S44 ............................. C I 3-15 
eAD2S46 ....•........................ C I 3-23 
eAD2S47 ............................. C I 3-31 
eAD2S65 ............................. C I 3-35 
eAD2S66 ............................. C I 3-35 
eAD2S75 ............................. C I 3-43 
eAD2S80A ............................ C I 3-55 
eAD2S81A ...••...................•... C I 3-71 
eAD2S82A ............................ C I 3-71 
eAD2S83 ............................. C I 3-87 
eAD2S90 ...•..........•.............. C I 3-93 
eAD2S93 ............................. C I 3-97 
eAD2S99 ............................ C I 3-101 
eAD2S100 ............................ C I 3-105 
eAD2S110 ............................ C I 3-105 
eAD28mspOl ........................... C I 4-9 
eAD28msp02 ........................... C I 4-25 

AD101 ................................... L 
AD201 ................................... L 
AD202 ................................... L 
AD203 ................................... L 
AD204 ................................... L 
AD206 ................................... L 
AD208 ..............•....•..........•.... L 
AD210 ...•............................... L 

eAD230 .............................. C I 4-29 
eAD231 .............................. C I 4-29 
eAD231A .............•............... C I 4-41 
eAD232 .............................. C I 4-29 
eAD232A ......•...................... C I 4-41 
eAD233 ..............•............... C I 4-29 
eAD233A ............................. C I 4-41 
eAD234 ..............•.•............. C I 4-29 
eAD235 .............................. C I 4-29 
eAD236 " ................•........... C I 4-29 
eAD237 .............................. C I 4-29 
eAD238 ................••.•.......... C I 4-29 
eAD239 ....••...........•.....•...... C I 4-29 
eAD241 ..••...........•.............. C I 4-29 

AD293 ...................••.............. L 
AD294 ................................... L 
AD295 ......................•....•...•..• L 
AD301 ....•.••.......................•.•. L 
AD346 .............................. C II 4-7 
AD363 .•........•.............•..... C II 7-5 
AD364 ........•..................... C II 7-5 
AD36S ..............................•.... L 
AD367 .•......•...•................•.... D 
AD368 .••..•.•........••.•...•.......... D 
AD369 .................................. D 

eNew product since publication of the most recent Databooks. 

Product Index 
Model Page· 

AD370/371 ................................ D 
AD380 ................................. " L 
AD381 ................................... L 
AD382 ................................... L 
AD386 ............................. C II 4-11 
AD389 ............................. C II 4-25 
AD390 .............................. C I 2-23 
AD392 .................................. D 
AD394 .............................. C I 2-31 
AD395 .............................. C I 2-31 
AD396 .............................. C I 2-39 
AD503 ................................ '" L 
AD504 ................................... L 
AD506 ................................... L 
AD509 .............................. " ... L 
AD510 ................................... L 
AD515 ................................... L 
ADS1SA ................................. L 
AD517 ... , ., ............................. L 
AD518 ................................... L 
AD521 ................................... L 
AD522 .......................... '" . " '" L 
AD524 ................................... L 
AD526 ................................•.. L 
AD532 ................................... L 
AD533 ................................... L 
AD534 ................................... L 
AD535 ................................. " L 
AD536A ................................. L 
AD537 .............................. C II 3-7 
AD538 ................................. " L 
AD539 .......•........................... L 
AD542 ................................... L 
AD544 ................................... L 
AD545 •.................................. L 
AD545A ................................. L 
AD546 ................................... L 
AD547 ................................ '" L 
AD548 ................................... L 
AD549 ......................•.....•...... L 
AD557 .•.....................•....•• C I 2-43 
AD558 .............................. C I 2-47 
AD561 ......................••.....• C I 2-55 • 
AD562 ......................•....... C I 2-59 
AD563 .•........................•... C I 2-59 
AD565A ..................•.......... C I 2-63 
AD566A ............................. C I 2-63 
AD567 .................•..............•.. L 
AD568 ...............•.•............ C I 2-71 
AD569 .............•................ C I 2-83 
AD570 ............................. C II 2-25 
AD571 ............•.... ! ••••••••.•• C II 2-25 
ADS72 ........•.................... C II 2-31 

·c I = Dara Con_lUflmla M_l, Volume I; C II = Dara Con_ Reference Manual, Volume II; D = Data sheet available, consult factory; 
L = LiIw.Ir ProdueIJ Darabook; P = Precision Monolitlrict DiWitm Darabook. 
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Model page* 

AD573 ............................. C II 2-33 
AD574A ............................ C II 2-41 
AD575 ............................. C II 2-53 
AD578 ............................. C II 2-61 
AD579 ............................. C II 2-61 
AD580 .•.•.......................... C II 6-5 
AD581 .............................. C II 6-9 
AD582 •............................ C II 4-29 
AD583 ..........•.................. C II 4-33 
AD584 ............................. C II 6-15 
AD585 ............................. C II 4-35 
AD586 ............................. C II 6-23 
AD587 ............................. C II 6-31 
AD588 ............................. C II 6-39 
AD589 ............................. ell 6-51 
AD590 ................................... L 
AD592 ................................... L 
AD5941595 ................................ L 
AD596/597 ................................ L 
AD598 ................................... L 
AD611 ................................... L 
AD624 ................. , ................. L 
AD625 ..................... , ... , ......... L 
AD630 ................. , ................. L 
AD632 ...•............................... L 
AD633 ..................................• L 
AD636 ................................... L 
AD637 ................................... L 
AD639 ................................... L 
AD640 •.................................. L 
AD642 ................................... L 
AD644 •...................•.............. L 
AD645 ................................... L 
AD647 ......................•............ L 
AD648 ..................•.....•.......... L 
AD650 ...........•.........•....... C II 3-15 
AD651 ............. D 
AD652 .....................•.....•. C II 3-27 
AD654 ..•....•..................... C II 3-43 
AD664 .................••........... C I 2-95 
AD667 ............................. C I 2-115 
AD668 .•.....••.................... C I 2-123 

