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ABOUT BURR-BROWN 

Burr-Brown Corporation is a leading designer and manufacturer of precision 
microcircuits and microelectronic-based systems for use in data acquisition, 
signal conditioning, measurement, and control. 

We make our products for customers who pursue business success much as 
we do-through worldwide competition based on high performance, high 
quality, and high value. Our customers include OEMs, sophisticated end
users, systems integrators, and V ARs who demand an extra measure of 
performance for their products and operations. 

COMPANY FACTS 
• Founded in 1956. 

• Corporate headquarters, Tucson, Arizona, U.S.A. 

·1500 employees. 

• Manufacturing and technical facilities: Tucson; Livingston, Scotland; 
Atsugi, Japan. 

• Sales and distribution subsidiaries in Austria, Belgium, England, France, 
Germany, Italy, Japan, the Netherlands, Sweden, and Switzerland; 19 inter
national sales representative organizations worldwide . 

• Over 300 sales and service staff worldwide . 

• 800+ high-performance products. 

BURR-BROWN PRODUCTS 
• Precision linear microcircuits, including data converters, operational and 

instrumentation amplifiers, power amplifiers, and isolation amplifiers. Many 
military/high reliability models. 

• DCIDC converter power supplies in a broad range of input/output 
ratings. * 

• Board-level microcomputer subsystems, including high-speed DSP 
boards for VME and IBM PC systems; industrial STD boards; and modular 
PC instrumentation for data acquisition, test, measurement, and control. * 

• Data entry terminals, transaction processors, and peripherals for factory 
data collection, inventory control, labor tracking, and quality assurance. 
Modems, multiplexers, and network servers for industrial data communica
tions and LANs. See Section 14. 

* These items are described in Section 14 and in separate databooks. Also see 
Section 1. 
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QUALITY AT BURR-BROWN 

BUILT·IN QUALITY AND RELIABILITY 
GUARANTEE HIGH PERFORMANCE 
We have been building quality and reliability into our microcircuits, subsys
tems, and systems for over 30 years. Today, our manufacturing and quality 
assurance processes and procedures are backed by millions of units of 
worldwide experience; we make sure our customers get all the operating 
performance in their applications that we design into our products. 

A SYSTEMS APPROACH TO 
QUALITY MANUFACTURING 
In the manufacture of microcircuits, sophisticated production techniques 
and test equipment are used to fabricate silicon wafers and fashion them into 
hybrid and monolithic electronic components. Our engineers have pio
neered hundreds of innovations in manufacturing technology, including 
thin-film dep~sition processes and wafer-level laser trimming to improve 
accuracy and stability. 

HIGH-PERFORMANCE PEOPLE 

Our 1500 worldwide engineers, technicians, managers, and other employ
ees are educated, trained and motivated to continuously improve the prod
ucts and services demanded by our customers. Employee skills are con
stantly improved through in-house and community educational programs to 
meet new operating and competitive challenges. From top to bottom, our 
people focus on the customer and his needs; everyone is a high-performance 
partner in your aggregate business success. 

GETTING IT RIGHT THE FIRST TIME! 

Quality control, like almost everything else at Burr-Brown, begins at the 
design phase. The completed design is carefully checked prior to production 
to make sure that it will meet the quality criteria set up for it. Incoming 
materials from vendors are sampled and carefully inspected to the standard 
established for each item before going into manufactured product. 
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During production, our in-line quality control people sample parts from the 
production line at several stages and inspect partially assembled products 
against performance criteria. A 100% electrical test performed after pro
duction completes the manufacturing cycle. 

Inspection and testing don't stop when production is completed. Many 
Burr-Brown products are subjected to "bum-in" at elevated temperatures to 
catch early or "infant mortality" failures before they reach the customer. 

To maintain both quality and on-time delivery, Burr-Brown uses several 
computerized manufacturing systems. In our AMAPS system, information, 
such as the location of materials, how they are being used, inventory of 
parts, and what materials need to be ordered, is collected and analyzed on 
a regular basis to make sure the work flows smoothly. 

We are also now expanding a rigorous Statistical Process Control (SPC) 
system throughout the company. Our employees are directly involved in all 
aspects of the manufacturing process, so we "do it right the first time" 
instead of catching errors later. SPC is a proven technique that represents the 
future in electronics manufacturing. 
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UNDERSTANDING COMPONENT 
MODEL NUMBERS 

Most Burr-Brown component products in this book have model numbers in 
the following form: 

ADC 80 M A H -12 IQM 
I 
Quality Designator 
(optional) 

Additional Performance 
Information (optional) 

Package Designator 

Performance Gradeffemp Range Designator 

Additional Performance Information (Second Generation, 
Improved Performance, etc.), lor 2 Letters (optional) 

Model Sequence Designator, 2 to 4 digits 

Product Type Prefix 

Exceptions: Second-source products are marked as similarly to the original 
vendor's part number as possible. 

Some products designed for digital audio and signal processing applications 
have model numbers as follows: 

PCM 58 P -J 

I 
I 
Performance Gradeffemp Range Designator 

Package Designator 

Model Sequence Designator, 2 to 4 digits 

Product Type Prefix 
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PRODUCT TYPE PREFIXES 

Product Type Prefix Description 

Amplifiers OPA Operational Amplifier 
INA Instrumentation Amplifier 
PGA Programmable Gain Amplifier 
ISO Isolation Amplifier 

Analog Circuit MFC Multifunction Converter 
Functions MPY Multiplier 

DIV Divider 
LOG Logarithmic Amplifier 

Frequency Products VFC VOltage-to-Frequency Converter 
UAF Universal Active Filter 

Conversion Products ADC AID Converter 
ADS AID Converter with Sample/Hold 
DAC D/A Converter 
MPC Multiplexer 
PCM AID and D/A Converters for Audio 

and Digital Signal Processing 
SDM System Data Modules 
SHC Sample/Hold 

MisceJlaneous PWS Power Supply 
PWR Power Supply 
REF Reference 
XTR Transmitter 
RCV Receiver 

PERFORMANCE GRADE AND TEMPERATURE RANGE DESIGNATORS 

Temperature Ran~e 
ooe to 700 e -25°C to +85°C (I) -55°C to + 125°C 
(Commercial) (Industrial) (Military) 

Increasing Parametric 
Performance H A R 

t 
J B S 
K C(best) T (best) 
L (best) 

NOTE: (1) For some industrial products this may be -40°C to 85°C. 

PACKAGE DESIGNATORS 

M 
P 
G 

U 
N 
L 
D 

Metal (hermetic) 
Plastic DIP (nonhermetic) 
Ceramic (hermetic or 
nonhermetic) 
SOIC 
PLCC 
Ceramic Leadless Chip Carrier 
Die 

H Ceramic hermetic 

Burr-Brown Ie Data Book x 

QUALITY DESIGNATORS 

a 
OM or/OM 

BlorB 

Burr-Brown's a program 
Burr-Brown's a program with 
Military Visual Criteria 
Burn-in 
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WHERE TO GO FROM HERE: 
BURR-BROWN SALES & SERVICE 

GETTING TECHNICAL ASSISTANCE 
We have a large and competent field sales force, backed up by an 
experienced staff of technical applications specialists. They are eager to 
assist you in selecting the right product for your application. This free 
service is available from our Tucson-based headquarters and all sales 
offices. 

GETTING PRODUCT DATA SHEETS 
AND OTHER TECHNICAL LITERATURE 
Burr-Brown uses Product Data Sheets (PDSs) to describe its components. 
This Data Book is a compilation of PDSs for products recommended for 
new designs at the time of publication (1/89). You can receive individual 
PDSs for older products, new introductions, or revisions of existing prod
ucts by contacting your local Burr-Brown salesperson or representative. 
See the listing on the inside back cover. 

HOW TO PLACE AN ORDER 
You can place orders via telephone, FAX, mail, TWX, or TELEX with any 
authorized Burr-Brown field sales office, sales representative, or our head
quarters in Tucson. A complete list of sales offices is on the inside back 
cover of this book. When placing an order, please provide complete infor
mation, including model number with all option designations, product de
scription or name, quantity desired, and ship-to and bill-to addresses. This 
will help us serve you most efficiently. 

PRICES AND TERMS 
Prices listed in this catalog are effective until March 31, 1989 and unless 
otherwise noted apply only to domestic U.S.A. customers. All other cus
tomers should contact their local Burr-Brown sales office for pricing. 
Prices and specifications are subject to change without notice. 

For U.S.A. customers all prices are FOB Tucson, Arizona, U.S.A., in U.S. 
dollars. Applicable federal, state, and local taxes are extra. Terms are net 
30 days. 
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QUOTATIONS 
Price quotations made by Burr-Brown or its authorized field sales repre
sentatives are valid for 30 days. Delivery quotations are subject to recon
firmation· at the time of order placement. 

RETURNS AND WARRANTY SERVICE 
When returning products for any reason, it is necessary to contact Burr
Brown prior to shipping for authorization and shipping instructions. In the 
U.S.A., contact our Tucson headquarters. In other countries, contact your 
local Burr-Brown sales office or representative. Please ship returned units 
prepaid and supply the original purchase order number and date, along 
with an explanation of the malfunction. Upon receipt of the returned unit, 
Burr-Brown will verify the malfunction and will inform you of the 
warranty status, cost to repair or replace, credits, and status of replacement 
units where applicable. 
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BURR-BROWN 
TECHNICAL LITERATURE 

An extensive library of Burr-Brown technical literature is available to 
design engineers and others interested in using Burr-Brown components. 
Contact your local Burr-Brown salesperson or representative for the items 
you need. See the listing on the inside back cover. 

PRODUCT DATA SHEETS (PDSs) 
Individual PDSs similar to those in this book are available. You may want 
to request a particular PDS to get the most recent version or to obtain infor
mation on products not featured here. This last group includes new products 
not introduced when this book was created and those listed in Other Prod
ucts Still Available tables in the introductory material of each section. 

MILITARY PRODUCTS DATA BOOK 
This publication covers the complete line of Burr-Brown military/high re
liability components and die. Burr-Brown's Military Products Division 
facilities have been certified to both MIL-STD-976 and MIL-STD-1772. All 
product families are fully specified from -55°C to + 125°C with up to three 
performance grades at the /883B product assurance level. For more informa
tion, see page 14-5. 

The Military Products Data Book will be available in Second Quarter 1989. 
To obtain a copy, contact your local Burr-Brown salesperson or representa
tive. See the listing on the inside back cover. 

POWER SOURCES HANDBOOK 
Burr-Brown offers a wide selection of power conversion products, all 
completely described in this useful book. In addition to containing detailed 
PDSs, it also has an extensive selection guide, a discussion of advanced 
reliability programs, a glossary of terms, and application notes for effective 
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use of these products. For more information, see pages 14-1 to 14-4. 

The Power Sources Handbook will be available in early 1989. To obtain a 
copy, contact your local Burr-Brown salesperson or representative. 

RELIABILITY REPORTS 
Burr-Brown performs extensive reliability evaluations of new products and 
processes. Copies of these reports are available from your local Burr-Brown 
salesperson or representative. 

APPLICATIONS HANDBOOK 
This is a booklength collection of more than 50 Application Notes written 
by Burr-Brown's engineering staff. It offers practical, detailed information 
on the most popular components, such as those covered in this book
operational amplifiers, isolation amplifiers, digital-to-analog converters, 
analog-to-digital converters, and more. 

UPDATE 
Burr-Brown publishes this full-color supplement sevetal times a year to 
keep our customers informed about new product developments, supporting 
literature, and applications. 

TECHNICAL BOOKS 
Burr-Brown engineers, in cooperation with McGraw-Hill, have authored 
the world's most ex.ensive and authoritative library dealing with the art of 
analog signal conditioning, conversion, and computation. These four hard
bound books, described below, are respected and referenced throughout the 
international engineering community. They are available to you directly 
from Burr-Brown. 

FUNCTION CIRCUITS: Design and Applications 

This volume is the first to cover the multifaceted area of analog function cir
cuits. It explores in depth both the design theory and numerous applications 
for such analog functions as Multipliers, Dividers, Logarithmic Amplifiers, 
Exponentiators, RMS-to-DC Converters, and Active Filters. It also clearly 
shows how to specify and test these functions, which are increasingly 
becoming available in integrated circuit form. (more than 300 pages, 200 
illustrations) 
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OPERATIONAL AMPLIFIERS: Design and Applications 

This pioneering work provides practical information you can directly apply 
to instrumentation design. It covers basic theory, test methods, amplifier 
design techniques, and applications. Part I discusses the design of opera
tional amplifiers, offering insight into factors determining performance 
characteristics, and outlines techniques for their control. Part II presents a 
wide range of practical operational amplifier applications, and provides 
sufficient descriptions of operation to permit design adaptation from the 
specific circuits described. (more than 470 pages, 300 illustrations) 

APPLICATIONS OF OPERATIONAL 
AMPLIFIERS: Third Generation Techniques 

The second volume of the Operational Amplifier series, this book is much 
more than just a collection of circuit or theoretical analysis. It also presents 
numerous applications of operational amplifiers in a variety of electronic 
equipment-specialized amplifiers, signal controls, processors, waveform 
generators, and special-purpose circuits. It is a storehouse of detailed, 
practical information, featuring numerous circuit diagrams, circuit values, 
pertinent design equations, error sources and test-based comments on the 
efficiency of the arrangements and devices. (more than 230 pages, 170 
illustrations) 

DESIGNING WITH OPERATIONAL 
AMPLIFIERS: Applications Alternatives 

The latest volume of the Operational Amplifier series offers a wealth of in
novative applications and circuit techniques that have recently been devel
oped. Example applications include complete explanations of circuit opera
tions, allowing you to efficiently develop further circuits. Practicallimita
tions are also discussed, in addition to pertinent design equations that can 
be adapted to your specific requirements. (more than 270 pages, 200 illus
trations) 
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OPERATIONAL AMPLIFIERS 

APPLICATION GROUPS 
Burr-Brown operational amplifiers are listed in eight applications groups de
scribed belo~. This helps you determine and select the best operational 
amplifier available for a design. Instrumentation amplifiers and isolation 
amplifiers are described in Sections 3 and 4 respectively. 

LOW DRIFT 

Low drift operational amplifiers are best suited for applications where 
accuracy must be preserved over a substantial temperature range. These 
amplifiers are optimized to minimize the initial input offset voltage and input 
offset voltage change with temperature. Input offset drifts from 0.1J.LV;oC to 
5J.LV fOe are available within this group. 

LOW BIAS CURRENT 

Low bias current operational amplifiers consist of FET input designs. This 
group includes amplifiers with input bias currents from 0.01pA to 50pA. 
Applications with large feedback resistances or large source resistances (long 
time constants, integrators, current sources, etc.) and buffer applications will 
benefit by the use of low bias current amplifiers. 

LOW NOISE 

This group contains low noise bipolar and FET input operational amplifiers. 
Burr-Brown units offer guaranteed noise spectral density, 100% tested. In 
applications such as low noise signal conditioning, light measurements, 
radiation measurements, photodiode circuits or low noise data acquisition, 
the fully characterized and tested voltage noise performance of these units 
allows the designer to truly bound noise errors. 

Burr-Brown Ie Data Book 2-1 

2 

Vol. 33 



WIDEBAND 

Wideband operational amplifiers have bandwidths greater than 5MHz. This 
group also contains fast settling and high slew rate amplifiers. These ampli
fiers reduce phase errors at high frequencies and accurately reproduce 
complex waveforms. These amplifiers are well suited for pulse, video, fast 
settling, and multiplexing applications. 

mGHVOLTAGE 

Amplifiers in this group are designed to provide large output voltage swings 
and to operate on wide ranges of supply voltage. Output voltages from ±lOV 
and ±145V (up to 290V, single supply) are available in this applications 
group. These amplifiers provide good frequency response and performance 
in other parameters. Most models have electrically isolated packages and 
automatic thermal sensing and shutdown. All units have FET inputs to 
minimize bias current errors when the amplifier is used with the large 
resistance& usually found with high-voltage amplifiers. 

mGHCURRENT 

These amplifiers provide output currents from ±lA to ±lOA. They are used 
with small load resistances, coax cable driving, and with power booster ap
plications. Many units have self-contained thermal sensing and shutdown to 
automatically protect the amplifiers from overheating and damage. All of 
these units have electrically isolated packages. 

UNITY·GAlN BUFFER (pOWER BOOSTER) 

Unity-gain buffer amplifiers have a wide variety of applications. They are 
used to boost the output current capability of another amplifier, buffer an 
impedance that might load a critical circuit or to be an input impedance 
converter from an input that must not be loaded. These amplifiers may also 
be used inside the feedback loop of another operational amplifier to form a 
current-boosted composite amplifier. 

SPECIAL PURPOSE 

Special purpose op amps provide features or performance that don't fit 
conventional categories. These include op amps specified for very wide 
temperature range and devices with switchable inputs. 

OPERATIONAL AMPLIFIERS SELECTION GUIDES 
The following Selection Guides show parameters for the high grade. Refer to 
the Product Data Sheet for a full selection of grades. Models shown in 
boldface are new products introduced since publication of the previous Burr
Brown IC Data Book. 
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LOW DRIFT 

Low offset voltage drift vs temperature performance in both PET and bipolar 
input types is obtained by our sophisticated drift compensation techniques. 
First, the drift is measured and then special laser trim techniques are used to 
minimize the drift and the initial offset voltage at 25°C. Finally, "max drift" 
performance is retested for conformance with specifications. 

LOW DRIFT (S5IlV/OC) Boldface = NEW 

Offset Voltage, Bias Open Frequency 
max Current Loop Resl!!onse 

At Temp (25°C), Gain, Unity Slew Rated 
25°C, Drift, max min Gain Rate Outeut, min Temp 

Description Model (±mV) (±j.lV/oC) (nA) (dB) (MHz) (V/IlS) (±V) (±mA) Range(') Pkg Page 

FET OPA627M 0.1 0.8 20 110 16 45 12 30 Ind T0-99 2·174 
OPA627P 0.25 2 50 104 16 40 12 30 Ind DIP 2·174 
OPA111M 0.25 ±0.001 120 2 2 11 5 Ind TO-99 2-55 

Wideband OPA156M 2 5 0.05 94 6 14 10 5 Mil TO-99 2-80 
OPA356M 2 5 0.05 94 6 14 10 5 Com TO-99 2-80 
OPA602M 0.25 2 ±.001 92 6.5 28 10 15 Ind T0-99 2·145 
OPA602P 0.5 5 ±.002 88 6.5 24 10 15 Ind DIP 2·145 
OPA606M 0.5 5 ±0.01 100 13 35 12 5 Com TO-99 2-158 

Dual FET OPA2111M 0.5 2.8 ±0.004 114 2 2 11 5 Ind TO-99 2-195 
OPA2107P 0.5 5 0.006 80 5 15 11 10 Ind DIP 2·193 

Bipolar OPA27J, Z 0.025 0.6 ±40 120 8 1.9(3) 12 16.6 Mil TO-99, 2-27 
DIP 

OPA37J, Z 0.025 0.6 ±40 120 63(2) 11.9(3) 12 16.6 Mil TO-99, 2-27 
DIP 

OPA27P 0.100 1.8 ±80 117 8 1.9(3) 12 16.6 Com DIP 2-27 
OPA37P 0.100 1.8 ±80 117 63(2) 11.9(3) 12 16.6 Com DIP 2-27 

Low Power OPA21Z 0.1 25 120 0.3 0.2 13 5 Ind DIP 2-21 

NOTES: (1) Com = O°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to +125°C. (2) Gain-bandwidth product for OPA37. 
Av = 5 min. (3) Typical. 

LOW BIAS CURRENT 

Our many years of experience in designing, manufacturing and testing PET 
amplifiers give us unique abilities in providing low and ultra-low bias current 
op amps. These amplifiers offer bias currents as low as 75fA (75 x 10-15 A) and 
voltage drift as low as IflVrc. With offset voltage laser-trimmed to as low 
as 250flV, the need for expensive trim pot adjustments is eliminated. 

LOW BIAS CURRENT (SSOpA) Boldface = NEW 

Offset Voltage, Bias Open Frequency 
-:-:--"m~a==x,--_ Current Loop Resl!!onse 

At Temp (25°C), Gain, Unity Slew Rated 
25°C, Drift, max min Gain Rate Output, min 

Description Model (±mV) (±IlV/OC) (pA) (dB) (MHz) (V/IlS) (±V) (±mA) 

FET OPA111M 0.25 ±1 120 2 2 11 5 

Temp 
Range(') 

Ind 

Pkg Page 

TO-99 2-55 

i 
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LOW BIAS CURRENT (S50pA) (Continued) Boldface = NEW 

Offset Voltage, Bias Open Frequency 
max Current Loop Res~onse 

At Temp (25°C), Gain, Unity Slew Rated 
25°C, Drift, max min Gain Rate Outeut, min Temp 

Description Model (±mV) (±Il V/OC) (pA) (dB) (MHz) (V/IlS) (±V) (±mA) Range(1) Pkg Page 

FET OPA627M 0.1 0.8 20 110 16 45 12 30 Ind TQ..99 2-174 
OPA627P 0.25 2 50 104 16 40 12 30 Ind DIP 2-174 

Low Noise OPA101M 0.25 5 -10 94 10 6.5 12 12 Ind TO-99 2-43 
OPA102M 0.25 5 -10 94 40 14 12 12 Ind TO-99 2-43 

Ultra-Low OPA128M 0.5 5 ±0.075 110 3 10 5 Com T0-99 2-72 
Bias Current AD515H 1 25 0.075 88 0.35 1 10 5 Com TO-99 2-13 

DualFET OPA2111M 0.5 2.8 ±4 114 2 2 11 5 Ind TO-99 2-195 
OPA2111 P 2 15 ±15 106 2 2 11 5 Com DIP 2-195 
OPA2107P 0.5 5 6 80 5 15 11 10 Ind DIP 2-193 

Quad FET OPA404G 0.75 3(2) ±4 92 6.4 35 12 5 Ind DIP 2-94 
OPA404P 2.5 5(2) ±12 88 6.4 35 11.5 5 Com DIP 2-94 

Low Cost OPA121M 2 10 ±5 110 2 2 11 5 Com TO-99 2-66 
OPA121P 3 10 ±10 106 2 2 11 5 Com DIP 2-66 
OPA602M 0.25 2 1 92 6.5 28 10 15 Ind TO-99 2-145 
OPA602P 0.5 5 2 88 6.5 24 10 15 Ind TQ..99 2-145 

Wideband OPA606M 0.5 5 ±10 100 13 35 12 5 Com TO-99 2-145 
OPA606P 3 10(2) ±25 90 12 30 11 5 Com DIP 2-145 

NOTES: (1) Com = O°C to +70°C, Ind = -2SoC to +85°C, Mil = -SsoC to + 125°C. (2) Typicai. 

LOW NOISE 

Now both PET and bipolar input op amps are offered with guaranteed low 
noise specifications. Until now the designer had to rely on "typical" specs for 
his demanding low noise designs. These fully characterized parts allow a truly 
complete error budget calculation. 

LOW NOISE (Very LoweN) Boldface = NEW 

Frequency 
Noise Bias Offset Open Res~onse 

Voltage Current Voltage, max Loop Slew 
at 10kHz, (25°C), at Temp G~in, Gain Rate, Rated, 

max max 25°C Drift min BW min Out~ut, min Temp 
Descrlp. Model (nV!VHz) (pA) (±mV) (±IlV/OC) (dB) (MHz) (V/IlS) (±V) (±mA) Range(1) Pkg Page 

Bipolar OPA27J, Z 3.8 ±40nA 0.025 0.6 120 8 1.9(2) 12 16.6 Mil TO-99, 2-27 
DIP 

OPA37J, Z 3.8 ±40nA 0.025 0.6 120 63 11.9(2) 12 16.6 Mil TO-99, 2-27 
DIP 

Wide OPA101M 8 -10 0.25 5 94 20 5 12 12 Ind TO-99 2-43 
Bandwidth OPA102M 8 -10 0.25 5 94 40 10 12 12 Ind TO-99 2-43 

FET OPAlllM 8 ±1 0.25 1 120 2 1 11 5 Ind TO-99 2-55 
OPA602M 12(2) 1 0.25 2 92 6.5 28 10 15 Ind TQ..99 2-145 

(Continued on next page.) 
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LOW NOISE (Very LoweN) (Continued) Boldface = NEW 

Frequency 
Noise Bias Offset Open Res~onse 

Voltage Current Voltage, max Loop Slew 
at 10kHz, (25°C), at Temp Gain, Gain Rate, Rated 

max max 25°C Drift min BW min Out~ut! min Temp 
Descrlp. Model (nV I"'Hz) (pA) (±mV) (±!!V/OC) (dB) (MHz) (V/!!s) (±V) (±mA) Range(') Pkg Page 

FET OPA627M 5.4 20 0.1 O.S 110 16 45 
OPA627P 6.2 50 0.25 2 104 16 40 

Low Cost OPA27P 4.5 ±80nA 0.100 1.8 117 8 1.9(2) 
OPA37P 4.5 ±80nA 0.100 1.8 117 63 11.9(2) 

Dual FET OPA2111M 8 ±4 0.5 2.8 114 2 

12 30 Ind TO·99 
~174~ 12 30 Ind DIP 2·174 

10 16.6 Com DIP 2-27 
10 16.6 Com DIP 2-27 

11 5 Ind TO-99 2-195 I 
OPA2111 P 6(2) ±15 2 15 106 2 11 5 Com DIP 

NOTES: (1) Ind = -25°C to +85°C, Mil = -55°C to +125°C, Com = O°C to +70°C. (2) Typical. 

UNITY -GAIN BUFFER (POWER BOOSTER) 
, 

These versatile amplifiers boost the ouput current capability of another 
amplifier; buffer an impedance that might load a critical circuit; and may be 
used inside the feedback loop of another op amp to form a current-boosted, 
composite amplifier. Currents as high as ±200mA are available with speeds 
of 2000V/I!S. 

2-195 

UNITY·GAIN BUFFER Boldface = NEW 

Rated Frequency Responses Input 
Output, min -3dB Full Power Slew Rate Gain Impedance Temp 

Description Model (±V) (±mA) (MHz) (MHz) (V/!!s) (V/v) (Q) Range(') Pkg Page 

High 3553AM 10 200 300 32 2000 10" Ind TO-3 2-225 
Performance 

Low Cost OPA633H, P 11 so 275 65 2500 =1 1.5 x10· Ind TO·S, DIP 2·176 

NOTE: (1) Ind = -25°C to +85°C. 

WIDE BANDWIDTH 

Design expertise in wideband circuits combines with our fully developed 
technology to create cost-effective wideband op amps. Burr-Brown high
speed amplifiers also offer outstanding DC performance specifications. 

WIDE BANDWIDTH (;::5MHz) 

Frequency Response Offset Voltage, Open 
Slew max Loop 

Gain Rate ts Rated At Temp Gain, 
BW min ±0.1% Out~ut! min 25°C Drift min Temp 

Descrip. Model (MHz) (V/!!s) (ns) Comp (±V) (±mA) (±mV) (±!!V/OC) (dB) Range(') Pkg 

FET OPA156M 6 10 1.5j.lS int 10 5 2 5 94 Mil TO-99 
OPA356M 6 10 1.5j.lS int 10 5 2 5 94 Com TO-99 

Page 

2-80 
2-80 

(Continued on next page.) 
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WIDE BANDWIDTH (2:5MHz) (Continued) Boldface = NEW 

Frequency Response Offset Voltage, Open 
Slew max Loop 

Gain Rate ts Rated At Temp Gain, 
BW min ±0.1% Output, min 25°C Drift min Temp 

Descrip. Model (MHz) (V/f.ls) (ns) Comp (±V) (±mA) (±mV) (±f.lV/0C) (dB) Range(1) Pkg Page 

FET 

(Dual) 

OPA602M 
OPA602P 
OPA2107 
OPA605C 

OPA606M 
OPA606P 
OPA627M 
OPA627P 
3554M 

3551 

3550 

Bipolar 3508 

3507 

6.5 28 600 
6.5 24 600 
5 15 1f.1s 
200, 300(') 300 
A=1000 
13 25 1J.1S 
12 20 1J.1S 
16 45 400 
16 40 400 
1700, 1000 120 
A=1000 
50, 250 400 
A=10 
20, 100 400 
A=1 

100, 20 
A=100 
20, 80 200 
A=10 

Quad FET OPA404G 6.4 28 600 
OPA404P 6.4 24 600 

Low Noise OPA27 
Bipolar OPA37 

8,A=1 1.9(2) 
63,A=5 11.9(2)-

int 
int 

. int 
ext 

int 
int 
int 
int 
ext 

ext 

int 

ext 

ext 

int 
int 

int(a) 
intI') 

Low Noise OPA101M 20, 5 2.5J.1S int 
FET A=100 

OPA102M 40, 10 1.5J.1S int 
A=100 

Fast OPA600M 5000, 500 80 
Settling A=1000 

Very Fast OPA620 
Settling OPA621 
Precision 

170 200(2) 10 
250, 1000(2)10 
A=10 

Very Fast OPA675G 3000, 200 15 
Settling A=16 
Switched OPA676G 3000, 200 15 
Input A=16 

Low Cost OPA27P 
OPA37P 

8,A= 1 1.9<2)-
63, 11.9(2) -
A=5 

ext 

int 
ext 

ext 

ext 

int 
in!!') 

Wide 
Temp 
Range 

OPA11HT 12.A=1 4 1.5J.1S ext 
OPA27HT 6.A=1 1,9 int 

10 
10 
11 
10 

12 
11 
12 
12 
10 

10 

10 

10 

10 

15 
15 
10 
30 

5 
5 
30 
30 
100 

10 

10 

10 

10 

0.25 
0.5 
0.5 
0.5 

0.5 
3 
0.1 
0.25 

2 
5 
5 
5 

5(2) 
10(2) 

0.8 
2 
15 

50(2) 

50(2) 

5 30(2) 

10 30(2) ) . 

11.5 5 0.75 3(2) 
11.5 5 2.5 5(2) 

12 
12 

12 

12 

9 

2.7 
2.7 

2.1 

2.1 

12 
12 

16.6 0.025 0.6 
16.6 0.025 0.6 

12 0.25 5 

12 0.25 5 

180 4 40 

150(2) 0.5 5(2) 
150(2) 0.5 5(2) 

30 5 

30 5 

16.6 0.100 1 .8 
16.6 0.100 1.8 

92 Ind 
88 Ind 
80 Ind 
96(') Ind 

100 Com 
90 Com 
110 Ind 
104 Ind 
100 Ind 

88 Com 

88 Com 

TO-99 
TO-99 
DIP 
DIP 

TO-99 
TO-99 
T0-99 
DIP 
T()"3 

TO-99 

TO-99 

2-145 
2-145 
2·193 
2-152 

2-158 
2-158 
2-174 
2-174 
2-229 

2-221 

2-217 

98 Com TO-99 2-215 

83 Com TO-99 2-213 

92 Ind DIP 
88 Com DIP 

2-94 
2-94 

120 Mil TO-99, DIP 2-27 
120 Mil TO-99, DIP 2-27 

94 Ind TO-99 2-43 

94 Ind TO-99 2-43 

86 Ind DIP 

55 Com, Mil DIP 
55 Com, Mil DIP 

65 Com, Mil DIP 

65 Com, Mil DIP 

117 Com DIP 
117 Com DIP 

2-137 

2-166 
2-170 

2-186 

2-186 

2-27 
2-27 

10 
12 

15 5(2) 5 98 -55/+200°C TO-99 2-17 
16.6(2) 0.050 0.25(2) 120 -55/+200°C TO-99 2-39 

NOTES: (1) Com = O°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to +125°C. (2) Typical. (3) G = 5 min. for OPA37. 
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HIGH VOLTAGE, HIGH CURRENT Boldface = NEW 

Offset Voltage, Bias Frequency 
max Current Response Open 

Rated Output, At Temp (25°C), Unity Slew Loop 
min 25°C Drift max Gain Rate Gain Temp 

Description Model (±V) (±mA) (±mV) (±~V/°C) (pA) (MHz) (V/~s) (dB) Range(1) Pkg Page 

i 
High Power OPA501M 26 10A 5 40 20nA 1.35 98 Ind TO-3 

2_'09~ OPA511M 22 SA 10 65 40 1 1 91 Ind TO-3 2-117 
OPA512BM 35 10A 6 65 30 4 2.5 110 Ind TO-3 2-122 
OPA512SM 35 15A 3 40 20 4 2.5 110 Mil TO-3 2-122 
OPA541M 35 5A 1 30 50 1-6 8 90 Ind TO-3 2-127 

(Dual) OPA2541M 35 5A 1 30 50 1.6 8 90 Ind TO-3 2-205 
OPA550 35 2A 1 30 50 3 15 90 Ind TO-220 2-135 
3573M 20 2A(4) 10 65 40nA 2.6 94 Ind TO-3 2-243 
3572M 30 2A(4) 2 40 100 0.5 3 94 Ind TO-3 2-237 en 3571M 30 1A(3) 2 40 100 0.5 3 94 Ind TO-3 2-237 0: 

W 
Wide band 3554M 10 100 15 50 1700(2) 1200 100 Ind TO-3 2-229 

LL 

High Voltage 3584M 145 15 3 25 20 20(2) 150 126 Com TO-3 2-255 :::::i 
3583M 140 75 3 25 20 5 30 118 Ind TO-3 2-251 c.. 
3582 145 15 3 25 20 5 20 118 Com TO-3 2-247 :il: 
3581 70 30 3 25 20 5 20 112 Com TO-3 2-247 e( 

3580 30 60 10 30 50 5 15 106 Com TO-3 2-247 ...J 
OPA445BM 35 15 3 10 50 2 10 100 Ind TO-99 2-104 e( 

Z 
Buffer 3553M 10 200 50 300(5) 200 300 2000 NA Ind TO-3 2-225 0 

OPA633 11 80 15 33(5) 35~A 275(5) 2500 NA Ind TO-8, DIP 2-176 l-
e( 

NOTES: (1) Com = O°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to + 125°C. (2) Gain-bandwidth product. (3) 2A peak. 0: 
(4) 5A peak. (5) Typical. W 

c.. 
SPECIAL PURPOSE 0 

These op amps offer specialized performance or function, including devices 
with wide temperature range, low quiescent current, and switched inputs. 

SPECIAL PURPOSE Boldface = NEW 

Offset Voltage, Bias Open Frequency 
max Current Loop ResJ;!onse 

At Temp (25°C), Gain, Unity Slew Rated 
25°C, Drift, max min Gain Rate Out~ut, min Temp 

Description Model (±mV) (±~V/OC) (nA) (dB) (MHz) (V/~s) (±V) (±mA) Range(1) Pkg Page 

Low Power OPA21Z 0.1 25 120 0.3 0.2 13.7 1.4 Ind DIP 2-21 

Switchable OPA201G 0.1 25 120 0.5 0.1 13.5 5 Com DIP 2-86 
Input 

Very Fast OPA675G 5 35~A 65 185(3) 350 2.1 30 Com,Mil DIP 2-186 
Settling OPA676G 5 35~A 65 185(3) 350 2.1 30 Com,MiI DIP 2-186 

Wide Temp OPA11HT 5 5(2) ±25 94 12 7 10 15 -55°C to TO-99 2-17 
Range +175°C 

OPA27HT 0.05 0.25(2) 1~ 120 6 1.9 12 16(2) -55°C to TO-99 2-39 
+200°C 

NOTES: (1) Com = O°C to +70°C, Ind = -25°C to +85°C Mil = -55°C to + 125°C. (2) Typical. (3) -3dB BW at Gain of + 1 OVIV. 
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MODELS SnLL AVAILABLE BUT NOT FEATURED IN THIS BOOK 

Recommended 
Model Description Newer Model Equlvalency<') 

3329/03 Hybrid Power Booster OPA633 FIE 
3500 Low Bias Current Op Amp OPA27 FIE 
3501 Low Bias Current Op Amp OPA111 PIP 
3510 Low Drift Op Amp OPA27 FIE 
3521 Low Drift Op Amp OPA111 PIP 
3522 Low Drift Op Amp OPA111 PIP 
3523 Low Bias Current Op Amp OPA128 PIP 
3527 Low Drift FET Op Amp OPA111 PIP 
3528 Low Bias Current Op Amp OPA128 PIP 
3542 FET Input Op Amp OPA121(2) PIP 
OPA37HT Wide Temp Op Amp OPA11HT PIP 
OPA103 Low Bias Current Op Amp OPA128 PIP 
OPA104 Low Bias Current Op Amp OPA128 PIP 
DEM102 Demo Kit for IS01 02 
DEM106 Demo Kit for IS01 06 

NOTES: (1) PIP = Pin for Pin. A true second source. FIE = Functional Equivalent. Very similar function, very similar performance, 
but not pin for pin. C/P = Closest Part. Similar function, similar performance, but significant differences exist. (2) Supply Range for 
OPA121 is±5V to±18V (instead of±5V to ±20V). 
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OPERATIONAL AMPLIFIERS GLOSSARY 

COMMON-MODE INPUT IMPEDANCE 

Effective impedance (resistance in parallel with capacitance) between either 
input of an amplifier and its common, or ground tenninal. 

COMMON-MODE REJECTION (CMR) 

When both inputs of a differential amplifier experience the same common
mode voltage (CMV), the output should, ideally, be unaffected. CMR is the 
ratio of the common-mode input voltage change to the differential input 
voltage (error voltage) which produces the same output change. 

CMR (in dB) = 20 loglo CMV /Error Voltage 
Thus a CMR of 80dB means that 1 V of common-mode voltage will cause an 
error of 100/lV (referred to input). 

COMMON-MODE VOLTAGE (CMV) 

That portion of an input signal common to both inputs of a differential 
amplifier. Mathematically itis defined as the average of the signals at the two 
inputs: 

COMMON-MODE VOLTAGE GAIN 

Ratio of the output signal voltage (ideally zero) to the common-mode input 
signal voltage. 

COMMON-MODE VOLTAGE RANGE 

Range of input voltage for linear, nonsaturated operation. 

DIFFERENTIAL INPUT IMPEDANCE 

Apparent impedance, resistance in parallel with capacitance, between the two 
input terminals. 

FULL POWER FREQUENCY RESPONSE 

Maximum frequency at which a device can supply its peak-to-peak rated 
output voltage and current, without introducing significant distortion. 

GAIN-BANDWIDTH PRODUCT 

Product of small signal, open-loop gain and frequency at that gain. 
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INPUT BIAS CURRENT 

DC input current required at each input of an amplifier to provide zero output 
voltage when the input signal and input offset voltage are zero. The specified 
maximum is for each input. 

INPUT BIAS CURRENT vs SUPPLY VOLTAGE 

Sensitivity of input bias current to power supply voltages. 

INPUT BIAS CURRENT vs TEMPERATURE 

Sensiti vity of input bias current to temperature. 

INPUT CURRENT NOISE 

Input current that would produce, at the output of a noiseless amplifier, the 
same output as that produced by the inherent noise generated internally in the 
amplifier when the source resistances are large. 

INPUT OFFSET CURRENT 

Difference of the two input bias currents of a differential amplifier. 

INPUT OFFSET VOLTAGE 

DC input voltage required to provide zero voltage at the output of an amplifier 
when the input signal and input bias currents are zero. 

INPUT OFFSET VOLTAGE vs SUPPLY VOLTAGE (PSR) 

Sensitivity of input offset voltage to the power supply voltages. Both power 
supply voltages are changed in the same direction and magnitude over the op
erating voltage range. 

INPUT OFFSET VOLTAGE vs TEMPERATURE (DRIFT) 

Rate of change of input offset voltage with temperature. At Burr-Brown, this 
is the change in input offset voltage from +25°C to the maximum specifica
tion temperature, plus the change in input offset voltage from +25°C to the 
minimum specification temperature, this quantity is divided by the specified 
temperature range. 

INPUT OFFSET VOLTAGE vs TIME 

The sensitivity of input offset voltage to time. 

INPUT VOLTAGE NOISE 

Differential input voltage that would produce, at the output of a noiseless 

Burr-Brown Ie Data Book 2-10 Vol. 33 



amplifier, the same output as that produced by the inherent noise generated 
internally in the amplifier when ~e source resistances are small. 

MAXIMUM SAFE INPUT VOLTAGE 
Maximum voltage that may be applied at, or between, the inputs without 
damage. 

OPEN·LOOP GAIN 
Ratio of the output signal voltage to the differential input signal voltage. 

OPERATING TEMPERATURE RANGE 
Temperature range over which the amplifier may be safely operated. 

OUTPUT RESISTANCE 
Open-loop output source resistance with respect to ground. 

POWER SUPPLY RATED VOLTAGE 
Normal value of power supply voltage at which the amplifier is designed to 
operate. 

POWER SUPPLY VOLTAGE RANGE 
Range of power supply voltage over which the amplifier may be safely 
operated. 

QUIESCENT CURRENT 
Current required from the power supply to operate the amplifier with no load 
and with the output at zero volts. 

RATED OUTPUT 
Peak. output voltage and current that can be continuously, simultaneously 
supplied. 

SETTLING TIME 
Time required, after application of a step input signal, for the output voltage 
to settle and remain within a specified error band around the final value. 

SLEW RATE 
Maximum rate of change of the output voltage when supplying rated output 
current. 

Burr-Brown Ie Data Book 2-11 Vol. 33 

en 
a: 
w 
u:: 
:J 
c. 
:::E 
<C 
..J 
<C z o 
~ 
a: w 
c. o 



SPECIFICATION TEMPERATURE RANGE 
Temperature range over which "versus temperature" specifications are speci
fied. 

STORAGE TEMPERATURE RANGE 

Temperature range over which the amplifier may be safely stored, unpow
ered. 

UNITY·GAIN FREQUENCY RESPONSE 
Frequency at which the open-loop gain becomes unity. 
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BURR-BROWN® 

IElElI 

FET -Input Electrometer 
OPERATIONAL AMPLIFIER 

FEATURES 
• ULTRA-LOW BIAS CURRENT: O.075pA max 

• LOW POWER: 1.5mA max 

• LOW OFFSET: lmV max 

• LOW DRIFT: 15IlV/oC max 

• LOW COST 

• REPLACES ANALOG DEVICES AD515 

DESCRIPTION 
The Burr-Brown AD5l5 is a monolithic pin-for-pin 
replacement for the hybrid Analog Devices AD5l5 
ultra-low bias current operational amplifier. 

Laser-trimmed offset voltage and very-low bias 
current are important features of this popular 
amplifier. Monolithic construction allows lower cost 
and higher reliability than hybrid designs. 

The AD5l5 is available in three electrical grades; all 
are specified over QOC to +7QoC and supplied in a 
TO-99 hermetic package. 

APPLICATIONS 

• pH SENSORS 

• INTEGRATORS 

• TEST EQUIPMENT 

• ELECTRO-OPTICS 

• CHARGE AMPLIFIERS 

• GAS DETECTORS 

Case (Guard) 

~ 

Trim Trim 

AD515 

AD515 

7 +Vcc 

Inlernational Airport Industrial Pork· P.O. Box 11400· Tucson. Arizona 85734· Tal. (602) 746-1111 . Twx: 91 0-952· t111 . Cabla: BBRCORp· Telex: 66·64111 

PDS-6S4A 
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SPECIFICATIONS 
ELECTRICAL 
At Vee = ±15VDC and TA = +25°C unless otherwise noted Pin 8 connected to ground 

AD515J AD515K AD515L I 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Galn(1) R,;o,2kO 20k 40k 25k VN 
R,;o,10kO 40k 100k 50k VN 

T MIN to T MAX, 

R,=2k 15k 40k 25k VN 

RATED OUTPUT 

, Voltage Output RL = 2kO TMIN to T MAX ±10 ±12 · · · · V 
R, = 10kO TMIN to TMAX ±12 ±13 · · · · V 

Load Capacitance Stability Gain = +1 1000 · · pF 
Short CIrCUit Current 10 25 50 · · · · · · rnA 

FREQUENCY RESPONSE 

UnIty Gam, Small Signal 350 · · kHz 
Full Power Response 20V pop, 

RL=2k 5 16 · · · · kHz 
Slew Rate Vo = ±10V, 

R,=2k, 
Gain =-1 03 10 · · · · VII's 

Overload Recovery Gain =-1 16 100 · · · · IJ5 

INPUT 

OFFSET VOLTAGE'" 
I nput Offset Voltage VCM =OVDC 04 30 · 10 · 10 rnV 
Average Dnft TMIN to T,..,AX 50 15 25 I'VI'C 
Supply Rejection TMtN to TMAJ( 68 86 80 74 dB 

50 400 100 200 I'VN 

BIAS CURRENT'" 
Input BIBS Current VCM = OVDC 300 150 75 IA 

EIther Input 

IMPEDANCE 
Differential 10" 1116 · · 011 pF 
Common-Mode 10" II 08 · · nil pF 

VOLTAGE RANGE'" 
Differential Input Range ±20 · · V 
Common-Mode Input Range ±10 ±11 · · · · V 
Common-Mode Rejection V'N = ±10VDC 66 94 80 70 dB 

NOISE 
Voltage o 1Hz to 10Hz 40 · · I'Vp-p 

fo= 10Hz 75, · · nVl.jHz 
10= 100Hz 55 · · nVl.jHz 
10 = 1kHz 50 · · nVl.jHz 

Current o 1Hz to 10Hz 0003 · · pA pop 
10 = 10Hz to 10kHz 001 · · pA rrns 

POWER SUPPLY 

Rated Voltage ±15 · · VQC 
Voltage Range. 

Derated Performance ±5 ±18 · · · · VDC 
Current. QUiescent 10 = OrnADC 08 15 · · · · rnA 

TEMPERATURE RANGE 

Specification Range Ambient temp 0 +70 · · · · 'C 
Storage Ambient temp -65 +150 · · · · 'C 

* Specification same as AD515J 

NOTES (1) With or without nulling of Vos (2) Offset voltage, offset current, and biBS current are measured with the Units fully warmed up (3) If It IS possible for 
the Input voltage to exceed the supply voltage, a series protection resistor should be added to limit Input current to 0 SmA The Input deVices can withstand overload 
currents of 0 3mA Indefinitely without damage 
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ORDERING INFORMATION 

AD515 X H 

Basic model number 

Performance grade 

___ :=J ___ T 
J, K, L = O°C to +70°C 

Package code 
H = TO-99 metal can 

CONNECTION DIAGRAM 

Top View Guard and Case 

-Vee 

ABSOLUTE MAXIMUM RATINGS 

Supply. . . . . . . . . . . .•. . . . . . . . .. .. . . . ...• . . . . •. . .. ±18VDC 
Internal Power Dissipation'" . . . . .•. . ... . . .. . . . • ... 500mW 
Differential Input Voltage'" ...................... ±36VElC 
Input Voltage Range'21 ........................ .. ±18VDC 
Storage Temperature Range. . . . . . . . . .... -65°C to +150°C 
Operating Temperature Range. . . . . . ..... -55°C to +125°C 
Lead Temperature (soldering. 10 seconds) . . . . . • . .. +300°C 
Output Short Circuit Duration'3I .............. Continuous 
Junction Temperature ......................... '" +175°C 

NOTES (1) Packages must be derated based on 8Jc = 150°C/W or (iJ", = 
200"C/W (2) For supply voltages less than ±18VDC the absolute 
maximum Input voltage IS equal to the supply voltage, (3) Short CirCUIt 
may be to power supply common only Ratmg applies to +25°C ambient. 
Observe diSSipation hmlt and TJ 

MECHANICAL 

"H" PACKAGE 
NOTE Leads In true position within 010" 
( 25mm) R at MMC at seating plane 
Pm numbers shown for reference only 

TO-99 (Hermetic) 

conform to Method 2003 (solderability) t:::: e =:I 
Numbers may not be marked on package f A ~ 
Pm matenal and plating composition 

··""~~'~'~'·"~·""}L~ 1111111 I j 
DIM MI~NCH~AX ~II~UME~:~ C - --;J 

335 370 Seating K 

::: 335 .,. '",no II I II • 
::: :~ 025 053 -..1.-0 

025 N t---
200 BASIC 508 BASIC I ~ 

~ '~ ~ 
500 I + ~ G 

06 6° 

45° BASIC 

095 10 

TYPICAL PERFORMANCE CURVES 
T,.:;::: +25°C, Vee:;::: ±15VDC unless otherwise noted 
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NORMALIZED BIAS CURRENT vs TEMPERATURE 
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POWER SUPPLY REJECTION vs FREQUENCY 

I 1#·~-4+++~~~'-~<'~·· ~~ 
10 100 1k 10k 100k 1M 10M 

Frequency (Hz) 

APPLICATIONS INFORMATION 
OFFSET VOLTAGE ADJUSTMENT 

6 

FIGURE I. Offset Voltage Trim. 

INPUT PROTECTION 

The AD515 requires input protection only if the source is 
not current limited. Limiting input current to O.5mA 
with a series resistor is recommended when input voltage 
exceeds supply voltage. 

Static damage can cause subtle changes in amplifier 
input characteristics without necessarily destroying the 
device. In precision operational amplifiers (both bipolar 
and FET types), this may cause a noticeable degradation 
of offset voltage and drift. 

Static protection is recommended when handling any 
precision IC operational amplifier. 

GUARDING AND SHIELDING 

As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickup in 
input leads. If large feedback resistors are used,. they 
should also be shielded along with the external input 
circuitry. 
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Leakage currents across printed circuit boards can easily 
exceed the bias current of the AD515. To avoid leakage 
problems, it is recommended that the signal input lead of 
the AD515 be wired to a Teflon standoff. If the lead is to 
be soldered directly into a printed circuit board, utmost 
care must be used in planning the board layout. 

A "guard" pattern should completely surround the high 
impedance input leads and should be connected to a low 
impedance point which is at the signal input potential. 
The amplifier case should be connected to any input 
shield or guard via pin 8. This insures that the amplifier 
itself is fully surrounded by guard potential, minimizing 
both leakage and noise pickup (see Figure 2). 

Non.lnvertlng Buffer 

Inverting TO-99 Bollom View 

Out 

Board layoul for Input guarding: 
Guard top and bottom of board. 
Alternate-use Teflon® standoff for sensltiv~ input Pins. 

Teflonl!l E I Du Pont de Nemours & Co 

FIGURE 2. Connection of Input Guard. 
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BURR-BROWN@ 

IE;EIElI OPA11HT 

Wide Temperature-Range 
General Purpose 

OPERATIONAL AMPLIFIER 

FEATURES 

• -55°C TO +175°C SPECIFICATIONS 

• 30nA MAX. INPUT BIAS CURRENT AT +175°C 

• ±8mV. MAX. INPUT OFFSET VOLTAGE AT +175°C 

• ±5,.IV/oC TYP. INPUT OFFSET VOLTAGE COEFFICIENT 

• 12MHz BANDWIDTH. TYPICAL 

• HERMETIC PACKAGE WITH STANDARD PINOUT 
(741-TYPEI 

DESCRIPTION 

These specifications give you a versatile operational 
amplifier that will work in circuits that are subjected 
to extremely wide temperature ranges. Typical ap
plications for OPAIIHT include general purpose 
gain blocks, high-speed pulse amplifiers, audio 
amplifiers, high-frequency active filters, high-speed 
integrators, and photodiode amplifiers. 

You're assured of this product's performance over 
the -55°C to +175OC range because we conduct 100% 
screening procedures in accordance with MIL-STD-
883, method 5004, class B. Burn-in is performed at 
200°C. Our sample and inspection procedures include 
both destructive and nondestructive bonding wire 

pull tests in accordance with Method 20 II of MIL
STD-883. The product is assembled in a clean-room 
environment. 
Model OPA II HT is internally compensated for 
stability at all gains. Pins are available for special 
tailoring of the bandwidth compensation. Significant 
advantages in high gain, wide bandwidth, low-bias 
current, high output current and high common
mode rejection are provided by OPA II HT. Inputs 
are protected against common-mode voltages up to 
the value of the power supplies while the output is 
current limited to offer short circuited protection. 
TO-99 hermetic package has standard 741-type 
pinout arrangement. 

Iniernlllllllli Airport Indualrlal Pari! . P.O. Box 11400· Tuclon. Arizona 85134· T81.11I02I14&·1111 • Twx: 910-952·1111 • Clble: BBRCORP • Talex: 116-6491 
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SPECIFICATIONS 
ELECTRICAL 
Specifications at ±15VDC and T A = +175°C unless otherwise noted MECHANICAL 

MODEL OPA11HT 

CHARACTERISTIC I SYMBOL I MIN TVP MAX UNIT TO-99 PACKAGE 

OPEN LOOP GAIN, DC, single-ended Av 
No load 103 dB 
RL=2kO 94 100 dB rF:=tl RATED OUTPUT 
Voltage, RL 2kO Yom ±10 ±12 V L- j • 
Current (TA = 25°C) 10m ±15 ±23 mA ! '; 
DYNAMIC RESPONSE(TA 25°C} r.rl!I!1 FJ I Small-Signal BandwIdth (OdB) 12 MHz 

Full-Power Bandwidth} Your = ±10V BW,p 50 75 kHz 
Slew Rate R, = 2kO SR 4 7 V/Jlsec 

5,,,,",11111 1 SettlIng TIme (0.1%) 1.5 JJsee 
RIse TIme 110% to 90%, smail-sIgnal} 30 nsec 

Plane ---.1.---0 

INPUT OFFSET VOLTAGE V,o 

L~ I nitlall wIthout ad) at 25°C) ±1 ±5 mV 
Over Temperature • TA= +t75OC ±6 mV ,o~l\\ N ; TA = -55OC ±7 mV 

~. 
t 

Average VlO coeffiCient ±5 ~V;oC 

Average VIO coeffiCient va 
supply voltagelTA = 25°CI ±10 ±200 ~V/V 

INPUT BIAS CURRENT I,b 
Initial at +25°C ±10 ±25 nA NOTE 

Over Temperature Leads," true pOlltlO" wIthin 010" 

TA=+175OC ±30 nA 
( 25mm) FI @ MMC at seatlnlJ plane 

TA= -55OC ±40 nA Pm numbers shown for reference only 

Average lib coeffiCient ±01 nAJoe Numbers may not be marked on package 

INPUT DIFFERENCE CURRENT 1'0 INCHES MILUMETERS 

'mtlal at +25°C ±10 ±25 nA DIM MIN MAX MIN MAX" 

Over Temperature A 335 370 851 940 

TA=+175OC ±30 nA 8 305 335 775 8" 

TA = -55°C ±40 nA 
c 165 185 419 470 

Average 110 coefficient ±O 1 nAloe 
0 016 021 041 053 , 010 04. .25 '.2 

INPUT IMPEDANCE ITA - 25°CI F 010 040 025 102 

Differential r, 100 300 Mil G 200 BASIC 508 BASIC 

C, 3 pF 
H 028 034 071 08. 

Common Mode r,(CM} 1000 MO 
J .29 045 074 114 

500 127 K 
c,(CM) 3 pF L 110 160 279 406 

INPUT VOLTAGE RANGE M 45° BASIC 45° BASIC 

Common Mode ±11 V N ... ~O5 241 2.7 

Differential Mode ±12 V 
Common·Mode Rejection CMR 90 100 dB 

Over Temperature I-55°C" TA " +175OC) 100 dB 

POWER SUPPLYITA - 25°C) CONNECTION DIAGRAM 
Rated Voltage Vee ±15 V 
Voltage Range, derated ±8 to±22 V 
Current, qUiescent Iq ±3 ±3.7 mA BANDWIDTH CONTROL 

Over Temperature (-55°C ~ TA ~ +175°C) ±3 mA 
Power Supply Rejection OFFSET ADJ 8 RatIO ITA = +175'C) PSrr 80 100 dB 

V+ 
TEMPERATURE RANGE 1 7 
Specification -55°C ::5 T A::5 +175°C 
Operating -55°C ::5 T A ::5 +200°C -
Storage -65°C ::5 T A ::5 +250°C -IN 2 6 OUT 

+ 

3 5 
+IN 4 OFFSET ADJ 

V-

(TOP VIEW) 

PIN 4 IS CONNECTED TO CASE 
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TYPICAL PERFORMANCE CURVES 
(at ±15VDC and TA = +25DC unless otherwise specified) 

OPEN LOOP FREQUENCY RESPONSEI 1 I 

120 r---r--r-....,..-""T"-"""-"'" 

~~--~--~~~~Mh~~~~ 

20 

9.-~30_0~p_F~+-__ -+ ____ ~~~~~~ 
loo0pF 

-20 L---'_--J_--J_--J'----J'--....I...1 
10 100 lk 10k lOOk 1M 10M 

Frequency (Hz) 

STEP RESPONSE IN FOLLOWER CONFIGURATIONI21 

I I I 
k.. 
.~ ~ ~ Positive GOing 

" .~ I III 
~~ ~~Fr+ -~ '" 

)A +\75lc 
Time 10 5~sec/dlv) 

OUTPUT VOLTAGE SWING vs FREQUENCY 
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INPUT BIAS CURRENT AND DIFFERENCE CURRENT 
AS A FUNCTION OF TEMPERATURE 
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APPLICATIONS 

BANDWIDTH COMPENSATION 

Thefrequency response of the OPAl I HTcan be adjusted 
by use of an external compensation capacitor from pin 8 
to common as shown in Figure I. The open-loop 
frequency response curves illustrate the effect of various 
values of capacitance. TheOPAl1 HTisstableatanygain 
level without the use of compensation. provided that stray 
wiring capacitance and/ or load capacitance are not 
excessive. and that moderate values of feedback res
istance are used (Rr" ~ IOkO). A load capacitance of 
=50pF is desirable in all feedback configurations. 

STABILITY 

Because the OPAl I HT is an extremely-fast amplifier 
with high gain. stray wiring capacitance and inductance in 
power supply leads can cause circuit oscillation. This can 
be prevented by proper circuit layout (all leads or patterns 
as short as possible) and by properly by passing the power 
supply lines to common at points close to the amplifier. In 
addition. it is recommended that the load be bypassed by 
a 50pF capacitor. see Figure I. 

OFFSET VOLTAGE AND ADJUSTMENT 

Although the offset voltage of these amplifiers is only a 
few millivolts. it may in some cases be desirable to null 
this offset. This is done by use of a IOOkO potentiometer 
as shown in Figure 2. 

TEST CIRCUIT - DYNAMIC RESPONSE 

The test circuit of Figure 3 is used for measurement of 
slew rate. settling time. rise time and overshoot. Both rise 
time and overshoot are measured for a small output signal 
(VOl I = ±IOOmV). Slew rate and settling time are 
measured for a IOV. Pop. square wave. 

VOLTAGE REGULATOR AT 200"C 

In many applications. a regulated source of ±15V is 
needed. A voltage regulator that typically will operate up 
to +175"C is shown in Figure 4. This regulator accepts 
+ 16V to +30V at its input and provides +15V at 20mA at 
its output. A complementary version may be constructed 
to provide -15V by using the OPA II HT with a 2N 1711 
transistor. Short-circuit protection should be added if 
required. 

Burr-Brown Ie Data Book 2-20 

SUPPlY aYPAII JIO :I l 
CO.PENIAlIGII IDPTIGULI 

LOAD 

FIGURE I. Compensated Amplifier with Supply Load 
Bypa"ing. 

FIGURE 2. External Adju,tment of Off,et Voltage. 

INPUT SI8IIAl 5O1l 

FIGURE 3. Dynamic Respon,e Test Circuit. 

IIPUT 
.1 .... 

Utll 

411111 

IZYII 
CM 

l.all 

OUTPUT 
.IIV. 

20IIIA 

IGIIF 

FIGURE 4. A +15V Voltage Regulator that will 
Operate at +17S"C. 
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BURR-BROWN® 

115:1115:111 OPA21 

AVAILABLE IN 
DIE FORM 

Low-Power Precision 
OPERATIONAL AMPLIFIER 

FEATURES 
• LOW SUPPLY CURRENT 

230pA max at Vee = ±15V 
• WIDE SUPPLY RANGE 

±2.5V to ±1BV 
• LOW OFFSET VOLTAGE 

100pV max 
• LOW OFFSET VOLTAGE DRIFT 

1.IIpV/oC max 

DESCRIPTION 
A unique circuit design, state-of-the-art monolithic 
processing and advanced laser-trimming techniques 
are used to provide a low power amplifier with out
standing parameters-truly "instrumentation grade" 
performance over a wide voltage supply range. 

OFFlETTlII 

APPLICATIONS 
• PORTABLE EQUIPMENT 
• BATTERY OPERATION 
• IMPROVED REPLACEMENT FOR OP·21 

The OPA2l consumes only 6.9mW of power at Vee 
= ±ISV and l.lmW at Vee = ±2.SV but offers far 
higher performance than MOS op-amps. 

The OPA21 is internally compensated for unity-gain 
stability. 

SIMPLIFIED CIRCUIT 

Inllrnllional Airport IndUl1r111 Park - P_O. Sax 11400 - TUCIINI. Arizona 85734 - Tal. (602] 74&-1111 - Twx: 910-952-1111 - Clbla: BBRCORP - Talax: 66-8491 

PD5-482C 

Burr-Brown Ie Data Book 2-21 Vol. 33 

,... 
~ o 

en a: 
w 
u::: 
:::i 
Q. 
:::E 
<C 
.J 
<C 
Z 
o 
i= 
<C 
a: 
w 
Q. 
o 



SPECIFICATIONS 
ELECTRICAL 
At T. = +2S oC and ±Vcc = 2.SVDC to 1SVDC, unless otherwise noted. 

OPA21E 'OPA21G 

PARAMETERS CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

INPUT OFFSET VOLTAGE 
OFFSET VOLTAGE'" 40 100 300 500 JJV 

-25°C to +8SoC 75 200 500 1000 JJV 
Drift -25°C to +8S oC 0.5 1.0 25 5.0 JJV/oC 
Offset Adjustment Range ±4 mV 

INPUT OFFSET CURRENT 

Offset Current 03 1 1 2 4 nA 
-25°C to +85°C 05 2 2 6 nA 

INPUT BIAS CURRENT 

Bias Current 7 25 15 50 nA 
-25°C to +8SoC 9 40 18 75 nA 

INPUT NOISE 

Voltage o 1Hz to 10Hz 10 JJVP-P 
Voltage Density fo=1Hz 60 nVly'Hz 

fa = 10Hz 20 nVly'Hz 
fo = 100Hz 20 nVly'Hz 

Current Density fo=1Hz 07 pA/y'Hz 
fo = 10Hz 025 pA/y'Hz 
fo= 100Hz 007 pA/y'Hz 

INPUT RESISTANCE 

Differential 6 4 MC'l 
Common-Mode 10"112 C'lllpF 

INPUT VOLTAGE RANGE 

Input Voltage Range -125 V 
+143 V 

-25°C to +8S oC -120 V 
+14.0 V 

COMMON-MODE REJECTION RATIO 

CMRR VCM = -12V to +14V, R, = 100kC'l 100 110 84 100 dB 
-25°C to +8So C 96 105 80 95 dB 

POWER SUPPLY REJECTION RATIO 

PSRR ±Vcc = 2 SV to 18V, R, = 100kC'l 104 114 90 100 dB 
-25°C to +8SoC 100 108 85 95 dB 

LARGE SIGNAL VOLTAGE GAIN 

Open-Loop Voltage Gain R, = 10kC'l 1000 2000 500 1000 V/mV 
120 126 114 120 dB 

-25°C to +85°C 500 1500 250 1000 V/mV 
114 124 108 120 dB 

RATED OUTPUT 

Output Voltage SWing RL = 10kO -137 -142 -136 V 
+140 +141 +138 V 

Output Current R, = 2kC'l 5 mA 
-25°C to +85°C, R, = 10kC'l -135 V 

+138 +136 V 
Output Resistance Open-Loop 500 C'l 

DYNAMIC RESPONSE 

Slew Rate C, = 100pF. R, = 2SkC'l 02 Vlpsec 
Closed-Loop Bandwidth ACL = +1, RL = 10kO 300 kHz 

POWER SUPPLY 

Rated Voltage ±15 VDC 
Voltage Range Derated ±25 ±18 VDC 
Current QUiescent 10=OMA 

±Vcc= 25V 170 210 250 JJA 
±Vcc = 15V 200 230 325 JJA 
±Vcc = 2 5V, -25°C to +85°C 210 275 325 JJA 
±Vcc = 15V, -25°C to +8SoC 230 325 375 JJA 

TEMPERATURE RANGE 

SpeCification Ambient -25 +85 °C 
Operatmg Ambient -55 +125 °C 

NOTE (1) Guaranteed fully warmed-up *Speclf1catlon same as OPA21E 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage .. ±18V 
Internal Power Dissipation'" 500mW 
Input Voltage Supply Voltage 
Differential Input Voltage ±30V 
Output Short CircUit Duration Indefinite 
Storage Temperature Range -65°C to +150°C 
Operating Temperature Range -55°C to +125°C 
Lead Temperature Range (soldering, 60see) +300°C 

NOTE (1) Maximum package power diSSipation vs ambient temper-
ature 

Package 
Type 

8-Pm Hermetic DIP (Z) 

MECHANICAL 

Maximum Ambient 
Temperature 

for Rating 

+75°C 

Derate Above 
Maximum Ambient 

Temperature 

67mWfOC 

8-PIN HERMETIC DIP 
("Z" SUFFIX) 

NOTE r-- A :-::I 

c:;JJ Leads 10 true position within 0 01" 
(0.25mm) R at MMC at seatmg plane. 

Pm material and plating composition 
conform to Method 2003 (solderability) 
of MIL-STD-883 (except paragraph 3 2). 

,BJ 
M , 

--.,y L 

Pm numbers shown for 
reference only Numbers 
may not be marked on 
package. 

o· ,.- o· , •• 
00.0'002112 

" 

PIN CONFIGURATION 

(TOPVIEWI 

OFFSET TRIM 

-IN 

+IN 

-Vee 

'NO INTERNAL CONNECTION 

ORDERING INFORMATION 

OPA21 =r 

TYPICAL PERFORMANCE CURVES 
ITA ~ +25°C, ±Vcc ~ 15VOC unless otherwise noted) 

NC' 

+Vcc 

OUTPUT 

OFFSET 
TRIM 

z 

OPEN-LOOP GAIN vs FREQUENCY 
SUPPLY CURRENT vs 
SUPPLY VOLTAGE VOLTAGE NOISE vs FREQUENCY 
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INPUT BIAS CURRENT vs 
TEMPERATURE 

INPUT OFFSET CURRENT VB 
TEMPERATURE CURRENT NOISE vs FREQUENCY 

16 

14 

~ 12 

~ 10 

8 ., ., 
i:ii 
:; 
C-
1: 

Ie t-.... 
....... 

I 

I 

r- "'" 

11.6 

11.4 

~ 11.2 

'E 
~ ±1.0 
o 
() 10.8 

~ ±O.6 
o 
~ ±O.4 
1: 

10.2 

los 

" ..... r- ""'" 

~ 
< 
-": 
.~ 
o z 
'E 
~ 
5 
() 

:; 0.01 

~_E 
o 
·75 ·50 ·25 0 +25,+501+751+100,+125 

Temperture (OC) 

o 
·75 ·50 ·25 0 +25 +50 +75\+100 +125 

Temperalure (OC) 

0.001 L..J...J...I.WlIi....J...lJJJllIL..J...1.JJJIllIL..J..J...UJ.WJ. 
0.1 10 

~ + 
Q> 

'" ."! 
<; 
> 
0 

.9-
<5 

LARGE SIGNAL RESPONSE 

I L'. ~ • 

0~40 

035 

U 030 
GO 

~ 025 

i 020 
a: 
~ 015 

(/) 010 

005 

o 

5!1l~ lI!!! "s 

~ ~ 

I • II 

I .. "1"1 

.. 
Time (,usee) 

SLEW RATE VS TEMPERATURE 

"" 
.-

-"" io"'" 
."., 

-75-50 -25 0 +25 +50 +75+100 +125 

Temperature (DC) 

Burr-Brown Ie Data Book 

U 

i 
Q> 

E 
.= 
'" S 

~ 
(/) 

2-24 

90 

80 

70 

60 

50 

40 

30 

20 

10 

Frequency (Hz) 

SMALL SIGNAL RESPONSE 

5~:::Iv I!Jls ! s 
I 

I 

II, 

... l)kll.1{1 I. 

II II 

Time (psec) 

SETTLING TIME VS TEMPERATURE 

~ 
r r::::::::TOOO:l 

_To01% ~ 
""'= ~ 

-75-50 -25 0 +25 +50 +75+100+125 

Temperature (0C) 

Vol. 33 



APPLICATIONS 
Figures 1 through 6 are typical applications of the 
OPA21. 

FIGURE 1. Voltage Offset Trim. 
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FIGURE 2. Fully-Floating Current Meter. 
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FIGURE 3. Portable Microphone Amplifier. 
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FIGURE 4. AC Amplifier. 
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Temperature Probe 
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FIGURE 6. Portable Tire Pyrometer. 
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BURR-BROWN® 

IElElI OPA27 
OPA37 

MILITARY & DIE 
VERSIONS 
AVAILABLE 

Ultra-Low Noise Precision 
OPERATIONAL AMPLIFIERS 

FEATURES 
• LOW NOISE: 100% lesled. 3.8nV/y'Hi max allkHz 
• LOW OFFSET: 25pV max 
• LOW DRIFT: 0.6pV/oC max 
• ~IGH OPEN-LOOP GAIN: 120d8 min 
• HIGH COMMON-MODE REJECTION: 114d8 min 
• HIGH POWER SUPPLY REJECTION: 100d8 min 
• FITS OP-07. OP-05. AD510. AD517 SOCKETS 

DESCRIPTION 
The OPA27/ 37 is an ultra-low noise, high precision 
monolithic operational amplifier. 

Laser-trimmed thin-film resistors provide excellent 
long-term voltage offset stability and allow superior 
voltage offset compared to common zener-zap 
techniques. 

A unique bias current cancellation circuit allows bias 
and offset current specifications to be met over the 
full -55°C to + 125°C temperature range. 

The OPA27 is internally compensated for unity
gain stability. The decompensated OPA37 requires 
a closed-loop gain ~ 5. 

The Burr-Brown OPA27/37 is an improved re
placement for the industry-standard OP-27/ OP-37. 

APPLICATIONS 
• PRECISION INSTRUMENTATION 
• DATA ACQUISITION 
• TEST EQUIPMENT 
• PROFESSIONAL AUDIO EQUIPMENT 
• TRANSDUCER AMPLIFIER 
• RADIATION HARD EQUIPMENT 

+Vcc 

-Vee 
OPA27 /37 SIMPlIFIED CIRCUIT 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (602) 746·1111 • Twx: 910·952·1111 • Cable: BBRCORp· Telex: 66·6491 

PDS-466H 
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SPECIFICATIONS 
ELECTRICAL 
At Vee = P15VDC and T ... = +25°C unless otherwise noted 

OPA27/37A,OPA27/37E OPA27/37B,OPA27/37F OPA27/37C,OPA27/37G J 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

NOISE 
Voltage, fa = 10Hz 100% tested, (A, E) 3.1 55 3.5 55 3.8 8 0161 nV/y'Hz 

fo= 30Hz 100% tested, (A, E) 2.9 4.5 31 4.5 33 5 al61 nV/y'Hz 
fa = 1kHz 100% tested, (A, E) 27 3.8 3.0 38 32 45161 nV/y'Hz 
f. = 0 1Hz to 10Hz 007 018 0.08 0.18 0.09 025(6) pV, p-p 

Current,(1) fo = 10Hz 100% tested, (A, E) 17 4.0 1.7 40 1.7 pAly'Hz 
fa = 30Hz 100% tested, (A, E) 1.0 2.3 1.0 23 10 pA/y'Hz 
fo= 1kHz 100% tested, (A, E) 04 O.S 0.4 O.S 0.4 06(6) pA/y'Hz 

. OFFSET VpLTAGE'" 
Input Offset Voltage ±S ±25 ±12 ±60 ±25 ±100 pV 
Average Dnftl31 TA MIN to T ... MAX ±0.2 ±OS ±0.3 ±13 ±04 ±1 a16) pvrc 
Long Term Stabl1 1tyl41 0.2 1 0.3 15 04 20 pV/mo 
Supply Rejection ±VCC = 4 to 18V 100 134 100 125 94 120 dB 

±Vcc = 4 to 18V ±0.2 ±10 ±O.S ±10 ±1 ±20 pVN 

BIAS CURRENT 
Input Bias Current ±11 ±40 ±13 ±55 ±15 ±80 nA 

OFFSET CURRENT 
Input Offset Current S 35 8 50 10 75 nA 

IMPEDANCE 
Common-Mode 3 25 2 GO 

VOLTAGE RANGE 
Common-Mode Input Range ±11 ±12.3 ±11 ±12.3 ±11 ±123 V 
Common-Mode Rejection V'N = ±11VDC 114 128 lOS 125 100 122 dB 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Gain Rl 2::: 2kO 120 12S 120 125 117 124 dB 
RL"" lkO 118 125 118 125 124 dB 

FREQUENCY RESPONSE 

Gain-Bandwidth Product IS) OPA27 5 8 5 8 5161 8 MHz 
OPA37 45 63 45 63 45 161 63 MHz 

Slew Rate lSI V.= ±IOV, 
RL= 2kO 

OPA27, G=+1 17 19 1 7 19 1 i 6) 19 Vips 
OPA37, G=+5 11 119 11 119 11 161 11.9 Vips 

Settl109 Time, 001% DPA27, G=+1 25 25 25 ps 
DPA37, G =+5 25 25 25 ps 

RATED OUTPUT 

Voltage Output RL;> 2kO ±12 ±138 ±12 ±13.8 ±12 ±138 V 
RL 2::: 600n ±10 ±128 ±10 ±12.8 ±10 ±128 V 

Output Resistance DC, open loop 70 70 70 0 
Short Circuit Current RL=OO 25 60 25 SO 25 60161 mA 

POWER SUPPLY 

Rated Voltage ±15 ±15 ±15 VDC 
Voltage Range, 

Derated Performance ±4 ±22 ±4 ±22 ±4 ±22 VDC 
Current, QUiescent 10 = OmADC 3 47 3 47 3.3 57 mA 

TEMPERATURE RANGE 

Specification 
A, B, C (J, Z) -55 +125 -55 +125 -55 . +125 ·C 
E, F, G (J, Z) -25 +85 -25 +65 -25 +85 ·C 
G (P) (U) 0 +70 ·C 

Operating J, Z -55 +125 -55 +125 -55 +125 ·C 
p. U -25 +85 ·C 

NOTES' (1) Measured with Industry-standard nOise test CirCUit (Figures 1 and 2). Dueto errors Introduced by this method, these current noise specifications should 
be used for comparison purposes only (2) Offset voltage specifications on grades A and E are also guaranteed with Units fully warmed up. Grades B, C, F, and G are 
measured with automatic test equipment after approximately 0 5 second from power turn-on. (3) Unnulled or nulled with akO to 20kO potentiometer (4) Long
term voltage offset vs time trend line does not include warm-up drtft (5) Typical specification only on plastic package units Slew rate varies on all units due to 
differing test methods Minimum specification applies to open-loop test (6) ThiS parameter not guaranteed In sOle "U" package. 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At Voc = ±15VDC and T. = TM .. to T_ unleas otherwise noted. 

,OPA27137E ,,~_"u.u. 

PARAMETER CONDlnON8 MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

• ~_r~"' ,U"~-"_ANGE 

SpecIfication Range 

A. B. C (J. Z) -55 +125 -55 +125 -55 +125 ·C 

E. F. G (J. Z) -25 +85 -25 +85 -25 +85 ·C 

G (P) 0 +70 ·C 

INPUT 

OFFSET VOLTAGE'u 
Input Offset Voltage 

A.B. C ±24 ±60 ±45 ±200 ±60 ±300!31 pV 
E. F. G ±17 ±50 ±33 ±140 ±48 ±220'3I pV 

Average Drlftl21 TAo MIN to TA MAX ±O.2 ±0.6 ±0.3 ±13 ±O.4 ±lS13J pvrc 
Supply Rejection 

A.B. C ±VCC = 4.5 to 18V sa 130 94 127 86131 122 dB 

E. F. G ±Voc = 4.5 to 18V 97 130 96 127 90'31 122 dB 

BIAS CURRENT 
Input BIas Current 

A.B. C ±16 ±60 ±22 ±95 ±29 ±150131 nA 

E. F. G ±13 ±60 ±16 ±95 ±21 :±150131 nA 

OFFSET CURRENT 
Input Offset Current 

A.B. C 23 50 25 85 35 135131 nA 

E. F. G 12 50 14 85 20 135131 nA 

VOLTAGE RANGE 
Common-Mode Input Range 

A, B. C ±10.3 ±115 ±103 ±".5 ±103'31 ±".5 V 
E. F. G ±10.5 ±".8 ±105 ±118 ±10S131 ±".8 V 

Common-Mode Rejection V,. = ±11VDC 
A.B. C 108 124 100 122 94131 120 dB 
E. F. G 110 126 102 124 96'31 122 dB 

nD ..... I nnD GAIN, DC 

Open-Loop Voltage Gain RL 2: 2kO 
A.B.C 116 121 114 120 110131 118 dB 
E. F. G 118 123 117 122 113 120 dB 

RATED OUTPUT 

Voltage Output RL = 2kO 
A.B.C ±".5 ±13.7 ±110 ±135 ±105'3I ±13.3 V 
E. F. G ±".7 ±13.8 ±114 ±136 ±110131 ±13.4 V 

Short Corcult Current Vo = OVDC 25 25 25 mA 

NOTES' (1) Offset voltage specifications on grades A and E are also guaranteed with the units fully warmed up. Grades 8, C, F. and G are measured With automatic 
eqUipment after approxImately 0.5 second (2) Un nulled or nulled WIth 8kO to 2OkO potentiometer (3) This parameter not guaranteed on SOIC "U" package 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ....................................... ±22V NOTES: 

Internal Power Dissipation'" ........................ 500mW (1) Maximum package power diSSipation VB ambient temperature 

Input Voltage .•..........•..................•........ ±Vcc MaXimum Derate Above 

Output Short-CircUit Duration'" ................... Indefinite Ambient Temp~ MaXimum Ambient 

Differential Input Voltage'" ............................ ±0.7V Package Type erature for Ratmg Temperature 

Differential Input Current"' .......................... ±25mA TO-99 (J) 8O"C 71mW/·C 

Storage Temperature Range: B-Pon Hermetic DIP (Z) 75"C 67mW/·C 

J. Z ..................................... -65·C to +150·C 
8-Pon PlastIC DIP (P) 62·C 56mW/·C 
8-Pln SOIC (U) 85"C -

P ....................................... -55·C to +125·C 
Operating Temperature Range: (2) To common WIth ±Voc = 15V 

(3) The onputs are protected by back-to-back diodes Current limItIng resIstors 
A. B. C. E, F. G (J, Z) .................... -55~C to +125°C are not used In order to achieve low nOise. If differential input voltage 
G (p.U) ................................. -25·C to +85·C exceeds ±O 7V. the Input current should be limIted to 25mA 

Lead Temperature (Soldering. 60s) .....•....••...... +300·C 
SOIC Package (3s) ............................... +260·C 
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MECHANICAL 

o 11lF 

Voltage Gain 
Total ~ 50000 

DIM 
A 

A, 
B 

B, 
C 
D 
F 
G 
H 

J 
K 
L 
M 
N 
P 

NOTE 

"P" PACKAGE, 
8-PIN PLASTIC 

INCHES MILLIMETERS 
MIN MAX MIN MAX 
355 400 903 1016 
340 385 865 980 
230 290 585 738 
200 250 509 636 
120 200 305 509 
015 023 038 059 
030 070 076 178 
100 BASIC 254 BASIC 
025 050 064 127 
008 015 020 038 
070 150 178 382 
300 BASIC 763 BASIC 
,D' 15' 0' 15" 

010 030 025 076 
025 050 064 127 

Leads In true position within a 01" 
(0 2Smm) Rat MMC at seating plane 

221lF 
~J..N>,,......jH-

, Scope 

R1N:::o 1MO 100kO 221lr;l f X 1 

01~F I 110kO 

NOTE All capacitor values are for nonpolanzed capacitors only 

"U" PACKAGE, 8-PIN SOIC 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 185 201 470 511 
A, 178 2Dl 452 511 . 
B 146 162 371 411 
B, 130 149 330 378 
C 054 145 137 369 
D 015 019 038 048 
G 050 BASIC 127 BASIC 
H 018 026 046 066 
J 008 012 020 030 
L 220 252 559 640 
M 0' 10' 0' 10' 
N 000 012 000 030 

Pin 1 Identifier 

EFBr:m . , 

- ~ ~LD -
G 

o 1Hz to 10Hz NOISE 

.. !" ~. '== 

1", ~~.IW' 
,., 

IJ IL.~I II 

- '. --
FI(jIIRF 2 10\\ FrelJuenc, 'o"c 

ORDERING INFORMATION 

Temperature Ollsel Voltage 
Model(1 ) Package Range max UN), 25° C 

OPA27AJ TO-99 -55°C to +125°C ±25 
OPA27BJ TO-99 -55°C 10 +125°C ±60 
OPA27CJ TO-'99 -55°C to +125°C ±100 
OPA27EJ TO-99 -25°C to +85°C ±25 
OPA27FJ TO-99 -25°C to +85°C ±60 
OPA27GJ TO-99 -25°C to +85°C ±100 
OPA27AZ Ceramic -55°C to +125°C ±25 
OPA27BZ Ceramic -55°C to +125°C ±60 
OPA27CZ CeramiC -55°C to +125°C ±100 
OPA27EZ Ceramic -25°C to +85'C ±25 
OPA27FZ Ceramic -25°C to +85°C ±60 
OPA27GZ Ceramic -25°C to +85°C ±100 
OPA27GP PlactlC O°C to +70°C ±100 
OPA27GU SOIC O°C to +70°C ±100 

BURN-IN SCREENING OPTION 

Temperature Burn-In 
Modelf1) Package Range Temp. (160h)'" 

OPA27AJ-BI TO-99 --55°C to +125°C +125°C 
OPA27EJ-BI TO-99 -25°C to +85°C +125°C 
OPA27GJ-BI TO-99 -25°C to +85°C +125°C 
OPA27AZ-BI CeramIc -55°C to +125°C +125°C 
OPA27EZ-BI CeramIc -25°C to +85°C +125°C 
OPA27GP-BI PlastIC QOC to +70°C +85°C 
OPA27GU-BI SOIC O°C to +70°C +85°C 

NOTE (1) Packages and pnces for OPA37 are the same as for OPA27 
(2) Or equ~valent combinatIon of tIme and temperature 
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"Z" PACKAGE, a-PIN HERMETIC 
INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 

375 405 953 1028 
245 251 622 638 

C 140 170 356 432 
o 015 021 038 053 

045 060 114 152 
G 100 BASIC 254 BASIC 

098 249 
008 012 020 030 
150 380 
290 320 737 813 

M 0' 15' 0' 15' 
009 060 023 152 
125 175 318 445 

NOTE 
Leads In true position within 001" 
(0 25mm) R at MMC at seating plane 

Pin matenal and plating composition 
conform to method 2003 (solderability) 
of MIL-STD-883 (except paragrah 32) 

CONNECTION DIAGRAMS 

"J" PACKAGE, TO-99 
INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 

A 335 370 851 940 
B 305 335 775 851 
C 165 185 419 470 
D 016 021 041 053 
E 010 040 025 102 
F 010 040 025 102 
G 200 BASIC 508 BASIC 

H 028 034 071 086 
J 029 045 074 114 
K 500 - 127 -
L 110 160 279 406 
M 45° BASIC 45 0 BASIC 
N 095 105 241 267 

NOTE 
Leads In true positIOn within 001" 
(0 25mm) R at MMC at seating plane 

Pin numbers shown for reference only 
Numbers may not be marked on packag 

Pin matenal and platmg composition 
conform to method 2003 (solderability) 
of MIL-STD-883 (except paragrah 3 2) 

P, U, Z Packages-Top View J Package-Top View 

Offset Tnm Offset Trim 

-In +vcc 

+In Oulput 

-Vee NC 

TYPICAL PERFORMANCE CURVES 
TA ;:;::: +25°C. ±Vcc = ±15VDC unless otherWise noted 

INPUT CURRENT NOISE SPECTRAL DENSITY 
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() 02 1-----+---+- Warning ThiS Industry-standard equation 
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TYPICAL PERFORMANCE CURVES (CONT) 
T. = +25' C, ±Vco .. ±15VDC unles. otherwise noted. 

Supply Voltage (Vee) 

INPUT OFFSET VOLTAGE WARM-UP DRIFT 

Time From Power Turn-on (min) 

OPEN-LOOP FREQUENCY RESPONSE 
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TYPICAL PERFORMANCE CURVES (CO NT) 
T. = +25'C. ±Vee = ±15VDC unle •• otherwise noted. 

COMMON-MODE REJECTION v. FREQUENCY 
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TYPICAL PERFORMANCE, CURVES (CONT) 
TA = +250 C, ±Vcc = ±15VDC unless otherwl$e noted 

+5 

• I 
-5 === 

AVCL = +1 

OPA27 LARGE SIGNAL 
TRANSIENT RESPONSE 

I I 

TIme (ps; 

I 
I 

=== 

APPLICATIONS INFORMATION 
OFFSET VOLTAGE ADJUSTMENT 

The OPA27/ 37 offset voltage is laser-trimmed and will 
require no further trim for most applications. Offset volt
age drift will not be degraded when the input offset is 
nulled with a IOkfl trim potentiometer. Other potenti
ometer values from lkfl to IMfl can be used but Vos 
drift will be degraded by an additional 0.1 to 0.21-1 V / 0c. 
Nulling large system offsets by use of the offset trim 
adjust will degrade drift performance by approximately 
3.31-1 V / ° C per millivolt of offset. Large system offsets 

+vcc, 

FIGURE 3. Offset Voltage Trim. 

±4mV TYPICAL 
TRIM RANGE 

'lkO to IMO 
TRIM POTENTIOMETER 
(IOkO RECOMMENDED) 

4.7kO 

±280J.lV TYPICAL 
TRIM RANGE 

-Vee • U(O TRIM 
POTENTIOMETER 

FIGURE 4. High Resolution Offset Voltage Trim. 

+10 

~ 

OPA37 LARGE SIGNAL 
TRANSIENT RESPONSE 

r~ 
" 0> 
l'l 
"0 0 J.4 ~, 
> 

" s n M 
<5 'J ~ 

--10 

== == 
Av = +5 Time (J.Is) 

can be nulled without drift degradation by input 
summing. 
The conventional offset voltage trim circuit is shown in 
Figure 3. For trimming very-small offsets, the higher 
resolution circuit shown in Figure 4 is recommended. 

The OPA27/ 37 can replace 741-type operational ampli
fiers by removing or modifying the trim circuit. 

THERMOELECTRIC POTENTIALS 

The OP A27 /37 is laser-trimmed to microvolt-level input 
offset voltage and for very-low input offset voltage drift. 

Careful layout and circuit design techniques are neces
sary to prevent offset and drift errors from external 
thermoelectric potentials. Dissimilar metal junctions 
can generate small EMF's if care is not taken to elimi
nate either their sources (lead-to-PC, wiring, etc.) or 
their temperature difference. See Figure II. 

Short, direct mounting of the OPA27/ 37 with close 
spacing of the input pins is highly recommended. Poor 
layout can result in circuit drifts and offsets which are an 
order of magnitude greater than the operational ampli
fier alone. 

NOISE: BIPOLAR VERSUS FET 

Low-noise circuit design requires careful analysis of all 
noise sources. External noise sources can dominate in 
many cases, so consider the effect of source resistance on 
overall operational amplifier noise performance. At low 
source impedances, the lower voltage noise of a bipolar 
operational amplifier is superior, but at higher impe
dances the high current noise of a bipolar amplifier 
becomes a serious liability. Above about I5kfl the Burr
Brown OPAllllow-noise FET operational amplifier is 
recommended for lower total noise, than the OPA27 (see 
Figure 5). 

COMPENSATION 

Although internally compensated for unity-gain stabil
ity, the OPA27 may require a small capacitor in parallel 
with a feedback resistor (Rr) which is greater than 2kfl. 
This capacitor will compensate the pole generated by Rr 
and C,N and eliminate peaking or oscillation. 
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1~----~----~----~------~--~ 100 lk 10k lOOk 1M 10M 
Source Resistance (Rt ), (} 

FIGURE 5. Voltage Noise Spectral Density Versus 
Source Resistance. 

INPUT PROTECTION 
Back-to-back diodes are used for input protection on 
the OPA27/ 37. Exceeding a few hundred millivolts dif
ferential input signal will cause current to flow and 
without external current limiting resistors the input will 

, be destroyed. 

Accidental static discharge as well as high current can 
damage the amplifier's input circuit. Although the unit 
may still be functional, important parameters such as 
input offset voltage, drift, and noise may be perma
nently damaged if any precision operational amplifier is 
subjected to abuse. 

Transient conditions can cause feed through due to the 
amplifier's finite slew-rate. When using the OP-27 as a 
unity-gain buffer (follower) a feedback resistor of Ikn is 
recommended (see Figure 6). 

BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

R, 

>--_-0 OUTPUT 

INPUT 

FIGURE 6. Pulsed Operation. 
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APPLICATIONS CIRCUITS 

G - 40dB 111kHz 

7.B7kn 

METAL FILM RESI8TORS 
FILM CAPACITORS 

O.03pF 

I/1F OUTPUT 

>~-40-l1 I m~n 
R, AND C, PER CARTRIDGE MANUFACTURER'S RECOMMENDATIONS 

FIGURE 7. Low-Noise RIAA Preamplifier. 

INPUT lkn 

OUTPUT 

FIGURE 8. Unity-Gain Inverting Amplifier. 

INPUT 

lkn 

250n 

5OOPF~ 
OUTPUT 

FIGURE 9. High Slew Rate Unity-Gain Inverting 
Amplifier. 

METAL FILM RESISTORS 
FILM CAPACITORS 

4.99kn 

G = 5DdB 111kHz 

lpF OUTPUT 

m~ 

R, AND C, PER HEAD MANUFACTURER'S RECOMMENDATIONS 

FIGURE 10. NAB Tape Head Preamplifier. 
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A. 741 NOISE WITH CIRCUIT WELL· 
SHIELDED FROM AIR CURRENTS AND 
RFI. (NOTE SCALE CHANGE.) 

B. OP·07AH WITH CIRCUIT WELL-SHIELDEO 
FROM AIR CURRENTS AND RFI 

C. OPA27AJ WITH CIRCUIT WELL-SHIELDED 
FROM AIR CURRENTS AND RFI. 
(REPRESENTS ULTIMATE OPA27 PER
FORMANCE POTENTIAL.) 

D. OPA27 WITH CIRCUIT UNSHIELDED AND 
EXPOSED TO NORMAL LAB BENCH-TOP 
AIR CURRENTS. (EXTERNAL THERMO
ELECTRIC POTENTIALS FAR EXCEED 
OPA27 NOISE.J 

E. OPA27 WITH HEAT SINK AND SHIELD' 
WHICH PROTECTS INPUT LEADS FROM 
AIR CURRENTS. CONDITIONS SAME AS 
(D). (NOTE IMPROVEMENT.) 

• AVAILABLE FROM BURR-BROWN: 
MODEL OB07HS 

FIGURE 11. Low Frequency Noise Comparison. 

-IN 

lOIn RG INPUT STAGE GAIN = I + 2R,/RG 

+IN 

FIGURE 12. Low Noise Instrumentation Amplifier. 
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Ikn 

o.llIrOUTPUT 

2kn 

FREQUENCY RESPONSE 
~ 1kHz TO 50IcHz 

FIGURE 13. Hydrophone Preamplifier. 

loon 

DEXTER 1M 
THERMOPILE 
DETECTOR 

o.IIIF 

100kn 

OUTPUT 

REIPONSIVITY ~ 2.5 x IO'VIW 
OUTPUT NOISE - 30ItV r .... o.lHz ID 1000z 

NOTE: USE METAL FILM RESISTORS AND 
PLASTIC FILM CAPACITOR. 
CIRCUIT MUST BE WEU SHIELDED 
TO ACHIEVE LOW NOISE. 

FIGURE 14. Long-wavelength Infrared Detector 
Amplifier. 

INPUT IlItn 

01 4.1111kn 

+Vcc 

TTL INPUT GAIN 

"I" +1 
"0" -I 

FIGURE 15. High Performance Synchronous 
Demodulator. 
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INPUT 

GAIN = -IOIOV/V 
V .. - '4N 
DRIFT - D.D7I1V/oC 
.0 - InV/v'Ai 1110Hz 

0.9oVI VIii II 10000z 
o.B7nV/v'Ai 111kHz 

FULL POWER BANDWIDTH -111kHz 
GAIN BANDWIDTH - 500MHz 
EQUIVALENT NOISE RESISTANCE - 50n 

20n 2kn 

20n 2kn 

N = 10 EACH OPA37EZ 

SIGNAL·TO·NOISE RATIO <X IN 
SINCE AMPLIFIER NOISE IS 
UNCORRELATEO 

2kn 

FIGURE 16. Ultra-low Noise "N" Stage Parallel 
Amplifier. 
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Rs = 50n 

INPUT 

FIGURE 17. Unity-Gain Buffer. 

VIRTEC VIOOO 
PLANAR TUNNEL ~ 

DIODE . 

200n 

son cO.01I1~ 
INPUT r h-__.'i---T---T-"i 

20kn 

OUTPUT 

VIDEO 
OUTPUT 

FIGURE 19. RF Detector and Video Amplifier. 

G~ AIRPAX 
MAGNETIC 

PICKUP 

FIGURE 21. Magnetic Tachometer. 
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Ikn 

OUTPUT 

INPUT 

FIGURE 18. High Slew Rate Unity-Gain Buffer. 

FIGURE 20. Balanced Pyroelectric Infrared Detector. 

4.BV 

+ 

O~~-+-~r--+-
OUTPUT 

lOUT <X RPM x N 
WHERE N = NUMBER OF GEAR TEETH 
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BURR-BROWN® 

IElElI 

* OPA37HT NOT RECOMMENDED FOR NEW DESIGNS. 

OPA27HT 
OPA37HT* 

Wide Temperature Range Precision 
OPERATIONAL AMPLIFIERS 

FEATURES 
• FULLY SPECIFIED OVER -55°C to +200°C 
• LOW OFFSET: ±400pV max at +200° C 
• LOW DRIFT: ±0.4I1V/oC 
• ULTRA·LOW NOISE 
• MONOLITHIC 
• HERMETIC TO-99 PACKAGE 
• 100% BURN-IN AT +200°C 

DESCRIPTION 
The OPA27/37HT is an ultra-low noise, high preci
sion monolithic operational amplifier. 

Laser trimmed thin-film resistors provide excellenl 
long-term voltage offset stability and allow superior 
voltage offset and drift performance. 

The OPA27/37HT are tested and guaranteed over 
an extremely wide temperature range: -'55°C to 
+200°C. In addition, they have demonstrated an 
ability to withstand a total dose of2 X 10· RAD (Si) 
gamma and a neutron fluence of I XIO", IMEV 
equivalent n/ cm'. 

The OPA27HT is internally compensated for unity
gam stability. The decompensated OPA37HT requires 
a closed-loop gain:::: 5. 

The Burr-Brown OPA27; 37HT use an industry
standard OP27/37 pinout and they can replace 
many existing amplifiers in low-source-impedance 
applications. 

APPLICATIONS 
• DOWN-HOLE INSTRUMENTATION 
• WELL LOGGING 
• ENGINE CONTROLS 
• EXTREMELY SEVERE ENVIRONMENT 
• TRANSDUCER AMPLIFIER 
• RADIATION HARD EQUIPMENT 

+Vcc 

-Vee 
OPA27/37HT SIMPLIFIED CIRCUIT 

Inlernallonal Airporl Induslrial Park· PO. Box I 1400 Tucson. Arizona 85734 . Tel. 1602) 746·1111 . Twx: 910·952·1111 . Cable. BBRCORP . Telex: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
At Vee:::;:: 15VDC. TA = indicated temperature 

+25"C -55" C TO +125" C +200"C 

PARAMETER CONOITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

NOISE 
Voltage,lo = 10Hz '" 31 85 5.6 nVl.jHz 

10= 30Hz '" 29 4.0 45 nVlv'Hz 
10 =lkHz '" 2.7 3.6 40 nVl.jHz 
I. = 0 1Hz to 10Hz 0.07 pV, p-p 

Current. fa = 1kHz 0.4 0.5 08 pAl.jHz 

OFFSET VOLTAGE'" 
Input Offset Voltage ±25 ±75 ±37 ±200 ±150 ±400 pV 
Average Drlftf31 TA MIN to Til MAX ±04 pVl"C 
Long Term Stabtlity'41 TA = +125"C 8 pVlkHrs 
Supply Rejectlon f71 ±Vcc = 4V to 18V 100 134 94 127 94 127 dB 

±Vcc = 4V to 18V ±0.2 ±10 ±0.45 ±20 ±045 ±20 pVN 

BtAS CURRENT 
Input Bias Current 430 lpA 600 2pA 34pA 5pA nA 

OFFSET CURRENT 
Input Offset Current ±40 ±180 ±50 ±200 ±300 ±550 nA 

IMPEDANCE 
Common-Mode 3 GO 

VOLTAGE RANGE 
Common-Mode Input Range ±11 ±12.3 ±10.3 ±115 ±90 ±110 V 
Common-Mode Rejection VIN = ±10VDC'51 106 128 100 122 96 119 dB 

OPEN-LOOP GAtN, DC 

Open-Loop Voltage Gain RL2: 2kO 120 126 109 120 104 113 dB 
RL2:1kO 116 125 dB 

FREQUENCY RESPONSE 

Gain-Bandwidth Product OPA27HT 6 7 6 MHz 
Av = 1000VN OPA37HT 36 38 41 MHz 

Slew Rate Vo=±10V, RL=2kO 
OPA27HT, G = +1 1.9 1.7 35 Vips 
OPA37HT, G = +5 11.9 10 16 Vips 

Settlmg Time, 0.01% OPA27HT, G = +1 25 p5 
OPA37HT, G = +5 25 p5 

RATED OUTPUT 

Voltage Output RL 2: 2kO ±12 ±13.9 ±11 ±138 ±105 ±137 V 
Output Resistance DC, open loop 70 0 
Short Circuit Current RL=OO 35 60 25 15 mA 

POWER SUPPLY 

Rated Voltage ±15 ±15 ±15 VDC 
Voltage Range, 

Derated Performance ±4 ±18 VDC 
Current, Quiescent 10=OmADC 3.6 4.7 43 6 61 8 mA 

TEMPERATURE RANGE 

Specificatlon,el Ambient temp. -55 +200 "C 
Operating (TYPical) Ambient temp -65 +225 "C 
Storage Ambient temp. -65 +225 "C 
fJ Junction-Ambient 125 "C/W 

NOTES (1) Noise testing available-inquire (2) Offset voltage speCifications on grade HT are also guaranteed with Units fully warmed up (3) Unnulled or nulled 
with BkO to 20kQ potentiometer (4) Long-term yoltage offset vs time trend hne does not Include warm-up drift (5) Common-mode rejection speCified at +200°C 
with V1N = ±9VDC (6) 100% tested at -55°C, +25°C and +200°C uSing forced-air environment +125°C speCification IS guaranteed by deSign (7) ±Vc:c: = 6V to 18V 
at+200"C . 
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ABSOLUTE MAXIMUM RATINGS 

Supply.. . . . .. . . .. .. . . .. . . . . .. . . . . .. .. . . . . . . .. .. ±18VDC 
Internal Power Dissipation'" . . . . .. . . . . . . . . . . . . . . .. 500mW 
Differential Input Voltage'" ...................... ±0.7VDC 
Input Voltage Range'" .......................... ±18VDC 
Storage Temperature Range ............. -65'C to +225'C 
Operating Temperature Range ........... -65'C to +225'C 
Lead Temperature (soldering. 10 seconds) . . . . . . . .. +300'C 
Output Short CirCUit Duration'" .............. Continuous 
Junction Temperature ............................ +250'C 

NOTES (1) Packages must be derated based on OJe = 45°C/W or ()JA = 
175°C/W (2) The mputs are protected by back-la-back diodes Current 
limiting resistors are not used In order to achieve low nOise If differential 
Input voltage exceeds ±O 7V, the Input current should be limited to 
2SmA (3) For supply voltages less than ±18VDC, the absolute maximum 
Input voltage IS equal to the supply voltage (4) Short CirCUli may be to 
power supply common only Rating applies to +25°C ambient Observe 
diSSipation limit and TJ 

MECHANICAL 

"M" PACKAGE TO-99 (Hermetic) 
NOTE 
Leads In true position Within 010" Pin numbers shown for reference 

only Numbers may not be marked 
on package 

( 25mmR)at MMC at seating plane 

~:~ 
LnrrCW C;- -=:J, 
:~:~:n, 11111 __ ' j 

~I-D Nr 
m'" -!, 
, + G " -,- :=I.J 

Pm matenal and plating composI
tion conform to Method 2003 (sol
derab'"ty) Df MIL-STD-883 (except 
paragraph 3 2) 

INCHES MILLIMETERS 

D'M MIN MAX M'N MAX 

'" 
200 BASIC 0; 08 BASIC 

028 034 

029 045 

N 095 105 

ORDERING INFORMATION 

OPAXX HT 
Basic Model Number _______ =r_~ T 
Performance Grade ------------'

HT = -55°C to +200°C 

CONNECTION DIAGRAM 

TOP VIEW 

Offset Trim 

Output 

-Vee and Case 

TYPICAL PERFORMANCE CURVES 
TA ::::: +25°C, Vee = ±15VDC unless otherwise noted 

OPEN-LOOP FREQUENCY RESPONSE INPUT VOLTAGE NOISE SPECTRAL DENSITY 
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c 80 ~ 
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CMR AND PSR vs TEMPERATURE 

PSR 
5VCMR 

CMR 

10VCMR 

I 

+50 +100 +150 +200 +250 

Ambient Tempersture ('C) 

APPLICATIONS INFORMATION 
These amplifiers are capable .of unusually low voltage 
offset and drift and to achieve this ultimate capability, 
attention must be paid to externally generated thermal 
EMF contributions. Dissimilar metal junctions together 
with temperature gradients can generate thermocouple 
voltages that exceed the OPA27j37HT amplifier drift. 

The OP A27j37HT are extremely wide-temperature range 
versions of the standard Burr-Brown OPA27 and OPA37. 
These high-temperature amplifiers do not employ bias 
current cancellation but note that their noise current per
formance has not been degraded. 

Eutectic die attach is used exclusively for the OPA27HT 
and OPA37HT. Hermeticity is assured by 100% fine leak 
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testing. Units are 100% burned-in for 28 hours at +200°C 
for increased reliability. 
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BURR-BROWN® 

IE:lE:lI OPA101 
OPA102 

Low Noise - Wideband 
PRECISION JFET INPUT OPERATIONAL 

AMPLIFIER 
FEATURES 
• GUARANTEED NOISE SPECTRAL DENSITY -

100% Tested 

• LOW VOLTAGE NOISE - BnV/JRZ max at 10kHz 

• LOW VOLTAGE DRIFT - 5/lV/oC max (B gradel 

• LOW OFFSET VOLTAGE - 250/lV max (B gradel 

• LOW BIAS CURRENTS -10pA max at 
25°C Ambient (B Gradel 

• HIGH SPEED -10V//lsec min (OPA102) 

• GAIN BANDWIDTH PRODUCT - 40MHz (OPA1021 

DESCRIPTION 
The OPAlOl and OPAI02 are the first FET 
operational amplifiers available with noise charac
teristics (voltage spectral density) guaranteed and 
100% tested. 

The amplifiers have a complementary set of speci
fications permitting low errors in signal conditioning 
applications; low noise, low bias current, high open
loop gain, high common-mode rejection, low offset 
voltage, low offset voltage drift, etc. 

APPLICATIONS 
• LOW NOISE SIGNAL CONDITIONING 

• LIGHT MEASURMENTS 

• RADIATION MEASUREMENTS 

• PIN DIODE APPLICATIONS 

• DENSITOMETERS 

• PHOTODIODE/PHOTOMULTIPLIER CIRCUITS 

• LOW NOISE DATA ACQUISITION 

In addition, the amplifiers have moderately high 
speed. The OPAIOI is compensated for unity gain 
stability and has a slew rate of 5V / /lsec, min. The 
OPA 102 is compensated for gains of 3V / V and 
above and has a slew rate of I OV / /lsec, min. 

Each unit is laser-trimmed for low offset voltage and 
low offset voltage drift versus temperature. Bias 
currents are specified with the units fully warmed up 
at +25°C ambient temperature. 

,..-----------_----(7 +VCC 

·IN 

+IN 

* OPA10l ONLY ~--4 ...... -_-------___< ...... ---__\.4 .VCC 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (6021746·1111 . Twx: 911).952·1111 . Cabte: BBRCORp· Telex: 66·6491 

PDS434B 
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SPECIFICATIONS 
ELECTRICAL 
Specifications at TA = +25°C and +Vcc = +15VDC unless otherwise noted - -

MODEL I OPA1011102AM I OPA101/102BM 

PARAMETER I CONDITION I MIN I TYP MAX MIN TYP I MAX UNITS 

INPUT NOISE 
Voltage NOise Density fo-1Hzl" 100 200 80 ~OO nVl~ 

fo ~ 10Hz 32 60 25 30 nVl.,fHz 
fo ~ 100Hz 14 30 11 15 nVl.,fHz 
fo ~ 1kHz 9 15 8 12 nVl.,fHz 
fo ~ 10kHz 7 8 7 8 nVlv'RZ 
fo ~ 100kHz 6.5 8 6.5 8 nVlv'RZ 

fe. 1/1 Corner Frequency 125 100 Hz 

Voltage NOise fs ~ 0.1Hz to 10Hzl" 1.3 2.6 1.0 1.3 ~V, p-p 
fs ~ 10Hz to 10kHz 1.0 1.2 0.8 1.0 jJ.V. rms 
fs ~ 10Hz to 100kHz 2 I 26 2.1 26 IAV, rms 

Current NOise DenSity fa ~ 0.1 Hz thru 10kHz 2.0 14 fAlVHz 
Current NOise fa ~ 0 1Hz to 10Hz 38 26 fA, p-p 

fa ~ 10Hz to 10kHz 200 140 fA,rms 

DYNAMIC RESPONSE 
Bandwidth, Unity Gain Small Signal 

OPA101 10 · MHz 

OPA102 Note 2 · 
Gain-Bandwidth Product ACL ~ 100 

OPA101 20 · MHz 

OPA102 40 · MHz 

Full Power Bandwidth Va ~ 20V, p-p, RL ~ I kll 
OPA101 80 100 · kHz 

OPA102 160 210 · kHz 

Slew Rate Va ~ ±10V; RL ~ lkll 

OPA10l ACL~ -I 5 65 VI~sec 

OPA102 ACL ~-3 10 14 V/llsec 
Settling Time I OPA 101, Va ~ ±5V, ACL ~ -I, 

RL ~ lkll 
E=1% 2 ~sec 

,~0.1% 25 jJ.sec 
,~001% 10 · jJ.sec 

Settling Time IOPA102) Va ~ ±5V; ACL ~ -3; 
RL ~ lkll 

,~1% 1 J,LseC 

,~01% 1.5 1l5eC 

,~001% 8 jJ.sec 
Smail-Signal Overshoot RL ~ lkll, CL ~ l00pF 

OPA101 AcL ~ +1 15 % 

OPA102 ACL ~+3 20 · % 
Rise Time 10% to 90%, Small Signal 

OPA10l 40 nsec 
OPA102 30 nsec 

Phase Margm RL~ lkll 
OPA101 ACL ~ +1 60 Degrees 
OPA102 ACL ~+3 45 · Degrees 

Overload Recovery(3) 
OPA10l ACL = -1, 50% overdrive I jJ.sec 
OPA102 ACL = -3, 50% overdrive 08 ~sec 

OPEN-LOOP GAIN DC 
Full load Vo - ±10V, RL -lkll 94 105 dB 
No load Va ~ ±10V; RL;;' 10kll 96 108 dB 

RATED OUTPUT 
Voltage 10-±12mA ±12 ±13 V 
Current Vo~ ±12V ±12 ±30 mA 
Output ReSistance Open-loop, f ~ DC 500 II 
Short-Circuit Current ±45 mA 
Capacitive Load Range Phase Margm ~ 25° 

OPA101 ACL ~+1 500 pF 
OPA102 ACL ~+3 300 pF 

INPUT OFFSET VOLTAGE 
I nitlal Offset TA-+25°C ±100 ±500 ±50 ±250 ~V 

V5 Temperature -25°C::;: TA :=:; +85°C ±6 ±10 ±3 ±5 ~VfOC 
vs Supply Voltage ±5VDC :5 I Vcc I :5 ±20VDC ±10 ±50 ~VN 
vs Time ±10 ~V/mo. 

Adjustment Range CirCUit In "Connection ±1 mV 
Diagram" 

INPUT BIAS CURRENT 
Initial Bias TA - +25°C -12 -15 -6 -10 pA 

vs Temperature Note 4 
vs Supply Voltage Note 5 
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ELECTRICAL (CO NT) 

Operating 
Storage 

Derated Performance 

Derated Performance 

NOTES 'Speclfications same as for OPA10l/l02AM. 
1. Parameter IS untested and IS not guaranteed. This speCification IS 

established to a 90% confidence level 
2 Minimum stable gain for the OPA102 Is 3VN. 

ABSOLUTE MAXIMUM RATINGS 

Supply 
Internal Power Dlsslpatlon(1) 
Dlfferantlal Input Voltage(2) 
Input Voltage. Either Inpu«2) 
Storage Temperature Range 
Operating Temperatura Range 
Lead Temperatura (soldering. 10 seconds) 
Output Short-CIrcuit Duratlon(3) 
Junction Temperature 

NOTES 

±2OVDC 
750mW 
±20VDC 
±20VDC 
-65°C to +15O"C 
-55°C to +125°C 
+3OO"C 
60 seconds 
+17SOC 

1. Package must be derated according to the details In the 
Application Information section 

2. For supply voltages less than ±20VDC. the absolute maximum 
Input is equal to the supply voltage 

3. Short-CIrcUit may be to ground only. See discussion of Thermal 
Model," the Application Information section 

CONNECTION DIAGRAM 

-Y,N 

+VIN 

OUTPUT 

'Optlonal to Improve 
resolution and limit range. 

NOTE: Oflset voltage adlustment allecls voltage drift va temperature 
by approximately ±0.3"V/OC for each l00"V of ollset adjusted. 

Burr-Brown Ie Data Book 2-45 

1012 
1 

1013 
3 

n 
pF 

n 

3. Time required for output to return from saturation to hnear operation 
follOWing the removal of an mput overdrive signal 

4 Doubles approximately every 85°C 
5 See TYPical Performance Curves 

MECHANICAL SPECIFICATIONS 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A .488 .522 12.42 3.28 
C .243 .307 8.17 7.80 
D .018 .021 0.41 0.&3 
E .010 .040 0.2& 1.02 
F .010 .040 0.2& 1.02 

G .200 BASIC 5.08 BASIC 
K .500 -- 12.7 --
L .110 .180 2.78 4.08 
M 45' BASIC 45' BASIC 
N .086 .106 2.41 2.87 

NOTE 

Leads In true POSition Within OU)'" 
( 25mm) R at MMC at seating plane 

PI n numbers shown tor reference 
only Numbers may not be 
marked on package 

Pm matenal and plating composition 
conform to method 2003 
(solderability) of MIL·STD-883 
(except paragraph 3 2) 

PIN CONFIGURATION 

POSITIVE SUPPLY 
(+Vce) 

OUTPUT 
(VOUT) 

rAj 

L~~ : 'm 't.-
E -cF 

Seating K 

~~ ~ ~~ Plane 1 
-.ll D 

~> 
;~ L N (1.5 "3 . . 
~~L 

Weight. 2 grams 

Order Number. 
OPA101AM OPA101BM 
OPA102AM OPA102BM 

INVERTING 
INPUT 
(-VIN) 

NON INVERTING 
INPUT (+VIN) 

NEGATIVE SUPPLY (-Vee) 
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TYPICAL PERFORMANCE CURVES 
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(TA = +25°C, ±Vcc = ±15VDC, unless otherwise noted. Performance curves apply to both OPA10l and OPA102 unless otherwIse noted.) 
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APPLICATION INFORMATION 
INTRODUCTION 
The availability of detailed noise spectral density !!harac
teristics for the OPAI0I/I02 amplifiers allows an 
accurate noise error analysis in a variety of different 
circuit configurations. The fact that the spectral char
acteristics are guaranteed maximums allows 'absolute 
noise errors to be truly bounded. Other FET amplifiers 
normally use simpler specifications of rms noise in a 
given bandwidth (typically 10Hz to 10kHz) and peak-to
peak noise (typically specified in the band 0.1 Hz to 
10Hz). These specification,s po not contain enough 
information to allow accurate analysis of noise behavior 
in any but the simplest of circuit configurations. 

+ 

FIGURE I. Noise Model ofOPAlOl1 102. 

Noise in the 0 PAlO I I 102 can be modeled as shown in 
Figure I. This model is the same form as the DC model 
for offset voltage (Eos) and bias currents (Is). In fact, if 
the voltage en(t) and currents in(t) are thought of as 
general instantaneous error sources, then they could 
represent either noise or DC offsets. The error equations 
for the general instantaneous model are shown in Figure 
2 below. 

FIGURE 2. Circuit With Error Sources. 

If the instantaneous terms represent DC errors (i.e., 
offset voltage and bias currents) the equation is a useful 
tool to compute actual errors. It is not, however, useful in 
the same direct way to compute noise errors. The basic 
problem is that noise cannot be predicted as a function of 
time. It is a random variable and must be described in 
probabilistic terms. It is normally described by some type 
of average - most commonly the rms value. 

Burr-Brown Ie Data Book 2-49 

Nrms ~ V I IT JoT n2(t) dt (I) 

where N,m. is the rms value of some random variable n(t). 
In the case of amplifier noise, n(t) represents either en(t) 
or in(t). 

The internal noise sources in operational amplifiers are 
normally uncorrelated. That is. they are randomly related 
to each other in time and there is no systematic phase 
relationship. Uncorrelated noise quantities are combined 

s ..... -..... o ..... 
~ o 

as root-sum-squares. Thus. if n,(t), n2(t). and llJ(t) are 
uncorrelated then their combined value is • 

NTOTALnn. = VN,',m. + N2',m. + N/,... (2) 

The ba:sic approach in noise error calculations then is to 
identify the noise sources. segment them into conveniently 
handled groups (in terms of the shape of their noise 
spectral densities). compute the rms value of each group. 
and then combine them by root-sum-squares to get the 
total noise. 

TYPICAL APPLICATION 
The circuit in Figure 3 is a common application of a low 
noise FET amplifier. It will be used to demonstrate the 
above noise calculation method. 

FIGURE 3. Pin Photo Diode Application. 

CR I is a PIN photo diode connected in the photovoltaic 
mode( no bias voltage) w\lich produces an output current 
i .. when exposed to the light, A. 
A more complete circuit is shown in Figure 4. The values 
shown for C, and R, are typical for small geometry PIN 
diodes with sensitivities in the range of 0.5 A/W. The 
value of C2 is what would be expected from stray 
capacitance with moderately careful layout (O.SpF to 
2pF). A larger value of C2 would normally be used to 
limit the bandwidth and reduce the voltage noise at 
higher frequencies. 

~=IpF 
~lnlllll clnult IIr CHI ___________________ I~ 

I --

-----------------! 
IIaII: In+ IhorIId 1111111 • ......,... •• 

FIGURE 4. Noise Model of Photo Diode Application. 
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I n Figure 4, en and in represent the amplifier's voltage-and 
current spectral densities, en(w) and in(w) respectively. 
These are shown in Figure 5. 

10lI0 

~ 100 
i 
I 10 

1 

"-~ - .~-

Kl =~nV/Jrz I 
"- III(, K2 = 8 nV I v'iii 

.t. 
Nlc =I00HZ 

0.01 0.1 10 100 Ik 101e lOOk 1M 10M 
Frequency IHzI 

iii. VOLTAGE NOISE 

i J1~I'l$11 till 
0.01 0.1 1 10 100' lk 10k lOOk 1M 10M 

Fl'Iquency IHzI 
5b. CURRENT NOISE 

FIGURE 5.Noise Voltage and Current Spectral Density. 

Figure 6 shov;s the desired "gain" of the circuit 
(transimpedance of eo / ion = Z,(s». I(has a single-pole 
rolloff at f, = 1/(21l'R,C,} = W2j21l'. Output noise is 
minimized iff, is made smaller. Normally R, is chosen for 
the desired DC transimpedance based on the full scale 
input current (ion full scale) and maximum output (eo 
max). Then C, is chosen to make f, as small as possible 
consistent with the necessary signal frequency response. 

109 

12=/ " 
0.1 10 100 

Fl'Iquancy IHzI 

FIGURE 6. Transimpedance. 

Voltage Noise 

15.9k 

'" lk 10k lOOk 1M 10M 

Figure 7 shows the noise voltage gain for the circuit in 
Figure 4. It is derived from the equation 

e = e [ -L ] = e I [_1_] o n I+AS n7f J.. 
1+ Af3 

where: 

A = A(w} is the open-loop gain 
f3 = f3(w} is the feedback factor. It is the amount of 

output voltage feedback to the input of the op amp. 
Af3 = A(w} f3(w} is the loop gain. It is the amount of the 

output voltage feedback to the input and then 
amplified and returned to the output. 

Burr-Brown Ie Data Book 

lOOk 
J.AI"'I~ ~ 

1 Ole IOPA10l 

lk l' 13=38I1IcHz 

~100 
lip A~ '" ~ 

~ la=673~ '\ 1 ~ --" .!! 
.; 10 ,,: . 

1+ R2/Rl l\ 7 i" IH~ 1 I 
12=1 ~HZ ~ 

0.1 
,. '\ (I +Cl /C21=26 

0.01 
,# I , 

K3 = 1.63 x 10" = ~~+~ '-L Ii I. HI 
0.0010.01 0.1 1 10 100 lk 101e lOOk 1M 10M 

Frequency IHzI 

FIGURE 7. Noise Voltage Gain. 

Note that for large loop gain (Af3»I) 

(4) 

F or the circuit in Figure 4 it can be shown that 

(5) 

This may be rearranged to 

R,+R l [~] 
f3 Rl ns + I 

(5a) 

where T, = (Rl II R,}(C I II C,) (5b) 

= [ RlR, 1 
Rl + R, , (Cl + C,) 

and T2 = R,C, . (5c) 

1 1 
Then, f, = 21l'T, and f, = 21l'~' (5d) 

For very low frequencies (f«f,), s approaches zero and 
equation 5 becomes 

2-50 

(6) 

For very high frequencies (£»6), s approaches infinity 
and equation 5 becomes 

(7) 
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The noise voltage spectral density at the output is 
obtained by mUltiplying the amplifier's noise voltage 
spectral density (Figure Sa) times the circuits noise gain 
(Figure 7). Since both curves are plotted on log-log scales 
the multiplication can be performed by the addition of 
the two curves. The result is shown ih Figure 8. 

/. =,O.o'HZ 'C = .100Hz~'11~ ~ f'2= .UkHz .!. 
1·3=_HZ , 0 

I ! 0 

RII'. (11 m: roo 4)' 

• I 0 , , 
~ 

'I 'I • 
"> '000, KZII + Cl/Cz1 : 

I 

i 100 .... 
: f _\. --- 208 

I ~,.., 88 • • / ~ • 
1 

10 6+ R2 I 
0 

, 
} ~II l~-:'- -u ~ 

1 K 11+~J"" •• 
0.1 z Rl 

-' . ..,l_. ~K3' ~ 0.01 0.013 - - .-
0.01 0.1 • 1 100 It 10k lOOk 1M 10M 

FfllJlllIICY (HzI 

FIGURE 8. Output Noise Voltage Spectral Density. 

The total rms noise at the amplifier's output due to the 
amplifier's internal voltage noise is derived from the e.,(w) 
function in Figure 8 with the following expression: 

Eo rms = ,.j f +00 eo2 (w) dw 
_00 (8) 

It is both convenient and informative to calculate the rms 
noise using a piecewise approach (region-by-region) for 
each of the four regions indicated in Figure 8. 
Region I; fl = 0.01 Hz to f, = 100Hz 

R2 ~ 
En. ,m; = K, (I + R;) V In(folf,) (9) 

= 80nV/v'1iZ (I + 107 
) jln 100 

108 0.01 (9a) 

This region has the characteristic of I / f or "pink" noise 
(slope of -lOdD per decade on the log-log plot of en(w». 
The selection of 0.01 Hz is somewhat arbitrary but it can 
be shown that for this example there would be only 
negligible additional contribution by extending f, several 
decades lower. Note that K,(l + R2/ RI) is the value of eo 
at f= 1Hz. 

Region 2; f, = 100Hz to f. = 673Hz 

R2 f77 
Enl rm. = K2 (I +-) V f.-f, R, 

107 . 

= SnV /V'UZ (I + 108 ),.j 673 - 100 

=0:2IpV 
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(10) 

(lOa) 
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This is a region of "white" noise which leads to the form 
of equation (10). 

Region 3; f. = 673Hz to f2 = 15.9kHz 

j f-' f-' 
En3 rms = K2· K3 --=- _ ...!.. 

3 3 (11) 

s 
~ I ,... 
C) ,... 
~ o 

This is the region of increasing noise gain (slope Of. 
+20dD/ decade on the log-log plot) caused by the lead 
network formed by the resistance RI " R2 and the capaci-
tance (C1 + C2). Note that K3• K2 is the value of the eo (w) 
function for this segment projected back to I Hz. 

Region 4; f> 15.9kHz 

(12) 

I rn: 25 '7r 
=8nV v Hz (I+ T )JLI]380k-15.9k (l2a) 

This is a region of white noise with a single order rolloff at 
6 = 380kHz caused by the intersection of the 1/ f3 curve 
and the open-loop gain curve. The value of 380kHz is 
obtained from observing the intersection point of Figure 
7. The 7r /2 applied to f3 is to convert from a 3dB corner 
frequency to an effective noise bandwidth. 

Current Noise 
The output voltage component due to current noise is 
equal to: 
Em = in X Z2(S) 

where Z2(S) = R2 " XC2 

(13) 

(l3a) 

This voltage may be obtained by combining the in
formation from figures 5 (b) and 6 together with the open 
loop gain curve of Figure 7. The result is shown in Figure 
9 below. 

Rlilin CD ~. Q) 

~ 111'7 'Z'=.JkHz-

i tt-~ ... 
I ler1 

_U-
fo'" /' ,-.04 

'3 = 380kHz 

0.1 I 10 .00 It 10k lOOk 1M 

Flltpllncy (HzI 

FIGURE 9. Output Voltage Due to Noise Current. 

Using the same techniques that were used for the voltage 
noise: 

Region I; 0.1 Hz to 10kHz 
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= 1.4,u V 

Region 2; 10kHz to 15.9kHz 

_ -12 j (l5.9k)1 (10k)' 
E." - 1.4 x 10 --3- - -3-

= 1.4,uV 

Region 3; f> 15.9kHz 

E.,3 = 2.2 X 10-8 j ; 380k - 15.9k 

= 16.8,uV 

En. ",,' = 10-6 V (1.4)' + (1.4)' + (16.8)' 

Resistor Noise 

(14) 

(14a) 

(14b) 

(14c) 

For a complete noise analysis of the circuit in Figure 4, 
the noise of the feedback resistor, R" must also be 
included. The thermal noise of the resistor is given by: 

ER ,m, = V 4kTRB (15) 
K = Boltzmann's constant = 1.38 x 10-23 

Joules;oKelvin 
T = Absolute temperature (degrees Kelvin) 
R = Resistance (ohms) 
B = Effective noise bandwidth (Hz) (ideal filter 

assumed) 

At 25°C this becomes 
ER rms'" 0.13 y'R1f 
ER rms in,uV 
RinMO 
B in Hz 

For the circuit in Figure 4 
R, = 10'0 = IOMO 

B =~(f,) =~ 159k 2· 2 . 

Then 

ER rms = (411 nV jvHz) v'B 

=(41InVjv'Hz)J T 15.9kHz 

= 64.9,uV rms 

Total Noise 

The total noise may now be computed from 

En '0'" =,) En" + En,' + En,' + En.' + EnR' + En.' (16) 

= ,)0.267' + 0.21' + 15.1' + 158.5' + 64.9' + 16.9' (16a) 

= VO.07 + 0.04 + 228 + 25122 + 4212 + 286 (16b) 

= 173,uV rms 
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Conclusions 

Examination of the results in equation (l6b) together 
with the curves in Figure 8 leads to some interesting 
conclusions. In this example 84% ofthe noise comes from 
En4 . From Figure 8 it is seen that this is the area beyond 
the pole formed by R, and C,. 

The En4 contribution could be reduced several ways. The 
most common method is to increase C,. This reduces f, 
and the value of K2(1 + CljC2) (see Figure 8). It also 
reduces the signal bandwidth (see Figure 6) and the final 
value of C, is normally a compromise between noise gain 
and necessary signal bandwidth. 

I t should be noted that increasing C, will also affect f. 
since f. is determined by (C, + C,) (see equation (5b». 
Normally C, is larger than C, and f, will change more 
than for a I!;iven change in C,. 

The other means of reducing the noise in region 4 
involves changing amplifier parameters. For example, 
tl-e use of a slower amplifier would move the open-loop 
gain curve to the left and decrease fl. Of course, reducing 
the value of K" the noise floor, would also reduce the 
noise in this region. 

The second largest component is the resistor noiseEnR 
(14% of the total noise). A lower resistor value decreases 
resistor noise as a function of v'R: but it also lowers the 
desired signal gain as a direct function of R. Thus, 
lowering R reduces the signal-to-noise ratio at the output 
which shows that the feedback resistor should be as large 
as possible. The noise contribution due to R, can be 
decreased by raising the value of C, (lowering f2) but this 
reduces signal bandwidth. 

It is interesting to note that the current noise of the 
amplifier accounted for only I % of the total En. This is 
different than would be expected when comparing the 
current and voltage spectral densities with the size of the 
feedback resistor. For example, if we define a char
acteristic value of resistance as 

en(w) 
R,h ... """,,, = in(w) at f= 10kHz 

8nVjv'Hz 

1.4fA/v'Hz 

5.7MO 

(17) 

Thus, in simple transimpedance circuits with feedback 
resistors greater than the characteristic value, the 
amplifier's current noise would cause more output noise 
than the amplifier's voltage noise. Based on this and the 
10MO feedback resistor in the example, the amplifier 
noise current would be expected to have a higher 
contribution than the noise voltage. The reason it does 
not in the example of Figure 4 is that the noise voltage has 
high gain at higher frequencies (Figure 7) and the noise 
current does not (Figure 6). 

The fourth largest component of total noise comes from 
En3 (0.8%). Decreasing C, will also lower the term K,(1 + 
C,I c,). In this case, f, will stay fixed and f. will move to 
the right (i.e., the+20dBj decade slope segment will move 
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to the right). This can have a significant reduction on 
noise without lowering the signal bandwidth. This points 
out the importance of maintaining low capacitance at the 
amplifier's input in low noise applications. 

Shielding and Guarding 
The low noise, low bias current and high input impedance 
of the OPAIOI/102 are well suited to a number of 
precision applications. In order to fully benefit from the 
outstanding specifications of this unit, careful layout, 
shielding, and guarding are required. Careless signal 
wiring or printed circuit board layout can easily degrade 
circuit performance several orders of magnitude below 
the capability of the OPAIOI/ 102. 

As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickup in 
input leads. If large feedback resistors are used, they 
should also be shielded along with the external input 
circuitry. The metal case of the OP A I 0 1/ 102 is connected 
to pin 8 and is not connected to any internal amplifier 
circuitry. Thus it is possible to use the case as a shield to 
reduce noise pickup. 

Unless care is used, leakage currents across printed circuit 
boards can easily exceed the bias current of the OP A 10 I / 
102. To avoid leakage problems, it is recommended that a 
Teflon I C socket be used or that at least the signal input 
lead of the amplifier be wired to a Teflon standoff. If this 
is not done and instead the 0 PAlO 1/ 102 is to be soldered 
directly into a printed circuit board, utmost care must be 

V+~ 8 

'_~l~O~ 
0 4 ~f\) 

V. .V ~ 
<' 

GUAHD 

IBDTTOM VIEW) 

BOIrd Ia,.ut f. IlIfIul8U1rd1ng wllh TO-89 Package. 

FIGURE 10. Connection of Case Guard and Input Guard. 

Shield 
H2= lDOMa 

~:-~2 -
I 8 

I I + 
t---... /~ .• 3 8 1:1 .. 

GUlrd 

... 

VOUT = -lin x Z2 

FIGURE I I. Ultra-Low Current to Voltage Converter. 
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used in planning the board layout. A "guard" pattern 
should completely surround the two amplifier input leads 
and should be connected to a low impedance point which 
is at the signal input potential (see Figure 10). The 
amplifier case, pin 8, should also be connected to the 
guard. This insures that the entire amplifier circuitry is 
fully surrounded by the guard potential. This minimizes 
the voltage placed across any leakage paths and thus 
reduces leakage currents. I n addition, noise pickUp is also 
reduced. 

Figures II, 12, and 13 show typical applications using the 
guard and case shielding. 

Cleanliness is also a prime concern in low bias current 
circuits. It is recommended that after installation is 
complete the assembly be washed with a low residue 
solvent such as TMC Freon followed by rinsing with 
deionized water. The use of some form of high dielectric 
conformal coating such as a good two-part urathane 
should be considered if the assembly will be used in air 
environment which could deposit contaminants on the 
low current circuitry. 

FIGURE 12. Ultra-High Input Impedance Noninverting 
Circuit. 

FIGURE 13. Low Drift Integrator . 

Thermal Model 
Figure 14 is the thermal model for the OP AIO I / 102 where: 

TJ = Junction temperature (output load) 
TJ* = Junction temperature (no load) 
T c = Case temperature 
T A = Ambient temperature 
OCA = Thermal resistance, case-to-ambient 
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8HS = Effective thermal resistance of the heat sink 
PDQ = Quiescent power dissipation 

I +Vccll +QUlESCENT + I -Vce! L QUIESCENT 
Pox = Power dissipation in the output transistor 

= (VOUT - Vce) lOUT 

(In a complementary output stage only one output 
transistor is conducting current at a time.) 

INTERNAL POWER DISSIPATION 

T/ 

TC 

ileA = l5O"C/W 

FIGlJRE 14. OPAIOI/ 102 Thermal Model 

This model is obviously not the simple one-power source 
model used with most linear integrated circuits. It is, 
however, a more accurate model for multichip hybrid 
integrated circuits where the quiescent powe'r is dissipated 
in the input stage and the internal power dissipation due 
to the load is dissipated in a somewhat physically 
~cparated output stage. 

The model in Figure 14 must be used in conjunction with 
the OP A 10 1/ 102's absolute maximum ratings of internal 
power dissipation and junction temperature to determine 
the derated power dissipation capability of the package. 

As an example of how to use this model, consider this 
problem: Determine the output transistor junction tem
perature when the output has its maximum load resistance 
and is operated at the worst-case output voltage con
ditions. Assume Vcc = ±15VDC and TA = 25°C. 

Maximum Pnx occurs where VOUT = 1/2Vcc. Then 

(Vcd 
Pox m"".= 4Rl oad (IS) 

Burr-Brown Ie Data Book 

T, = T A + PnQ [82 + (8HS /I 8CA)] 

+ Pnx [81 + 82 + (8HS /I 8CA)] (19) 

Substituting appropriate values yields 

T, = 25~ + (30V x SmA)[S5°C;W + 90°CfW] 

+ (15Vi [750 CfW + S50CfW + 900CfW] 
4x IkO 

= 25°C + 42°C + 14"C = T A + 56°C 

= SloC 

The conclusion is that under a worst-case output voltage 
condition and with a I kO load the junction temperature 
rise is 56"C above ambient. Thus. under these conditions. 

,the device could be operated in an ambient up to 119"C 
without exceeding the 175"C junction temperature rating. 

A similar analysis for conditions of the output short
circuited to ground where 

PDX SS = Vee Ijoutput limit) (20) 

shows that the maximum junction temperature rating of 
175°C is exceeded. Thus, the output should not be 
shorted to ground for sustained periods of time. 

HEAT SINK 

The heat sink used on the OPAIOI/ 102 should not be 
removed. It has the effect of reducing the package 
thermal resistancefrom I 50°Cf W to about 90"C per watt. 
Removing the heat sink would naturally increase the 
junction temperature of the amplifier which would in 
turn raise the input bias current. The change in thermal 
resistance also affects the noise performance. Removing 
the heat sink would increase the noise in the I / f region. 
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BURR-BROWN® 

IElElI OPA111 

MILITARY & DIE 
VERSIONS 
AVAILABLE 

Low Noise Precision Dife' ® 

OPERATIONAL AMPLIFIER 

FEATURES 
• LOW NOISE: 100% tested. BnV/y'iii max at 10kHz 

• LOW BIAS CURRENT: lpA max 

• LOW OFFSET: 250pV max 

• LOW DRIFT: lpV/oC max 

• HIGH OPEN-LOOP GAIN: 120dS min 

• HIGH COMMON-MODE REJECTION: 100dS min 

DESCRIPTION 
The OPAIll is a precision monolithic dielectrically
isolated FET (O;'el'®) operational amplifier. Out
standing performance characteristics allow its use in 
the most critical instrumentation applications. 

Noise, bias current, voltage offset, drift, open-loop 
gain, common-mode rejection, and power supply 
rejection are superior to BIFET ® amplifiers. 

Very-low bias current is obtained by dielectric isola
tion with on-chip guarding. 

Laser trimming of thin-film resistors gives very-low 
offset and drift. Extremely-low noise is achieved 
with new circuit design techniques (patented). A new 
cascade design allows high precision input specifica
tions and reduced susceptibility to flicker noise. 

Standard 741 pin configuration allows upgrading of 
existing designs to higher performance levels. 

BIFET®National Semiconductor Corp., Difwd® Burr-Brown Corp. 

APPLICATIONS 
• PRECISION INSTRUMENTATION 

• DATA ACQUISITION 

• TEST EQUIPMENT 

• OPTOELECTRONICS 

• MEDICAL EQUIPMENT-CAT SCANNER 

• RADIATION HARD EQUIPMENT 

CASf ~ND SUBSTRATE 

C!>-m" 
+Vcc 

TRIM IDkO 

I 1-"""""-'1 

TRIM lDkO 2kO 2kO 

'PATENTED -Vee 

DPA111 SIMPLIFIED CIRCUIT 

Inlernational Airport Industrial Park - P.O. Box 11400 - Tucson. Arizona 85734 - Tel. 16021 746-1111 - Twx: 910-952-1111 - Cable: B8RCDRP - Telex: 66-6491 

PDS-526G 
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SPECIFICATIONS 
ELECTRICAL 
At Vee = ±15VDC and TA = +250 C unless otherwise noted. Pin 8 connected to ground. 

OPAlllAM OPAlllBM OPAlllSM 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

NOISE 
Voltage, to = 10Hz 100% tested 40 80 30 60 40 80 nV/v'Hz 

fo = 100Hz 100% lested 15 40 11 30 15 40 nV/v'Hz 
f()=1kHz 100% tested 8 15 7 12 8 15 nVlv'Hz 
fo = 10kHz 100% lested 6 8 6 8 6 8 nVlv'Hz 
f. = 10Hz to 10kHz 100% tested 0.7 12 06 1.0 0.7 12 "N,rms 
fa = 0 1Hz to 10Hz 

n, 
16 33 12 25 16 3.3 /lV, p-p 

Current, fs = 0 1Hz to 10Hz '" 95 15 75 12 95 15 fA, p-p 
fo = 0 1Hz thru 20kHz 

,,, 
05 08 04 06 05 08 fA/v'Hz 

OFFSET VOLTAGE'" 
Input Offset Voltage Vom =OVDC ±100 ±500 ±50 ±250 ±100 ±500 /lV 
Average Dnft TA = TMIN to T MAX ±2 ±5 ±05 ±1 ±2 ±5 /lV/'C 
Supply Rejection Vee - ±10V to ±18V 90 110 100 110 90 110 dB 

±3 ±31 ±3 ±10 ±3 ±31 /lVN 

BIAS CURRENT'" 
Input Bras Current Vom =OVDC ±08 ±2 ±05 ±1 ±08 ±2 pA 

OFFSET CURRENT'" 
Input Offset Current Vcm=DVDC ±05 ±15 ±025 ±075 ±0.5 ±15 pA 

IMPEDANCE 
Differential 10" 111 10" 111 10" 111 nil pF 
Common-Mode 10" 113 10" 113 10" 113 nil pF 

VOLTAGE RANGE 
Common-Mode Input Range ±10 ±11 ±10 ±11 ±10 ±11 V 
Common-Mode Rejection V<N= ±10VDC 90 110 100 110 90 110 dB 

OPEN-LOOP GAIN, DC 

Open-loop Voltage Gain RL ;;:::-2kCl 114 125 120 125 114 125 dB 

FREQUENCY RESPONSE 

Unity Garn, Small Signal 2 2 2 MHz 
Full Power Response 20V p-p, R, = 2k 16 32 16 32 16 32 kHz 
Slew Rate Vo = ±10V, RL = 2k 1 2 1 2 1 2 V/psec 
Settling Time, 0 1% Gam = -1, RL = 2k 6 6 6 psec 

001% 10V step 10 10 10 psec 
Overload Recovery, 

50% Oyerdnve'«31 Gam =-1 5 5 5 Jlsec 

RATED OUTPUT 

Voltage Output R,= 2kn ±11 ±12 ±11 ±12 ±11 ±12 V 
Current Output Vo = ±10VDC ±55 ±10 ±55 ±10 ±55 ±10 mA 
Output ReSistance DC, open loop 100 100 100 n 
Load Capacitance Stability Gam=+1 1000 1000 1000 pF 
Short Circuit Current 10 40 10 40 10 40 mA 

POWER SUPPLY 

Rated Voltage ±15 ±15 ±15 VDC 
Voltage Range, 

Derated Performance ±5 ±18 ±5 ±18 ±5 ±18 VDC 
Current, QUiescent 10 = OmADC 25 35 2.5 35 2.5 35 mA 

TEMPERATURE RANGE 

Specification Ambient temp -25 +85 -25 +85 -55 +125 'C 
Operating Ambient temp -55 +125 -55 +125 -55 +125 °C 
Storage Ambient temp -65 +150 -65 +150 -65 +150 °C 
(J Junction-Ambient 200 200 200 °C/W 

NOTES, (1) Sample tested-this parameter Is guaranteed, (2) Offset voltage, offset current, and bias current are measured with the units fully warmed 
up (3) Overload recovery is defined as the time required for the output to return from saturation to hnear operation following the removal of a 50% input overdrive. 
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ELECTRICAL [FULL TEMPERATURE RANGE SPECIFICATIONS] 
At Vee = ±15VDC and T. = T MIN to T MAlI unless otherwise noted . 

OFFSET VOLTAGE'" 
Inpul Offsel Vollage 
Average Drift 
Supply Rejection 

BIAS CURRENT'" 
Input Bias Current 

OFFSET CURRENT'" 
Input Offset Current 

VOLTAGE RANGE 
Common-Mode Input Range 
Common-Mode Rejection 

. CONDITIONS 

Vom = OVDC 

Vee - ±10V 10 ±18V 

V,m OVDC 

OVDC 

V'N ±10VDC 

86 

±10 
'86 

±220 
±2 
100 
±10 

±50 

±30 

±11 
100 

±1000 
±5 

±50 

±250 

±200 

90 

±10 
90 

±110 
±05 
100 
±10 

±30 

±15 

±11 
100 

(1) Offset voltage, offset current, and bias current are measured with the units fully warmed up. 

±500 
±1 

±32 

±130 

±100 

86 

±10 
86 

±300 
±2 
100 
±10 

±820 

±510 

±11 
100 

MECHANICAL "M" PACKAGE TO-99 (Hermetic) CONNECTION DIAGRAM 
NOTE Pin numbers shown for reference Leads In true position within .010" 

only. Numbers may not be marked (25mmR)al MMC al sealing plane 
on package 

J,4.)~! 
Pm material and plating composi-
lion oonform 10 Melhod 2003 (sol-
derabllily) of MIL-STD-883 (excepl 
paragraph 3.2) 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 335 370 851 940 

p,.n·.I1II1~ B 305 335 775 851 

C 185 185 419 470 

TOP VIEW SUBSTRATE AND CASE 

---1.-0 D 016 021 041 053 
E 010 040 025 102 

• 
F 010 040 025 102 

G 200 BASIC 508 BASIC 

2° 3 :'0 N t H 028 034 071 086 

T 1 + 5 G 
J 029 045 074 114 

M Os o· ~ K 500 127 

¥ 
L 110 160 279 406 
M 45' BASIC 45" BASIC 
N 095 105 241 267 

ORDERING INFORMATION 

Temptlflllure OIfHtVoItage, 
Model Peclc8ge RMge mo(pV) 

OPA111AM TO-99 -2So C to +85° C ±500 
OPAlllBM TO-99 -2So C to +85° C ±250 
OPA111SM TO-99 ~soC to +12SoC ±500 

BURN-IN SCREENING OPTION 

Temperature Bu ..... ln 
Model Packqe R ..... Temp. (11C1h)'" 

OPAlllAM-BI TO-99 -25°C to +85°C +12SoC 
OPAlllBM-BI TO-99 -2SoC to +8SoC +12SoC 
OPAlllSM-BI TO-99 -2SoC to +8SoC +12SoC 

NOTE: (1) Or eqUivalent comblnallon of time and temperature. 
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ABSOLUTE MAXIMUM RATINGS 

Supply ............................................. ±1SVDC 
Internal Power DISSlpatlon(1f .......................... 500mW 
Differential Input VOltageC2!..... . ................... ±36VDC 
Input Voltage RangeC2! .•• ........... ••....•.• ..• ±18VDC 
Storage Temperature Range ................. ~65°C to +150°C 
Operating Temperature Range ..... -55°C to +125°C 
Lead Temperature (soldenng, 10 seconds) .... . ... +300°C 
Output Short CirCUit Duratlon(3. ..... ... Continuous 
Junction Temperature.. .... . ... +175°C 

NOTES 
(1) Packages must be derated based on 8Jc':::::= 150°C/W or 8JA ::::: 30QoC/W 
(2) For supply voltages less than ±18VDC the absolute maximum Input 

voltage IS equal to +18V > VIN > -Vee -6V. See Figure 2 
(3) Short circuit may be to power supply common only Rating applJes to 

+250 C ambient Observe diSsipation limit and T J 

TYPICAL PERFORMANCE CURVES 
TA = +250 C, Vee = ±15VDC unless otherwise "qted. 
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TYPICAL PERFORMANCE CURVES [CONT] 
TA = +25°C. Vee = ±15VOC unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES [CONT] 
T. = +25°C, Vee = ±15VDC unless otherwise noted 
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APPLICATIONS 
INFORMATION 
OFFSET VOLTAGE ADJUSTMENT 
The OPA111 offset voltage is laser-trimmed and will 
require no further trim for most applications. As with 
most amplifiers, externally trimming the remaining offset 
can change drift performance by about O.3/-LV/oC for 
each 100/.N of adjusted offset. Note that the trim (Figure 
I) is similar to operational amplifiers such as 741 and 
AD547. The OPA111 can replace most other amplifiers 
by leaving the external null circuit unconnected. 

±10mV TYPICAL 
TRIM RANGE 

·10Kn TO lMn 
TRIM POTENTIOMETER 

-Vee (I00kn RECOMMENOED) 

FIGURE I. Offset Voltage Trim. 

INPUT PROTECTION 
Conventional monolithic FET operational amplifiers 
require external current-limiting resistors to protect their 
inputs against destructive currents that can flow when 
input FET gate-to-substrate isolation diodes are forward
biased. Most BIFET amplifiers can be destroyed by the 
loss of - Vee. 

Unlike BIFET amplifiers, the Dire' OPAlll requires 
input current limiting resistors only if its input voltage is 
greater than 6 volts more negative than =Vcc. A IOkO 
series resistor will limit input current to a safe level with 
up to ±15V input levels even if both supply voltages are 
lost. 

+2 

~ 
Maximum Safe Current 

+1 

< liN -

.§. - + 

c V ~ 

~ 0 
0 
:; 
~ 

-1 
Maximum Safe Current 

-2 
-15 -10 -5 0 +5 +10 +15 

Input Voltage (VI 

FIGURE 2. Input Current vs Input Voltage with ±Vcc 
Pins Grounded. 
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Static damage can cause subtle changes in amplifier 
input characteristics without necessarily destroying the 
device. In precision operational amplifiers (both bipolar 
and FET types), this may cause a noticeable degradation 
of offset voltage and drift. 

Static protection is recommended when handling any 
precision IC operational amplifier. 

GUARDING AND SHIELDING 

As in any situation where high impedances are involved, 
careful shielding is rquired to reduce "hum" pickup in 

.... .... .... : 
o 

input leads. If large feedback resistors are used, they 2 
should also be shielded along with the external input 
circuitry. 
Leakage currents across printed circuit boards can easily 
exceed the bias curent of the OPAlll. To avoid leakage 
problems, it is recommended that the signal input lead of 
the OP Alll be wired to a Teflon standoff. If the OPAlll 
is to be soldered directly into a printed circuit board, 
utmost care must be used in planning the board layout. 
A "guard" pattern should completely surround the high 
impedance input leads and should be connected to a low 
impedance point which is at the signal input potential. 

The amplifier case should be connected to any input 
shield or guard via pin 8. This insures that the amplifier 
itself is fully surrounded by guard potential, minimizing 
both leakage and noise pickup (see Figure 3). 

If guarding is not required, pin 8 (case) should be 
connected to ground. 

NON·INVERTING BUFFER 

INVERTING TD-99 BOTTOM VIEW 

OUT 

BOARD LAYOUT 
FOR INPUT GUARDING 

Guard top and bottom of board. 
Alternate: use Telton" standott 
for sensitive Input pins. 

Teflon"' E I. Du Pont de Nemours & Co 

FIGURE 3. Connection of Input Guard. 

NOISE: FET VERSUS BIPOLAR 
Low noise circuit design requires careful analysis of all 
noise sources. External noise sources can dominate in 
many cases, so consider the effect of source resistance on 
overall operational amplifier noise performance. At low 
source impedances, the lower voltage noise of a bipolar 
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operational amplifier is superior, but at higher impedan
ces the high current noise of a bipolar amplifier becomes 
a serious liability. Above about 15kO the OPAlIl will 
have lower total noise ~han an OP-27 (see Figure 4). 

Source Resistance (R.). n 

FIGURE 4. Voltage Noise Spectral Density Versus 
Source Resistance. 

BIAS CURRENT CHANGE VERSUS 
COMMON-MODE VOLTAGE 

The input bias currents of most popular BIFET opera
tional amplifiers are affected by common-mode voltage 
(Figure 5). Higher input FET gate-to-drain voltage 
causes leakage and ionization (bias) currents to increase. 
Due to its cascode input stage, the extremely-low bias 
current of the OPAlll is not compromised by common
mode voltage. 

80 
T.=~.6;curvaelak8nlfo~H .l .L ,I II 70 
mfg. publ_ typical data I K11 80 

~ 50 IIIII ~oU7 
E 1IIIl I 
~ 40 , 

30 LF11i6f1571 
() 

I I I 0 = 20 
iii LlJ. :; 10 
Co AD54 E o OPAm 

Hl~ -10 pHf urr~~,B-r u 
-20 

+10 -10 -5 0 +5 

Common-Mode Voltage' (VDC) 

FIGURE 5. Input Bias Current Versus Common-Mode 
Voltage. 

BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Bum-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after bum-in to ensure that grade 
specifications are met. To order bum-in, add "-BI" to the 
base model number. 

APPLICATIONS CIRCUITS 
.Figures 6 through 18 are circuit diagrams of various 
applications for the OPAIlI. 

lOOOMn 

OUTPUT 
PYROELECTRIC 

DETECT0r-R -;-~+-.., 

~ 

T NOTE: PYROELECTRIC DETECTORS RESPOIID 
TO RATE-OF-CHANBE lAC SIBIIALI ONLY 

FIGURE 6. Pyroelectric Infrared Detector. 

So - 1200IIIVDCI pW 
VIDEO BANDWIDTH: DC Ia 50kHz 

FIGURE 7. Zero-Bias Schottky Diode Square-Law 
RF Detector. 

IODMn 

So = 50mV 

.i 
T 

FIGURE 8. Computerized Axial Tomography (CAT) 
Scanner Channel Amplifier. 

Burr-Brown Ie Data Book 2-62 Vol. 33 



~ pH PROBE 
U R. - 5CIIMCl 
II 5O.V OUT 

; 

9.&kCl 

-15V 

+16V 

OFFSET 
TRIM 

IVue 
OUTPUT 

FIGURE 9. High Impedance (10140) Amplifier. 

OUTPUT 

5 x IlI"VlWAn 

-. 
CIRCUIT MUST BE 
WELL SHIELDED. 

FIGURE 10. Sensitive Photodiode Amplifier. 

OFFSET VOLTAGE = 
255pVOC MAXIMUM 
WITH NO OFFSET ~DJUST 

INPUT 

50DpF 

FIGURE' II. 60Hz Reject Filter. 

375.lkO 
187.5kO 

I!1F 

AU 

INPUT 

-. 

LOW FREQUENCY CUTOFF = 
1112 .. R,C,) = 0.16Hz 

... = -AU/C, 

G=26dB 
MIDBAND 

Charge Amplifier. 

OUTPUT 

IODkCl 

FIGURE 13. RIAA Equalized Phono Preamplifier. 

PIN DIODE 
ISILICON 
DETECTOR eGRP. 
SIJ.04I.11·2I-01I)Ir-........ ~IV'-...... ..., 

\,------..., 

-. -. 

+5vue 

FIGURE 14. High Sensitivity (under InW) Fiber Optic 
Receiver for 9600 Baud Manchester Data. 

IN~--~Y---~----~~-----4------------------~ 
375.1kO 

r 
FIGURE IS. 0.6Hz Second Order Low-Pass Filter. 

Burr-Brown Ie Data Book 2-63 

>--_---------Q OUT 

Fe =OJIIz 

--II~ 

Vol. 33 

,.. ,.. ,.. 
: o 

U) 
a: 
w 
u: 
:::i 
a. :e 
4( 

...I 
4( 
Z 
o 
t-
4( 
a: 
w 
a. 
o 



INPUT 

1 

I 
I 
I 

I t" 
I I ' ..... 

10kO 

10kO 

10kO 

10kO 

10kO 

I I ""' ..... , 
r-------------~ )---------------~ 
I I "fI/I I 

I I " 
I ~" N = 10 OPA111BIlI 

Av = -1010 
e, = 1.9nV/.jHz TYP' AT 10kHz 
BW = 30kHz TYP 
GBW = 30.3 MHz TYP 
Vas = ±11lpV TYP' 
AVos/AT = ±O.I1lpV/'C TYP' 
I. = 10pA max 
l'N = 10"0 II 30pF 

'THEORETICAL PERFORMANCE 
ACHIEVEABLE FROM OPA111BM 
WITH UNCORRELATEO RANDOM 
DISTRIBUTION OF PARAMETERS. 

10kO 

FIGURE 16. 'N' Stage Parallel-Input Amplifier For Reduced Relative Amplifier Noise At The Output. 

-IN 0----...., 

5kO 

1010 R. 

5kO 

+IN 0------1 

I. = IpA 
GAIN = 100 
CMRR = l06dB 
R,. = 10"0 

r---------------------, 
I· I 

2 ! 25kO 25kO:S 

1 
I 
1 
1 
I 

3: 25kn 

1 
1 

: 25kO 
I 
I L _____ _ 

I 

I 
1 
I 
I 

>--tl-:-....... g OUTPUT 

16 

BURR·BROWN : 
INAIOS I 

DIFFERENTIAL I 
_____ ~~~~~J 

DIFFERENTIAL VOLTAGE GAIN = I + 2R,/Ro 

FIGURE 17. FET Input Instrumentation Amplifier. 
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INPUT o-----'""""i 

I. O.01pF POLYSTYRENE 

FIGURE 18. Low-Droop 

Burr-Brown Ie Data Book 2-65 

>-------0 OUTPUT 

OROOP - l1lOpV/llc 

• REVERSE POLARITY FOR NEGATIVE 
PEAK DETECTION 
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BURR-BROWN® 

IElElI OPA121 

Low Cost Precision Dife'® 
OPERATIONAL AMPLIFIER 

FEATURES 
• LOW NOISE: 6nV/~ typ at 10kHz 

• LOW BIAS CURRENT: 5pA max 

• LOW OFFSET: 2mV max 

• LOW DRIFT: 3I1V/oC lyp 

• HIGH OPEN-LOOP GAIN: nOdB min 

• HIGH COMMON-MODE REJECTION: 86dB min 

DESCRIPTION 
The OPA121 is a precision monolithic dielectrically
isolated FET (.Dik'~ operational amplifier. 
Outstanding performance characteristics are now 
available for low-cost applications. 

Noise, bias current, voltage offset, drift, open-loop 
gain, common-mode rejection, and power supply 
rejection are superior to BIFE~ amplifiers. 

Very low bias current is obtained by dielectric isola
tion with on-chip guarding. 

Laser-trimming of thin-film resistors gives very low 
offset and drift. Extremely low noise is achieved 
with new circuit design techniques (patented). A new 
cascode design allows high precision input specifica
tions and reduced susceptibility to flicker noise. 

Standard 741 pin configuration allows upgrading of 
existing designs to higher performance levels. 

BIFET'I National Semiconductor Corp .• ~ .. Burr-Brown Corp. 

APPLICATIONS 
• OPTOELECTRONICS 

• DATA ACQUISITION 

• TEST EQUIPMENT 

• MEDICAL EQUIPMENT 

• RADIATION HARD EQUIPMENT 

CASE (TIMID) AND SUBSTRATE 

G>-m" 

2kO 

2110 2110 

·PATENTED 

DPA121 SIMPLIFIED CIRCUIT 

+Vee 

-Vee 

Int8rnili0lll1 Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· T81.(602) 746-11 11 . Twx' 910-852·1111 • Cabla: BBRCORP . Telex: 66-6491 

PDS-S39C 

Burr-Brown Ie Data Book 2-66 Vol; 33 



SPECIFICATIONS 
ELECTRICAL 
At Vee = ±15VOC and TA = +25°C unless otherwise noted. Pin 8 connected to ground. 

OPA121KM OPA121KP/KU 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

NOISE 
Voltage, fo = 10Hz '" 40 50 nVlv'Hz 

fo = 100Hz '" 15 18 nVlv'Hz 

fo = 1kHz '" 8 10 nVlv'Hz 
fo = 10kHz '" 6 7 nVIv'Hz 
f. = 10Hz to 10kHz '" 07 08 IIVrms 
f. = 0 1Hz to 10Hz '" 1.6 2 pVp-p 

Current, fa = 0 1 Hz to 10Hz '" 15 21 fA, p-p 
fo = 0 1 Hz thru 20kHz '" 08 11 fA/v'Hz 

OFFSET VOLTAGE'" 
Input Offset Voltage VCM = OVDC ±0.5 ±2 ±O.S ±3 mV 
Average Dnft T" = TMtN to TMAX ±3 ±10 ±3 ±10 pVl'C 
Supply Rejection 86 104 86 104 dB 

±6 ±50 ±6 ±50 pV/v 

BIAS CURRENT'" 
Input Bias Current VCM = OVDC i-l ±5 ±1 ±10 pA 

Device Operating 

OFFSET CURRENT'" 
Input Offset Current VCM = OVDC ±07 ±4 ±07 ±8 pA 

Device Operating 

IMPEDANCE 
Differential 10" 111 10" 111 011 pF 
Common-Mode 10" II 3 10" 113 011 pF 

VOLTAGE RANGE 
Common-Mode Input Range ±10 ±11 ±10 ±11 V 
Common-Mode Rejection V'N = ±10VDC 86 104 82 100 dB 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Gam R,2:2kO 110 120 106 114 dB 

FREQUENCY RESPONSE 

Unity Gain, Small Signal 2 2 MHz 
Full Power Response 20V p-p, R, = 2kO 32 32 kHz 
Slew Rate Vo = ±10V, R, = 2kO 2 2 VIps 
Settlmg Time, a 1% Gain = -1, R, = 2kO 6 6 ps 

001% 10V step 10 10 ps 
Overload Recovery, 

50% Overdnvel31 Gam =-1 5 5 ps 

RATED OUTPUT 

Voltage Output R, = 2kO ±11 ±12 ±11 ±12 V 
Current Output Vo= ±10VDC ±S5 ±10 ±55 ±10 mA 
Output Resistance DC, open loop 100 100 0 
Load Capacitance Stability Gain =+1 1000 1000 pF 
Short Circuit Current 10 40 10 40 mA 

POWER SUPPLY 

Rated Voltage ±15 ±15 VDC 
Voltage Range, 

Derated Performance ±5 ±18 ±S ±18 VDC 
Current, QUiescent 10 = OmADC 2.5 4.0 2.5 4.5 mA 

TEMPERATURE RANGE 

Specification Ambient temp 0 +70 0 +70 'C 
Operating Ambient temp. -40 +85 -25 +85 ·C 
Storage Ambient temp. -65 +150 -55 +125 ·C 
8 Junction-Ambient 200 15044 ' 'C/W 

NOTES (1) Sample tested (2) Offset voltage, offset current, and bias current are specified with the units fully warmed up (3) Overload recovery is 
defined as the time required for the output to return from saturation to linear operation follOWing the removal of a 50% input overdrive (4) 100°CIW for 
KU grade 

Burr-Brown Ie Data Book 2-67 Vol. 33 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At Vee = ±15VDC and TA = T MIN to T MAX unless otherwise noted 

OPA121KM OPA121KP/KU 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

TEMPERATURE RANGE 

Specification Range Ambient temp 0 +70 0 +70 'C 

INPUT 

OFFSET VOLTAGE'" 
Inpul Oflset Voltage VCM = OVDC ±1 ±3 ±1 ±5 mV 
Average Drift ±3 ±10 ±3 ±10 IlV/'C 
Supply Relection 82 94 82 94 dB 

±20 ±80 ±20 ±80 IlVN 

BIAS CURRENT'" 
Input Bias Current VCM = OVDC ±23 ±115 ±23 ±250 pA 

Device operating 

OFFSET CURRENT'" 
Input Oflset Current VCM =OVDC ±16 ±100 ±16 ±200 pA 

Device operating 

VOLTAGE RANGE 
Common-Mode Input Range ±10 ±11 ±10 ±11 V 
Common-Mode Rejection V'N = ±10VDC 82 98 80 96 dB 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Gain RL:" 2kO 106 116 100 110 dB 

RATED OUTPUT 

Voltage Output RL = 2kO ±105 ±11 ±105 ±11 V 
Current Output Vo = ±10VDC ±525 ±10 ±525 ±10 mA 
Short CircUIt Current Vo = OVDC 10 40 10 40 mA 

POWER SUPPLY 

Current, QUiescent 10= OmADC 25 45 25 50 mA 

NOTES (1) Offset voltage, offset current, and bias current are measured with the Units fully warmed up 

MECHANICAL 

"M"PACKAGE TO-99 (Hermetic) "P" PACKAGE B-Pin Plastic 

{9 ~j 
INCHES MILLIMETERS EA~ -- ~. ~" DIM MIN MAX MIN MAX A,----t 

A 335 370 851 940 n,r"l,n 
B 305 335 775 851 

-+ IU c 165 185 419 470 
D 016 021 041 053 
E 010 040 025 102 p/ "-~in~ v 

Jl INCHES MILLIMETERS 

Seating II III 1 F 010 040 025 102 DIM MIN MAX MIN MAX 

Plane -oI.--D G 200 BASIC 508 BASIC A 355 400 903 1016 
H 028 034 071 086 A, 340 384 884 978 

L~ 
J 029 045 074 114 

m~ 
B 230 290 5.85 737 

K 500 127 - B, 200 250 509 636 
~ L 110 160 279 406 --.i C C 120 200 305 5.09 

~E~ 4 M 45° BASIC 45° BASIC D 015 023 038 059 

~ 
N 095 105 241 267 

! !!J tN r F 030 070 076 178 

NOTE Leads In true positIon 
G 100 BASIC 254 BASIC ;J 

H JLD G Sealing 
H 025 050 084 127 

Within 0 010" (0 25mm) Rat MMC 
J 008 015 020 038 

at seating plane 
Plane K 070 150 178 382 

Pin material and plating compos 1- L 300 BASIC 763 BASIC 
tion conform to method 2003 Pin numbers shown for reference NOTE Leads in true POSItion M 0' 15' 0' 15' 
(solderability) of MIL-STD-883 only Numbers may not be marked within 010" ( 25mm) Rat MMC N 010 030 025 076 
(except paragraph 3.2) on package at seating plane p 025 050 064 127 

"U" PACKAGE Plastic sale 
INCHES MILLIMETERS 

t--- A -

~C 
NOTE" Leads in true pOSition DIM MIN MAX MIN MAX 

rnrt~ Within 0 010" (0 25mm) Rat MMC A 185 201 470 511 

at seating plane A, 178 201 452 511 

11 ~~ B 146 162 371 411 
B, 130 149 330 378 
C 054 145 137 369 

B, • D 015 019 038 046 

Pin 1 . Jj ~L5=i 
G 050 BASIC 127 BASIC 

Identifier H 018 026 046 066 
J 008 012 020 030 

~P~1 U J ~H L 220 252 559 640 
M 0' 10' 0' 10' 
N 000 012 000 030 
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CONNECTION DIAGRAMS 

"M" PACKAGE TO-99 (Hermetic) 

Substrate and Ca .. 

-Vee 

TOP VIEW 

ORDERING INFORMATION 

Tempemure 
Model Peckage A ..... 

OPA121KM TO-99 O'Cto +70'C 
OPA121KP Plastic O'Cto +70'C 
OPA121KU SOIC O'Cto +70'C 

BUAN-IN SCAEENING OPTION 

Bum-In 

"P" PACKAGE Plastic Mini-DIP 
"U" PACKAGE Plastic sOle 

OffsetTnm Offset Trim 

-In +Vcc 

+In Output 

-Vee NC 

TOP VIEW 

Temperature 
Model Package Aenge Temp. (1eCIh)'1I 

OPAI21KM-BI TO-99 0'Cto+70"O +85'C 

OPA121 KP-BI Plastic O'Cto +70'C 
OPA121 KU-BI SOIC O'Cto +70'C 

NOTE (1) Or equivalent combination of time and temperature. 

ABSOLUTE MAXIMUM RATINGS 

Supply.. .. . . .. .. .. .. . • . . . .. .. .. . . .. .. . .. .. . • .. • . . .. .. .. ±18VDC 
Internal Power Dlsslpatlon(1) •••••••••••••••••••••••••••••• 500mW 

Dlfferenllallnp~t Voltage .....••....•.......•.........••. ±36VDC 
Input Voltage Range .................................... ±18VDC 

Storage Temperature Range 
M package ................... " .............. -65'C to +150'C 

P, U packages ................................ -55'C to +125'C 

Operating Temperature Range 
M package .............................. " .... -40'Cto+85'C 

+85"0 
+85'C 

P, U packages ................................. -25'Cto +65'C 

Lead Temperature 
M, P packages (soldenng 10 seconds) ... .. .. . ..•...... +300'C 
U package (soldenng 3 seconds). ......... . .. ,........ +260'C 

Output Short-Circuit Duratlon C21 • • •• •• •• • • • • • • • •• •• Continuous 
Junction Temperature. . . . . . . . . . . . . . . . . . . .. ...•........•. +175°C 

NOTES (1) Packages must ~e derated based on BJA ; 150'C/W (P 
package), BJ. ; 200'C/W (M package), BJA ; 100'C/w (U package) 
(2) Short CirCUit may be to power supply common only Rating applies 
to +25°C ambient Observe diSSipation limit and TJ 

TYPICAL PERFORMANCE CURVES 
T.; +25'C, Vee; ±15VDC unless otherwise noted 
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TYPICAL PERFORMANCE CURVES (CONT) 
TA = +25°C, Vee = ±15VDC unless otherwise noted 

BIAS AND OFFSET CURRENT 
vs INPUT COMMON MODE VOLTAGE 
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IIIIII! II 
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APPLICATIONS 
INFORMATION 
OFFSET VOLTAGE ADJUSTMENT 

I 

10M 

-45 

" " ~ 
" -90 '§ ,. 
Ci 
.2: 

- 1351 

-180 
10M 

The OPAI21 offset voltage is laser-trimmed and will 
require no further trim for most applications. As with 
most amplifiers, externally trimming the remaining offset 
can change drift performance by about O.3J.1V/ oC for 
each IOOJ.lV of adjusted offset. Note that the trim (Figure 
I) is similar to operational amplifiers such as 741 and 
AD547. The OPA121 can replace most BIFET amplifiers 
by leaving the external null circuit unconnected. 
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±1011V TYPICAL 
TRIM RANSE 

"IOKn TO lMn 
TRIM POTENTIOMETER 

-Vee 1100kn RECOMMENDEOI 

FIGURE 1. Offset Voltage Trim. 