.AD669 ....•........................ C I 2-139 
AD670 .................•......•.... C II 2-69 
AD671 ..............••..........•.. ell 2-81 
AD673 ............•..............•. C II 2-97 
AD674A ..•............••.••...•••.• C II 2-105 

.AD674B ............................ C II 2-109 

.AD675 ...............•............. C II 2-121 

.AD676 ••........................... C II 2-123 
AD678 ..................•......... C II 2-137 
AD679 ••.....••.............•..••.. C II 2-149 

eNew product since publication of the most recent Databooks. 

Model Page· 

.AD680 ....•........................ C II 6-55 

.AD682 ............................. C II 4-41 
AD684 ............................. C II 4-49 

.AD688 ............................. C II 6-63 
AD693 ..... , ............................. L 
AD694 ................................... L 
AD704 ................................... L 
AD705 ................................... L 
AD706 ................................... L 
AD707 ................................... L 
AD708 ................................... L 
AD711 .................................. , L 
AD712 ................................... L 
AD713 ................................... L 
AD734 ................................... L 
AD736 ................................... L 
AD737 ...................... " ........... L 
AD741 ................................... L 
AD743 ................................... L 
AD744 .............................. , .... L 
AD746 ................................... L 

.AD766 ............................. C I 2-151 
AD767 ............................. C I 2-159 
AD770 ............................. C II 2-161 

.AD773 ............................. elI 2-173 

.AD774B ............................ elI 2-109 

.AD776 ............................. elI 2-189 
AD779 ............................. elI 2-191 

.AD781 ............................. C II 4-57 

.AD783 ............................. C II 4-65 
AD790 .................................. , L 
AD827 ................................... L 
.\D829 ................................... L 
AD834 .................................. , L 
AD840 ................................... L 
AD841 ................................... L 
AD842 .................................. , L 
wlS4:s ................................... L 
AD844 ................................... L 
AD845 ................................... L 
AD846 ................................... L 
AD847 ................................... L 
AD848 .........................•.••...... L 
AD849 ................................... L 
AD880 ................................... L 
AD890 .................................•. L 
AD891 .............•..................... L 
AD892 ..••..••........................•.. L 
AD897 ..•...•............................ L 
AD1139 ......•..................•... C I 2-167 
AD1147 ...................... C I 11-4, C II 12-4 
AD1148 ...................... C I 11-4, C II 12-4 

·c I = Data C_ Re/emr.ce M_l, Vol ...... I; C II = D!zta C ... _lUfemu:. ManlUJl, Vol ...... II; D = Data sheet available, consult factory; 
L = Limm Products Databook; P = l'Tecision M .... lithic. DiWion Databook. 
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Page· Page· Model L 

Model C II 4-69 AD5539 ....................... ·.·.·.·.·.·.'C i 4.47 AD1I54 ............................ C II 2-203 eAD7001. . . . . . . . . . . . . . . . . . . . . . . C I 4-59 
AD1170 .................................. L eAD7002 ............................ : C I 4-75 
AD13l5 ......................... : : : ...... L eAD7005. . . . . . . . . . . . . . . . . . . . . . . . . . .. C I 4-91 

ADl317 ................ :::::::: ......... L eAD7008 .................... '. '. '. '. '. '. '. '. '. '. ' ..... D 
AD1321 . . . . . . . . . . . . . . . . . . .......... L AD7110 . . . . . . . . . . . . . . . . . C I 2-247 
AD1322 . . . . . . . . . . . . . . . . . . . . . . . C II 7-17 AD7111 ............................. C I 2-253 
AD1332 ............................. C II 7-21 AD7118 ............................. C I 2-259 
ADl334 ............................. C II 7-25 AD7224 ............................. C I 2-279 

eAD1341 ............................ : C II 7-41 AD7225 ............................. C I 2~291 
AD1362 ......................... '. '. '. C II 2-215 AD7226 ............................. C I 2-323 
AD1376 ..... . . . . . . . . . . . . . . . . . . . . C II 2-215 AD7228 ............................. C I 2-331 
ADl377 ........................ : : : : C II 2-223 eAD7228A ........................ : : : C I 2-339 

eAD1378 .... . . . . . . . . . . . . . . . . . . . . C II 2-231 eAD7233 . . . . . . . . . . . . . . . . . . . . . . . . .. .. C I 2-347 
AD1380 ............................ C II 2-239 AD7237 . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... D 

eAD1382 ............................ C II 2-255 AD7240 ............................. C I 2-359 
eAD1385 ...................... : : : : : : . C II 6-71 eAD7242 ............................. C I 2-371 