INPUT PROTECTION 

Conventional monolithic FET operational amplifiers 
require external current-limiting resistors to protect their 
inputs against destructive currents that can flow when 
input FET gate-to-substrate isolation diodes are forward
biased. Most BIFET amplifiers can be destroyed by the 
loss of-Vee. 

Unlike BIFET amplifiers, the Dire' OPAI21 requires 
input current limiting resistors only if its input voltage is 
greater than 6 volts more negative than -Vee. A IOkO 
series resistor will limit input current to a safe 'level with 
up to ±15V input levels even if both supply voltages are 
lost. 
Static damage can cause subtle changes in amplifier 
input characteristics without necessarily destroying the 
device. In precision operational amplifiers (both bipolar 
and FET types), this may cause a noticeable degradation 
of offset voltage and drift. 

Static protection is recommended when handling any 
precision I C operational amplifier. 

GUARDING AND SHIELDING 

As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickup in 
input leads. If large feedback resistors are used, they 
should also be shielded along with the external input 
circuitry. 

Leakage curll::nts across printed circuit boards can easily 
exceed the bias current of the OPAI21. To avoid leakage 
problems, it is recommended that the signal input lead of 
the OPA121 be wired to a Teflon'· standoff.lfthe OPA12l 
is to be soldered directly into a printed circuit board, 
utmost care must be used in planning the board layout. 
A "guard" pattern should completely surround the high
impedance input leads and should be connected to a low
impedance point which is at the signal input potential. 

The amplifier case should be connected to any input 
shield or guard via pin 8. This insures that the amplifier 
itself is fully surrounded by guard potential, minimizing 
both leakage and noise pickUp (see Figure 2). 
If guarding is not required, pin 8 (case) should be 
connected to ground. 
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NON·INVERTING 

INVERTINS 

OUT 

BOARD LAYOUT 
FOR INPUT SUAROIN. 

Guard top and baltom 01 board 
Allernale: UII Tallon BlandoH 
lor sensltlvB input pins. 

TO.8IJ BOTTOM VIEW 

MIII·DIP BOTTOM VIEW 

8~1:C1 7 I!] J[iJ12 

II!] LgJa 
5[lJ J:!J4 

FIGURE 2. Connection of Input Guard. 

BIAS CURRENT CHANGE VERSUS 
COMMON-MODE VOLTAGE 

The input bias currents of most popular BIFET opera
tional amplifiers are affected by common-mode voltage 
(Figure 3). Higher input FEt, gate-to-drain voltage 
causes leakage and ionization (bias) currents to increase. 
Due to its cascode input stage, the extremely-low bias 
current of the OPA12l is not compromised by common
mode voltage. 

BURN-IN SCREENING 

Bum-in screening is an option available for the models 
indicated in the Qrdering Information table. Bum-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after bum-in to ensure that grade 
specifications are met. To order bum-in. add "-BI" to the 
base model number. 

T. = 25·C. curves taken Irom l~lU,bJ I J I 
mig published typical data ~ I 
IIIII ~DU7 
11111 ~F155 

LFI561157 

1111 
~L~IJ5 

AD547 
OPA121 OPAI21 
I I I Jt 

Blar Frrl"tl ~r~e\laIIY{ffi pr-~lll~li "trie 

80 

70 

;( 
80 

~ 50 
E 40 ~ 
~ 

30 0 
::l 20 
Iii 
'5 10 
0. 
.5 0 

-10 

-20 
... 5 +10 o -10 -5 

Common-Mode Voltage (VDC) 

FIGURE 3. Input Bias Current Versus Common-Mode 
Voltage. 
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BURR-BROWN® 

IElElI OPA128 

MILITARY & DIE 
VERSIONS 
AVAILABLE 

O//e'® Electrometer-Grade 
OPERATIONAL AMPLIFIER 

FEATURES 
• ULTRA-LOW BIAS CURRENT: 75fA max 

• LOW OFFSET: 50IIpV max 

• LOW DRIFT: 5J.1V/oC max 

• HIGH OPEN-LOOP GAIN: nOdB min 

• HIGH COMMON-MODE REJECTION: 90dB min 

• IMPROVED REPLACEMENT FOR AD515 AND AD549 

DESCRIPTION 
The OPAI28 is an ultra-low bias current monolithic 
operational amplifier. Using· advanced geometry 
dielectrically-isolated FET (Dife'®) inputs, this 
monolithic amplifier achieves a performance level 
ex~eding even the best hybrid electrometer amplifiers. 

Laser-trimmed thin-film resistors give outstanding 
voltage offset and drift performance. 

A noise-fre.e cascode and low-noise processing give 
the OPAI28 excellent low-level signal handling 
capabilities. Flicker noise is very low. 

The OPAI28 is an improved pin-for-pin replacement 
for the AD515. 

Dife'@ Burr~Brown Corp. 

APPLICATIONS 
• ELECTROMETER 

• MASS SPECTROMETER 

It CHROMATOGRAPH 

• ION GAUGE 

• PHOTODETECTOR 

• RADIATION-HARD EQUIPMENT 

Case (Guard) 

Trim 1kO 28kO 28kO 

2kO Trim 
1kO 

2kO 
~--__ ~ ______ ~ ____ ~4 

-Vee 

OPA128 Simplified Circuit 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. 1602) 746-1111 . Twx: 910-952·1111 . Cable: BBRCORp· Telex: 66·6491 

PDS-653A 
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SPECIFICATIONS 
ELECTRICAL 
At Vee = ±15VDC and TAo::;:::: +25°C unless otherwise noted Pin 8 connected to ground. 

OPA128JM OPA128KM OPA128LM OPA128SM 

-"""m",,," CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

BIAS CURRENTI11 

Input Bias Current VOM =OVOC, 
RL 2: 10kO ±150 ±300 ±75 ±150 ±40 ±75 ±75 ±150 fA 

OFFSET CURRENT'" 
Input Offset Current VOM = OVOC, 

R, 2: 10kO 65 30 30 30 fA 

OFFSET VOLTAGE'" 
Input Offset Voltage VOM =OVOC ±260 ±1000 ±140 ±500 ±140 ±500 ±140 ±500 pV 
Average Dnft TA = TMIN to T MAX ±20 ±10 ±5 ±10 pVI·C 

Supply Rejection 80 120 90 120 90 120 90 120 dB 
±1 ±100 ±1 ±32 ±1 ±32 ±1 ±32 pVN 

NOISe l 'U , 

Voltage, 10 = 10Hz 92 92 92 92 nVlJHz 
fo = 100Hz 78 78 78 78 nVlJHz 
fo = 1kHz 27 27 27 27 nVlJHz 
fo= 10kHz 15 15 15 15 nVlJHz 
fs = 10Hz to 10kHz 24 24 24 24 IN,rms 
fa = 0 1Hz to 10Hz 4 4 4 4 pV, pop 

Current, fa = a 1Hz to 10Hz 42 3 23 3 fA, pop 
fo = 0 1Hz thru 20kHz 022 016 012 016 fAlJHz 

IMPEDANCE 
Differential 10" 111 10"111 10"111 10" 111 011 pF 
Common-Mode 10"112 10"112 10"112 10"112 011 pF 

VOLTAGE RANGE 
Common-Mode Input Range ±10 ±12 ±10 ±12 ±10 ±12 ±10 ±12 V 
Common-Mode Rejection V'N = ±10VOC 80 118 90 118 90 118 90 118 dB 

nD"". I nnD GAIN, DC 

Open-Loop Voltage Gain RL 2: 2kO 94 128 110 128 110 128 110 128 dB 

~a"nll"""v 

Umty Gain, Small Signal '" 05 1 05 1 05 1 05 1 MHz 
Full Power Response 20V pop, RL = 2kO 47 47 47 47 kHz 
Slew Rate Vo=±10V, RL=2kO 05 3 1 3 1 3 1 3 Vips 
Settling Time, 0 1% Gain =-1, RL=2kO 5 5 5 5 ps 

001% 10V step 10 10 10 10 ps 
Overload Recovery, 

50% Overdnve(31 Gam =-1 5 5 5 5 ps 

RATED OUTPUT 

Voltage Output RL= 2kO ±10 ±13 ±10 ±13 ±10 ±13 ±10 ±13 V 
Current Output Vo = ±10VOC ±5 ±10 ±5 ±10 ±5 ±10 ±5 ±1O mA 
Output ReSistance DC, open loop 100 100 100 100 0 
Load Capacitance Stability Gain = +1 1000 1000 1000 1000 pF 
Short Circuit Current 10 29 40 10 29 40 10 29 40 10 29 40 mA 

POWER SUPPLY 

Rated Voltage ±15 ±15 ±15 ±15 ' VOC 
Voltage Range. 

Derated Performance ±5 ±18 ±5 ±18 ±5 ±18 ±5 ±18 VDC 
Current, QUiescent 10 = OmAOC 09 15 09 15 09 1 5 09 15 mA 

,,,,m,",,,n .. rURE RANGE 

Specification Ambient temp. 0 +70 0 +70 0 +70 -55 +125 ·C 
Operating Ambient temp -55 +125 -55 +125 -55 +125 -55 +125 ·C 
Storage Ambient temp -65 +150 -65 +150 -65 +150 -65 +150 ·C 
8 Junction-Ambient 200 200 200 200 ·CIW 

NOTES' (1) Offset voltage, offset current, and bias current are measured With the units fully warmed up Bias current doubles approximately every 11°C. (2) Sample 
tested (3) Overload recovery IS defined as the time required for the output to return from saturation to linear operation follOWing the removal of a 50% input overdrive. 
(4) NOise test available-inqUire 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At Vee = ±15VDC and TAo = T MIN to T MAX unless otherwise noted. 

OPA128JM OPA128KM OPA128LM OPA128SM 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

TEMPERATURE RANGE 

Specification Range Ambient temp 0 +70 0 +70 0 +70 -55 +125 'C 

INPUT 

BIAS CURRENT'" 
Input Bias Current VCM = OVDC ±25 ±8 ±13 ±4 ±O7 ±2 ±43 ±170 pA 

OFFSET CURRENT'" 
Input Offset Current VCM = OVDC 11 06 06 18 pA 

OFFSET VOLTAGE'" 
Input Offset Voltage VCM = OVDC ±22mV ±1mV ±750 ±15mV pV 
Average Onft ±20 ±10 ±5 ±10 pVl'C 
Supply Relection 74 114 80 114 80 114 80 106 dB 

±2 ±200 ±2 ±100 ±2 ±100 ±5 ±100 pVN 

VOLTAGE RANGE 
Common-Mode Input Range ±10 ±11 ±10 ±11 ±10 ±11 ±10 ±11 V 
Common-Mode Rejection V'N= ±10VDC 74 112 80 112 80 112 74 104 dB 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Gain R,~ 2kCl 90 125 104 125 104 125 90 122 dB 

RATED OUTPUT 

Voltage Output R,= 2kCl ±10 ±10 ±10 ±10 V 
Current Output Vo = ±10VDC ±5 ±5 ±5 ±5 rnA 
Short Circuit Current Vo= OVDC 10 22 10 22 10 22 10 18 rnA 

POWER SUPPLY 

Current, QUiescent I =OmADC 09 1.8 09 18 09 18 0.9 2 rnA 

NOTES (1) Offset voltage, 0115et current, and blss current are measured with the Units fully warmed up 

CONNECTION DIAGRAM 

Top View Substrate and Case 

-Vo<; 

ABSOLUTE MAXIMUM RATINGS 

Supply.. • ...... . . . . . . . . . . . .. . . . . .... . . ... . ... .. ±18VDC 
Internal Power Dissipation'''.. . . . .•. . . . .. . . . . ... .. 500mW 
Differential Input Voltage .•....•.......•......•.. ±36VDC 
Input Voltage Range ............................ ±18VDC 
Storage Temperature Range .......••.... -65°C to +150°C 
Operating Temperature Range ..•........ -55°C to +125°C 
Lead Temperature (soldering, 10 seconds) ......... +300°C 
Output Short Circuit Duration'·1 .........•.... Continuous 
Junction Temperature ............................ +175°C 

NOTES: (1) Packages must be derated based on 9c.= 150·C/w or 9,. = 
200°CIW. (2) Short Circuit may be to power supply common only 
Rating applies to +25°C ambient Observe dissipation limit and TJ. 

Burr-Brown Ie Data Book 2-74 

MECHANICAL 

"M" PACKAGE TO-99 (Hermetic) 
NOTE Leads In true pos,ltion within 010" ( 25mm) R at MMC at 

seating plane 
Pin numbers shown for reference only Numbers may not 
be marked on package 
Pin matenal and plating compositIon conform to Method 
2003 (solderabIlity) of MIL-STD-883 (except paragraph 3 2) 

INCHES MILLIMETERS 
D'M M'N MAX M'N MAX 

'" '" , .. 00 

053 

040 0>. 
040 025 

200 BASIC 

". 034 0., 

029 04. 

450 BASIC 450 BASIC 

09. 
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ORDERING INFORMATION 

Temperature 
Model Package Range 

OPA128JM TO-99 O'Cto +70'C 
OPA128KM TO-99 O'Cto +70'C 
OPA128LM TO-99 O'Cto +70'C 
OPA128SM TO-99 -55'C to +125'C 

BURN-IN SCREENING OPTION 

Temperature Bum-In 
Model Package Range Temp. (18011)'" 

OPA128JM-BI TO-99 0'Cto+70'C +125'C 
OPA128KM-BI TO-99 O'CIo +70'C +125'C 
OPA128LM-BI TO-99 O'C to +70'C +125'C 
OPA128SM-BI TO-99 -55'C to +125'C +125'C 

NOTE (1) Or eqUIvalent combinatIon of time and temperature 

TYPICAL PERFORMANCE CURVES 
TA = +25°C, ±15VDC unless otherwise noted 
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TYPICAL PERFORMANCE CURVES (CONT) 
TA::;:: +25°C, ±15VDC unless otherwise noted 
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TYPICAL PERFORMANCE CURVES (CONT) 
T. = +2So C, ±lSVDC unless otherwise noted. 

INPUT VOLTAGE NOISE SPECTRAL DENSITY 
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APPLICATIONS INFORMATION 
OFFSET VOLTAGE ADJUSTMENT 

The OPAJ28 offset voltage is laser-trimmed and will 
require no further trim for most applications. As with 
most amplifiers, externally trimming the remaining offset 
can change drift performance by about O.3p.V(OC for 
each lOOp. V of adjusted effort. Note that the trim (Figure 
I) is similar to operational amplifiers such as HA-SJ80 
and ADS IS. The OPAI28 can replace many other ampli
fiers by leaving the external null circuit unconnected. 

±IOmV TYPICAL 
TRIM RANGE 

°IOKO TO IMO 
TRIM POTENTIOMETER 

-Vee (l00kO RECOMMENDEDI 

FIGURE I. Offset Voltage Trim. 

INPUT PROTECTION 

Conventional monolithic FET operational amplifiers' 
inputs must be protected against destructive currents that 
can flow when input FET gate-to-substrate isolation diodes 
are forward-biased. Most BIFET@ amplifiers can be 
destroyed by the loss of - Vee. 

Because of its dielectric isolation, no special protection is 
needed on the OPAI28. Of course, the differential and 
common-mode voltage limits should be observed. 

Static damage can cause subtle changes in amplifier input 
characteristics without necessarily destroying the device. In 
precision operational amplifiers (both bipolar and FET 
types), this may cause a noticeable degradation of offset 
voltage and drift. 

BIFET!l National Semiconductor Corp 
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Static protection is recommended when handling any 
precision IC operational amplifier. 

GUARDING AND SHIELDING 

As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickup in 
input leads. If large feedback resistors are used, they should 
also be shielded along with the external input circuitry. 
Leakage currents across printed circuit boards can easily 
exceed the bias current of the OPAI28. To avoid leakage 
problems, it is recommended that the signal input lead of 
the OPAI28 be wired to a Teflon standoff. If the input is to 
be soldered directly info a printed circuit board, utmost care 
must be used in planning the board layout. A "guard" 
pattern should completely surround the high impedance 
input leads and should be connected to a low impedance 
point which is at the signal input potential. 

The amplifier case should be connected to any input shield 
or guard via pin 8. This insures that the amplifier itself is 
fully surrounded by guard potential, minimizing both 
leakage and noise pickUp (see Figure 2). 

Triboelectric charge (static electricity generated by friction) 
can be a troublesome noise source from cables connected 
to the input of an electrometer amplifier. Special low-noise 
cable will minimize this effect but the optimum solution is 
to mount the signal source directly at the electrometer input 
with short, rigid, wiring to preclude microphonic noise 
generation. 

TESTING 

Accurately testing the 0 P AI28 is extremely difficult due to 
its high level of performance. Ordinary test equipment may 
not be able to resolve the amplifier's extremely low bias 
current. 

Inaccurate bias current measurements can be due to: 

I. Test socket leakage 
2. Unclean package 
3. Humidity or dew point condensation 
4. Circuit contamination from fingerprints or anti-static 

treatment chemicals 
5. Test ambient temperature 
6. Load power dissipation. 
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BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 
durat.ion is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BIn to the 
base model number. 

NON·INVERTING BUFFER 
pH PROBE 
R. - 5OOMO 
50mV OUT 

9.SkO 

+15V 

-lSV 

OFFSET 
TRIM 

lVOC 
OUTPUT 

FIGURE 3. High Impedance (10"0) Amplifier. 

INVERTING 

IN 

TO.g9 BOTTOM VIEW 

OUT 

BOARO LAYOUT 
FOR INPUT GUARDING 

Guard lop and bottom of board. 
Allernale: use Teflon® slandoff 
for sensitive inpul pins. 

Teflon@ E I Du Pont de Nemours & Co 

FIGURE 2. Connection of Input Guard. 

-IN o-------.::.t 

10kO 

2020 RG 

10kO 

+fN o-------"-i 

AQ 

LOW FREQUENCY CUTOFF = 
1/(2"R,&,) = 0.16H, 

'0 = -AQ/C, 

FIGURE 4. Piezoelectric Transducer Charge Amplifier. 

I. = lOOfA 
GAIN = 100 

CMRR = llBdB 
RIN = 10'50 

r---------------------, 
25kO 

25kO 

25kO 

L _____ _ 

1 

25kO 

>---;1-...... -0 OUTPUT 

BURR·BROWN 
INA105 

DIFFERENTIAL 
AMPLIFIER __________ J 

OIFFERENTIAL VOLTAGE GAIN = 1 + 2R,/RG 

FIGURE 5. FET Input Instrumentation Amplifier for Biomedical Applications. 
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INPUT 0-------1 

FIGURE 6. Low-Droop Positive Peak Detector. 

+5V 

\. 

OUTPUT 

O.II'F 5 x 100V/WATT 

~ 
-15V '::" 

CIRCUIT MUST BE 
WELL SHIELDED. 

r--------------------~~~--~ 

BIASED 
CURRENT 

TRANSDUCER 

+15V 

REFlOI 
+5V 

FIGURE 9. Biased Current-to-Voltage Converter. 

Burr-Brown Ie Data Book 2-79 

CURRENT 
INPUT 

>--+----Q OUTPUT 

OROOP = lllOi.tV/s 

• REVERSE POLARITY FOR NEGATIVE 
PEAK OETECTION 

lDOMO 

2kO 
lBkO 

OUTPUT 

Vo ; -IV/.A 

FIGURE 8. Current-to-Voltage Converter. 
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BURR-BROWN® 

IElElI OPA156A 
OPA356A 
MILITARY &: DIE 

VERSIONS 
AVAILABLE 

Wide-Bandwidth Dne'® 
OPERATIONAL AMPLIFIER 

FEATURES 
• WIDE BANDWIDTH. 4MHz min 
• HIGH SLEW RATE. 109/J.IIIC min 
• LOW BIAS CURRENT. 50pA mix 81 TA = +25°C 
• LOW OFFSET VOLTAGE. 2mV mIX 
• LOW DRIFT. 5pV/oC max 

DESCRIPTION 
The OP A156A/ 356A is a wide-bandwidth monoli
thic dielectrically-isolated FET (O/}'"«) opera
tional amplifier. Improved circuit design and di
electric isolation allow lower bias current than 
BIFET LFl56A amplifiers. Bias current is specified 
under warmed-up and operating conditions, not at a 

BIFET'I National Semiconductor Corp., ~. Burr-Brown Corp. 

APPLICATIONS 
• OPTOELECTRONICS 
• DATA ACQUISITION 
• IMPROVED REPLACEMENT FOR INDUSTRY· 

STANDARD LFl56A BIFET8 OPERATIONAL 
AMPLIFIER . 

JUNCTION temperature of +25°C. 
Laser-trimmed thin-film resistors offer improved 
offset voltage and noise performance. 

The OPAl56A is internally compensated for unity
gain stability. 

Inllrlllllllli Airparlllldullrllll'lrt· P.O. Box 11400· T_ Arlzolll85734· TIl. (802) 7411-1111 • Tw~: 910-952·1111 . Clble: 88PCORP· Tellx: IIII-II4II1 

PDS-S48A 
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SPECIFICATIONS e( 

ELECTRICAL CD 
It) 

At ±Vcc = 15VDC and T. = +25·C unless otherwIse specIfIed C") ...... 
OPAl_ OPA358A e( 

PARAMETER CONDITIONS _M~N TYP MAX_ MIN TYP _MAX UNITS 
CD 
It) 

FREQUENCY RESPONSE .... 
Slew Rate V. = ±10V, R, = 2kQ e( 

G=+1 10 14 10 14 Wpsec Q. 
Settling Time, 001%UI 10V Step, R, = 2kQ 4 4 psec 0 Gaon BandwIdth 4 6 4 6 MHz 

INI'U~ 

NOISE I. Voltage fo= 100Hz R.= lOon 25 25 nV/.jHz 
t.=lkHz R.=IOOCl 15 15 nV/.jHz 

Current t.= 100Hz 0005 0.005 ~~~ t.=lkHz 0005 0005 

OFFSET VOLTAGE'" 
Input Offset Vollage R. = 500 ±1 ±2 ±1 ±2 mV 
Average Droll TA ;:: TMIN to TMAX ±3 ±5 ±3 ±5 I'W·C 
Supply Rejection JI.+Vcc = JI.-Vcc 85 100 85 '. 100 dB 

±10 ±57 ±10 ±57 I'VIV 

BIAS CURRENT''' 
l~p~t_Blas Current V~=OVDC 30 50 30 50 pA 

OFFSET CURRENT12' 

Input Offset Current V,m=OVDC 3 10 3 10 pA 

INPUT IMPEDANCE 
ResIstance II capacItance 10" 113 10'2113 Q II pF 

VOLTAGE RANGE 
Common-Mode Input Range ±11 ±12 ±11 ±12 V 
Common-Mode RejectIon V'N= ±10VDC 85 100 85 100 dB 

n~ .. '" nnD GAIN, DC 

Open-Loop Voltage GaIn R,2: 2kQ 94 106 94 106 dB 
50 200 50 200 WmV 

RATED OUTPUT 

Voltage Output R,=10kO ±12 ±13 ±12 ±13 V 
R,=2kQ ±10 ±12 ±10 ±12 V 

POWER SUPPLY 

Rated Voltage ±15 ±15 VDC 
Voltage Range, Derated 

Performance ±5 ±20 ±5 ±18 VDC 
Current, QUiescent I. = OmADC 5 7 5 10 mA 

.~_r~~ ,_"" RANGE 

Specification AmbIent temp. -55 +125 0 +70 ·C 
Storage AmbIent temp -il5 +150 -65 +150 ·C 
8 Junction-Ambient 150 150 ·CIW 

NOTES' (1) Sample tested-thIs parameter IS not guaranteed See sslliing tIme teat CorCUlt (F,gure 2) (2) Offset voltage, offset currant, and bias current 
are measured With the units fully warmed up 

Burr-Brown Ie Data Book 2-81 Vol,33 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At ±Vcc = 15VOC and TA = TMIN to TMAX unless otherwise noted 

OPA158A OPA358A 

PARAMETER CONDITIONS MIN TVP MAX IIIN TVP MAX I UNITS 

TEMPERATURE RANGE 

Specification Range Ambient temp -55 +125 0 +70 ·C 

INPUT 

OFFSET VOLTAGE'" 
Input Offset Voltage R. = 500 ±1 ±25 ±1 ±23 mV 
Average Onft R. = 500 ±3 ±5 ±3 ±5 !NrC 
Supply Relecllon A+Vee = A-Vee 85 100 85 100 dB 

±10 ±57 ±10 ±57 IlVN 

BIAS CURRENT'" 
Input BI8S Current Vcm = OVDC 15 25 3 5 nA 

OFFSET CURRENT'" 
Input Offset Current Vom = OVDC 6 10 0.6 1 nA 

VOLTAGE RANGE 
Common-Mode Input Range ±11 ±12 ±11 ±12 V 
Common-Mode Rejection V," = ±10VDC 85 100 85 100 dB 

OPEN-LOOP GAIN. DC 

Open-Loop Voltage GaIn RL 2: 2kO 66 92 66 92 dB 
25 40 25 40 V/mV 

RATED OUTPUT 

Voltage Output RL = 10kO ±12 ±13 ±12 ±13 V 
RL = 2kO ±10 ±12 ±10 ±12 V 

NOTE (1) Offset voltage. offset current. and bIas current are meaaured with the units fully warmed up. 

ORDERING INFORMATION 

OPA X 56A._X~ 
Basic model number =rT=r-
Temperature range ______ .....J_ 

1 = -55°C to +125°C 
3 = O°C to +70°C 

Package code ------'--------' 
M = TO-99 

CONNECTION DIAGRAMS 

TOP VIEW NC· 

-Vee 

• NO INTERNAL CONNECTION 
CASE 18 INTERNAUf CONNECTEO TO Vee 

Burr-Brown Ie Data Book 

ABSOLUTE MAXIMUM RATINGS 

Supply. OPAl56A ................................... ±22VDC 
OPA356A ................................... ±18VDC 

Internal Power DISSlpatlon'" ........................... 670mW 
Dlfferentl.' Input Voltage'" .......................... ±4OVDC 
Input Voltage Range' ................................. ±20VDC 
Storage Temperatura Range. . • • . . • • • • • . . • . .• -85'C to +15000 
Operating Temperature Range... . • • . . • • . . . .• -55'C to +12500 
Lead Temperatura (soldering. 10 seconds) .••••...•..• +3OO'C 
Output Short Corcuit Duration'" •••..•.••.••.••... Cont,nuous 
Junction Temperature .. •.. . . . .. . . . . .. . . . . . . . . . . . . . . .. +l50°C 

NOTES. (1) Packages must be derated based on Ih" = 45'CIW or 'JA = 
150'CIW (2) For supply voltages leas than ±18VDC the absolute maxI
mum Input voltage Is equal to the supply voltage. (3) Short corcuit may 
be to power supply common only. Rating applIes to +25'C ambIent 
Observe diaslpatlon limIt and TJ. 

MECHANICAL 

"M" PACKAGE: TO-99 

2-82 

:::.,ill. i 
T + , f=b' . . 

Pin material and plating 
composition conform to 
Method 2003 (solderability) 
of MIL-STD-883 (except 
paragraph 3.2). 

NOTE: Leads In true posi
tion withIn 001" (025mm) 
R at MMC at seating plane. 

Pm numbers shown for ref· 
erence only. Numbers may 
not be marked on package. 

The TO-98 can and leada 
ara bright acid tin plated. 

'" 

MILLIMETERS 
MIN MAIC 

331 "6 
11 .19 470 ". 
JOO ...... e ...... 

'" '" 

,~ 

'" 
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TYPICAL PERFORMANCE CURVES 
TA = +25°C, Vee = ±15VDC unless otherwise noted 
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TYPICAL PERFORMANCE CURVES (CONT) 
TA = +25°C, Vee = ±15VDC unless otherwIse noted 
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APPLICATIONS INFORMATION 
OFFSET VOLTAGE ADJUSTMENT 

The OPAI56A offset voltage is laser-trimmed and will 
require no further trim for most applications. As with 
most amplifiers, externally trimming the remaining offset 
can change drift performance by about 0.5/1 V 1°C for 
each millivolt of adjusted offset. Note that the trim (Fig
ure I) is similar to operational amplifiers such as LFl56 
and OP-16. The OPAI56A can replace most other ampli
fiers by leaving the external null circuit unconnected. 

Ol---~ 

01----'-1 

-Vee 0 

±50mV TYPICAL 
TRIM RANGE 

"101en TO 1 MO 
TRIM POTENTIOMETER 
(IOOkO RECOMMENDED) 

FIGURE I. Offset Voltage Trim. 

INPUT PROTECTION 

Static damage can cause subtle changes in amplifier 
input characteristics without necessarily destroying the 
device. In precision operational amplifiers (both bipolar 

Burr-Brown Ie Data Book 

LARGE SIGNAL TRANSIENT RESPONSE 

25 
Time (psec) 

and FET types), this may cause a noticeable degradation 
of offset voltage and drift. 

Static protection is recommended when handling any 
precision IC operational amplifier. 

If the input voltage exceeds the supply voltage, current 
must be limited to ImA to prevent damage. 

CIRCUIT LAYOUT 

Wideband amplifiers require good circuit layout tech
niques and adequate power supply bypassing. Short, 
direct connections and good high frequency bypass 
capacitors (ceramic or tantalum) will help avoid noise 
pickup or oscillation. 

H5V 

+5V 101 __ 2k..,o'''0...,.I_% ...... -I 
- 5V.J u 

-15V 

5kO 
0.1% 

2kO 0.1% 

FIGURE 2. Settling Time Test Circuit. 

2-84 

VOUT 

8=-1 

+15V 
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APPLICATIONS CIRCUITS 

10k!I 

+1&_ +1&_ 

IIIPUT o-.-\iilkO,.,.. ....... ---'=-I 
:>".-...... -0 OUTPUT >=8'---_-0 OUTPUT 

--
-I&VOC 

FIGURE 3. Inverting Amplifier. 

-IN 

1010 RS 

+111 

8=-10 IIIPUT 0-----=1 

-1&_ 

FIGURE 4. Noninverting Buffer. 

CMR = IDB IJ1I 
I. = 50tIA .u 
GAIN = 1l1li 
BAIIDWIDTH = 1110kHz 'JII 
R'N = 10'"0 

r-------------, 
2 2&kO 2&kO 5 

I 
I 
I 
I 

31 
, 2&kO , 
I 
I 

2&k0 

L ____ 
I 

I , 
I 

INAI05 , 
DIFFEREIITIAL " 

___ ':-~I~R_J 

DIFFERENTIAL VDLTABE GAIN = 1 + 2R,tR. 

FIGURE 5. Wideband FET Input Instrumentation Amplifier. 

1110 

OUTPUT 
VOLTAGE 

>=8~~_-oEo 

Eo = III R = IVlIlA 

FIGURE 6. Absolute Value Current-to-Voltage Converter. 
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BURR- BROWN oj 

IElElI OPA201 

Switchable-Input Operational Amplifier 
SWOPAMp® 

FEATURES 
• TWO PRECISION INPUT STAGES 

SELECTABLE BY DIGITAL SIGNAL 

• EXCEllENT INPUT SPECIFICATIONS 
Vas IOOpV max 
DRIFT: O.fipV/oC typ 
18 2finA max 

.lOW POWER 
±Vcc 2.fiV to IBV 
10 fiOOpA max 

DESCRIPTION 
The OPA201 is a switch able-input operational amp
lifier (Swop Amp®). It contains two independent 
differential input stages and one output stage. Either 
of the Input stages may be connected to the output 
,tage under the control of the Channel Select digital 
input signal which is TTL-compatible or user
programmable. The OPA201 is easy to use and 
functions as an operational amplifier that can switch 
between two sets of inputs. 

Each input stage provides excellent input character
istics: low offset voltage (lOO/LV, max), low offset 
voltage drift versus temperature (l/LVjOC, max), 
and low bias current (25nA, max). 

Additionally, the Swop Amp is a low power device. 
It draws less than 500/LA (max) over the supply 
range ±2.5V to ±18V. It is well suited for portable, 
remote, and other battery powered applications. 
Also, its low power consumption and excellent 
specifications make it well suited for isolation circuit 
applications. Burr-Brown's state-of-the-art mono
lithic design and processing, compatible thin-film 

Swop Amp® Burr-Brown Corp. 

APPLICATIONS 
• AUTO·ZERO SYSTEMS 

• TWO-CHANNEL MUlTIPLEXER WITH GAIN 

• SWITCHABlE-GAIN CIRCUITS 

• SWITCH ABLE-BANDWIDTH CIRCUITS 

• SYNCHRONOUS MODULATOR/DEMODULATOR 

• BATTERY OPERATED SYSTEMS 

resistors, and active laser trimming produce a truly 
unique highly versatile circuit. The unique switch
able input stage design allows solutions to very 
demanding analog circuit design problems. 

CHANNEL 
STATUS 
STATUS 
COMMON 

CHANNEL 
SELECT 

OFFSET 
TRIM 

OFFSET 
TRIM 

OUTPUT 

+VCC 

·Vec 

..... ---{11 CHANNEL 
SelECT 

THRESHOLO 
CONTROL 

Inlernational Airport Industrial Park· P.O. Box 11400· Tucson. Arizona B5734 - Tel. 16021 746·1111 • Twx' 910·952·1111 • Cable: BBRCORP • Telex: 66-6491 

PDS-49IE 
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SPECIFICATIONS 
ELECTRICAL 
At T. = +25' C and ±Vcc = 15VDC unless otherwIse noted SpecificatIons are for both channels unless otherwise noted 

OPA201CG 

PARAMETER CONDITIONS MIN TYP MAX MIN . T!P ~~ ........ ..!!!'.. ~ UNITS ,... 
OPEN-LOOP GAIN, DC VOUT- ±1QV 

0 
N Rated Load R,=10kO 114 130 · · 120 · dB c:c 

RATED OUTPUT 0-
Voltage R,= 10kO ±135 ±14 · · · · V 0 Current VOUT= ±10V 5 · · rnA 
Output Impedance 05 · · kO 
Short Circuit Current 10 · · rnA 

INPUT OFFSET VOLTAGE • Either Channel 
Voltage OffsetC1I 120 500 70 200 35 100 pV 
Average Dnft TA,=TMINtoTMAX 14 09 05 pVl'C 
PSRR ±Vee = ±2 5V to ±18V 8 32 5 18 4 10 pVN 

TA=TM1NtoTMAX 10 6 5 pVIV 
Match Between 
Channels 1 and 2 U) 

Offset Voltage 150 500 65 100 25 50 pV a: Over Temperature 150 90 30 pV 

INPUT BIAS CURRENT W 
BIBS Current 15 50 13 40 12 25 nA u::: 
INPUT OFFSET CURRENT :::i 
Offset Current 14 4 075 2 07 1 nA Q. 
FREQUENCY RESPONSE ::E Gam Bandwidth 500 · · kHz c( Full Power Response 4 · · kHz 
Slew Rate VOUT = ±10V. RL = 10kCl 01 018 · · · · VIps ..J 
Settling Time 01% 10V Step 49 · · ps c( 001% 10V Step 52 · · ps 

INPUT IMPEDANCE Z 
Differential 6 · · MO 0 
Common-Mode 10'"112 · · 011 pF i= 
INPUT NOISE c( 
Voltage fs=O 1 to 10Hz 1 · · PV,,fili a: Voltage DenSity fo = 10Hz 27 · · nVl Hz 

fo = 100Hz 27 · · nVl$. W 
fo=1kHz 27 · · nVl$. Q. 

Current f.=O 1 to 10Hz 15 · · PAJ1:Ii 0 Current DenSity fo = 10Hz 300 · · fAi Hz 
fo = 100Hz 100 · · fAl$. 
fo=1kHz 100 · · fAl$. 

INPUT VOLTAGE RANGE 
Common-Mode Range -125 +125 · · · · V 

TA=TMINtoTMAX ±12 · · V 
Common-Mode Rejection VtN = +10V 85 94 90 9B 95 9B dB 

TA=TutNtoTMAX 92 95 97 dB 

POWER SUPPLY 
Rated Voltage Specification ±15 · · VDC 
Voltage Range, 

Derated Performance ±25 ±18 · · · · VDC 
Current, QUiescent lo=OmA 425 500 · · · · pA 

DIGITAL SIGNALS 
Threshold Control 

(TC) Voltage Range -Vee +Vee-5 · · · · V 
Channel Selecl (CSEL) 

Voltage Range -Vee +Vee · · · · V 
VtH (selects ch 1) V",+2 +Vee · · · · V 
VtL (selects ch 2) -Vee V",+08 · · · · V 
I," VCSEL= +Voc <1 50 · · · · pA 
I" VCSEL = VTC = OV 25 60 · · · · pA 

Status Common (SC) 
Voltage Range -Vee ,~ · ,~ · ,~ V 

Channel Status 
(CSTA = CSEL)'z 
Voo. 10l..=1mA, Vsc=OV 04 · · V 
VOH V""" = 15V, Vs. = OV 20 15 · · · · V 
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ELECTRICAL (CO NT) 

OPA201AG/RG OPA201BG/SG OPA201CG 

PARAMETER CONDITIONS 

DIGITAL SIGNALS 
10H (OFF) 

SWitching Time 
Between Channels TMIN:5TA:5TMAX 

CROSSTALK 
DC VIN to OFF 
60Hz Channel:::: ±12V 

TEMPERATURE RANGE Ambient 
Specification 

A, S, C Grades 
S Grade 

Operating 

'Spec,f,cat,on same as OPA201AG/RG 
NOTES 

Voltage offset IS also guaranteed fully warmed-up 

MIN TYP 

<1 

5 

-100 -130 
-108 

-25 

-55 

MAX MIN TYP MAX MIN TYP MAX UNITS 

20 · · · · pA 

· · ps 

-120 · -120 · dB · · dB 

+85 . · . · ·C 
-55 +125 ·C 

+125 . · . · ·C 

Vrc = Voltage on threshold control, pin 10 V1H• VILt VOH • VOL. IIH, IlL. IOHI lOLl refer to voltage and current, Input and output, high and low logic states. 
Maximum voltage at Status Common must not be more positive than the Channel Select voltage (pin 11) or Threshold Control voltage (pin 10). 

MECHANICAL 

"G" Package 

I' A 

"I 

~:.; : : :]J 
-FI-

t 

""\'::11;) I~ '=' 1):\"" =n CL+r 
R I I I K 

L_' I I ~ 
H l loJ Jl-D 

INCHES MILLIMETERS 
O'M M'N MAX M'N MAX 

• .753 .167 18.13 19.48 

• .245 .251 8.22 8.38 
C .140 .170 3.58 •. 32 A 0 .015 .021 0.38 0.53 

,I F .0' .080 1.1 1. 2 

! J 

Q .100 BASIC 2.5. BASIC 
H - .08& - 2.1e 
J • 008 .012 .2 • 0.30 

-J M LL---l K .1aO - 3.BO -
L .290 .320 7.37 8.13 
M O· 10' .' ,.' 
N .009 .080 0.23 1.52 

" .126 .176 3.18 •• 45 

NOTES 1 Leads In true POSition Within 0.01" 
(0 2Smm) R at seating plane. 

ORDERING INFORMATION 

OPA201 G =r 

Burr-Brown Ie Data Book 

ABSOLUTE MAXIMUM RATINGS 

Supply ..•••••••••••••••••••••••.•••••••.••••••••• ±18VDC 
Internal Power Dissipationn, ...••••••••.••...•••••••••• SOOmW 
Different,al Input Voltage'" •••••...•.••••.•••.••••.••• ±36VDC 
Input Voltage Range"' .••••••••••••.•••••••.••••••••• ±18VDC 
Storage Temperature Range ••.•....••••.••••. -65·C to +150·C 
Operating Temperature Range •••••••...••.••. -55·C to +125·C 
Lead Temperature (soldering. 10 seconds) •.••..•••••••• +300· C 
Output Short Circuit Ouration'3J •••••••••••••••••••• Continuous 
Junction Temperature. . • • • • • • • • • • • • . • • • . • • . • • • • • • • •• +1750 C 

NOTES: 
1. 8J A = 100·C/w 
2. For .upply voltage. les. than ±18VDC the absolute maximum input 

voltage i. equal to the supply vottage. 
3 Short circuit may be to power supply common or ±Vcc. 

PIN CONFIGURATION 

OFFSET _'r-----------, ........ 
ADJUST 

-IN, 

+IN, 

CHANNEL 
STATUS 

STATUS 
COMMON 

-Vee 

OFFSET 
ADJUST 

2-88 

NC 

+IN, 

CHANNEL 
SELECT 

THRESHOLD 
CONTROL 

+Vcc 

OUTPUT 
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TYPICAL PERFORMANCE CURVES 
TA = +25°C, ±Vcc = 15VDC, specifications are for both channels unless otherwise noted 

180 

160 

140 

120 
in' 
'0 100 

J 80 

60 

40 

20 

o 

32 

28 

SUPPLY CURRENT VS 
AD, VS FREQU ENCY SUPPLY VOLTAGE 

800 

700 
./ '-55°C 

+25°C <: 600 .:; 

-J~oc I'\. 
I'\. 

I'\. 

E SOO 

~ 
() 400 
>-
i'i 300 c. 
~ , (/) 

200 , 
100 

r\. 
0,001 01 10 lk lOOk 0, 

±5 ±10 ±15 ±20 
Frequency (Hz) Supply Voltage (V) 

OFF CHANNEL INPUT CURRENT INPUT BIAS AND OFFSET 
CURRENT VS TEMPERATURE ±3,2 , 1 OmA .---._,--VST-'-I N_P'-Ur-T,-,-V.;;O-=L.;.TA",Gr=E-,r--. 

~ 24 - r-- - ,----r---
±28<: lmAf__1-_t-~-+--t-~f_11 

±2 4 ~ 100pA f__1-_t-+-+--t---"'i'J-.t 

±20~ E 
~ 
8 ., ., 
,Iii 
:; 
c. 
E 

~ 
~ 
ill 
0 
Z 
~ 

'" S 
0 
> 
~ 
c. 
E 

20 - f-- ---

16 

12 

--r--........ r--... 
i""-

- --

I. -

r---
f---

5 l~Af--1--t-~-+--t-~~11 
±1,6c; z 

ill 
±1.28 lpA f---+-+-+--I-

~ --~ los - r--- ±08 ~ 100nA 
E 

±0,4 

~75 50 25 0 +25 +50 +75+100+1~5 
Temperature (0 C) 

INPUT VOLTAGE NOISE DENSITY 

VS FREQUENCY 

1000". 

100 

10 

1'--'-..... ~'--'-........... --'-............ 
10 100 lk 10k 

Frequency (Hz) 

SMALL SIGNAL RESPONSE 

Time (ps) 

V'N 

INPUT CURRENT NOISE DENSITY 

10.000 ~'II~~III~~B ~ ~ 

~ 1000 III~II~I o z 
E 
~ 
5 
() 

:; 
c. 
E 

., 
.20 
G 

* II: 
~ 
~ 
u; 

10 100 lk 10k 
Frequency (Hz) 

SLEW RATE VS TEMPERATURE 
040 

035 

[ I 
- +-+--

030 - r-- - -- ,~ 
025 

020 

015 

i 

..J..-1""" -i--"" ~ ! 
~ 

010 

005 

o 
-75-50 -25 0 +25 +50 +75+100+125 

Temperature (Oe) 
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0; 
c: 
c: ., 
-" 
() 

z 

° :g 

ON CHANNEL Vos VS 

800r--;_T°,-F_F,C,-H_A,N_N,E_L_V-='Nr--nr-m 

O~~~ 
-15 -14 -13 -12 +12 +13 +14+15 

V'N to OFF Channel (V) 

CROSSTALK VS FREQUENCY 
-150,......_ ... rrnrr-ml,.,-r1,.,-m,.--...."", 
-140 t 

-130 
-l20~+IHlIH"""-HlIIII-

~ 
Q) 

E 

'" '" ~ 
~ 
(/) 

·110 HlHIIr -H++tltll-

90 

80 

70 

60 

50 

40 

30 

20 

10 

10 100 1 k 10k lOOk 
Frequency (Hz) 

LARGE SIGNAL RESPONSE 

Time (ps) 

SETTLING TIME VS TEMPERATURE 

~ 
T ~007 

_ToQ,l% c::::::,. 
I'"""Ii 1:::::::: .... 

- 75 -50 -25 0 +25 +50 +75 +1 00+125 

Temperature (oG) 
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THEORY OF OPERATION 
A simplfied schematic of the OPA201 Swop Amp is 
shown in Figure I. The circuit has four main parts: (A) 
input stage I, (B) input stage 2, (C) active load and 
output amplifier, and (D) channel select circuit. The two 
precision differential input stages are identical, with 
offset and drift laser-trimmed for very-tight matching. 
The input stages share a balanced, high precision active 
load and external offset adjust pins, so offset trim affects 
both channels (see "Using the Swop Amp" section for 
independent trim techniques). The input stages also 
share a gain stage and complementary output stage. The 
biasing circuits for the two input stages are well matched, 
so the characteristics of the two amplifiers are very 
nearly identical. 

V .. ADJUST 

FIGURE I. OPA 201 Simplified Schematic. 

Under control of the channel select circuitry, only one 
input stage at a time is active. The selected input stage 
controls the output amplifier, while the unselected input 
stage is turned off by deactivating its bias circuitry. With 
no current in the un selected stage, it has negligible input 
bias current, and the OFF channel cannot send signals 
to the output amplifier (see Crosstalk specifications and 
Typical Performance Curves). 

The channel select circuitry is simple but versatile, and 
its use is fully described in the "Using the Swop Amp" 
section. The trip point for changing channels is set by 
the threshold control, pin 10. This provides TTL
compatible levels for the channel select voltage on pin II 
when pin 10 is grounded. An open collector output 
transistor provides the logic inverse of the channel select 
voltage at the channel status pin. The emitter of this 
transistor, status common, is also brought out to a pin 

Burr-Brown Ie Data Book 

so the channel status can be referenced to ground or - V. 

The complete circuit functions as a high precision 
operational amplifier which can switch between two sets 
of inputs under control of a I-bit logic signal.' 

USING THE SWOP AMP 
Designing with the Swop Amp is basically the same as 
designing with any precision operational amplifer, with 
the added versatility of switchable inputs, Feedback is 
connected from the output to each differential input to 
configure each channel as an inverting or noninverting 
amplifier, integrator, or other analog circuit function. 
The transfer functions for channels I and 2 may be 
identical.to the point of sharing feedback elements, or 
they may be completely independent. Feedback resistors 
for the off channel are driven by the output as part of 

CHANNEL 
SELECT 
[CSEl) 

CHANNEL 
STATUS 
[CSTA) 

STATUS 
COMMON 

[SC) 

the load resistance. Error analysis involving Eo" IB, 10" 
and Vom is the same as for any operational amplifier. 

The OFF channel may be modeled as an open circuit in 
most applications, with input currents typically under 
ISpA for input voltages within the specified common
mode range (see Typical Performan<:e Curves). Although 
crosstalk is specified for OFF channel input voltages 
equal to the common-mode input range extremes, the 
same crosstalk characteristics are typically observed for 
all input voltages between -Vcc and (+Vcc -IVDC). 
Rejection of signals applied to the OFF channel's inputs 
is outstanding, as shown by the -120dB Crosstalk 
specifications and Typical Performance Curves for cross
talk versus frequency. 

CHANNEL SELECTION 
Four pins are involved in the channel select logic, 
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providing programmable input logic levels for channel 
select and an output status indicating which channel has 
been selected. Programmable logic levels allow the logic 
to be referenced to ground or virtually any voltage. 
Referencing the logic to -v is especially useful in 
applications where the supply voltage is low, for example 
±3V. The pin-by-pin description and recommended 
connections describe the versatile but simple channel 
select techniques (refer to Figures 2 and 3). 

Pin 10 - Threshold Control 
Pin 10 sets the threshold voltage for channel switching, 
such that the switching point is two diode drops (=1.3V) 
more positive than the Threshold Control voltage. This 
results in TTL compatibility when pin 10 is grounded. 
Pin 10 must be at least 5V more negative than + V ce, and 
should be tied to -V ec when the minimum supply 
voltages are used (±2.5V or +5V). This results in TTL 
compatibility for logic referenced to -Vee. 

Pin II - Channel Select 
The voltage on pin II determines which input stage is 
active. A logic high selects channel 1,Iogic low selects 
channel 2. Logic voltages are referenced to the Threshold 
Control, pin 10, and are TTL-, CMOS-, and open 
collector-compatible. 

Pin 4 - Channel Status 
Channel Status is an open collector output indicating 
which channel has been selected. It is the logic inverse of 
the Channel Select input referenced to Status Common, 
pin 5. This function is not required in many applications, 
and pin 4 should be left unconnected if not used. When 
using Channel Status, a pullup resistor is connected 
between pin 4 and a potential more positive than pin 5 
(usually +V or ground). The logic low (indicating 
channel I selected) will be less than O.4V more positive 
than pin 5 if the pullup resistor sets a current of ImA or 
less. Logic high will be the voltage connected to the 
pullup resistor. 

Pin 5 - Status Common 
Status Common sets the reference point for Channel 
Status, and is usually connected to the same potential as 
the Threshold Control. Pin 5 must be more negative 
than pins 10 and II at all times, and should be connected 
to -Vee if the Channel Status function is not used. 
Status Common must be at least 5V more negative than 
+Vee. 

OFFSET ADJUSTMENT 

The input offset voltage is laser-trimmed and will not 
require user-adjustment for most applications. Pins I 
and 7 may be used to adjust the offset of the active 
channel to zero (see Figure 4). This will also affect the 
offset of the inactive channel (both offsets move in the 
same direction as the pot is adjusted). This technique 
may be used to make the offset for each channel equal in 
magnitude and opposite in polarity, which is desirable in 
many applications. Besides the complementary nature 
of the adjusted offsets, their magnitudes·will now be less 
than one-half. of the Yo. match specification. 
An inexpensive CMOS IC, CD4007 (dual·Complemen-
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Nalt:nv,,_ao .......... 
""'P'! III-V ... 

CHI 

CH2 

SELEC11D 
CIWIIEL 

V_ 
+V" .... +V" 

12 

FIGURE 2. Channel Selection for Ground-Referenced 
Channel Select Signals. 

(~ 

"-
1M11 

CHI 

CH2 

+V" 

FIGURE 3. Channel Selection fol' -Vee Referenced 
Logic Signals. 

FIGURE 4. Basic Offset Adjustment. 

tary Pair Plus Inverter), may be used to alternately 
connect dual-offset adjust potentiometers (see Figure 5) 
allowing independent Vos adjustment. In this circuit, the 
channel status output from the Swop Amp is used to 
drive the CMOS logic, which connects one wiper or the 
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other to -Vee. 'Thus RJ adjusts the offset of channel I 
while R, affects the offset only when channel 2 is 
selected. 

Nole: Digital Channel Selecl 
circuil nol shown. 

1110 
R, 

-Vee 

10 

12 

11 

13 

14 

1 
CD4007 

FIGURE 5. Independent Dual-Offset Adjustment. 

Note: The CMOS logic requires -Vee (3V minimum) 
and common. The Status Common (pin 5) must be 
connected to -Vee. 

APPLICATIONS 
The OPA201 is ideal for a variety of applications where 
a precision amplifier and switch are needed. Since the 
two input stages are contained on the same IC and are 
precision laser-trimmed, their offsets match very closely. 
Therefore, the OPA201 can be used as an auto-zeroing 
circuit as well as a dual-channel or switch able-gain 
amplifier. It can also be extended to become a low 
power 4-channel Swop Amp or dual-channel instrumen
tation amplifier under control of TTL level logic. Gen
eral purpose and unique applications are only limited by 
the user's imagination. 

Software auto-zeroing using the Swop Amp is easy to 
perform (Figure 6). One channel processes signals and 
the other channel has the input grounded (both channels 
have the same gain). The system generating the error 
signal may be a VFC, Iso Amp, ADC, Modulator, etc. 
When the zero-input channel is selected, I Vono< = system error voltage 
YOU! == VonO! + Av Yo,' Vos2 = Channel 2 VOl 

Av = Swop Amp voltage gain 
= I + (R,fRJ) 

Burr-Brown Ie Data Book 

When the signal channel is selected, 

YOU! = V"'o< + AvVo,J + AVVIN 

Subtracting the "zero" Vo from signal Vo leaves a 
corrected output voltage 

YOU! = AVVIN + Av (Vo'I - Yo,,) 
= Av (VIN + Ll Yo,) 

Using this technique, system errors may be reduced to 
the Yo, match error (50!-,V untrimmed for CG grade) of 
the Swop Amp. Obviously the channel used for zeroing 
could have a voltage reference or AC waveform for gain 
calibration for an input, instead of ground. 

Auto-zeroing may be free-running, with the Swop Amp 
functioning as a chopper, by connecting an oscillator to 
the channel select. Figure 6 shows pin 10 grounded, 
which allows TTL level interfacing. By programming 
this pin with a voltage level, other logic levels can be 
accommodated. 

2-92 

VlNo-+---t SYSTEM· 
GENERATED 

OFl'SET 
ERROR 

V .. 

FIGURE 6. Input Amplifier for Auto-Zeroing Systems. 

The OPA20l requires only external resistors to make a 
dual-channel amplifier (2-channel multiplexer with gain). 
Gain for either channel may be noninverting (Figure 7) 
or inverting (Figure 8) with the usual operational ampli
fier gain equations applying in each case. In the non
inverting case, feedback is connected from the output to 
each input, with a common feedback resistor for equal 
gains. The advantage, in inverting gain circuits, is that 
the signal does not produce a common-mode voltage 
which can introduce error or input swing limitations. 
This is especially important in low supply voltage appli
cations where common-mode range becomes limited. 
Also one channel can be non inverting and the other 
inverting, which is particularly useful in absolute value 
circuits. Note that in order to achieve the specified open
loop gain and maximum output voltage swing, the total 
output load including both feedback networks should 
not be less than IOkO (see Figures 7 and 8). 

Amplifiers with switchable transfer functions are de
signed much like dual-channel amplifiers, except both 
inputs are connected in parallel, with each channel 
cOnfigured for a different transfer function. Figure 9 
shows a circuit that has a gain of 10 for Channel Select 
HIGH (channel 1 selected) and a gain of 1000 for 
Channel Select LOW (channel 2 selected). In this case, 
the channel select may be thought of as a gain select. 

Vol. 33 



R. 

R, 

Av , ::::: Av 2 ::: 1 T Az/A, 
R, 0 R. 0 (R, II R,I 
lor bllance 01 bin curronl "Hects 

IRe (R, + R,II ~ 10110 lor oUlput currenl raling 

FIGURE 7. Selectable Input Amplifier, Noninverting. 

R, 

FIGURE 8. Selectable Input Amplifier, Inverting. 

A, 0 10 and 1000 

FIGURE 9. Switchable Gain Amplifier. 

This concept also applies to switch able bandwidth cir
cuits, where AC coupling (high-pass) or smoothing 
(low-pass) characteristics need to be switched in under 
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digital control. A wide variety of operational amplifier 
function circuits may be made selectable or switch able 
using these techniques. 

Figure 10 shows a two-channel differential amplifier. 
This concept can be expanded to a full high input 
impedance instrumentation amplifier by adding four 
input buffer amplifiers or by using two front end Swop 
Amps followed by an operational amp (Figure II). 

R, 
+~~~~--------~~-------------, 

Rs=R7 
R,=R, 

R(=R2 

R,=R, 
SELECT CHANNEL 2: Yo = y", Ro/R, SELECT CHANNEL 1: Yo = Y" RJR, 

FIGURE 10. Low Power Dual-Channel Differential 
Amplifier. 

-IN1 
2OkO 

-IN2 

VOl RGI 

l'· 
+lN2 

+IN1 

FIGURE U. Low Power Dual-Channel Instrumen
tation Amplifier. 

You, 
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BURR-BROWN® 

IElElI OPA404 

MILITARY & DIE 
VERSIONS 
AVAILABLE 

Quad High-Speed Precision 
O//e'® OPERATIONAL AMPLIFIER 

FEATURES 
• WIDE BANDWIDTH: 6.4MHz 
• HIGH SLEW RATE: 35V/ps 
• LOW OFFSET: ±750pV max 
• LOW BIAS CURRENT: ±4pA max 
• FAST SETTLING: 1.5ps to 0.01% 
• STANDARD QUAD PINOUT 

DESCRIPTION 
The OPA404 is a high performance monolithic 
O/fe'® (dielectrically-isolated FET) quad opera
tional amplifier. It offers an unusual combination of 
very-low bias current together with wide bandwidth 
and fast slew rate. 

Noise, bias current, voltage offset, drift, and speed 
are superior to BIFET® amplifiers. 

Laser trimming of thin-film resistors gives very-low 
offset and drift-the best available in a quad FET 
op amp. 

The OPA404's input cascode design allows high 
precision input specifications and uncompromised 
high-speed performance. 

Standard quad op amp pin configuration allows 
upgrading of existing designs to higher performance 
levels. The OPA404 is unity-gain stable. 

Dire'® Burr-Brown Corp., BIFET@ National Semiconductor Corp. 

APPLICATIONS 
• PRECISION INSTRUMENTATION 
• OPTOELECTRONICS 
• SONAR. ULTRASOUND 
• PROFESSIONAL AUDIO EQUIPMENT 
• MEDICAL EQUIPMENT 
• DETECTOR ARRAYS 

OPA404 Simplified Circuit 
(Each Amplifier) 

-Vee 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. 16021 746·1111 . Twx: 910.952·1111 . Cable: BBRCORp· Telex: 66·6491 

PDS-677B 
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SPECIFICATIONS 
ELECTRICAL 
At Vee::::: ±15VDC and TA = +25°C unless otherwise noted. 

~ft '~,KP,KU OPA404BG OPA404SG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS "lit 
0 

INPUT "lit 
NOISEn ) <C 
Voltage: 10 = 10Hz 32 · · nVl$. 0. 

10 = 100Hz 19 · · nVl$. 0 
10 = 1kHz 15 · · nVl$. 
10 = 10kHz 12 · · nVl$. 
I. = 10Hz to 10kHz 14 · · JiV. rms 
I. = 0 1Hz to 10Hz 095 · · pV, p-p 

II Current I. = 0 1Hz to 10Hz 12 · · lA, p-p 
10 = 0 1Hz to 20kHz 0.6 · · IA/$. 

OFFSET VOLTAGE 
Input Offset Voltage VOM =OVDC ±260 ±1mV · ±750 · · pV 

KP, KU ±750 ±2.5mV pV 
Average Drift TA = TMIN to T MAX ±3 · · pV/oc en KP ±5 pV/oC a: Supply Rejection ±Voo = 12V to 18V 80 100 86 · · · dB 

KP, KU 76 100 dB W 
Channel Separation 100Hz, R, = 2kO 125 · · dB U-
BJAS CURRENT ::i 
Input Bias Current VOM = OVDC ±1 ±8 · ±4 · · pA D. KP, KU ±1 ±12 pA 

OFFSET CURRENT :i 
Input Offset Current VOM = OVDC 0.5 8 · 4 · · pA <C 

KP, KU 05 12 pA ..J 
IMPEDANCE <C 
Differential 10" 111 · · 011 pF Z 
Common-Mode 1014 113 · · 011 pF 0 
VOLTAGE RANGE i= Common-Mode Input Range ±105 +13,-11 · · · · V 
Common-Mode Rejection Y'N = ±10VDC 88 100 92 · · · dB <C 

KP, KU 84 100 dB a: 
np"N. , nnp GAIN, DC W 
Open-Loop Voltage Gain R,2: 2kO 88 100 92 · · · dB 

D. 
0 

Gain Bandwidth GaIn =100 4 64 5 · · · MHz 
Full\Power Response 20V p-p, R, = 2kO 570 · · kHz 
Slew Rate Vo=±10V, R,=2kO 24 35 28 · · · Vips 
Settling Time 01% Gain =-1, R,=2kO 06 · · /JS 

001% C, = 100pF, 10V step 1.5 · · ps 

RATED OUTPUT 

Voltage Output R, = 2kO ±115 1+13.2, -13.8 · * · · V 
Cu rrent Output Vo= ±10VDC ±5 ±10 · · · · mA 
Output ReSistance 1MHz, open loop 80 · · 0 
Load Capacitance Stability Gain =+1 1000 · · pF 
Short CircUit Current ±10 ±18 ±20 · · · · · · mA 

POWER SUPPLY 

Rated Voltage ±15 · · VDC 
Voltage Range, 

Derated Performance ±5 ±18 · · · · VDC 
Current, Quiescent Jo=OmADC 9 10 * * · · mA 

Tcmr-c"ATlmc RANGE 

Specification Ambient temp -25 +85 · · ~55 +125 °C 
KP,KU 0 +70 °c 

Operating Ambient temp -55 +125 · · · · °c 
KP, KU ~25 +85 °C 

Storage Ambient temp ~65 +150 · · · · °c 
8 Junction-Ambient 100 · · °C/W 

KP, KU 120/100 °C/W 

*Speclflcatlon same as OPA404AG 
NOTES' (1) Noise testong ava,lable-inquire 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At Vee = ±15VOC and TA = TMIN to TMAX unless otherwise noted. 

OPA404AG, KP, KU 

PARAMETER CONDITIONS MIN TYP 

TEMPERATURE RANGE 

Specification Range Ambient temp. -25 
KP, KU 0 

INPUT 

OFFSET VOLTAGE 
Input Offset Voltage VeM =OVDC ±450 

KP, KU ±1 
Average Drift ±3 

KP, KU ±5 
Supply Rejection 75 96 

BIAS CURRENT 
Input Bras Current VCM = OVDC ±32 

OFFSET CURRENT 
Input Offset Current VeM = OVDC 17 

VOLTAGE RANGE 
Common-Mode Input Range ±102 +127, -10 6 
Common-Mode Rejection V,. = ±10VDC 82 99 

KP, KU 80 99 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Gain R, 20 2kO 82 94 

RATED OUTPUT 

Voltage Output R,= 2kO ±11.5 +129, -13.8 
Current Output Vo =±10VDC ±5 ±9 
Short Circuit Current Vo =OVDC ±5 ±12 

POWER SUPPLY 

Current, Quiescent lo=OmADC 93 

*Speclflcatlon same as OPA404AG. 

ORDERING INFORMATION 
OPA404 ( ) ( ) 

BasIC model number·-________ =r---I T 
Performance grade ____________ -I_ 

K = O°C to +70°C 
A, B = -25°C to +85°C 
S = -55°C to +125°C 

Package code ________________ .J 

G = 14-pln ceramic DIP 
P = 14-pln plastic DIP 
U = 16-PIn plastic SOIC 

MECHANICAL 
"U" (SOl C) Package NOTE. Leads in true position 

~A--- within 0.01" (0.25mm) Rat MMC at 

-nAnnnr-

seating plane. 

Lk k~ n II---L--I, 

INCHES MILLIMETERS 
B, B DIM MIN MAX MIN MAX 

I I A 400 416 1016 1057 
Pin 1 Identifier A, 388 412 986 1046 

I B 286 302 726 767 

Jt~UUUUUU 
B, 268 286 681 726 
C 093 109 236 2.77 
D 015 .020 036 051 

~0 
G 050 BASIC 127 BASIC 
H 022 038 056 097 
J .008 012 020 0.30 

Plnl J I II tN 
L 391 421 993 1069 
M 5° TVP 5° TYP 

G- --0 N 000 012 000 030 

Burr-Brown Ie Data Book 

MAX 

+85 
+70 

2mV 
±3.5 

±200 

100 

±30 

105 

2-96 

I 

I 

OPA404BG OPA404SG 

MIN TYP MAX MIN TYP MAX UNITS 

· · -55 +125 °c 
°c 

· ±1.5mV ±550 ±2.5mV pV 
mV · . pvrc 

}1v/oC 
80 · 70 93 dB 

· ±100 ±500 ±5nA pA 

· 50 260 25nA pA 

· · ±10 +12.6, -10 5 V 
86 · 80 88 dB 

dB 

86 · 80 88 dB 

· · ±11 +127, -13 8 V · · . ±8 mA · · · ±8 ±10 . mA 

· · 94 11 mA 

ABSOLUTE MAXIMUM RATINGS 
Supply.. .. . . .. . .. . . .. . . . . . .. . .. .. . . . . . . .. . . .. . .. .. .. . .. ±18VDC 
Internal Power Dissipationm ............................. 1000mW 
Differential Input Voltage '2J .............................. ±36VDC 
Input Voltage Range(2) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• ±18VDC 
Storage Temperature Range ... P, U = -40/+85°C, G = -651+150°C 
Operating Temperature Range P, U = -25/+85°C, G = -551+125°C 
Lead Temperature (soldering, 10 seconds) ................. +300°C 
Output Short Circuit Duration(3) • • • • • • • • • • • • • • • • • • • • • •• Continuous 
Junction Temperature •. ; ................................. +175°C 

NOTES: 
(1) Packages must be derated based on OJe = 30° CIW or OJA = 120° CIW 
(2) For supply voltages less than ±18VDC the absolute maximum input 

voltage is equal to. 18V > V,. > -Vee - 8V. See Figure 2. 
(3) Short circuit may be to power supply common only Rating applies 

to +25°C ambient Observe dissipation limit and TJ 

PIN CONFIGURATION 

Top VIew 

"U" (SOIC) Package 

OutAr;~::::::::~~;:::::::~_Ui10utD 

-InA -In 0 

+lnA 

+VCC 

+In B 

-In B -InC 

OutB OutC 

NC NC 
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MECHANICAL 
"O"P8CUge 

NOTE: Leads ,n true position within .010" 
(.25mm) R at MMC at seating plane. 

Pin numbers shown for reference only. 
Numbers may not be marked on package. r~Jt INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 

N-il A .870 710 17.02 1803 
C .085 170 1.85 4.32 

JL!l!o~fi 
D .015 .021 038 0.53 
F .045 080 114 152 
G 100 BASIC 254 BASIC 
H 025 .070 0.84 178 
J .008 .012 0.20 0.30 
K 120 240 3.05 610 

Pin material and plating composition L .300 BASIC 7628ASIC 
conform to Method 2003 (solderability) M 10' 10' 
of MIL-8TD-883 (except paragraph 3.2). N .009 080 0.23 152 

TYPICAL PERFORMANCE CURVES 
T. z +25'C. Vc.c = ±15VDC unless otherwise noted 

~ 
~ 
5! 
0 z 
E 
~ 
" u 

iii' 
:!!. 
II: 

~ 
" c .. 
II: 
~ 
0 

100 

10 

a I 

110 

105 

100 

95 

90 

INPUT CURRENT NOISE SPECTRAL DENSITY 

~ 

10 100 lk 10k lOOk 1M 
Frequency (Hz) 

POWER SUPPLY REJECTION AND COMMON-MODE 
REJECTION va TEMPERATURE 

PSR 

/ 
",. ..... 

l/ 
~ CMR .......... 

V 
~", 

-75 --50 -25 a +25 +50 -75 .,00 -125 

Temperature (GC) 

BIAS AND OFFSET CURRENT 

10nA 

lnA 

« 

vs TEMPF.RATURE 

_
_ .10nA 

1nAO 

-' ~ .e 
E 100 

~ 
" 0 

10· :! 
Iii !~~~~~~~~~~I~~~~~~l'lOO 0 

10 i 
~ 

0.1 tt:t::ttt:t:t:±:tI±:l::t:t::t:tt:±:t::t:::tl 0.1 
-so -25 0 +25 +SO +75 '-100 '125 

Ambient Temperature (DC) 

NOTE: Leads In true position within .010" 

p (.25mm) R at MMC at seating plane 

A, INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

, -~. •. [;1 
A .700 .600 17.76 20.32 .-
A, .685 .785 17.40 1994 0 
B .230 .290 565 738 

~ B, .200 .250 509 6.38 
C .120 .200 305 508 
0 .015 023 0.38 0.59 Q. 
F .030 .070 0.76 178 0 G .100 BASIC 2.54 BASIC 

JlM 
I H .050 100 127 254 

JJ. J 008 .015 020 0.38 

Seating Plane K 070 150 178 362 
L 300 BASIC 763 BASIC 

Pin material and plating compoaition M 0' IS' 0' IS' 
conform to Method 2003 (solderability) N .010 .030 025 076 
of MIL-8TD-883 (except paragraph 3.2) p 025 050 064 1.27 

CONNECTION DIAGRAM 
~~~~~~--------------~m 

Top View' "0" or"P" (DIP) P8Ckeg8 a: 
W 
u:: 
::::i 
0.. 
:::E 
<C 
..J 
<C 
Z 
o 

L-_________ ~====~ _________ ~~ 

« .e 
E 
~ 
" u 
; 
III 

TOTAL INPUT VOLTAGE NOISE SPECTRAL DENSITY 
AT 1kHz vs SOURCE RESISTANCE 
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~ --1 
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10 

011 
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I..oI! 
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1111 1111 
lk 10k lOOk 1M 10M 

Source ReSistance (el) 
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va INPUT COMMON MODE VOLTAGE 

11111111 
Bias Current 

I Currenl Ollse 
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TYPICAL PERFORMANCE CURVES [CONT] 
T ... =- +25°C, Vee = ±15VDC un-less otherwise noted 
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TYPICAL PERFORMANCE CURVES [CONT] 
T. = +25" C. Vee = ±'5VDC unless o,herwlse noted 

LARGE SIGNAL TRANSIENT RESPONSE 
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APPLICATIONS INFORMATION 
OFFSET VOLTAGE ADJUSTMENT 
The OPA404 offset voltage is laser-trimmed and will 
require no further trim for most applications. If desired, 
offset voltage can be trimmed by summing.(see Figure I). 
With this trim method ther!: will be no degradation of 
input offset drift. 

In O-"",,~----i 
1>-...... ~OOut 

-15Y 

±2mV 

t----15"0,.,kO---~ o;:,:t 

200 
+15V 

FIGURE I. Offset Voltage Trim. 

INPUT PROTECTION 

Conventional monolithic FET operational amplifiers 
require external current-limiting resistors to protect their 
inputs against destructive currents that can flow when 
input FET gate-to-substrate isolation diodes are forward
biased. Most BIFET® amplifiers can be destroyed by the 

.loss of-Vee 

Unlike BIFET® amplifiers, the O//e'® OPA404 
requires input current limiting resistors only if its input 
voltage can exceed -8V. A IOkO series resistor will limit 
the input current to a safe value with up to ±15V input 
levels even if both supply voltages are lost. (See Figure 2 
and Absolute Maximum Ratings). 

+2 

~ 
--t - Maximum Safe Current 

+1 

< hN -

.s - + 

1: V _ 

~ 0 
" u 

" Q. 

.E 
-1 

Maximum Safe Current 

-2 
-15 -10 -5 0 +5 +10 +15 

Input Voltage (V) 

FIGURE 2. Input Current vs Input Voltage with ±Vee 
Pins Grounded. 

Static damage can cause subtle changes in amplifier 
input characteristics without necessarily destroying the 
device. In precision operational amplifiers (both bipolar 
and FET types), this may cause a noticeable degradation 

Burr-Brown Ie Data Book 

of offset voltage and drift. 

Static protection is recommended when handling any 
precision IC operational amplifier. 

GUARDING AND SHIELDING 
As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickup in 
input leads. If large feedback resistors are used, they 
should also be shielded along with the external input 
circuitry. 

Leakage currents across printed circuit boards can easily 
exceed the bias current of the QPA404. To avoid leakage, 
utmost care must be used in planning the board layout. 
A "guard" pattern should completely surround the high 
impedance input leads and should be connected to a low 
impedance point which is at the signal input ptotential 
(see Figure 3). 

Non-Inverting 

In 

Inverting 

For input guarding, 
guard top and bottom of board 

Buffer 

Out 

FIGURE 3. Connection of Input Guard. 

HANDLING AND TESTING 
Measuring the unusually low bias current of the OPA404 
is difficult without specialized test equipment; most 
commercial benchtop testers cannot accurately measure 
the OPA404 bias current. Low-leakage test sockets and 
special test fixtures are recommended if incoming inspec
tion of bias current is to be performed. 

To prevent surface leakage between pins, the DIP package 
should not be handled by bare fingers. Oils and salts 
from fingerprints or careless handling can create leakage 
currents that exceed the specified OPA404 bias currents. 

If necessary, DIP packages and PC board assemblies can 
be cleaned with Freon TF®, baked for 30 minutes at 
85°C, rinsed with de-ionized water, and baked again for 
30 minutes at 85°C. Surface contamination can be 
prevented by the application of a high-quality conformal 
coating to the cleaned PC board assembly. 
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BIAS CURRENT CHANGE VERSUS 
COMMON-MODE VOLTAGE 
The input bias currents of most popular BIFET@ opera·· 
tional amplifiers are affected by common-mode voltage 
(Figure 4). Higher input FET gate-to-drain voltage 
causes leakage and ionization (bias) currents to increase. 
Due to its cascode input stage, the extremely-low bias 

~ 
~ 
C 
~ 
'; 
() 

'" ro 
<Ii 
~ 
Q. 

E 

80 

70 

60 

50 
40 

30 

20 

-10 

-20L---~----~--~~~-L----~--~ 
-10 -5 

Common-Mode Voltage (VDC) 

FIGURE 4. Input Bias Current Versus Common-Mode 
Voltage. 

IN914 

Input D--------'''I IN914 

FIGURE 6. Low-Droop Positive Peak Detector. 

Differential 
Input 

r-------------, 
I 11 
I I 
I I 
I I 

31 I 

current of the 0 PA404 is not compromised by common
mode voltage. 

APPLICATIONS CIRCUITS 
Figures 5 through 11 are circuit diagrams of various 
applications for the OPA404. 

lMQ 

100kQ 

>-"""',........0 Out 

o Gain ;-100 

Vas < 10/lV 

Drift = 0 05/lV/OC 

Zero Droop"" 1/iVis 
Referred to Input 

FIGURE 5. Auto-Zero Amplifier. 

>--.... ---0 Output 

Droop = O.lmV/s 

l O.OI/lF Polystyrene 

.. Reverse polarity for negative peak detection 

Output; I/lAIV 

E, I lMQ 10 

~--_7:6--~----~~R~----~----~ 
E, o---......:+~""'~I_--I I 

I 
I 15 
I 
LI~A~5 _ __________ J 

FIGURE 7. Voltage-Controlled Microamp Currrent Source. 
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Pin Photodlode 
UDT Pin-040A Guard 

\1 " , , \ 
"" I 
"- , 

I , 
I 

\ I 
O.OlpF 

, 
.. / .... 

-
1000MO 

-

FIGURE 8. Sensitive Photodiode Amplifier. 

Av=101pVN 
1.-lpA 
R,N _10'3Q 

BW-l00kHz 

+ 

Input 

Differential Voltage Gain = 1 + (2R,/FlG) 

+15V 

1 
~ 

-15V 

Circuit must be well shielded 

2OkO 

R, 

RG/2 
1000 

RG/2 
1000 

R, 
10kO . 

2OkO 

FIGURE 9. FET Instrumentation Amplifier with Shield Driver. 
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In 

FIGURE 10. 8-Pole 10Hz Low-Pass Filter. 

402kn 402kn 

In 

lkn lkn lkn 

FIGURE 11. Wide-Band Amplifier 
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Butterworth Response 
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Gain-Bandwidth = 410MHz 
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BURR-BROWN® 

113131 OPA445 

MILITARY 
VERSION 

AVAILABLE 

High Voltage FET-Input 
OPERATIONAL AMPLIFIER 

FEATURES 
• WIDE POWER SUPPLY RANGE: ± 10V to ±45V 
• HIGH SLEW RATE: 10V/ pS 

• LOW INPUT BIAS CURRENT: 50pA max 
• STANDARD-PINOUT TO-99 AND DIP PACKAGES 

DESCRIPTION 
The OPA445 is a monolithic operationai amplifier 
capable of operation from power supplies up to 
±45V and output currents of l5mA. It is useful in a 
wide variety of applications requiring high output 
voltage or large common-mode voltage swings. 

The OPA445's high slew rate provides wide power
bandwidth response, which is often required for 
high voltage applications. FET input circuitry allows 

APPLICATIONS 
• TEST EQUIPMENT 
• HIGH VOLTAGE REGULATORS 
• POWER AMPLIFIERS 
• DATA ACQUISITION 
• SIGNAL CONDITIONING 

the use of high impedance feedback networks, thus 
minimizing their output loading effects. Laser trim
ming of the input circuitry yields low input offset 
voltage and drift. 

The OPA445 is unity-gain stable and requires no 
external compensation components. It is available 
in both industrial (-25°C to +85°C) and military 
(-55°C to + 125°C) temperature ranges. 

International Airport Industrial Park· P.O. Box 11400 . Tucson. Arizona 85734 T.I. 1602) 746·1111 . Twx. 910·952·1111 . Cabl. BBRCORp· T.I.x: 66·6491 

PDS-754A 
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SPECIFICATIONS 
ELECTRICAL 
At Vs = ±40V and TA = +25°C unless otherWise specified 

OPA445SM I OPA445BM I OPA445AP 

PARAMETER CONDITIONS MIN TYP MAX I MIN TYP MAX I MIN TYP MAX UNITS 

INPUT 

OFFSET VOLTAGE 
Input Offset Voltage VCM = OV 05 10 
Average Dnft TA = TMIN to TMAX · . Supply Relecllon V, = ±10V to ±50V · · 
BIAS CURRENT 
Input Bias Current VCM = OV · · Over Temperature 100 

OFFSET CURRENT 
Input Offset Current VCM = OV · · Over Temperature 50 

IMPEDANCE 
Differential · Common-Mode · 
VOLTAGE RANGE 
Common-Mode Input Range · Common-Mode Rejection V'N = ±30V, 

Over temp · · 
np~N_ nnp GAIN, DC 

Open-Loop Voltage Gam R, = 5kO · · Over Temperature · 
~R~nll~N"V 

Gain Bandwidth Small signal · Full Power Response 35Vp-p, R, = 5kCl · · 
DYNAMIC R~"pnN"~ 

Slew Rate Vo = ±35V, 
R, = 5kO · · Rise Time Vo = ±200mV · Overshoot Av=+1 

Z, = 5kO II 50pF · 
RATED OUTPUT 

Voltage Output, over temp R, = 5kO · Current Output Vo = ±28V · Output Resistance DC, open loop · Short Circuit Current · 
POWER SUPPLY 

Rated Voltage, ±Vs · Voltage Range, ±Vs 
Derated Performance Over temp · · Current, QUiescent 10 = OmA · · 

-~ .. .TIIRO: RANGE 

Specification -55 +125 
Operating Ambient temp · · 8 Junction-Ambient · 

*Speclflcatlon same as OPA445BM 

ORDERING INFORMATION 

OPA445 ( ) (J 
BasIc model number __________ =r-_J T .-
Performance grade (blank Indicates A grade) -

A -25'C to +85'C 
B -25'C to +85'C 
S -55'C to +125'C 

Package code _________________ --' 

M 8-pm TO-99 
P 8-pm plastic DIP 

Burr-Brown Ie Data Book 2-105 

10 30 20 50 mV 
10 15 pV/'C 

80 110 · · dB 

20 50 50 100 pA 
10 20 nA 

4 10 20 40 pA 
5 10 nA 

10" 111 · 011 pF 
10" 113 · 011 pF 

±35 · V 

80 95 · · dB 

100 105 · · dB 
97 · dB 

2 · MHz 
45 55 · · kHz 

5 10 · · Vips 
100 · ns 

30 · % 

±35 · V 
±15 · rnA 

220 · 0 
±26 · rnA 

±40 * V 

±10 ±45 · · V 
38 45 · · rnA 

-25 +85 · · 'C 
-55 +125 -25 +85 °C 

200 100 °C/W 

ABSOLUTE MAXIMUM RATINGS 
Power Supply ____ , , __ , .. _ , . _ , , , . __ , , __ , , , , , .. , _ , _ .. _ ,. ±50V 
Internal Power Dissipation.......... . .......... 680mW 
Differential Input Voltage _. __ " _, __ , __ " .... _'" _". "_ . _ .. ±80V 
Input Voltage Range _" __ . __ ".,' _ .. _" .... , _ ,_'" _. _ I±Vsl - 3V 
Storage Temperature Range M .................. -65°C to +150°C 

P __ , , _ , . , _ " . _ , , , _ ., -40'C to +85'C 
Operating Temperature Range M ................ -55°C to +125°C 

P "_,,. _ " , . " __ , -40'C to +85'C 
Lead Temperature (soldering, lOs) _, __ .. ", ,_.,' _., __ , _, __ +300'C 
Output Short-CircUit to Ground (TA = +25°C) .... _ ..... Continuous 
Junction Temperature .................................... +175°C 
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CONNECTION DIAGRAMS 

Top View NC 

-Vs 

Case IS connected to -Vs 

Top View 

-In 

+In 

-Vs 

TO-!19 

DIP 

NC 

+Vs 

Output 

OffsetTrom 

MECHANICALS 

~~ n °t ° ~.~ 
L _ -=t1 1" ° ° .i r-;; F /J 

~~~~ng K ¥ IIIII j NOTE Leads on true 
-- POSition Within 0 010" 

--1--0 (025mm) R at MMC 
at seating plane 

e ~ A, 

P _.. .]] 
-J M ...I\--J 

Pin 1 

m "JOTE Leads In true 
P')!.itlon within 0 010" 

---i C ": ~5mm) R at MMC 
at seating plane 

T9 
H JlD G '-...l ~~:~~ng 

INCHES 
DIM MIN MAX 
A 335 370 
B 305 335 
C 185 185 
D 018 021 
E 010 040 
F 010 040 
G 200 BASIC 
H 028 034 
J 029 045 
K 500 
L 110 160 
M 45° BASIC 
N 095 105 

INCHES 
DIM MIN MAX 
A 355 400 
A, 340 385 
B 230 290 
B, 200 250 
C 120 200 
0 015 023 
F 030 070 
G 100 BASIC 
H 025 050 
J 008 015 
K 070 150 
L 300 BASIC 
M 0' 15' 
N 010 030 
P 025 050 

TYPICAL PERFORMANCE CURVES 
T. = +25'C, Vs = ±15VDC unless otherwise noted 
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POWER SUPPLY REJECTION 
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..... 
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, 

-Vee ...... "" ........ , 

MILLIMETERS 
MIN MAX 
851 940 
775 851 
419 470 
041 053 
025 102 
025 102 
508 BASIC 
071 088 
074 114 
127 
279 406 
45° BASIC 
241 267 

MILLIMETERS 
MIN MAX 
903 101a 
865 960 
585 738 
509 636 
305 509 
038 059 
076 178 
254 BASIC 
064 127 
020 038 
178 382 
763 BASIC 
0' 15' 

025 076 
064 127 
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-
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INSTALLATION AND 
OPERATING INSTRUCTIONS 
The OPA445 may be operated from power supplies up 
to ±45V or a total of 90V. Power supplies should be 
bypassed with O.022JlF capacitors, or greater, near the 
power supply pins. Be sure that the capacitors are 
appropriately rated for the supply voltage used. 

The OPA445 can supply output currents of 15mA and 
larger. This would present no problem for a standard op 
amp operating from ±15V supplies. With high supply 
voltages, however, internal power dissipation of the op 
amp can be quite large. Operation from a single power 
supply (or unbalanced power supplies) can produce even 
larger power dissipation since a larger voltage is 
impressed across the conducting output transistor. 

Dissipation should be. limited to 680m W at 25°C. At 
temperatures above 25°C, the maximum dissipation 
should be derated according to the thermal resistance of 
the package type used. 

Package thermal resistance, (he, is affected by mounting 
techniques and environments. The figures provided are 
typical for common mounting configurations with 
convection air flow. Poor air circulation and use of 
sockets can signficantly increase thermal resistance. Best 
thermal performance is achieved by soldering the op 
amp into a circuit board with wide printed circuit traces 
to allow greater conduction through the op amp leads. 
Simple clip-on heat sinks can reduce the thermal resis
tance of the TO-99 metal package by as much as 50°CjW. 

A short-circuit to ground will produce a typical output 
current of 25mA. With ±40V power supplies, this 
creates an internal power dissipation of l.OW. This 
exceeds the maximum rating for the device, and is not 
recommended. Permanent damage is unlikely, however, 
since the short-circuit output current will diminish as the 
junction temperature rises. 

TYPICAL APPLICATIONS 

FIGURE l. Offset Voltage Trim. 

100kO 

±10mV TYPical 
Trim Range 

*10kO to 1MO 
Tnm Potentwmeter 

(100kO recommended) 

10kO 
V,C>--~VV----~----------~~----' 

R, 

100kO 
R3 

R, 
1000 

o-~~--~------~~--~ 

Load 

ComplIance Voltage Range = ±35V 

FIGURE 2. Voltage-to-Current Converter. 

+60V 

25kO 

FIGURE 3. Programmable Voltage Source. 
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BURR-BROWN® 

IElElI OPAS01 
MILITARY 
VERSION 

AVAILABLE 

High Current - High Power 
OPERATIONAL AMPLIFIER 

FEATURES 

• WIDE SUPPLY RANGE 
± 10 to ±40 Volts 

• HIGH OUTPUT CURRENT 
± 10 Amps Peak 

• HIGH OUTPUT POWER 
280 Watts Peak 

• SMALL SIZE: TO-3 PACKAGE 

DESCRIPTION 

The OPA501 is a high power operational amplifier. 
Its high current output stage delivers ± lOA yet the 
amplifier is unity-gain stable and it can be used in any 
operational amplifier configuration. The 260W peak 
output capability allows the OPA501 to drive loads 
(such as motors) with a greater safety margin. 

Safe operating area is fully specified and output 
current limiting is provided to protect both the 
amplifier and the load from excessive current. 
This hybrid Ie is housed in an 8-pin hermetic TO-3 
package. The electrically-isolated package allows 
direct mounting to chassis or heat sink without an 
insulating washer or spacer which would increase 
thermal resistance. 

APPLICATIONS 

• SERVO AMPLIFIER 
• MOTOR DRIVER 
• ACTUATOR CONTROL 
• AUDIO AMPLIFIER 
• SYNCRO DRIVER 

• POWER SUPPLY REGULATOR 

International Airport Indullrlal Park· P.O. Box 11400· Tucson. Arizona 85734· TIl. 16021 746·1111 . Twx' 910-952·1111· Cable: BBRCORp· Telex' 66-6491 

PDS490D 
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SPECIFICATIONS 
ELECTRICAL 

At Tc = +25°C and ±VCC = 28VDC (OPASOtRM/AM). ±Vcc = 34VDC (OPA501SM/BM) unless otherwise noted . 

OPA501RM/AM • OPA501SMIBM 

PARAMETER CONDITIONS MIN TVP MAX MIN 'TYP MAX UNITS 

RATEDOUTPUT(1X2) 
Output Current. RL = 211 (RM/AM) ±10 A 

Con!lnuous(3) Rc =260 (SM/BMI ±10 · A 
Output Voltage(3) 10 = 10Apeak ±20 23 ±26 ±29 V 

DYNAMIC RESPONSE 
Bandwld1h. Umty Gain Small Signal 1 MHz 
Full Powar BandWidth Vo = 40Vp-p. RL = an 10 16 kHz. 
Slew Rate RL=50(RM/AM) 1.35 VI/IS 

RL=650(SMlBM) 135 VI/IS 

INPUT OFFSET VOLTAGE 
InHlal Offset ±5 ±10 ±2 ±5 mV 
vs Temperatura -25°C < T< +85°C (AM/BM) ±10 ±85 "woC 

-SS°C < T< +125OC (RMlSM) ±10 ±4O "vrc 
vs Supply Voltage ±35 "VN 

INPUT BIAS CURRENT 
IMIa! T case = +25° C 15 40 · 20 nA 
vs Temperature ±O.05 · nArC 
vs Supply Voltage ±O02 nAN 

INPUT DIFFERENCE 
CURRENT 
InHlal T case = +25°C ±5 ±10 ±2 ±3 nA 
vs Temperature -25OC < T < +85OC (AMlBM) ±O.Q1 nArC 

-55OC < T < +125OC (RMlSM) ±O.Ol nArC 

OPEN-LOOP GAIN, DC RL=50IRMlAM) 94 115 dB 
RL = 6.sn (SMlBM) 98 115 dB 

INPUT IMPEDANCE 
Dlfferentl8l 10 MO 
Common-mode 250 MO 

INPUT NOISE 
Voltage Noise In =0.3Hz to 10Hz 3 "V. p-p 

In = 10Hz to 10kHz 5 "V.rms 
Current NOise In =0.3Hz to 10Hz 20 pA. p-p 

In = 10Hz to 10kHz 4.5 pA. rms 

INPUT VOLTAGE RANGE 
Common-mode VOltage(4) Linear Operation . ±IIVccl-6) ±IIVccl-3) · V 

Common-mode Rejection F = DC. VCM =±(IVccl-6) 70 110 III dB 

POWER SUPPLY 
Rated Voltage ±28 ±34 V 
Operallng Voltage Range ±10 ±36 ±4O V 
Current. qUl8SC8nt ±2.6 ±10 mA 

TEMPERATURE RANGE case 
Specllication. RM/SM -55 +125 °C 

AM/BM -25 +85 0q 
Operallng. derated 

performanca. AMl8M -55 +125 · °C 
Storage -65 +150 · °C 

THERMAL RESISTANCE Steady State BJC 2.0 2.2 · °CIW 

'Speclflcation same as for OPAS01 RM/AM 

NOTES: 
1. Package must be derated based on a Junction to case thermal rasistance 01 2.2° CIW or a junction to ambient thermal resistance of 3O°CIW. 
2. Sale Operating Aras and Power Derating Curves must be observed. • 
3. With ±Rsc = O. Peak output current Is typically greater than 1 OA if duty cycle and pulse width limitations are observed Output current graater 

than 10A is not guarantesd. 
4. The absolute malCimum voltage is 3V less than supply voltage. 
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ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage (Vee) ................................................................................. ±40VDC 
Power Dissipation at +25°CI1l121 . . .. . . . .. . . . . .. . . . . .. . . . . . ... . . . . .. . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. 79W 
Differential Input Voltage ................................................................................. ±Vcc - 3V 
Common-Mode Input Voltage ................................................................................... ±Vcc 
Operating Temperature Range ..................................................................... -55°C to +125°C 
Storage Temperature Range ....................................................................... -65°C to +150°C 
Lead Temperature (soldering. 10 seconds) .................................................................. +300°C 
Junction Temperature ................................................................................ , ....... +200°C 
Output Short-Circuit Duration'" ........................................................................ Continuous 

NOTES 
1 At case temperature of +25°C. Derate at 2 2°CIW above case temperature of +25°C 
2 Average dissipation 
3 Within safe operating area and with appropnate derating. 

ORDERING INFORMATION 

OPA501 
=,-

(See Military Data Sheet) 

MECHANICAL 

M 

OPA501AM 
OPA501BM 
OPA501RM 
OPA501SM 

OPA501SM/883 

~~-~ 
Seating Plane + 

0-"'>--
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CONNECTION DIAGRAM 

(TOPVIEWI 

(+RsCI 
+CURRENT 

LIMIT 

-CURRENT 
LIMIT 
(-RsCI 

NO INTERNAL 
CONNECTION 

NOTE. Leads in true position 
within 0.010" (0.2Smm) Rat MMC 
at seating plane. 

Pin numbers shown for reference 
only Numbers may not be marked 
on package. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 1510 1550 3835 3937 
B 745 770 1892 1956 
C 260 300 660 762 
D 038 042 097 107 
E 080 105 203 267 
F 40' BASIC 400 BASIC 
G 500 BASIC 127 BASIC 
H 1186 BASIC 30 12 BASIC 
J 593 BASIC 15 05 BASIC 
K 400 500 1016 1270 
Q 151 161 384 409 
R 980 1020 2489 2591 
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TYPICAL PERF.ORMANCE CURVES 
ITyplcal at +250 case and ±Vcc = 28VDC unless otherwise noted. I 

OPEN-LOOP 
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VS POWER SUPPLY VOLTAGE 

±15,t----1h.,;~+--t--t__1 

Power Supply Voltage, Vcc(VI 

POWER DERATING CURVE 

r--.... BJc= 2 2°C/W 

!'-... 
" 

o 25 50 75 100 125 150 
Case Temperature (OCI 

120 
iii 
~100 
I:: 
2 2 80 

l 
-8 6 0 

~ 4 

~ 
0 

E 20 
8 

0 

COMMON MODE REJECTION 
VS FREQUENCY 

r"\ 
I"'-

" ~ .... 
10 100 lK 10K lOOK 1M 

Frequency IHzl 

FULL POWER RESPONSE 
100 

~+Vcc!' 34VDC 
Maxim um 

±Vcc 28Vqt;l' """Ii 'Oui u't, 

~illlill 1M.. 

Max~m~~ ,!J~~,~'rted"" 
~s,"e Wave Output 

I--
I--

028 

C; 0.24 

r'f 
.: 020 

~ :i 016 
a: 
§ 01 2 

E 00 

~ 
" 004 o 

8 

o 

RL an 
Av=+101 

Tc =+2~I~C 

4 6 10 20 4080 100 
Frequency (kHz) 

CURRENT LIMITING 

\ Tc=+25°C 

\ , 
r\ 

J"'." 
i"""--

4 6 8 10 12 14 
C~rrent (A) 

lnA 

INPUT BIAS CURRENT 
VS TEMPERATURE 

~ 
" lOOp o 
:; 
iii 

001pA 
-50 -25 0 25 50 75 

Case Temperature (oC) 

HARMONIC DISTORTION 

- 18~~iIlI~~~~~~1II ~16 
~1.4 
S12 

510 
o 
§ 0.8 

E 06 .. 
:I: 04 
'iii 
(; 02 
I- 0 

10 102 103 
Frequency (Hz) 

CURRENT LIMITING 

104 

O~~~ __ ~~~~~ 
-SO -25 0 25 50 75 100 125 

Case Temperature (OC) 

PULSE RESPONSE, Av = +1 PULSE RESPONSE, AV = +1 

:; 
~ t5 

~ ~ 
!!? !!? ., ., 
E E 
'0 '0 > > 
S S 
~ ~ " 0 0 :;:. :;:. 
" " Q. Q. .= .= 

Time (10"Sec/Dlv) Time 1100"Sec/Dlv) 

Burr-Brown Ie Data Book 2-112 Vol. 33 



INSTALLATION AND 
OPERATING INSTRUCTIONS 
PROPER GROUNDING AND POWER 
SUPPLY BYPASSING 
Particular attention should be given to proper grounding 
practices because the large output currents can cause 
significant ground-loop errors. Figure I illustrates proper 
connections. 

FIGURE I. Proper Power Supply Connections. 

Note that the connections are such that the load curent does 
not flow through the wire connecting the signal ground 
point to the power supply common. Also, power supply and 
load leads should be run physically separated from the 
amplifier input and signal leads. 

The amplifier should be power-supply-bypassed with 
IOI'F tantalum capacitors connected as close to pins 3 
and 6 as possible. The capacitors should be connected to 
the load ground rather than the signal ground. 

CURRENT LIMITS 

The OPA50 I amplifier is designed so that both the positive 
and negative load current limits can be set independently 
with external resistors R+sc and R-se respectively. The 
approximate value of these resistors is given by the 
equation: 

Rsc = (0.65 _ 0.0437\ ohms 
\ ILiMIT ) 

ILiMIT is the desired maximum current in amperes. The 
power dissipation of the current limit resistor is: 

Pmax = Rsc (IL1MIT)2 watts 

Rsc is in ohms and ILiMIT is in amperes. 

Current limit resistors carry the full amplifier output current 
so lead lengths should be minimized. Highly inductive 
resistors can cause loop instability. Variation in ILl MIT with 
case temperature is shown in the Typical Performance 
Curves. ' 

The amplifier should be used with as Iowa current limit as 
possible for its particular application. This will minimize the 
chance of damaging the amplifier under abnormal load 

conditions and will increase reliability by limiting internal 
power dissipation. 

The current limits may be used to generate other functions 
such as constant current supplies and torque or stall current 
limits for servomotor applications. 

HEAT SINKING 

The OPA50 I requires a heat sink to limit output transistor 
junction temperature (TJ) to an absolute maximum of 
+200·C. The steady-state thermal circuit is illustrated in 
Figure 2. 

r--------Q JUNCTION 

CASE 

HEAT SINK 

'------------0 AMBIENT 

FIGURE 2. Simplified Steady-State Heat Flow Model. 

Junction temperature (TJ) is found from the equation: 

TJ = Po (8JC + 8cs + 8SA) + T A 

Where Po = average amplifier power dissipation (W) 
8JC = junction to case thermal resistance ('C/ W) 
8cs = device mounting thermal resistance 

('C/W) 
BsA = heat sink thermal resistance ('Cj W) 
T A = ambient temperature ("C) 

For most heat sink calculations the quiescent power 
dissipation is very low «I watt) and can be disregarded 
with only a small error. 

The minimum size heat sink can be found from the 
equation: 

TJ - TA 
8SA = ---- 8cs - 8JC 

Po 

Example: Find the maximum thermal resistance (smallest 
heat sink) that can be used for an OPA501 with ±Vee = 
28VOC. Output voltage is + IOVOC across a 100 resistor 
and ambient temperature is +50"C: 

Po = [(+28VOC) - (+ IOVOC)] X +lOVOC = 18W 
100 

200"C - 50"C • 
8sA = - 0.1 C/W - 2.2°C/W 

18W 

8SA= 6.03°C/W maximum 

As large a heat sink as possible should be used. 8cs depends 
on the flatness of the heat sink, the thermal compound used, 
and the roughness of the mating surfaces. 
Typical values are between O.loC/W and 0.3°CjW for a 
TO-3 package properly mounted on a heat sink. 
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The OPA501 mounting flange is electrically-i,solated,and 
can be mounted directly to a heat sink without insulating 
washers or spacers. Screws with Bellville spring washers are 
recommended to maintain positive clamping pressure on 
heat sink mounting surfaces. Long periods of thermal 
cycling can loosen mounting screws and increase Oes. 

The output transistor thermal resistance (Ole) is a function 
of output current pulse width, pulse shape, and duty cycle. 
Long duration pulses allow the junction temperature 
to approach its steady state value while shorter pulses cause 
a lower peak junction temperature due to the junction's 
thermal time constant. Heat is conducted rapidly away 
from the junction so that as duty cycle decreases, junction 
temperature decreases. 

Steady state OJ, is rated at 2.2° Cj W maximum. In appli
catIOns where the amplifier's output current alternates 
between output transistors-for example, an AC amplifier
the-transistor fl., will depend on frequency as shown in 
Figure 3. 

1.2 

1.0 

~~ 0.8 

~ .. 0.6 
~ 
i 0.4 

0.2 

o 
0.1 

DUTY CYCLE = 0.5 FOR EACH TRANSISTOR 

- .... 

10 1110 

FREQUENCY 1Hz) 

lk 10k 

FIGURE 3. Effective OK for Applications Where Output 
Current Alternates Between Output Trans
istors. 

Example: OPA50lSM with ±Vcc = 28VDC; heat sink 
(J'A = O.4°CjW; output = 11.2VAC, rms 400Hz 
(sine) at 5A, rms; Power Factor = 1.0; assume 
a mounting resistance of O.loC/W and an 
ambient temperature of +25°C. 

The power dissipated by the OPA501, Pl), is equal to the 
power delivered by the power supplies, Ps, minus the 
power delivered to the load, PL. 

Peak output current is (5A)(V2) = 7.07A peak. 
p, = (V, d(lAv(.) = (28V)(2j 7T)(7.07 A) = 126W. 

Note that the power delivered by the power supply is 
equal to its voltage times the average current (not rms). 
Average is equal to 2/7T times peak for a sine wave. 

PI = PI.2VAC)(5A) = 56W. 

Average power dissipation of the amplifier is l26W -
56W = 70W. From Figure 3, the effective value of OIC at 
400Hz is 0.6 X the rated (hc, threrfore, OIC = l.32°CfW. 
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This accounts for the fact that each output transistor is 
"resting" during alternate half cycles. 

The junction temperature will be: 

This is well below the maximum junction temperature 
limit of 200°C. Best circuit reliability can be achieved, 
however, by keeping junction temperature to a min
imum. In this case, a lower ±Vcc could be used to 
further reduce amplifier power dissipation. 

At frequencies of 50Hz or less the junction temperature 
will change in response to the instantaneous dissipa
tion-the product of the instantaneous voltage and cur
rent across the power transistors. Under approximately 
50Hz the junction will heat in response to the peak dissi
pation condition which occurs at an output of one-half 
the power supply voltage. In the previous example, the 
peak dissipation can be found as follows: 

Peak dissipation occurs at half of 28V = 14V output. 
The load impedance ZLOAD = 11.2V/5A = 2.240. 
The load current at peak dissipation = 

14V/2.240 = 6.25A. 
The peak dissipation = (14V)(6.25A) = 87.5W. 

Furthermore, the OJC at this low frequency is equal to its 
specified value of 2.2°Cf W (see Figure 3). In this case, 
the junction temperature would be: 

TJ = (87.5W)(2.2 + 0.1 + O.4°CfW) + 25°C = 261°C. 

This exceeds the maximum specified junction tempera
ture and is clearly unacceptable. More examples of this 
type of calculation can be found in Burr-Brown Applica
tion Note AN-123. 

SAFE OPERATING AREA (SOA) 

In addition to the limits imposed by power dissipation, 
the amplifier's output transistors are also limited by a 

10 
MAXIMUM SPECIFIED 1 t 1\..1 " ~~ ~-8 

CURRENT -r lI... 
6 

POWER ."-
,~ 

4 DISSIPAJrl..,..ll ,," ~\ Llr "" .~ 
S 2 

SE~OJD BREAKDOWN " ~\ 
\ 

.... 
15 LIMIT h--l:i 1.0 I--T CASE = +25'C = \ .. 0.8 f-- T JUNCTION = +2DO'C .... "{ = 0.& I--H JC = 2.2'CIW ... , .... = .. 0.4 

0.2 MAXIMUM"} RM/AM"" 
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FIGURE 4. Transistor Safe Operating Area at +25°C 
Case Temperature., 
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second breakdown region. This occurs because of in
creased emitter current density due to current crowding 
at higher operating voltages. Both the dissipation and 
second breakdown limits depend on time and temper
ature. Figure 4 shows each output transistor's SOA at a 
case temperature of +25"C. 
Limits for short pulse widths are substantially greater 
than for steady state (DC). At a case temperature of 
+ 125"C the SOA limits are roouced (see Figure 5). The 
SOA shown in these curves is based on a conservative 
linear derating of both the power dissipation and the 
second breakdown region. 

VOLTAGE ACROSS OUTPUT TRANSISTOR IVI 

FIGURE 5. Transistor Safe Operating Area at +125"C 
Case Temperature. 

Resistive loads are easy to analYlCe by simply plotting 
load lines on the SOA curve. If the curve representing the 
load line stays with'in the OPA50 I output transistor SOA 
curve and all other parameters are observed, such as case 
temperature, etc., the amplifier will be safe; The load line 
can'swing through the iarger SOA limits if their time 
duration constraints are strictly observed. 

Reactive loads present a mO,re complex problem since the 
output voltage and current are not in phase. This results 
in the reactive load line becoming elliptical (when plotted 
on linear axes) which requires'a larger SOA for safe 
operation. 

Although detailed analysis is beyond the scope of this 
data sheet, the load line can be viewed on an oscilloscope 
as shown in Figure 6. The X-V display is driven by the 
voltage across the load and by the current into the load. 

This set up can also display voltage and current stress 
across the OPA50 I output transistors as shown in Figure 
7. This data can then be compared to the SOA limits. 

The amplifier is designed to operate with electromotive
force-generating loads such as servomotors, relays, and 
actuators. Careful attention must be paid to both the load 
characteristics and the amplifier's SOA to ensure safe 
operation. 
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FIGURE 6. Loadline Display. 
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FIGURE 7. Output Transistor Safe Operating Area 
Stress Display. 
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Figure 8 shows the OPA501 configured as a DC perma
nent magnet motor driver. The armature current (I A ) and 
motor voltage (V m) are monitored within an oscilloscope 
in the X-V mode displaying IA and Vm respectively. 
Slewing the motor with a 4Hz sine wave results in the 
motor power ellipse of Figure 9. The input level ha~ been 
adjusted to give ±20V, pk, across the motor. An exam
ination of the power ellipse indicates that the instan-

+8 

INSTAN- INSTAN
TANEOUS TANEOUS 

POWER AMPLIFIER 
TO POWER 

-4 -8 A MOTOR DISSIPATION 

PMI U12M4T MOTOR, NO LOAD 
I = 4Hz. SINE WAVE 

±VCC = 28V. T C = 25· 
AV = +10 

v-A V·A 

o 
86 

180 
192 
193 

138 
80 
32 
16 
o 

FIGURE 9. D.C. Servomotor Load Line. 

taneous power delivered to the motor exceeds the 
amplifier output transistor's safe operating area at a case 
temperature of +25°C. The point at which the motor 
shows OV at -6.9A is a problem. The voltage across the 
output transistor is 28V - OV = 28V. Checking the SOA 
curve shows that the amplifier can safely withstand this 
condition for slightly under 5msec. At 4Hz this transient 
swing outside the DC SOA region is exceeded for much 
longer than 5msec. Continued operation under these 
conditions will result in failure. Peak junction tempera
tures should not exceed +200°C. Perhaps a motor with a 
higher impedance winding should be considered for this 
application. Current limiting and lower supply voltage 
can also reduce dissipation. 

Motors used in servo applications often required a 
surprisingly large current to accelerate quickly. Worst 
case conditions occur when the motor is operating at full 
speed and is suddenly slammed into reverse ("plugging"). 
This condition is illustrated in Figure 10 when a DC 
servomotor is driven by a bipolar square wave. As the 
motor reverses direction a large surge current flows, 
causing very high peak power dissipation in the amplifier. 
After several time constants (determined by the inertia 
moment) the current drops to a lower steady-state value. 
Loading the motor increases the motor average power 
and amplifier dissipation. SOA curves should be checked 
for safe operation under these surge conditions. 

The OPA501 current limits may be set to clip the high 
surge currents to a safe level. This is shown in Figure II. 
Note that the current limit does limit the servo motor 
peak acceleration. 

Inductive loads should be investigated for high peak 
transients generated by a collapsing magnetic field. 
Resistive damping can reduce this problem and although 
the amplifier has substrate diodes as part of the Darlington 
output transistor structure, external diodes are recom
mended for heavy clamping. 

Fast diodes such as those normally used as rectifiers in 
switching power supplies are suitable. 

+10 

+8 

A 0 

-5 

·10 

+10 

-10 

PMI U12M4T MOTOR. NO LOAD 
I = 4Hz. SQUARE WAVE 
±VCC = 28V. T C = 25-

Av = +10 

FIGURE 10. Servomotor Drive - "Plugging" 
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PMI UI2M4TMOTOR. NO LOAD 
I = 4Hz. SQUARE WAVE 

±Vcc = 28VDC. ±RSC = 0.15n 
TC = 25·. AV =+10 

FIGURE 11. Servomotor Drive With Current Limit. 
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BURR-BROWN® 

IElElI OPA511 

High Current-High Power 
OPERATIONAL AMPLIFIER 

FEATURES 
• WIDE SUPPLY RANGE: ±10V to ±30V 
• HIGH OUTPUT CURRENT: 5A peak 
• CLASS AlB OUTPUT STAGE: Low distortion 
• SMALL TO-3 PACKAGE 

APPLICATIONS 
• SERVO AMPLIFIER 
• MOTOR DRIVER 
• SYNCRO EXCITATION 
• AUDIO AMPLIFIER 
• TEST PIN DRIVER 

DESCRIPTION 
The OPA511 is a high voltage, high current opera
tional amplifier designed to drive a wide variety of 
resistive and reactive loads. Its complementary class 
AlB output stage provides superior performance in 
applications requiring freedom from cross-over dis
tortion. User-set current limit circuitry provides pro
tection to the amplifier and load in fault conditions. 

The OPA511 employs a laser-trimmed monolithic 
integrated circuit to bias the output transistors, pro
viding excellent low-level signal fidelity and high 
output voltage swing. The reduced internal parts 
count made possible with this bias Ie improves per
formance and reliability. 

This hybrid integrated circuit is housed in a hermeti
cally sealed TO-3 package and all circuitry is electri
cally isolated from the case. This allows direct 
mounting to a chassis or heat sink without cumber
some insulating hardware and provides optimum 
heat transfer. 
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I I 
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SPECIFICATIONS 
ELECTRICAL 
At Tc = +25°C a~d Vs = ±,28VOC unless otherwise noted , 

OPA511AM 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

INPUT 

OFFSET VOLTAGE 
InolialOffset ±S ±10 mV 
vs Temperature Full temperature range ±10 ±6S pvrc 
vs Supply Voltage ±35 ±200 pVfV 
vs Power ±20 pV/w 

BIAS CURRENT 
Imtlal ±15 ±40 nA 
vs Temperature Full temperature range ±005 ±04 nArC 
vs Supply Voltage ±002 nAfV 

OFFSET CURRENT 
Inttlal ±5 ±10 nA 
VB Temperature Full temperature fange ±OOI nArC 

INPUT IMPEDANCE 
Common-Mode 200 MO 
Differential 10 MO 

VOLTAGE RANGE'" 
CommoF1-Mode Voltage Full temperature range ±(IV.I-6) ±(IVsl - 3) V 
Common-Mode Rejection VCM=Vs-6V 70 110 dB 

GAIN 

Open-Loop Gain a~ 10Hz Full temperature range, full load 91 113 dB 
Ga,n-Bandwldth Product at lMHz To = +2S·C, lull load 1 MHz 
Power Bandwidth To = +25·C, 10 = 4A, Vo = 40V pop 15 23 kHz 
Phase MargIn Full temperature range 45 Degrees 

OUTPUT 

Voltage SWing 10=SA ±(IVsl-8) ±(IVsl -5) V 
Full temperature range, 10 = 2A ±(IVsl-6) ±(IVsl -5) V 
Full temperature range, 10 = 56rnA ±(IV.I-5) V 

Current. Peak ±5 A 
Settling TIme to 0 1% 2Vstep 2 ps 

Slew Rate RL= 2 50 ±10 18 Vips 
Capacitive Load Unity Gain Full temperature range 33 nF 

Gain >4 Full temperature range SOAI21 

POWER SUPPLY 

Voltage Full temperature range ±10 ±28 ±30 V 
Current. QUiescent 20 30 rnA 

THERMAL 

RESISTANCE 
AC Junction to Caselal I> 60Hz 19 21 ·C/W 
DC Junction to Case I> 60Hz 24 26 ·C/W 
Junction to Air 30 ·C/W 

TEMPERATURE RANGE, case -25 +85 ·C 

NOTES (1) +V. and -V. denote the posItIve and negatIve supply voltage respectIvely Total VS IS measured Irom +V. to -V. (2) SOA = Sale OperatIng 
Area (3) RatIng applies II the output current alternates between both output transIstors at a rate laster than 60Hz. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage. +Vs to -Vs ............................ 6BV 
Output Current source .................................... SA 

sink. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. see SOA 
Power DisSipation, IOt8rn81(1) • . . . . . . . . . • . . • • . . • . . . . . . . . . •. 67W 
Input Voltage' d,fferent,.I. ......................... ±(IVsl - 3V) 

common-mode........................... ±Vs 
Temperature Junctlon!1) •......•...•........•..•..••.• +200°C 

pin solder, 10sec ........................ +30QoC 
Temperature Range storage................. -65°C to +150°C 

operatmg (case) ......... -25°C to +85°C 

NOTE. (1) Long term operation at the maximum Junction temper
ature will result In reduced product life Derate Internal power 
diSSipation to achieve high MTTF 

MECHANICAL 

ORDERING INFORMATION 

OPA511 A M 

Basic Model Number ______ ==--r----' T T 
Grade Code -

Package Code (TO-3) -----------' 

CONNECTION DIAGRAM 

(TOP VIEWI 

+IN 

-IN 

+CURRENT 
LIMIT I+Re,1 

OUTPUT 

NO INIERNAL 
CONNECTION 

-CURRENT 
LIMIT I-Red 

NOTE Leads In true position within 010" ( 2Smm) A at MMC at seating plane 
Pm numbers shown for reference only Numbers may not be marked on package 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1510 1550 3835 3937 
B 745 770 1892 1956 
C 260 300 660 762 
D 038 042 097 107 
E 080 105 203 267 
F 40' BASIC 40' BASIC 
G 500 BASIC 127 BASIC 
H 1 186 BASIC 30 12 BASIC 
J 593 BASIC 1506 BASIC 
K 400 500 1016 1270 
Q 151 161 384 409 
R 980 1020 2489 2591 
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TYPICAL PERFORMANCE CURVES 
TA = 25°C Vs = ±28VOC unless otherwise noted 
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APPLICATIONS INFORMATION 
POWER SUPPLIES 
Specifications for the OPA511 are based on a nominal 
operating voltage of ±28V. A single power supply or 
unbalanced supplies may be used so long as the maxi
mum total operating voltage (total of +Vs and -Vs) is 
not greater than 68V. 

CURRENT LIMITS 

Current limit resistors must be provided for proper 
operation. Independent positive and negative current 
limit values may be selected by choice of RCL+ and RCL
respectively. Resistor values are calculated by: 

RCL = 0.65/ILiM (amps) - O.oI 

This is the nominal current limit value at room tempera
ture. The maximum output current decreases at high 
temperature as shown in the typical performance curve. 
Most wire-wound resistors are satisfactory, but some 
highly inductive types may cause loop stability prob
lems. Be sure to evaluate performance with the actual 
resistors to be used in production. 

6 

4 

3 

Current limited ~ .... ~ 

""-

HEAT SINKING 

Power amplifiers are rated by case temperature (not 
ambient temperature). The maximum allowable power 
dissipation is a function of the case temperature as 
shown in the power derating curve. Load characteristics, 
signal conditions, and power supply voltage determine 
the power dissipated by the amplifier. The case tempera
ture will be determined by the heat sinking conditions. 
Sufficient heat sinking must be provided to keep the case 
temperature within safe bounds given the power dissi
pated and ambient temperature. See Applications Note 
AN-83 for further details. 

SAFE OPERATING AREA (SOA) 

The safe area plot provides a comprehensive summary of 
the power handling limitations of a power amplifier, 
including maximum current, voltage and power as well 
as the secondary breakdown region (see Figure I). It 
shows the allowable output current as a function of the 
power supply to output voltage differential (voltage 
across the conducting power device). See Applications 
Note AN-123 for details on SOA. 
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FIGURE I. Safe Operating Area. 

Burr-Brown Ie Data Book 

'C~ 
"'8SoC 

9 10 15 20 

Voltage Across Output TranSistor (V) 

2-121 

~ '\ 
~ ~ "", 

.,~ - ... ~~ f--___ ~'fOO-
~., f--

~ 

I'-

30 40 50 60 70 

Vol. 33 

,.. ,.. 

~ 
o 

• 
en a: 
w 

...I 
c( 
Z 
o 
i= 
c( 
a: 
w 
a. 
o 



BURR-BROWN® 

IElElI OPA512 

MILITARY 
VERSION 

AVAILABLE 

Very-High Current-High Power 
OPERATIONAL AMPLIFIER 

FEATURES 
• WIDE SUPPLY RANGE: ±10V to ±50V 
• HIGH OUTPUT CURRENT: 15A peak 
• CLASS AlB OUTPUT STAGE: Low distortion 
• VOLTAGE-CURRENT LIMIT PROTECTION CIRCUIT 
• SMALL TO-3 PACKAGE 

DESCRIPTION 
The OPA512 is a high voltage, very-high current 
operational amplifier designed to drive a wide var
iety of resistive and reactive loads. Its complemen
tary class A / B output stage provides superior per
formance in applications requiring freedom from 
cross-over distortion. User-set current limit circuitry 
provides protection to the amplifier and load in fault 
conditions. A resistor~programmable voltage-current 
limiter circuit may be used to further protect the 
amplifier from damaging conditions. 

APPLICATIONS 
• SERVO AMPLIFIER 
• MOTOR DRIVER 
• SYNCRO EXCITATION 
• AUDIO AMPLIFIER 
• TEST PIN DRIVER 

The OPA5l2 employs a laser-trimmed monolithic 
integrated circuit to bias the output transistors, pro
viding excellent low-level signal fidelity and high 
output voltage swing. The reduced internal parts 
count made possible with this monolithic Ie 
improves performance and reliability. 

This hybrid integrated circuit is housed in a hermet
ically-sealed TO-3 package and all circuitry is elec
trically-isolated from the case. This allows direct 
mounting to a chassis or heat sink without cumber
some insulating hardware and provides optimum 
heat transfer. 
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SPECIFICATIONS 
ELECTRICAL 
At Tc = +25'C and V. = ±40VDC unlaos otherwisa noted. 

OPA512BM ~ 
PARAMETER CONDITIONS MUll ~ ~ ~ ~ ~ UNITS 

INPUT 

OFFSET VOLTAGE 
InItIal Ollset ±2 ±6 ±1 ±3 mV 
va Temperature SpecIfied temp range ±10 ±65 ±40 "V/'C 
vs SLlpply Voltage ±30 ±200 "VlV 
vs Power ±20 "VIW 

BIAS CURRENT 
Inllial 12 30 10 20 nA 
va Temperature SpecIfIed temp range ±50 400 pAI'C 
vs Supply Voltage ±10 ~ 
OFFSET CURRENT 
lnolial ±12 ±30 ±5 ±10 nA 
VB Temperature SpecIfIed temp range ±50 pAl'C 

INPUT IMPEDANCE, 
DC 200 MCl 

INPUT _r~w .. ~nw~ 3 . 
~ 

VOLTAGE RANGE 
Common-Mode Voltage SpecIfIed temp range ±(lV.1 - 5) ±(IVsl-3) V 
Common-Mode 

Rejection SpecIfIed temp range 74 100 dB 

I GAIN 

Open-Loop Gain 
at 10Hz lkClload 110 dB 

SpecIfIed temp. range. 
8Clload 96 108 dB 

Gain-BandwIdth 
Product. lMHz 8Clload 4 MHz 

Power Bandwidth 8Clload 13 20 kHz 
Phase Margin Specified temp ranga, 

8Clload 20 Degreao 

i OUTPIJ! 

Voltage SWlng l1 • BM at lOA, SM at 15A ±(lV.I- 6) ±(lVsl -7) V 
SpecIfIed temp range, 

10=80mA ±(lVsl- 5) V 
10=5A ±(lVsl- 5) V 

Current, Peak 10 15 A 
Settling TIme to 0 1'111 2Vstep 2 ,,8 
51_Rate 25 4 VIps 
Capecltlve Load SpecIfIed temp range, 

G=l 15 nF 
SpecIfIed temp range, 

G>10 SOAI21 

I POWER SUPPLY 

Voltage SpecIfIed temp range ±10 ±40 ±45 ±50 V 
Current, Quiescent 25 50 35 mA 

I THERMAL 

RESISTANCE 
AC Junction to Case131 Tc = -55'C to +125'C, 

f>80Hz 08 09 'CIW 
DC JunctIon to Casa Tc = -55'C to +125'C 125 14 'CIW 
Junction to Air Tc = -55'C to +125'C 30 'CIW 

"D" 
, "R";.";i's;;lIed Tc -25 +85 -55 +125 'c 

'Speclflcatlon same as OPA512BM. 

NOTES: (1) +V. and -V. denote the 1I0sltive and negatIve supply voltage respectIvely Total V. IS measured from +V. to -Vs (2) SOA = Safe OperatIng 
Area (3) RatIng appliao If the output current allamates between both output transIstors at a rate faster than 60Hz 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, +Vs to -Vs , . . . . . . . .. . . . ... ........... 100V 
Output Current source ... , ............................... 15A 

sink.. .. . . . .. . . . . .. .. . . . . . . . . . . . .... see SOA 
Power DISSipation, Intern81(11 . . . . . • . . . . • • . . • • • • . . . . . . • • .• 125W 

Input Voltage differential ......................... ±(IVsl - 3V) 
common-mode ............................ ±Vs 

Temperature. pin solder, 105 .......................... +300°C 
Junctlon41I .....•.......••.....•••..•••••. +200°C 

Temperature Range 5torage(21 •............•• -65°C to +150°C 
operating (case) ........ -55°C to +125°C 

NOTE (1) Long term operation at the maximum Junction temper
ature Will result In reduced product life Derate internal power 
diSSipatIOn to achieve high MTTF (2) OPA512BM, -55'C to 
+100'C 

MECHANICAL 

ORDERING INFORMATION 

OPA512 X M 
Basic Model Number ______ =r----' T 
Performance Grade Code ----------'

B = -25°C to +85°C 
S = -55°C to +125°C 

Package Code (TO-3) ---------~ 
M = TO-3 

CONNECTION DIAGRAM 

(TOP VIEW) 

+IN 

-IN 

Rv, 

+RCL 

OUTPUT 

-RCL 

-CURRENT 
LIMIT 

NOTE Leads In true posItion within 010" ( 2Smm) R at MMC at seating plane 
Pin numbers shown for reference only Numbers may not be marked on package 

INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 

A 1510 1550 3835 3937 

e .745 770 1892 1956 

C 240 290 610 7.37 

D .038 042 .97 1.07 

E .080 .105 2.03 2.67 

F 40' eASIC 40' eASIC 

G .500 eASIC 127 eASIC 

H 1.186 eASIC 30 12 eASIC 

J .593 eASIC 1505 eASIC 

K .400 .500 1016 1270 

a .151 161 384 409 

R 980 1.020 2489 2591 
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TYPICAL PERFORMANCE CURVES 
TA ;;:; 25°C. Vs = ±40VDC unless otherwise noted. 
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APPLICATIONS INFORMATION 
POWER SUPPLIES 

Specifications for the OPA512 are based on a nominal 
operating voltage of ±40V. A single power supply or 
unbalanced supplies may be used as long as the maxi
mum total operating voltage (total of +Vs and -Vs) is 
not greater than 90V (IOOV for "s" grade version). 

CURRENT LIMITS 

Current limit resistors must be provided for proper 
operation. Independent positive and negative current 
limit values may be selected by choice of RCL+ and RCL-
respectively. Resistor values are calculated by: 

RCL = 0.65/ILIM (amps) - 0.007 

This is the nominal current limit value at room tempera
ture. The maximum output current decreases at high 
temperature as shown in the typical performance curve. 
Most wire-wound resistors are satisfactory, but some 
higtly inductive types may cause loop stability prob
lems. Be sure to evaluate performance with the actual 
resistors to be used in production. 

HEAT SINKING 

Power amplifiers are rated by case temperature (not 
ambient temperature). The maximum allowable power 
dissipation is a function of the case temperature as 
shown in the power derating curve. Load characteristics, 
signal conditions, and power supply voltage determine 
the power dissipated by the amplifier. The case tempera
ture will be determined by the heat sinking conditions. 
Sufficient heat sinking must be provided to keep the case 
temperature within safe bounds given the power dissi
pated and ambient temperature. See Applications Note 
AN-83 for further details. 

SAFE OPERATING AREA (SOA) 
The safe area plot provides a comprehensive summary of 
the power handling limitations of a power amplifier, 
including maximum current, voltage and power as well 
as the secondary breakdown region (see Figure I). It 
shows the allowable output current as a function of the 
power supply to output voltage differential (voltage 
across the conducting power device). See Applications 
Note AN-123 for details on SOA. 

VOLTAGE-CURRENT LIMITER CIRCUITRY 
The voltage-current (V -I) limiter circuit provides a means 
to protect the amplifier from SOA damage such as a 
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FIGURE I. Safe Operating Area. 

short circuit to ground, yet allows high output currents 
to flow under normal load conditions. Sensing both the 
output current and the output voltage, this limiter circuit 
increases the current limit value as the output voltage 
approaches the power supply voltage (where power dis
sipation is low). This type of limiting is achieved by con
necting pin 7 through a programming resistor to ground. 
The V-I limiter circuit is governed by the equation: 

ILIMIT = 

where: 

0.28 Vo 
0.65 + 20 + RVI 

RCL + 0.007 

ILIMIT is the maximum current available at a given 
output voltage. 

RVI is the value (kO) of the resistor from pin 7 to 
ground. 

RCL is the current limit resistor in ohms. 

Vo is the instantaneous output voltage in volts. 

Reactive or EMF generating loads may produce unusual 
(perhaps undesirable) waveforms with the V-I limit cir
cuit driven into limit. Since current peaks in a reactive 
load do not align with the output voltage peaks, the 
output waveform will not appear as a simple voltage
limited waveform. Response ofthe load to the limiter, in 
fact, may produce a "backfire" reaction producing unus
ual output waveforms. 
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BURR-BROWN® 

IElElI OPA541 

MILITARY & DIE 
VERSIONS 
AVAILABLE 

High Power Monolithic 
OPERATIONAL AMPLIFIER 

FEATURES 
• POWER SUPPLIES TO ±40V 
• OUTPUT CURRENT TO IDA PEAK 
• PROGRAMMABLE CURRENT LIMIT 
• INDUSTRY-STANDARD PINOUT 
• FET INPUT 

DESCRIPTION 
The OPAS4l is a power operational amplifier capable 
of operation from power supplies up to ±40V and 
continuous output currents up to SA. Internal current 
limit circuitry can be user-programmed with a single 
external resistor, protecting the amplifier and load 
from fault conditions. The OPAS4l is fabricated 
using a proprietary bipolar / FET process. 

Pinout is compatible with popular hybrid power 
amplifiers such as the OPASll, OPASl2 and the 
3S73. The OPAS4l uses a single current-limit resistor 

-In 

+vs 

-Vs 

APPLICATIONS 
• MOTOR DRIVER 
• SERVO AMPLIFIER 
• SYNCHRO EXCITATION 
• AUDIO AMPLIFIER 
• PROGRAMMABLE POWER SUPPLY 

to set both the positive and negative current limits. 
Applications currently using hybrid power amplifiers 
requiring two current-limit resistors need not be 
modified. 

The OPAS4l is available in an industry-standard 8-
pin TO-3 hermetic package. The case is isolated 
from all circuitry, thus allowing it to be mounted 
directly to a heat sink without special insulators 
which degrade thermal performance. 

t---____ ........ _-o Output 

International Airporllnduslrial Park· P.O. Box 11400· Tucson. Arizona B5734 . Tel. (602) 746·1111 • Twx: 910·952·1111 • Cable: BBRCORP • Telex. 66·6491 

PDS-737A 
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SPECIFICATIONS 
ELECTRICAL 
At Tc ::;;:; +25°C and Vs = ±35VDC unless otherWise noted 

OPA541AM OPA541BM/SM I 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP I MAX I UNITS 

INPUT OFFSET VOLTAGE 

Vas ±2 ±10 f01 ±1 mV 

vs Temperature Specified temperature range ±20 ±40 ±15 ±30 pvrc 
vs Supply Voltage Vs = ±10V to ±VMAX ±25 ±10 · · pVN 
vs Power ±20 ±60 · · pV/W 

INPUT BIAS CURRENT 

I, 4 50 · · pA 

INPUT OFFSET CURRENT 

los ±1 ±30 · · pA 
Specified temperature range 5 · nA 

INPUT CHARACTERISTICS 

Common Mode Voltage Range SpecIfied temperature range ±(IVsl-6) ±(IVsl-3) · · V 
Common Mode Rejection VCM = (I±Vsl-6V) 95 113 · · dB 
Input Capacitance 5 · pF 
Input Impedance, DC 1 · TO 

GAIN CHARACTERISTICS 

Open Loop Gam at 10Hz R,=60 90 97 · · dB 
Gam Bandwidth Product 16 · MHz 

OUTPUT 

Voltage Swmg 10 = SA, Continuous ±(IVsl-55) ±(IVsl-45) · · V 
10=2A ±(IVsl-4) ±(IVsl-36) · · V 

10 =0 5A ±(IVsl-4) ±(IVsl-32) · · V 
Current, Peak 9 10 · · A 

AC PERFORMANCE 

Slew Rate 6 10 · · Vips 
Power Bandwidth RL = 80, Va = 20Vrms 45 55 · · kHz 
Settling Time to 0 1% 2V Step 2 · ps 
Capacitive Load Specified temperature range, G = 1 33 · nF 

SpecIfied temperature range, G > 10 SOA · Phase Margin Specified temperature range, RL = 80 40 · Degrees 

POWER SUPPLY 

Power Supply Voltage, ±Vs Specified temperature range ±10 ±30 ±35 · ±35 ±40 V 
Current, QUiescent 20 25 · · mA 

THERMAL RESISTANCE 

tJJC, (Junction to case) AC output f > 60Hz 125 15 · · °C/W 
8JC OC output 14 19 · · °C/W 
tJJA, (Junction to ambient) No heat smk 30 · °c/W 

TEMPERATURE RANGE 

TCASE AM,BM -25 +85 · · °c 
SM -55 +125 °c 

*Speclflcatlon same as OPA541AM 
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MECHANICAL 

NOTE Leads In true position 
within 0 010" (0 25mm) R at MMC 
at seating plane 

Pin numbers shown for reference 
only Numbers may not be marked 
on package 

DIM 
A 
B 
C 
D 
E 
F 
G 

H 
J 
K 
Q 

R 

ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM 

Supply Voltage, +Vs to -Vs ...... " .. "" ." "" SOV 
Output Current............. . .. see SOA 
Power DISSipation, Internalm ........ .......... . ..... 125W 
Input Voltage Differential ............. ........ . ........ ±vs 

Common-mode ................................ ±Vs 
Temperature Pm SOld~~; 105 ........... ... .... +30QoC 

Junction ...... . ....... +150°C 
Temperature Range 

Storage ...... " .. " .. ".... -65'C to +150'C 
Operating (case) """"""""""" . """. -55'C to +125'C 

NOTE (1) Long term operation at the maxImum Junction temperature 
will result in reduced product life Derate Internal power diSSipation to 
achieve high MTTF 

ORDERING INFORMATION 

Temperature 
Model Package Range 

OPA541AM TO-3 -25°C to +85°C 
OPA541BM TO-3 -25'C to +S5'C 
OPA541SM TO-3 -55'C to +125'C 

BURN-IN SCREENING OPTION 

Temperature 

Top View 

+In 

-In 

Burn-In 
Model Package Range Temp. (l60h)<11 

OPA541AM-BI TO-3 -25'C to +S5'C +85'C 
OPA541 BM-BI TO-3 -25'C to +S5'C +85'C 
OPA541SM-BI TO-3 -55'C to +125'C +125'C 

NOTE. (1) Or eqUIvalent combination of time and temperature (2) Minimum order IS 25 pieces 
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NC 

NC 

INCHES 
MIN MAX 
1510 1550 

745 770 
260 300 
038 042 
080 105 
40' BASIC 
500 BASIC 

1186 BASIC 

593 BASIC 
400 
151 
980 

500 
161 

1020 

Current 
Sense 

MILLIMETERS 
MIN MAX 
3835 3937 
1892 1956 
660 762 
097 107 
203 267 
40° BASIC 
127 BASIC 

3012 BASIC 

1506 BASIC 
1016 1270 
384 409 

2489 2591 
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TYPICAL PERFORMANCE CURVES 
TA = +25°C, Vs = ±35VDC unless otherwIse noted 
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INSTALLATION 
INSTRUCTIONS 

POWER SUPPLIES 

10 

The OPAS4l is specified for operation from power 
supplies up to ±40V. It can also be operated from 
unbalanced or single power supply as long as the total 
power supply voltage does not exceed SOY. The power 
supplies should be bypassed with low series impedance 
capacitors such as ceramic or tantalum. These should be 
located as near as practical to the amplifier's power 
supply pins. Good power amplifier circuit layout is, in 
general, like good high frequency layout. Consider the 
path of large power supply and output currents. Avoid 
routing these connections near low-level input circuitry 
to avoid waveform distortion and oscillations. 

CURRENT LIMIT 

Internal current limit circuitry is controlled by a single 
external resistor, RCL• Output load current flows through 
this external resistor. The current limit is activated when 
the voltage across this resistor is approximately a base-

Burr-Brown Ie Data Book 2-131 
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0.01 

CURRENT LIMIT VS 
RESISTANCE LIMIT 

lOUT 

" +IOUT "iI ~ 

01 10 

RLlM•T (0) 

DYNAMIC RESPONSE 

G = 1, C, = 4 7nF 

10 

emitter turn-on voltage. The value of the current limit 
resistor is approximately: 

0.S09 
RCL = IILIMI - 0.OS7 

The current limit value decreases with increasing temp
erature due to the temperature coefficient of a base
emitter junction voltage. Similarly, the current limit 
value increases at low temperatures. Current limit versus 
resistor value and temperature effects are shown in the 
Typical Performance Curves. 

The adjustable current limit can be set to provide 
protection from short circuits. The safe short-circuit 
current depends on power supply voltage. See the discus
sion on Safe Operating Area to determine the proper 
current limit value. 

Since the full load current flows through Rcl., it must be 
selected for sufficient power dissipation. For a SA 
current limit, the dissipation of RCL will be 3.2SW for SA 
continuous currents. Sinusoidal output will create dis
sipation according to the rms load current. Thus for the 
same SA current limit, AC peaks would be limited to SA, 
but the rms current would be 3.SA and a resistor with a 
lower power rating could be used. Some applications 
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(such as voice amplification) are assured of signals with 
much lower duty cycles, allowing a current resistor with 
a lower power rating. Wire-wound resistors may be used 
for RCL Some wire-wound resistors, however, have 
excessive inductance and may cause. loop-stability prob
lems. Be sure to evaluate circuit performance with 
resistor type planned for production to assure proper 
circuit operation. 

HEAT SINKING 

Power amplifiers are rated by case temperature, not 
ambient temperature as with signal op amps. The max
imum allowable power dissipation is a function of the 
case temperature as shown on the power derating curve. 
All points on the power derating slope produce a 
maximum internal junction temperature of +150°C. Suf
ficient heat sinking must be provided to keep the case 
temperature within safe bounds for the maximum am
bient temperature and power dissipation. The thermal 
resistance of the heat sink required may be calculated by: 

OHS = T CASE - TAMBIENT 

Po (max) 

Commercially available heat sinks often specify their 
thermal resistance. These ratings are often suspect, how
ever, since they depend. greatly on the mounting environ
ment and air flow conditions. Actual thermal performance 
should be verified by measurement of case temperature 
under the required load and environmental conditions. 

No insulating hardware is required when using the TO-3 
package. Since mica and other similar insulators typically 
add approximately 0.7°CjW thermal resistance, their 

elimination significantly improves thermal performance. 
See Burr-Brown Application Note AN-83 for further 
details on heat sinking. 

SAFE OPERATING AREA 

The safe operating area (SOA) plot provides compre
hensive information on the power handling abilities of 
the OPA541. It shows the allowable output current as a 
function of the voltage across the conducting output 
transistor (see Figure 1). This voltage is equal to the 
power supply voltage minus the output voltage. For 
example, as the amplifier output swings near the positive 
power supply voltage, the voltage across the output 
transistor decreases and the device can safely provide 
large output currents demanded by the load. 

Short circuit protection requires evaluation of SOA. 
When the amplifier output is shorted to ground, the full 
power supply voltage is impressed across the conducting 
output transistor. The current limit must be set to a 
value which is safe for the power supply voltage used. 
For instance, with Vs ±35V, a short to ground would 
force 35V across the conducting power transistor. A 
current limit of 1.8A would be safe. 

Reactive, or EMF-generating, loads such as DC motors 
can present difficult SOA requirements. With a purely 
reactive load, output voltage and load current are 90° 
out of phase. Thus, peak output current occurs when the 
output voltage is zero and the voltage across the con
ducting transistor is equal to the full power supply 
voltage. See Burr-Brown Application Note AN-I23 for 
further information on evaluating SOA. 

SAFE OPERATING AREA 
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FIGURE I. Safe Operating Area. 
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REPLACING HYBRID POWER AMPLIFIERS 

The OPA541 can be used in applications currently using 
various hybrid power amplifiers, including the OPA501, 
OPA511, OPA512, and 3573. Of course, the application 
must be evaluated to assure that the output capability 
and other performance attributes of the OPA541 meet 
the necessary requirements. These hybrid power ampli
fiers use two current limit resistors to independently set 
the positive and negative current limit value. Since the 
OPA541 uses only one current limit resistor to set both 
the positive and negative current limit, only one resistor 
(see Figure 4) need be installed. If installed, the resistor 
connected to pin 2 is superfluous - it does no harm. 

Because one resistor carries the current previously 'carried 
by two, the resistor may require a higher power rating. 
Minor adjustments may be required in the resistor value 

APPLICATIONS CIRCUITS 

+Vs 

o l/1F 

~ 

~l/1F 

-Vs 

10/IF 

~ .. 

InductIVe
or EMF
Generating 
Load 

D, - D, IN4003 

FIGURE 2. Clamping Output for EMF-Generating Loads. 

Pin 2 is "open" 
on OPA541. 

FIGURE 4. Replacing OPA501 with OPA541. 

to achieve the same current limit value. Often, however, 
the change in current limit value when changing models 
is small compared to its variation over temperature. 
Many applications can use the same current limit resistor. 

BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

·35V 

o lJ.1F 

~ 

V'N 

-35V 

R, 
10kO 

>----4I~N_-OVo 
050 

FIGURE 3. Isolating Capacitive Loads. 

20pF 100kO 
..... __ .. 1-__ -, R, 

R, 
10kO 

V'N O"IN"....<II---t 0.10 

010 

FIGURE 5. Paralleled Operation, Extended SOA. 
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Protects DAC 
DUring Slewing 

+60V 

01pF 

~ 25kO 

-8V 

FIGURE 6. Programmable Voltage Source. 

+15V 

+ 

l 
11lF 

Digital Word Input 18 23 

1 MSB 
2 
3 
4 
5 
6 
7 
8 
9 

DAC702 

10 
11 ±1mA 
12 
13 
14 
15 
16 LSB 

19 20 

1pF 

~ .,. 
-15V 

* TeR Tracking Resistors 

Vo 

030 0-50V 

FIGURE 7. l6-Bit Programmable Voltage Source. 

Burr-Brown Ie Data Book 

+35V 

+ 

~11lF 

100pF 

VOUT = 
-30Vto 
+30V 

1pF 

~ 21 
-35V 

+15V 

+ 11lF 

~ 
10kO' 

3 

5kO' 

-15V 

2-134 Vol. 33 



BURR-BROWW 

IElElI OPA550 
ADVANCE INFORMATION 

SUBJECT TO CHANGE 

High-Power 
OPERATIONAL AMPLIFIER 

FEATURES 
• HIGH OUTPUT CURRENT: 2A 

• SOA PROTECTION CIRCUITRY 

• HIGH POWER SUPPLY VOLTAGE: 
Vs =±35V 

• HIGH SLEW RATE: 15V/IlS 

• FETINPUT 
• PACKAGING OPTIONS: 

Low-Cost Plastic Package 
T0-3 Metal Package 

DESCRIPTION 
The OPA550 is a low-cost power operational amplifier 
capable of outputs to ±30V at 2A. It combines the ease
of-use of a simple op amp with high-output capability 
for demanding loads. Its 15V IJJS slew rate provides the 
wide power bandwidth often required in high-power 
applications. 

Unique protection circuitry senses output and load 
c/laracteristics to limit output to safe levels. The 
OPA550 is safe for highly reactive. as well as resistive. 
loads. 

-In 

-v. 

APPLICATIONS 
• SERVO-MOTOR DRIVER 

• PROGRAMMABLE POWER SUPPLIES 

• AUDIO AMPLIFIER 

• LINE DRIVER 

• ATE PIN DRIVER 

Laser-trimmed FET input circuitry eliminates external 
trimming and provides low input bias current. The 
OP A550 idles at low quiescent current. yet is free from 
troublesome cross-over distortion common with low 
quiescent current power amplifiers. 

The OPA550 is available in a low-cost, 5-pin T0-220 
package and in a TO-3 metal package. Industrial and 
military temperature ranges are available. 

Oulput 

Intematlallal AJrpart Jndullrlal Park • IlaJlIng Addrell: PO Box 11400 • TUc8On, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucsan, AZ 85706 
Tel: (602) 746-1111 • 1Wx: 911J.852-1111 • cable: BBRCORP Telex: 66-6491 • FAX: (602)889-1510 
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SPECIFICATIONS 
Te = +25'C, V. = ±35V unless otherwise noted. 

OPA550AP/AM OPA55OSM 

PARAMETER CONDInON MIN TVP MAX MIN TYP MAX UNITS 

OFFSET VOLTAGE 
Input Offset Voltage 0.5 · mV 

Over Specified Temperature 2.0 5 mV 
Average Drift 15 20 fJ,VI'C 
Power Supply Rejection V. = ±10 to ±35V 90 · dB 

INPUT BIAS CURRENT 
Input Bias Current VCM=OV 50 · pA 

Over Specified Temperature VeM = OV 5 50 nA 
Input Bias Current VCM = OV 20 · pA 

Over Specffied Temperature Ve.=OV 2 20 nA 

NOISE 
Input Voltage Noise f = 1 kHz 20 · nVl.JHz 
INPUT IMPEDANCE 
Differential 10 · Gn 
Common-Mode 10 · Gn 

INPUT VOLTAGE RANGE 
Common-mode Input Range V.-4V · V 
Common-mode Rejection Ve• =±10V 90 · dB 

OPEN-LOOP GAIN 
Open-loop Voltage Gain Vo =±30V,F\ s 201l 90 · dB 

Over Specified Temperature Vo = ±3OV, RL = 20Il 86 · dB 

FREQUENCY RESPONSE 
Slew Rate G=+l 15 · Vips 
Unlty-Galn Bandwidth Product 3 · MHz 
Total Hermonlc Distortion G_+10,f.1kHz % 

OUTPUT 
Voltage Output 10·2A ±V.-'" · V 

Over Specified Temperature 10·0.5A ±V.-3.5 · V 
Current Output 2 · A 
Sbort Circuit Current 2.5 · A 
Oulput Resistance, Open·locp 1MHz 8 · 11 
Load capacitance 1 · fJ,F 

POWER SUPPLY 
SpecIfied ±35 · V 
Operating ±10 :t4O · · V 
Current, quiescent 10=0 ±10 · mA 

TEMPERATURE RANGE 
Spectfication 

AP,AM -25 +85 · · 'C 
SM -<>5 +125 · · 'C 

Storage 
AP -40 +125 · · 'C 
AM,SM -60 +150 · · 'C 
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BURR-BROWN® 

113131 OPA600 
MILITARY 
VERSION 

AVAILABLE 

Fast-Settling Wideband 
OPERATIONAL AMPLIFIER 

FEATURES 
• GAIN BANDWIDTH PRODUCT: 5GHz 
• FAST SETTLING: 80ns to ±O.I% 

lOOns to ±0.01% 
• -25°C to +85°C AND 

-55°C to +125°C TEMPERATURE RANGES 
• ±IOV OUTPUT: 200mA 

DESCRIPTION 
The OPA600 is a wideband operational amplifier 
specifically designed for fast settling to ±O.OI% 
accuracy. It is stable, easy to use, has good phase 
margin with minimum overshoot, and it has excellent 
DC performance. It utilizes an FET input stage to 
give low input bias current. Its DC stability over 
temperature is outstanding. The slew rate exceeds 
400V/ /.Ls. All of this combines to form an outstanding 
amplifier for large and small signals. 

High accuracy with fast settling time is achieved by 
using· a high open-loop gain which provides the 
accuracy at high frequencies. The thermally balanced 
design maintains this accuracy without droop or 
thermal tail. External frequency compensation allows 

APPLICATIONS 
• FAST VCO 
• HIGH·SPEED D/A CONVERTER OUTPUT AMPLIFIER 
• VIDEO AMPLIFIER 
• HIGH-SPEED ADC DRIVER 
• lOW·DISTORTION AMPLIFIER 
• TRANSMISSION LINE 8UFFER 

the user to optimize the settling time for various 
gains and load conditions. 

The OPA600 is useful in a broad range of video, 
high speed test circuits and ECM applications. It is 
particularly well suited to operate as a voltage 
controlled oscillator (V CO) driver. It makes an 
excellent digital-to-analog converter output amplifier. 
It is a workhorse in test equipment where fast pulses, 
large signals, and son drive are important. It is a 
good choice for sample/holds, integrators, fast 
waveform generators, and multiplexers. 

The 0 P A600 is specified over the industrial temp
erature range (OPA600BM, CM) and military temp· 
erature range (OPA600SM, TM). The OPA600 is 
housed in a welded, hermetic metal package. 

Offset Offset 
Frequency 

Compensation 
Frequency 

Gompensatlon +Vcc 
Frequency 

Common Compensation 

(Casel<i> 14 11 12 

500 

-Input 

International Airport Industrial Park· P.O Box 11400 . Tucson. Arizona 8li734 • Tel. 1602) 746·1111 • Twx· 910·952·1111 . Cable' BBRCORP . Telex: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
At Vee = ±15VDC and TA = +25°Cunless otherWise specified 

OPA600CM, TM'" OPA600BM, SM 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

OUTPUT 

Voltage R, = 2kO ±10 · V 
RL = 50( 12) ±9 · V 

Current RL = 500(2) ±1S0 ±200 · · mA 
Current Pulse RL = 500 (3 ) ±1S0 ±200 · · mA 
Resistance Open loop DC 75 · 0 
Short-Circuit Current To COMMON only, tMAx = 1S(4) 250 300 · · mA 

DYNAMIC RESPONSE 

Settling Tlme lS) to ±O 01% (±1 mV) 6. VOUT = 10V 100 125 · · ns 
to ±O 1% (±10mV) 6VOUT = 10V SO 105 · · ns 
to ±1% (±100mV) 6. VOUT = 1'DV 70 95 · · ns 

Gain-Bandwidth Product (open-loop) Ce = OpF, G = 1VIV 150 · MHz 
Ce = OpF, G = 10VIV 500 · MHz 
Ce = OpF, G = 100VIV 15 · GHz 
Ce = OpF, G = 1000VIV 5 · GHz 
Ce = OpF, G = 10,000VIV 10 · GHz 

BandWidth (~3dB small slgnal)16) G=+1VIV 125 · MHz 
G = -1V1V 90 · MHz 
G = -10VIV 95 · MHz 
G = -100VIV 20 · MHz 
G = -1000VIV 6 · MHz 

Full Power Bandwidth You, = ±5V, G = -1VIV, Ce = 3 3pF, R, = 1000 16 · MHz 

Slew Aate You, = ±5V, G = -1000VIV, Ce = OpF, A, = 1000 500 · Vips 
VOUT = ±5V, G = -1VNI4J 400 440 · · Vips 

Phase Margm G = -1VIV, Ce = 3 3pF 40 · Degrees 

GAIN 

Open-Loop Voltage Gain f = DC, A, = 2kO, TA = +25"C 86 94 · · dB 

INPUT 

Offset Voltage (7) TA = +25°C ±1 ±4 ±2 ±5 mV 
TA = -25"C to +S5"C ±5 ±10 mV 
TA = -55°C to +125°C ±6 ±15 mV 

Offset Voltage Dnft TA = -25"C to +85"C ±20 ±80 pV/"C 
TA = -55"C to +125"C ±20 ±100 pVl"C 

Bias Current TA = +25°C -20 -100 · · pA 
TA = -25"C to +125"C -20 -100 · · nA 

Offset Current TA = +25"C 20 · pA 
TA = -55"C to +125"C 20 · nA 

Power Supply Rejection RatiO Vee = ±15V, ±1V 200 500 · · pVIV 
Common-Mode Voltage Range -10 +7 · · V 
Common-Mode Rejection RatiO VeM = -5V to +5V 60, SO · · dB 
Impedance Differential and Common-Mode 10"112 · OllpF 
Voltage NOise 10kHz Bandwidth 20 · nVly'Hz 

POWER SUPPLY 

Aated (Vee) ±15 · VDC 
Operating Range ±9 ±16 · · VDC 
Qutescent Current ±30 ±38 · · mA 

TEMPERATURE RANGE (Ambient)'" 

Operating BM,CM -25 +85 · · "C 
SM, TM -55 +125 · · "C 

Storage -65 +150 · · "C 
8Jc, (Junction to case) 30 · "C/W 
BCA, (case to am blent 35 · "C/W 

*Speclflcatlon same as OPA600CM, TM 

NOTES (1) BM, eM grades -25°C to +85°C SM, TM grades -55°C to +125°C (2) Pin 9 connected to +Vec, Pin 7 connected to -Vee Observe power diSSipation 
ratings (3) Pin 9 and Pin 7 open Single pulse t = 100ns Observe power diSSipation ratings. (4) Pin 9 and Pin 7 open See seGtlon on Current Boost (5) G = 
-1V1V Optimum settling time and slew rate achieved by IndiVidually compensating each deVice Refer to section on Compensation (6) Frequency compensation as 
discussed in section on Compensation (7) Adjustable to zero. (S) Heat Sink (optIOnal): IEAC LBOCI-72CB With 2 each DCV-1B Clamps 
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MECHANICAL 

r=Ai DHr 

IO t f-~o ) 0 ,:. 0 0 (f) 

1 8 

16 9 
000...)0000 

-rr 
lilijHl t- u i 

-L-! I u u u n n 0 Seating Plane 

-G- -lD 
INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 
A 963 980 2446 2489 

I "I 
B 760 805 1930 2046 
C 175 190 445 483 

! I D 014 022 036 056 

U n G 100 BASIC 254 BASIC 

I.-L--l H 135 155 343 394 
K 230 270 584 686 
L 600 BASIC 1524 BASIC 
R 095 115 241 292 

NOTES 
1 Leads In true position within 0010" 

(0 25mm) R at MMC at seating plane 
2 Pin numbers shown for reference only 

ORDERING INFORMATION 

OPA600 B M Q 

performan __ ce_G_ra_d_e _____________ T---I J B, C = -25°C to +85°C 
S, T = -55°C to +125·C 

Package 
M=Metal DIP 

HI-Reliability a-Screening ----------------1 
(opllonal) 

CONNECTION DIAGRAM 

Offset Null 
(optional) 

+Input 

8 
Output 

(1) Refer to Figure 4 for recommended frequency compensation 
pin 9 to pin 12 and connect pin 7 to pin 6 for maximum output 

See Apphcallon Information for further information (3) Bypass 
power supply lead as close as possible to the amphfler PinS A 1pF 
tantalum capacitor IS recommended (4) There IS no Internal 

Icc,n.,eclt,on An external connection may be made (5) It IS recommended 
1t"OtlthA"n"onhf'A' be mounted with the case In contact with a ground plane 

transfer and optimum AC performance 

ABSOLUTE MAXIMUM RATINGS(1) 

Supply Voltage, +Vee to -Vee ......•••••.•....•.........•...• ±17V 
Power DISSipation, At T CASE +125oCI21 ••••••••••••••••••••••• -1 6W 
Input Voltage DIfferential .•••.....•••......•.•.........•.••. ±Vcc 

Common-Mode ............................... ±Vee 
Output Short CirCUit Durallon to Common. . . . . • • . . . • . . . . . .. <5sec 
Temperatu .. : Pin (soldering, 20sec) •...•.•.••..•.•.•...... +300°C 

Junctlonlll, TJ ...••.••.•.•.....•..••••••••... +175°0 
Temperature Range Storage ..•••.......•••..... -65·C to +150·C 

Operating (case) ...•..••••.. -55°C to +125·C 

NOTES (1) St .. sses above those hsted under "Absolute MaXimum 
Ratings" may cause permanent damage to the deVice Exposure to 
absolute maximum conditions for extended penods may affect deVice 
reliability (2) Long term operation at the maximum Junction temperature 
Will result In reduced product life Derate Internal power diSSipation to 
achieve high MTTF 

TYPICAL PERFORMANCE CURVES 
Typical at TA = +25°0 and ±Vcc = 15VDO. unless otherWise specified I 

BODE PLOT COMPENSATION AND SLEW RATE VS GAIN 
10 700 

600 

1\ 
f\ 

"'" 
SLEW RATE 

.x 
~ 

"' 300 
COMPENSATION 

~ll 
200 

10 100 
Frequency I Hz I Closed-loop Gain IV N' = 1 + R./R,N 
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SETTLING TIME SETTLING TIME AND 
SLEW RATE VS TEMPERATURE 300r-_....;S;.;;E~TT.,L:;I;.;.N.;:;G..;T.;.;IM;.;;E;.V.;.;S;.G.;:;;.;.AI..;N~_.., VS OUTPUT VOL TAGE CHANGE 

2oor-----~----,-----,_----~ 1 2 

2501_---+----+---..~4 

" ~2001-------~----~~~--~~ 
" ~ 150t-------+~~__:;;~~~"", 
0> s 
~ 1001;;;;S;'~~;""~=-+------~ 

G = lV/V 

1 
, ISl10 01'~ I 

~ tsl/ 
...... ..... ~ ~ 

[""'IIiiIS~ 
I"" 

50r-----~~~_+------r_--~ 09 ~ 
50F=----Ir---~----f 

0~1---~10~---:·1~00:---·1~OOO 0L---+---l:o!O~---:1~5--~20 0~75 -50 -25 o +25 +50 +75 +100+125 
Temperature 1°C Closed-loop Gam IV N I = 1 + RF/RIN Outp,ut Voltage Change IVI 

OPEN-LOOP GAIN AND QUIESCENT 
30 OUTPUT VOL TAGE VS OUTPUT CURRENT 12 CURRENT VS TEMPERATURE 

14 
GAIN-BANDWIDTH 

25 

> 
~ 20 

~ 
"0 
~ 15 
c. 
'5 
010 -- Vee - Vee 

1 

Ie 
0 , "'" 

15 - 09 
+12 

Ie 

'--Ao'~ r--

'" 'l1li 

1.2 

~ 
0; 
> 
~10 
Iii 
" a: 

08 

G = -10V/V 

~ .... , 
"'" "-, 

f' 
50 100 150 200 250 300 o ~75 -50 -25 +25 +50 +75 +100 +125 0 ~75 -50 -25 0 +25 +50 +75 +100 +125 

Output Current, rnA Temperature 1°C, Temperature rOCI 

INSTALLATION AND 
OPERATION 
WIRING PRECAUTIONS 

The OPA600 is a wideband, high frequency operational 
amplifier with a gain-bandwidth product exceeding 5GHz. 
This capability can be realized by observing a few wiring 
precautions and using high frequency layout techniques. 
In general, all printed circuit board conductors should 
be wide to provide low resistance, low impedance signal 
paths and should be as short as possible. The entire phys
ical <;ircuit should be as small as is practicaL Stray capaci
tances should be minimized, especially at high impe
dance nodes, such as the input terminals of the amplifier 
and compensation pins. Stray signal coupling from the 
output to the input should be minimized. All circuit ele
ment leads should be as short as possible and low values 
of resistance should be used. This will give the best cir
cuit performance as it will minimize the time constants 
formed with the circuit capacitances and will eliminate 
stray, unwanted tuned circuits. 

Grounding is the most important application considera
tion for the OPA600, as it is with all high frequency 
circuits. Ultra-high frequency transistors are used in the 
design of the OPA600 and oscillations at frequenCies of 
500MHz and above can be stimulated if good grounding 

techniques are not used. A ground plane is highly 
recommended. It should connect all areas of the pattern 
side of the printed circuit that are not otherwise used. 
The ground plane provides a low resistance, low induc
tance common return path for all signal and power 
returns. The ground plane also reduces stray signal 
pickup. 

Point-to-point wiring is not recommended. However, if 
point-to-point wiring is used, a single-point ground 
should be used. The input signal return, the load signal 
return and the power supply common should all be con
nected at the same physical point. This eliminates com
mon current paths or ground loops which can cause 
unwanted feedback. 

Each power supply lead should be bypassed to ground as 
near as possible to the amplifier pins. A IJLF CS13 tanta
lum capacitor is recommended. A parallel O.OIJLF ceramic 
may be added if desired. This is especially important 
when driving high current loads. Properly bypassed and 
modulation-free power supply lines allow full amplifier 
output and optimum settling time performance. 

OPA600 circuit common is connected to pins I and 13; 
these pins should be connected to the ground plane. The 
input signal return, load return, and power supply com
mmon should also be connected to the ground plane. 
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The case ofthe OPA600 is internally connected to circuit 
common, and as indicated above, pins I and 13 should be 
connected to the ground plane. Ideally, the case should 
be mechanically connected to the ground plane for good 
thermal transfer, but because this is difficult in practice, 
the OPA600 should be fully inserted into the printed 
circuit board with the case very close to the ground plane 
to make the best possible thermal connection. If the case 
and ground plane are physically connected or are in 
close thermal proximity, the ground plane will provide 
heat sinking which will reduce the case temperature rise. 
The minimum OPA600 pin length will minimize lead 
inductance, thereby maximizing performance. 

COMPENSATION 

The OPA600 uses external frequency compensation so 
that the user may optimize the bandwidth or settling 
time for his particular application. Several performance 
curves aid in the selection of the correct compensations 
capacitance value. The Bode plot shows amplitude and 
phase versus frequency for several values of compensa
tion. A related curve shows the recommended compen
sation capacitance versus closed-loop gain. 

Figure I shows a recommended circuit schematic. Com
ponent values and compensation for amplifiers with sev
eral different closed-loop gains are shown. This circuit 
will yield the specified settling time. Because each device 
is unique and slightly different, as is each user's circuit, 
optimum settling time will be achieved by individually 
compensating each device in its own circuit, if desired. A 
10% to 20% improvement in settling time has been experi
enced from the values indicated in the Electrical Specifi
cations table. 

Closed 
Loop 
Gain Rl R2 R3 R, C1• C2 C3 C, RS 

+1 open 1DO short open 6.B 0 0 .. 

-1 620 620 short open 3.3 4.7 0 56 

-10 1DO 1k short open 1 2.2 0 1DO 

-100 1DO 3,3k 3.3k 32k 0 1 0 1DO 

-1000 1DO 3.3k 3.3k 116 0 0 4.7 1DO 

FIGURE I. Recommended Amplifier Circuits and 
Frequency Compensation. 

The primary compensation capacitors are C, and C2 (see 
Figure I). They are connected between pins 4 and 5 and 
between pins II and 14. Both C, and C2 should be the 
same value. As Figure I and the performance curves 
show, larger closed-loop configurations require less capa
citance and improved gain-bandwidth product can be 
realized. Note that no compensation capacitor is required 
for closed-loop gains equal to or above 100V / V. If upon 
initial application the user's circuit is unstable, and 
remains so after checking for proper bypassing, ground
ing, etc., it may be necessary to increase the compensa
tion slightly to eliminate oscillations. Do not over com
pensate. It should not be necesary to increase C, and C2 
beyond IOpF to 15pF. It may also be necessary to indi
vidually optimize C, and C2 for improved performance. 

The flat high frequency response of the OPA600 is pre
served and high frequency peaking is minimized by con
necting a small capacitor in parallel with the feed back 
resistor (see Figure I). This capacitor compensates for 
the closed-loop, high frequency, transfer function zero 
that results from the time constant formed by the input 
capacitance of the amplifier, typically 2pF, and the input 
and feedback resistors. The selected compensation capa
citor may be a trimmer, a fixed capacitor or a planned 
PC board capacitance. The capacitance value is strongly 
dependent on circuit layout and closed-loop gain. It will 
typically be 2pF for a clean layout using low resistances 
(lkn) and up to IOpF for circuits using larger resitances. 
Using small resistor values will preserve the phase mar
gin and avoid peaking by keeping the break frequency of 
this zero sufficiently high. When high closed-loop gains 
are required, a three-resistor attenuator is recommended 
to avoid using a large value resistor with its long time 
constant. 

CAPACITIVE LOADS 

The OPA600 will drive large capacitive loads (up to 
100pF) when properly compensated and settling times of 
under l50ns are achievable. The effect of a capacitive 
load is to decrease the phase margin of the amplifier, 
which may cause high frequency peaking or oscillations. 
A solution is to increase the compensation capacitance, 
somewhat slowing the amplifier's ability to respond. The 
recommended compensation capacitance value as a func
tion of load capacitance is shown in Figure 2. (Use two 
capcitors, each with the value indicated.) Alternately, 
without increasing the OPA600's compensation capaci
tance, the capacitive load may be buffered by connecting 
a small resistance, usually 5n to 50n, in series with the 
Output, pin 8. 
For very-large capacitive loads, greater than IOOpF, it 
will be necessary to use doublet compensation. Refer to 
Figure 3 and discussion on slew rate. This places the 
dominant pole at the input stage. Settling time will be 
approximately 50% slower; slew rate should increase. 
Load capacitance should be minimized for optimum 
high frequency performance. 

Because of its large output capability, the OPA600 is 
particularly well suited for driving loads via coaxial 
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FIGURE 2. Capacitive Load Compensation and Response. 

cables. Note that the capacitance of coaxial cable 
(29pF/foot of length for RG-58) will not load the ampli
fier when the coaxial cable or transmission line is termi
nated in its characteristic impedance. 

SETTLING TIME 

Settling time is defined as the total time required, from 
the input signal step, for the output to settle to within the 
specified error band around the final value. This error 
band is expressed 3S a percentage of the magnitude of 
the output transition, a IOV step. 
Settling time is a complete dynamic measure of the 
OPA600's total performance. It includes the slew rate 
time, a large signal dynamic parameter, and the time to 
accurately reach the final value, a small signal parameter 
that is a function of bandwidth and open-loop gain. Per
formance curves show the OPA600 settling time to ± 1%, 
±O.l%, and ±O.OI%. The best settling time is achieved in 
low closed-loop gain circuits. 

Settling time is dependent upon compensation. Under
compensation will result in small phase margin, over
shoot or instability. Over-compensation will result in 
poor settling time. 

Figure I shows the recommended compensation to yield 
the specified settling time. Improved or optimum settling 
time may be achieved by individually compensating each 
device in the user's circuit since individual devices vary 
slightly from one to another, as do user's circuits. 

SLEW RATE 

Slew rate is primarly an output, large signal parameter. 
It has virtually no dependence upon the closed-loop gain 
or small signal bandwidth. Slew rate is dependent upon 
compensation and decreasing the compensation capaci
tor value will increase the available slew rate as shown in 
the performance curve. 

The OPA600 slew rate may be increased by using an 
alternate compensation as shown in Figure 3. The slew 
rate will increase between 700 and 800V / IlS typical, with 
0.01% settling time increasing to between 175 and 190ns 
typical, and 0.1% settling ti~e increasing.to between 110 
and 120ns typical. 

'-3pF • 

600Q 

600Q 

80uT 

'3pF typ should match stray capacitance between pin 3' and common 

=3pF 

'3pF typ should match stray capacitance between pin 3 and common 

FIGURE 3. Amplifier Circuit for Increased Slew Rate. 

For alternate doublet compensation refer to Figure 3. 
For a closed-loop gain equal to -I, delete C, 'and C2 and 
add a series RC circuit (R =' 220, C = O.OIIlF) between 
pins 14 and4. Make no connections to pins II and 5. 
Absolutely minimze the capacitance to these pins. If a 
connector is used for the OPA600, it is recommended 
that sockets for pins II and 5 be removed. For a PC 
board mount, it is recommended that the PC board 
holes be overdrilled for pins II and 5 and adjacent 
ground plane copper be removed. Effectively this com
pensation places the dominant pole at the input stage, 
allowing the output stage to have no compensation and 
to slew as fast as possible. Bandwidth and settling time 
are impaired only slightly. For closed-loop gains other 
than -I, different values of Rand C may be required. 

OFFSET ADJUSTMENT 

The offset voltage of the OPA600 may be adjusted to 
zero by connectIng a 5kO 'resistor in series with a IOkO 
linea, potentiometer in series with another 5kO resistor 
between pins 2 and 15, as shown in Figure 4. It is impor
tant that one end of each of tne two resistors be located 
very close to pins 2 and 15 to isolate and avoid loading 
these, sensitive terminals. The potentiometer should be a 
small noninductive type with the wiper connected to the 
positive supply. The leads connecting these components 
should be short, no longer than 0.5-inch, to avoid stray, 
capacitanCe and stray signal pick-Up. If the potenti
ometer must be located away from the immediate vicin-
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+vcc 

10kO 
5kO 

5kO 

8 

FIGURE 4. Offset Null Circuit. 

ity of the OPA600, extreme care must be observed with 
the sensitive leads. Locate the two SkO resistors very 
close to pins 2 and IS. 

Never connect +Vcc directly to pin 2 or IS. Do not 
attempt to eliminate the SI(O resistors because at extreme 
rotation, the potentiometer will directly connect + Vee to 
pin 2 or IS and permanent damage will result. 

Offset voltage adjustment is optional. The potentiometer 
and two resistors are omitted when the offset voltage is 
considered sufficiently low for the particular application. 
For each microvolt of offset voltage adjusted, the off
set voltage temperature sensitivity will change by 
±0.004/L V 1°C. 