ADl403/1403A ................. C II 2-259 eAD7243 ............................. C I 2-359 
eADl671 .......................... : : C II 2-269 eAD7244 ............................. C I 2-383 
eADl674 . . . . . . . . . . . . . . . . . . . . . . . . . . C I 2-173 AD7245 ............................. C I 2-385 
eADl851 ............................. C I 2-183 eAD7245A ........................... C I 2-347 

ADl856 ............................. C I 2-191 AD7247 ............................. C I 2-383 
ADl860 ........................... : : C I 2-173 AD7248 ......................... : : : : C I 2-385 

eADl861 . . . . . . . . . . . . . . . . . . . . . . . . . .. C I 2-203 eAD7248A. . . . . . . . . . . . . . . . . . . . . . . C I 4-93 
eAD1862 ............................. C I 2-213 eAD7306 ......................... : : : : C I 4-99 
eADl864 ............................. C I 2-225 AD7341. . . . . . . . . . . . . . . . . . . . . . . . . C I 4-99 

,AD\865 .................... : : : : : : : : : C I 2-235 AD7371 ...................... : '. '. '. '. : '. C II 5-9 
eADl866 . . . . . . . . . . . . . . . . . . . . C I 2-237 AD7501. . . . . . . . . . . . . . . . . . . . . . C II 5-9 
eAD1868 ............................ ·C II 2-283 AD7502 ............................ : C II 5-9 
eADl876 ····························C II 2-295 AD7503 ............................ C II 5-13 
eADl878 ····························C II 2-297 AD7506 ......................... '. '. '. ell 5-13 
eAD1879 .............................................. D AD7507 . . . . . . . . . . . . . . . . . . . . . . . . . . C II 5-17 

AD2004 " " " ". '. : : : : : : : .................. D AD7510Dl ........................... ell 5-17 
AD2006 . . . . . . . . ... D AD7511DI ........................... ell 5-17 
AD2008 .......................... : : : : .... D AD7512DI ..................... : : : : : : ..... D 
AD2009 . . . . . . . . . . . . . . . . . . . . . . . . . . C I 5-7 AD7520 ...................... : ........... D 
AD2010 .................................... D AD7521 . . . . . . . . . . . . . . . . . . . . . . . ..... D 
AD2016 ........................... : ...... D AD7522 . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .... D 
AD2020 .................................. C I 5-9 AD7523 ............................. C I 2-399 
AD2021 ....................... C I 5-11 AD7524 ........................... : : ..... D 
AD2026 ...................................... D AD7525 . . . . . . . . . . . . . . . . . . . . . . . . . .. . C I 2-415 
AD2033 . . . . . . . . . . . . . . . . . . . . . . . . . . ... D AD7528 ......................... : : : ...... D II 
AD2040 ...................... : : : : : : : C II 6-75 AD7530 . . . . . . . . . . . . . . . . . . . . . . . . . . ...... D 
AD2700 . . . . . . . . . . . . . . . . . . . . . . C II 6-75 AD7531 . . . . . . . . . . . . . . . . . . . . . . . . . .. C I 2-439 
AD2701 ............................. C II 6-75 AD7533 ............................. C I 2-455 
AD2702 ............................. C II 6-79 AD7534 ............................. C I 2-467 
AD2710 .......................... : : : C II 6-79 AD7535 . . . . . . . . . . . . . . . . . . . . . . . . . . . .. C 2-479 
AD2712 ................. : : : : : : : : : ........ L AD7536 ............................ : C I 2-491 
AD3554 . . . . . . . . . . . . . . . . . . . D AD7537 ........................... : . C I 2-499 

860 . . . . . . . . . . . . . . . . . . D AD7538 .......................... : ....... D ~:200 ;.;;.; . : : : : : : : : : ......... : : : : : : : : : : : DAD'''' ............................. C [2.'" 
AD5210 Series .................. ell 2-809 AD7541A ....................... . AD5240 ........................... . 

. - nata sheet available, consult factory; eNew product since publication of the most =;.~a~~~ta Cmwerter R4/erenc. Manual, Vol ..... II, n _ 
• C I = Data C",,_ Riferenc~ M~~ Mor:mithics Division Databook. 

L = Linear Products Databook, P - INDEX 12-3 



Model Page* 

AD7542 .............•......•........ C I 2-525 
AD7543 ...............•............• C I 2-545 
AD7545 ............................. C I 2-565 
AD7545A ...........•............... C I 2-585 
AD7546 .................................. D 
AD7547 .......................•..... C I 2-593 
AD7548 •.•••........................ C I 2-601 
AD7549 ....••...•................... C I 2-629 
AD7550 .•..•........................•.... D 
AD7552 ...••..........•.•••..••...•...... D 

eAD7564 ...........•.•............... C I 2-637 
eAD7568 .....•....................... C I 2-645 

AD7569 ..............•.............. C II 8-7 
AD7572 ............................ C II 2-299 

eAD7572A ........................... C II 2-303 
AD7574 ............................ C II 2-315 
AD7575 ............................ C II 2-323 
AD7576 .................................. D 
AD7578 ........................... C II 2-335 
AD7579 ............................ C II 2-347 
AD7580 ............................ C II 2-347 
AD7581 ............................ C II 2-363 
AD7582 ...•...•.................... C II 2-371 

eAD7586 ...........................• C II 2-383 
AD7590DI ........................... C II 5-25 
AD759IDI ........................... C II 5-25 
AD7592DI ........................... C II 5-25 
AD7628 ............................• C I 2-657 
AD7669 ............................. C II 8-7 
AD7672 ............•............... C II 2-391 

eAD7701 ............................ ell 2-403 
eAD7703 ............................ ell 2-419 
eAD7710 ............................ C II 2-435 
eAD7711 ............................ C II 2-457 
eAD7712 ............................ C II 2-479 
eAD7713 ......••.•..•..•......•..... C II 2-501 

AD7769 •.......•...........•........ C Jl 11-27 
AD7772 .....•...•....................•..• D 

eAD7773 .•....•.................•.... C II 8-43 
eAD7774 ••.•...............•......••. C 11 8-63 
eAD7775 ••••......•........•.....•..• C II 8-43 
eAD7776 ...........••...•...•....... C II 2-509 
eAD7777 ......••..•.•...•........... C II 2-509 
eAD7778 •.•......................... C II 2-509 

AD7820 .•..........••..•.....••.•.. C II 2-511 
AD7821 •...•......•................ C II 2-521 
AD7824 •.•.•.••••.•..•...•........• C II 2-533 
AD7828 ...........••...•....••.•... C II 2-533 

eAD7837 ...•••...•.................•. C I 2-681 
AD7840 ..•.......•..••.••...•.••...• C I 2-693 
AD7845 ..•...•.•.•.•..••............ C I 2-709 
AD7846 .....•........•••.•...•.•..•. C I 2-721 

Model Page* 

eAD7847 ......•......•............... C I 2-681 
AD7848 ............................. C I 2-735 

eAD7868 ...................•........• C 1I 8-79 
eAD7869 ..........•..............•... C II 8-95 

AD7870 ............................ C II 2-545 
AD7871 ............................ C II 2-563 
AD7872 ............................ C II 2-563 

eAD7874 ........•..•..............•. C II 2-579 
eAD7875 .•.......................... C II 2-545 
eAD7876 ...........•................ C II 2-545 

AD7878 ............................ C II 2-595 
eAD7880 ............................ C II 2-611 
eAD7884 ............................ C II 2-625 
eAD7885 ............................ C II 2-625 
eAD7886 ............................ C II 2-637 
eAD7890 ............................ C II 2-653 
eAD7891 ............................ C II 2-659 
eAD7892 ............................ C II 2-663 
eAD7893 ............................ C II 2-669 

AD9000 ............................ C II 2-673 
AD9002 ............................ C II 2-681 
AD9003 ............................ C II 2-689 

eAD9005A ........................... C II 2-697 
AD9006 ....•.............•......... C II 2-705 
AD9012 ............................ C II 2-721 

eAD9014 ............................ C II 2-729 
AD9016 ............................ C II 2-705 

eAD9020 ............................ C II 2-741 
AD9028 ............•..•............ C II 2-753 

eAD9032 ............................ C II 2-765 
eAD9034 .....................•...... C II 2-765 

AD9038 .......•....•............... C II 2-753 
eAD9040 ............................ C II 2-769 

AD9048 ..............•........•.... C II 2-773 
eAD9058 ............................ C II 2-781 
eAD9060 .•........................•. C II 2-789 
eAD9100 .•...•..•..........•......... C II 4-75 

AD9300 ........•..•...............•. C II 5-31 
AD9500 .•...•............................ L 
AD9501 ••..•...•......................... L 
AD9502 .................................. D 
AD9610 .•.....••..........••........•.... L 
AD9611 ....•...•........•.•.............. L 
AD9617 .•................•........•...... L 
AD9618 ••..••••...........•.....•...•.... L 
AD9620 ........•.........•........•...... L 
AD9630 .......•...........••......•...... L 
AD9686 ........•....•........••.......... L 
AD9696 .•..•............................. L 
AD9698 ...•........•..•......•....•...•.• L 
AD9701 ........•....•.......•.•..... C I 2-747 
AD9712 ........•.•.•••••........•..• C I 2-753 

eNew product since publication of the most recent Oatabooks. . 
·c I = Dalll Commrer &fmnu M""",", Voz...... I; C n = DatIl Commrer &fermu M""",", Voz......l1; D = Data sheet available, coDSUlt factory; 
L = LiMar Protlu&" Datllbook; P = Preeision MI1IIDIUhies DiI1ision Databook. . 
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eAD9712A ........................... C I 2-761 
AD9713 ............................. C I 2-753 

eAD9713A ........................... C I 2-761 
eAD9720 ............................. C I 2-765 
eAD9721 ............................. C I 2-765 

AD9768 ...•......................... C I 2-769 
AD9901 ............................. C I 4-115 

eAD9950 ............................. C I 4-123 
eAD22001 ................................. L 
eAD22050 ................................. L 
eAD22100 ................................. L 
eAD22150 ................................. L 
eAD22180 ................................. L 
eAD22181 .................................. L 

AD75004 ................ C I 2-773, C I 8-1, C II 9-1 
eAD75019 ............................ C II 5-39 

AD75068 ....................... C I 8-1, C II 9-1 
eAD75069 ............................ C I 2-777 
eAD75089 ..........•................. C I 2-777 
eAD75090 ............................ C I 2-777 