CURRENT BOOST 

External ability to bypass the internal current limiting 
resistors has been provided in the OPA600. This is 
referred to as current boost. Current boost enables the 
OPA600 to deliver large currents into heavy loads 
(±200mA at ±IOV). To bypass the resistors and activate 
the current boost, connect pin 7 to -Vee at pin 6 with a 
short lead to minimize lead inductance and connect pin 9 
to +Vcc at pin 12 with a short lead. 

CAUTION-Activating current boost by bypassing the 
internal current limiting resistors can permanently dam
age the OPA600 under fault conditions. See section on 
short circuit protection. 

Not activating current boost is especially useful for 
initial breadboarding. The SOO (±S%) current limiting 
resistor in the collector circuit of each of the output 
transistors causes the output transistors to saturate; this 
limits the power dissipation in the outp~t stage in case of 
a fault. Operating with the current boost not activated 
may also be desirable with small-signal outputs (i.e., 
±IV) or when the load current is small. 

Each resistor is internally capacitively-bypassed (O.OI/LF, 
±20%) to allow the amplifier to deliver large pulses of 
current, such as to charge diode junctions or circuit capa
citance and still respond quickly. The length of time that 

Burr-Brown Ie Data Book 

the OPA600 can deliver these current pulses is limited by 
the RC time constant. 

The internal voltage drops, output voltage available, 
power dissipation, and maximum output current can be 
determined for the user's application by knowing the 
load resistance and computing: 

VOUT = 14 [RLOAD + (SO + RLOAD») 

This applies for RLOAD less than 1000 and the current 
boost not activated. When RLOAD is large, the peak out
put voltage is typically ±l1V, which is determined by 
other factors within the OPA600 . 

SHORT-CIRCUIT PROTECTION 

The OPA600 is short-circuit-protected for momentary 
short to common «Ss), typical of those enountered 
when probing a circuit during experimental breadboard
ing or troubleshooting. This is true only if pins 7 and 9 
are open (current boost not activated). An internalSOO 
resistor is in series with the collector of each of the out
put transistors, which under fault conditions will cause 
the output transistors to saturate and limit the power 
dissipation in the output stage. Extended application of 
an output short can damage the amplifier due to exces
sive power dissipation. 

The OPA600 is not short-circuit-protected when the cur
rent boost is activated. The large output current capabil
ity of the OPA600 will cause excessive power dissipation 
and permanent damage will result even for momentary 
shorts to ground. 
Output shorts to either supply will destroy the OPA600 
whether the current boost is activated or not. 

HEAT SINKING AND POWER DISSIPATION 

The OPA600 is intended as a printed circuit board 
mounted device, and as such does not require a heat 
sink. It is specified for ambient temperature operation 
from -SsoC to + 12SoC. However, the power dissipation 
must be kept within safe limits. At extreme temperature 
and under full load conditions, some form of heat sink
ing will be necessary. The use of a heat sink, or other 
heat dissipating means such as proximity to the ground 
plane, will result in cooler operating temperatures, better 
temperature performance, and improved reliability. 

It may be necessary to physically connect the OPA600 to 
the printed circuit board ground plane, attach fins, tabs, 
etc., to dissipate the generated heat. Because of the wide 
variety of possibilities, this task is left to the user. For all 
applications it is recommended that the OPA600 be fully 
inserted into the printed circuit board and that the pin 
length be short. Heat will be dissipated through the 
ground plane and the AC performance will be its best. 

With a maximum case temperature of + 12SoC and not 
exceeding the maximum junction of +17SoC, a maxi
mum power dissipation of 600m W is allowed in either 
output transistor. 
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TESTING 
For static and low frequency dynamic measurements, 
the OPA600 may be tested in conventional operational 
amplifier test circuits, provided proper ground tech
niques are observed, excessive lead lengths are avoided, 
and care is maintained to avoid parasitic oscillations. 
The circuit in Figure 3 is recommended for low fre
quency functional testing, incoming inspection, etc. This 
circuit is less susceptible to stray capacitance, excessive 
lead length, parasitic tuned circuits, changing capacitive 
loads, etc. It does not yield optimum settling time. We 
recommend placing a resistor (approximately 3000) in 
series with each piece of test equipment, such as a DVM, 
to isolate loading effects on the OPA600. 

Pulse In 

Input = ±5V 
Output = ±5V 
Error Output ±0.5mV (±O 01%) 
(1) 0.02Q Matched -15VDC 

To realize the full performance capabilities of the OPA600, 
high frequency techniques must be employed and the test 
fixture must not limit the amplifier. Settling time is the 
most critical dynamic test and Figure 5 shows a recom
mended OPA600 settling time test circuit schematic. 
Good grounding, truly square drive signals, minimum 
stray coupling, and small physicaJ size are important. 

The input pulse generator must have a flat topped, fast 
settling pulse to measure the true settling time of the 
amplifier. A circuit that generates a ±SV flat topped 
pulse is shown in Figure 6. 

(2) HP2835 -15VDC 

Error Out 

-15VDC 
(2) With C. = C. = 3 3pF typical, C, optimizad for circuit layout, and R, = 500. t. < 10008. 
(3) Use 5100 with generator of Figure 6. 

FIGURE 5. Settling Time and Slew Rate Test Circuit. 

Trigger In 

6400 

• ALT 2N3906 
2N2907 

+15VDC 

18kO 

Input = TTL 
Output:::: ±5V 

+15VDC 

l00pF 

-15VDC~ 

FIGURE 6. Flat Top Pulse Generator. 
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BURR-BROWN® 

IElElI OPA602 

MILITARY & DIE 
VERSIONS 
AVAILABLE 

High-Speed Precision 
O//e'® OPERATIONAL AMPLIFIER 

FEATURES 
• WIDE BANDWIDTH: 6.5MHz 
• HIGH SLEW RATE: 35V/ps 
• LOW OFFSET: ±250pV max 
• LOW BIAS CURRENT: ±lpA max 
• FAST SETTLING: IpS to 0.01% 
• UNITY-GAIN STABLE 

DESCRIPTION 
The OPA602 is a precision, wide bandwidth FET 
operational amplifier. Monolithic Dire' (dielec
trically isolated FET) construction provides an unu
sual combination !Jf high speed and accuracy. 
Its wide-bandwidth design minimizes dynamic errors. 
High slew rate and fast settling time allow accurate 
signal processing in pulse and data conversion appli
cations. Wide bandwidth and low distortion minimize 
AC errors. All specifications are rated with a IkO 
resistor in parallel with 500pF load. The OPA602 is 
unity-gain stable and easily drives capacitive loads 
up to l500pF. 

Laser-trimmed input circuitry provides offset voltage 
and drift performance normally associated with 
precision bipolar op amps. Dire' construction 
achieves extremely low input bias currents (IpA 
max) without compromising input voltage noise. 

The OPA602's unique input cascode circuitry main
tains low input bias current and precise input char
acteristics over its full input common-mode voltage 
range. 

O//e'® Burr-Brown Corp 

APPLICATIONS 
• PRECISION INSTRUMENTATION 
• OPTOELECTRONICS 
• SONAR. ULTRASOUND 
• PROFESSIONAL AUDIO EQUIPMENT 
• MEDICAL EQUIPMENT 
• DATA CONVERSION 

Inlernational Alrporllndustrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (602) 746·1111· Twx: 91(1.952·1111· Cable: BBRCORP· Telex: 66·6491 

PDS-753B 
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SPECIFICATIONS 
ELECTRICAL 
At Vs = ±15VDC and T. = +25'C unless otherwise noted. 

OPA602AM/AP/AU OPA602BM/SMfBP OPA602CM 

PARAMETER CONDITIONS MIN TVP MAX MIN TVP MAX MIN TYP MAX UNITS 

INPUT NOISE 
Voltage: fo = 10Hz · 23 · nVlv'Hz 

fo= 100Hz · 19 · nVlv'Hz 
fo = 1kHz · 13 · nVlv'Hz 
fo= 10kHz · 12 · nV/v'Hz 
f. = 10Hz to 10kHz · 1.4 · /Nrms 
f. = 0.1Hz to 10Hz · 0.95 · pVp-p 

Current· f. = 0.1Hz 1010Hz · 12 · fAp-p 
fo = 0.1Hz to 20kHz .; 0.6 · fAlv'Hz 

OFFSET VOLTAGE 
Input Offset Voltage' 

"M" Package VOM = OVDC ±300 ±1000 ±150 ±5oo ±100 ±250 pV 
"P" Package 1 2 0.5 1 mV 
"U" Package 1 3 mV 
Over Specified Temp: 
"M" Package ±550 ±250 ±1000 ±2oo ±500 pV 
"P", "U" Packages ±1.5 ±0.75 ±1.5 mV 

Average Drift TA:;;::: TMIN to TMAX · ±15 ±3 ±5 · ±2 pVl'C 
Supply Rejection ±V, = 12V to 18V 70 · 80 100 86 · dB 

BIAS CURRENT 
Input Bias Current VOM =OVDC ±2 ±10 ±1 ±2 ±a.5 ±1 pA 

Over Specified Temp. ±2O ±500 ±20 ±200 ±10 ±100 pA 
SM Grade ±2oo ±2000 pA 

OFFSET CURRENT 
Input Offset Current VCM= OVDC 1 10 05 2 0.5 1 pA 

Over Specified Temp. 20 500 20 200 10 100 pA 
SM Grade 200 1000 pA 

INPUT IMPEDANCE 
Differential · 10"111 · QllpF 
Common-Mode · 10"113 · QllpF 

INPUT VOLTAGE RANGE 
Common-Mode Input Range · · ±10.2 +13, · · V 

-11 
Common-Mode Rejection V'N= ±10VDC 75 · 88 100 92 · dB 

OPEN LOOP GAIN, DC 
Open-Loop Voltage Gain RL~1kQ 75 · 88 100 92 · dB 

FREQUENCY RESPONSE 
Gain Bandwidth Gain =100 35 · 4 6.5 5 · MHz 
Full Power Response 2OVp-p, RL = 1 kQ · 570 · kHz 
Slew Rate Vo = ±10V, RL = 1kQ 20 · 24 35 28 · Vips 
Settling Time. 0.1% Gain = -1, RL = 1kQ · 0.6 · IJS 

0.01% CL = 500pF, 10V step · 1.0 · ps 

RATED OUTPUT 
Voltage Output RL = 1kQ ±11 · ±11.5 +12.9, · · V 

-13.8 
Current Output Vo =±10VDC · · ±15 ±20 · · mA 
Output Resistance 1MHz, open loop · 80 · Q 
Load Capacitance Stability Gain=+1 · 1500 · pF 
Short Circuit Current ±25 · ±30 ±50 · · mA 

POWER SUPPLY 
Rat~d Voltage · ±15 · VDC 
Voltage Range, 

Derated Performance · · ±5 ±18 · · VDC 
Current, Quiescent 10 = OmADC · · 3 4 · · mA 

Over Specified Temp. · · 3.5 4.5 · · mA 

TEMPERATURE RANGE 
Specification Ambient temp. · · -25 +85 · · 'C 

SM Grade -55 +125 'C 
Operating: "M" Package Ambient temp. · · -55 +125 · · 'C 

"P", "U" Packages -25 +85 -25 +85 'C 
Storage. "M" Package Ambient temp. · · -65 +150 · · 'C 

"P", "U" Packages -40 +125 -40 +125 'C 
8 Junction-Ambient · 200 · 'CIW . Specification same as OPA602BM 
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CONNECTION DIAGRAMS MECHANICALS 

Top View NC TO-99 TO-99 MILlIM-E~ INCHES 

;~ 
Nr, DIM MIN MAX MIN MAX 

L A 335 370 85' 940 

. .. r!. 8 305 335 775 851 

L_ I i c C 165 185 419 470 

T '§Y:1 G D 016 021 041 053 

~- - -=11 M \~ _ •. ' _...I 
E 010 040 025 • 02 

(~J F 010 04u 025 102 

~~"~:~ng IIIIL_J G 200 BASIC 508 BASIC 
H 028 034 071 086 

J 029 045 074 114 

NOTE Leads In true K 500 127 

position Within 0 010" L 110 160 279 406 

-..I~D (0 25mm) R at MMC M 45 BASIC 45 BASIC 

v, at seating plane N 095 105 241 267 

DIP 

NC 

·v, 

EA
--

r-L~ MILLiMETERS 

0 )F'~I-' 
INCHES 

DIM MIN MAX I MIN MAX 

A 355 400 903 '016 

/' =:1 A, 340 385 865 980 
8 230 290 585 738 
8, 200 250 509 636 

P ~ C 120 200 305 509 
D 015 023 038 059 

DIP 

Pin 1 F 030 070 076 178 

Output 

Offset Trim ~~ 
NOTE Leads In true G 100 BASIC 254 BASIC 

posItion within 0 010" H 025 050 064 '27-
(0 25mm) R at MMC J 008 015 020 038 

at seating plane K 070 150 178 382 ! (!Tq L 300 BASIC 763 BASIC 
M 0 15 0 15 J J L D G -.l ~7:~~ng N 010 030 025 076 
p 025 050 064 127 

SOIC 

Top View 

Offset Trim 

In 

'In 

-v, 

SOIC §""':"', INCHES MILLIMETERS 

r-A~ 
DIM MIN MAX MIN MAX 

A 185 201 <70 511 

~AI A, 178 201 .52 511 

LiLIl ==n ' C a 146 162 371 411 

"JL ~ B" 130 149 330 378 
C 05' 145 137 369 

B, B G D 0 015 019 038 048 

=::U 
G 050 BASIC , 27 BASIC 

~=i 
H 018 026 046 066 
J 008 012 020 030 

\p~n 1U J L 220 252 559 640 
M 0' 10' 0' 10' 

H N 000 012 000 030 

NOTE (1) This box IS for performance grade 
Identifier" Blank indicates K grade 

NOTE Leads In true position Pin numbers shown for reference 
wlth'n 0 010" (0 25mm) Rat only Numbers are not mar.ked 
MMC at seating plane on package 

ABSOLUTE MAXIMUM RATINGS 
Supply Operating Temperature Range .. "M" -55°C to +125°C +18VDC 

.+1000mW Internal Power Dissipation (TJ $ +175°C) 
Dtfferentlal I nput Voltage. Total Vs 

±Vs 
"M" -65°C to +150°C 

"U", "P" -25°C to +85°C 
.+300°C Lead Temperature (soldering. 10s) 

Output Short Circuit to ground (+25°C) . 
Junction to Tempp.rature 

I nput Voltage Range 
Storage Temperature Range 

ORDERING INFORMATION 

Model Package 

OPA602AM TO-99 
OPA602BM TO-99 
OPA602CM TO-99 
OPA602SM TO-99 
OPA602AP Plastic DIP 
OPA602BP Plastic DIP 
OPA602AU Plastic SOIC 

BURN-IN SCREENING OPTION 

Model Package 

OPA602AM-BI TO-99 
OPA602CM-BI TO-99 
OPA602SM-BI TO-99 
OPA602AP-BI Plastic 
OPA602BP-BI Plastic 
OPA602AU-BI PlastiC SOIC 

"U", "P" -40°C to +125°C 

Temperature Offset Voltage 
Range max(jN) 

-25°C to +85°C ±1000 
-25°C to +85°C ±500 
-25°C to +85°C ±250 
-55°C to +125°C ±500 
-25°C to +85°C ±1000 
-25°C to +85°C ±500 
-25°C to +85°C ±1000 

Temperature Bum-In 
Range Temp. (160h)'u 

-25°C to +85°C +125°C 
-25°C to +85°C +125°C 
-55°C to +125°C +125°C 
-25°C to +85°C +85°C 
-25°C to +85°C +85°C 
-25°C to +B5°C +B5°C 

NOTE (1) Or eqUIvalent combination of time and temperature 
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TYPICAL PERFORMANCE CURVES 
TA = +25°C, Vs = ±15VDC unless otherwise noted 
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TYPICAL PERFORMANCE CURVES (CONT) I 

TA = +25°C, Vs = ±15VDC unless otherwise noted 
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TYPICAL PERFORMANCE CURVES (CONT) 
TA = +25QC, Vs = ±15VDC unless otherwise noted 

10nA 

lnA 

.:;: 
~ 
c 100 

~ 
0 

10 ~ , 
:ii 

0,1 

140 

~ 120 

c 

5 100 

'!> 
w 80 II: 
~ 

Ci 60 g 
Vl 

~ 40 
~ 
0 

"' 20 

a 
1 

-

--

t--, 

BIAS AND OFFSET CURREN r 
vs TEMPERATURE 

I--C-

"'-,-

~ 
I--

lanA 

-2 

V 

-

01 
50 25 • 2~ ·50 ·75 . 100 ·125 

fe' . 

-

-

11 
10 

Ambient Temperature (OC) 

POWeR SUPPLY AEJEC liON 
" FREQUENCY 

- + 
i"" 

L~ .. 
J .. 

100 lk 10k lOOk 

Frequency (Hz) 

I 
r 

11 

.. 
.. L 1"7, 

I'''' 
1M 10M 

APPLICATIONS INFORMATION 
Unity-gain stability with good phase margin and excellent 
output drive characteristics bring freedom from the subtle 
problems associated with other high speed amplifiers. But 
with any high speed, wide bandwidth circuitry, careful 
circuit layout will ensure best performance. Make short, 
direct interconnections and avoid stray wiring capacitance 
-especially a~the inverting input pin. 

Power supplies should be bypassed with good high 
frequency capacitors positioned close to the op amp pins. 
In most cases O.1/LF ceramic capacitors are adequate. 
Applications with heavier loads and fast transient wave
forms may benefit from use of I.O/LF tantalum bypass 
capacitors. 

INPUT BIAS CURRENT GUARDING 

Leakage currents across printed circuit boards can easily 
exceed the input bias current of the OPA602. A circuit 
board "guard" pattern (Figure I) is an effective solution to 
difficult leakage problems. By surrounding critical high 
impedance input circuitry with a low impedance circuit 
connection at the same potential, leakage currents will 
flow harmlessly to the low impedance node. 

Input bias current may also be degraded by improper 
handling or cleaning. Contamination from handling parts 
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and circuit boards may be cleaned with appropriate 
solvents and de-ionized water. Each rinsing operation 
should be followed by a 30-minute bake at +85°C. 

BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 

APPLICATION CIRCUITS 

FIGURE 2. Offset Voltage Trim. 

2kO 

High Quality 
Pulse Generator 

Pulse In 

±5V 
2kO 

• 

6 

±10mV TYPical 

Tnm Range 

*10kCl to lM,,~ Tnm 
Potenllometer POOkO 
Recommended) 

47pF 

2kO 
+15V 

1pF Tantalum 

+ ~ 

2kO 

duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

MSB 
8, •••••••••• 8'2 

DAC7541A 

Single-POint Ground 
-Vee 

V V ( B, 8 2 8 3 B,~ ) 
OUT=-REF 2"+"'4+""8+ ••• +4096 

-10V::5 VREF ::5 +10V 

o < VOUT < - 4095 VREF 
- - 4096 

Where BN = 1 If the BN digital Input IS high 
BN = 0 If the BN digital Input IS low 

FIGURE 3. Voltage Output D/A Converter. 

(2) 
HP 5082·2835 

+15V 

500 lpF 

I 5100 

+~ 
lpF 

T +~ 

510 
~-----------+--{. Output .... 

.... 
T 

-15V 

5100 

-15V 

FIGURE 4. Settling Time and Slew Rate Test Circuit. 
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BURR-BROWN® 

I~~I 
OPA605 

Wideband Fast-Settling 
OPERATIONAL AMPLIFIER 

FEATURES 
• FAST SETTLING: 230nsec typ to 0.01% 
• WIDE BANDWIDTH: 200MHz Gain-Bandwidth Product 
• FAST SLEWING: 300V/paec slew rate, ACL ~ 50 
• LARGE OUTPUT CURRENT: ±20mA min at ±10V 
• LOW VOLTAGE OFFSET AND DRIFT: 500pV max, 

5pV/oC max 

DESCRIPTION 
The OPA605 is designed to offer a well balanced set 
of both AC and DC specifications. Versatility in fast 
settling. wideband and steady state AC applications 
is provided by the use of a single external com
pensation -capacitor. This allows the user to optimize 
speed and stability for any particular application. 

The full ±30mA guaranteed minimum output current 
(at ±IOV) allows the user to realize the high speed 
features of the OPA605. Unlike most integrated 
circuit wideband amplifiers additional current boost-

APPLICATIONS 
• PULSE AMPLIFIERS 
• FAST DIA CONVERTERS 
• LINE DRIVERS 
• WAVEFORM GENERATORS 
• HIGH SPEED TeST EQUIPMENT 
• PHOTODIODE AMPLIFIERS 

er circuitry is not needed for most applications. 

The 500nsec max to 0.1 % settling time specification is 
guaranteed with a load of 500n and lOOpF. Also the 
open-loop gain is guaranteed at the full ±30mA 
output. 

In addition to the excellent wideband and fast settling 
characteristics. the OPA605 also offers outstanding 
DC performance. Offset voltages are as low as 500/L V 
max and offset voltage drift versus temperature of 
only 5/LVj"C max is available. 

International AlrporllndUltrlal Park· P.O. Box 11400· TuClon. Arizona 85734 . Tel. (602) 74fi.1l1l • Twx: 910-952·1111 • Cabla: BBRCORP . Telex' 66-6491 

PD~3B 
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SPECIFICATIONS 
ELECTRICAL 
Specifications at TA = +25°C and ±Vcc = ±15VDC unless otherwIse noted. 

MODEL I OPA605HG/OPA605AM I OPA805KG/OPA605CM 

PARAMETER CONDITION MIN TVP I MAX I MIN I TYP I MAX UNITS 

OPEN-LOOP GAIN. DC 
Full Load Vo = ±10V. RL - 33pll 80 96 dB 
No Load Vo = ±10V, RL" ,Okll 102 dB 

RATED OUTPUT 

Voltage 10 - ±30mA ±10 ±12 V 
Current Vo = ±10V ±3O ±50 mA 
Output Resistance Open Loop 200 II 
Short CirCUit Current Internal Llmlts(l) ±3O ±50 ±80 mA 
Capacitive Loadl2) ACL=-I.Cc=2OpF 500 pF 

DYNAMIC RESPONSE 

Gam-Bandwidth Product 
ACL = 1000, Cc =0 200 MHz 
ACL=-I.Cc=2OpF 20 MHz 

Slew Rate RL = 33011. Vo = 0 to +10V, 
ACL,,50,Cc=0 Oto -IOV 300 V/",sec 
ACL = -I, Cc = 20pF 80 94 VI~sec 

Full Power BandWidth RL = 33011. Vo = ±10V, 13 15 MHz 
ACL = -1. Cc = 20pF 

Settling Time, Av = -1(3) Cc = 2OpF. RL = 50011, 
CL = l00pF. Vo = 0 to +10V. 
o to -10V 

t=l% 200 nsec 
t=Ol% 230 500 nsec 
• =001% 350 nsec 

Smail-Signal Overshoot Av=-I. Cc =20pF. RL =50011 0 20 % 
CL = l00pF 

INPUT OFFSET VOLTAGE 
Inlttal Offset TA - +25°C ±D.25 ±10 ±05 mV 

vs Temperature TL toTH. VCM= 0 ±25 ±5 ~Vloc 

vs Supply Voltage ±3O ±200 .VlV 
Adjustment Range(4) CirCUit In ±9 mV 

"Connection Diagram" 

INPUT BIAS CURRENT 

Initial BI8S TA - +25°C, VCM - 0 -5 -35 pA 
vs Temperature TL to TH Note 5 
vs Supply Voltage 02 pAN 
VSVCM Note 6 

INPUT DIFFERRENCE CURRENT 

Initial Difference TA = +2SoC, VCM = 0 ±2 pA 
YS Temperature NoteS 
YS Supply Voltage 005 pAN 

VOLTAGE NOISE DENSITY Rs;'; loon 

fo - 10Hz 22 nV/y'HZ 
fo = 100Hz 11 nV/,,'HZ 
fo=lkHz a nV/v'HZ 
fo = 10kHz 6 nV/,,1HZ 
to = 100kHz 6 nvy'HZ 

INPUT IMPEDANCE .. 
Differential 

ReSistance 1011 II 
Capacitance 3 pF 

Common-Mode 
ReSistance 1011 II 
Capacitance 3 pF 

INPUT VOLTAGE RANGE 

Common-Mode Voltage Llnea~ Operation 
Range ±10 ±12 . V 

Common-Mode Rejection 70 90 80 dB 

POWER SUPPLY 

Rated Voltage ±15 
! 

VDC 
Voltage Range Derated Performance ±5 ±18 VDC 
Current. QUiescent ±72 ±9 I mA 

TEMPERATURE RANGE 

SpeCification 
HG. KG Grades TL to TH 0 +70 °C 
AM, CM Grades TL to TH -25 +85 °C 

Operating Derated Performance -55 +125 °C 
Storage -65 +150 °C 

NOTES: 'Specifications same as for OPA605HG/AM (1) Currentlimit may be increased with external resistors. (2) Al
lowable capacitive load depends on several factors. See Compensation section. (3) Settling Time measured in circuit of 
Figure 4. (4) Adjustment affects voltage drift vs temperature by approximately ±O.3pVlOC for each lllOpV of offset adjusted. 
(5) Doubles approximately every a.5OC. (6) See Typical Perlormance Curves. 
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ABSOLUTE MAXIMUM RATINGS 

Supply .................................................... ±20V 
Internal Power Dissipation ••••.•.••.•..••••••.•.•.••••••• : •••••. It' 
DifferentIal Input Voltage'" .............................. ±20VDC 
Input Voltage. Either Input'" ............................. ±20VDC 
Storage Temperature Range ••.••.•.•.....••••••• -65'C to +150'C 
Opereting,Temperature Range ...••.••.•.•.....•• -5S'C to +125'C 
Lead Temperature (soldering 10 seconds) ••.•••••....•••••• +3OO'C 
Output Short-Circuit Duretlon'" • • • • . • . . . • . . • • • • • • • • . •• Continuous 
Junction Temperature.. • . .. .. . .. .. .. .. • .. .. .. .. .. .... .... +17S'O 

NOTES: (I) Package must be dereted according to details In the Appli
cation Information section. (2) For supply voltages leas than ±20VDO, 
the absolute maximum Input is equal to the supply voltage. (3) Short 
circuit to ground only See Short Circuit Protection discussion In the 
Application Information section. 

MECHANICAL 

METAL PACKAGE-uM" 

Pin numbers shown for reference 
only. Numbere are not marked 
on package. 

NOTE' Leads In true position 
WIthin 0.010" (02Smm) R at MMC 
at seating plane. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 860 B80 2184 2235 
B 490 510 1245 1295 
C 170 250 432 635 
D 016 021 041' 053 
G .100 BASIC, .2.54 BASIC 
H 115 155 292 384 
K 150 300 3.81 762 
L 300 BASIC 762 BASIC 
R 080 .120 203 305 

PIN CONFIGURATION 

1 No Internal Connechan 
2 'Optional Frequency Compensation 
3 Offset" Adjust • 
4 Inverting Input 
5 Nonmvertlng Input 
8 -Vee 
7 OPtional Short CirCUit Adjust 
8 Optional Short CirCUit Adjust 
9 Offset Adjust 

10 Output 
11 +VCC 

014 10 
013· 20 
012 30 
C)-II 40 
010 SO 
09 60 
08 70 

12 Frequency CompensItlon Bottom View 
13 No Inlernal Connection- Pm numbers shown for reference only 
14 No Internal Connection Numbers are not marked on package 

·C .... on metal package Pin 13 IS case on metal Unit 

.Vw 

OFFSET YOl TAGE 
ADJUSTMENTf11 

~I<D--__ - OUTPUT 

NOTES. (I) offliet voltage adJustmentaffeCI$ voltage droft versus temp
erature by approximately ±O 3pVl'C for each 100pV of offset adlusted 
(2) Optional resistors to Increase current limits See ApplicatIon Informa
lion (3) Optional frequency compensation See ApplicatIon Information 

CERAMIC PACKAGE-uG" 

I" · lJ 
Denotes 

f Pin I 

8 J[fl~~~_. 
_ D 

NOTES. 
(I) Leads In true position within 0.010" 
(0.2Smm) R at MMC at seating plane 

(2) PIn material and plating composition 
conform to method 2003 (solderability) 
of MIL-STD-883 (except 
paregraph 3.2) 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A no 810 1956 2057 
B 480 500 1219 1270 
C 155 215 394 548 
D 016 020 041 051 
G 100 BASIC 254BASIC 
H 080 110 203 279 
J 009 012 023 030 
K 150 210 381 533 
L 300 BASIC 762 BASIC 
N 015 035 036 0.89 
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TYPICAL PERFORMANCE CURVES 
T. = +25°C. Vee = ±15VDC unless otherwise noted. 

COMPENSATION CAPACITANCE AND 
SLEW RATE VS NON INVERTING GAIN 
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APPLICATION INFORMATION 

SLEW RATE 

Slew rate is a large signal output parameter. It is primarily 
dependent on the compensation capacitor value (Ce) and 
has almost no dependence on changes in the closed loop 
gain or bandwidth. Typical values of slew rate versus 
compensation capacitor value are shown in the Typical 
Performance Curves. Decreasing the compensation ca
pacitance increases the slew rate but reduces the frequency 
stability of the closed-loop circuit. Stray circuit capaci
tances may appear as added compensation to the ampli
fier. Therefore. stray capacitances should be minimized to 
avoid limiting slew rate performance. 

BANDWIDTH 
The closed-loop bandwidth is a small signal parameter. It 
is dependent on the open-loop frequency response ofthe 
op amp (which is determined by the value of the 
compensation capacitor. Cd and the external closed-loop 
circuitry applied to the amplifier. Requirements for 
increased bandwidth and more frequency stability result 
in opposing constraints on the circuitry and generally the 
final selection of circuit values represents a compromise 
between the two needs. 

SETTLING TIME 
Settling time is defined as the total time required. 
measured from the input signal step. for the output to 
settle to within the specified error band around the final 
value. The error band is expressed as a percent of the full 
scale output voltage ( lOY) and the output transition is 
from OV to +IOV or OV to -lOY. 

Settling time depends on slew rate (discussed above) and 
the time to reach the final value after the slew portion of 
,the transition is complete. The latter is a function of the 
closed-loop bandwidth (discussed above) and the closed
loop gain. Thus. settling time is a function of both the 
open-loop frequency compensation (value of Cd and the 
particular closed-loop circuit configuration. The best 
settling time is generally obtained at low gains. 

COMPENSATION 

The OPA605 uses external frequency compensation 
which allows the user to optimize slew rate. bandwidth 
and settling time for a particular application. As men
tioned previously. compensation is normally a com
promise between the desired speed and the necessary 
frequency stability - the higher the speed the lower the 
value of Cc and the less stable the circuit. Several of the 
Typical Performance Curves provide information to aid 
in the selection of the correct value of compensation 
capacitor. In addition. several typical circuits show 
recommended compensation in different' applications. 

The value of compensation capacitor required for stability 
is a function of the amount of negative feedback used in 
the particular application. 

This is characterized as 1/ fl. where fl is the "feedback 
factor". 1/ fl is also equal to the gain in noninverting 
configurations (see figures 2 ,and 3). 

l~oJW""""'VOUT 
18n 

FIGURE I. Unity Gain Follower. 

Rl ., = lKn 

lKn 

VOUT 
1 .,+., 18n 
-=--=2 
fl .. 

FIGURE 2. Unity Gain Inverting. 

RI = lOOn lit = IIOOn 

.... 
1 R,+., 
-=--=10 
fl .. lin 

VOUT 

FIGURE 3. Gain of+IOV. 

The OPA605 may be compensated in either one of two 
ways. In the primary compensation method. Ct· is con
nected between pins 10 and 12. Alternately the amplifier 
may be compensated with Cc' between pins 12 and 2 (see 
Connection Diagram). Normally the use of Cc is recom
mended. The use of Cc' will give lower output impedance 
at higher frequencies. This can be an advantage in some 
applications. but the effects are subtle and must be 
determined empirically. 

Improved stability with larger capacitive loads may be 
obtained by connecting a small resistor (a value of 16H is 
recommended) in series with the output (see figures 2 
through 4). 
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Flat high frequency closed-loop frequency response may 
be preserved and any high frequency peaking reduced by 
connecting a small capacito'r (Cr in the examples) in 
parallel with the feedback resistor. This capacitor will 
compensate for the high frequency closed-loop transfer 
function zero formed by the capacitance at the amplifier's 
input and the input and feedback resistors. C, may be a 
trimmer capacitor, a fixed capacitor or a planned printed 
circuit board capacitance. Typical values range frol.l OpF 
to SpF. 

WIRING PRECAUTIONS 

Of all the wiring precautions, grounding is the most 
important. A good ground plane and good grounding 
practices should be used. The ground plane should 
connect all areas of the pattern side of the printed circuit 
board that are not otherwise used. The ground plane 
provides a low resistance, low ind u(;tance common return 
path for all signal and power returns. 

If point-to-point wiring is used (no ground plane), single 
point grounding should be used. The input signal return, 
the load signal return and the power supply common 
should all be connected at the same physical point. This 
will eliminate any common current paths or ground loops 
which could cause signal modulation or unwanted 
feedback. 

Each power supply lead should be bypassed to ground as 
near as possible to the amplifier pins. 

All printed circuit board conductors should be wide to 
provide low resistance, low inductance connections, and 
should be as short as possible. In general, the entire 
physical circuit should be as small as practical. Stray 
capacitance should be minimized especially at high 
impedance nodes. Pin 4, the inverting input is especially 
sensitive to capacitance and all connections to that point 
must be short. 

10lES: 

Emr Signal. "s" 
;------ ±5mV lar VOUT 

R4 lkn wllbln ±O.1% III IOV. 

CF 31D IifIF typ. 

+Vee -Vee 

1. fill ...... " dlld •• HP5082-2811. 
2. R5 DPIIIMI. IrIIpnml lrequllllY 1IIb111ty whln drlvtng II,.. 

HPlChlVlIlldL 
a RllIIIIVlIeId II VOUT 1150011 dul" lK IlIIIlIIak nllllln. 
4. "lrrcIudld Dn prlnlld clrcullilyaul 

FIGURE 4. Dynamic Test Circuit. 

Input and feedback resistors should be kept as small in 
value as practical: values less than S.6k!l are recom
mended. This will minimize performance limitations 
caused by the time constants formed by these resistors 
and circuit capacitances. 

VIIW lram campen,ntllde of board. Shldld Ira II p .... rn lid, canneclDr. 

FIGURE 5. Dynamic Test Circuit Layout. 

SHORT CIRCUIT PROTECTION 

Short circuit protection to common is provided by 
internal current limiting resistors. (Output shorts to either 
supply can destroy the device.) The current limits may be 
increased by paralleling the internal resistors with external 
resistors, REX I connected between pins 7 and 10 and pins 
8 and 10. The short-circuit current is then he "" O.OS + 
0.6/ REXI (in amps). The power derating constraints must 
be observed when modifying the current limits. Details 
are given by the thermal model. 

THERMAL MODEL 

Figure 6 is the thermal model for the OPA60S where: 
TJ = Junction temperature (output load) 
TJ• = Junction temperature (no load) 
Tc = Case temperature 
TA = Ambient temperature 
()CA = Thermal resistance, case-to-ambient 
PDQ = Quiescent power dissipation 

1 + V cc 1 I+QUIESCENT + I-V cc 1 I-QUIESCENT 
Pox = Power dissipation in the output transistor 

= (Vour - Vce) lour 

(In a complementary output stage only one output 
transistor is conducting current at a time.) 

T' J TJ 

62= 61 = 
3OOC1W 4O'C1W 

TC 

6CA 
TA 

6CA L....!~!..=...-1..~~:..::..---I 

TJ = TA + PDO (62 + 6CAJ +PDX (61 +~ + 6CAI 

FIGURE 6. Thermal Model. 

This model yields a Power Derating curve which is a 
function of PUQ. See Typical Performance Curves. 
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BURR-BROWN® 

IElElI OPA606 

AVAILABLE IN 
DIE FORM 

Wide-Bandwidth O//e'® 
OPERATIONAL AMPLIFIER 

FEATURES 
• WIDE BANDWIDTH, 13MHz typ 
• HIGH SLEW RATE, 35V/psec typ 
• LOW BIAS CURRENT, lOpA max at TA = +25°C 
• LOW OFFSET VOLTAGE, 500pV max 
• LOW DISTORTION, 0.0035% typ at 10kHz 

DESCRIPTION 
The 0 P A606 is a wide-bandwidth monolithic dielec
trically-isolated FET (Dire'®) operational ampli
fier featuring a wider bandwidth and lower bias cur
rent than BIFET® LFl56A amplifiers. Bias current 
is specified under warmed-up and operating condi-

Oire'® Burr-Brown Corp, Dlfet@> National Semlconductpr Corp. 

APPLICATIONS 
• OPTOELECTRONICS 
• DATA ACQUISITIDN 
• TEST EQUIPMENT 
• AUDIO AMPLIFIERS 

tions, not at a JUNCTION temperature of +25°C. 

Laser-trimmed thin-film resistors offer improved 
offset voltage and noise performance. 

The OPA606 is internally compensated for unity
gain stability. 

International Airporllnduslrial Park· P.O. Box 11400· Tucson. Arizona B5734 . Tel. 16021 746·1111 . Twx. 910·952·1111 . Cable. BBRCORP . Telex: 66·6491 

PDS-598A 
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SPECIFICATIONS 
ELECTRICAL 
At Vee = ±15VDC and TA = + 25°C unless otherwise specIfied 

OPA606KM/SM OPA606LM OPA606KP 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

FREQUENCY RESPONSE 

Gain Bandwidth Small signal 10 125 11 13 9 12 MHz 
Full Power Response 20V p-p, R, = 2kO 515 550 470 kHz 
Slew Rate Va = ±10V, 22 33 25 35 20 30 V/psec 

R, = 2kO 
Settling Tlme!lI. 01% Gam = -1, 10 10 10 Ilsec 

R, = 2kO 
0.01% 10V step 21 21 21 psec 

Total HarmoniC Distortion G = +1, 20V p-p 00035 00035 00035 % 
R, = 2kO, 
f = 10kHz 

INPUT 

OFFSET VOLTAGE'" 
Input Offset Voltage VCM = OVDC ±180 ±1.5rnV ±100 ±500 ±300 ±3rnV IlV 
Average Dnft TA = TMIN to T MAX ±5 ±3 ±5 ±10 IlV/'C 
Supply Rejection Vee = ±10V to ±18V 82 100 90 104 80 90 dB 

±10 ±79 ±6 ±32 ±32 ±100 IlVN 

BIAS CURRENT'" 
Input Bias Current VCM = OVDC ±7 ±15 ±5 ±10 ±8 ±25 pA 

OFFSET CURRENT'" 
Input Offset Current VCM = OVDC ±06 ±10 ±04 ±5 ±1 ±15 pA 

NOISE 
Voltage, fo = 10Hz 100% tested (L) 37 30 40 37 nVlJHz 

100Hz 100% tested (L) 21 20 28 21 nVlJHz 
1kHz 100% tested (L) 14 13 16 14 nVlJHz 
10kHz '" 12 11 13 12 nVlJHz 
20kHz '" 11 105 13 11 nVlJHz 

t, = 10Hz to 10kHz '" 13 1 2 1 5 1 3 pV rms 
Current, fa = 0 1Hz thru 20kHz '" 1 5 1 3 2 1 7 fAlJHz 
IMPEDANCE 
Differential 10" II 1 10" II 1 10" II 1 011 pF 
Common-Mode 10" II 3 10" II 3 10" II 3 011 pF 

VOLTAGE RANGE 
Common-Mode Input Range ±105 ±115 ±11 ±11.6 ±102 ±11 V 
Common-Mode Rejection VIN = ±10VDC 80 95 85 96 78 90 dB 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Gam RL ~ 2k!l 95 115 100 118 90 110 dB 

RATED OUTPUT 

Voltage Output RL = 2kQ ±11 ±122 J ±12 ±126 ±11 ±12 V 
Current Output Va = ±10VDC ±5 ±10 ±5 ±10 ±5 ±10 rnA 
Output Resistance DC, open loop 40 40 40 0 
Load Capacitance Stability Gain = +1 1000 1000 1000 pF 
Short Circuit Current 10 20 10 20 10 20 rnA 

POWER SUPPLY 

Rated Voltage ±15 ±15 ±15 VDC 
Voltage Range, 

Derated Performance ±5 ±18 ±5 ±18 ±5 ±18 VDC 
Current, QUiescent 10 = OrnADC 65 95 62 9 65 10 rnA 

TEMPERATURE RANGE 

Specification Ambient temp 
KM, KP, LM 0 +70 0 +70 0 +70 'C 

8M -55 +125 'c 
Operating Ambient Temp -55 +125 -55 +125 -25 +85 'C 
8 Junction-Ambient 200 200 155 'C/W 

NOTES (1) See settling time test CirCUit In Figure 2 (2) Offset voltage, offset current, and bias current are measured with the units fully warmed up (3) Sample 
tested-this parameter IS guaranteed on L grade only 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At Vee = ±15VDC and TA = TMIN to TMAX unless otherwise noted. 

OPA606KM/SM OPA606LM 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN 

TEMPERATURE RANGE 

Specification Range Ambient temp KM 0 +70 0 +70 0 
SM -55 +125 

INPUT 

OFFSET VOLTAGE'" 
Input Offset Voltage VCM = OVDC KM ±400 ±2mV ±335 ±750 

SM ±680 ±3mV 
Average Dnft ±5 ±3 ±5 
Supply Rejection Vee = ±1QV to ±18V 80 98 85 100 78 

±13 ±100 ±10 ±56 

BIAS CURRENT'" 
Input Bias Current VCM = OVDC KM ±158 ±339 ±113 ±226 

SM ±72 ±154 

OFFSET CURRENT'" 
Input Offset Current VCM = OVDC KM ±14 ±226 ±9 ±113 

SM ±614 ±10.2nA 

VOLTAGE RANGE 
Common-Mode Input Range ±104 ±114 ±109 ±11.5 ±10 
Common-Mode Rejection V," = ±10VDC 78 92 82 95 75 

OPEN-LOOP GAIN. DC 

Open-Loop Voltage Gam RL ~ 2kO 90 106 95 11l 88 

RATED OUTPUT 

Voltage Output R, = 2kO ±105 ±12 ±115 ±12.4 ±104 
Current Output Vo = ±10VDC ±5 ±10 ±5 ±10 ±5 

POWER SUPPLY 

Current, QUiescent lo=OmADC 66 10 64 95 

NOTES (1) Offset voltage, offset current, and bias current are measured with the Units fully warmed up 

ORDERING INFORMATION CONNECTION DIAGRAMS 
OPA606 X X 

Basic model number =r T 
Performance grade ___________ --1_ 

K. L = O°C to +70°C 
S = -55°C to +125°C 

Packagecode------------------__ ~ 
M = TO-99 metal can 
P = a-pin plastic DIP (K grade only) 

ABSOLUTE MAXIMUM RATINGS 

Supply. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • .. ... ±18VDC 
Internal Power Dlssipatlon(1) ....................................... 500mW 
Differential Input Voltage ........................................ ±36VDC 
Input Voltage Range'" ........................................... ±18VDC 
Storage Temperature Range. . . .. M = -65°C to +150°C, P = -40°C to +85°C 
Operating Temperature Range ... M = -55°C to +125'C, P = -40°C to +85'C 
Lead Temperature (soldering, 10 seconds). . . • . . . • . . . . . . . . . . . . . . . . .. +300'C 
Output Short Circuit Duration!31 .......•....................•.. Continuous 
Junction Temperature .........•.................•...........••... +175°C 

NOTES' (1) Packages must be derated based on 8Je = 15'CIW or 8J.. (2) For 
supply voltages less than ±18VOC. the absolute maximum Input voltage IS equal to 
the negative supply voltage. (3) Short circuit may be to power supply common 
only. Rating applies to +25°C ambient. Observe dissipation limit and TJ • 
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TOP VIEW 

MECHANICAL 

TOP VIEW 

OFFSET 
TRIM 

-IN 

+IN 

-Vee 

Ne 

-Vee 

OPA606KP 

TYP MAX UNITS 

+70 °c 
°c 

±750 ±35mV /lV 
/lV 

±10 /lV/oC 
95 dB 

±18 ±126 /lV/V 

±181 ±566 pA 
nA 

±23 ±339 pA 
pA 

±109 V 
88 dB 

104 dB 

±118 V 
±10 mA 

6.6 105 mA 

TO-99 

CASE 18 CONNECTED TO Vee 

NC 

+Vec 

OUTPUT 

OFFSET 
TRIM 

DIP 
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MECHANICAL 

"M" PACKAGE 
NOTE Leads in true position 
WIthIn a 01" (0 25mm) Rat 
MMC at seatIng plane 

~:=11 

TO-99 (Hermetic) 
Pin numbers shown for refer~ 
ence only. Numbers may not be 
marked on package 

Pin material and plating com
position conform to Method 
2003 (solderabIlity) 01 MIL
STD-883 (except paragraph 32) 

~CHES PotILLIMETEIIS ". ." MA' ." . .., · no '" ." ." · ,~ '" ". ." , ". '6 ." ." , 
'" '" '" '" , 
'" ~, '" ". '" ~, '" 'M 

G 200."Sle 5 011 IIASIC 

" ,X - '" '" M. ~. ". ". 
.~ '" , 
'" '" ." .~ · UOBASIC .~"IIASIC · •.. ,~ ... ." 

MECHANICAL 

"P" PACKAGE 
NOTE Leads In true posItion 
wlthon a 01" (O.25mm) R at 
MMC at seatIng plane 

Plastic DIP 
Pin numbers shown for refer
ence only. Numbers may not be 
marked on package 

Pm materlsl and plating com
position conform to Method 
2003 (solderablloty) 01 MIL
STD-883 (except paragraph 3 2) 

TYPICAL PERFORMANCE CURVES 
T.= 'o-25°C, Vee = ±15VDC unless otherwIse noted. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
TA =+25D C. Vee = ±15VOC unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
Til = +25°C, Vee = ±15VDC unless otherwise noted 

SMALL SIGNAL TRANSIENT RESPONSE 
+80 

:> +40 
.s 
E 
g 
~ 

S-
O -40 

0.5 
Time (psec) 

APPLICATIONS INFORMATION 
OFFSET VOLTAGE ADJUSTMENT 

The OPA606 offset voltage is laser-trimmed and will 
require no further trim for most applications. As with 
most amplifiers, externally trimming the remaining offset 
can change drift performance by about O.5!-,VjOC for 
each millivolt of adjusted offset. Note that the trim (Fig
ure I) is similar to operational amplifiers such as LFl56 
and OP-16. The OPA606 can replace most other amplifi
ers by leaving the external null circuit unconnected. 

+vcc 

0 
±50mV TYPICAL 

TRIM RANGE 

·10kO TO lMO 
TRIM POTENTIOMETER 

-Vee a (l00kO RECOMMENDED) 

FIGURE I. Offset Voltage Trim. 

INPUT PROTECTION 

Static damage can cause subtle changes in amplifier 
input characteristics without necessarily destroying the 
,device. In precision operational amplifiers (both bipolar 
and FET types), this may cause a noticeable degradation 

LARGE SIGNAL TRANSIENT RESPONSE 

Time (poec) 

of offset voltage and drift. Static protection is recom· 
mended when handling any precision IC operational 
amplifier. 

If the input voltage exceeds the amplifier's negative 
supply voltage, input current limiting must be used to 
prevent damage. 

CIRCUIT LAYOUT 

Wideband amplifiers require good circuit layout tech
niques and adequate power supply bypassing. Short, 
direct connections and good high frequency bypass 
capacitors (ceramic or tantalum) will help avoid noise 
pickUp or oscillation. 

2kO 0.1% 
+15V 

+5V Jc 2kO 0.1% 

-5V 
5kO 
0.1% 

-15V SUMMING G =-1 
NODE 5kO 0.1% 

+15V 

FIGURE 2. Settling Time Test Circuit. 
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GUARDING AND SHIELDING 
As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickup in 
input leads. If large feedback resistors are used, they 
should also be shielded along with the external input 
circuitry. 

Leakage currents across printed circuit boards can easily 
exceed the bias current of the OPA606. To avoid leakage 
problems, it is recommended that the signal input lead of 
the OPA606 be wired to a' Teflon" standoff. If the 
OPA606 is to be soldered directly into a printed circuit 
board, utmost care must be used in planning the board 
layout. 

A "guard" pattern should completely surround the high 
impedance input leads and should be connected to a low 
impedance point which is at the signal input potential 
(see Figure 3). 

NON·INVERTING 

INVERTING 

OUT 

BOARD LAYOUT 
FOR INPUT GUARDING 

Guard lOp and bottom of board, 
Allernale: use Tellon@ slandoll 
for sensilive Inpul pins. 

Teflon8 E I Du Pont 
de Nemours & Co 

IN 

BUFFER 

TO-99 BOTTOM VIEW 

MINI·OIP BOTTOM VIEW 

BtlJ 

7tlJ 

6tlJ 

5tlJ 

APPLICATIONS CIRCUITS FIGURE 3. Connection of Input Guard. 

lOkn 

+15VOC 

Ikn 
INPUT O-~'-"r---=-t 

BANDWIDTH> IMHz 
T, = l.a"sec 10.01%) 
GAIN; -IOV/V 

-15VDC 

FIGURE 4. Inverting Amplifier. 

>'"----<> OUTPUT 

IMn 

+15VDC 

INPUT 0--------''"1 

BANDWIDTH> 12MHz 
GAIN; +IV/V 
RIN .,." 10130 

-15VOC 

FIGURE 5. Noninverting Buffer. 

OUTPUT 
VOLTAGE 

>'---""---0 Eo 

Eo; iii R ; IV/pA 

FIGURE 6. Absolute Value Current-to-Voltage Converter. 
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=0.2pF IF NECESSARY TO 

r ______ ~ ~ ~R:V:~ !~~~EAKING 
I I 
I I 
I I 

3 METAL.FILM i IDO I5Ok0 150kO i 
RESISTORS 

PIN PHOTODIOOE 
MOTOROLA 
MRD721 

+15V 

-15V 

OUTPUT 

10kO 
I. CIRCUIT MUST BE WELL SHIELDED. 
2. STRAY CAPACITANCE IS CRITICAL. 
3. BANDWIDTH - IMHz. 
4. OUTPUT - 2.2V/mW/cm2 

+15V 

FIGURE 7. High-Speed Photodetector. 

49.90 2.49kO 

7.32kO 

C, 
20pF 

10kO 

R, 
~~----Y~~~---~--, 

1000 I 
OPTIMIZE RESPONSE LOAD =;= 
FOR PARTICULAR LOAD -:-
CONDITION WITH C, AND R,. 

FIGURE 8. Isolating Load CII-pacitance from Buffer. 

I IOkO l 
DIFFERENTIAL RG DIFFERENTIAL 

[ 
2kO 

10kO 

OOJ 

1. BANDWIDTH - 1.2MHz 
2. DIFFERENTIAL BAIN = 11 
3. DIFFERENTIAL OUTPUT - 50V p.p 
4. DIFFERENTIAL SLEW RATE - 65V/ //CIC 

FIGURE 9. Differential Input/Differential Output 
Amplifier. 

TOTAL MID·BAND GAIN = 40dB 

SEE: "TOPOLOGY CONSIDERATIONS FOR RIAA 
PHONO PREAMPLIFIERS", AES REPRINT #1719. 
OCTOBER 1980, BY WALTER G. JUNG 

OUTPUT O.II'FJ l.05kO 

3.74kO 
0.3pF1 1. LOAD RAND C PER CARTRIDGE MANUFACTURER'S RECOMMENDATIONS. 

2. USE METAL FILM RESISTORS AND PLASTIC FILM CAPACITORS. 
3. BYPASS ±Vcc ADEQUATELY. ';' 

10kO 2000 

FIGURE 10. Low Noise/Low Distortion RIAA Preamplifier. 
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-\'.-. . i·. .. ABRIDGED DATA SHEET 

. _ REQUEST COMPLETE DATA SHEET 

BURR - BROWN® 

IElElI OPA620 

FROM BURR·BROWN SALES OFFICE 

Wideband Precision 
OPERATIONAL AMPLIFIER 

FEATURES 
• FAST SETTLING: 13n8 (0.1%) 

25n8 (0.01%) 

• GAIN·BANDWIDTH: 200MHz 

• UNITY·GAIN STABLE 

• LOW OFFSET VOLTAGE: ±100/lV 

• SLEW RATE: 250VI/l8 
• LOW DIFFERENTIAL GAIN/PHASE ERROR 

• a·PIN DIP AND SOIC PACKAGES 

DESCRIPTION 
The OPA620 is a precision wideband monolithic op
erational amplifier featuring very fast settling time, low 
differential gain and phase error, and high output cur
rent drive capability. 
The OPA620 is internally compensated for unity-gain 
stability. This amplifier has a very low offset, fully 
symmetrical differential input due to its "classical" 
operational amplifier circuit architecture. Unlike "cur
rent-feedback" amplifier designs, the OPA620 may be 

APPLICATIONS 
• HIGH·SPEED SIGNAL PROCESSING 

• ADC/DAC BUFFER 

• ULTRASOUND . 

• PULSEIRF AMPLIFIERS 

• HIGH·RESOLUTION VIDEO 

• ACTIVE FILTERS 

used in all op amp applications requiring high speed 
and precision. 
Low noise and distortion, wide bandwidth, and high 
linearity make this amplifier suitable for RF and video 
applications. Short circuit protection is provided by an 
internal current-limiting circuit. 
The OPA620 is available in plastic, ceramic, and SOIC 
packages. Two temperature ranges are offered: O°C to 
+70°C and -55°C to +125°C. 

Output 
Stage 1-----<> Output 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucs.n, AZ 85706 
Tol:(602)746-1111 • Twx: 910·952·1111 • Cabla:BBRCORP • Telex: 66·6491 • FAX: (602) 889·1510 

PDS-872 
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SPECIFICATIONS 
ELECTRICAL 
AI Vee - ±5VDC, I\. - 1000, and T •• +2S'C unless otherwise noted. 

OPA820KP/KU 

PARAMETER CONDIllONS .. N TYP MAX 

INPUT NOISE 
Voltage: '0= 100Hz Rs-on 10 

'o-lkHz 5.5 
'0. 10kHz 3.3 
'0= 100kHz 2.5 
",.lMHz to l00MHz 2.3 
'.-l00Hzto 10MHz 8.0 

Current:,o= 10kHz to l00MHz 2.3 

OFFSET VOLTAGE'" 
Input OIIset Voltage Vcu·OVDC :t200 :tlmV 
Average Drift TA l1li TMiN to TMAX :t8 
Supply Rejection :tvoc - 4.5V to 5.5V 50. 60 

BIAS CURRENT 
Input Bles Current Vcu-OVDC 15 30 

OFFSET CURRENT 
Input OIIset Current Ve.-OVDC 0.2 2 

INPUT IMPEDANCE 
Differential Open-Loop 15111 
Common-Mode 1111 

INPUT VOLTAGE RANGE 
Common-Mode Input Range %3.0 :ta.s 
Common-Mode Rejection V" = :t2.5VDC, Vo- OVDC 85 75 

OPEN-LOOP GAIN, DC 
Open-Loop Voltage Gain I\. - loon 50 60 

I\.-son 48 58 

FREQUENCY RESPONSE 
Closed-Loop Bandwidth Galn-+WN 300 

(-;!dB) Gain-+2VN 100 
GaIn = +5VN 40 
Galn-+l0VN 20 

Gein-Bandwidth GeIn_+l0VN 200 
Differential Gain 3.58MHz, G = +WN 0.05 
Differential Phese 3.58MHz, G. +WN 0.05 
Harmonic Distortion G -+2VN, RL-50n,Vo-o.svp-p 

I. 10MHz, Second Harmonic -62 
Third Harmonic -67 

Fun Power Respcnse Vo. 5Vp-p. Gain. +WN 16 
Vo = 2Vp-p, Gain. +WN 40 

Slew Rate 2V Step, Gain. -WN 250 
Overshoot 2V Step, Gain. -WN 15 
Seating Time: 0:1% 2V Step, Gain = -WN 13 

0.01% 25 
Phese Margin Galn-+1VN 60 
Rise Time GaIn. +WN, 10% to 90% 

Vo = 10omVp-p; smeu Signal 2 
V 0 - 6Vp-p; Lerge SIgnal 22 

RATED OUTPUT 
Voltage Oulput I\. -1000 %3.0 :1:3.5 

1\.-50n :1:2.5 %3.0 
Output ResIStance lMHz,Gain=+lVN 0.015 
Load Cspedtance StabUity Galn_+WN 20 
Short Circuit Current Continuous :t150 

POWER SUPPLY 
Reted Voltage :tvoc 5 
Derated Performance :tvcc 4.0 6.0 
Current, Quiescent 10·omAOC 21 23 

TEMPERATURE RANGE 
Speclftcation: KP, KU, KG, LG Ambient Temperature 0 +70 

Sel 
Ope~ng:KG,LG,SG Ambient Temperature 

KP,KU -25 +65 

8" 
KG,LG,SG 
KP 90 
KU 100 

• Same Specillcetions es lor KPIKU. 
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OPA820KGISG OPA820LG 

MIN TYP MAX MIN TYP MAX 

· · · · · · · · · · · · · 
· · :tloo :t500 · · · · 55 · 
· · · 25 

· · · 
· · · · 

· · · · · · 70 · 
· · 55 · · · 53 · 

· · · · · · · · · · · · · · 
· · · · · · · · · · · · · · · · · · · · · · · 

· · · · · · · · · · · · · · 
· · · · · · · · · · 

· · · · -55 +125 
-55 +125 -65 +125 

125 125 

UNITS 

nV/-/Hz 
nV/-/Hz 
nV/-/Hz 
nV/-/Hz 
nV/-/Hz 
IlV,rms 
pAI-/Hz 

"V 
"VI'C 

dB 

IlA 

IlA 

knllpF 
MnllpF 

V 
dB 

dB 
dB 

MHz 
MHz 
MHz 
MHz 
MHz 
% 

Degrees 

dBc'" 
dBc 
MHz 
MHz 
V/flS 
% 
ns 
ns 

Degrees 

ns 
ns 

V 
V 
n 
pF 
mA 

VDC 
VDC 
rnA 

·C 
'C 
'c 
'C 

'CIW 
'CIW 
'CIW 
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SPECIFICATIONS (cont) 
ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At V cc = ±5VDC. RL = loon. and T. = T M'. to T MAX unless otherwise noted. 

OPAG20KP/KU OPA620KG/SG OPA620LG 

PARAMETER CONDmONS MIN, TVP MAX MIN TV!> MAX MIN TVP MAX ' UNITS 

TEMPERATURE RANGE 
Specification: KP. KU. KG. LG Ambient Temperature 0 +70 · . . ·C 

SG -55 +125 ·C 

OFFSET VOLTAGE'" 
, Ave~age Drift TA=TMINtoTMAX ±8 · · J1VrC 
Supply Rejection ±Vcc = 4.5V to 5.5V 45 80 · 80 · dB 

BIAS CURRENT 
Input Bias Current VCM = OVDC 15 40 · . · 35 J1A 
OFFSET CURRENT 
Input Offset Current V .. = OVDC 0.2 5 · . J1A 
INPUT VOLTAGE RANGE 
Common·Mode Input Range ±2.5 ±3.0 · · V 
Common·Mode Rejection V ~ _ ±2.5VDC. Vo = OVDC 60 75 · 65 dB 

OPEN LOOP GAIN, DC 
Open· Loop Voltage Gain RL= loon 46 60 · · 52 dB 

RLa son 44 58 · · 50 dB 

RATED OUTPUT 
Voltage Output RL = loon ±3.0 ±3.5 · · V 

RL =50n ±2.5 ±3.0 · · .. ., 
V 

POWER SUPPLY 
Current. Quiescent 10= OmADC 21 ' 25 ' · · mA 

" Same specifications as for KPIKU. 

NOTES: (1) OfIset Voltage specifications are also guaranteed with units fully warmed up. (2) dBc = dB refered to carrier-Input signal. 

PIN CONFIGURATION (S-PIN DIP) 

Top View 

No Internal Connection 

Inverting Input 2 

. Non-Inverting Input 

Negative Supply (-Vee) 4 

Burr-Brown Ie Data Book 

No Internal Connection 

POsitive Supply (+V .. ) 

Output 

No Internal Connection 

ABSOLUTE MAXIMUM RATINGS 

Supply ........................................ , ........... , ........................................ ±7VDC 
Internal Power Dissipation<" .......................... See Applications Information 
Differential Input Voltage .............................................................. Total V •• 
Input Voltage Range ................ , .... l ............... See Applications Information 
Storage Temperature Range KG. LG. SG: .................. -&5oo to +150·C 

KP. KU: .................. -4ooCto+I25·C 
Lead Temperature (soldering. lOs) ............................................... +3oo·C 

(soldering. SOIC 39) ........................................ +26OOC 
Output Short Circuit to Ground (+25·C) .................. Continuous to Ground 
Junction Temperature (TJ) ............................................................. +175·C 

Notes: (3) Packages must be derated based on specified 8 JA' Maximum TJ 

must be observed. 

ORDERING INFORMATION 

2-168 

OPA620 ( )( ) Q 
BasIc Model Number ______ --===r-----l T 
Performance Grade Code ------------' 

K. L = O·C to +70·C 
S = -5500 to +125·C 

Package Code ---------------' 
G = B-pin Ceramic DIP 
P = 8-pin Plastic DIP 
U = 8-pln Plastic SOIC 

Reliebllity Screening ---------------' 
Q = O-Screened 

Vol. 33 



MECHANICAL 

G Package- S-Pln Ceramic DIP 

INCHES 
DIM MIN MAX 
A .375 .405 
B .245 .251 
C .140 .170 
D .015 .021 
F .045 .060 
G .100 BASIC 
H .098 
J .008 .012 
K .150 
L .290 .320 
M 0" W 
N .009 .060 
R .125 .175 

P Package- S-Pln Plastic DIP 

j:;~=;j 

0" TI 
p ~ 

\.:Pin 1 

INCHES 
DIM MIN MAX 
A .355 .400 

AI .340 .385 
B .230 .290 

Bl .200 .250 
C .120 .200 
D .015 .023 
F .030 .070 
G .100 BASIC 
H .0'5 .050 
J .008 .015 
K .070 .150 
L .300 BASIC 
M 0" IS" 
N .010 .030 
P .025T .050 

U Package-S-Pln SOIC 

~:'ffi 
~n 

B, B 

:U 

\'::Pin 1 

INCHES 
DIM MIN MAX 
A .185 .201 

At .178 .201 
B .146 .162 

B1 .130 .149 
C .054 .145 
D .015 .019 
G .050 BASIC 
H .018 .026 
J .008 .012 
L .220 .252 
M 0" 10" 
N .000 .012 

Burr-Brown Ie Data Book 2-169 

MILUMETERS 
MIN MAX 
9.53 10.28 
6.22 6.38 
3.56 4.32 
0.38 0.53 
1.14 1.52 
2.54 BASIC 

2.49 
0.20 0.30 
3.80 
7.37 8.13 
0" IS" 
0.23 1.52 
3.18 4.45 

MILUMETERS 
MIN MAX 
9.03 10.16 
8.65 9.80 
5.85 7.38 
5.09 6.36 
3.05 5.09 
0.38 0.59 
0.76 1.78 
2.54 BASIC 
0.64 1.27 
0.20 0.38 
1.78 3.82 
7.63BA~IC 

0" IS" 
0.25 0.76 
0.64 1.27 

MILUMETERS 
MIN MAX 
4.70 5.11 
4.52 5.11 
3.71 4.11 
3.30 3.78 
1.37 3.69 
0.38 0.48 
1.27 BASIC 
0.46 0.66 
0.20 0.30 
5.59 6.40 
00 10" 
0.00 .030 

NOTE: Leads In true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. 

NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane . 

NOTE: Leads in true 
position within 0.01" 
(0.25mm) Rat MMC 
at seating plane. 

Vol. 33 

o 
C\I 
U) 

<C 
D.. o 

u:: 
...I 
a. 
:E 
<C 
...I 
<C 
Z 
o 
i= 
<C 
a: 
w 
a. 
o 



BURR - BROWN® 

IElElI OPA621 

ADVANCE INFORMATION 

SUBJECT TO CHANGE 

Wideband Precision 
OPERATIONAL AMPLIFIER 

FEATURES 
• FAST SETTLING: 10ns (0.1%) 

20ns (0.01%) 
• GAIN-BANDWIDTH: 600MHz 

• EXTERNAL COMPENSATION 

• LOW OFFSET VOLTAGE: ±100I1V 

• SLEW RATE: 1000V/l1s 

• LOW DIFFERENTIAL GAIN/PHASE ERROR 

• 8-PIN DIP AND SOIC PACKAGES 

DESCRIPTION 
The OPA621 is a precision wideband monolithic op
erational amplifier featuring very fast settling time, low 
differential gain and phase error, and high output cur
rent drive capability. 
The OPA621 is externally compensated. This ampli
fier has a very low offset, fully symmetrical differ
ential input due to its "classical" operational amplifier 
circuit architecture. Unlike "current-feedback" am-

7 

APPLICATIONS 
• HIGH-SPEED SIGNAL PROCESSING 

• ADC/DAC BUFFER 

• ULTRASOUND 

• PULSE/RF AMPLIFIERS 

• HIGH-RESOLUTION VIDEO 

• ACTIVE FILTERS 

plifier designs, the OPA621 may be used in all op-amp 
applications requiring high speed and precision. 
Low distortion, wide bandwidth, and high linearity 
make this amplifier suitable for RF and video appli
cations. Short circuit protection is provided by an internal 
output current-limiting circuit. 
The OPA621 is available in plastic, ceramic and sOle 
packages. Two temperature ranges are offered: ooe to 
+70oe and -55°C to +125°e. 

Non·lnverting 0---; t---t:;=~t=::;j~:;J 
Input 

3 

Inverting o-----====1F'--..J 
Input 2 

4 -Vee 

Output 
Stage Output 

6 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (602) 746-1111 • Twx: 910·952·1111 • Cable: BBRCORP Telex: 66-6491 • FAX: (602) 889·1510 
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SPECIFICATIONS 
ELECTRICAL 
At Vee = ±5VDC, A, = 1 Don, Ce = OpF, and T, = +25'C unlesS otherwise noted. 

OPA621 KP/KU 

PARAMETER CONDITIONS MIN TYP MAX 

INPUT NOISE 
Voltage:lo= 100 Hz A,=on 10 

10= 1kHz 5.5 
10= 10kHz 3.3 
10= 100kHz 2.5 
10= 1 MHz to 100MHz 2.3 
Is= 100Hz to 10MHz 8.0 

Current: 10= 10kHz to 100MHz 2.3 

OFFSET VOLTAGE'" 
Input Offset Voltage Ve• = OVDC ±200 ±1mV 
Average Drift TA = TMIN to Tw,x ±8 
Supply Aejection ±Vee = 4.5V to 5.5V 50 60 

BIAS CURRENT 
Input Bias Current VCM""OVOC 15 30 

OFFSET CURRENT 
Input Offset Current V,. = OVDC 0.2 2 

INPUT IMPEDANCE 
Differential Open·Loop 15111 
Common-Mode 1111 

INPUT VOLTAGE RANGE 
Common-Mode Input Aange ±3.0 ±3.5 
Common-Mode Aejection V ~ = ±2.5VDC, V 0 = OVDC 65 75 

OPEN-LOOP GAIN, DC 
Open·Loop Voltage Gain A, = 100n 50 60 

A, =50n 46 58 

FREQUENCY RESPONSE 
Closed-Loop Bandwidth'" 

(...,'ldB) Gain=+2VN 300 
Gain=+SVN 120 
Gain = +10VN 60 

Gain-Bandwidth Gain = +10VN 600 
Differential Gain 3.58MHz, G = +2VN 0.08 
Differential Phase 3.58MHz, G = +2V N 0.08 
Harmonic Distortion G= +2VN, A,=Son,vo=o.SVp·p 

1= 10MHz. Second Harmonic -65 
Third Harmonic -70 

Full Power Aesponse Va = SVp·P. Gain = +2VN 1S0 
Vo = 2Vp-p. Gain = +2VN 60 

Slew Aate 2V Step. Gain = -1VN 1000 
Overshoot 2V Step. Gain =-1VN 20 
Settling TIme: 0.1% 2V Step. Gain = -1VN 10 

0.01% 20 
Phase Margin Gain=+2VN 50 
Rise Time Gain =+2VN,10%to 90% 

Va = 100mVp-p; Small Signal 1 
Va = 6Vp-p; Large Signal 6 

RATED OUTPUT 
Voltage Output A, = 100n ±3.0 ±3.5 

A, = son ±2.S ±3.0 
Output Aesistance 1 MHz. Open· Loop 0.2 
Load Capacitance Stability Gain = +2VN 10 
Short Circuit Current Continuous ±1S0 

POWER SUPPLY 
Aated Voltage ±Vcc S 
Derated Performance ±Vcc 4.0 6.0 
Current. Quiescent 10= OmADC 25 27 

TEMPERATURE RANGE 
Specification: KP, KU. KG. LG Ambient Temperature 0 +70 

SG 
Operating: KG. LG. SG Ambient Temperature 

KP.KU -25 +85 
8,. 

KG.LG.SG 
KP 90 
KU 100 

Burr-Brown Ie Data Book 2-171 

OPA621KG/SG OPA621LG 

MIN TYP MAX MIN TYP 

· · · · · · · · · · · 
· · ±100 · · · · 55 · 
· 
· · 
· · · 
· · · · 70 · 

· · 55 · · · 53 · 

· · · · · · · · · 
· · · · · · · · · · · · · · · 

· . · · 
· 

· · · . 
· · 

· · 
-05 +125 
-os +125 -55 

125 125 

MAX UNITS 

nV/,fHz 
nV/,fHz 
nV/,fHz 
nV/,fHz 
nV/.JHz 
"V, rms 
pAI,fHz 

±500 "V 
"VI'C 

dB 

25 J1A 

· J1A 

kllil pF 
MnllpF 

V 
dB 

dB 
dB 

MHz 
MHz 
MHz 
MHz 
% 

Degrees 

dBd3} 

dBc 
MHz 
MHz 
VII'S 
% 
ns 
ns 

Degrees 

ns 
ns 

V 
V 
n 
pF 
rnA 

VDC · VDC 
mA 

· °C 
'C 

+125 'C 
'C 

'C/W 
'C/W 
'C/W 
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SPECIFICATIONS (cont) 
ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At Vee = ±5VDC. RL = loon. Ce = OpF. and T, = TM," to TM", unless otherwise noted. 

OPA621 KP/KU OPA621 KG/SG OPA621LG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

TEMPERATURE RANGE 
Specilication:KP. KU. KG. LG Ambient Temperature 0 +70 · · . . ·C 

SG -55 +125 ·C 

OFFSET VOLTAGE'" 
• oVerage Drift TA=TMINtoTMAX ±8 jJ.VfOC 
Supply Rejection ±Vcc = 4.5V to 5.5V 45 60 50 dB 

BIAS CURRENT 
Input Bias Current VeM = OVDC 15 40 · 35 )J.A 

OFFSEl' CURRENT 
Input Offset Current VeM = OVDC 0.2 5 · . )J.A 

INPUT VOLTAGE RANGE 
Common-Mode Input Range ±2.5 ±3.0 . V 
Common-Mode Rejection V'N = ±2.5VDC. V 0 = OVDC 60 75 65 dB 

OPEN LOOP GAIN. DC 
Open-Loop Voltage Gain RL= lOon 46 60 · · 52 dB 

RL= 50n 44 58 · 50 · dB 

RATED OUTPUT 
Voltage Output RL = lOon ±3.0 ±3.5 · · · V 

RL = 50n ±2.5 ±3.0 · · · V 

POWER SUPPLY 
Current. QUiescent 10= OmADC 25 30 · · · rnA 

• Same specifications as for KPIKU 

NOTES: (1) Offset Voltage specilications are also guaranteed with units fully warmed up. (2) G = +2VN. (or G = -tVN). is minimum stable closed-loop gain without 
external compensation. (3) dBc = dB refered to carrier-Input signal. 

PIN CONFIGURATION (a-PIN DIP) 

Top View 

No internal connection No internal connection 

Inverting input Positive supply (+Ved 

Non-inverting InliUt Output 

Negative supply (-Vee) Compensation (Ce) 

Burr-Brown Ie Data Book 

ABSOLUTE MAXIMUM RATINGS 

Supply •.........•.......•••••..••..•••••••..••.••••.•••....••••.......•.•.•..•.......•............• ±7VDC 
Internal Power Dissipation'" .................................................................. 1 W 
Differential Input Voltage .............................................................. Total Vee 
Input Voltage Range .•.•••.....•..........•..•....•..••..•......•....•.••.••...•.••••.•...•..•• ±V ee 
Storage Temperature Range KG. LG. SG: •...•..•••..•••... -65OC to +150·C 

KP. KU: ......•......•.... --40·C to +125·C 
Lead Temperature (soldering. 10 seconds) ........•.................•....••. +300·C 

(soldering. SOIC 3 seconds) ..•...•.•...••.•..•.....••. +260·C 
Output Short Circuit to Ground (+25·C) •.....•••.•....... Continuous to Ground 
Junction Temperature (TJ) .............................................................. +175·C 

NOTES: (1) Packages must be derated based on specified 8". Maximum TJ 

must be observed. 

ORDERING INFORMATION 

2-172 

OPA621 ()() Q 

Basic Model Number --=y--- T 
Performance Grade Code __________ .....J 

K. L = O·C to +70·C 
S = -55·C to + 125·C 

PackageCod.---------------~ 

G = 8-Pin Ceramic DIP 
P = 8-Pin Plastic DIP 
U = 8-Pin Plastic SOIC 

Reliability Screening 
Q = Q-Screened ______________ .....J 

Vol. 33 



MECHANICAL 

G Package- &OPln Ceramic DIP 

INCHES 
DIM MIN MAX 
A .375 .405 
B .245 .251 
C .140 .170 
D .015 .021 
F .045 .060 
G .100 BASIC 
H .098 
J .006 .012 
K .150 -
L .290 .320 
M 0' 15' 
N .009 .060 
R .125 .175 

P Package- &OPln PlasUc DIP 

t;=:.~ c·· TI 
P ~ 

\.:Pin 1 

INCHES 
DIM MIN MAX 
A .355 .400 

AI .340 .385 
B .230 .290 

Bl .200 .250 
C .120 .200 
D .015 .023 
F .030 .070 
G .100 BASIC 
H .025 .050 
J . 008 .015 
K .070 .150 
L .300 BASIC 
M 0' IS' 
N .010 .030 
P .025 .050 

INCHES 
DIM MIN MAX 
A .185 .201 

A, .178 . 201 
B .146 .162 

B, .130 .149 
C .054 .145 
D .015 .019 
G .050 BASIC 
H .018 .026 
J .008 .012 
L .220 .252 
M 0' 10' 
N .000 .012 

Burr-Brown Ie Data Book 2-173 

MILLIMETalS 
MIN MAX 
9.53 10.28 
8.22 8.36 
3.56 4.32 
0.36 0.53 
1.14 1.52 
2.54 BASIC 

2.49 
0.20 0.30 
3.80 -
7.37 8.13 
0' 15' 
0.23 1.52 
3.18 4.45 

MILLIMETERS 
MIN MAX 
9.03 10.16 
8.65 9.80 
5.B5 7.38 
5.09 6.36 
3.05 5.09 
0.38 0.59 
0.76 1.78 
2.54 BASIC 
0.64 1.27 
0.20 0.38 
1.78 3.82 
7.63 BASIC 
0' IS' 
0.25 0.76 
0.64 1.27 

MILLIMETERS 
MIN MAX 
4.70 5.11 
4.52 5.11 
3.71 4.11 
3.30 3.78 
1.37 3.69 
0.38 0.48 
1.27 BASIC 
0.46 0.66 
0.20 0.30. 
5.59 6.40 
0' 10' 
0.00 .030 

NOTE: leads in true 
position within 0.01" 
(0.25mm) Rat MMC 
at seating plane. 

NOTE: Leads In true 
position within 0.01" 
(O.25mm) R at MMC 
at seating plane. 

NOTE: leads in true 
position within 0.01'· 
(0.25mm) R at MMC 
at seating plane . 
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BURR-BROWN® 

IElElI OPA627 
ADVANCE INFORMATION 

SUBJECT TO CHANGE 

Precision High-Speed 
Difet® OPERATIONAL AMPLIFIER 

FEATURES 
• VERY LOW NOISE: 5.4nV/v'Hz at 10kHz 

• FAST SETTLING TIME: 600ns to 0.01% 

• LOW Vos: 100J,1V max 

• LOW DRIFT: 0.8J,1V/oC max 

• LOW IB: 20pA max 

• UNITY-GAIN STABLE 

DESCRIPTION 
The OP A627 Dffet operational amplifier provides a 
new level of performance in a precision PET op amp. 
When compared to the popular OPAlll op amp, the 
OPA627 has lower noise voltage, offset voltage and 
drift, and much higher speed. It is useful in a wide range 
of precision and low noise analog circuitry. 

The OPA627 is fabricated on a proprietary high-speed, 
dielectrically-isolated complementaty npn/pnp proc
ess. Laser-trimmed input circuitry yields excellent DC 
performance. High-frequency complementary transis
tors increase circuit bandwidth, attaining speeds previ-

APPLICATIONS 
• FAST DATA ACQUISITION 

• DAC OUTPUT AMPLIFIER 

• OPTOELECTRONICS 

• SONAR, ULTRASOUND 

• HIGH-IMPEDANCE SENSOR AMPS 

• HIGH-PERFORMANCE AUDIO CIRCUITRY 

ously not possible with precision PET op amps. The 
OPA627 is unity-gain stable. 

Dffet construction achieves extremely low input bias 
currents without compromising input voltage noise 
performance. Low input bias current is maintained over 
a wide input common-mode voltage range with unique 
cascode circuitry. 

The OPA627 is available in Plastic DIP and Metal TO-
99 packages. Industrial and Militaty temperature range 
gradeouts are available. 

r---~-~-"""----"1r--~r-----"----"--<> +v. 

Out 

Dlfet' Burr·Brown Corp. 
L---=<I::..-.-_____ O--__ ~----+-----+__o -v. 

intematlonal Airport industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. Tucson, AZ 85706 
Tel: (602) 746-1111 • Twx: 911).952·1111 • cable: BBRCORP Telex: 66-6491 • FAX: (602) 889-1510 
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SPECIFICATIONS 
TA = +25'C. V s = ±15V unless otherwise noted. 

PARAMETER CONDI110N MIN 

OFFSET VOLTAGE 
Input Offset Voltage 

Over Specified Temperature 
Average Drift 
Power Supply Rejection V. = ±4.5 to ±18V 106 

INPUT BIAS CURRENT 
Input Bias Current VOM = OV 

Over Specified Temperature V",=OV 
SMGrade 

Input Offset Current VCM = OV 

NOISE 
Input Voltage Noise 

Noise Density. f = 10Hz 
f = 100Hz 
f= 1kHz 
1= 10kHz 

Voltage Noise. BW = 0.1 to 10Hz 
Input Current Noise 

Noise DenSity. f = 1kHz 
Current Noise. BW = 0.1 to 10H 

INPUT IMPEDANCE 
Differential 
Common-Mode 

INPUT VOLTAGE RANGE 
Common-mode Input Range ±11 

Over Specified Temperature ±10.5 
Common-mode Rejection VcM =±10V 106 

OPEN-LOOP GAIN 
Open-loop Voltage Gain Vo = ±10V. RL = lkO 110 

Over Specified Temperature Vo = ±10V. RL = lkO 104 

FREQUENCY RESPONSE 
Slew Rate G=-1 45 
Settling TIme. 0.01% G=-1 

0.1% G=-1 
Gain·Bandwidlh Product G=100 
Total Harmonic Distortion G=+10.f=lkHz 

POWER SUPPLY 
Specified Operating Voltage 
Operating Voltage Range ±4.5 
Current 

OUTPUT 
Voltage Output RL= lkO ±12 

Over SpeCified Temperature ±11 
Current Output 
Short Circuit Current ±35 
Output Resistance. Open·loop lMHz 
Load Capacitance 300 

TEMPERATURE RANGE 
Specification 

AP.AM. BM -25 
SM -55 

Storage 
AP -40 
AM. BM.SM -50 

Burr-Brown Ie Data Book 

OPA627BM 

TYP MAX MIN 

40 100 
70 180 
0.5 0.8 

100 

8 20 
1.6 

8 20 

30 60 
11 30 
5.2 5.8 
4.8 5.4 
1.2 2.5 

1.6 2.5 
30 60 

10"11 2 
10"11 6 

±11.5 
±11 · 

100 

115 104 
106 98 

55 40 
500 600 
400 
16 

±15 
±18 

±6.5 ±8 

±13 · 
±12.5 
±30 
±55 ±85 · 
500 · 

+85 
+125 

+125 
+150 

2-175 

OPA627AMlAP/SM 

TYP MAX 

130 250 
230 450 
1.2 2.0 

20 50 
3.2 
50 

20 50 

40 80 
15 40 
5.6 6.8 
5.2 6.2 
1.6 3.3 

2.5 4.0 
48 90 

· 
· 

115 
106 

50 
600 750 

· · 
· 
· 

UNITS 

)LV 
)LV 
)LVrC 
dB 

pA 
nA 
nA 
pA 

nVf"oIHz 
nVrJFiZ 
nV/-IHz 
nvrJFiZ 

)LVP1> 

fAI..JHz 
fAp.p 

GO II pF 
GOllpF 

V 
V 
dB 

dB 
dB 

V/)1S 
ns 
ns 
MHz 
% 

V 
V 
mA 

V 
V 
mA 
mA 
0 
pF 

'c 
'c 

'c 
'C 
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BURR-BROWN® 

IElElI OPA633 

AVAILABLE IN 
. DIE FORM 

High Speed 
BUFFER AMPLIFIER 

FEATURES 
., WIDE BANDWIDTH: 275M Hz 
• HIGH SLEW RATE: 2500Vl pS 

• HIGH OUTPUT CURRENT: IOomA 
• LOW OFFSET VOLTAGE: 1.5mV 
• REPLACES HA-5033 
• IMPROVED PERFORMANCE/PRICE: LHOO33. 

LTC10lo. HOS200 

DESCRIPTION 
The OPA633 is a monolithic unity-gain buffer ampli
fier featuring very wide bandwidth and high slew 
rate. A dielectric isolation process incorporating 
both NPN and PNP high frequency transistors 
achieves performance unattainable with conventional 
integrated circuit technology. Laser trimming pro
vides low input offset voltage. 