AD79015 ................ C I 8-1, C II 7-49, C II 9-1 
eAD79024 ............................ C II 7-57 

AD96685 ................................. L 
AD96687 ................................. L 
AD ADC71 .......................... C II 2-801 
AD ADC72 ...............•.......... C II 2-801 
AD ADC80 .......................... C II 2-803 
AD ADC84 .......................... C II 2-809 
AD ADC85 .......................... C II 2-809 

eADC-170 ........................... C II 2-817 
ADC-908 ................................. D 
ADC-910 ........................... C II 2-819 
ADC-912 ................................. D 

eADC-912A .......................... C II 2-831 
ADCII3011131 ............................. D 
ADCII40 ............•.............. C II 2-843 
ADC1l43 ................................. D 
ADDAC-08 ..•............................ D 
ADDAC71 .......•....................... D 
ADDAC72 .•....•................•....... D 
AD DAC80 .......•.................. C I 2-783 
AD DAC85 ....•...•................. C I 2-783 
AD DAC87 .......................... C I 2-783 

eADDS-21XX-SW ........................... D 
eADDS-2100A-ICE ..•................•.•..... D 

ADDS-210l-ICE ................•.....••••.. D 
eADDS-2101-EZ .....................•....... D 
eADDS-2111-EZ ...••........................ D 

ADG201A ....•...................... C II 5-43 
ADG201HS ..........•............... C II 5-49 
ADG202A ........................... C II 5-43 
ADG211A ..................•........ C II 5-57 
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ADG212A ........................... C II 5-57 
ADG221 ............................ C II 5-65 
ADG222 ............................ C II 5-65 

eADG408 ............................ C II 5-71 
eADG409 ............................ C II 5-71 
eADG41I ............................ C II 5-73 
eADG412 ............................ C II 5-73 
eADG441 ............................ C II 5-75 
eADG442 ............................ C II 5-75 
eADG444 ............................ C II 5-77 
eADG445 ............................ C II 5-77 

ADG506A ........................... C II 5-79 
ADG507A ........................... C II 5-79 
ADG508A ........................... C II 5-87 
ADG509A ........................... C II 5-87 
ADG526A ........................... C II 5-95 
ADG527A ........................... C II 5-95 
ADG528A ........................... C II 5-103 
ADG529A ........................... elI 5-103 
AD OP-07 ................................ L 
ADOP-27 ................................ L 
AD OP-37 ................................ L 
ADSP-824ROM ............................ D 
ADSP-1OO8A .............................. D 
ADSP-l009A .............................. D 
ADSP-IOIOA .............................. D 
ADSP-lOIOB ............................ ,. D 
ADSP-I012A .............................. D 
ADSP-I016A .............................. D 
ADSP-I024A .............................. D 
ADSP-I080A .............................. D 
ADSP-I081A .............................. D 
ADSP-1I01 ............................... D 
ADSP-IIIOA .........•.................... D 
ADSP-1401 ............................... D 
ADSP-1402 ............................... D 
ADSP-14I0 ............................... D 
ADSP-2100 ..........•...................• D 
ADSP-2100A ..........•................ C I 6-2 
ADSP-2101 .................•...••.•... C I 6-2 
ADSP-2102 ................•••.•.•..•.. C I 6-2 

eADSP-2105 ............................ C I 6-2 
eADSP-2106 ............................ C I 6-2 
eADSP-2111 ....................•......• C I 6-2 
eADSP-2112 ...........................• C I 6-2 
eADSP-21msp50 ......................... C I 6-2 
eADSP-2Imsp51 ......................... C I 6-2 

ADSP-3128A ................•............. D 
ADSP-3201 ..........•.........•.......... D 
ADSP-3202 ..........••...............•... D 
ADSP-3210 ..................•.•.......... D 
ADSP-3211 .....................••........ D 
ADSP-3212 ......................•........ D 

·C I = Data COfIW1Ur &fereru:. ManlUll, Volume I; C II = Data COfIW1Ur &fereru:. ManVllI, Volume II; D = Data sheet available, consult factory; 
L = Linear Products Databook; P = Precirirm Mmwlithicl DiWion Databook. 
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ADSP-3220 ..•............................ D 
ADSP-322I .•............•..............•. D 
ADSP-3222 .....•......................... D 

eADSP-21000-SW .........•.............•.... D 
eADSP-21020 ........................... C I 6-2 
eADVIOI •........................... C I 2-793 

ADV453 ............................ C I 2-799 
ADV471 ............................ C I 2-839 

eADV473 ............................ C I 2-805 
eADV475 ............................ C I 2-827 

ADV476 ............................ C I 2-817 
eADV477 ............................ C I 2-827 

ADV478 ............................ C I 2-839 
eADV7120 ........................... C I 2-851 
eADV7121 ........................... C I 2-857 
eADV7122 ........................... C I 2-857 
eADV7141 ........................... C I 2-869 
eADV7146 ........................... C I 2-869 
eADV7148 ........................... C I 2-869 
eADV7150 ........................... C I 2-889 
eADV7151 ........................... C I 2-907 
eADV7152 ........................... C I 2-889 