High output current capability allows the OPA633 
to drive 500 and 750 lines, making it ideal for RF, 
IF and video applications. Low phase shift allows 
the OPA633 to be used inside amplifier feedback 
loops thus bringing high current output and ability 
to drive capacitive loads to many circuit applications. 

The OPA633 is available in the 12-pin TO-8 hermetic 
metal package with -25°C to +85°C and -55°C to 
+ 125°C temperature ranges and a low cost plastic 
DIP package specified for operation from O°C to 
+75°C. 

APP.LlCATIONS 
• OP AMP CURRENT BOOSTER 
• VIDEO BUFFER 
• LINE DRIVER 
• A/D CONVERTER INPUT BUFFER 

VON 

+v, 

VOUT 

-v, 

Inllrnallonal Airpon Induslrlll Park. P.O. aD. 11400 • Tucson. Arilona 85734 • TIl.: (602) 746-1111 • Twx: 910-952·1111 • Cabll: 88RCORP • Tlllx: 66-6491 

PDS-699A 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C, Vs = ±12V, Rs = 500, Rl = 1000, Cl = 10pF unless otherwIse noted 

OPA633AH OPA633SH OPA633KP 

PARAMETER CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

RESPONSE 

Small SIgnal BandwIdth 275 · 260 MHz 
Full Power BandwIdth Vo = 1Vrms, Rl = lkO 65 · 40 MHz 
Slew Aate Vo = 10V, Vs = ±15V, Rl = lkO 1000 2500 · · · · VII'S 
RIse Time, 10% to 90% Vo= 500mV 25 · · ns 
Propagallon Delay 1 · · ns 
Overshoot 10 · · % 
Sellilng TIme, 0 1% 50 · · ns 
Differential Phase ErrorclI 01 · · Degrees 
Differential Gain Errorl " 01 · · % 
Total Harmonic Distortion Vo = lVrms, Rl = lkO, f = 100kHz OOOS · · % 

Vo = 1Vrms, Rl = 1000, f = 100kHz 002 % 

~lJ'J'I'lI!C_H .. _ft""'I_Cft""I"''' 
Voltage TA = TtolllN to TMAX ±80 ±10 · · · · V 

Rl = lkO, Vs = ±15V ±11 ±13 · · · · V 
Current ±80 ±loo · · · · mA 
Resistance 5 · · 0 

'''''"Gre ..... " .. n ...... e ..... " ..... 

Gain 093 095 · · · · VN 
Rl=lkO 099 · · VN 
TA = TMIH to TMAX 092 095 · · · · VN 

INPUT 

Offset Voltage T.= +25°C ±15 ±15 · · ±5 · mV 
Til,:;::: TMIN to TMAX ±5 ±25 · · ±6 · mV 

vs Temperature ±33 · · pVloC 
vs Supply TA = TMIN to TMAX 54 72 · · · · dB 

Bias Current T.=+25°C ±15 ±35 · · · · pA 
TA ::;; TMIN to TMAX ±20 ±50 · · · · pA 

NOIse Voltage 10Hz to lMHz 20 · · pVp-p 
Resistance 15 · · MO 
Capacitance 16 · · pF 

POWEll SUPPLY 

Aated Supply Voltage SpecifIed performance ±12 · · V 
OperatIng Supply Voltage Derated performance ±5 ±16 · · · · V 
Current, QUiescent 10=0 21 25 · · · · mA 

10= 0, TA= TMIN to TMAX 21 30 · · · · mA 

• emrcn ... un .. RANGE 

Specification, Ambient -25 +85 -55 +125 0 +75 °C 
OperatIng, AmbIent -55 +125 · · -25 +85 OC 
9 Junction, Amblentf21 99 · 90 °CIW 
8 Junction, CaseC21 31 · 27 °CIW 

• SpecIfIcatIon same as OPA633AH 

NOTES (1) Differential phase error In video transmisSion systems is the change In phase of a color subcarner reslllting from a change in picture signal from blanked 
to white Differenttal gain error IS the change In amplitude at the color subcarrier frequency resulting from a change 10 picture signal from blanked to 
whIte (2) Recommended heat sinks for the TO-8 package are Thermalloy 2204A with 6s. = 27°CIW and IEAC Up T0-8-48CB, 6s. = 10°CIW 

CONNECTION DIAGRAMS 

+V. Out 

NC NC 

Substrate 
NC (Ground) 

In -Vs 

Burr-Brown Ie Data Book 

Case 

IN 

Case 

2-177 

ABSOLUTE MAXIMUM RATINGS 

Power Supply, ±V •..•.• , .•. ,."", .•• ".",.,., ±20V 
Input Voltage V'N".,,,,,, "'" •. " +V. + 2to -v. - 2 
Output Currant (pesk)".,.""".,.", ,."., ±2oomA 
Internal Power Dissipation (25°C) TO-8 (H) " •• 1.75W 

DIP (P) ".". 195W 
Junction Temperature. . . . ••. . . . . . . . . . . • • • • . . •. 2OQ°C 
Storage Temparature Range' T0-8 .,' -65°C to +l50oC 

• DIP, •• ,. -40°C 10 +65°C 
Lead Temperature (soldering, 60s) •• ".,',.,.,' 300°C 
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ORDERING INFORMATION 

Temperature Full~ 

Model Package Range aenclwldlh (MHz) 

OPA633AH Ceramic -25DC to +S5DC 66 
OPA633SH Ceramic -55DC to +125"C 66 
OPA633KP Plastic ,I 0"Cto +75"C 40 

BURN-IN SCREENING OPTION 

Temperature Bum-In 
Model Peckage Renlle Temp. (11Oh)'" 

OPA633AH-BI Ceramic -25DC to +66DC +125DC 
OPA633SH-BI Ceramic -55DC to +125DC +125DC 
OPA633KP-BI Plaatlc OOCto+75DC +66DC 

NOTE. (I) Or equivalent combination of time and temperature. 

MECHANICAL 

TO-8 

"P" Package, 8-Pln Plastic NOTE Leads In true position 
Within 0 01" (0 25mm) R at MMC 
at seating plane 

L"A
lin, ,s;A;::;' 

TYPICAL PERFORMANCE CURVES 

+8 

+4 

+2 

til 
0 

~ -2 
c: 
0; -4 Cl 

-6 

-S 

-10 

-12 

GAIN/PHASE VS FREQUENCY 

....... 
-.- Rs = 3000 

-Rs-500 

10 

., 
l/ \ , 

~tfJ ,-
~ tfJ 

_X\. 
'1 
~ , 

100 

Frequency (MHz) 

\ 

\ 
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0 

-20 ." 
::T 

-40 m 

\ 
-60 Ii 

c2: 
ii -80 

-'-100 
.!!. 

-120 
1000 

2-178 

NOTE Leads In true 
poSition Within 0010" 
(0 25mm) Rat MMC at 
seating plane 

INCHES 
DIM MIN MAX 
A 593 603 

547 553 
C 130 150 
D 016 019 

010 040 
H 026 036 

026 036 
500 562 

M 45' BASIC 
N 100 BASIC 

INCHES 
DIM MIN MAX 

A 355 400 
A1 340 385 
B 230 290 
B, 200 250 
C 120 200 
D 015 023 
F 030 070 
G 100 BASIC 
H 025 050 
J 008 015 
K 070 150 
L 300 BASIC 

NOlO 030 
P 025 050 

MILLIMETERS 
MIN MAX 
1506 1532 
1389 1405 
330 381 
041 048 
025 102 
066 091 
066 091 

1270 1427 
45' BASIC 
254 BASIC 

MILLIMETERS 
MIN MAX 
903 1016 
865 9.80 
565 738 
509 636 
305 508 
038 059 
076 178 
254 BASIC 
064 127 
020 038 
178 382 
763BASIC 

025 076 
064 127 

SMALL SIGNAL BANDWIDTH VS TEMPERATURE 

300 

290 ~ ::...... 

¥ 280 

~ 
fi 270 
j 

" c: 
~ 280 

" Vs = ±15V 

........... 
r"-.... ..... --Vs=±5V".. 

~ 
........... 

250 

Vo=025Vrms 

~ RL=looO 

240 
I, 

-50 -25 o +25 +50 +75 +100 +125 
Temperature (DC) 
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TYPICAL PERFORMANCE CURVES (CO NT) 

SAFE INPUT VOLTAGE VS FREQUENCY, 
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SLEW RATE VS LOAD CAPACITANCE 
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SLEW RATE VS TEMPERATURE 
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MAXIMUM POWER DISSIPATION VS AMBIENT TEMPERATURE 
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TYPICAL PERFORMANCE CURVES (CO NT) 
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QUIESCENT CURRENT VS TEMPERATURE 
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OUTPUT VOLTAGE SWING VS LOAD RESISTANCE 

V, = ±15V 

./ - I 
1/ V, - ±12V 
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VOLTAGE GAIN VS LOAD RESISTANCE 

Load Resistance (0) 

OUTPUT ERROR VS INPUT VOLTAGE 
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INPUT BIAS CURRENT VS TEMPERATURE 
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TYPICAL PERFORMANCE CURVES (CONT) 

TOTAL HARMONIC DISTORTION VS OUTPUT VOLTAGE 
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0001 I 
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INSTALLATION AND 
OPERATION 
CIRCUIT LAYOUT 

25 30 

As with any high frequencj :ilcuitry, good circuit layout 
technique must be used to achieve optimum performance. 
A circuit-board layout is provided which demonstrates 
the principles of good layout. Most of the applications 
circuits shown can be evaluated using this circuit board. 

Pinout of the TO-8 package version has been designed 
for maximum compatibility with other buffer amplifiers. 
Pins I and 12 are internally connected to +Vs. Pins 9 and 
10 are internally connected to -Vs. This allows the 
OPA633 to be used in applications presently using the 
LHOO33 buffer amplifier. Only one of the power supply 
connections for +Vs and -Vs must be connected for 
proper operation. 

Power supply connections must be bypassed with high 
frequency capacitors. Many applications benefit from 
the use of two capacitors on each power supply-a 
ceramic capacitor for good high frequency decoupling 
and a tantalum type. for lower frequencies. They should 
be located as close as possible to the buffer's power 
supply pins. A large ground plane is used to minimize 
high frequency ground drops and stray coupling. 

The case of the TO-8 package is connected to pin 2, 
which should be grounded. Pin 6 of the DIP package 
connects to the substrate of the integrated circuit and 
should be connected to ground. In principle it could also 
be connected to +Vs or -Vs, but ground is preferable. 
The additional lead length and capacitance associated 
with sockets may present problems in applications requir
ing the highest fidelity of high speed pulses. 

Depending on the nature of the input source impedance, 
a series input resistor may be required for best stability. 
This behavior is influenced somewhat by the load imped
ance (including any reactive effects). A value of SOO to 
2000 is typical. This resistor should be located close to 
the OPA633's input pin to avoid stray capacitance at the 

TOTAL HARMONIC DISTORTION VS FREQUENCY 

006 

oos 

004 Vo = 1Vrms 

~ R,= 100n 

c 
~ 003 

002 

001 

o 
100 1k 10k 100k 

Frequency (Hz) 

mput which could reduce bandwidth (see Gain and 
Phase Versus Frequency curve). 

OVERLOAD CONDITIONS 

The input and output circuitry of the OPA633 are not 
protected from overload. When the input signal and load 
characteristics are within the device's capabilities, no 
protection circuitry is required. Exceedin!! device limits 
can result in permanent damage. 

The OPA633's small package and high output current 
capability can lead to overheating. The internal junction 
temperature should not be allowed to exceed ISO°C. 
Although failure is unlikely to occur until junction 
temperature exceeds 200°C, reliability of the part will be 
degraded significantly at such high temperatures. External 
heat sinks can be used to reduce the temperature rise. 
Since significant heat transfer takes place through the 
package leads, wide printed circuit traces to all leads will 
improve heat sinking. Sockets can reduce heat sinking 
significantly and thus are not recommended. 
Junction temperature rise is proportional to internal 
power dissipation. This can be reduced by using the 
minimum supply voltage necessary to produce the re
quired output voltage swing. For instance, IV video 
signals can be easily handled with ±SV power supplies 
thus minimizing the internal power dissipation. 

Output overloads or short circuits can result in permanent 
damage by causing excessive output current. The SOO or 
7S0 series output resistor used to match line impedance 
will, in most cases, provide adequate protection. When 
this resistor is not used, the device can be protected by 
limiting the power supply current. See "Protection 
Circuits." 

Excessive input levels at high frequency can cause in
creased internal dissipation and permanent damage. See 
the safe input voltage versus frequency curves. When 
used to buffer an op amp's output, the input to thl: 
OPA633 is limited, in most cases, by the op amp. When 
high frequency inputs can exceed safe levels, the device 
must be protected by limiting the power supply current. 
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PROTECTION CIRCUITS 
The OPA633 can be protected from damage, due to 
excessive currents, by the simple addition of resistors in 
series with the power supply pins (Figure 5a). While this 
limits output current, it also limits voltage swing with 
low impedance loads. This reduction in voltage swing is 
mimmal for AC or high crest factor signals since only the 
average current from the power supply causes a voltage 
drop across the series resistor. Short duration load
current peaks are supplied by the bypass capacitors. 

The circuit of Figure 5b overcomes the limitations of the 
previous circuit with DC loads. It allows nearly full 
output voltage swing up to its current limit of approx
imately l40mA. Both circuits require good high frequency 
capacitors (e.g., tantalum) to bypass the buffer's power 
supply connections. 

CAPACITIVE LOADS 
The OPA633 is designed to safely drive capacitive loads 
up to O.OI/lF. It must be understood, however, that 
rapidly changing voltages demand large output load 
currents: 

lLOAD = (CLOAD) dVjdt 

Thus a signal slew rate of 1000V j /lS and load capacitance 
of O.OI/lF demands a load current of lOA. Clearly 
maximum slew rates cannot be combined with large 
capacitive loads. Load current should be kept less than 
100mA continuous (200mA peak) by limiting the rate of 
change of the input signal or reducing the load capaci
tance. 

APPLICATIONS CIRCUITS 

+12V 

R, 
son 

FIGURE I. Coaxial Cable Driver Circuit. 

RG-S8 

Coaxial Cable 

USE INSIDE A FEEDBACK LOOP 
The OPA633 may be used inside the feedback path of an 
op amp such as the OPA606. Higher output current is 
achieved without degradation in accuracy. This approach 
may actually improve performance in precision applica
tions by removing load-dependent dissipation from a 
precision op amp. All vestiges of load-dependent offset 
voltage and temperature drift can be eliminated with this 
technique. Since the buffer is placed within the feedback 
loop of the op amp, its DC errors will have a negligible 
effect on overall accuracy. Any DC errors contributed 
by the buffer are divided by the loop gain of the op amp. 

The low phase shift of the OPA633 allows its use inside 
the feedback loop of a wide variety of op amps. To 
assure stability, the buffer must not add significant phase 
shift to the loop at the gain crossing frequency of the 
circuit--the frequency at which the open loop gain of the 
op amp is equal to the closed loop gain of the application. 
The OPA633 has a typical phase shift ofless than 10° up 
to 70MHz, thus making it useful even with wideband op 
amps. 

BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

POSITIVE PULSE RESPONSE 

Burr-Brown Ie Data Book 2-182 Vol. 33 



500 

Pulse Generator 

10V STEP - R, = 1kO 

10ns/dlv 

o 5V 

V'N 

05V 

VOUT 

FIGURE 2. Dynamic Response Test Circuit. 

R, 

FIGURE 3. Precision High Current Buffer. 
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R, 
500 

Termination 

+15V 

-15V 

LARGE SIGNAL RESPONSE 

10V 

V'N 

lOV 

VOUT 

SMALL SIGNAL RESPONSE 

o 5V STEP - R, = 1000 

R" 
R, 

10V STEP - R, = 1000 

10ns/dlV 

VOUT 

R, 

FIGURE 4. Buffered Inverting Amplifier. 
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+Vs 

(a) 
1000 

(b) 

Input 

1000 

-Vs 

FIGURE 5. Output Protection Circuits. 
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FIGURE 6. Prototype Circuit Board Layout. 

Burr-Brown Ie Data Book 2-185 

NOTE The prototype CirCUit board layout shown 
may be used to test many common applications 
CirCUits Component designations In the applications 
CirCUit dlagrms refer to the component positions on 
this prototype board layout 
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BURR - BROWN® 

IEI'ElI 
MILITARY' 
VERSION 

AVAILABLE 

OPA675 
OPA676 

ABRIDGED DATA SHEET 
REQUEST COMPLETE DATA SHEET 
F~OM BURR~BROWN SALES OFFICE 

Wideband Switched~lnput 
OPERATIONAL AMPLIFIER 

,FEATURES 
• FAST SETTLING: 9ns (1%) 
• WIDE BANDWIDTH: 185MHz (A., = 10) 
• LOW OFFSET VOLTAGE: ±250J.1V 
• TWO LOGIC SELECTABLE INPUTS 
• FAST INPUT SWITCHING: 6ns (TTL) 
• 16-PIN DIP PACKAGE 

DESCRIPTION 
The OPA675 and OPA676 are wideband monolithic 
operational amplifiers with two independent differen
tial inputs. Either input can be selected by an external 
logic signal. The OPA675 is compatible with differ
ential ECL logic while the OPA676 is TTL compat
ible. Both amplifiers are externally compensated and 
feature very fast input selection speed: ECL = 4ns, 
TTL = 6ns. This amplifier features fully sYmmetrical 
differential inputs due to its "classical" operational 
amplifier circuit architecture. Unlike "current-feed- , 

InputS 
+ 

APPLICATIONS 
• PROGRAMMABLE-GAIN AMPLIFIER 
• FAST 2-INPUT MULTIPLEXER 
• SYNCHRONOUS DEMODULATOR 
• PULSEIRF AMPLIFIERS 
• VIDEO AMPLIFIERS 
• ACTIVE FILTERS 

back" amplifier designs, the OPA675/676 may be used 
,in all op-amp applications requiring high speed and 
precision. 

Low distortion and crosstalk make these amplifiers 
suitable for RF and video applications. 

The OPA675 and OPA676 are available in KG (O°C 
to +700C) and SG (-55°C to +125°C) grades. All 
grades are packaged in a 16-pin DIP. 

Oulput 

TTL: OPA676 
eeL: OPA675 

Intamatlonal Airport IndUllrIal Park • MlUIng Addle .. : PO Box 11400 • Tucaan, AZ 85734 • Strut Add,. .. : 6730 S. TuCICIII Blvd. • TucIOll, AZ B5706 
Til: (802) 74801111 • Twx: 81M52-1111 • Cable: BBRCORP Telu: 6U481 • PAX: (602) saa-1510 

P08-S64 
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SPECIFICATIONS 
ELECTRICAL 

At V cc • ±5VDC, RL = 1500, and T. = +25'C unless otherwise noted, 

PARAMETER CONDITIONS MIN 

INPUT NOISE''' 
Voltage: '0 = 10Hz R.-OO 

'0= 100 Hz 
10= 1kHz 
,0 • 10kHz 
'o·I()OkHz 
I. = 10Hz to 10MHz 

Current: 10 = 10Hz to 1 MHz 

OFFSET VOLTAGE'" 
Input OIIset Voltage vc• - OVDC 
Average Drift T,,=TMlNtoTMAX 
Supply Rejection ±V cc • 4.5V to 5.5V 65 

BIAS CURRENT''' 
Input Bias Current VeM = OVDC 

OFFSET CURREN,.,' 

Input OIIset Current Vc.= OVDC 

INPUT IMPEDANCE'" 
Differential 
Common-Mode 

INPUT VOLTAGE RANGE'" 
Common-Mode Input Range ±2.1 
Common-Mode Rejection VIN = ±0.5VDC 75 

OPEN LOOP GAIN, DC'" 
Open-Loop Vottage Gain 65 

FREQUENCY RESPONSE 
Closed-Loop Bandwidth Gain = +2VN 

Galn.+5VN 
Gain = +10VN 
Gain = +50VN 

Crosstalk Gain = +10VN, I = 100kHz 
1= lMHz 
l.l0MHz 
l.l00MHz 

Harmonic Distortion: 10MHz G= +10VN,RL=50O,Vo=0.5Vp-p 
second harmonic 
third harmonic 

Full Power Response Vo = 2.5Vp-p, Gain = +16VN 25 
Slew Rate Gain. +16VN 200 
Settnng Time: 1% 

0.1% Gain = +16 VN 
0.01% 0.625V step 

INPUT SELECTION'" 
Transition Time ECL:OPA675 
50% In to 50% Out TTL:OPA676 

DIGITAL INPUT 
TTL Logic Levels: V" Logic 'LO", I. = -8.4mA 0 

V" Logic 'HI", I" = 16011A +2.0 
I. logic "LO", V. = +O.8V 

I" Logic 'HI", V,H = +2.8V 
ECL Logic Levels: V" logic "LO" -1.15 

VB< logic 'HI" -1.81 
I. Logic 'LD", V" = -1.6V 
IIH Logic 'HI", V" = -1.0V 

RATED OUTPUT 
Vottage Oulput RL = 1500 ±2.1 

1\ =500 +1.25 
-(J.95 

Current OUlput 
Oulput Resistance 1 MHz, Open Loop, Cc = 5pF 
Load Capacitance Stability Gain = +2VN 
Short Circuit Current Momentary ±30 

.. 
• Same specif'cations as lor JG • 

Burr-Brown Ie Data Book 

JG SG 

TYP MAX MIN TYP MAX 

27 · 
10 · 
3,8 · 
2.6 · 
2.4 · 
7.9 · 
2.7 · 

±SOO ±2mV · · 
±3 ±10 · 
86 · · 
23 35 · 
0.8 5 · 

10'112 · 
10'115 · 
±2.5 · · 
100 · · 
70 · · 
100 · 
145 · 
185 · 
60 · 

-100 · 
-80 · 
-88 · 
-35 · 
-81 
-73 · 
44 · · 

350 · 
9 
15 
25 ' · 
4 · 
6 

+0.8 · 
+5 · · 

-(J.05 -(J.2 · · 
1 20 · · 

-(J.88 · · 
-1.475 · · 

0.05 · 
50 · 

±2.6 · · 
+1.8 · · 
-1.1 · · 
±30 · 

5 · 
50 · 
±50 · · 

2-187 

KG 

MIN TYP MAX 

· · · · · · · 
±250 ±lmV 

±1 ±5 
70 · 

· 30 

· · 
· · 

· 
85 · 
· 

· · · 
· · · 
· · 

30 · 
240 

· 
· · 

· · · · · · · · · · · · · 
· · · 

-1.0 · · · · 
±30 · 

UNITS 

nVl.[Hz 
nVl-iHZ 
nVl.[Hz 
nVl-iHZ 
nVl.fHZ 
IIWmS 
pAl.[Hz 

IIV 
IIvrC 

dB 

IIA 

IIA 

ollpF 
ollpF 

V 
dB 

dB 

MHz 
MHz 
MHz 
MHz 
dBC(2) 

dBC 
dBC 
dBC 

dBC 
dBC 
MHz 
VIlIS 
ns 
ns 
ns 

ns 
ns 

V 
V 

rnA 

IIA 
V 
V 

IIA 
IIA 

V 
V 
V 

rnA 
0 
pF 
rnA 
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SPECIFICATIONS (Cont) 
ELECTRICAL 

At V,,= ±5VDC, R, = 1500, and TA = +25°C unless otherwise noted, 

JG SG KG 

PARAMETER CONDmONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLY 
Rated Voltage ±Vcc 5 · · VDC 
Derated Performance ±Vcc 4.5 6.5 · · VDC 
Current. Quiescent 10 = OmADC 22 30 · · rnA 

TEMPERATURE RANGE 
Specification Ambient temp 0 +70 -55 +125 · · ·C 
O~erating: Ambient temp -55 +125 · · · · ·C 
0" 125 · · 0C/W 

• Same specifications as for JG. 

ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At V" = ±5VDC, R, = 150n, and TA = T .~ to T MAX unless otherwise noted. 

JG SG KG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

TEMPERATURE RANGE 
Specification Ambient temp 0 +70 -55 +125 · ·C 

OFFSET VOLTAGE 
Average Drift TA = TMIN to TMA)( ±3 ±10 · ±1 ±5 Itvrc 
Supply Rejection ±Vee = 4.5V to 5.5V 60 85 · · 65 · dB 

BIAS CURRENT 
Input Bias Current VeM = OVDC 29 50 · · ItA 
OFFSET CURRENT 
Input Offset Current Ve.=OVDC 0.8 10 · · · · ItA 
INPUT VOLTAGE RANGE 
Common·Mode Input Range ±2.0 ±2.3 · · · · V 
Common·Mode Rejection Y'N = ±0.5VDC 60 80 · · 65 · dB 

OPEN LOOP GAIN, DC 
Open·Loop Voltage Gain 60 68 · 63 69 dB 

DIGITAL INPUT 
TIL Logic Levels: V" Logic "lO", I" = - 6.4mA 0 +0.8 · · · · V 

V,H LogiC "HI", I~ = 1601tA +2.0 +5 · · · V 

I" logic "lO", V" = +0.8V -0.08 -0.4 · · · · rnA 

I'H Logic "HI", V,H = +2.8V 5 50 · · · ItA 
ECl Logic levels: V" Logic "LO" -1.15 -0.88 · · V 

V,H Logic "HI" -1.81 -1.475 · · · · V 

I" logic "LO", V" =-1.6V 0.05 · · ItA 
I'H Logic "HI", V~=-1.0V 50 · · itA 

RATED OUTPUT 
Voltage Output R,= 150n ±2.0 ±2.5 · · · · V 

R, =50n +1.25 +1.6 · · · V 
-0.8 -1.0 · · -0.9 · V 

POWER SUPPLY 
Current, Quiescent 10= OmADC 25 35 · · · · rnA 

• Same specifications as for JG. 

NOTES: (1) Specifications are for both inputs (A and B). (2) dBC = Level referred to carrier-Input signal. (3) Switching time from application of digital logic signal 
to input signal selection. 
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MECHANICAL 

G Package- 16 Pin Ceramic DIP 

f 
C 

! 
t 

PIN ASSIGNMENTS: OPA675 

+lnA 16 +In B 
2 -InA 15 -lnB 
3 OIIsetTrim 14 ONC 
4 OIIsetTrim 13 CHA(ECL) 
5 Compensation Capacitor 12 CHA (ECL) 
6 NC 11 Common 
7 +Vcc 10 -Vee 
8 Output 9 NC 

PIN ASSIGNMENTS: OPA676 

1 +lnA 16 +lnB 
2 -InA 15 -InB 
3 OIIsetTrim 14 ONC 
4 OIIsetTrim 13 ONC 
5 Compensation capacitor 12 CHA(TTL) 
8 NC 11 Common 
7 +Vcc 10 -Veo 
8 Output 9 NC 

ONC = Do Not Connect NC = No Intemal Connection 

Burr-Brown Ie Data Book 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A .790 .810 20.07 20.57 
C .105 .170 2.67 4.32 
D .015 .021 0.38 0.53 
F .048 .060 1.22 1.52 
G .100 BASIC 2.54 BASIC 
H . 030 .070 0.76 1.78 
J .OOS .012 0.20 0.30 
K .120 .240 3.05 6.10 
L .300 BASIC 7.62 BASIC 
M - 10" - 10" 
N .025 I .060 0.641 1.52 

ABSOLUTE MAXIMUM RATINGS 

NOTE: Leads In true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package • 

Supply ............................................................................................. ±7VDC 
Intemal Power Dissipation ........................................................... l000mW 
Differential Input Voltage .............................................................. Total Vee 
Input Voltage Range ........................................................................... ±Vee 
Storage Temperature Range ....................................... -65'C to +150'C 
Lead Temperature (soldering. lOS) ............................................... +300'C 
Output Short Circuit to Ground (+25'C) .................. Continuous to ground 
Junction Temperature .................................................................... + 175'C 

ORDERING INFORMATION 

2-189 

OPA675 U iJ.2 
_ __________ ~~A~6 Vl~ 

Basic Model Number -- I 
Performance Grade Code 

J. K: O'C to +70'C 
S: -65'e to +125'e 

Package Code-------------.....J 
G: 16-pln Ceramic DIP 

Reliability Screening 
Q: Q-Screened 
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TYPICAL PERFORMANCE CURVES 

SMALL SIGNAL 
HARMONIC DISTORTION vs FREQUENCY 

~O 
II 

I-- Gain = +10VN J 
RL= 50n 21 

I-- Vo= 0.5Vp-p / 
i -40 

c 
~ -SO 

~ 
'1-60 

If 31 If 

J: -70 

iXi" :e. 
ii 
<!l 

iii" :e. 
c: 
OJ 
<!l 

-60 

0.1 

50 

45 

40 

35 

30 

25 

20 

15 

10 

5 

o 
0.3 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

o 
0.3 

Cc = none 

II 
Gain 

• 

C = 16~F 

II 
Gain 

ell 

I / 
i/ If 

J 
:/ 

10 

Frequency (MHz) 

A, = +50VN CLOSED-LOOP 
SMALL SIGNAL BANDWIDTH 

BW = 60.625607 MHz 
• =-60.526· 

r-

10 

Frequency (MHz) 

• 
..... 

" 
100 

A, = +5VN CLOSED-LOOP 
SMALL SIGNAL BANDWIDTH 

~ 

~ 

BW = 145.505122 MHz 
h-99.558· 

~ 

10 

Frequency (MHz) 

.. , , 
0fI , 

100 

II 
l' , 

Burr-Brown Ie Data Book 

~ 

100 

;l1 
~ 
:3 

, 
-45 

-90 

-135 

-180 

1000 

. o 
-45 

-90 

-135 

180 

1000 

2-190 

LARGE SIGNAL 
HARMONIC DISTORTION vs FREQUENCY 

~O 

I 

- Gain = +10VN J 
AL= lkn 311 - Vo=2.5Vp-p 

1/21 V 
/ 

L 
'd 

io" !f 
~ 1/ 

-60 II 

iii" :e. 
ii 
<!l 

iii" :e. 
c: 

'OJ 
Cl 

0.1 

30 

27 

24 

21 
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15 

12 
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o 
0.3 

10 
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4 

3 

2 

0.3 

Cc = 6.5p'F 

III 
Gain 

• 

Cc = 35PF 

II 

10 

Frequency (MHz) 

A, = + 10VN CLOSED-LOOP 
SMALL SIGNAL BANDWIDTH 

BW = 186.550560 MHz 
.= -139.49· 

10 

Frequency (MHz) 

• 

~ 

100 

A, = +2VN CLOSED-LOOP 
SMALL SIGNAL BANDWIDTH 

1\ 

BW = 100.261674 MHz 
• =-62.533· 

Gain • 
• 

10 

Frequency (MHz) 

" 
1\ 

100 

I 

100 

. 
-45 

-90 

135 

180 

1000 

. o 
-45 

-90 

-135 

-180 

1000 
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CHANNEL-TO-CHANNEL 
CROSSTALK vs. FREQUENCY 
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OPA675 

+lnA 

-InA 

OliselTrim 

OIIsetT~m 

Compensation 
Capacitor 

NC 

Output 

OPA676 

+lnA 

-InA 

Offset Trim 

Offset Trim 

Compensation 
Capacitor 

NC 

Output 

<0 ..... 
<0 --It) ..... 
<0 
e:( 
D-
O 
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CHA(ECL) 
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CHA(TTL) 
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In Out 

Voltage Gain R, R. C. 
(V/V) (0) (0) (pF) 

+2 200 200 35 
+5 49.9 200 16 

+10 22.1 200 6.5 
+25 10 243 2 

FIGURE 1. Programmable-Gain Amplifier. 

Out 

In 

Voltage Gain R, R, R, R, C. 
(VN) (0) (0) (0) (0) (PF) 

±2 100 200 200 200 35 
±5 40 200 50 200 16 

±10 20 200 25 225 6.5 

FIGURE 3. Synchronous Modulator!Demodulator(with gain). 

Burr-Brown Ie Data Book 2-192 

In 1 

In 2 

Voltage Gain R, R, 
(VN) (0) (0) 

+2 200 200 
+4 75 226 
+8 28 196 

+16 20 301 
+32 10 309 

FIGURE 2. Two-Input Multiplexer (with gain). 

In 
O~---------~--~ 

Gain 
Trim 

100 

101<0 

E~ 10kn 
Offset Trim 

-5v 

Out 

c. 
(pF) 

35 
22 
10 
3 
0 

FIGURE 4. Synchronous ModulatorlDemodulator with 
Carrier Balance Trim (gain = ±5V N). 
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BURR-BROWN® 

IElElI OPA2107 

ADVANCE INFORMATION 
SUBJECT TO CHANGE 

Precision Dual Difet ® 

OPERATIONAL AMPLIFIER 

FEATURES 
• VERY LOW NOISE: 8nV/-YHz at 10kHz 

• LOW Vos: 500~V max 

• LOW DRIFT: 5~V/oC max 

• LOW Is: 6pA max 
• FAST SETTLING TIME: 1.51ls to 0.01% 

• UNITY-GAIN STABLE 

DESCRIPTION 
The OPA2107 Dual operational amplifier provides 
precision Dffet performance with the cost and space 
savings of a dual op amp. It is useful in a wide range 
of precision and low-noise analog circuitry and can 
be used to upgrade the performance of designs currently 
using BIFET® type amplifiers. 

The OPA2107 is fabricated on a proprietary dielec
trically-isolated (Difet) process. This holds input bias 
currents to very low levels without sacrificing other 
important parameters, such as input offset voltage, 
drift and noise. Laser-trimmed input circuitry yields 
excellent DC performance. Superior dynamic perform
ance is achieved, yet quiescent current is held to under 
2.SmA per amplifier. The OPA21 07 is unity-gain stable. 

The OPA2107 is available in Plastic DIP, Metal TO-
99, and SOIC packages. Industrial and Military tem
perature range versions are available. 

Dlfet> Burr-Brown COIl'. 
BlFE~ National Semiconductor 

APPLICATIONS 
• DATA ACQUISITION 

• DAC OUTPUT AMPLIFIER 

• OPTOELECTRONICS 

• HIGH-IMPEDANCE SENSOR AMPS 

• HIGH-PERFORMANCE AUDIO CIRCUITRY 

• MEDICAL EQUIPMENT -CT SCANNERS 

Inlernatlonal Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tocson Blvd. • Tucson, AZ 85706 
111 • Telex: 66-6491 • 

PDS·863 
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SPECIFICATIONS 
T. = +2S'C, v. = ±ISV unless otherwise noted. 

OPA2107AM, SM, AP, AU OPA2107BM 

PARAMETER CONDInON MIN TYP MAX MIN TYP MAX UNITS 

OFFSET VOLTAGE'" 
Input Offset Voltage VCM = OV 100 lmV SO SOO ~V 

OVer Specified Temperature O.S 2 0.2 1 mV 
SM Grade 0.8 2.S mV 

Average Drift: OVer Specified Temperature 3 10 2 5 ~VI'C 
Power Supply Rejection V. = ±10 to ±18V 80 96 84 100 dB 

INPUT BIAS CURRENT''' 
Input Bias Current VCM = OV 4 10 2 5 pA 

Over Specified Temperature 0.25 1.5 0.15 1 nA 
SM Grade 4 35 nA 

Input Offset Current VCM = OV 1 8 0.5 3 pA 
Over Specified Temperature 1 O.S nA 

SM Grade 1 28 nA 

INPUT NOISE 
Voltage: f = 10Hz (R.=O) 30 · nV/-IHz 

f= 100Hz 12 · nV/-IHz 
f= 1kHz 9 nVi-IHz 
f= 10kHz 8 · nV/-IHz 

BW = 0.1 to 10Hz 1.2 · ~V,P'p 
BW = 10 to 10kHz 0.85 · I1V,rms 

Current: f = 0.1 Hz thru 20kHz 1.2 0.9 fN-IHz 
BW = O.IHz to 10Hz 23 17 fA,p-p 

INPUT IMPEDANCE 
DifferenUai 10"112 · nllpF 
Common-Mode 10"114 · nllpF 

INPUT VOLTAGE RANGE 
Common-Mode Input Range ±10.S ±11 · V 

Over Specified Temperature ±102 ±10.S · V 
SM Grade ±10 ±10.3 V 

Common-mode Rejection VCM = ±10V 80 94 84 96 dB 

OPEN-LOOP GAIN 
Open-Loop Voltage Gain Vo =±10V, R, = 2kn 82 96 84 100 dB 

Over Specified Temperature 80 94 82 96 dB 
SM Grade 80 92 dB 

DYNAMIC RESPONSE 
Slew Rate G=+1 15 20 . Vij1S 
Settling Time: 0.1% G =-1, 10V Step 1 · j1S 

0.01% I.S · j1S 
Gain-Bandwidth Product G=100 5 · MHz 
THD+ Noise G=+I,f=10kHz 0.001 0.001 % 
Channel Separation f = 100Hz, R, = 2kn 125 125 dB 

POWER SUPPLY 
Specified Operating Voltage ±15 · V 
Operating Voltage Range ±4.5 ±18 V 
Current ±4.5 ±5 · rnA 

OUTPUT 
Voltage Output R,=2kn ±11 ±12 · V 

Over Specilied Temperature ±10.5 ±11.5 . · V 
SM Grade ±10.2 ±11.3 V 

Short Circuit Current ±10 ±40 rnA 
Output Resistance, Open-Loop lMHz 70 n 
Capacitive Load Stability G=+1 1000 · pF 

TEMPERATURE RANGE 
Specification 

AP, AU, AM, BM -25 +85 . 'C 
SM -55 +125 'C 

Operating 
AP,AU -25 +85 'C 
AM,BM,SM -55 +125 'C 

Storage 
AP,AU -40 +125 'C 
AM,BM,SM -55 +150 'C 

Thermal Resistance 
AP 90 'elW 
AU 100 'CIW 
AM,BM,SM 125 · 'CIW 

• Specifications same as OPA21 07 AM. 

NOTE: (1) Spec,fied w,th devices fully warmed up. 
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BURR-BROWN® 

IElElI OPA2111 

MILITARY & DIE 
VERSIONS 
AVAILABLE 

Dual Low Noise Precision 
D.I/e'® OPERATIONAL AMPLIFIER 

FEATURES 
• LOW NOISE: 100% tested: BnV/VHz max at 10kHz 
• LOW BIAS CURRENT: 4pA max 
• LOW OFFSET: 500pV max 
• LOW DRIFT: 2.BpV/oC 
• HIGH OPEN LOOP GAIN: 114dB min 
• HIGH COMMON-MODE REJECTION: 96dB min 

DESCRIPTION 
The OPA2111 is a high preclSlon monolithic 
Dire" (dielectrically isolated FET) operational 
amplifier. Outstanding performance characteristics 
allow its use in the most critical instrumentation 
applications. 

Noise, bias current, voltage offset, drift, open-loop 
gain, common-mode rejection, and power supply 
rejection are superior to BIFET® amplifiers. 

Very-low bias current is obtained by dielectric isola
tion with on-chip guarding. 

Laser trimming of thin-film resistors gives very-low 
offset and drift. Extremely-low noise is achieved 
with new circuit design techniques (patent pending). 
A new cascode design allows high precision input 
specifications and reduced susceptibility to flicker 
noise. 

Standard dual op-amp pin configuration allows 
upgrading of existing designs to higher performance 
levels. 

BIFET® National Semiconductor Corp. Dire'® Burr-Brown Corp. 

APPLICATIONS 
• PRECISION INSTRUMENTATION 
• DATA ACQUISITION 
• TEST EQUIPMENT 
• PROFESSIONAL AUDIO EQUIPMENT 
• MEDICAL EQUIPMENT 
• DETECTOR ARRAYS 

PATENTED 

OPA2111 SIMPLIFIED CIRCUIT 
(EACH AMPLIFIER) 

-Vee 

InlernallOnal Airporllnduslrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (602) 746·1111 . Twx: 910·952·1111 . Cable: BBRCDRP . Telex: 66·6491 

PDS-540C 
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SPECIFICATIONS 
ELECTRICAL 
At Vee = ±15VDC and T. = +2S'C unless otherwise noted. 

OPA2111AM OPA2111BM OPA2111SM OPA2111KM/KP 

PARAMETER CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

INPUT 

NOISE 
Voltage, fa = 10Hz Max: 100% tested 40 80 30 60 40 80 40 nVl.,jHz 

fa = 100Hz Max: 100% tested 15 40 11 30 15 40 15 nVl.,jHz 
fa = 1kHz Max: 100% tested 8 15 7 12 8 15 8 nVl.,jHz 
fa = 10kHz 111 6 8 6 8 6 8 6 nVl.,jHz 
fa = 10Hz to 10kHz 111 0.7 1.2 0.6 1.0 0.7 1.2 07 pV,rms 
fa = O.lHz to 10Hz 111 1.6 3.3 1.2 2.5 1.6 3.3 1.6 "V, pop 

Current, fa = 0 1Hz to 10Hz 111 15 24 12 19 15 24 15 fA, pop 
fa = 0.1Hz to 20kHz 111 0.8 1.3 0.6 1.0 0.8 1.0 0.8 fAI.,jHz 

OFFSET VOLTAGE'" 
Input Offset Voltage VeM =OVDC ±0.1 ±0.75 ±0.05 ±0.5 ±0.1 ±0.75 ±0.3 ±2 mV 
Average Drift T" = T MIN to T MAX ±2 ±6 ±0.5 ±2.8 ±2 ±6 ±8 ±15 "VI'C 
Match ±1 ±C.5 2 2 "VI'C 
Supply Rejection 90 110 96 110 90 110 B6 110 dB 

±3 ±31 ±3 ±16 ±3 ±31 ±3 ±50 "VN 
Channel Separation 100Hz, R, = 2kQ 136 136 136 136 dB 

BIAS CURRENT'" 
Initial Bias Current VeM= OVDC ±2 ±8 ±1.2 ±4 ±2 ±8 ±3 ±15 pA 
Match ±1 ±C.5 ±1 2 pA 

OFFSET CURRENT'" 
Input Offset Current VCM = OVDC ±1.2 ±6 ±0.6 ±3 ±1.2 ±6 ±3 ±12 pA 

IMPEDANCE 
Differential 10'3111 10'3111 10'3111 10'3111 Q II pF 
Common-Mode 10"113 10"113 10"113 10"113 Q II pF 

VOLTAGE RANGE 
Common-Mode Input Range ±10 ±11 ±10 ±11 ±10 ±11 ±10 ±11 V 
Common-Mode Rejection V'N= ±10VDC 90 110 96 110 90 110 82 110 dB 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Gain R,<':2kQ 110 125 114 125 110 125 106 125 dB 
Match 3 2 3 3 dB 

FREQUENCY RESPONSE 

Unity Gain, Small Signal 2 2 2 2 MHz 
Full Power Response 20V pop, R, = 2kQ 16 32 16 32 16 32 32 kHz 
Slew Rate Va = ±10V, R, = 2kQ 1 2 1 2 1 2 2 V/iJS 
Settling Time, 0.1% Gain = -1, R, = 2kQ 6 6 6 6 "s 

0.01% 10V step 10 10 10 10 iJS 
Overload Recovery, 

50% Overdrive(31 Gain=-1 5 5 5 5 ps 

RATED OUTPUT 

Voltage Output R,= 2kQ ±10 ±11 ±10 ±11 ±10 ±11 ±10 ±11 V 
Current Output Va = ±10VDC ±5 ±10 ±5 ±10 ±5 ±10 ±5 ±10 mA 
Output Resistance DC, open loop 100 100 100 100 Q 
Load Capacitance Stability Gain = +1 1000 1000 1000 1000 pF 
Short Circuit Current 10 40 10 40 10 40 10 40 mA 

POWER SUPPLY 

Rated Voltage ±15 ±15 ±15 ±15 VDC 
Voltage Range, 

Derated Pel10rmance ±5 ±18 ±5 ±18 ±5 ±18 ±5 ±18 VDC 
Current, Quiescent 10 = OmADC 5 7 5 7 5 7 5 9 mA 

TEMPERATURE RANGE 

Specification Ambient temp. -25 +85 -25 +!15 -55 +125 0 +70 'C 
Operating "M" Package Ambient temp. -55 +125 -55 +125 -55 +125 -55 +125 'C 

"P" Package -40 +85 'C 
Storage "M" Package Ambient temp. -65 +150 -65 +150 -85 +150 -85 +150 'C 

"P"Package -40 +85 'C 
fJ Junction-Ambient 200 200 200 200(41 'CIW 

NOTES: (1) Sample tested-maximum parameters are guaranteed. (2) Offset voltage, offset current, and bias current are measured with the units fully warmed 
up. (3) Overload recovery is defined as the time required for the output to return from saturation to linear operation following the removal of a 50% input 
overdrive. (4) Typical 9J-A = 150'CIW for plastiC DIP. 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
At Vee = ±15VOC and TA = TMIN to TMM unless otherwise noted. 

I OPA2111AM OPA2111BM OPA2111SM 

PARAMETER CONDITIONS I MIN TVP MAX MIN TYP MAX MIN TYP MAX 

TEMPERATURE RANGE 

Specification Range Ambient temp I -25 +85 -25 +85 -55 +125 

INPUT 

OFFSET VOLTAGE'" 
Input Offset Voltage VCM = OVDC ±0.22 ±1.2 ±008 ±07S ±0.3 ±15 
Average Drift ±2 ±6 ±05 ±28 ±2 ±6 
Match 1 05 2 
Supply Rejection 86 100 90 laO 86 100 

±10 ±50 ±10 ±32 ±10 ±50 

BIAS CURRENT'" 
InitIal Bias Current VCM = OVDC ±125 ±1nA ±75 ±500 ±20nA ±1S 3nA 
Match 60 30 lnA 

OFFSET CURRENT'" 
Input Offset Current VCM = OVDC ±75 ±750 ±38 ±375 ±1.3nA ±12nA 

VOLTAGE RANGE 
Common·Mode Input Range ±10 ±11 ±10 ±11 ±10 ±11 
Common·Mode Rejection V'N = ±10VDC 86 100 90 100 86 100 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Gain RL;e 2kO lOS 120 110 120 106 120 
Match 5 3 5 

RATED OUTPUT 

Voltage Output RL = 2kO ±105 ±11 ±10.5 ±11 ±105 ±11 
Current Output Vo=±10VDC ±5 ±10 ±5 ±10 ±5 ±10 
Short Circuit Current Vo = OVDC 10 40 10 40 10 40 

POWER SUPPLY 

Current, QUiescent 10 = OmADC I 5 8 5 8 5 8 

NOTES (1) Offset voltage, offset current, and bias current are measured with the Units fully warmed up 

CONNECTION DIAGRAMS 

'M' Package-Top View 
'P' Package-Top View 

+vcc 

-In A Out B 

+lnA -InA 

-Vee + In B 

ORDERING INFORMATION 

Temperlllure Ollaet Voltage, 
Model ..... og. Ranlle "",.(mV) 

OPA2111AM TO-99 -2S"C to +8S"C ±0.7S 
OPA2111BM TQ-99 -2S"C to +8S"C ±0.5 
OPA2111KM TO-99 O"Cto +70"C ±2.0 
OPA2111SM TO-99 -5S"C to +12S"C ±0.7S 
OPA2111KP Plastic O"Cto +70"C ±2.0 

BURN-IN SCREENING OPTION 

Temperlllure Bum-In 
Mod.1 Peclulge Ranlle Temp. (18Oh)'" 

OPA2111AM-BI TO-99 -2S"C to +8S"C +12S"C 
OPA2111 BM-BI TO-99 -2S"C to +8S"C +12S"C 
OPA211 1 KM-BI TO-99 O"Cto +70"C +12S"C 
OPA2111SM-BI TO-99 -55"C to +12S"C +12S"C 
OPA21 1 1 KP-BI Plastic O"Cto +70"C +85"C 

NOTE: (1) Or equIvalent combination of time and temperature. 
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OPA2111KM/KP 

MIN TYP MAX UNITS 

0 +70 "C 

±09 ±5 mV 
±8 ±15 /lV/"C 
2 /lV/"C 

82 100 dB 
±10 ±80 /lVN 

±125 ±500 pA 
pA 

±75 ±375 pA 

±10 ±11 V 
80 toO dB 

toO 120 dB 
5 dB 

±105 ±11 V 
±5 ±10 mA 
10 40 mA 

5 10 mA 
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ABSOLUTE MAXIMUM RATINGS 
Supply. • • . . • • • • . • • • . • • • • . • . . • • • . . . . • • • . . . • . • . • • • • • • • . •• ±18VDC 
Internal Power Dissipation (TJ:;; +175°C) . . . . . . . . . . . . . . . . •. 500mW 
Differential Input Voltage ••••..••.••••••.....•••••.•••.•• Total Vee 
Input Voltage Range •••.••••.•••....•••....••.••••••...•.••• ±Vcc 
Storage Temperature Range: "M" Package ........ -65°C to +150°C 

"P" Package ..•.••.•• -40·C to +8S·C 

MECHANICAL 

'M' Package-TO-99 p:3 (Hermetic) L-ml * I d 
se:n

E
g7 K 

Plane IIIII 1 
L 

Ni 

~ 
--1\.-0 

enthl 
N G T • + 
T j M 1·8~ 0-;) 

~J INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 335 370 851 940 

NOTE Lead~ in true B 305 335 775 851 
position Within 0 01" C 165 185 419 470 
(0 2Smm) Rat MMC at D 016 021 041 053 
seating plane Pm numbers E 010 040 025 102 
shown for reference only F 010 040 025 102 
Numbers may not be G 200 BASIC 508 BASIC 
marked on package Pm H 028 034 071 086 
matenal and plating J 029 045 074 114 
composition conform to K 500 127 
Method 2003 (solderability) L 110 160 279 406 
of MIL-STD-883 (except M 450 BASIC 45° BASIC 
paragraph 3 2) N 095 105 241 267 

Operating Temperature Range: "M" Package ••••• -SS·C to +12S·C 
"P" Package •••.•.. -40·C to +8S·C 

Lead Temperature (soldering, lOs) .••••.••••••.••••••.•.•• +300·C 
Output Short Circuit to ground (+2S·C) •••• ' ••••••••••• Continuous 
Junction Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •. ~175QC 

'P' Package-Plastic DIP 

m 
-----1 

! !.;rtt E=73 
H .J LD G Seating Plane 1':1 T1 

~Ft 
p/ B, B 

Jl 
P ~;;:I'lJ 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 355 400 902 1016 
A, 340 385 865 980 
B 230 290 585 738 

NOTE Leads In true B, 200 250 509 636 
positron WIthin 0 01" C 120 200 305 509 
(0 2Smm) R at MMC at D 015 023 038 059 
seatrng plane. Pin numbers F ' 030 070 076 178 
shown for reference only. G' 100 BASIC 254 BASIC 

Numbers may not be H 025 050 01\4 127 
marked on package. PIn J 008 015 020 038 
matenal and plating K 070 150 178 382 

"composition cqnform to L 300 BASIC 763 BASIC 

Method 2003 (solderability) M D· 15" o· 15" 

of MIL -STD-883 (except N 010 030 025 076 
paragraph 32) p ,025, 050 0-64 127. 

TYPICAL PERFORMANCE CURVES 
T" = +25°C. Vee = ±15VDC unless otherwise noted. 
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vs INPUT COMMON MODE VOLTAGE 
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MAXIMUM UNDISTORTED OUTPUT 
VOLTAGE vs FREQUENCY 
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SMALL SIGNAL TRANSIENT RESPONSE 

Time (ps) 

APPLICATIONS INFORMATION 
OFFSET VOLTAGE ADJUSTMENT 

The OPA21l1 offset voltage is laser-trimmed and will 
require no further trim for most applications. 

Offset voltage can be trimmed by summing (see Figure I). 
With this trim method there will be no degradation of 
input offset drift. 

IN O--¥h----I 
>---+~ OUT 

-15V 

±ZIIV 
OFFSET 

+---~,.....--~ TRIM 

200 
lDO 

FIGURE I. Offset Voltage Trim. 

INPUT PROTECTION 

II1OkO 

+15V 

Conventional monolithic FET operational amplifiers re
quire external current -limiting resistors to protect their 
inputs against destructive currents that can flow when 
input FET gate-to-substrate isolation diodes are forward
biased. Most BIFET® amplifiers can be destroyed by the 
loss of-Vee. 

Because of its dielectric isolation, no special protection is 
needed on the OPA21I1. Of course, the differential and 
common-mode voltage limits should be observed. 
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SUPPLY CURRENT vs TEMPERATURE 
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Static damage can cause subtle changes in amplifier input 
characteristics without necessarily destroying the device. In 
precision operational amplifiers (both bipolar and FET 
types), this may cause a noticeable degradation of offset 
voltage and drift. 

Static protection is recommended when handlip.g any pre
cision IC operational amplifier. 

GUARDING AND SHIELDING 

As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickup in 
input leads. Iflarge feedback resistors are used, they should 
also be shielded along with the external input circuitry. 

Leakage currents across printed circuit boards can easily 
exceed the bias current of the OPA2I11. To avoid leakage 
problems, it is recommended that the signal input lead of 
the OPA21l1 be wired to a Teflon standoff. If the OPA21l1 
is to be soldered directly into a printed circuit board, 
utmost care must be used in planning the board layout. A 
"guard" pattern should completely surround the high 
impedance input leads and should ,be connected to a low 
impedance point which is at the signal input potential (see 
Figure 2). 

NOISE: FET VERSUS BIPOLAR 

Low noise circuit design reqUires careful analysis of all 
noise sources. External noise sources can dominate in 
many cases, so consider the effect of source resistance on 
overall operational amplifier noise performance. At low 
source impedances, the low voltage noise of a bipolar 
operational amplifier is superior, but at higher impedances 
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NON·INVERTING 

INVERTING 

IN 

BUFFER 

TO·99 BOTTOM VIEW 

4 

~~ 
Ie!) Te!) 

b 
IN 

OUT 

BOARD LAYOUT 
FOR INPUT GUARDING 

Guard top and bottom of board 
Allernale use Tellon" slandoll 
for sensitive input PinS 

e!)B 

Teflon® E I Du Pont de Nemours & Co 

FIGURE 2. ConnectIOn of Input Guard. 

the high current noise of a bipolar amplifier becomes a 
serious liability. Above about 15kO the OPA211l will have 
lower total noise than an OP-27 (see Figure 3). 

~ 
1000 

i?:N 
~:5 ~ - OPA2111 + ReSistor 

~ -
~ ~ ="'" ",,,ru' 

+ Eo /"", 
Ll Cii 100 

~. R, Reslstor'Nolse ~~ 
~ c. r- ~ Only-
c%~ 

'"I ~~ 
0 

1(1 
OP~111 + Re~ ~ 

Eo Je/ + (InRs):? + 4kTRs 

z, 
~> Resistor NOise 
",e 

~ 
Only SM_ 

"0 1"" 'OP-27 + ReSistor 
> 

100 lk 10k lOOk 1M 

Source ReSistance (Rs), n 

FIGURE 3. Voltage Noise Spectral Density Versus 
Source Resistance. 

BIAS CURRENT CHANGE VERSUS 
COMMON-MODE VOLTAGE 

10M 

The input bias currents of most popular BIFET® opera
tional amplifiers are affected by common-mode voltage 
(Figure 4). Higher input FET gate-to-drain voltage causes 
leakage and ionization (bias) currents to increase. Due to 
its cascode input stage, the extremely-low bias current of 
the OPA2I1I is not compromised by common-mode volt
age. 

BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 
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FIGURE 4. Input Btas Current Versus Common-Mode 
Voltage. 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

APPLICATIONS CIRCUITS 

Figures 5 through J3 are circuit diagrams of various 
applications for the OPA2III. 

OPERATE 10kO 
0-0 
IN 
ZERO 

lMO 

>-' ....... ~OOUT 

o Gain = -100 

Vas::; 5pV 

DRIFT :5 0.D2BIlV/o C 

ZERO DROOP :5 21lV/s 

REFERRED TO INPUT 

FIGURE 5. Auto-Zero Amplifier. 

PiN PHOTODIODE 
UDT PIN-040A 

\! 
':: ,..1 ~r-+--t 

OUTPUT 

5 x 10'V/WATT 

-15V 

CIRCUIT MUST BE 
WElL SHiElDED 

FIGURE 6. Sensitive Photodiode Amplifier. 
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IN914 IMO 

>--...... --~ OUTPUT 

* Hi-...... +--=-t 

INPUT o--------i IN.14 
DROOP - O.5mV/s 

I. o.OIpF POLYSTYRENE 

• REVERSE POLARITY FOR NEBATIVE 
PEAK DETECTION 

FIGURE 7. Low-Droop Positive Peak Detector. 

INPUT 

1 

I 
I 

1000 10kel 

10kO 

10kO 

JOkel 

lDkel 

JOkel 

: ~, 
I ; """ ... , I 
I I " I :-------------1112 OP~!~~--------------~ 
I I " I 
I 1,..... N=IO I 

5 IL OPA2111BM 

FIGURE 8. 'N' Stage Parallel-Input Amplifier. 
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SINCE SISNAL VOL TAR SUM. DIRECTLY WITH N 
BUT AMPUFIER NOISE VOLTAgE SUMS AS v'J. 
SISNAL·TII-NOISE RATIO IMPROVES BY v'I 

Av = -1010 
eo = 19nV/v'IIZ TYP' AT 10kHz 
BW = 30kHz TYP 
GBW = 303 MHz TYP 
Vos = ±J6pV TYP' 
!>Yos/!>T = ±OI6pY/oC TYP' 
1.= 40pA max 
Z," "10"0 II 30pF 

'THEORETICAL PERFORMANCE 
ACHIEVABLE FROM OPA2111BM 
WITH UNCORRELATED RANDOM 
DISTRIBUTION OF PARAMETERS. 

lakO 

OUTPUI 

f 
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IN 

6.3Mn 944kn 

NOTE LOWER VALUE RESISTORS 
WILL HAVE LOWER THERMAL 
NOISE BUT CAPACITORS 
MUST BE SCALEO LARGER 

6.3Mn 7.BMn 

Av = 2.6 
Ie = 10Hz 
-24dB/OCTAVE 

FIGURE 9. 10Hz Fourth-Order Butterworth Low-Pass 
Filter. 

-IN~---'''' 

I. = ±4pA max 
GAIN = 100 
CMRR = 106dB 
Rw;::;: 10130 

BURR·BROWN 
INA105 

DIFFERENTIAL 
AMPLIFIER 

r~------ -------- - --- --., +----::"--4, 25kn 25kn 15 
100n RG 

I 

3 : 

j 25kn I I ,~ I L---t---------J +INo---"-I 

OIFFERENTIAL VOLTAGE GAIN = 1 + 2R,/RG 

FIGURE 10. FET Input Instrumentation Amplifier. 

lOOn 

500pF 500pF 

OUTPUT 
>'---1>----0 

2kn 
Q 

'fOR 50Hz USE 3.16Mn ANO 6.37Mn L-___ ...J 

GAIN = 101 

FIGURE II. High-Impedance 60Hz Reject Filter 
with Gain. 

Burr-Brown Ie Data Book 

L 
INPUT 

R 
INPUT 

365n 

10 5kn 0.03"F 
.-__.w--l 

0.01pF ... _--., 
RIGHT 

10.5kn O.03"F 

LEFT 

I"F OUTPUT 

..,. .... O"'.01",,-f ~FOOkn 
G = 26dB MIDBAND I 

FIGU RE 12. RIAA Equalized Stereo Preamplifier. 

E, 
-In 

E. 
+In 

Eo = 1011 + 2R./R,IIE. - E,I 
= 1000 IE. - E,I 

USing the INA106 for an output difference amplifier extends the 
input common-mode range of an Instrumentation amplifier to ±10V 
A conventionallA with a unity-gain difference amplifier has an Input 
common-mode range limited to ±5V for an output sWing of ±10V 
ThiS IS because a unity-gain difference amp needs ±5V at the Input 
for 10V at the output, allowing only 5V additional for common mode 

FIGURE 13. Precision Instrumentation Amplifier. 
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BURR-BROWN® 

IElElI OPA2541 

MILITARY 
VERSION 

AVAILABLE 

Dual High Power 
OPERATIONAL AMPLIFIER 

FEATURES 
• OUTPUT CURRENTS TO 5A 
• POWER SUPPLIES TO HOV 
• FET INPUT 
• ELECTRICALLY ISOLATED CASE 

APPLICATIONS 
• MOTOR DRIVER 
• SERVO AMPLIFIER 
• SYNCHRO/RESOLVER EXCITATION 
• VOICE COIL DRIVER 
• BRIDGE AMPLIFIER 
• PROGRAMMABLE POWER SUPPLY 
• AUDIO AMPLIFIER 

-In 
(4,8) 

+In 
(3,7) 

DESCRIPTION 
The OPA2541 is a dual power operational amplifier 
capable of operation from power supplies up to 
±40V and output currents of 5A continuous. With 
two monolithic power amplifiers in a single package 
it provides unequaled functional density. 

The industry-standard 8-pin TO-3 package is isolated 
from all internal circuitry allowing it to be mounted 
directly to a heat sink without insulators which 
degrade thermal performance. Internal circuitry limits 
output current to approximately 6A, 

The OPA2541 is available in both industrial and 
military temperature range versions. Enhanced relia
bility screening is also available. 

+v. (2) 

-v. (6) 

Out 
(5,1) 

Internallonal Airport Industrial Parte· P.O. Box 11400· TUClon, Arizona 85734· Tel, 16021746·1111· Twx: 910·952·1111 . Cable: 88RCORp· Telex: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
At Tc = +25°C and Vs = ±35VOC unless otherwise noted 

OPA2541AM OPA2541BM/SM 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX I UNITS 

INPUT OFFSET VOLTAGE 

Vas ±2 ±10 ±O.25 ±1 mV 
VB Temperature Specified temperature range ±20 ±40 ±15 ±30 pvre 
vs Supply Voltage Vs = ±10V to ±VMAX ±25 ±10 · · pVN 

vsPower ±20 ±60 · · pV/W 

INPUT BIAS CURRENT 

I. 15 50 · · pA 
Specified temperature range Note 1 · 

INPUT OFFSET CURRENT 

los ±5 ±30 · · pA 
Specified temperature ~ange Note 1 · 

INPUT CHARACTERISTICS 

Common-Mode Voltage Range Specified temperature range ±(IVsl-6) :!;:(IVsl-3) · · V 
Common-Mode Rejection VCM =' (I±Vsl-6V) 95 106 · · dB 
Input Capacitance 5 · pF 
Input Impedance, DC 1 · 1012n 
GAIN CHARACTERISTICS 

Open Loop Gain at 10Hz R,=6Q 90 96 · · dB 
Gain-Bandwidth Product 16 · MHz 

OUTPUT 

Voltage SWing lo=5A ±(IVsl-55) ±(IVsl-45) · · V 
10=2A ±(IVsl-4.5) ±(IVsl-36) · · V 
10 =0 5A ±(IVsl-4) ±(lVsl-32) · · V 

Current, Continuous +25'C 5 7.0 · · A 
+S5'C 4 5.0 · A 
+125'C (SM grade only) 3 3.5 A 

AC PERFORMANCE 

Slew Rate 6 S · · VIJiS 
Power Bandwidth R, = SQ, Va = 20Vrms 45 55 · · kHz 
Settling Time to 0 1 % 2V Step 2 · ps 
Capacitive Load Specified temperature range, G = 1 3.3 · nF 

Specified temperature range, G > 10 SOA · Phase Margin Specified temperature range, RL = 80 40 · Degrees 
Channel Separation 1kHz, R, = 6Q 80 · dB 

POWER SUPPLY 

Power Supply Voltage, ±Vs Specified temperature range ±10 ±30 ±35 · ±35 ±40 V 
Current, Quiescent Total-both amplif,ers 40 50 · · mA 

THERMAL RESISTANCE 

8Jc, (Junction to case) Both amplifiers(21, AC output f > 60Hz 0.8 1.0 · · 'CIW 
OJC Both amphflers(2), DC output 0.9 12 · · 'CIW 
OJC One amplifier, AC output f > 60Hz 1.25 15 · · 'CIW 
OJC One amplifier, DC output 14 1.9 · · 'CIW 
8JA. (Junction to ambient) No heat sink 30 · 'CIW 

TEMPERATURE RANGE 

Case AM,BM -25 '+85 · · 'C 
SM -55 +125 'C 

*Speclflcation same as OPA541AM 
NOTES. (1) Input bias and offset current approximately doubles fQr every 10°C increase in temperature. (2) Assumes equal dissipation in both amplifiers 
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MECHANICAL 

NOTE Leads In true position 
within 0 010" (0 25mm) R at MMC 
at seating plane 

Pin numbers shown for reference 
only Numbers may not be marked 
on package 

DIM 
A 
B 
C 

D 
E 
F 

G 
H 
J 
K 
a 
R 

INCHES 
MIN MAX 
1510 1550 

745 770 
260 300 
038 042 
080 105 
40' BASIC 
.500 BASIC 
1186 BASIC 

593 BASIC 
400 500 
151 161 
980 1020 

MILLIMETERS 
MIN MAX 
3835 3937 
1892 1956 
660 762 
097 107 
203 267 
40' BASIC 
127 BASIC 

30 12 BASIC 
1506 BASIC 

1016 1270 
384 409 

2489 2591 

ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM 
Supply Voltage, +Vs to -Vs ................................... SOV 
Output Current ........ ..... . . . . . . . . see SOA 
Power DISSipation, Internal!1l ................................ 125W 
Input Voltage. Differential .................................... ±vs 

Common-mode ........ ...................... .. ±Vs 
Temperature: Pm solder, 108 .............................. +300°C 

Junction l1J ••••••••••••••• ••••••••••••••••••• +150°C 
Temperature Range 

Storage ...................................... -65'C to +150'C 
Operating (case) .. -55'C to +125'C 

NOTE (1) Long term operation at the maximum junction temperature 
Will result In reduced product life Derate internal power dissipation to 
achieve high MTTF 

ORDERING INFORMATION 

Temperature Current 
Model Package Range Continuous 

OPA2541AM TO-3 -25°(: to +85°C 5A at 25'C 
OPA2541BM TO-3 -25'C to +S5°C 4A at 25'C 
OPA2541SM TO-3 -55'C to +125'C 3A a125'C 

BURN-IN SCREENING OPTION 

Temperature BurnMln 
Model Package Range Temp. (160h)'" 

OPA2541AM-BI TO-3 -25'C to +S5'C +85°C 
OPA2541 BM-BI TO-3 -25'C to +S5'C +85'C 
OPA2541SM-BI TO-3 -55'C to +125'C +125'C 

+Vs 

-In A 

QutA, 

-In B 

+In 6 

NOTE. (1) Or eqUivalent comblnatton of time and temperature (2) Minimum order IS 25 pieces 

TYPICAL PERFORMANCE CURVES 
TAo = +25°C. Vs = ±35VDC unless otherwise noted 

INPUT BIAS CURRENT VS TEMPERATURE 
100 

<" 10 
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DYNAMIC RESPONSE 

ZLOAD =..;, V. = ±35V, Av,= +1 

INSTALLATION 
INSTRUCTIONS 
POWER SUPPLIES 

The OPA2541 is specified for operation from power 
supplies up to ±40V, It can also be operated from an 
unbalanced or a single power supply so long as the total 
power supply voltage does not exceed 80V (70V for 
"AM" grade). The power supplies should be bypassed 
with low series impedance capacitors such as ceramic or 
tantalum. These should be located as near as practical to 
the amplifier's power supply pins. Good power amplifier 
circuit layout is, in general, like good high-frequency 
layout. Consider the path of large power supply and 
,output currents. Avoid routing these connections near 
low-level input circuitry to, avoid waveform distortion 
and instability. 

Signal dependent load current can modulate the power 
supply voltage with inadequate power supply bypassing. 
This can affect both amplifiers' outputs. Since the second 
amplifier's signal may not be related to the first, this will 
degrade the inherent channel separation ofthe OPA2541. 

HEAT SINKING 

Most applications will require a heat sink to prevent 
junction temperatures from exceeding the 150°C max
imum rating. The type of heat sink required will depend 
on the output signals, power dissipation of each amplifier, 
and ambient temperature. The thermal resistance from 
junction to case, OIC, depends on how the power dissipa
tion is distributed on the amplifier die. 

DC output concentrates the power dissipation in one 
output transistor. AC output distributes the power dissi
pation equally between the two output transistors and 
therefore has lower thermal resistance. Similarly, tbe 
power dissipation may be all in one. amplifier (worst 
case) or equally distributed between the two amplifiers 
(best case). Thermal resistances are provided for each of 
these possibilities. The case-to-juction temperature rise is 
the product of the power dissipation (total of both 
amplifiers) times the appropriate thermal resistance-

.1 TIC = (Po total) (OIC). 

Burr-Brown Ie Data Book 2-209 

QYNAMIC ,ReSPONSE 

Sufficient heat sinking must be provided to keep the case 
temperature within safe limits for the maximum ambient 
temperature and power dissipation. The thermal resis· 
tance of the heat sink required may be calculated by: 

OHS = 150DC - .1 TIC - TAl Po total 

Commercially available heat sinks usually specify thermal 
resistance. These ratings are often suspect, however, 
since they depend greatly on the mounting environment 
and air flow conditions. Actual thermal performance 
should be verified by measurement of case temperature 
under the required load and environmental conditions. 

No insulating hardware is required when using the 
OPA254L Since mica and other similar insulators typ
ically add O.7DCf W thermal resistance, this is a significant 
advantage. See Burr-Brown Application Note AN-83 for 
further details on heat sinking. 

SAFE OPERATING AREA 

The Safe Operating Area (SOA) curve provides compre
hensive information on the power handling abilities of 
the OPA2541. It shows the allowable output current as a 
function of the voltage across the conducting output 
transistor (see Figure I). This voltage is equal to the 
power supply voltage minus the output voltage. For 
example, as the amplifier output swings near the positive 
power supply voltage, the voltage across the output 
transistor decreases and the device can safely provide 
large output currents demanded by the load. 

The internal current limit will not provide short-circuit 
protection in most applications. When the amplifier 
output is shorted to grqund, the full power supply 
voltage is impressed across the conducting output tran
sistor. For instance, with Vs = ±35V, a short circuit to 
ground would impress 35V across the conducting power 
transistor. The maximum safe output current at this 
voltage is 1.8A, so the internal current limit would not 
protect the amplifier. The unit-to-unit variation and 
temperature dependence of the internal current limit 
suggest that it be' used to handle abnormal conditions 
and not activated in commonly encounted circuit oper
ation . 
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SAFE OPERATING AREA 
, 10 

I ~"'.::~"c 
L:::: ~ c:lI. 

..:;::..:. " ~':'~~ ~ 
:'::'3. " 't< , ~' ~, 

" ('<'~ 
..... 
~ 

~ 
, 
~ ~ 10 

" 
*Dependlng on temperature, maximum output may 

- be restncted by Internal current limit See output 
current specIfications and typical curves 

01 1 I I I I 1111 

FIGURE I. Safe Operating Area. 

Reactive, or EMF generating loads such as DC motors 
can present demanding SOA requirements. With a purely 
reactive load, output voltage current occurs when the 
output voltage is zero and the voltage across the con
ducting transistor is equal to the full power supply 
voltage. See Burr-Brown Application Note AN-123 for 
further information on evaluating SOA. 
Applications with inductive or EMF-generating loads 
which can produce "kick back" voltage surges to the 
amplifiers should include clamp diodes from the output 
terminals to the power supplies. These diodes should be 
chosen to limit the peak amplifier output voltage surges 
to less than 2V beyond the power supply rail voltage. 

APPLICATIONS CIRCUITS 

+Vs 

10pF 

~ 
-Vs T 

Inductive
or EMF
Generating 
Load 

D, - D, : IN4003 

FIGURE 2. Clamping Output for EMF-Generating Loads. 

10 100 
IV. - Vou,1 (V) 

Common lA rated rectifier diodes will suffice in most 
applications. 

BURN-IN SCREENING 

Burn-in screening is an option available for the products 
, listed in the Ordering Information table. Burn-in duration 
is 160 hours at the maximum specified grade operating 
temperature (or equivalent combination of time and 
temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

+35V 

Y,N 

-35V 

R, 
10kO 

>--w..,..--oVo 
0,50 

FIGURE 3. Isolating Capacitive Loads. 
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20pF l00kO 

+----U----. R. 

010 

Av = -RatR, 
=-10 

am 

FIGURE 4. Paralleled Operation, Extended SOA. 

+15V 

+ • I/oiF 

D'9.tal Word Input 18 23 

1 MSB 
2 
3 
4 
5 
6 
7 
8 DAC702 
9 

10 
11 ±lmA 
12 
13 
14 
15 
16 LSB 

19 20 

I/oiF 

~ 
-15V 

.,. 

• TCR Trackmg Resistors 

FIGURE 6. l6-Bit Programmable Voltage Source. 
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+60V 

25kO 

-8V 

FIGURES. Programmable Voltage Source. 
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6 
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+35V 
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+15V 
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100pF 

+ I/oiF • 
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V'N ~--~~--1-----~~--------1---------------------~~-------------------' 
10kO 

Regulation 
Adlust 

• 1/2 OPA2541 

10kO 

5kO 
. -35V 

5kO 

INA105KP 1"-----------, 
1 1 

25kO 25kO 12 

1 
1 
I 
1 
I 
I 
1 

25kO 25kO 13 

1---r----14---1 

+15V 6 6-15V 

FIGURE 7. Bridge Amplifier Motor-Speed Controller. 

V'N 0--+--1 

*Mldwest Components Inc. 
-Vs 288001006 

FIGURE 8. Limiting Output Current. 
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BURR-BROWN@ 

IElElI 

Fast-Slewing 
OPERATIONAL AMPLIFIER 

FEATURES 

-12OV/"sIC SLEW RATE 
- 20MHz GAIN-BANDWIDTH PRODUCT 
-INTERCHANGEABLE WITH 741 TYPES 

DESCRIPTION 
Burr-Brown model 3507J is intended for use in 
circuits requiring fast transient response-pulse am
plifiers. D / A converters. comparators. fast followers. 
etc. Key parameters such as slew rate. settling time 
and bandwidth are orders of magnitude better than 
for most other IC op amps. 

The 3507 J is compensated to allow faster slewing and 
greater bandwidth for gains of 3 or more. For gains 
greater than 3, the gain rolloff is 6dB/ octave. By use 
ofa single external20pF compensation capacitor the 
3507 J can be stabilized at all gains including unity. In 
addition, by use of an alternate compensation 
technique, it is possible to stabilize the 3507J at unity 
gain without sacrificing its faster slew rate. 
The 3507J is pin-compatible with other standard IC 
op amps while offering greater speed and higher 
output current. It also is input- and output-protected 
to prevent damage if the output is shorted to 
common, or the input is shorted to supply voltage. 

3507J 

Inllmllllllli Airport Induslrlal Plrk • P.O. Box 11400· TlICIGn. Arizona 85734· Tel. (602) 748-1111 • Twx: 9111-952·1111 • Clble: BBRCORp· T.lel: 66-6491 
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SPECIFICATIONS 

ELECTRICAL 
Typical at ±1SVDC and +2SoC unless otherwise noted. 

MODEL 3507J 

I TYPICAL I GUARANTEED 

OPEN-LOOP GAIN, DC 
NO Loao BOOB 
2kOLoad 83dB 77dB 

RATED OUTPUT 

Voltage (ikO load) ±12V ±10V 
Current ±20mA ±10mA 

DYNAMIC RESPONSE 

Small Signal Bandwidth (OdB) -
Gain-Bandwidth Product (AeL = 10) 20MHz 
Full Power Bandwidth 1.6MHz 1.2MHz 
Slew Rate 120V/pSec 8OVI",sec 
Settling Time (0.1%) 200nsec 
RIse Time (10-90%, small signal) 2Snsec SOnsec 
Overshoot -- -
INPUT OFFSET VOLTAGE 

Initial (without adjust) at +2SoC ±SmV ±1OmV 
Over Temperature ±14mV 
(avg. OOC to +700C) ±30",VloC 
vs Supply Voltage ±30",VN 2OO",VN 
vsTime ±50",V/mo 

INPUT BIAS CURRENT 

Initial at +25°C +SOnA +2S0nA 
Over Temperature +5OOnA 
(avg. OOC to +700C) ±O.SnAfOC 

INPUT DIFFERENCE CURRENT 

InitIal at +2SoC ±20nA ±5OnA 
Over Temperature ±100nA 
(avg. OOC to +700C) +O.1nAloC 

INPUT IMPEDANCE 

Differential l00MO 113pF 4OMO 
Common·Mode l000MO 113pF 

INPUT VOLTAGE RANGE 

Common·Mode (linear operation) ±12V ±10V 
Differential (between Inputs) ±1SV 
Absolute Max (either mput) ±Supply 
Common·Mode Rejection 90dB 74dB 

POWER SUPPLY 

Rated Voltage ±ISVDC 
Voltage Range, derated ±8Vto ±20V 
Current. quiecscent ±4mA ±6mA 

TEMPERATURE RANGE 

Specifications OOC to +700C 
Operating -2SoC to +8SoC 
Storage -6SoC to +IS0°C 

Burr-Brown Ie Data Book 2-214 

MECHANICAL 

TO-99 PACKAGE 

Seating IIIII~ 
Plane --1--0 

NOTE: 
Leads in true positIOn within 0.10" 
(0.2Smm) R at MMC at seating plane. 

Pin numbers shown for reference only. 
Numbers may not be marked on package. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

" 335 370 851 .40 

8 305 335 775 851 

C 16. 185 41. 470 

0 016 021 041 053 

E .010 040 025 102 

F 010 040 025 102 

G 200 BASIC 508 BASIC 

H 028 034 071 086 

J .02' 045 074 114 

K 500 - 127 --
L 1\0 160 27. 406 

M 45° BASIC 45° BASIC 

N 095 105 241 267 

CONNECTION DIAGRAM 

BANDWIDTH CONTROL 

-Vee 

(TOP VIEW) 
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BURR-BROWNI@ 

IElElI 

Wideband 
OPERATIONAL AMPLIFIER 

FEATURES 
-ll1JmHz GAIN BANDWIDTH PRODUCT 
- 5nA INPUT BIAS CURENT 
-103dB OPEN-LOOP GAIN 

DESCRIPTION 
Burr-Brown model 3508J is a wide band operational 
amplifier intended for use in circuits requiring 
extended bandwidth and high gain. Typical examples 
of applications are: RF signal amplifiers, fast 
recovery voltage references. high speed integrators, 
high frequency active filters, and photodiode am
plifiers. 
Model 3508J is internally compensated for stability 
at gains greater than five and thus has a high gain
bandwidth product and fast slew rate. The 3508J 
can be externally compensated by use of a single 
capacitor, and can thus be stabilized at any value of 
gain. By use of an alternate compensation scheme 
the 3508J can be stabilized at unity gain without 
sacrificing slew rate. 

In addition to its wide bandwidth and high gain the 
amplifier has a number of other significant ad
vantages over other Ie op amps; low bias current, 
high output current, and high common-mode re
jection. Inputs are protected against voltages up to 
the value of the power supplies. The output is 
current-limited to provide short-circuit protection. 

3508J 

InllrnlllOlllI Alrplrllndualrlll Part . P.D. Box 11400· TUClon. ArI~a 85734 • Tel. (6021 746-1111 . Twx: 910-852·1111 • Cable: BBRCORP • Talex: 66-6491 
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SPECIFICATIONS 
ELECTRICAL 
1}tplcal at ±15V and +25·C unleas otherwise noted. 

MOOEL 3508J 

TYPICAL GUARANTEED 

OPEN-LOOP GAIN, DC 
No Load 106dB 
2kO Load 103dB 98dB 

RATED OUTPUT 
Voltage ±12V ±10V 
Current ±18mA ±10mA 

DYNAMIC RESPONSE 
Gain-Bandwidth Product (Ac.. = 10) 100MHz 
Full Power Bandwidth 600kHz 320kHz 
Slew Rate 35V1/I&eC 2OVI/I&eC 
Rise Time (10-110%, small signal) 17nsee 45nsec 

INPUT OFFSET VOLTAGE 
Initial (without adjust) at +25·C ±3mV ±5mV 
Over Temperature ±7mV 
(avg. O·C to +70·C) ±3OpVrC 
va Supply Voltage ±3OpVN ±200pVN 
vsTlme ±5OpVlmo 

INPUT BIAS CURRENT 
Inttial at +25"0 ±15nA ±25nA 
Over Temperature ±40nA 
(avg. O·C to +70"0) ±O.5nArC 

INPUT DIFFERENCE CURRENT 
Inttial at +25·C ±5nA ±25nA 
Over Temperature ±40nA 
(avg. O·C to +700C) ±0.2nArC 

INPUT IMPEDANCE 
Differential 3OOMO 113pF 40MO 
Common-Mode 1000MO 113pF 

INPUT VOLTAGE RANGE 
Common-Mode (linear operation) ±13V ±11V 
Differential-Mode (betwaen Inputs) ±12V 
Absolute Max (either Input) ±Supply 
Common-Mode Rejection 100dB 74dB 

POWER SUPPLY 
Rated Voltage ±15VDC 
Voltage Range, derated ±8Vto±22V 
Current, qUiescent ±3mA ±4mA 

TEMPERATURE RANGE 
Specification 0·Cto+700C 
Operallng ":25·C to +85"0 
Storage -65·C to +1500C 

Burr-Brown Ie Data Book 2-216 

MECHANICAL 

TO-ge PACKAGE 

NOTE: 
Leads In true position within 0.10" 
(0.25mm I R at MMC at seating plane. 

Pin numbers shown for reference only. 
Numbers m~ not be marked on peckage. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX .. ~ .... .... .... 
• .... ~ 1.7' ... , 
C .... .... ...,, . .... 
0 .0 .. . .... GA • .... 
• .0' • .- .. H ..... 
F . 0'0 .- .... ..... 
a .200IAlIC ..... ASIC 

H .- .- .... .... 
J ..... . - .... 1.1 • 

K .... - 12.7 -
L • 110 .... 2.70 .... 
M aOIAlIC "·IAllie 
N . - .... .... 2.'7 

CONNECTION DIAGRAM 

BANDWIDTH CONTROL 

(TOPVIEWI 
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BURR-BROWN@ 

IE;lElI 3550SERIES 

Fast-Settling FET 
OPERATIONAL AMPLIFIERS 

FEATURES 

• SETTLING TIME (0.01%1. 6OOnsec. max 

• TRUE OIFFERENTIALINPUT 

• SLEW RATE. l00V/jJS8c. min 

• FULL POWER. 1.5MHz. min 

• INPUT IMPEOANCE. 1011 Q 

• INTERNALLY COMPEN.SATED 

• STABLE OPERATION. l000pF. Iyp 

DESCRIPTION 
The 3550 is specifically designed for fast transient 
applications such as D / A and A/ D conversion, 
sample/hold, multiplexer buffering and pulse 
amplification where the primary amplifier 
requirements are fast settling, good accuracy, and 
high input impedance. 

Because the 3550 is internally compensated, 
elaborate compensation schemes requiring external 
components are not necessary. The smooth 
6dB/octave rolloff of open-loop gain and the low 
output impedance provides the excellent step 
response and smooth settling without sacrificing 
frequency stability (no oscillations even with 1000pF 
of capacitive load)! A 10 to I improvementmsettling 
time with large capacitive loads can be obtained with 
the addition of a single capacitor. 

Unlike many wide band and fast settling amplifiers 
the 3550 has a true differential input. This means it 
can provide its excellent transient performance in the 
inverting, non-inverting, current to voltage, and 
difference configurations. 

The 3550J and S have identical specifications except 
for temperature range: The 3550J is specified for o"e 
to +70oe and the 3550S is specified for -55"e to 
+125°C. The 3550K has improved dynamic 
specifications and is specified over the ooe to + 70"e 
temperature range. 
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SPECIFICATIONS 
ELECTRICAL 
Specifications typical at +25'C and ±15VDC Power Supply un_ otherwisa noted. 

MODELS 35IOJ 3550K 3550S 

OPEN LOOP GAIN, DC 
No load l00dB 
lkO,load min B8dB 

RATED OUTPUT 
Voltage, min ±10V 
Current, min ±lOmA 
Open-Iocp Output ResIstance 1000 at lMHz 

DYNAMIC RESPONSE 
Bandwidth (OdB, small signal) 10MHz 20MHz 10MHz 
Full Power Response, min 1.0MHz 15MHz 1.0MHz 
Slew Rate, mIn 85V1jJ88C l00VljJ88C 85V1jJ88C 
Settling Time (001%), max ljJ88C O.&,.sec ljJ88C 

INPUT OFFSET VOLTAGE 
Inttial OIIset, +25'C, max ±lmV 

vs Temperature ±5OjJVrC 
vs Supply Voltage ±5OO/JVN 
vs Time ±l00pVlmo 

INPUT BIAS CURRENT 
Initial BIas, +25'C, max -l00pA (aller full warm-up) 

vs Temperatura doubles every 10' C 
vs Supply Voltage ±lpAN 

INPUT DIFFERENCE CURRENT 
InItIal Dlllerance, +25'C ±40pA 

INPUT IMPEDANCE 
Differential 1O~0 113pF 
Common Mode 10"01l3pF 

INPUT NOISE 
Voltage, O.OlHz -10Hz, pop 20pV 

10Hz - 10kHz, rms 4pV 
Currant, 0.01 Hz - 10Hz, pop 02pA 

10Hz -10kHz, rms 1.5pA 

INPUT VOLTAGE RANGE 
Common-Mode Voltage ±(lV"I-5)V 
Common-Mode Rejection 70dB at +5V, -10V 
Sale Input Voltage, max ±Supply 

POWER SUPPLY 
Rated Voltage ±15VDC 
Voltage Range, derated ±5VDC to ±20VDC 
Current. qUIescentC11 llmA 

TEMPERATURE RANGE 
SpecIfIcatIon O'C to +70'C ' 1-55'C to +125'C 
Operating -55'C to +125'C -55'C to +125'C 
Storage -85' C to +150' C 

NOTES' 
1 The use of a fInned heat sink IS racommended. 

Burr-Brown Ie Data Book 2-218 

MECHANICAL 

FA=1 ~ • 11 ; 

L/lrn~ ! 
s ... 'n.IIIII_~ 
Plene ----I.-- 0 

Lfu- ~ 
~~f\\ N 

~ r .. V. T yJ 
NOTE 
Leads In true POSition With," 010" 
( 25mml A @) MMC at seating plane 

Pm numbers shown to. reference onlV 

Number, may not be marked on p&\;kage 

BOTTOM VIEW 
Dimensions In inches are in parentheses. 

PIn matertal and platIng composItion 
conform to method 2003 (solderability) 
of Mil-Std-883 (except peragraph 3.2) 

IN HES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 33S 370 . ., 940 

• 30S 33S 77S • S1 

C 10S ,.S 419 470 

0 010 021 0., o S3 

E 010 040 025 102 

F 010 0'0 025 102 

G 200 BASIC 508 BASIC 

H 02. 03' 071 080 J 029 04S 07. 1 14 

K soo 127 L ,,0 100 27. 406 

M 45° BAStC 45° BASIC 

N 09S 10S 2., 

CONNECTION DIAGRAM 

DFFSET 
TRIM 

r--
I 
I 
I 
I 
I I 6 

I v- 4 I 

267 

LD;I~-~.J 
OFFSET AILIUlT TO V+ 



TYPICAL PERFORMANCE CURVES 
T. = +25°C ±Vee = 15VDC unless otherwise Indicated. 
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APPLICATIONS 
SETTLING TIME 

Settling time of an amplifier is defined (see Figure I) as 
the total time required, after an input step signal, for the 
output to "settle" within a specified error band around 
the final value. This error band is expressed as a 
percentage of the magnitude of the step transition. A 
recommended test circuit for settling time is shown in 
Figure 2. The output error signal appears, attenuated by 
a factor of two, at point A and may be observed at· this 
point with the aid of an oscilloscope. The diodes act as 
limiters to prevent overloading the oscilloscope during 
the fast leading edge of the input signal. All resistors 
should be 2kO or less to eliminate degradation of 
performance due to stray capac.itance. A typical mea
surement desired is the settling time to 0.01% for a 
10-volt step input. This is the time required for the signal 
at point A to decrease to 0.5m V or less and remain below 
this level. 

Vout OUTPUT ERROR BAND 
INPUT I 

\ -A------L--

o 

V-- .:--- -1 TIME 

--...
SETTLING TIME 

FIGURE 1. Concept of Settling Time. 

Settling time for noninverting circuits can also be 
measured but requires the use of ultra-fast differential 
amplifier test fixtures. For the 3550 settling time is equal 
for inverting or noninverting circuits of equal gain. 

TO OSCillOSCOPE 

FIGURE 2. Settling Time Test Circuit. 

Because settling time is affected by bandwidth which in 
turn is dependent upon closed-loop gain, the settling 
time of any operational amplifier will be a function of 
closed loop gain. Settling ,Time versus Gain curves 
illustrate this effect for the 3550 at several levels of 
settling accuracy. 
The 3550 is remarkably tolerant of load capacitance 
because of its stable, 6dB/ octave gain rolloff and low 
output impedance. Settling Time versus Load Capaci
tance curves show this characteristic for the unity-gain 
configuration. For larger values of load capacitance the 
compensation technique of Figure 3 may be used to 
optimize the response. The slight negative feedback 
provided by Cc tends to reduce any ringing at the top of 

the output voltage waveform without significantly 
affecting the slew rate. See the Settling Time versus Load 
Capacitance curves for typcial improvements in settling 
time. 

R, 
OPTIONAl 
COMPENSATION 
CAPACITAIICE 
Cc-D.II2CL 

FIGURE 3. Compensation for Load Capacitance. 

WIRING RECOMMENDATIONS 

In order to fully realize the high frequency performance 
capabilities of the 3550, proper attention must be given 
to layout, component selection and grounding. All leads 
associated with the input and feedback elements should 
be as short as possible and all connections should be 
made as close to the amplifier terminals as possible. 
Input and feedback resistors should be made as small as 
possible consistent with other circuit constraints. 
Capacitance from the ouput to noninverting input can 
cause high frequency oscillations, particularly in high 
gain circuits operating from large source impedance. 
Careful layout of wiring or PC board patterns is the only 
satisfactory way of preventing such problems. 

In order to prevent high frequency oscillations due to 
lead inductance the power supply leads should be 
bypassed. This should be done by connecting a IO"F 
tantalum capacitor in parallel with a O.OOI"F ceramic 
capacitor from pins 7 and 4 to the power supply 
common. 

INPUT AND OUTPUT VOLTAGE RANGE 

Although the 3550 is specified for best operation on 
power supply voltage of ±15VDC, it will operate with 
minor performance changes over a power supply voltage 
range of ±5VDC to ±20VDC. Many of the curves show 
performance of the 3550 when operated from supplies 
other than ±15VDC. 
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BURR-BROWN® 

I E3IE3I I 3551 SERIES 

Wideband and Fast-Settling FET 
OPERATIONAL AMPLIFIERS 

FEATURES 
• REDUCES WIDEBAND ERRORS 

50MHz Gain-bandwidth product [ACL ;;>101 
250V /IIS slew rate [CI = 01 

• VERSATILE 
Single compensation capacitor allows 
optimum response 
True differential input 

• PRESERVES DC ACCURACY 
Bias current. 100pA. max 
Laser-trimmed ollset voltage 

DESCRIPTION 
The 3551 is designed to offer the user versatility in 
wide band steady state and fast transient 
applications. The use of a single external 
compensation capacitor allows the user to optimize 
frequency response for maximum bandwidth for a 
variety of closed loop gains and capacitive loads. 
The amplifier is stable atdosed loop gains of greater 
than IOV I V. with no external compensation and 
may be stabilized at all gains with the single IOpF 
compensation capacitor. 

In addition to the excellent dynamic response 
characteristics, the 3551 also has good DC 
properties. The use of a monolithic FET input stage 
gives the 3551 very low input bias and offset currents. 

Offset 
+Vee 
Freq. 

Compo 

·Vee 

This is in contrast to the high input currents usually 
associated with fast amplifiers having bipolar input 
stages. Also, the input offset voltage and offset 
voltage drift are low as a result of Burr-Brown's laser
trimming techniques. 

Unlike many wideband and fast settling amplifiers, 
the 3551 has a true differential input. This means it 
can provide its excellent wideband response in the 
inverting, noninverting, current-to-voltage and 
difference configurations. 

The 3551 is an excellent choice for applications such 
as fast DI A and AI D converters, high speed 
comparators and fast sampling circuits, to name just 
a few. 

International Airport Industrial Park· P.O. Box 11400 . Tucson. Arizona 85734 . Tel. (6021 746·1111 . Twx: 910·952·1111 . Cable: BBRCORP . Telex: 66·6491 

PDS·30IC 

Burr-Brown Ie Data Book 2-221 Vol. 33 

en w -IX 
W en ,... 
an 
an 
('I) 

en 
a:: 
w -u-
:::i 
Il. 
:E 
<C 
..J 
<C 
Z 
o 
I
<C 
IX 
W 
Il. 
o 



SPECIFICATIONS 
ELECTRICAL MECHANICAL TO-99 
Specifications tYPical at 25°C and ±16VDC Power Supply unless otherwise noted 

MODELS I 3551J I 3551S " 
OPEN LOOP GAIN. DC f==1 . 
No load 100dB 
1 kll, load min 88dB ~ j ~ 
RATED OUTPUT L'-m~ ! Voltage, min ±10V 
Current, mm ±10mA 
Open Loop Output Resistance 10011 at lMHz 

•.. ,,".11111. . 1 DYNAMIC RESPONSE 

Gain-Bandwidth Product 
Gain = 1000 50MHz 

Plane ---I.-- 0 

Gain = 10 SO MHz 

41 1 

Slew Rate IC. = 01 2S0Vl~sec 

INPUT OFFSET VOLTAGE ... N ! Inlt,al Offset, 25°C. max ±1mV T'+~ 3 vs Temp(1) ±SO~VI·C 
M .. • 

va Supply Voltage ±500~VlV Y' vs Time ±loo~Vlmo 

INPUT BIAS CURRENT 

Initial BIBS, 25°C, max -400pA I after full warm-up I 
NOTE 

vs Temperature doubles every 10°C Leads In true POSition wIthin 010 
vs Supply Voltage ±lpAIV ( 25mml, FI (!i:I MMC at sBatlfl9 plane 

INPUT DIFFERENCE CURRENT 
Pm numbers shown tor reference only 

Initial Difference. 25°C ±40pA Numbers may not be marked on package 

INPUT IMPEDANCE 

Differential 101111 113pF INCHES MILllMETERS 

Common-mode 101111 II 3pF DIM MIN MAX MIN MAX 

INPUT NOISE 
A 335 370 851 .40 , 
8 305 335 775 851 

Voltage, 0 01Hz to 10Hz, p-p 20~V C 165 185 41. 470 

Voltage, 10Hz to 10kHz. rms 4~V D 016 021 041 053 

Current, 0 01 Hz to 10Hz, p-p 02pA E 010 040 0,25 102 

Current, 10Hz to 10kHz, rms I.SpA F 010 040 025 102 

0 200 BASIC 508 BASIC 
INPUT VOLTAGE RANGE 

H 02B· 034 071 086 

Common-mode Voltage ±IIVcc I-SIV , 02. 045 074 1 14 

Common-mode Rejection 70dB at +SV, -10V K 500 127 

Max Safe Input Voltage ±Supply L 110 160 27. 406 

POWER SUPPLY M 45° BASIC 45° BASIC 

N 0.5 105 241 267 

Rated Voltage ±ISVDC 
Vollage Range, derated ±SVDC to ±20VDC Pin material and platmg composition 
Current, qUlescent(1) limA (ISmA max) conform to method 2Q03 (solderability) 

TEMPERATURE RANGE of Mil-Std-883 [except paragraph 3.21 

Specification O·C to +70·C I -SS·C to +12S·C 
Operating -SS·C to +12S·C -SS·C to +12S·C 
Storage -6S·C to +IS0·C CONNECTION DIAGRAM 

NOTE 
.-:"'-1('::---, 1 The use of a finned heat Sink IS recommended 

Cf 
TAB Frequency I 

Offset B Compensation 1 
Trim 
r-- 1 7 

+Vee I 
I 

I 
I _...J -IN 2 6 
I + 

Output 

I +11\1 3 5 
Offset 

I Optional 4 Trim -Veci 
effset Adjust 
---~-~ 

20kL-to +VCC 
The case is electrically isolated 
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APPLICATIONS 
WIRING RECOMMENDATIONS 
In order to fully realize the high frequency performance 
capabilities of the 3551, proper attention must be given to 
layout, component selection and grounding. All leads associ
ated with the input and feedback elements should be as short 
as possible and all connections should be made as close to the 
amplifier terminals as possible. Input and feedback resistors 
should be made as small as possible consistent with other 
circuit constraints. Capacitance from the output to non
inverting input can cause high frequency oscillations, parti
cularly in high gain circuits operating from large source im
pedances. Careful layout of wiring or PC board patterns is 
the only satisfactory way of preventing such problems. 

Load 

fa) Inverting Circuits 

Load 

(b) Non-Inverting Circuits 

FIGURE 1. Proper Grounding Methods. 

Provision for phase compensation should always be 
made on the PC board even if initial calculations and 

Burr-Brown Ie Data Book 2-224 

breadboarding may indicate that none is needed. 

In order to prevent high frequency oscillations due to lead 
inductance the power supply leads should be bypassed. This 
should be done by connecting a 10 J..!f tantalum capacitor 
in parallel with a 0.001 J..!f ceramic capacitor from pins 7 and 
4 to the power supply common. 

INPUT AND OUTPUT VOLTAGE RANGE 
Although the 3551 is specified for best operation on power 
supply voltage of ±15 VDC, it will operate with minor per
formance changes over a power supply voltage range of 
±5 VDC to ±20 VDC. Many of the peFformance curves show 
performance of the 3551 when operated from supplies other 
than ±15 VDC. 

INPUT/OUTPUT PROTECTION 
All of the amplifiers listed in the specification table are de
signed to withstand input voltages as higli as the supply 
voltage, without damage to the amplifier. Thus, inputs may 
be subjected to either supply voltage, in any combination, 
without damage. 

Output stages are internally current limited and will with
stand short-circuit-to-ground conditions. However, applica
tion of nonzero potential to the output pin may cause per
manent damage and should be prevented by the proper pre
cautions. 

SETTLING TIME 
Settling time of an amplifier is defined as the total time re
quired, after an input step signal, for the output to "settle" 
within a specified error band around the final value. This 
error band is expressed as a percentage of the magnitude of 
the step transition. 

Because settling time is affected by bandwidth which in turn 
is dependent upon closed loop gain, the settling time of any 
operational amplifier will be a function of closed loop gain. 
Settling time vs. gain curves illustrate this effect for the 
3551 at several levels of settling accuracy. 
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BURR-BROWN® 

IElElI 

Wideband - Fast-Slewing 
BUFFER AMPLIFIER 

FEATURES 
• GAIN = .99V IV 
• OUTPUT CURRENT. ±200mA 

• BANDWIDTH. 300MHz 

• SLEW RATE. 2000V/psec 

• ELECTRICALLY ISOLATED CASE 

• EXTENDS OP AMP DRIVING CAPABILITY WHILE 
PRESERVING BANDWIDTH & SETTLING TIME 

DESCRIPTION 
The 3553 is a unity-gain amplifier designed to be used 
either as a signal buffer. or as the power output stage 
for an operational amplifier. Because of its wideband 
response (300MHz, -3dB bandwidth) and fast 
slewing capability (2000V / ~sec) the 3553 is capable 
of following very fast signals. When used inside the 
feedback loop of an operational amplifier. theSe high 
speed characteristics are essential in order to preserve 
the performance and stability of the feedback 
amplifier circuit. 

With its ±200mA of output current capability, the 
3553 is capable of driving a signal of ±I OV into a 50n 
load. This power capability, coupled with its 
extremely high speed and wide bandwidth, makes the 
3553 ideally suited for line driving applications where 
fast pulses or wide band signals are involved. 

In addition to its fast / wideband characteristics and 
high output current, the 3553 has low input offset 
voltage and drift. This adds to its versatility, 
particularly in stand-alone buffer amplifier 
applications. 

The 3553 is packaged in a reliable hermetically sealed 
T0-3 package for environmental ruggedness. The 
metal case is completely electrically isolated. This 
simplifies mounting and reduces cost since the need 
for insulating spacers and bushings is eliminated. 

3553 
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SPECIFICATIONS 
Specifications afe typical at +2 SoC Case Temperature and ± 15 VDC power supply 
unless otherwise not~d. 

ELECTRICAL 

MODEL 3553AM 

GAIN, DC 
No Load 0.9R V/V 
50 n Load, min 0.92 V/V 

RATED OUTPUT 
Voltage, min ±IO V 
Current, min 1200 rnA 
Output Resistance In 

DYNAMIC RESPONSE 
Slew Rate, min 2000 V/Jjsee 
Full Power Bandwidth, min 32 MHz 
Small Signal -3dB Bandwidth 300 MHz 
Settling Time to 1% 7.2 osee 

to .01% 14.5 nsee 

INPUT PARAMETERS 
Input Voltage, linear range ±\O V 
Input Voltage. absolute, max ±Supply Voltage 
Input Impedance lOll n 
Input Bias Current @ +2 SoC ·200 pA 

(doubles/+ I O°e) 

OUTPUT OFFSET VOLTAGE 
Initial Offset @ +2SoC, max ±so mV 
vs. Temperature (average) -25°C to +8SoC ±300 JjV/oc 

POWER SUPPLY 
Rated Voltage ±IS VDC 
Voltage Range, derated ±s VDC to ±20 VDC 
Current, QUiescent, max ±80 mA 

typ ±so mA 

TEMPERATURE RANGE (Case) 
Specification -25°C to +8SoC 
Operation (derate above +120o C Case) _55°C to +12SoC 
Storage _65°C to +ISOoc 
O,e Thermal Resistance, junction to case 60 C/W 
8JA Thermal Resistance, junction to ambient 330 C/W 

+Vee 

Output' 

-Vee 

SIMPLIFIED SCHEMATIC 

Burr-Brown Ie Data Book 2-226 

MECHANICAL 
M PACKAGE ITO-31 

10.16mm 
(0.400") 

mm ....- .. mr 
(0.100") (1.56) max , 

2.54 I 39'62mm~ 

'I J 1---1-,-. -----
t n n n H 10.16mm t 

U U U U (0.4") min 

12.7mm 1.500")dia 
(BOTTOM 

VIEW) 

80° 

) 
3.96 ±O.1 3mm 

(0.156 ±0.005")dla 
~ 

Pin material and plating composition 
conform to Method 2003 (solderabilitY) 
of MiI·Std-883 [exceDt Paragraph 3.21 

CONNECTION DIAGRAM 

(TOP VIEW) 

+VCC 

Input 

*NO Internal connection 
CONNECTOR' 0803MC 
HEATSINKS: 0803HS 120 C/W 

0804HS 4.2oC/W 
0805HS 30 CIW 

N.C. * 

case is 
electrically 
isolated 
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TYPICAL PERFORMANCE CURVES 
Typical at 250c and rated supply voltage unless otherwise noted. 

SMALL SIGNAL 
FREQUENCY RESPONSE 
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-100 

PHASE SHIFT 
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CURRENT vs SUPPLY VOLTAGE 

100 

GAIN vs 
SUPPLY VOLTAGE POWER OISSIPATION 
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RL =~on I 8 

c 1.5 r- V 1N = ± Ivsl-5V 
6 8 JC = 6oC/W_ 

e 75 
5 f = 2~HZ I (Case) 

U 

~ 50 
1 

T C = -5SoC to +12SoC 
4 
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B 
& 
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t 
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..J 
q: 

--
2 

~"'1 
~ "I) 

'" 0L-~5----1~0----1~5----2~0~ o 
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Z 
II: 
w 
I
Z 

o 
o 50 100 150 

Temperature CoC) 

200 

Supply Voltage (± Veel Supply Voltage (± Veel 

APPLICATION INFORMATION 
BOOSTER AMPLIFIER 
One of the primary applications for the 3553 is that of a 
current booster for an operational amplifier. The circuit 
of Figure I is typical of such applications. Note that the 
3553 is used inside the feedback loop and becomes, effec
tively, the output stage of the composite amplifier. Be
cause the 3553 has unity voltage gain, wideband response, 
fast slewing rate, and very little phase delay, the dynamic 
response of the operational amplifier is virtually unaffected 
by the addition of the booster. 

The already low offset voltage of the 3553 is effectively 
reduced by a factor equal to the open loop gain of the 
operational amplifier and becomes a negligible factor in 
total offset error of the circuit. 

Input impedance of the 3553 is extremely high, thus requir
ing almost no drive current from the operational amplifier. 
On the other hand, the presence of the 3553 in the circuit 
increases the output current capability to ±200 rnA, drasti
cally lowers the output impedance of the loop, and permits 
the driving oflow impedance loads such as a terminated son 
coaxial line . 

Burr-Brown Ie Data Book 2-227 

Capacitive loads, often a source of instability and oscillations 
in operational amplifier circuits, are buffered .by the pre
sence of the 3553. In driving heavily capacitive loads the 
slew rate of the 3553 will be seen to decrease. This is due 
simply to the large currents required by fast voltage slewing 
in a capacitive load, dV 

Ic = Cload dt . 
The internal current limit of the 3553 (approximately 
600 rnA) places a limit on the slewing rate under such 
conditions. 

CompOsite Amplifier 

FIGURE I. Model 3553 as a power booster. 
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BUFFER AMPLIFIER 
The 3553 may also be used, as shown in Figure 2, as a 
unity gain buffer amplifier. No operational amplifier is 
required in this mode of operation. Since the 3553 is then 
operated without feedback, it's offset voltage and drift 
are translated to the output. While the gain is not 
precisely unity in this mode, the accuracy is adequate for 
many applications. 

INPUT/OUTPUT PROTECTION 
The output stage of the 3553. is current limited at 
approximately 6OOmA. This will provide a measure of 
output short circuit protection for the amplifier for a 
period of time as determined by the heatsinking used, the 
amplifier's thermal resistance, the ambient temperature, 
etc. The amplifier's output stage transistors should not be . 
allowed to exceed 150°C (175°C absolute max). 

The input stage is designed to allow the application of 
either supply voltage without damage to the amplifier. 

POWER DISSIPATION 
The power dissipation capability of the 3553 varies with 
ambient temperature and with the type of ht!llt sink used. 
A heat sink may be used to increase the dissipation 
capability or to achieve a given dissipation capability at 
higher temperature; The power derating curve is given in 
the Typical Performance Curves. 

WIRING RECOMMENDATIONS 
No special wiring techniques are necessary with the 3553. 
However, it is recommended, as a good engineering 
practice, that the power supply lines be bypassed to 
common at a point near the amplifier. (A I.OILF 
electrolytic in patallel with a lOOOpF ceramic is 
recommended.) If the 3553 is used with a wideband 
operational amplifier, all leads must be kept as short as 
possible to minimize stray capacitance and unwanted 
feedback paths. 

FIGURE 2. Model 3553 as a Unity Gain Buffer. 
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IElElI 3554 

Wide band - Fast-Settling 
OPERATIONAL AMPLIFIER 

FEATURES 
• SLEW RATE. l000Vuslc 

• FAST SETTLING. 150nllc. max (to ±.05%) 

• GAIN·BANDWIDTH PRODUCT. 1.7GHz 

• FULL DIFFERENTIAL INPUT 

DESCRIPTION 
The 3554 is a full differential input, wideband 
operational amplifier. It is designed specifically for 
the amplification or conditioning of wideband data 
signals and fast pulses. It features an unbeatable 
combination of gain-bandwidth product, settling 
time and slew rate. It uses hybrid construction. On 
the beryllia substrate are matched input FETs, thin
film resistors and high speed silicon dice. Active laser 
trimming and complete testing provide superior 
performance at a very moderate price. 

The 3554 has a slew rate of IOOOV I "sec and will 
output ±IOV and ±IOOmA. When used as a fast 

APPLICATIONS 
• PULSE AMPLIFIERS 

• TEST EQUIPMENT 

• WAVEFORM GENERATORS 

• FAST DfA CONVERTERS 

settling amplifier, the 3554 will settle to ±O.05% of 
the final value within 150nsec. A single external 
compensation capacitor allows the user to optimize 
the bandwidth, slew rate or settling time in the 
particular application. 
The 3554 is reliable and rugged and addresses almost 
any application when speed and bandwidth are 
serious considerations. It is particularly a good 
choice for use in fast settling circuits, fast D I A 
converters, multiplexer buffers, comparators, 
waveform generators, integrators, and fast current 
amplifiers. It is available in several grades to allow 
selection of just the performance required. 

Inllrnllional Alrpart ImlUllrll1 Plrk • P.O. lox 11400· T_n. Arlzana 85734 • TIl. (1102) 748·1111 . Twx: 910-952·1111 • &able: BBRCORP . Tlllx: 86-6481 
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5.6kn 

2 pF 

S600 

47pF I 

XI Inverter 

560n s.6kn 

l.ipFO 

TYPICAL CIRCUITS 

IkO 

270pF 

27n eo 

SOO 

Xl Noninverter 

R 3kn 

ei = tlOV 

tr = tt = 4(~)sec 

27n 

27n 

Error 
Signal 

HP 5082·2811 
, Hot Carrier Diodes 

IpF to 15pF 

~~ ..... .o Amplifier 
Output 

X I 0 Inverter Settling Time Test Circuit Schematic 

View f(pm Compon",nt Side. ' 
Shaded area is the pattern side conductor. 

C4 C R 

ComlVon 
loon 10kn 

XIOO Inverter 

Settling Time Test Cifcuit Layout 

NOTES: 
\. These circuits are optimized for driving large capacitive loads (to 470pF). 
2. The 3554 is stable at gains of Ireater than 5S (CL .. 100pF) without any frequency compensation. 
3. 45nsec is optimum. Very fast rise times (i0-2Onsec) may saturate ,the Input stage causing less than 

optimum settling time performance. 
*Indicates component that may'be eliminated when large cap8citiv.l~8ds an not being driven by the device. 
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+Vcc 

Error 
Output 
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ELECTRICAL SPECIFICATIONS 
At T( \~I ::::: 25"C and ±15VDC. unless otherwise noted 

PARAMETERS 

, GAIN.DC 
No Load 
Rated Load 

RATED OUTPUT 
Voltage 
Current 
Output ReSistance, open loop 

DYNAMIC 
Bandwidth (Od8. small signal) 
Gam-bandwidth Product 

Full Power Bandwidth 
Slew Rate 
Settling Time to±l% 

to ±.I% 
to ±O5% 
to ±Ol% 

INPUT U~~:;~I VULIAUE 
Initial offset. T" =:: 25"C 

\\ fcmp (T \ ::::: -2S"C to +85"C) 
\\ [emp (T,::::: -5S"C to +125"C) 

\'., Supply Voltage 

INPUT BIAS CURRENT 
Initial bias. 2S"C 

\5 Temp 
\5 "iupply Voltage 

I~~,~~ Mference. 25"C ,CURRENT 

INPUT IMPEDANCE 
DIfferential 
Common-mode 

INPUT NOISE 
\ oltage f. = 1Hz 

f. = 10Hz 
10 = 100Hz 
f.,= 1kHz 
fo = 10kHz 
fo = 100kHz 
f. = IMHz 
fa = .3Hz to 10Hz 
fa = 10Hz to IMHz 

Current, fa = .3Hz to 10Hz 
fa= 10Hz to IMHz 

INPUT VOLTAGE. RANGE 
Common-mode Voltage Range 
Common-mode RejectIOn 
Max Sale Input Voltage 

POWER SUPPLY 
Rated Voltage 
Voltage Range. derated performance 

Current. q.,escent 

TEMPERATURE RANGE (amb«nt) 
Specltkatlon 
Operatmg. derated performance 
Storage 

8 JunctlOn-ca~e 
8 Juncllon-amblent 

• Speclficallon .... arne a .. for J554AM 
•• Dou hie .. c\t:ry + 10"(, 

Burr-Brown Ie Data Book 

CONDITIONS 
'MIN 

100 
R, = loon 90 

In::::: ±IOOmA ±IO 
Vo ::::: ±IOV ±IOO 
f = 10M Hz 

C~::::: 0 70 

C,=O.G=IOV/V 150 
C, =O.G = 100V/V 425 
C, =O.G= 1000V;V 1000 

C,=O. V. = 20V,p-p. R,= loon 16 
,C, = O. V" = 20V,p-p. R, = loon 1000 

A = I 
A= I 
A= I 

.A = I 

0 

R, = 1001l 
R ... = lOon 
R, = lOon 
R ... = loon 
R, = lOon 
R, ~ lOon 
R, = loon 
R, = lOon 
R, = loon 
R, = 1001l 
R, = loon 

Lmear Operation 
f= DC V(\l = +7V. -IOV 44 

±5 
±17 

-25 
-55 
-65 

2-231 

3554AM 3554BM 

TYP IMAX MIN iTYP MAX 

· · · 106 
96 

· · ±II 
±125 

20 

· · · 90 
225 
725 
1700 

19 
1200 
60 

120 
140 150 
200 250 

±O5 ±2 ±02 ±I 
±20 ±50 ±8 ±15 

±80 ±300 * * 

· · · -10 -50 .. 
±I 

· · · +2 +10 

· lOll II 2 
10' II 

· · · 12~ 

50 
25 
15 
10 
8 
7 
2 
8 

45 
2 

· · · 
:~~~::: 

· · · ±15 
±IR 

±J5 ±45 

+85 -25 +85 
+125 -55 +125 
+150 -65 +150 

15 15 
45 45 

3554SM 
UNITS 

MIN TYP I MAX 

· · · dB qo 
dB It) 

It) · · · ('I) 
V 

rnA 
.Il 

· · · 
MHl 
MHI 
MHI 
MHI 
MH7 

V iJsec en 
osee a: 
n\cc W 
n ... cc u:: n..,e<. 

:::i 
::to 2 ±I mV 0-

iJ.V"C 

== !12 ::25 "V "C 

* * jJ\ V <C 
..J · · · <C p" 
Z 

pA V 0 · · · i= pA 

· <C 
Il II pF a: 
Ilil pF W 

· · · C. 
nV v'Hl 0 
nV y'H/ 
nV V~ 
nV ViHt 

nV \/HI 
nV y'H, 
nV v% 
"V. pop 
/J.V, rm!> 
fA. pop 
pA, rms 

· · · V 
dB 
V 

· · · VDC 
VDC 
rnA 

-55 +125 "C 
-55 +125 "C 
-65 +150 "C 

15 "c W 
45 "CW 
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TYPICAL PERFORMANCE CURVES 
at TC:;:' +2SoC and ± 1 SynC ~,nless otherwise noted. 
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AMPLIFIER CONNECTIONS 
Offset Potentiometer 

(Optional) 

Frequency Compensation 

-V s There IS no internal case connection. 

E oeo '05 , 03 , .7 (solderabihty) of 
, 40° BASIC 40° BASIC Mil-std-883 

Co 500 BASIC 127 BASIC I except para-H 1 186 BASIC 3012 BASIC graph 3_2)_ 

J 593 BASIC 15068ASIC 

K 400 500 1016 1270 

Q '51 '6' 384 409 

R 980 1 020 2489 2591 

NOTE 

Lead. In true pos,tlon w,th,n 010 

( 25mm! R ([l! MMC ilt seatrng ~Iane 

P.n ntlmbers Silown for reference only 

"'"'''Il~'~ "'ay not be marko"l on package 
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APPLICATIONS INFORMATION 

WIRING PRECAUTIONS 
The 3554 is a wideband, high frequency operational 
amplifier that has a gain-bandwidth product exceeding I 
Gigahertz. The full performance capability of this 
amplifier will be realized by observing a few wiring 
precautions and high frequency techniques. 

Of all the wiring precautions, grounding is the most 
important and is described in an individual section. The 
mechanical circuit layout also is very important. All 
circuit element leads should be as short as possible. All 
printed circuit board conductors should be wide to 
provide low resistance, low inductance connections and 
should be as short as possible. In general, the entire 
physical circuit should be as small as practical. Stray 
capacitances should be minimized especially at high 
impedance nodes such as the input terminals of the 
amplifier. Pin 5, the inverting input, is especially sensitive 
and all associated connections must be short. Stray signal 
coupling from the output to the input or to pin 8 should 
be minimized. A recommended printed circuit board 
layout is shown with the "Typical Circuits." It also may 
be used for test purposes as described below. 

When designing high frequency circuits low resistor 
values should be used; resistor values less than 5.6kO are 
recommended. This practice will give the best circuit 
performance as the time constants formed with the circuit 
capacitances will not limit the performance of the 
amplifier. 

GROUNDING 
As with all high frequency circuits a ground plane and 
good grounding techniques should be used. The ground 
plane should connect all areas of the pattern side of the 
printed circuit board that are not otherwise used. The 
ground plane provides a low resistance, low inductance 
common return path for all signal and power returns. The 
ground plane also reduces stray signal pick up. An 
example of an adequate ground plane and good high 
frequency techniques is the Settling Time Test Circuit 
Layout shown with the "Typical Circuits." 

Each power supply lead should be bypassed to ground as 
near as possible to the amplifier pins. A combination of a 
I"F tantalum capacitor in parallel with a 470pF ceramic 
capacitor is a suitable bypass. 

In invertmg applications it is recommended that pin 6, 
the noninverting input, be grounded rather than being 
connected to a bias current compensating resistor. This 
assures a good signal ground at the noninverting input. 
~ slight offset error' will result; however, because the 
resistor values normally used in high frequency circuits 
are small and the bias current is small, the offset error will 
be minimal. 

If point-to-point wiring is used or a ground plane is not, 
single point grounding should be used. The input signal 
return and the load signal return and the power supply 
common should all be connected at the same physical 
point. This will eliminate any common current paths or 
ground loops which could cause signal modulation or 
unwanted feedback. 

It is recommended that the case of the 3554 not be 
grounded during use (it may, if desired). A grounded case 
will add a slight capacitance to each pin. To an already 
functional circuit, grounding the case will probably 
require slight compensation readjustment and the 
compensation capacitor values will be slightly different 
from those recommended in the typical performance 
curves. There is no internal connection to the case. 
Proper grounding is the single most important aspect of 
high frequency circuitry. 

GUARDING 
The input terminals of the 3554 may be surrounded by a 
guard ring to divert leakage currents from the input 
terminals. This technique is particularly important in low 
bias current and high input impedance applications. The 
guard, a conductive path that completely surrounds the 
two amplifier inputs, should be connected to a low 
impedance point which is at the input signal potential. It 
blocks unwanted printed circuit board leakage currents 
from reaching the input terminals. The guard also will 
reduce stray signal coupling to the input. 

In high frequency applications guarding may not be 
desirable as it increases the input capacitance and can 
degrade performance. The effects of input capacitance, 
however, can be compensated by a small capacitor placed 
across the feedback resistor. This is described further in 
the following section. 

COMPENSATION 
The 3554 uses external frequency compensation so that 
the user may optimize the bandwidth or slew rate or 
settling time for his, particular application. Several typical 
performance curves are provided to aid in the selection of 
the correct compensation capacitance value. In addition 
several typical circuits show recommended compensation 
in different applications. 

The primary compensation capacitor, CF, is connected 
between pins I and 3. As the performance curves show, 
larger closed-loop g3in configurations require less 
capacitance and an imprOVed gain-bandwidth product 
will be realized. Note that no compensation capacitor is 
required for closed-loop gains above 55V IV and when 
the load capacitance is less than IOOpF. 

When driving large capacitive loads, 470pF and greater, 
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an additi?nal capacitor, Ca, is connected between pin 8 
and ground. This capacitor is typically lOOOpF. It is 
particularly necessary in low closed loop voltage gain 
configurations. The value may be varied to optimize 
performall;<;e and will depend upon the load capacitance 
value. In addition', the performance may be optimized by 
connecting a small resistance in series with the output and 
a small capacitor from pin I to 5. See the "Typical 
Circuits" for the XIO Inverter. 

The flat high frequency response of the 3554 may be 
preserved and any high frequency peaking avoided by 
connecting a small capacitor in parallel with the feedback 
resistor. This capacitor will compensate for the closed
loop, high frequency, transfer function zero that results 
from the time constant formed by the input capacitance 
of the amplifier, typically 2pF, and the input and 
feedback resistors. Using small resistor values will keep 
the break frequency of this zero sufficiently high, 
avoiding peaking and preserving the phase margin. 
Resistor values less than 5.6kO are recommended. The 
selected compensation capacitor may be a trimmer, a 
fixed capacitor or a planned PC board capacitance. The 
capacitance value is strongly dependent on circuit layout 
and closed-loop gain. It will typically be 2pF for a clean 
layout using low resistances (lkO) and up to IOpF for 
circuits using larger resistances. 

SETTLING TIME 
Settling time is truly a complete dynamic measure of the 
3554's total performance. It includes the slew rate time, a 
large signal dynamic parameter, and the time to 
accurately reach the final value, a small signal parameter 
that is a function of bandwidth and open loop-gain. The 
settling time may be optimized for the particular 
application by selection of the closed-loop gain and the 
compensation capacitance. The best settling time is 
observed in low closed-loop gain circuits. A performance 
curve shows the settling time to three different error 
bands. 

Settling time is defined as the total time required, from 
the signal input step, for the output to settle to within the 
specified error band around the final value. This error 
band is expressed as a percentage of the magnitude of the 
output transition. 

SLEW RATE 
Slew rate is primarily an output,large signal parameter. It 
has virtually no dependence upon the closed-loop gain or 
the bandwidth, per se. It is dependent upon 
compensation. Decreasing the compensation capacitor 
value will increase the available slew rate as shown in the 
performance curve. Stray capacitances may appear to the 
amplifier as compensation. To avoid limiting the slew 
rate pt:rformance, stray capacitances should be 
minimi7ed. 
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CAPACITIVE LOADS 
The 3554 will drive large capacitive loads (up to lOOOpF) 
when properly compensated. See the section on 
"Compensation." The effect of a capacitive load is to 
decrease the phase margin of the amplifier. With 
compensation the amplifier will provide stable operation 
even with large capacitive loads. ~ 

The 3554 is particularly well suited for driving 500 loads :g 
connected via coaxial cables due to its ±IOOmA output M 
drive capability. The capacitance of the coaxial cable, 
29pF I foot of length for RG-58, does not load the 
amplifier when the coaxial cable or transmission line is • 
terminated in the characteristic impedance of the 
transmission line. 

OFFSET VOLTAGE ADJUSTMENT 
The offset voltage of the 3554 may be adjusted to zero by 
connecting a 20kO linear potentiometer between pins 4 
and 8 with the wiper connected to the positive supply. A 
small, noninductive potentiometer is recommended. The 
leads connecting the potentiometer to pins 4 and 8 should 
be extremely short to avoid stray capacitance and stray 
signal pickUp. Stray coupling from the output, pin I, to 
pin 4 (negative feedback) or to pin 8 (positive feedback) 
should be avoided or oscillation may occur. 

The potentiometer is optional and may be omitted when 
the guaranteed offset voltage is considered sufficiently 
low for the particular application. 

For each microvolt of offset voltage adjusted, the offset 
voltage temperature drift will change by ±O.OO4"V rC. 

HEAT SINKING 
The 3554 does not require a heat. sink for operation in 
most environments. The use of a heat sink, however, will 
reduce the internal thermal rise and will result in cooler 
operating temperatures. At extreme temperature and 
under full load conditions a heat sink will be necessary as 
indicated in the "Maximum Power Dissipation" curve. A 
heat sink with 8 holes for the 8 amplifier pins should be 
used. Burr-Brown has heat sinks available in three sizes -
3°C/W, 4.2°C/W and 12°C/W. A separate product data 
sheet is available upon request. 

When heat sinking the 3554, it is recommended that the 
heat sink be connected to the amplifier case and the 
combination not connected to the ground plane. For a 
single-sided printed circuit board, the heat sink may be 
mounted between the 3554 and the nonconductive side of 
the PC board, and insulating washers, etc., will not be 
required. The addition of a heat sink to an already 
functional circuit will probably require slight 
compensation readjustment for optimum performance 
due to the change in stray capacitances. The added stray 
capacitance from the heat sink to each pin will depend on 
the thickness and type of heat sink used. 
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SHORT CIRCUIT PROTECTION 
The 3554 is short circuit protected for continuous output 
shorts to common. Output shorts to either supply will 
destroy the device, even for momentary connections. 
Output shorts to other potential sources are not 
recommended as they may cause permanent damage. 

TESTING 
The 35S4 may be tested in conventional operational 
amplifier test circuits; however, to realize the full 
performance capabilitieS of the 3554, the test fIXture must 
not limit the full dynamic performance capability of the 

amplifier. High frequency techniques must be employed. 
The most critical dynamic test is for settling time. The 
3554 Settling Time Test Circuit Schematic and a test 
circuit layout is shown with the "Typical Circuits." The 
input pulse generator must have a flat topped, fast 
settling pulse to measure the true settling time of the 
amplifier. The layout exemplifies the high frequency 
considerations that must be observed. The layout also, 
may be used as a guide for other test circuits. Good 
grounding, truly square drive signals, minimum stray 
coupling and small physical size are important. 

Every 35S4 is thoroughly tested prior to shipment 
assuring the user that all parameters equal or exceed their 
specifications. 
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High Current - High Power 
OPERATIONAL AMPLIFIERS 

FEATURES 
• HIGH CURRENT 

Up to 5A Peak. 2A Continuous 

• EASY TO USE 
Adjustable Current Limits 
Electrically Isolated Case 
Small Size - 8-Pln TO-3 Package 

• HIGH VOLTAGE 
Up to 70V pop Output 

• SELF-PROTECTED 
Sell-Contained Automatic Thermal 
Sensing and Shutdown 

• HIGH POWER 
Delivers up to 70W to Load 

3571 
3572 

Inllmiliooll Alrpllrt Industrlll PIl1c· P.o. Box 11400· TUlIIGn. Arlzana 85734· Tel. 16021 748-1111 ·.Twx: 910-1152·1111 • Cable: ARRCORp· Telex: 66-6491 

PDS-334C 
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DESCRIPTION' 

The 3571AM and 3572AM are high Qutput current 
integrated circuit QperatiQnal amplifiers. Their per
fQrmance. 'ease Qf use and cQmpact si7e ma~e then;i i,oeal 
tQ use in a variety Qf high current applicatiQns. rhey are 
especially well suited fQr driving permanent ma~et DC' 
serVQ and tQrque mQtQrs. " 

The equivalent circuit fQr the 3571AM and 3572AM is 
shown in Figure I. The design uses a mQnQlithic FET 
input ~tage fQr high input impedance. IQW bias current. 
and IQW vQltage drift versus tempenitu'r'e: The high input' 
impedance prQvides negligible SQurce impedance loading 
errors when the nQninverting, circuit cQnfiguration is 
used. The IQW bias currents minimize Qffset errQrs when 
large values Qf source and' feedback ~sistQr~ are u~~d. 
The input Qffset vQltage at 25"C and the input Qffset 
voltage drift versus temperature are cQmpensated by' 
state-Qf-the-art laser trimming techniques. The Qffset 
vQltage i~ IQW enQugh SQ that trimming will nQt be 
required in mQst applicatiQns. The excellent input char
acteristics and the high gain available mean that the use 
Qf a preamplifier. sQmetimes required with Qther serVQ 
type amplifiers. will nQt be necessary with the 3571 AM 
and 3572AM. ' 

The Qutput stage b a class AB design which p~Qvides 11,1", 
distQrtiQn and minimizes quiescent current drain. The 
Qutput circuitry prQvides fQr external current limiting 
resistQrs fQr bQth PQsitive and negative Qutput currents. 
This allQw~ the user tQ select the current limit value suited 
tQ hi~ particular applicatiQn. This is especially desirable 
fQr driving permanent magnet mQtQrs where the high 
current seen during directiQn reversal (plugging) can 
demagnetize the mQtQr. 

The 3571 A M and 3572A M have been designed tQ Qperate 
Qver a relatively wide supply range(±15VDC tQ ±40VDC) 
while still maintaining the high Qutput current capability. 
This allQws the user a wide range fQr the selectiQn Qf the 
proper Qutput vQltage and current and makes the ampli-

FIGURE I. Equivalent Ci'rcuit 
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fiers useful fQr many diff~re~!, !yp~s ~f loads. 

The Qutput circuit has a unjqu~ prQtection feature which 
is practical Qnly in integrated ,circuit am'plifiers - self
cQntained autQmatic thermal-sen~ing and shut-Qff cir
cuitry which autQmatically turns the amplifier Qff when 
the internal temperature reaches approximately 150"C. 
This is accQmplished by sensing the substrate temperature 
and deactivating the amplifiers biasing netwQrk when the 
temperature reaches 150"C. A,S thi~ happens. the ~utput 
IQad current limits at a safe value and the amplifier's 
quiescent current decreases. The Qutput current may 
remain at a IQW value Qr Qscillate between tWQ values 
depending Qn the amount Qf PQwer being dissipated and 
the' heat sink' cQnditiQns seen by the amplifier. In either 
ca~c. the amplifier will nQt sustain internal damage and 
will return tQ nQrmal QperatiQn'within a few secQnds after 
the abnQrmallQad cQnditiQn is remQved. 

Internal thermal prQtectiQn remQves SQme Qf the CQn
straints Qf PQwer derating fQr abnQrmal operating cQnd,i
tiQns. The amplifier will prQtect itself fQr many conditiQns 
Qf excess power dissipatiQn (see PQwer Derating Curve). 
This allQws, the, use Of a smaller heat sink tQ prQtect 
agai'nst,abnQrmlll Q,utput cQnditiQns since the amplifier 
has its Qwn internal prQtectiQn fQr many cQnditiQns Qf 
excess PQwer dissip~tiQn. The Qutput cQnstraints Qf the 
Safe Operating Area Curves, must still be Qbserved. 

The 3571AM and' 3572AM have several Qther features 
that improve their utility. FQr instance, the metal case Qf 
the units is completely electrically isol'dted. (This can be 
cQntrasted tQ mQst PQwer semicQnductors where the case 
is CQnnected tQ the cQllectQr Qfthe device.) This simplifies 
mQunting and reduces CQst because the need for insulating 
spacers and bushings is eliminated. The hermetically 
sealed package imprQves reliability and will withstand 
severe envirQnments better than discrete cQmpQnent 
amplifiers. The small package si7e makes mounting mQre 
cQnvenient. 

+Vcc 
} 

+SC 

} 
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SPECIFICATIONS 
ELECTRICAL 
Typical at T cue = 25°C and ±Vee = ±3SVDC max unless otherwise noted. 

MODELS I 3571AM I 3572AM 

RATED OUTPUT flo load) 
Power to Load 
Continuous, min(1) lOW SOW 
P.k,mln(l) SOW I SOW 

Output Voltage, ±(iVee I-SIV 
Continuous, min(1) ±30V at ±IA ±3OV at ±2A 
P.k,mln(l) ±lOVat2A ±3OA at SA 

Load Capacitance, min. Ce = 0 3300pF 
Ce = lOOOpF IS/lF 

DISSIPATION RATING 

At 25°C Case Temperature 33W J SOW 
Derating Above 25°C See Typical Performance Curves 
Thermal Resistance, Case to Free Air 3QOCIW 
Thermal Time Constant (no heat sink) 2 minutes 
Thermal Resistance, Junction to Case 2.SOCIW 

POWER SUPPLY 

Voltage, ±Vee ±ISVDC to ±40VDC 
Quiescent Current, max ±35mA 

OPEN LOOP 
Gain min, at R'oad - 300 (3S72AMI 94dB 

R'cad = SOO (3S7IAMI 
Output Impedance 2.S0 

FREQUENCY RESPONSE 

Unity Gain BandWidth, Small Signal SOOkHz 
Full Power Bandwidth 16kHz at Vpk = lOV 
Slew Rate, Ce = 1000pF 3V1/lsec 

INPUT OFFSET VOLTAGE 

Initial at 25°C, max ±2mV 
Dnft vs Temp .. max ±40/lV/oC 
Drift vs. Supply Voltage ±tOO/lVN 
Drift vs Time SO/lV/mo 
Drift vs. Power DiSSipation (T c constant) 20/lVIW 

INPUT BIAS CURRENT 

Initial at 25°C, max -IOOpA 
Drift vs. Tamp. doubles every ,to°C 
Drift vs. Supply Voltage O.SpAN 

INPUT OFFSET CURRENT 

Initial at 25°C ±SOpA 
Drift vs Temp doubles every 10°C 
Drift vs. Supply Voltage O.SpAN 

INPUT IMPEDANCE 

Differential 101101l10pF 
Common-mode 10110 

INPUT NOISE 

Voltage O.OIHz to 10Hz, p-p 4/lV 
10Hz to I kHz, rms 3/lV 

Current 0 01Hz to 10Hz, p-p IpA 
10Hz to I kHz, rms O.lpA 

INPUT VOLTAGE RANGE 

Max Safe Dlfferentlsl Voltage (+Vee +I-Veell 
Max Safe Common4mode Vottage +Vee to-Vee 
Common-mode Voltage, Linear Operation ±( IVee I -IOIV 
Common-mode Rejection SOdB min., godB, typ 

TEMPERA TlJRE RANGE (Case I 

Specification -2SoC to +8SoC 
Operallng -5S°C to +125°C 
Storage -5SoC to +12SoC 

NOTE: 
I. Safe Operating Area and Power Derating limitations must be observed. 
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MECHANICAL 

NOTE 
Leads In true position Within 0 010" 
o 25mm, R at MMC at seating plane 

Pin numbers shown for reference only 
Numbers may not be marked on package 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A '510 1550 38 35 3937 

745 770 1892 1956 

300 400 762 1016 

0 038 042 097 107 

OSO '05 203 267 

40° 8ASIC 40° BASIC 

500 BASIC 127 BASIC 

1 186 BASIC 3012 BASIC 

5B3 BASIC 15.06 BASIC 

400 500 1016 1270 

Q 151 '6' 384 409 

980 l020 2489 2591 

CONNECTION DIAGRAM 
,TOP VIEW, 

OUTPUT 

-IN 
-SC 

R-se 

The case IS electrically Isolated It is recommended 
that the case be grounded dUring use 

"'A 1000pF ±20% ceramic capacitor IS recommended 
for all CirCUit configurations and at all amplifier 
gams The capacitor's lead lengths should be short 
For gains above 10V/V, Cc IS not absolutely required 
but IS recommended 
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TVPICAL,PEJRFORMANCE CURVES 
I TYPical T case = 25°C and ±Vcc = ±35VDC unless otherwise noted 
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INSTALLATION AND OPERATING INSTRUCTIONS 

GENERAL PRECAUTIONS 

Current Limiting 

It is recommended that during initial amplifier ~etup, 
particularly in breadboarding and when a lack of famili
arity with the amplifier exi-t" that the current limit be ~et 
at about 250mA (R" == 5.60). This will allow verification 
of the circuit and will minimi/e the po~,ibility of damaging 
the amplifier. I.ater, when the circuit configuration and 
connection, have been proven, the current limit!'. can be 
rai,ed to the de,ired value. 

Minimum Heat Sink 

The 3571 AM and 3572AM require a minimum heat ,ink 
of 16"C W or lower in order to in,ure thermal ,tability 
(mounting on a 3" x 3" x 0.06" piece of 801;; copper-clad 
printed circuit board material will be sufficient). Normally. 
thi, will not be a consideration since a larger heat sink will 
be used to provide the proper power di»ipation a, 
described in the Thermal Considerations section which 
follow,. 

Proper Grounding and Power Supply Bypassing 

Particular attention should be given to proper grounding 
practices because the large output currents can cause 
significant grounding-loop errors. Proper connections 
are shown in Figure 2. 

FIGURE 2. Proper Power Supply Connections. 

Note that the connections are such that the load current 
does not flow through the wire connecting the signal 
ground point to the power supply common. Also, power 
supply and load leads should be physically separated 
from the amplifier input and signal leads. 

The amplifier power supply should be bypassed with 501l F 
tantalum capacitors connected in parallel with O.OIIlF 
ceramic capacitqrs connected as close to pins 3 and 6 as 
possible. The capacitors should be connected to the load 
ground rather than the signal ground. 

CURRENT LIMITS 

The amplifiers are designed so that both the positive and 
negative load current limits can be adjusted with external 
resistors, R+se and R.se respectively. The value of the 
resistors are given by the following equations: 
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R . = 1.3 (volts) , R 1.5 (volts) 
+,( I+hm .. (amps) ·se 1']IIn .. (amps) 

I,,, .. ,, i> the desired maximum current. The maximum 
power dissipation of the resistor, i, Pm." = R" (I"m" >'. The 
current limit, determined by the equation, abO\e arc 
accurate to about ±10';;. The variation of I,,, .. ,, \crsu, 
temperature i, shown in the Typical Performance Curvc,. 
Both +V,' and -V" must be on for thc current limit, to 
function. 

To avoid introducing unwanted inductance into thC. 
current limit circuitry, which may introducc o,cillatiom 
and permanent damage, both current limit re,istor, mu,t 
be non inductive. Do not u,e wire wound re ... i~tor,. 
Carbon compositipn re,i,tor, are preferred and parallel
ing them can provide a wide current limit range at the 
wattage needed. 

The maximum value of the negative current limit resi,tor 
is 150 (IOOmA, min). Exceeding this value. or an open 
circuit, could permanently damage the internal 7511, 
thin-film resistor which parallel R . .,(. 

The amplifier should be used with as Iowa current limit 
as possible for the particular application. This will 
minimize the chance of damaging the amplifier under 
abnormal load conditions and increase reliability by 
limiting the internal power dissipation of the amplifier. 

THERMAL CONSIDERATIONS 

The 3571 AM and 3572AM are rated for 150"C maximum 
junction temperature. The thermal re.i,tance fromjunc
tion to case (0,.) is 2.5"C W. The corre.ponding Power 
Derating Curve is given in the Typical Performance 
Curves. 

The internal power dissipation of the amplifier i. given by 
the equation Pil = Pm) + PIl, where PIl(} is the quiescent 
power dissipation and PilI is the power dissipated in the 
output stage due to the load. (For±V" = ±40V, PIlO = 80 
x 0.035 = 2.8W, max). For the case where the amplifier i~ 
driving a grounded load (R,) with a DC' voltage (±V,",,) 
the maximum value of Pm occurs at ±V"''' = ±V,' 2 and 
is equal to PilI m,,, = (±V,' )', 4R, . Figure 3 shows Pil as 
function of the output voltage with the load resistance as 
a running parameter. 

60 

~ 50 
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" 40 0 

~ 
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~ 
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;0 
0 
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±10 _ ±30 ±40 
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FIGURE 3. Internal Power Dissipation vs. Output 
Voltage. 
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Pili for any other value of V""' can be,computed from 

Pili = (±V( ( - ±V,,,,,) . h = (±V( ( - ±V"",) (±~;",,) 

The u,e of an ade4uate heat sink i, mandatory and 
thermal re,istance of the heat sink (0",) can be determined 
from the e4uatlon: 

0", = (TI - T, I'll) - 0" 

where TI is the desired amplifier junction temperature 
(+ 150"C, max). T \ IS the ambient temperature. I'll i, the 
amplifiers di"ipation. I'll = P ll(] + Pili. and 0" i, the 
junction to ca,e thermal resistance of the amplifier. Burr
Brown Application Note AN-83 entitled. "How to Deter
nllne What Heat Sink to Use". is available for additional 
information. 

The electncally "olated ca,e of the 3571 AM and 3572A M 
,implifie, mounting the amplifier, to the heat ,ink (and 
the heat Sink to any other assemblies) since there i, no 
need for electrical insulation. Thermal joint compound 
and lock wa,her, should be u,cd to prevent mechanical 
relaxation due to thermal ,tre"e,. 

Safe Operating Area 

There are additional constraints on the output voltage 
and current other than those just due to the maximum 
internal power dissipation of the amplifiers. These are 
related to the prevention of secondary breakdown in the 
output stage transistors. These restrictions are shown in 
the Safe Operating Area Curves in the Typical Perform
ance Curves. 

Application Constraint 

Because of the possibility of damaging thc output stage if 
fre4uency instability (o,cillations) occur,. applicatiom 
with an inductive load which will activate the current 
limit of the amplifier. are limited to a load impedance 
phase angle of less than 60"C leading. over the fre4uency 
band of IOkH7 to IOOkHt. IncreaSing the load's sene, 
resistance will decrease the angle. if necessary. Larger 
Inductive loads may be applied if current limit is not 
activated. 

Frequency Compensation 

The optimum value of the compen,ation capacitor IS 

IOOOpF. A ±20~'i tolerance ceramic capacitor i, recom
mended. The compensation capacitor should be used 
With all circuit configurations and at all amplifier gain' 
(see note on Connection Diagram). 

TYPICAL APPLICATIONS 

TACHOMETER FEEDBACK CURRENT FEEDBACK 

R2 

R2 

l..=I+RS=.l.. R2 
+ --

Vin RI Rl Rl RS 

PROGRAMMABLE 
POWER SOURCE 

R/2 

VOUT R/4 

,.t 
Voul V,ef -=-
V; T 
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BURR-BROWNe 

IElElI 3573 

High Current - High Power 
OPERATIONAL AMPLIFIER 

FEATURES 
- HIGH OUTPUT POWER 

100 Watts Peak 
40 Watts Continuous 

-WIOE SUPPLY RANGE 
±IO to ±34 Volts 

- HIGH OUTPUT CURRENT 
±5 Amps Peak 
±2 Amps Continuous 

-SMALL SIZE': TO·3 PACKAGE 

-LOW COST· 

APPLICATIONS 
-DC MOTORS 

-AC MOTORS 

-ACTUATORS 

-ELECTRONIC VALVES 

-SYNCROS 

DESCRIPTION 
If you need to supply 100 watts peak or 40 watts 
continuous, yet must choose a small, easy to use op 
amp, you'll find the 3573 a logical solution. This 
hybrid Ie delivers ±5A peak minimum at ±20V 
minimum to the load when operated from ±28V 
power supplies. The design of this op amp has been 
optimized for low cost while preserving moderately 
good input and distortion characteristics. 

Outpu •. circuitry, provides for external current 
limiting resistors for both positive and negative 
currents. This allows current limits to be set to values 
dictated by the op amp's application. 3573 is 

internally frequency compensated and is 
unconditionally stable with capacitive loads to 
3300pF. 

Housed in a small, rugged, hermetically sealed 8-lead 
TO-3 package, 3573 will withstand severe 
environments far better than discrete component 
amplifiers. The metal case is completely electrically 
isolated from the amplifier circuitry. Thus, mounting 
is easier (no isolation washers or spacers) and the 
'hazards of a case connected to the output or supply 
voltage is eliminated. 

InlernlliDIIII Alrparllndualrlal Park· P.O. Box 11400, Tuclon. Arizona 85734 • Tel. (602) 746·1111 . Twx: 910-952·1111· Cable: 88RCORp· Telex. 6&·6491 

PDS·393B 
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ELECTRICAL SPECIFICATIONS 

At T<:_ = 25°C and ±Vcr = ±28VDC unless otherwise noted. 

ABSOLUTE MAXIMUM RATINGS 
3573AM 

Supply Voltage Range ±34VDC 
PARAMETER CONDITIONS MIN TYP MAX UNITS Internal Power DISSlpatlon!lf 45W 

Dlfferenuallnput Voltage(21 ±62VDC 

dB Input Voltage Range(21 ±3IVDC 
OPEN LOOP GAIN, DC R. ~ 30n 94 115 

Storage Temperature Range -65·C 10 150·C 
Lead Temperature (soldering, 10 sec) 300·C 

RATED OUTPUT Output Short-Circuit DUTatlon!'· Continuous 

Power to Loadw Junction Temperature 150·C 
Contmuous 40 W I Package must be,derated based on ajunellon to Peak 100 W 

case thermal resistance of 2 8"C/W. or a Junction Output Current 
Continuous ±2 A to ambient thermal resistance of 30"C/W. 

Peak ±5 A 2 .. For supply voltages less than ±34VDC. the 
Output Voltage 10111 = ±5A(4) ±20 ±23 V absolute maximum voltage is three volts less than 

supply voltage 

DYNAMIC RESPONSE 3. Safe Operating Area and Power Derating Curves 
BandWIdth. U Oily Gam Small SIgnal I MHz must be observed 
Full Power BandWIdth 15 23 kHz 4. With R±sc = 0.' 
Slew Rate 135 1.5 V ~s 

MECHA.NICAL 
INPUT OFFSET VOLTAGE 

rESfbJ 
Inttlal Offset ±5 ±IO mV 
vs Temperature ~25"C ~ Tease ~ 85"C ±IO ±65 ~V "C 
vs Supply Voltage ±35 I'V/V 

INPUT BIAS CURRENT 

s",,"."'"' J IIII eJ! 
Inttlal T~ = 25"C 15 40 nA 

+ vs Temperature ±o,05 nA "C 
vs Supply Voltage ±o02 nA V o --.&.-

INPUT DIFFERENCE a ~H~ 
CURRENT 

I ,~,'1\ $~ Inlttal T,_ = 25"C ±5 ±IO nA 
vs Temperature -25"C .; T ~ .; S5"C ±0.01 nA "c ®r-I'+Z R '. " 1 '( ... ,.,'" 

INPUT IMPEDANCE NI)TE. Leads in true position within 010" 
DIfferential 10 Mil ( 25mm) R at MMC at seating plane. Common-mode 250 Mil 

Pin numbers shown for reference only. 
Numbers may not be marked on package. 

INPUT NOISE 
Voltage NOise f, = 0 3Hz to 10Hz 3 I'V p-p INCHES MILLIMETERS 

fn = 10Hz to 10kHz 5 ~Vrms DIM MIN MAX MIN MAX 
Current NOise fn = 0 3Hz to 10Hz 20 pA p-p A 1510 1550 3835 3937 

fo = 10Hz 1010kHz 45 pA rms B 745 no 1892 1956 
C 260 300 660 762 
D 038 042 097 107 
E 060 105 203 267 

INPUT VOLTAGE RANGE F 40' BASIC 40' BASIC 
G 500 BASIC 127 BASIC 

Common~mode Voltage Lmear Operation ±(1Ve<I-6) ±(1VccI-3) 1/ H 1186 BASIC 30.12 BASIC 
Common~mode RejectIOn f = DC, Vc"-! = ±22 70 110 dB J 593 BASIC 1506 BASIC 

K 400 500 1016 12.70 
Q 151 .161 3.64 409 

POWER SUPPLY R 980 1020 2489 2591 
Rated Voltage ±28 V 
Voltage Range. derated ±IO ±34 V 

CONNECTION DIAGRAM Current. qUiescent ±2.6 ±5 mA 

(TOP VIEW) R+SC 
TEMPERATURE RANGE 

SpeCIfication -25 +85 "C +SC 
OperalIng,derated performare -25 +85 "C +Vu. 3 2 
Storage -65 +150 "C Output 

I ~ 
+IN 4 

R -SC 
-IN 5 

8t-

*Vcc 
6 7 -SC 

No Internal Connection 

Burr-Brown Ie Data Book 2-244 Vol. 33 



TYPICAL PERFORMANCE CURVES 
(TYPical at 2S"Case and ±V" = ±28 VDC unle"o; otherwise noled ) 

POWER DERATING CURVE 

0 

~ " 0 

'" 
8J(=28"CW 

0 

0 

0 

o 25 50 75 100 125 150 
Case Temperature. Te (OC) 

OPEN LOOP FREQUENCY RESPONSE 

100 

0 

0 

o 

-2 0 

~ 

" \. ['.. 
I" 

Amphtude"'" ~ 

Pltase 

" 
~ 

~ 

o 

-30 

-60 

-90 1 
! -120 Ii 

-150 f 
-180 

10 100 Ik 10k lOOk 1M 10M 
Frequency (Hz) 

VOLTAGE FOLLOWER 
PULSE RESPONSE 

o~[~put RL i 20n 

l- O~tPut , , , 
t~ , 

J 
0 

il :\ 
5 

:/ : , 
or-- I .~ ~ 

J 
-I 

~ ±3 0 

8-
~ ±2 5 

~ 
0 ~ ±2 

;; 
~ ±I 5 

±I 

010203040 
Time (,,5) 

OUTPUT VOLTAGE SWING 
VS POWER SUPPLY VOLTAGE 

/ 
V 

1/ 
/ 

±15 ±20 ±2S ±30 ±35 
Power Supply Voltage IV) 
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SAFE OPERATING AREA 

~-2~~~~=--r--~~~~ 
6-3~~~~--~~~--~~ 

4~-+--~~--t-~~ 

-:3~0~'~2::-0-_~10~~0!:-~IO:"'=~2i::0-o;\30 

±I 

Output Voltage (V) 

OUTPUT VOLTAGE VS FREQUENCY 

0 
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0 

"-0 ......... 
33 562 10 178 33 56.2 100 

Frequency (kHz) 
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0 

.5 

.5 

COMMON MODE REJECTION 
VS FREQUENCY 

~ 
~ 

"" ~ " 
10 100 Ik 10k lOOk 

Frequency (Hz) 

QUIESCENT CURRENT 
VS POWER SUPPLY VOLTAGE 

Te· .2S"CI Te· 25'>(' 

--.;;: 
Te .,85OC 

±15 t20 t25 ±30 ±35 
Power Supply Voltage (V) 

2-245 
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~±1.0 
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~ to. 5 
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CURRENT LIMITING 

... r-. ....... ~±~sc·~.3n 
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"r-. ........ C±~SC·0.6n 
r- .... 

-50 -25 0 25 50 75 100 
Case Temperature,Te (oC) 

HARMONIC DISTORTION 

R, .... = 120 
5 

3 

Pout = 20W iJ /'f" I 
~ ~~.IW 

100 330 Ik 3.3k 10k 33k lOOk 
Frequency (Hz) 

.0 

.6 

.2 

.8 

4 

II 

5 
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0 

INPUT BIAS CURRENT 
VS TEMPERATURE 

" ....... ~ - -
-25 0 25 50 75 100 

Case Temperature (or) 

OPEN LOOP GAIN 
VSPOWER SUPPLY VOLTAGE 

TeL50t±--'II - i 
Te· 

:!SOC' 
i'-.Te. B,Or-=: t---

, 
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INSTALLATION AND OPERATING 
INSTRUCTIONS 

GENERAL PRECAUTIONS 

CURRENT LIMITING 
It is recommended that during initial amplifier setup, 
particularly in breadboarding and when a lack of 
familiarity with the amplifier exists, that the current limit 
be set at about 250mA (Rsc =:; 2.60). This will allow 
verification of the circuit and will minimize the possibility 
of damaging the amplifier. Later, when the circuit 
configuration and connections have been proven, the 
current limits can be raised to the desired value. 

PROPER GROUNDING & POWER SUPPLY 
BYPASSING 

Particular attention should be given to proper grounding 
practices because the large output currents can cause 
significant ground loop errors. Figure I illustrates proper 
connections. 

FIGURE I. Proper Power Supply Connections. 

Note that the connections are such that the load current 
does not flow through the wire connecting the signal 
ground point to the power supply common. Also, power 
supply and load leads should be run physically separated 
from the amplifier input and signal leads. 

The amplifier should be power supply bypassed with 
50/-lF tantalum capacitors connected in parallel with 0.0 I 
/-IF ceramic capacitors connected as close to pins 3 and 6 
as possible. The capacitors should be connected to the 
load ground rather than the signal ground. 

CURRENT LIMITS 

The amplifier is designed so that both the positive and 
negtive load current limits can be adjusted with external 
resistors, R"c and R-sc respectively. The value of the 
resistors are given by the following equation: 

0.65 (volts) 
Rsc = -;-_-:'---:

I..m" (amps) 

It.m,, is the desired maximum current. The maximum 
power dissipation of the resistors is Pm" = Rsc (I"m,,)2. The 
current limits determined by the equations above are 
accurate to about ±1O%. The variation of I"m" vs 
temperature is shown in the Typical Performance Curves. 

The amplifier should be used with as Iowa current limit as 
possible for the particular application. This will minimize 
the chance of damaging the amplifier under abnormal 
load conditions and increase reliability by limiting the 
internal power dissipation of the amplifier. 

THERMAL CONSIDERATIONS 

The 3573AM is rated for l50"C maximum junction 
temperature. The thermal resistance from junction to 
case (8,d is 2.8°C;W per watt. The corresponding Power 
Derating Curve is given in the Typical Performance 
Curves section. 

The internal power dissipation of the amplifier is given by 
the equation Po = PDQ + POL where PDQ is the quiescent 
power dissipation and P"L is the power dissipated in the 
output stage due to the load. 

The thermal resistance of the required heat sink (8".) can 
be determined from the equation: 

where T, is the desired amplifier junction temperature 
(+150°C max), TA is the ambient temperature, P" is the 
amplifier's dissipation, P" = P"Q + Pm., and 8,e is the 
junction to case thermal resistance of the amplifier. 

The electrically isolated case of the 3573AM simplifies 
mounting the amplifiers to the heat sink (and the heat 
sink to any other assemblies) since there is no need for 
electrical insulation. Thermal joint compound and lock 
washers should be used to prevent mechanical relaxation 
due to thermal stresses. 

SAFE OPERATING AREA 
There are additional constraints on the output voltage 
and current other than those just due to the maximum 
internal power dissipation of the amplifiers. These are 
related to the prevention of secondary breakdown in the 
output stage transistors. These restrictions are shown in 
the SAFE OPERATING AREA CURVES in the 
Typical Performance Curves. 
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BURR-BROWN® 

IElElI 3580 
3581 
3582 

High Voltage 
OPERATIONAL AMPLIFIERS 

FEATURES 

• HIGH OUTPUT SWINGS, up to ±145V (35821 

• LARGE LOAD CURRENTS, up to ±60mA (35fJD) 

• DIFFICULT TO DAMAGE, automatic thermal shutoff 

• REDUCES SOURCE LOADING, 1011 n Input Z 

• PRESERVES SYSTEM ACCURACY, 
11 Od8 CMR 20pA bias current 

OFFSET TRIM 

3r-'N'.~ 

·IN 

+IN 

DESCRIPTION 

rhe 3580 ,ene, I' the lir,t family of Integrated 
Circuit operatIOnal amplilier, "hleh will prov Ide 
output voltage ,wing' of up to ±145V. 

I he Illonollthle 1-1 I Input ,tage ha, lOll hla, current'-. 
(20 p!\) II h Ich 11111l11111/e, t he oj het voltage, eau,ed h~ 
thL' hla'-l currcnt and the large rC\I"tancC' Ilormall~ 

a .... "'oclatcd \\ Ith high \ oltage CllTlIlh 

The 3580 ,erie, i, packaged In a 1'0-3 package which 
will dl'''pate over 3W of power without a heat "nk 
and 4.5W with a ,ultable heat "Ilk. 

The input ,tage i, protected agaimt O\enoltage, and 
the output ,tage " protected agaimt ,hort-clrcult,
to-ground. A 'peclal thermal ,en'lng circuit prevent'-. 
damage to the amplifier by automatically ,hutting 
the amplifier down when too much power" being 
di"ipated. 

+Vcc 

+---{I 

OUTPUT 

·VCC 

International Airport Industrial Park· P.O. Box 11400· Tucson, Arizona B5734· Tel. (602) 746·1111 . Twx: 910-952·1111 . Cabl.: BBRCORp· Telex: 66·6491 
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THEORY OF OPERATION 

FIGURE I. Simplifier Schematic of 3580. 

FIGURE 2. Simplified Schematic of 3581 and 3582. 

.300VOC 

+10V <£;"1 <£; +290V 
+5V <£; 80 <£; +290V 

FIGURE 3. Operation from a Single Supply. 

The 3580 family of integrated circuit high voltage 
amplifiers provides performance which previously was 
only available in bulky modular packages (see Figures I 
and 2). In addition to the smaller size and inherent 
reliability, the integrated circuit construction offers other 

adHlntage, not normally available in modular or di,crete 
component units. The amplifiers have therm~1 sensing 
and shut-off circuitry which automatically turns the 
amplifier off when the internal temperature reaches 
approximately 150"C. This is accomplished by sensing 
the substrate temperature and deactivating the input 
stage current source when the temperature reaches a 
cntical level. A, this happen" the output load current 
limits at a safe value and the amplifier's quie,cent current 
decrea,e". 

If the cau,e of the abnormal power di"ipation is 
continuou, (,uch a, a ,hort circuit acro" the load) the 
output current may remain at a low value or o,cillate 
between two value, depending on the amount 01 power 
being dis,ipated and the heat sink conditions seen by the 
amplifier. In either case, the amplifier will not ,u,tain 
internal damage and will return to normal operation 
within a few ,econds after the abnormal condition is 
removed. 

The incorporation of thermal sensing and ,hut-off in the 
amplifier will allow the u,e of a smaller heat sink than 
would otherwise be required. This is due to the fact that 
the amplifier will protect itself and does not require a 
massive heat sink for protection under abnormal 
conditions. 

Another unique feature of the 3580 family is the thorough 
testing of the unit receiver. In addition to the normal 
tests, all amplifiers are 1000/, tested for input protection at 
the full rated differential voltage (+V,' -V" ). Each unit i, 
also 1000/, tested for output short circuit to common at 
maximum supply voltage. 

The 3581 and 3582 have a unique feature that is 
important in many high voltage applications. In these 
two models the input bias current is virtually independent 
of the applied common-mode voltage. This is accom
plished by the true cascode input stage which keeps th, 
drain-to-source voltage of the input transistors constant 
as the common-mode voltage changes. 

OPERATION FROM A SINGLE SUPPLY 
It may be desirable in some applications to operate the 
amplifiers from a single supply. The circuit in Figure 3 
illustrates a typical application. 

Note that there are restrictions on the input and output 
voltages (e, and e,,) which are necessary in order to keep 
the amplifier circuits operating in a linear manner. 

It should be noted that when the 3581 and 3582 amplifiers 
are operated from a single supply, the output stage, which 
is still short-circuit-current limited and thermally 
protected, is not protected against short circuits to 
ground (the 3580 will still be short circuit protected under 
these conditions). When the amplifiers are operated from 
a single supply, the voltage across one of the output 
transistors is high enough that secondary breakdowrris a 
consideration. The output current must be limited in 
order ~o prevent damage. This can be done by keeping the 
load resistor larger than 5k!l for the 3582 and greater 
than I k!l for the 3581. . 
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SPECIFICATIONS 
ELECTRICAL 
TYPical at T CASE = +25°C max unless otherwise noted 

MOOELS 

POWER SUPPLY 

Voltage. ±VCC 

QUiescent Current. max 

RATED OUTPUT 

Voltage. + I VCCI -5 VDC. min 

Current. min 
Current. Short Circuit 
Load Capacitance. max 

OPEN-LOOP GAIN 

No Load. DC 
Rated Load. DC. min 

FREQUENCY RESPONSE 

Unoty Gain Bandwidth. Small Signal 
Full Power Bandwidth 
Slew Rate 
Settling Time. 0 1% 

INPUT OFFSET VOLTAGE 

Initial at TeAse = +25°C. max 
Drift vs Tamp. max 
Dnft vs Supply Voltage 
Drift vs Time 

INPUT BIAS CURRENT 

100tial at TeASE = +25°C max 
Droft vs Temp 
Droit YS SUPPlY Voltage 

INPUT OFFSET CURRENT 

100tiai at TeASE = -t-25°C, max 
Dnftvs Temp 
Dro't YS Supply Voltage 

INPUT IMPEDANCE 

Differential 
Common-mode 

INPUT NOISE 

Voitage001Hz to lQHz. pop 
10Hz to 1 kHz. rms 

Current 0 01Hz to 10Hz. pop 

INPUT VOLTAGE RANGE 

Max Sa'e Dlfferentoal Voltagel l ) 
Max Safe Common-mode Voltage 
Common-mode Voltage. linear 
Operation 

Common-mode Rejection 

TEMPERATURE Case 

Specification 
Operating 
Storage 

NOTE 

I 3580J 

±15VDC to 
±35VDC 
±10mA 

±10VDC to 
:!30VDC 
±60mA 

:!100mA 

,106dB 
66dB 

100kHz 

15V/"s 

o10mV 
.!:30~VloC 

l00"ViV 
100"Vlmo 

-50pA 

05pAIV 

05pAIV 

I"V 
lpA 

I 3581J 

:!32VDC to 
±75VDC 

±8mA 

±27VDCto 
:!70VDC 
±:fomA 
±50mA 
10nF 

112dB 
94dB 

SMHz. min 
60kHz 

20V/"s 
12"s 

!3mV 
o25"V/oC 
2O"VIV 
50~V/mo 

-20pA 
doubles every 100 e 

02pAIV 

±20pA 
doubles every 10°C 

02pAIV 

10"11 10pF 
10"11 

+Vcc + I NCCI 
+VCC to -Vcc 

± ,Vca -10 V 
110dB 

OOC to 700C 
-55°C to +125°C 
-55°C to +1500C 

I 3582J 

!70VDC to 
±150VDC 
±65mA 

:!65VDC to 
+145VDC 

+15mA 
!25mA 

118dB 
100dB 

30kHz 

20V/"s 

:t3mV 
::25,N/oC 

2O"VIV 
5O"Vlmo 

-20pA 

02pAIV 

02pAlV 

1.7"V 
0.3pA 

± IVce; -10 V 
IIOdB 

1 On Models 3581 and 3582 the Inputs may be damaged by pulses at pins 5 or 6 with 
dV/d~1V/nSf Any possible damage can beellmlnated by limiting the Input current to 150mA 
with external resistors In serres with those pins No external protection IS needed for slower 
voltage 
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MECHANICAL 

NOTE 

DIM 
A 
B 
C 
D 

G 
H 
J' 
K 
Q 

R 

Le.ct, In true pOSition wl'ttlln 010" 
I 25mm) A • MMC 8t ... tlne pl.n. 

INCHES MILLIMETERS 
MIN MAl( MIN MAX 
1.510 1550 38.35 39.37 

.7.e5 .770 18.92 19.58 

.2tIO .300 860 7.82 

.038 .042 0.97 1 U7 

.D8O .105 2.00 2.87 
4D' BASIC 4D' BASIC 
.500 BASIC 12.7 BASIC 
1188BASIC ao.12BASIC 
593 BASIC 15.08AAOir. 

.400 .500 10.18 12.70 
151 .181 384 -.:00 
980 1.D20 24.88 25.91 

P,n materiel and ",atinll compolitlon 
conform to Method 2003 (1OIderablllty) 
of MU-$td-883 lexcept paragraph 3.2]. 

ORDER NUMBER 3580J 
3581J 
3582J 

WEIGHT 15 GRAMS 

CASE' METAL 

PIN 
CONFIGURATION 

TOP VIEW 
OPTIONAL 

OFFSET OFFSET 
ADJUST TRIM r---, 

100 kll.t 
To l' 3 
+Vcc L 4 

OFFSET 
TRIM 

5 
-IN 

2 
+Vcc 

OUTPUT 

+IN 6 
8 N.C 

NO INTERNAL 
-Vee CONNECTION 

CONNECTOR 0803MC 

HEAT SINK 0803HS 

OB04H$ 

OB05HS 

*The case IS electrrcally Isolated It IS recommended 
that the case be grO\Jnded durong use 
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TYPICAL PERFORMANCE CURVES 

OUTPUT VOLTAGE VS 
FREQUENCY 
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BURR-BROWNol 

IElElI 3583 

High Voltage - High Current 
OPERATIONAL AMPLIFIER 

FEATURES 

• HIGH OUTPUT SWINGS, Up to c:140V 

• LARGE LOAD CURRENTS, :! 75mA 

• PROTECTED OUTPUT STAGE, Automatic Thermal Shutoff 

• REDUCES SOURCE LOADING, IOll lllnput Z 

• PRESERVES SYSTEM ACCURACY, 
IIOdB CMR 20pA Bias Current 

DESCRIPTION 

I he J58J i, the fir,t integrated cIrcuIt operational 
ampltlter to prO\ ide. output \oltage,swlng, of±140V 
\\ Ith eurrenh a, high a, ±75mA, 

I he amplifier operate, o\cr a wide ,upply range 
f±50VDC to ±150VDC) and ha, excellent Input 
cilaraetcri,tle, (I'IOdB C:\fR . .1m\' \'",. 25/J\' "C 
~ \'", ~ I) 

I he monolithic FET inpu,t ,tage has low bIa' current 
(20pA) \\ hleh minimi/c<the ofhet \ oltage, caused by 
the bIas current and the large resi,tances norma II)' 
a"oclated WIth high voltage circuib. 

The Input ,tage IS protected against O\er\oltage, and 
the output stage I' protected agaInst ,hort-clrcults to 
ground for supply \()I!ages below ±IOOVDC A 
'pecial thermal, ,em-ing circuit prevent, damage to 
the amplifier by automatIcally shutting the amplifIer 
down when too much power 'i~ being di"ipated. 