ADVFC32 .........•................. C II 3-51 
AMP-Ol ........•......................... P 
AMP-02 .................................. P 
AMP-03 .................................. P 
AMP-OS ..•............................... P 
ASICs ................•........ C I 8-1, C II 9-1 
BUF-03 .................................. P 
CAV-1210 ....................•........... D 
CMP-Ol ..•............................... P 
CMP-02 ...........••.•................... P 
CMP-04 .................................. P 
CMP-05 .......•.......................... P 
CMP-08 ................................... P 
CMP-404 ...........•....................... P 
DAC-QS .....•.•......................... D 
DAC-QZ .......•••.....••................ D 
DAC-OI .................................. D 
DAC-02l03 ...............................• D 
DAC-05 ...................... C I 11-4, C II 12-4 
DAC-06 ..........•........... C I 11-4, C II 12-4 
DAC-08 •.•..•....................... C I 2-923 
DAC-I0 .••...•..•..•.•...••....•.... C I 2-935 
DAC-I0Z ............................•.•.• D 
DAC-12M ........................•......• D 
DAC-12QS •.•...........•...•........•.•.• D 
DAC-12QZ ...••....................•..... D 

eDAC-16 .....•....................... C I 2-943 
DAC-20 ........•.•••.•...•............... D 
DAC71m (see AD DAC71m) 
DAC80 (see AD DAC80) 
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DAC85 (see AD DAC85) 
DAC-86 .•.•.............................. D 
DAC87 (see AD DAC87) 
DAC-88 .................................. D 
DAC-89 .................................. D 
DAC-l00 ............................ C I 2-945 
DAC-210 ................................. D 
DAC-312 ............................ C I 2-953 
DAC-888 ................................. D 
DAC1108 ................................. D 
DAC1136 ................................. D 
DAC1138 ................................. D 
DACl146 ..............................•.. D 
DAC-I408A ............................... D 
DACI420 ................................. D 
DAC1422 ................................. D 
DAC1423 ................................. D 
DAC-1508A ..........................•.... D 
DAC-8012 ........................... C I 2-967 
DAC-8043 ........................... C I 2-977 
DAC-8143 ........................... C I 2-987 
DAC-8212 ................................ D 
DAC-8221 .......................... C I 2-1001 
DAC-8222 .......................... C I 2-1015 
DAC-8228 .......................... C I 2-1029 
DAC-8229 .......................... C I 2-1041 
DAC-8248 .......................... C I 2-1053 
DAC-8408 .......................... C I 2-1069 
DAC-8412 .......................... C I 2-1083 

eDAC-8413 .......................... C I 2-1083 
DAC-8426 .......................... C I 2-1095 
1)AC-8800 ...........•.............. C I 2-1107 
DAC-8840 .......................... C I 2-1121 

eDAC-8841 .....•.................... C I 2-1131 
DAS1128 ............•.................... D 
DAS1150 .... , ............................ D 
D ... A ... S1151 ................................. D 
DAS1l52 ............................ C II 7~5 
DAS1l53 .......•....•••..•••.•.•.•.. C II 7~5 
DAS1155 ..•.............................. D 
DAS1156 ..............................•.. D 
DAS1l57 ............••.............. C II 7~9 
DAS1158 ............................ C II 7~9 
DAS1l59 ............................ C II 7~9 
DRCI705 .........................•....... D 
DRCI706 ............•............•....... D 
DRC1745 •........................... C I 3-107 
DRCI746 .......•...•......••...•.•.. C I 3-107 
DSC1705/06 ....•..............•........... D 
HDS-1240E .......•.................•..... D 
HOS-050A ................................ L 
HOS-060 ................................. L 

·c 1= Dara C_ &/mnu MaIIIIIIl, Volume I; C II = Data ConfJerIBT &/mnu Manual, Volume II; D = Data sheet available, consult factory; 
L = LiMar Products Databook; P = Precision Monolithies DiWion Darabook. 
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HTC-0300A ............................... D 
HTS-OOIO ................................ D 
HTS-0025 ................................ D 

eIPA1764 ............................ C I 3-115 
LIU-Ol ............................. C I 4-135 
LTS-0614 ................................. L 
LTS-0655 ................................. L 
LTS-0680 ................................. L 
LTS-2020 ........•........................ L 
LTS-2101 ................................. L 
LTS-2200 ................................. L 
LTS-2302 ................................. L 
LTS-2510 ................................. L 
LTS-2600 . .- ............................... L 
LTS-2700 ................................. L 
LTS-2800 ................................. L 
MAT-01 .................................. P 
MAT-02 .................................. P 
MAT-03 .................................. P 
MAT-04 .................................. P 
MUX-08 ............................ C II 5-111 
MUX-16 ............................ C II 5-123 
MUX-24 ............................ C II 5-111 
MUX-28 ............................ C II 5-123 
MUX-88 ................................. D 
OP-01 ................................... P 
OP-02 ................................... P 
OP-04 ................................... P 
OP-05 .....•............................. P 
OP-06 ................................... P 
OP-07 ................................... P 
OP-09 ................................... P 
OP-10 ................................... P 
OP-11 ................................... P 
OP-12 ...............•................... P 
OP-14 ................................... P 
OP-15 ................................... P 
OP-16 ................................... P 
OP-17 .....................•............. P 
OP-20 ................................... P 
OP-21 ................................... P 
OP-22 .......•........•.............•.... P 
OP-27 ................................... P 
OP-32 ................................... P 
OP-37 ..........................•........ P 
OP-41 ........•............•........•.... P 
OP-42 ................................... P 
OP-43 .....................•........•.... P 
OP-44 ................................... P 
OP-50 ........•............•............. P 
OP-61 ....••......•...................... P 
OP-64 ................................... P 
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OP-77 ................................... P 
OP-80 ................................... P 
OP-90 ................................... P 
OP-97 ................................... P 
OP-I60 .................................. P 
OP-177 .................................. P 
OP-200 .................................. P 
OP-207 .................................. P 
OP-215 .................................. P 
OP-220 .................................. P 
OP-221 .................................. P 
OP-227 .................................. P 
OP-249 .................................. P 
OP-260 .................................. P 
OP-270 .................................. P 
OP-271 .................................. P 

eOP-282 .................................. P 
OP-290 .................................. P 
OP-297 .................................. P 
OP-400 .................................. P 
OP-420 .................................. P 
OP-421 .................................. P 
OP-470 .................................. P 
OP-471 .................................. P 

eOP-482 .................................. P 
OP-490 .................................. P 

eOSC1758 ............................ C I 3-117 
PKD-01 .................................. P 
PM-108 .................................. P 
PM-11 I .................................. P 
PM-119 .................................. P 
PM-139 .................................. P 
PM-I48/248 ................................ P 
PM-ISS .................................. P 
PM-I55A ................................. P 
PM-I56 .................................. P 
PM-156A ................................. P 
PM-157 .................................. P 
PM-I57A ................................. P 
PM-lOO8 ................................. P 
PM-IOl2 ........................•........ P 
PM-2I08 ................................. P 

ePM-6012 ........................... C I 2-1141 • 
PM-7224 ............................ C I 2-267 
PM-7226 ............................ C I 2-303 
PM-7226A ........................... C I 2-303 
PM-7524 ............................ C I 2--405 
PM-7528 ............................ C I 2-423 
PM-7533 ............................ C I 2-445 
PM-7541 ................................. D 
PM-754IA ....•...................... C I 2-513 
PM-7542 .........................•.. C I 2-533 

·c I = Data Crm'IJeI"UT R.femu;e MtmIIIll, Volums I; C II = Data Convemr Refemu;e Manual, Vol ..... ll; D = Data sheet available, consult factory; 
L = Lu..ar Products Databook; P = Precision Mono/ithics DiWion Databook. 
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PM-7543 ...••......•....•....•...•.• C I 2-553 
PM-7545 ............................ C I 2-573 
PM-7548 ............................ C I 2-613 
PM-7574 ................................. D 
PM-7628 ..•......................... C I 2-665 
PM-7645 ...•........•............... C I 2-573 
REF-Ol ............................. C II ~3 
REF-02 .........•................... C II 6-91 
REF-03 ............................. C II 6-99 
REF-OS ............................ C II 6-107 
REF-08 ............................ C II 6-113 
REF-IO ............................ C II 6-121 
REF-43 ..............•............. C II 6-127 
RPT-82 ............................. CI4-147 
RPT-83 ............................. C I 4-147 
RPT-85 ...............•............. C I 4-155 
RPT-86 ....•..........•............. C I 4-163 
RPT-87 ............................. C I 4-163 
RTM Series ............................... D 
SDCI700IRDCI700 .......................... D 
SDC1702IRDC1702 .....•.•.................. D 
SDC17041RDC1704 ..............•........... D 
SDC1725IRDC1725 .....•.................... D 
SDC17261RDC1726 .......................... D 
SDCI74OIRDCI74O ..................... C I 3-119 
SDC1741IRDCI741 ..................... C I 3-119 
SDC17421RDC1742 ..................... C I 3-119 
SDCI7681RDC1768 .........•.........•.•.... D 
SHA-5 ................................... D 
SHA-1I34 ...•.•.....••......••........... D 
SHA-II44 ...................••....•.•.... D 
SMP-04 •.....•.....••............... C II 4-87 
SMP-08 ............................ C II 4-101 
SMP-IO .......••...•..•••.•.•..•••• C II 4-109 
SMP-II ...•........................ C II 4-109 

eSMP-18 ............................ C II 4-119 
SMP-81 ..•.•...•....•....••••.•.......... D 
SSM-2013 ..................•.•.•.........• P 
SSM-2014 ..•............•.••.•............ P 
SSM-2015 ................................. P 
SSM-2016 ....•......•.............•.••.... P 
SSM-2017 •....••.....•.•.................. P 
SSM-2018 ..••...•••.........•...•.••••.... P 
SSM-2024 ...........................•..... P 
SSM-2100 .....•...•...•..................• P 
SSM-2110 ................................. P 
SSM-2120 ................................. P 
SSM-2122 •••.............•...........•...• P 
SSM-2131 .••.............................. P 
SSM-2132 .•.•...•.•........••••..•.•••.... P 
SSM-2134 .......•...........•.....••.•... , P 
SSM-2139 ...•............................. P 
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SSM-2141 ................................. P 
SSM-2142 ..............................•.. P 
SSM-2210 ................•...•............ P 
SSM-2220 •.....•.......................... P 
SSM-2300 .•..............•............•... P 
SSM-2402 ........••................. C II 5-133 

eSSM-2404 ........................... C II 5-147 
SSM-2412 ........................... C II 5-133 
STM Series ............................... D 
SW-Ol ................................... D 
SW-02 ................................•.. D 
SW-06 ............................. C II 5-149 
SW-201 ............................ C II 5,..161 
SW-202 ............................ C II 5-161 
SW-7510 ................................. D 
SW-7511 ................................. D 
IB21 ......................•............. L 
IB22 ..............•..................... L 
IB31 .................................... L 
IB32 .................................... L 
IB41 ..............................•..... L 
IB51 ............•....................... L 

elS74 ................................ C 3-127 
2B20 .................................... L 
2B22 •................................... L 
2B23 .................................... L 
2B24 .................................... L 
2B30 .................................... L 
2B31 .................................... L 
2B34 .................................... L 
2B35 .............................•...... L 
2B50 .................................... L 
"B52 .................................... L 
2B53 ......................•....•....•.•.. L 
2B5412B55 .....•........................•. L 
2B56 .................................•.. L 
2B57 ............. ....................... L 
2B58 .............•....•...•....•........ L 
2B59 ...................................• L 
2S50 ..............•.......•...••... C I 3-135 
2S54 ..........•...•.•.....•.•.•.... C I 3-137 
2S56 .•............................. C I 3-137 
2S58 ..............•...••..•..•••.•. C I 3-137 
2S80A ..................... ' ......... C I 3-55 
2S81A .............••..••.•..•••.... C I 3-71 
2S82A .............................. C 13-71 
3B Series ..•.......•••..••..•....•...••••• L 
4B Series .•....................•.•.•••••.. L 
5B Series ...........•....•.....•....••..•. L 
6B Series .••...................•.......... L 

e7B Series ..........•..•.••..•..•.•.••••••. L 
40 ....••••••....•......•................ L 

·c I = Data C_ RBIereru:. MantUJl, Volume 1; C II = Data Con_ RBI""""'" M_l, Volume 11; D = Data sheet available, consult factory; 
L = LiMat ProduclS Databook; P = l'TecUion MonolitlHcs DiWion Databook. 
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44 ...................................... L 
45 ...................................... L 
46 ....•................................. L 
50 ...................................... L 
51 •••.•....•............................ L 
lI8 ..................................... L 
148 ...•.....•........................... L 
171 ..................................... L 
184 .•••................................. L 
234 ..................................... L 
235 ..................................... L 
261 ..................................... L 
275 ..... , ............................... L 
277 ..................................... L 
281 ..................................... L 
284J .................................... L 
285 ..................................... L 
286J .................................... L 
288 ..................................... L 
289 ..................................... L 
290A .................................... L 
292A .................................... L 
310 ..................................... L 
429 .................•................... L 
433 ..................................... L 
434 ..................................... L 
435 ..................................... L 
436 ..................................... L 
440 ..................................... L 
442 ...............•..................... L 
450 ..................................... D 
451 ..................................... D 
452 ..................................... D 
453 ..................................... D 
458 ..................................... D 
460 ..................................... D 
741A1PM741 ............................... P 
751 ...............................•..... D 
755 ................•.....•.............. L 
756 .•................................... L 
757 .........•.................•......... L 
759 ....•.........•...................... L 
9021902-2 ...................... C I 9-1, C II 10-1 
903 .........•........................... D 
904 .......................... C I 9-1, C II 10-1 
905 .......................... C I 9-1, C II 10-1 
906 .................••....•............. D 
915 ..........•.......................... D 
920 .......................... C I 9-1, C II 10-1 
921 ......••.................• C I 9-1, C II 10-1 
922 .....•...••.....•......... C I 9-1, C II 10-1 
923 .•..••....••.•....•....... C I 9-1, C II 10-1 
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925 .......................... C I 9-1, C II 10-1 
926 ..................................... D 
927 ...........•.............. C I 9-1, C II 10-1 
928 .......................... C I 9-1, C II 10-1 
940 .........................• C I 9-2, C II 10-2 
941 .......................... C I 9-2, C II 10-2 
943 .......................... C I 9-2, C II 10-2 
945 .......................... C I 9-2, C II 10-2 
947 ..................................... D 
949 .......................... C I 9-2, C II 10-2 
951 .......................... C I 9-2, C II 10-2 
952 .......................... C I 9-1, C II 10-1 
953 .......................... C I 9-2, C II 10-2 
955 .......................... C I 9-1, C II 10-1 
958 .......................... C I 9-2, C II 10-2 
959 ..................................... D 
960 .......................... C I 9-2, C II 10-2 
962 .......................... C I 9-2, C II 10-2 
964 .......................... C I 9-2, C II 10-2 
965 .......................... C I 9-2, C II 10-2 
966 .......................... C I 9-2, C II 10-2 
967 .......................... C I 9-2, C II 10-2 
968 ..................................... D 
970 .......................... C I 9-1, C II 10-1 
972 ..................................... D 
973 .......................... C I 9-1, C II 10-1 
974 .......................... C I 9-1, C II 10-1 
975 .......................... C I 9-1, C II 10-1 
976 .......................... C I 9-1, C II 10-1 
977 .......................... C I 9-1, C II 10-1 

• C I = Dara C_ /UfemlC' Manual, Volume I; C II = Dara C_ Reference Manual, Vol ..... II; D = Data sheet available, consult factory; 
L = Linear Products Darabook; P = Precirion MOMlithics DiWion Darabook. 
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