I wo temperature range, arc available: O"C to +70"C 
(J58JJ M) and -25T to +85"C (358JA M). 

APPLICATIONS 

• PROGRAMMABLE POWER SUPPLY 
OUTPUT AMPLIFIER 

• HIGH VOLTAGE CURRENT SOURCE 

• POWER BOOSTER 

• HIGH VOLTAGE INTEGRATOR 

• DIFFERENTIAL AMPLIFIER FOR HIGH 
COMMON·MODE I/OLTAGE CIRCUITS 

International Airporllndustrlal Park· P.O. 80x 11400· Tucson. Arizona 85734 - Tel. (6021746-1111 - Twx' 910-952·1111 . Cable' B8RCORp· Telex 66·6491 

PDS·343D 
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SPECIFICATIONS 
ELECTRICAL 
SpecIfications tYPical at TeASE = +25°C and ±Vcc = 150VOC unless otherwise noted 

MODELS 3583AM I 3583JM 

POWER SUPPLY 

Voltage, ±Vcc ±50VDC to ±150VDC 
QUiescent Current, max 85mA 

RATED OUTPUT 

Voltage, ±II Vee I -10NDC, min ±40VDC to ±140VDC 
Current, min ±75mA 
Current, Short Circuit ±100mA 
Load Capacitance, max 10nF 

OPEN-LOOP GAIN 

No load, DC 118dB 
Rated load, DC 94dB, min; 105dB, typ 

FREQUENCY RESPONSE 

UnIty Gam Bandwidth, Small Signal 5MHz 
Full Power Bandwidth, Rl = 10kn 60kHz 
Slew Rate 30V/~see 

Settling Time, 0 1% 12"sec 

INPUT OFFSET VOLTAGE TA - +25°C 

Initial at 25°C, max ±3mV 
Drift vs Temp, max ±23~/oC 

Drift vs Supply Voltage ±20~VIV 

Dnftvs Time ±50~Vlmo 

INPUT BIAS CURRENT 

Initial at 25°C. max -20pA 
Onftvs Temp doubles every 100 e 
Drift vs Supply Voltage 0.2pAIV 

tNPUT OFFSET CURRENT 

Initial at 25°C ±20pA 
Dnft vs Temp doubles every 100C 
Drift vs Supply Voltage 02pAIV 

INPUT IMPEDANCE 

DifferentIal 1011 01110pF 
Common-mode 10110 

INPUT NOISE 

Voltage 0 01 Hz to 10Hz, p-p 5~V 
10Hz to 1kHz, rms 17~V 

Current 0 01Hz to 10Hz, p-p 03pA 

INPUT VOLTAGE RANGE 

Max Safe Differential Voltage(1) I+Vce + I -Vee I I 
Max Safe Common-mode Voltage +Vee to -Vee 
Common-mode Voltage, Lmear 

Operation ±I I Vee I -101V 
Common-mode Rejection 110dB 

TEMPERATURE RANGE (Case) 

Specification -25°C to +85°C 10°c to 70°C 
Operating -55°C to +125°C 
Storage -55°C to +125°C 

NOTES 
1 The Inputs may be damaged by pulses at pinS 5 or 6 with dV/dt~ 1V/nsec. 

Any possible damage can be elimmated by hmitlng the input current to 
150mA with external resistors In senes with those pins No external protection 
IS needed for slower voltage changes 

Burr-Brown Ie Data Book 2-252 

~-----------------------, 
MECHANICAL 

NOTE 
Leads m true pOSition Within .010" 
(.25mm) FI" MMC at lUting plane. 

,Pm numbers shown for reference only 
Numbers may not be marked on package 

DIM 
A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
Q 

R 

ORDER NUMBER: 
3583AM 3583JM 

WEIGHT: 
15.1 Grams 

MATING CONNECTOR: 
0803MC 

INCHES MILLIMETERS 
MIN MAX MIN MAX 
1,510 1.550 38.35 3931 
.145 170 18.92 1956 
260 .300 660 1.62 
038 042 0,91 101 
080 105 2,03 2.61 
400 BASIC 400 BASIC 
,500 BASIC 121 BASIC 
1.166 BASIC 30.12 BASIC 
.593 BASIC 15 05 BASIC 
.400 .500 10,16 12,10 
.151 .161 364 409 
,980 1020 2469 25.9t 

CONNECTION DIAGRAM 

Optional 
(Top View) 

Offset Adjust r- - --, Offset Trim 

To <lOOk!! 

+Vce -~ 
L 4 

, OffselTrim 

-IN 

* No internal connection. 
The metal case is electrically isolated, 
It is recommended that the case be 
grounded during use, 
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TYPICAL PERFORMANCE CURVES 
TYPical at TeASE = +25°C and ±Vee = lSOVDC unless otherwise noted 
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APPLICATIONS INFORMATION 

The 3583 is a high voltage, high output current integrated 
circuit opcl"lItional amplificr. Its ease of use, compact si7c, 
and excellent input and output specifications makes it 
well suited for a wide variety of high voltage applications. 

The equivalent circuit for the 3583 is shown in Figure I. 
The design uses a monolithic FET input stage for high 
input impedance, low bias current, and low voltage drift 
\crsm. tcmperature. '1 he offset voltage at 25"(' and the 
drift versus temperature are compensated by state-of-the
art laser-trimming techniques. They are low enough so 
that mer-trimming will not be required in mo~t applica
ions. The high input impedance provides negligible 
source impedance loading errors when the noninverting 
circuit configuration is used. The low bias currents 
minimize offset errors when large values of source and 
feedback resistors are used. 

FIGURE I. 3583 Equivalent Circuit. 

A true cascade input stage is used together with con
siderable protection circuitry. There are voltage limiting 
transistors to prevent damage' due to reverse bias 
breakdown of the input pair and current limiting resistors 
to limit the input current to ImA with the inputs at±150 
\olt~. The unit~ are conservatively rated (and IOOI}f 
te~ted) at full rated differentilll voltage (+ lSOV and 
-ISOY) but typically will withstand a 50'; overvoltage 
without damage. 

Burr-Brown Ie Data Book 

The unit operates over a wide supply range (±50Y to 
± I SOY) with outstanding common-mode rejection ( II OdB). 
It also has another feature which is important in many 
high voltage applications. The input bias current is 
virtually independent of applied c(\mmon-mode voltage. 
I he output circuit ha~ a unique protection feature which 
i~ only practical in integrilted-circuit amplifier~ - ,clf
contained automatic thermal ,en,ing and ,hutof! cir
cuitry which automatically turns the amplifier off when 
the internal temperature reaches approximately 150"C. 
This is accomplished by sensing the substrate temperature 
and deactivating the amplifier's biasing network when 
the temperature reaches I SO"c. As this happens, the 
output load current limits at a safe. value and the 
amplifier's quiescent current decreases. The output 
current will remain at a low value or oscillate between 
two values depending on the amount of power being 
dissipated and the heat sink conditions seen by the 
amplifier. In either case, the amplifier will n9t sustain 
internal damage and will return to normal operation 
within a few seconds after the abnormal load condition is 
removed. 

The internal thermal protection removes some of the 
constraints of power derating for abnormal operating 
conditions. The amplifier will protect itself for many 
conditions of excess power dissipation (see the Power 
Derating Curve). This allows the use of a smaller heat 
sink to protect against ab'no~mal output conditions since 
the amplifier has its own internal protection for many 
conditions of excess power dissipation. The output 
constraints of the Recommended Safe Operating Area 
curves must still be observed. 

The 3583 has several other features that improve its 
utility. For instance, the metal case of the unit is 
completely electrically isolated. (This can be contrasted 
to most power semiconductors where the case is connected 
to the collector of the device.) This simplifies·mounting 
and reduces cost since the need for insulating spacers and 
bushings i, eliminated. The hermetically sealed package 
improves reliability and will more easily withstand severe 
environments than do discrete component amplifiers. 
The small package size reduces weight and makes 
mounting more convenient. 

Burr-Brown offers three heat sinks as accessories; 
0803HS with a thermal resistance of 12°Cfwatt, 
0804HS at 4.2°Cjwatt, and 080SHS at 3Q Cfwatt. 
A convenient mating connector. 0803 M C is also available. 

2-254 Vol. 33 



BURR-BROWNI8I 

IElElI 

H ig h Voltage 
OPERATIONAL AMPLIFIER 

FEATURES 
• TYPICAL GAIN·BANDWIDTH, 50MHz 
• OUTPUT, +145V 
• PROTECTED OUTPUT, automatic thermal shutoff 
• BIAS CURRENT, ·20pA 
• CMR, IIOdB 
• SLEW RATE, 150V/JIS 

APPLICATIONS 
• ANALOG SIMULATORS 
• DlGlTALLY·CONTROLLED POWER SUPPLIES 
• CRT DEFLECTION 
• ELECTROSTATIC TRANSDUCERS 

DESCRIPTION 
The 3584 is a high voltage, integrated circuit operational 
amplifier that will provide up to ±14SV,output. 
The amplifier will provide a gain-bandwidth product of 
20MHz minimum, SOMHz typical. The amplifier uses 
external frequency compensation (one R and one C) so 
that the user may optimize the bandwidth and slew rate 
for his particular application. 

The amplifier operates over a wide supply range 
(±70VDC to ±ISOVDC) and has excellent input 
characteristics (1IOdB CMR, 3mV Eo., and 2Sp.V j"C E", 
Drift). The input stage is a FET. The low -20pA bias 
current minimizes the offset errors caused by the large 
value resistors normally used in high voltage circuits. 

The input stage is protected against overvoltages and the 
output stage is protected against short circuits to ground. 
A special thermal sensing circuit helps to prevent damage 
to the amplifier by automatically shutting the amplifier 
down when too much power is being dissipated. 

3584 

International Airport Industrial Park· P.O. BOI 11400· Tuclon. Arizona 85734· Tel. (602) 74B·1111 - TWI: 91[1.952-1111 - Cable- BBRCORp· Telex: 66·6491 
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DISCUSSION 
The 3584 is a high voltage, integrated circuit operational 
amplifier. Its ease of use, compact size, and excellent 
input and output specifications makes it well suited for a 
wide variety of high voltage and high speed applications. 

The design uses a monolithic FET input stage for high 
input impedance, low bias current, and low voltage drift 
versus temperature. The offset. voltage and the drift are 
laser trimmed. They are low enough so that user trimming 
will not be required in most applications. 

To achieve the high common-mode voltage capability 
and rejection a true cascode input stage is used together 
with considerable protection circuitry. There are voltage 
limiting diodes to prevent damage due to reverse bias 
breakdown of the input pair and current limiting resistors 
to limit the steady state input current to I rnA with the 
inputs at ±150 volts. The units are conservatively rated 
(and 100% tested) at full rated differential voltage (+150 
and -150V) but typically will withstand a 50% 
overvoltage without damage. 

It also has another feature which is important in many 
high voltage applications. The input bias current is 
virtually independent of applied common-mode voltage. 
This is a benefit of the true cascode input stage which 
keeps the drain to source voltage of the input transistors 
constant as the common-mode voltage changes. 

The amplifier contains automatic thermal sensing and 
shut-off circuitry which automatically turns the amplifier 
off when the internal (substrate) temperature reaches 
approximately 150°C. This is accomplished by sensing 
the substrate temperature and deactivating all current 
sources when the temperature reaches a critical level. As 
this happens, the output current gradually decreases to 
zero. The output current may remain at a low value or 
oscillate between 2 values depending on the amount of 
power being dissipated and the heat sink conditions seen 
by the amplifier. In either case, the amplifier will not 
sustain internal damage and will return to normal 
operation within a few seconds after the abnormal 
condition is removed. 

The incorporation of thermal sensing and shut-off in the 
amplifier will require a smaller heat sink than normal. 
This is due to the fact that the amplifier will protect itself 
and does not require a massive heat sink for protection 
under abnormally high power dissipation. 

The 3584 has several other features that improve its 
utility. The metal case of the unit is completely electrically 
isolated. This simplifies mounting and reduces cost since 
the need for insulating spacers is eliminated. The 
hermetically sealed package improves reliability and will 
withstand severe environments better. And the small 
package size reduces weight and makes mounting more 
convenient. 

OPERATION FROM A SINGLE SUPPLY 
It may be desirable in some applications to operate the 
amplifiers from a single supply. The circuit in Figure I 
illustrates a typical application. Note that there are 
restrictions on the input and output voltages (e, and eo) 
which are necessary in order to keep the amplifier circuits 
operating in a linear manner. 

It should be noted that when the amplifier is operated 
from a single supply, the output stage, which is still short 
circuit current limited and thermally protected, is not 
protected for short circuits to ground under all operating 
conditions. Consult the safe operating area curve. 

+30QY 

+1QV ~ e l ";;;; +290V 

+sv ~ eo ~ + 290V 

FIGURE \. Operation from a single supply. 

+130VDC to +285VDC 

+5VDC +15VDC 

(I) 

13 22 

U 
15 

(2) 
IlAl'80-CIll-1 

21 

12 

-15VDC 

NOTES: 

1. May be connected to + 1 SVDC. 
2. Use for DAC gain adjust. Vout = (I DAC OUT)(Rf). 
3. Optional offset adjust. 

FIGURE 2. High Speed, High Voltage DAC. 
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SPECIFICATIONS 
ELECTRICAL Typical at 2S"C and ±V« max unless otherwise noted. 

MODELS 3584JM 

POWER SUPPLY 
Voltage, ±V" ±70 to ±150 VDC 

QUle~(,:enl Current. max ±6.5mA 

RATED OUTPUT 
Vullage. ± ( I V) -S)VOc' mm ±65 to ±J45 VDC 
Current. mm ±15mA 
Current'. ~hmt CirCUli ±25mA 
I (lad Capacitance. max: 10 nF 

OPEN LOOP GAIN 
No Load. DC 120 dB 
Rated Load. DC. mm lOOdB 

FREQUENCY RESPONSE 
l'nll~ ("un Hdnd"ldth. "mdll ".gndl 7MHz 
Gam-bandwidth Product. f= I kHz.G = 100 20 MHz. mm 
Full Power Bandwldth,G = 100 135 kHz 
SlewRate.G= 100 150 Vips 
Settilngllme.O l(i.G= 100 12 ~s 

INPUT OFFSET VOLTAGE 
Imlldl (u 2","(. md\. 3 mV 
Dnfl .. \ I emp. mdl( 25 pV /"C 
Drill \\ 'uppl) Voltage 20 pV V 
Unit \\ lime 50 IlV rno 

INPUT BIAS CURRENT 
Imtlal @ 25°C. max -20 pA 
Dnft vs Temp doubles every lODe 
Draft vs Supply Voltage 02 pA/V 

INPUT OFFSET CURRENT 
10I1Ial @ 25DC ±20pA 
Drift vs Temp doubles every lOoe 
Dnft vs Supply Voltage 0.2 pA/V 

INPUT IMPEDANCE 
Differential 10" 0 II 10 pF 
Common Mode lOll n 

INPUT NOISE 
Voltage 001 Hz to 10 Hz p-p 5 pV 

10 Hz to I kHz rms 1.7 pV 
Current 0.01 Hz to 10 Hz p-p 0.3 pA 

INPUT VOLTAGE RANGE 
Max Safe Dlfferenual Voltage!!) (+V« + I -V« Il 
Max Safe Common Mode Voltage +V""to-Vcc 
Common Mode Voltage. Lmear 

OperatIOn ±( I V" I -IO)V 
Common Mode Rejection IIOdB 

TEMPERATURE RANGE (Case) 
Specification· OOC to 70"C 
Operating -55"C to +125"C 
Storage -55"C to +150"C 

(I) The Inputs may be damaged by puhes at pms S or 6 With dV /dt;:;:' I V Ins Any possible damage 
can be ellmmated by bmltmg the mput currenl 10 ISOmA wllh external resistors In senes With those 
pm~ No external protection I~ nceded for ~Iow.c:.r .wt\1age changes 
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MECHANICAL 
TO-3 

2.54 r, 39.62mm ~ max 
mm (1.56") t 

(0.10") ____ +-__ .l!_ 
-.L . f 1 

7.62 mm 
(0.3,,) 

I I 

-..... 400 (BOTTOM VIEW) 

t
yp

" 

\ 

Pm material and plating composition 
conform to Method 2003 (solderability) 
of Mil-Std-883 1 except paragraph 3_21 

CONNECTION 
DIAGRAM 

Optional 
Offset 

Adjust 
r-

100kn ~ 
To -+-~ 
+Vcc L 

Offset 
Trim 

-IN 

(TOP VIEW) 

Compensation 

Connector: 0803MC 

Heat'lOks: 0803HS. 0804HS. or 0805HS 

Compensation 

Gam 
10 nF 200n 

10 500 pF 2kO 
100 50 pF 20kO 

1000 not required 

For mtermedlate values of gam. Rand C values may be 
IDterpotated 

I he case IS electrically Isolated It IS recommended that the 
cc:l.!>c be grounded dunng use. 
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INSTRUMENTATION AMPLIFIERS 

WHAT IS AN INSTRUMENTATION AMPLIFIER? 
An instrumentation amplifier is a closed-loop, differential input, gain block. 
It is a committed circuit with the primary function of accurately amplifying 
the voltage applied to its inputs. 

Ideally, the instrumentation amplifier responds only to the difference be
tween the two input signals and exhibits extremely high impedance between 
the two input terminals, and from each terminal to ground. The output 
voltage is developed single-ended with respect to ground and is equal to the 
product of amplifier gain and the difference of the two input voltages. See 
Figure 1. 

8,0-__ -1 

e.o----I 

80 = G(8. - e,) 

Figure 1. Idealized Model of an Instrumentation Amplifier. 

Amplifier gain (0) is normally set by the user with a single external resistor. 
The properties of this model may be summarized as infinite input imped
ance, zero output impedance, the output voltage proportional to only the 
difference voltage (e2- e l), a precisely known gain constant (0) (implying 
no nonlinearity), and unlimited bandwidth. This amplifier would completely 
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reject signal components common to both inputs (common-mode rejection) 
and would exhibit no DC offset voltage or drift. 

CHARACTERISTICS OF 
INSTRUMENTATION AMPLIFIERS 
It is desirable to achieve, as close as possible, the characteristics of the ideal 
instrumentation amplifier. The following paragraphs are a discussion of the 
other-than-ideal characteristics of instrumentation amplifiers. 

INPUT IMPEDANCE 

A simple model of a realistic instrumentation amplifier is shown in Figure 
2. The impedance ZID represents the differential input impedance. The com
mon-mode input impedance ~CM is represented as two equal components, 
2ZICM' from each input to ground. These finite resistances contribute an 
effective gain error due to loading of the source resistance. The instrumen
tation amplifier provides a load on the source of ~ = Zu, II ~CM. If source 
impedance is Rs = RSI + Rs2' the gain error caused by this loading is: 

Z R R 
Gain Error = 1- Z IR = s:: _s if ZI> > Rs 

1+ s ZI+Rs ZI 

If Rs is 10ldl and ~ is 10Ma, 

. _10 x 103 
Gam Error = 6 = 0.1 % 

10 x 10 

,."",,~--.u ........ , 

,.----o ... J 

Figure 2. Simple Model of an Instrumentation Amplifier Shown in a Typical 
Application Configuration. 
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The DC common-mode input impedance ZICM will be independent of gain. 
The DC differential input impedance ZID may vary as a function of gain. 
Specifications give the worst-case value. The nonzero output impedance of 
the amplifier will also create a gain error, the value of which depends on the 
load resistance. 

NONLINEARITY 

The linearity of gain is possibly of more importance than the gain accuracy, 
since the value of the gain can be adjusted to compensate for simple gain 
errors. The nonlinearity is specified to be the peak deviation from a "best fit" 
straight line, expressed as a percent of peak-to-peak full scale output. 

COMMON·MODE REJECTION 

As illustrated in Figure 2, the output voltage has two components. One 
component is proportional to the differential input voltage eD = (ez- eI). The 
second component is proportional to the common-mode input voltage. The 
common-mode voltage which appears at the amplifier's input terminals is 
defined as eCM = ez + e/2. This may consist of some common-mode voltage 
in the source itself, eCM' (such as bridge excitation) plus any noise voltage, 
eN' between the source common and the amplifier common. As shown in 
Figure 2, the constant G represents the differential amplifier gain factor 
(fixed by the external gain-setting resistor). The constant (G/CMRR) repre
sents the common-mode signal gain of the amplifier. The CMRR (common
mode rejection ratio) is the ratio of differential gain to common-mode gain. 
Thus CMRR is proportional to the differential gain and CMRR increases as 
the differential gain (G) increases. Hence, CMRR is usually specified for the 
maximum and the minimum values of gain of the amplifier. The common
mode rejection may be expressed in dB as CMRR (dB) = 20l0glO CMRR. 

For an ideal instrumentation amplifier the output voltage component due to 
common-mode voltage should be zero. For a realistic instrumentation am
plifier, the CMRR though very high, is still not infinite and so will cause an 
error voltage of ecM/CMRR x G to appear at the output. 

SOURCE IMPEDANCE UNBALANCE 

If the source impedances are unbalanced, the source voltages (eCM + eN) are 
divided unequally upon the common-mode impedance, and a differential 
signal is developed at the amplifier's input. This error signal cannot be 
separated from the desired signal. In the circuit in Figure 2 if Rsz = 0, RSI 
= lill, eCM + eN = lOV, and ZCM = lOOMQ, then the effect of unbalance is 
to generate a voltage: 

108 103 lOV e -e =lOV-lOV =lOV :--=O.lmV 
. 2 1 108 + 103 108 + 103 105 
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If eD full scale is 10m V then this error is 

Error = O.lmV = 1% of· full scale 
lOmV 

OFFSET VOLTAGE AND DRIFT 

Most instrumentation amplifiers are two-stage devices~they have a v;tri
able gain input stage and a fixed gain output stage. If VI aI)d V 0 are the offset 
voltages of the input and output stages respectively, then theaI))plifiers total 
offset voltage referred to the. input (RTI) = Vr+V JG,. vvhere G is the 
amplifier's gain. (Note that total Eos (RT!) x G appears at the output.) 

The initial offset voltage is usually adjustable to zero. Th~refore voltage 
drift is the more significant term because it cannot be nulled. The offset 
voltage drift also has two components~ne due to the input stage of the 
amplifier and the other due tb the output stage. When the amplifier is 
operated at high gain, the drift of the input stage dominates. At low values 
of gain, the drift of the output stage will be the major component of drift. 
When the total output drift is referred to the input, the effective input voltage 
drift is largest for low values of 'gain. Output voltage drift will always be 
lowest at low gains. If flV/I:J.T = 21lVrC and flVjflT = 5001lV/oC and the 
amplifier in a gain of 1000V/V is nulled at 25°C, then at 65°C the offset 
voltage will be 

EoS(RTI) 65° = 40°C[2IlVrC + (500IlVrC/1000V/V)] 

= 40°C(2.5IlVjOC) = lOOIlV = O.lmV 

If the full scale input is 10m V, then the error due to voltage drift is 

Error = 0.1 m V = 1 % of full scale 
lOmV 

INPUT BIAS AND OFFSET'CURRENTS 

The input bias currents are the currents that flow out of (or into) either of the 
two inputs of the amplifier. They are the base currents for bipolar input 
stages and the leakage currents for JFET input stages. Offset current is the 
difference of the two bias currents. 

The bias currents flowing into the source resistances will generate offset 
voltages of EOS2 = IB2 x Rs2 and EOSI = IBI X Rsl ' IfRsI = RS2= RJ2,the offset 
voltage at the input is EOS2 - Eosl = los x R/2. This input-referred offset error 
may be compared directly with the input voltage to cpmpute percent error. 
(Note that the source must be returned to power,supply common or Rs will 
be infinite and the amplifier will saturate.) 
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APPLICATIONS OF 
INSTRUMENTATION AMPLIFIERS 
Instrumentation amplifiers are generally used in applications where extract
ing and accurately amplifying low level differential signals riding on high 
common-mode voltages (±1 OV) is very important. Such applications require 
high input impedance, high CMRR, low input noise, and excellent DC level 
stability (low offset voltage drift). 

Instrumentation amplifiers are used as transducer amplifiers for various 
types of transducers such as strain gauge bridges, load cells, thermistor 
networks, thermocouples, current shunts, biological probes, weather 
gauges, and so forth. Other applications include recorder preamplifiers, 
multiplexer buffers, servo error amplifiers, current sensors, signal condi
tioners in process control and data acquisition systems, and in general 
measurements of small differential signals riding on common-mode volt
ages. 

The small size, low cost, and high performance of these amplifiers offer an 
attractive approach for data acquisition applications, that is, assigning a 
fixed-gain amplifier to each transducer and locating the amplifier physically 
near the transducer. This approach largely eliminates common-mode noise 
pickup problems since a high level signal (rather than a low level transducer 
signal) is then transmittedto the data gathering station. The result is a higher 
signal/noise ratio at the output. Using one amplifier per point may well be 
more economical, as well as offering better performance and flexibility, than 
the approach of using low level multiplexers. 

INSTRUMENTATION AMPLIFIERS 
SELECTION GUIDES 
The following Selection Guides show parameters for the high grade. Refer 
to the Product Data Sheet for a full selection of grades. Models shown in 
boldface are new products introduced since publication of the previous 
Burr-Brown IC Data Book. 
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INSTRUMENTATION AMPLIFIERS Boldface = NEW 

Gain Inl!ut Parameters Dynamic 
Accuracy, Gain Non· OffseJ . Response, 

G=100 Drift, Linearity Voltage G=100 
Gain 25°C, G=100 G=100 CMRl6) vsTemp ±3dBBW Temp 

Description Model Range max(%) (ppm/oC) max(%) min(dB) max (J,lV/oC) (kHz) Range(1) Pkg Page 

Very High INA104P 1-1000(2) 0.15 22 ±0.003 96 ±(0.25±10/G) 25 Com DIP 3-34 
Accuracy INA104M 1-1000(2) 0.15 22(3) ±0.003 96 ±(0.25±10/G) 25 Ind DIP 3-34 

INA101G 1-1000(2) 0.03· 22(3) ±0.003 96 ±(0.25±10/G) 25 Ind DIP 3-11 
INA101 P 1-1000(2) 0.3 22(3) ±0.007 90 ±(2±20/G) typ 25 Com DIP 3-11 

Low Quies- INA102G 1,10,100, 0.15 15 ±0.02 90 ±(2±5/G) 3 Ind DIP 3-23 
cent Power 1000 

Fast Settling INA110G 1,10,100, 0.1 20 ±O.O1 96 ±(2±50/G) 470 Ind DIP 3-65 
FET Input 200,500 

INA110P 1,10,100, 0.2 6typ ±0.02 87 ±(2±20/G) typ 470 Com DIP 3-65 
200,500 

Buffer, 3627M lVN,fixed 0.01(3) 5 ±0.001(3) 100 20 800(3) Ind TO-99 3-158 
Unity-Gain INA105M lVN,fixed 0.01(3) 5 ±0.001(3) 86(5) 10 1000(3) Ind TO-99 3-45 
Difference INA105P tvN,fixed 0.025(3)5 ±0.001(3) 725) 5typ 1000(3) Com DIP 3-45 

Gain of 10 INA106M 10VN,fixed 0.01(4) 10 ±0.001(4) 100<5) 2 500(4) Ind TO-99 3-57 
Difference INA106P 10VN,fixed 0.025(4)4 typ ±0.OO1(4) 86(5) 0.2typ 500<4) Com DIP 3-57 

High Common INA117G 1VN,fixed 0.02<3) 10(3) ±0.001(3) 86(5) 20 200(3) Ind DIP 3·77 
Mode Voltage INA117P 1VN,fixed 0.05(3) 10(3) ±0.OO1(3) 74(5) 40 200(3) Com DIP 3-77 
Difference 
(200VDC CMV) 

4-20mA Loop RCV420BG .3125V/mA 0.025 25 ±0.001 86 25(7) 150 Ind DIP 3·110 
Receiver RCV420KP .3125V/mA 0.05 50 ±0.001 74 50(7) 150 Com DIP 3-110 

NOTES: (1) Com = O°C to +70°C, Ind =-25°Cto +85°C. (2) Set with external resistor. (3) Unity-gain. (4) Gain = 10. (5) No source 
imbalance. (6) DC to 60Hz, Gain = 10, 1kn unbalanced. (7) RTO. 
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PROGRAMMABLE GAIN AMPLIFIERS 

Gain Input Parameters Dynamic 
Accuracy, Gain Non- Offset Response, 
G=100 Drift, Linearity Voltage G=100 

Gain 25°C, G=100 G=100 CMRI6) vs Temp ±3dB BW Temp 
Description Model Range max(%} (ppm/°C) max(%} min(dB} max (II-V/°C) (kHz) Rangel1 ) Pkg 

Noninverting PGA100G Gain set 0.02 10 ±0.005 NA 6 typ 5MHz Ind DIP 
Multiplexed with 4-bit 
Input word 1,2, 

4,8 ... 128 
PGA102G Gain set 0.01 20 ±0.01 3.G=100 250 Ind DIP 
PGA102P with 2-bit 0.02 50 ±0.01 3,G=100 250 Com DIP 

Page 

3-85 

3-93 
3-93 

word 1, 10 
100 ------------------E Instrumen

tation 
Amplifier 
Input 

Differential 
Input 

PGA200G 

3606M 

Gain set 
with 2-bit 
word 1, 10, 
100, 1000 

Gain set 
with 3-bit 
word 1, 2, 
4,8 ... 1024 

0.02 10 ±0.003 96 0.4,G=100 30 Ind DIP 3-103 

0.02 10 ±0.004 90,G=1 ±(1+20/G) 40 Ind DIP 3-150 

NOTES: (1) Com = O°C to +70°C, Ind = -25°C to +85°C. (2) Set with extemal resistor. (3) Unity-gain. (4) Gain = 10 (5) No 
source imbalance. (6) DC to 60Hz, Gain = 10, 1k.Q unbalanced. 

PRECISION TRANSMITTERS 

In~ut Parameters 
Offset Output Parameters 

S~an Voltage vs CMR, Offset FS Output 
Untrimmed Non-lin- Temp Offset Temp DC, Current Current Current 

Error, earity, Driftl1) Voltage max min Range Error, Error, Temp 
Description Model max (%) max (%) (ppm/OC) max {lJ-V/OC} (dB) (mA) max (II-A) max (II-A) Rangel') Pkg Page 

Two-Wire XTR100P -3 0.01 ±100 ±2511-V ±0.5 90 4-20 ±4 ±20 Ind DIP 3-114 
XTR101G -5 0.01 ±100 ±30Il-V ±0.75 90 4-20 ±6 ±30 Ind DIP 3-126 
XTR101P -5 0.01 ±100 ±100Il-V ±1.5 90 4-20 ±19 ±60 Indl3) DIP 3-126 

Three- XTR110G 0.2 0.005 30 =} {4-20, ±16 ±32 Ind DIP 3-139 
Wire and XTR110P 0.6 0.025 50 0-20, ±64 ±96 Com DIP 3-139 
Current 5-25141 

Source 

NOTES: (1) With zero TC span resistor. (2) Com = O°C to + 70°C, Ind = -25°C to +85°C. (3) -40°C to +85'C. (4) Many more ranges 
with appropriate circuit. 
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INSTRUMENTATION AMPLIFIERS GLOSSARY 

COMMON·MODE INPUT IMPEDANCE 
Effective impedance (resistance in parallel with capacitance) between either 
input of an amplifier and its common, or ground, terminal. 

COMMON·MODE REJECTION (CMR) 

When both inputs of a differential amplifier experience the same common
mode voltage (CMV), the output should, ideally, be unaffected. CMR is the 
ratio of the common-mode input voltage change to the differential input 
voltage (error Voltage) producing the same output change: 

CMR (in dB) = 20l0gIO CMV/Error Voltage 

Thus a CMR of 80dB means that 1 V of common-mode voltage will cause 
an error of lOOIlV (referred to input). 

COMMON·MODE REJECTION RATIO (CMRR) 

Ratio of the differential voltage gain of an amplifier to its common-mode 
voltage gain. 

COMMON·MODE VOLTAGE (CMV) 

That portion of an input signal common to both inputs of a differential 
amplifier. Mathematically it is defined as the average of the signals at the 
two inputs: 

FEEDBACK 
Return of a portion of the output signal from a device to the input of the 
device. 

FULL POWER FREQUENCY RESPONSE 
Maximum sinewave frequency at which a device can supply its peak-to
peak rated output voltage and current, without introducing significant 
distortion. 

GAIN 
Ratio of the output signal to the associated input signal of a device. 
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GAIN ERROR 

Difference between the actual gain of an amplifier and the one predicted by 
the ideal gain expression. 

INPUT BIAS CURRENT 

DC input current required at each input of an amplifier to provide zero 
output voltage when the input signal and input offset voltage are zero. The 
specified maximum is for each input. 

INPUT BIAS CURRENT DRIFT. 

Rate of change of input bias current with temperature or time. 

INPUT GUARDING 

Use of an input shield that is sometimes driven to follow the voltage level 
of the input signal and, thereby, remove leakage and loss-inducing voltage 
differences between the input signal path and surrounding stray conduction 
paths. 

INPUT OFFSET CURRENT 

Difference of the two input bias currents in a differential amplifier. 

INPUT OFFSET VOLTAGE 

DC input voltage required to provide zero voltage at the output of an 
amplifier when the input signal and input bias currents are zero. 

INPUT PROTECTION 

Means of protecting an input of a device from damage due to the application 
of excessive input voltage. 

INSTRUMENTATION AMPLIFIER 

Closed-loop, differential input, gain block exhibiting high input impedance 
and high common-mode rejection. Its primary function is to accurately 
amplify the voltage applied to its inputs. 

NONLINEARITY 

Peak deviation from a best-fit straight line (curve fitting on input/output 
graph) expressed as a percent of peak-to-peak full scale output. 
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OVERLOAD RECOVERY TIME 

Time required for the output of an amplifier to return from saturation to 
linear operation, following the removal of an input overdrive signal. 

SETTLING TIME 

Time required, after application of a step input signal, for the output voltage 
to settle and remain within a specified error band around the final value. 

SLEW RATE 

Maximum rate of change of an output voltage when supplying the rated 
output. 
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BURR-BROWN® 

IElElI INA101 

MILITARY & DIE 
VERSIONS 
AVAILABLE 

Very-High Accuracy 
INSTRUMENTATION AMPLIFIER 

FEATURES 
• ULTRA-lOW VOLTAGE DRIFT· 0,25J,LV/oC 
• LOW OFFSET VOLTAGE· 25J,LV 
• LOW NONLINEARITY· 0.002% 
• LOW NOISE· 13nV/y'fiZ allo = 1kHz 
• HIGH CMR· 106dB at 60Hz 
• HIGH INPUT IMPEDANCE· 1010n 
• LOW COST. TO·100, CERAMIC DIP AND PLASTIC 

PACKAGE 

DESCRIPTION 
The lNAlOI is a high accuracy. multistage, inte
grated-circuit instrumentation amplifier designed for 
signal conditioning requirements where very-high 
performance is desired. All circuits, including the 
interconnected laser-trimmed thin-film resistors, are 
integrated on a single monolithic substrate. 

OFFSET ADJUST 

M Package 

APPLICATIONS 
• AMPLIFICATION OF SIGNALS 

FROM SOURCES SUCH AS: 
Strain Gagas 
Thermocouples 
RTDs 

• REMOTE TRANSDUCERS 
• LOW LEVEL SIGNALS 
• MEDICAL INSTRUMENTATION 

A multiamplifier design is used to provide the highest 
performance and maximum versatility with mono
lithic construction for low cost. The input stage uses 
Burr-Brown's ultra-low drift. low noise technology 
to provide exceptional input characteristics. 

-INPUT 
GAIN 

SENSE I 

OFFSET ADJUST 

.Vee ,vee A2 OUTPUT 

G and P Packages 

Inlernational Airport Induslrlal Park· P.O. 80x 11400· Tucson. Arizona 85734 • Tel. 16021 746·1111 . Twx' 910·952·1111 • Cable: BBRCORP Telex' 66·6491 

PDS-454H 
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SPECIFICATIONS 
ELECTRICAL 
At +25C>C wIth ±15VDC power supply and In CirCUit of Figure 2 unless other~,lse noted 

MOOEL INA101AM/AG INAI01SMlSG INA101CM/CG<,,,,, -< INAIOIHP/KU 

MIN TYP MAX MIN TYP -MAX MIN TYP ; MAX MIN- TYP MAX UNITS 
GAIN 
Range of Gam 1 1000 · · · V/V 
Gam Equation G'il-(40k/Ro) · · · VlV 
Error From Equation, De'l! ,(0 04+0 00016G I(O 1+0 0003G · ' . J:(OH J:(03+ % 

002/G) -005/G) 000015G) o ooo2G) 
-005/G -010/G 

Gam Temp CoefflClent'31 · · · · ppm/DC G = 1 2 5 
G = 10 20 100 10 · ppm/oC 
G = 100 22 110 · 11 · · · ppm/'C 
G = 1000 22" 110" · 11 """ · · , ppm/DC 

Nonlinearity, DC'21 -(0002+10"G) ±(O 005+2> W'G) ,(0001 -(0002 ,(0001 -(0002 · · % 01 pop FS 
+10-5G) .10·'G) +--lO-sG) -10-sG) 

RATED OUTPUT 
Voltage Il0 ,125 · · · · · V 
Current IS Il0 · · · · rnA 
Outpullrnpedance 02 · · 0 
Capacitive Load 1000 · .-' · pF 
INPUT OFFSET VOLTAGE 
Imtlal Offset at +25"C ,(25+200/G) I(50+400/G) ,(10+ -c(25 1:(10+ r(2S-r I(125+ -(250. .V 

lbO/G) -200/G) l00/G) 200/G) 450/G) 9OO/G) 
vs Temperature I(2+20/G) ,(075 ,(025+ ,(2+20/G) pV/oe 

+IO/G) IO/G) 
vs Supply =(1+20/G) · · .V/v 
vs Time -(1+20/G) · · · jJV/mo 
INPUT BIAS CURRENT 
Initial 81as Current 

(each Input) "5 I30 :110 IS =20 · nA 
\IS Temperature ,02 · · · nA/oe 
vs Supply =01 · · · nAJV 
100tiai Offset Current 1:15 1:30 :t10 IS =20 · nA 
vs Temperature -OS · .. 

"" · nA/oe 

INPUT IMPEDANCE 
Differential 1010 3 · · o "pF 
Common-mode 10tO '3 · , · o "pF 
INPUT VOLTAGE RANGE 
Range, Linear Response ±10 ,12 · '. · · · · V 
CMR With 1kO Source Imbal 

DC to 60Hz, G=1 80 90 · 65 85 dB 
DC to 60Hz, G=10 96 106 · · · 90 95 dB 
DC to 60Hz, G=100 to 1000 106 110 · · · 100 105 dB 

INPUT NOISE 
Input Voltage NOise · · · f6=0 01Hz to 10Hz 08 I1V, p-p 
DenSIty, G=loo0 

nVl~ fo=10Hz 18 · · fo-=100Hz 15 · nVlV'Hz 
fo=lkHz 13 · · · nVlV'Hz 

Input Currenl NOise 
16-=0 01Hz to 10Hz 50 · pA. pop 

DenSity · · · pA/yHz fo==10Hz 08 
fo==100Hz 046 · · pA/~ 
fo==lkHz 035 · · · pA/V'Hz 

DYNAMIC RESPONSE 
Small Signal. ::,::3d8 Flatness · · · G=1 300 kHz 

G =10 140 · · · kHz 
G =100 25 · kHz 
G = 1000 25 

Small Signal, 1:1% Flatness · · kHz 

G o l 20 · · kHz 
G =10 10 · · kHz 
G o l00 1 · · · kHz 
G = 1000 200 · · · Hz 

Full Power, G=110 100 64 · · · kHz 
Slew Rate, G=-l to 100 02 04 · · · · · VI., 
Settling Time (0 1%) · 'G=1 30 40 ! · · .' G o l00 40 55 · · · · · .' G = 1000 350 470 · · · · '" Settling Time (0 01%) · G=1 30 45 · · · '" G o l00 50 70 · · · · .' G = 1000 500 650 · · · · · .' POWER SUPPLY 
Rated Voltage ::t15 · · · V 
Voltage Range ±5 ±20 · · V 
Current, QUiescent'2' ::t67 ±B5 · · · mA 
TEMPERATURE RANGE 's, 
SpecifiCatIOn -25 +85 -55 +125 · 0 ,70 'C 
OperatIOn -55 +125 · · -25 +85 'C 
Storage -65 +150 · -40 +85 'C . Specifications same as for INA101AM/AG 

NOTES (1) Typically the tolerance of AG ~IU be the major source of gam error (2) Nonllnearrty IS the maximum peak deViation from the best stralght~llOe as a percentage of 
peak~to~peak full scale output. (3) Not including the TeA of AG (4) Adjustable to zero at anyone gam (5) BJC output stage = 113°C/W, BJC qUiescent circuitry = 1-90 C/W, 
Be, = 83'C/W 
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MECHANICAL 

TO-100 

M Package 

DIM 

A 

8 

C 

D 

E 

Case::::: -Vee 

Leads In true positIOn within 
0010" (0 25mm) R at MMC 
at seating plane 

Pin numbers shown for 
reference only 
Numbers may not be marked 
on package 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

335 370 851 940 

305 335 775 851 

,.5 '85 4 '9 470 

0'. 021 04' 053 

0'0 040 025 , 02 

Hermetic DIP 

G Package 

Leads In true posItion wlthm 
0.01" 10 25mml R at MMC at 
seating plane. 

Pln numbers showil for refer
ence only Numbers may not 
be marked on package 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 670 710 17 02 1803 

C 06. 170 165 432 

D 015 021 03. 053 
t.l.oj LL ~,." ; 

F 0'0 040 025 102 H G Plane 
F 045 060 1 14 152 

G 230 BASIC 584 BASIC 

H 02. 034 071 086 

J 029 045 074 1 14 

K 500 1270 

L 120 160 305 406 

M 36° BASIC 36° BASIC 

N 110 120 279 305 

80TTOMVIEW 

U Package 
r>--A-

roo--- A, --nnnnnnnn 
T1 NOTE Leads In true posItion 

within 010" ( 25mm) R at MMC at 

8, 8 seating plane 

• ::lJ 
Pin numbers shown for reference 
only Numbers are not marked on 

HJ~~'~1UUU 
package 

~I~+Ic 
INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 
A 400 416 1016 1057 
A, .388 412 986 1046 
B 286 302 726 767 

Pm 1 Identifier B, 268 286 68' 726 
C 093 '09 236 277 

Jt~~M 
0 0'5 020 038 051 
G 050 BASIC 127 BASIC 
H 022 038 056 097 
J 008 012 020 030 
L 391 421 993 1069 
M 5° TYP 5° TYP 
N 000 012 000 030 

PIN CONFIGURATION 

IN OUTPUT 

rVee 

OFFSET 
ADJUST 2 

INPUT 
G 

OFFSET 
GAIN SENSE 1 or 

7 COMMON 
ADJUST 

3 P 
GAIN SET 1 

tiN 
OFFSET ADJ 

TOP VIEW OFFSET ADJ 

Burr-Brown Ie Data Book 

14 

13 

12 

" 
'0 

3-13 

G 100 BASIC 254 BASIC 

ft 
H 025 070 064 178 

J 008 012 020 030 

K 120 240 305 610 

L 300 BASIC 162 BASIC 

l~~V 
M '0° 10 

N 009 060 023 152 

P Package 

DIM 

Sealing 
Plane 

rcL~ 

& 
OUTPUT 

COMMON 

t-Vee 
-Vee 

-INPUT 
-r-INPUT 

GAIN SENSE 1 
GAIN SENSE 2 

"GAIN SET 1 
GAIN SET 2 

OFFSET ADJ 
A2 OUTPUT 

OFFSET ADJ 
A10UTPUT 

NC 

Case = -Vee 

Leads In true position Within 
010" (0 25mm) Rat MMC 
at seating plane 

Pin numbers shown for 
reference only 
Numbers may not be marked 
on package 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

660 1616 

220 280 559 

200 

015 020 

030 070 

100 BASIC 

030 
008 020 038 

100 

300 BASIC 

15° 15° 

16 COMMON 

'5 -Vee 

'4 +INPUT 

'3 GAIN SENSE 2 

U 
'2 GAIN SET 2 

" A2 OUTPUT 

10 A1 OUTPUT 

NC 
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ORDERING INFORMATION 

Temperature 
Model Package Range 

INA101AG Ceramic DIP -25° C to +85° C 
INA101CG Ceramic DIP -25° C to +85° C 
INA101AM Metal TO-l00 -25"C to +85°C 
INA101CM Metal TO-l00 -25°C to +85°C 
INA101HP Plastic DIP O°C to HO°C 
INA101KU Plastic SOIC O°C to HO°C 
INA101SG Ceramic DIP -55°C to +125°C 
INA101SM Metal TO-l 00 -55°C to +125°C 

BURN-IN SCREENING OPTION 
See text for details,' 

Bum~ln 

Model Packege Temp. (l60h)'" 

INA101AG-BI Ceramic DIP 125°C 
INA101CG-BI Ceramic DIP +125°C 
INA101AM-BI Metal TO-l00 +125°C 
INA 101 CM-BI Metal TO-l00 +125°C 
INA101HP-BI Plastic DIP +85°C 
INA101KU-BI Plastic SOIC +85°C 
INA101SG-BI Ceramic DIP +125°C 
INA101SM-BI Metal TO-l00 +125°C 

NOTE: (1) Or eqUivalent combination. See text. 

ABSOLUTE MAXIMUM RATINGS 

Supply. . . . . . . . . . . . . . . . . . . . . . • . .. . . . . . . . . . . . . . • . . . . . . . . . . .. ±20V 
Internal Power DIssipation. . . . .. . . .. .. .. • .. . .. . . .. . . .. . . .. 600mW 
Input Voltage Range ........................................ ±Vcc 
Operating Temperature Range M, G .............. -55°C to +125°C 

P, U ............... -25°C to +85°C 
Storage Temperature Range: M, G ................ ~oC to +150°C 

P, U . .. • .. .. .. .. .. ... -40°C to +85°C 
Lead Temperature (soldering. lOS) M, G, P ................. +300°C 
Lead Temperature (wave soldering, 3s) U ................. +260°C 
Output Short-Circuit Duration .•............. Continuous to ground 

BURN-IN SCREENING 
Burn-in screening is an option available for both the 
plastic- and ceramic-packaged INAIOI. Burn-in duration 
is 160 hours at the temperature shown below (or 
equivalent combination of time and temperature). 

Plastic "-BI" models: +85°C 
Ceramic "-81" models: + 125°C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

TYPICAL PERFORMANCE CURVES 
At +25°C and In cirCUit of Figure 2 unless otherwise noted. 

0.01 r-.,,;G;;;.A,;;IN;,;,,;,.N:,;;°TN:,;;L;;;IN.:;E;;;.A,;;R,;;IT,;,.Y;,..;.V.:.S.,;;G:;.A;,;;IN~'lIII 

~ Max 
~ 

~ g Typ 
z O.OOIJ-.....;_-+!!!!!!~=-+---I 
c: 
iii 
<!l 

0.OOO3L-__ ....1: ___ ~ __ -J 
10 100 1000 

60 

iii 40 
~ 
c: 
iii 
<!l 20 

10 

Gain IV/Vi 

GAIN VS FREQUENCY 

G =11000 

G=lloo 
~ r\. \ 

G=ll0 

\, 
\ 

G=ll 
\ ~ 1% Error A \ 

I 
\ 

100 lk 10k lOOk 1M 

Frequency 1Hz) 

Burr-Brown Ie Data Book 

60~----~--~-----+-----i 
60Hz

DC •••• -

40~----3.~2----~10~---3~2-----1oo~ 

iii 
~ 

120 

100 

a: 60 
::. 
() 

60 

Source Resistance Imbalance (kill 

CMR VS FREQUENCY 

G -100. 1000 

G-l0 

" G=1 "-
" Balanced " Source 

10 100 lk 10k 
Frequency I Hz) 

3-14 

TOTAL OFFSET VOLTAGE 

32oor-----~DrR;;;IF.,,;T,;,..V:,;;S;;;.G.:.A.,,;ITN.:..-----""1 

" Q, 

'5 
o 

~ 

3.2 "1-------1 .. 0-------1 00 .... -----1~000 

Gain IVIV, 

GAIN ERROR VS FREQUENCY 

g 1 % ~---+-~"-+--J'--_W_+_--I 
w 

G=10 

0.01 % 1.L:O----~I~OO~---',j,.-----I~O~k--~I~ook 
Frequency 1Hz) 
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WARM-UP DRI FT VS TIME QUIESCENT CURRENT VS SUPPLY STEP RESPONSE 

> 
" 
" '" J!! 
"0 
> 

10 

ii 6 

8 
~ 4 
.E 
S 

~ 2 
~ 
() 

~ 

\ 
\ 

±9 
! 
I 
I 

I / 
~ ±8 

/ 
/ 

I\. 
" I'-.. ±5 

+10 
Gt 

&100b 
'f ! 

I 

2 +5 

g 

i 1\-e- ~ T' 

'L 
~ t--- +-~- r---

;; 0 
~ 

~ 
~ 

o -5 

-10 

I i I 
o o ±5 ±10, :t15 :4::20 100 200 300 400 500 600 

TIme I Minutes, Supply Voltage (V) Time I lotS' 

INPUT NOISE VOLTAGE 

'OUTPUT NOISE VS GAIN 1000 .... _.;.,SE.;.,T ... T,.;;L,.;.IN,;.;G;;,.T,;.;I ... M,.;;E ... V ... S ... G;;,.A ... IN ...... _ ... 
30~----~------~------... 

VS FREQUENCY 100 GAIN 1000 
1000 

RL = 2kll 
CL = 1000pF ~ 

:> 
Ii' - -- -.-

':;. 320 ~------~-----4-------' E 20~------~----~-----.~ ~100 - -

" E 
,:: 
'" S 

" N 
"0 
> 
:l: 

" ~-'" ~ -- :-
J!! 
"0 --> 
" ~ 10~------~-----4-~~~~ ~ 100 I-------~------i-::-:::;--HJ~ ~ 6 10 - -
z 

~ 
Co ~ 

c. 
.E 

-= --

== -- - -
'5 
o 
oL_~_liIiiiiiii!! 

1 10 100 1000 10 100 1000 10 100 1000 
Frequency, Hz, 

DISCUSSION OF PERFORMANCE 
INSTRUMENTATION AMPLIFIERS 

I nstrumentation amplifiers are differential input c1osed
loop gain blocks who,e committed circuit accurately 
amplifie, the \oltage applied to their input" They 
respond only to the difference between the two input 
signal, and exhibit extremely-high input impedance. 
both differentially and common-mode, Feedback net
works are packaged within the amplifier module. Only 
one external gain setting resistor must be added. An 
operational amplifier. on the other hand. is an open-loop. 

lo=la+lb 

8. = G112' II)'; G Id 

• G(a2 + II )/2 GaCM 
Ib = ---cMiiiI = CMRR 

For INAIOI G = I + 4Ok/RG 
where RG is thl gain SItting resistor. 

FIGURE L Model of an Instrumentation Amplifier. 

Burr-Brown Ie Data Book 

uncommitted device that requires external networks to 
close the loop. Whilt' op amps can be w,ed to achieve the 
same basic function a, instrumentation amplifiers. it is 
very difficult to reach the same level of performance. 
Using op amps often leads to design trade-offs when it is 
nece,sary to amplify low level signals In the presence of 
common-mode voltages while maintaining high input 
impedances. Figure I shows a simplified model of an 
instrumentation amplifier that eliminates most of the 
problems. 

THE INA101 

,Simplified schematics of the lNAlO1 are shown on the 
first page. It is a three-amplifier device which provides all 
the desirable characteristics of a premium performance 
instrumentation amplifier. In addition. It has features not 
normally found in integrated circuit instrumentation 
amplifiers. 

The input section (AI and A2) incorporates high per
formance.low drift amplifier circuitry. Theamplifiers are 
connected in the noninverting configuration to provide 
the high input impedance (10 '°0) desirable in the instru
mentation amplifier function, The offset voltage and 
offset voltage versus temperature is low due to the 
monolithic design and improved even further by the 
state-of~the-art laser-trimming techniques. 
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The output section (A3) is connected in a unity-gain 
difference amplifier configuration. A critical part of this 
stage is the matchi~g of the four IOkO resistors which 
provide the difference function. These resistors must be 
initially well matched and the matching must be main
tained over .temperature and time in order to retain 
excellent common-mode rejection. (The I06dB minimum 
at 60Hz for gains greater than lOOV j V is a significant 
improvement compared to most other integrated circuit 
instru'!lentation amplifiers.) 

All of the internal resistors are compatible thin-fihn 
nichrome formed with the integrated circuit. The critical 
res'istors are laser-trimmed to provide the desired higll 
gain accuracy and common-mode rejection. Nichrome 
ensures long-term stability of trimmed resistors and 
simultaneous achievement of excellent TCR and TCR 
tracking. This provides gain accuracy and common
mode rejection when the INAIOI is operated over wide 
temperature ranges. 

USING THE INA101 
Figure 2 shows the simplest configuration of the IN A 10 1. 
The gain is set by the external resistor. R" with a gain 
equation ofG= I +(40Kj Ro). The reference and TCR of 
R" contribute directly to the gain accuracy and drift., 

For gains gr~ater than unity, resistor R" is connected 
externally between pins I and 4. At high gains where the 
value of RG becomes ~mall. additional resistance (i.e., 

I 
I 
I 
I 
I 

Tilil circuli mlY bl uud 1IIIIIIIIClmlnI 
lor 1IIIIIngil poIInllDmlllr. n will 1111l1li 
offill and 11m drill unchlnglll. 

L.. - - - - OPnoNAL; 
OFFlfT I 0.3··. 
ADJUST I ,... 

+Vee i t 
.---...... I 

i~ 
i 2 3 

+Vcc 

L ________ _ 

8 OUTPUT 

FIGURE 2. Basic Circuit Connection for the INAIOI 
Including Optional Input OffSet Null 
Potentiometer. 

Burr-Brown Ie Data Book 

relays, sockets) in the Ro circuit will contribute to a gain 
error. Care should be taken to minimize this effect. 

The optional offset null capability is shown in Figure 2. 
The adjustment affects only the input stage component of 
the offset voltage. Thus, the null condition will be 
disturbed when the gain is changed. Also, the input drift 
will be affected by approximately 0.311' V j"C per 1001' V 
of input offset voltage that is trimmed. Therefore, care 
should be taken when considering use of the control for 
removal of other sources of offset. Output offsetting can 
be accomplished ill Figure 3 by applying a voltage to 
Common (pin 7) through a buffer amplifier. This limits 
the resistance in series with pin 7 to minimize CM R error. 
Resistance above 0.10 will cause the common-mode 
rejection to fall below 106dB. Be certain to keep this 
resistance low. 

It is important to not exceed the input amplifiers' 
dynamic range. The amplified differential input signal 
and its associated common-mode voltage should not 
cause the output of AI or A~ to exceed approximately 
±lOV or nonlinear operation will result. 

BASIC CIRCUIT CONNECTION 
The basic circuit connection for the INAIOI is shown in 
Figure 2. The output voltage is II function of the 
differential input veltage times the gain. 

OPTIONAL OFFSET ADJUSTMENT PROCEDURE 
It is fre~uently desirable to null the inpu~ component of 
offset (Figure 2) and occasionally that of the output 
(Figure 3). The quality of the potentiometer will affect the 
results, therefore, choose one with good temperature and 
mechanical-resistance stability. The procedure is as 
follows: 

EXTERNAL 
AMPLIFIER 

+15VDC 

lOOkn 
H3 

FIGURE 3. Optional Output Offset Nulling or Offsetting 
Using External Amplifier (Low 
Impedance to Pin 7). 
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I. Set El = E2 = OV (be sure a good ground return path 
exists to the input). 

2. Set the gain to the desired value by choosing RG • 

3. Adjust to 100kO potentiometer in Figure 2 until the 
output reads OV ± I m V or desired setting. Note that 
the offset will change when the gain is changed. If the 
output component of offset is to be removed or if it is 
desired to establish an intentional offset, adjust the 
lOOk!} potentiometer in Figure 3 until the output 
readsOV ± I mV or desired setting. Note that the offset 
will not change with gain. but be sure to use a stable 
external amplifier with good DC characteristics. The 
range of adjustment is ±15mV as shown. For larger 
range, change the ratio of R 1 to R,. 

THERMAL EFFECTS ON OFFSET 

To maintain specified offset performance, especially in 
high gain, prevent air currents from circulating around 
the input pins. This can be done by using a skirted heat 

V 

TRANSDUCER 0-_R 
DRSENSDR-

sink on the INAIOIM package. Rapid changes in die 
temperature and thermocouple effects on the pins will 
then be minimized. Surrounding the package with low 
power components will also help to reduce air flow 
across the package and pins. 

TYPICAL APPLICATIONS 
Many applications of instrumentation amplifiers involve 
the amplification of low level differential signals from 
bridges and transducers such as strain gages, thermo
couples, and RTD's. Some of the important parameters 
include common-mode rejection (differential cancellation 
of common-mode offset and noise, see Figure I), inpu,t 
impedance, offset voltage and drift, gain accuracy, 
linearity, and noise. The INAIOI accomplishes all of 
these with high precision. 

Figures 4 through 16 show some typical applications 
circuits. 

+Vcc 

OPTIONAL 
OFFSET 
ADJUST 
lOOkn 

RESISTANCE 
1"'''''1/'''---,.-.. 

El BRIDGE E2 

r 
I , I \ 

i- t I \ I \ 
R \ 

olEIN f I I 
I I f : RB~ 

1 
I I I I I I I I \ I , 
\ I 

8HIE;'" 
-~ 

FIG U R E 4. Amplification of a Differential Voltage from a Resistance Bridge. 

NOISE I8DIIz HUIII 

1'''''1/'''---,...... 

TRAIIIOUCEI OR n-Jl 
ANALOISI8NAL u-u 

TRANSFORMER 

I 
I 

\ 
\ 

NOISE IlIIIz HUIII 

'Galn senl8 will minimize 
gain error dUllllddltlonal 
realilanca In 1111 RS clrculL 

, I 
\ I 
1 , 

I I 
I I 
I 
I 

\ 

\ 
I 

: RG , 
I 

I 

FIGURE 5. Amplification of a Transformer-Coupled Analog Signal. 
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lOOka :: 
FOR BIAS ...L 
CURRENT V 
RETURN 

DIGITAL 
IFM) 

+ +15VDC 

IOkU~ R2 
\ 

,-_--':'R, 
IDku ~ OFFSETTING 

~ 
Till range 01 +VDC Is OV to +7.5V 

FIGURE 6. Output Offsetting Used to Introduce a DC Voltage for Use with a Voltage-tn-Frequency Converter. 

12 

RS .041 
10 

11 

3 

+15VDC If rom 11II1,dan power supply) 

EOUT IV. P1l 

FIGURE 7. ECG Amplifier or Recorder Preamp for Biological Signals. 

"ODES NOT REQUIRE EXTERNAL ISOlATION POWER SUPPLY 

10 

+15VDC • 15VDC 

INPUT ISOLAnON POWER SUPPlY 
COMMON 722 

FIGURE 8. Precision Isolated Instrumentation Amplifier. 
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CHANNEL SELECT 

GAIN SELECT 
CONTROL LOGIC 

FIGURE 9. Multiple Channel Precision Instrumentation Amplifier. 

CP CE 

'VREFAND GROUND 
MAY BE USED FOR 
ERROR CORRECTION 

FIGURE 10. 4mA to 20mA Bridge Transmitter Using Single Supply Instrumentation Amplifier. 

E.N 0-------1 

R. 

GROUND RESISTANCE 

FIGURE 11. Ground Resistance Loop Eliminator (INAIOI senses and amplifies VI accurately). 
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IN914 
COLO 

JUNCTION 
COMPENSATION 

K 
THERMOCOUPLE 

1000 

49900 

1MO' 

15kO 

+15V 

FIGURE 12. Thermocouple Amplifier with Cold Junction Compensation. 

AEN 40.040 

OVERALL GAIN = AEou./AE.N = 2Il00 

Eou. 

6EoUT 

FIGURE 13. Differential Input/Differential Output Amplifier (twice the gain of one INA). 
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AEIN 

2tIOiA1C 
CONTROL 

11 
16 .... ---....;.; ..... 

SI 

1120151143 

15 13 14 

CONTROL 

+15V 

-15V 

SI S2 S3 

Cl.... C1D1ad Open 
Opan Open Closed 

FIGURE 14. Auto-Zeroing Instrumentation Amplifier Circuit. 
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+15V 

14UZ 
MPC4D 

. "~ 
4 

RI 

Vo- 5 
11690 o----..!!. +IN 

8 
7060 8AIN SENSE I 4 '--

Vo-6 HZ 8AIN SET I 5 INAI0I8 
Z440 . OR P I Eou-r Vo- 7 R3 GAIN SET Z 10 ~ 
4470 

0- 10 R4 --'''~' Z440 ~-IN Vo-~ R5 
E, 3 13 

,..! 706n 
R6 -15V 

Vo-IZ ~7 

11690 ADDRESS R7 

V, 13 Ao A, 8AIN 

0 0 10 8 = I + (4OI(/IRI + R2+ R3+ R4+ R5+ R6+ R711 
0 I ZO 8 = 1+ ft40K + RI + R7J/IRZ+ R3 + R4+ R5+ R6JJ 

I 16 15 3 I 0 50 8 = I + ft40K + RI + R2+ R6+ R7)/183 + R4 + R511 
I I 100 G = I + ft40K + RI + RZ + R3 + R5+ RD + R7)/R4) 

17 
-15V 

A. A, 

FIGURE 15. Programmable Gain Instrumentation Amplifier. 

+15V +15V 

-15V 

XIO XIOO 
8AIN SELECT 

FIGURE 16. Programmable-Gain Instrumentation Amplifier Using the INAIOI and PGAI02. 

Burr-Brown Ie Data Book 3-22 Vol. 33 



BURR-BROWN® 

IElElI INA102 

AVAILABLE IN 
DIE FORM 

Low-Power, High-Accuracy 
INSTRUMENTATION AMPLIFIER 

FEATURES 
• LOW·QUlESCENT POWER: 75OpA. max 
• INTERNAL GAINS: I. 10. 100. 1000 
• LOW·GAIN DRIFT: 5ppm/oC. max 
• HIGH CMR: 9OdB. min 
• LOW·OFFSET VOLTAGE DRIFT: 2ttV/oC. max 
• LOW·OFFSET VOLTAGE: 10OpV. max 
• LOW NONLINEARITY: 0.01%. max 
• HIGH·INPUT IMPEDANCE: 101°0 

• LOW COST 

DESCRIPTION 
The INA102 is a high-acCuracy monolithic instru
mentation amplifier designed for signal-conditioning 
applications where low-quiescent power is desired .. 
On-chip thin-film resistors provide excellent tem
perature and stability performance. State-of-the-art 
laser-trimming technology insures high-gain accuracy 
and common-mode rejection while avoiding expen
sive external components. These features make the 
INAI02 ideally suited for battery powered and high
volume applications. 

The INAI02 is also convenient to use. A gain of I, 10, 
100 or 1000 may be selected by simply strapping the 
appropriate pins together. Sppm/oC gain drift in low 
gains can then be achieved without external adjust
ment. When higher than specified CMR is required, 
CMR can be trimmed using the pins provided. In 
addition, balanced filtering can be accomplished in 
the output stage. 

APPLICATIONS 
.• AMPLIFICATION OF SIGNALS FROM SOURCES 

SUCH AS: 
Strain Gauges 
Thermocouples 
RTDs 

• REMOTE TRANSDUCER AMPLIFIER 
• LOW·LEVEL SIGNAL AMPLIFIER 
• MEDICAL INSTRUMENTATION 
• MULTICHANNEL SYSTEMS 
• BATTERY·POWERED EQUIPMENT 

Inlernllional Airport Induslrial Park· P.O. Box 11400· Tucson. Anzonl 85734· Tel. (602) 746·1111 . Twx: 9111-952·1111 • Cable' BBRCORp· Talex: 6fl.1i4II1 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C with ±t5VDC power supply and in circuit 01 Figure 2 unless otherwise noted. 

I KU 15-------, 
ADVANCE INFORMATION 

MODEL INA102AG INA102CG '. INAUIllO'IlCU' , 

CONDITIONS MIN TYP MAX MIN TYP MAX MAX UNITS 

GAIN 
Range of Gain 1 1000 · . • • VN 
Gam Equation, G=l+ 
External, ±20% (40k/R.)"' · • VN 

Error, DC: G = 1 T.=+25°C 0.1 0.05 o.~ % 
G = 10 TA = +25°C 0.1 0.05 0.35 % 
G = 100 T. = +25°C 0.25 0.15 1M % 
G = 1000 TA = +25°C 0.75 0.5 0.9 % 
G=l TA = TMtN to TMAX 0.16 0.06 Q2'I % 
G =10 TA::::::TM1NtoTMAX 0.19 0.11 U4 % 
G = 100 TA = TMIN to TMAX 037 0.21 Ilea % 
G = 1000 TA = TMIN to TMAX 0.93 0.62 1.08 % 

Gain Temp. Coefficient 
G=l 10 5 • ppm/oC 
G = 10 15 10 • ppm/oC 
G = 100 20 15 • ppm/oC 
G = 1000 30 20 • ppmfOC 

Nonlinearity, DC 
G=l TA = +25°C 0.03 0.01 . " .. %oIFS 
G =10 T. =+25°C 0.03 0.01 .• %oIFS 
G = 100 T.=+25°C 0.05 0.02 

. 
" '. %oIFS 

G = 1000 T.=+25°C 0.1 0.05 ' . %oIFS 
G=l TA = TMIN to TMAX 0.045 0.Q15 • %oIFS 
G = 10 TA = TMIN to r MAX 0.045 0.Q15 .' %oIFS 
G = 100 TA=TM1NtoTMAX 0.075 0.03 • %oIFS 
G = 1000 TA = TMIN to TMAX 0.15 0.1 • %oIFS 

RATED OUTPUT 
., .. 

Voltage RL =10kCl ±(IVccl /. 

-2.5) · "' V 
Current ±1 · • mA 
Short-Circuit Currentl2) 2 · , . mA 
Output Impedance 
G=looo 01 · .... n 

INPUT 

OFFSET VOLTAGE 
Initial Offsetl31 TA=+25°C ±3oo ±loo 

±300/G ±200/G • "V 
vs Temperature ±5 ±2 

±10/G ±5/G * "VloC 
YS Supply ±40 ±10 ; 

±50/G ±20/G • "VN 
vs Time ±(20 

+3O/G) · • "Vlmo 
BIAS CURRENT 
Initial Bias Current 
(each input) TA:;;::TM1NtoTMAX 25 50 6 30 • « nA 
vs Temperature ±0.1 · • nAloC 
YS Supply ±0.1 • · .. nAN 

Initial Offset Current TA = TMIN to rMA)( ±2.5 ±15 ±2.5 ±10 • • nA 
vs Temperature ±0.1 · , " nAloC 

IMPEDANCE 
Differential 10"112 · .. .. .. *' '>C" 

ClllpF 
Common-mode 10"112 · '" ,* nllpF 

VOLTAGE RANGE .' f 
Range, Linear Response TA,= TMINto TMAX ±(IVccl 

-4.5) · .. V 
CMRwith lkCl 

~ 

Source Imbalance . 
G=l OCto 60 Hz 80 94 90 · ~. • . dB 
G=10 OCto 60 Hz 80 100 90 · • · '" dB 
G = 10101000 DC to 60 Hz 80 100 90 · " 

,. 
dB 

NOISE 
Input Voltage Noise 
I, = 0.01 Hz to 10Hz 1.0 · .. "Vp-p 
Density, G = 1000 
10 = 10Hz 30 · • nV/v'E!i: 
10 = 100Hz 25 · .' ' .. nV/~ 
10 = 1kHz 25 · " nV/V'Hz 

Input Current Noise 
I, = 0.01 Hz to 10Hz 25 · • pA .JEi 
DenSity: 10 = 10Hz 0.3 · · pAl Hz 

10 = looH~ 0.2 · • pAl~ 
·10 = 1kHz 0.15 · · pAlV'Hz 
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MODEL 

UNITS 

VOUT ;: 0 Wrms 
300 kHz 
30 kHz 
3 kHz 

0.3 kHz 

Small Signal, 
±1% Flalness VOUT = 0 lVrms 
G=1 30 kHz 
G =10 3 kHz 
G = 100 03 kHz 
G = 1000 003 kHz 

Full Power, G = 1 to 100 17 25 kHz 
Slew Rate, G = I to 100 o t 015 VII'S 
Settling Time 
01% G = I 50 J.IS 

G = 100 360 J.IS 
G = 1000 3300 J.IS 

001% G = I 60 J.IS 
G = 100 500 J.IS 
G = 1000 4500 J.IS 

V 
V 

J.IA 

'C 
'C 
'C 

·Speclflcatlon same as for INA102AG 
NOTES (1) The Internal gam set resistors have an absolute tolerance of ±20%. however, their tracking IS 50ppm/oC RG will add to the gam error if gains other than 
1,10,100 or 1000 are set externally (2) At high temperature, output drive current IS limited An external buffer can be used if required (3) Adjustable to zero at 
any onetime 

MECHANICAL 

Hermetic Plastic 

~1~[ ~ ~]~:I 
NOTE: Leads in true position E' . ,-- :,- -'-1 NOTE. Leads 10 true position 
within 0 10" (0 25mm) R at within 0 10" (0 2Smm) R at seating 

seating plane AAAAAA plane 
Pm numbers shown for reference 

li PINS. Pm matenal and plating 
only Numbers are not marked on 

if} S,S composition conform to method 

I..---- A F-t "'-.1 package 
j 1 2003 (solderability) of MIL-STD-

CASE Ceramic :vvvvvv'U 
883 (except paragraph 3 2) . _-=B CASE' Plastic 

'-. Pin 1 
INCHES MILLIMETERS 

~-. 
DIM MIN MAX MIN MAx 

~'~ A 790 810 2007 2057 
C 105 170 267 432 -II.-H ':.l G I.- Seating Plane 0 015 021 038 053 

-~~j F 048 060 122 152 

-n''( G 100 BASIC 254 BASIC --JI.- f N B H 030 070 076 178 
J 008 012 020 030 J L H G sea~ng Plane J ~ M JlJ K 120 240 305 610 
L 300 BASIC 762 BASIC 
M 10' 10' INCHES MILLIMETERS '--L __ M 
N 025 060 064 152 DIM MIN MAx MIN MAx 

A 740 800 1880 2032 
A, 725 785 1842 1994 
B 230 290 585 738 
B, 200 250 509 636 
C 120 200 305 509 
D 015 023 038 059 
F 030 070 076 178 
G 100 BASIC 254 BASIC 
H 002 OOS 051 127 
J 008 015 020 038 
K 070 150 178 382 
L .300 BASIC 763 BASIC 
M O' 15' 0' 15' 
N 010 030 025 '076 
P 025 050 064 127 

Burr-Brown Ie Data Book 3-25 Vol. 33 

s ,.. 
C 
Z -

en a: w 
u: 
::J 
Q. 
::e 
C 
Z 
o 
i= 
~ z w 
::e 
::;) 
a: 
t; 
z -



MECHANICAL 

sOle 

INCHES 
DIM MIN MAX 

A 400 416 

NOTE Leads In true position 
A, 388 412 
8 286 302 

WI1hln 010" ( 25mm) R at MMC at 8, 268 286 
seating plane 

C 093 109 
Pin numbers shown for reference D 015 020 
only Numbers are not marked on G 050 BASIC 
package. H 022 038 

J 008 012 
L 391 421 
M 50 TYP 
N 000 012 

ORDERING INFORMATION 

Temperature 
Model Package Range 

INA102AG Ceramic DIP -25'C to +85'C 
INA102CG Ceramic DIP -25°C to +85°C 
INA102KP Plastic DIP DOCto +70°C 
INA102KU Plasllc SOIC O'C 10 +70'C 

BURN-IN SCREENING OPTION 
See text for details 

Burn-In Temp. 
Model Package (160h)'" 

INA102AG-BI Ceramic DIP +125'C 
INA102CG-BI Ceramic DIP +125'C 
INA102KP-BI Plastic DIP +85'C 
INA102KU-BI Plastic SOIC +85'C 

NOTE (1) Or equivalent combination See text. 

MILLIMETERS 

MIN MAX 

1016 1057 
986 1046 
726 767 
681 726 
236 277 
038 051 
127 BASIC 
056 097 
020 030 
993 1069 

SQ TYP 

000 030 

PIN CONFIGURATION 

Offset Adjust Offset Adjust 

X 10 Gain +In 

X 100 Gain -In 

X 1000 Gain Filter 

X 1000 Gain Sense +vcc 

Output 

Gam Set Common 

-Vee 

ABSOLUTE MAXIMUM RATINGS 

Supply... ....... ......... .... ... . ..... ±18V 
Input Voltage Range ........... . .. ,. ±Vcc 
Operating Temperature Range. . . -25°C to +85°C 
Storage Temperature Range' CeramIc.. -65°C to +150°C 

Plastic ............. -55'C to +125'C 
Lead Temperature (sold3rJng 10 seconds) .................. +30QoC 
Output Short-ClrcUlt 0:'lr8tlon .............. Continuous to ground 

BURN-IN SCREENING 
Burn-in screening is an option available for both plastic
and ceramic-packaged INAI02s. Burn-in duration is 160 
hours at tL temperature shown below (or equivalent 
combination of time and temperature). 

Plastic "-BI" models: +85°C 
Ceramic "-BI" models: +125°C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI"to the 
base model number. 

TYPICAL PERFORMANCE CURVES 
At +25°C and In CirCUit of Figure 2 unless otherWise noted 

a: 
:2 

120 

100 

() 80 

CMR VS SOURCE IMBALANCE 

J,010,1 
I'... 

G-1 

RIMB 

~'~O 
.. ,.. 

Qftvp-p' • 

5Hz 
60 

40 
100 1K 10K 100K 

Source ReSistance Imbalance (0) 
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GAIN VS FREQUENCY 
+80r---~----~--~----~---' 

+60 

I 
G ~ 1000 

, 
", 

G~100' 
iii +40~--~~~~~t--
::0 
c 
~ +20 G ~ 10 

G~1 

Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 
At +25°C and in Circuit of Figure 2 unless otherwise noted 

§. 
" E ,= 

'" .§ 

i 
(/) 

_ 50 

! 
~ 40 
S g 
a; 30 

8 
g, 20 
E 

'" 

WARM-UP DRIFT VS TIME 

JII"""" 

f g> 10 .. 
.r:: 
U 

If 
o 

10 

5 
3 
2 

0.5 
03 
02 

01 

005 
003 
002 

Time (msi 

SETTLING TIME VS GAIN 

RL ~ 10kO 
I------CL ~ 100pF-----,.! 

001 
1 10 100 1000 

Gain (VN) 

PSR VS FREQUENCY 
125 

100 
iii 
E 
c 

fl 75 --1-
'" 1 a; 
a: 

1 '" c. 
--1---1 "- 50 ~ 

(/) 

~ I I 
;: 1 
0 1 I Q .. Q. 

25 --1 __ + __ <:>" 
I I ? 

1 
0 

1 10 100 lk 

Frequency (Hz) 
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1000 

900 

800 

~ 700 
o 

~ 600 

U 50 0 
1" 
" 400 
~ 
3 o 

300 

200 

100 

o 

QUIESCENT CURRENT VS SUPPLY 

I .- .-

I 
Vo ~ 10V 
(no load) 

Vo 0 
-

-~. ---.--- -
I 
~ --
-+-- --r---

±5 ±10 ±15 ±20 
Supply Voltage (V) 

~ 

STEP RESPONSE 

RL ~ 10kO 
CL = 1000pF 

~ ±10 I--+_~ ____ r---l----I 

~ ±5 
:; 
S-
6 

-5 1--+111--~' 

PEAK-PEAK VOLTAGE NOISE VS GAIN 
loo0~~--~~~~~--------, 
800 

INPUT NOISE VOLTAGE VS FREOUENCY 
1000 
800 

10k 

10 100 1000 

~ 500 

300 
;; 
E-

" F 
"0 
> 
ill 
0 z 
:; 
~ 

200 

100 r--..... 
80 

50 ~ 

30 

20 

10 
1 

-
....... !oo.. 
-

10 

'-

! 
-t--

I 
G 1 1-- --

G 10 --

G - 100, G - 1000 

100 lk 10k 
Gain (VN) Frequency (Hz) 
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DISCUSSION OF 
PERFORMANCE 
INSTRUMENTATION AMPLIFIERS 
Instrumentation amplifiers are differential input closed
loop gain blocks whose committed circuit accurately 
amplifies the voltage applied to their inputs. They respond 
mainly to the difference between the two input signals 
and exhibit extremely high input impedance, both differ
entially and common-mode. The feedback networks of 
this instrum~ntation amplifier is included on the mono
lithic chip. No external resistors are required for gains of 
I, 10, 100, and 1000 in the INAI02. 

An operational amplifier, on the other hand, is an open
loop, uncommitted device that requires external net
works to close the loop. While op amps can be used to 
achieve the same basic function as instrumentation 
amplifiers, it is very difficult to reach the same level of 
performance. Using op amps often leads to design trade
offs when it is necessary to amplify low-level signals in 
the presence of common-mode voltages while maintain
ing high-input impedances. Figure I shows a simplified 
model of an instrumentation amplifier that eliminates 
most of the problems. 
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GAIN SET 

'0="+'11 
',= 01'2 ·111= G 'd 

GIII2 + 11112 hCM 
Ib=~=CMRR 

·0 

GAIN SET IS 
PIN·PROGRAMMABLE FOR 
Xl. XlO. X1OQ. Xl000 
IN THE INAl02 

FIGURE I. Model of an Instrumentation Amplifier. 

THE INA102 

A simplified schematic of the INAI02 is shown on the 
first page. A three-amplifier configuration is used to 
provide the desirable characteristics of a premium per
formance instrumentation amplifier. In addition, it has 
features not normally found in integrated circuit instru
mentation amplifiers. 

The input buffers (AI and A2) incorporate high perfor
mance, low-drift amplifier circuitry. The amplifiers are 
connected in the noninverting configuration to provide 
the high input impedance (101°0) desirable in instrumen
tation amplifier applications. The offset voltage and 
offset voltage versus temperature are low due to the 
monolithic design, and improved even further by state
of-the-art laser-trimming techniques. 

The output stage (A3) is connected in a unity-gain 
differential amplifier configuration. A critical par,t of 
this stage is the matching of the four 20kO resistors 
which provide the difference function. These resistors 
must be initially well matched and the matching must be 
maintained over temperature and time in order to retain 
good common-mode rejection. 

All of the internal resistors are made of thin-film ni
chrome on the integrated circuit. The critical resistors 
are laser-trimmed to provide the desired high-gain accur
acy and common-mode rejection. Nichrome ensures 
long-term stability and provides excellent TCR and 
TCR tracking. This provides gain accuracy and common
mode rejection when the INAI02 is operated over wide 
temperature ranges. 

USING THE INA102 

Figure 2 shows the simplest configuration of the INAI02. 
The output voltage is a function of the differential input 
voltage times the gain. 

A gain of I, 10, 100, or 1000 is selected by programming 
pins 2 through 7 (see Table I). Notice that for the gain of 
1000, a special gain sense is provided to preserve accuracy. 
Although this is not always required, gain errors caus<;d 
by external resistance in series with the low value 40.040 
internal gain set resistor are thus eliminated. 

Burr-Brown Ie Data Book 
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FIGURE 2. Basic Circuit Connection for the INAI02. 
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Other gains between I and 10, 10 and 100, and 100 and 
1000 can also be obtained by connecting an external 
resistor between pin 6 and either pin 2, 3, or 4, respectively 
(see Figure 6 for application). 

G = I + (40 f RG) where RG is the total resistance between 
the two inverting inputs of the input op amps. At high 
gains, where the value of RG becomes small, additional 
resistance (i.e., relays or sockets) in the RG circuit will 
contribl}te to a gain error. Care ~hould be taken to 
minimize this effect. 

TABLE I. Pin-Programmable Gain Connections 

GAIN CONNECT PINS 

1 6to 7 
10 2 to 6 ard 7 
100 3t06and 7 
1000 4 to 7 and separately 5 to 6 

OPTIONAL OFFSET ADJUSTMENT PROCE'DURE 

It is sometimes desirable to null the input and f or output 
offset to achieve higher accuracy. The quality of the 
potentiometer will affect the results; therefore, choose 
one with good temperature and mechanical-resistance 
stability. 

The optional offset null capabilities are shown in Figure 
3. R. adjustment affects only the input stage component 
of the offset voltage. Note that the null condition will be 
disturbed when the gain is changed., Also, the input drift 
will be affected by approximately 0.31/LV fOC per 100/LV 
of input offset voltage that is trimmed. Therefore, care 
should be taken when considering use of the control for 
removal of other sources of offset. Output offset cor
rection can be accomplished with AI, RI, R2 , and RJ , by 
applying a voltage to Common (pin 10) through a buffer 
amplifier. This buffer limits the resistance in series with 
pin 10 to minimize CMR error. Resistance above OJO 
will cause the common-mode rejection to fall below 
100dB. Be certain to keep this resistance low. 
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OUTPUT OFFSET 
ADJUST 

IMIl+15jV~~kO 
R, 

IkO -15VDC 

FIGURE 3. Optional Offset Nulling 

It is important to not exceed the input amplifiers' 
dynamic range. The amplified differential input signal 
and its associated common-mode voltage should not 
cause the output of AI or A2 to exceed approximately 
±12V with ±15V supplies or nonlinear operation will 
result. To protect against moisture, especially in high 
gain, sealing compound may be used. Current injected 
into the offset pins should be minimized. 

OPTIONAL FILTERING 
The INAI02 has provisions for accomplishing filtering 
with one external capacitor between pins II and 13. This 
single-pole filter can be used to reduce noise outside the 
signal bandwidth, but with some degradation to AC 
CMR. 

When it is important to preserve CMR versus frequency 
(especially at 60Hz), two capacitors should be used. The 
additional capacitor is connected between pins 8 and 10. 
This will maintain a balance of impedances in the output 
stage. Either of these capacitors could also be trimmed 
slightly, to maximize CMR, if desired. Note that their 
ratio tracking will affect CMR over temperature. 

.-.----op .. " 
E'r · \ • • • · , , , , I , 

I , I 

7 
, 

" I " , , , 
I I I , , , 
• , , , 

E, \ ' . . \ . .: .. 
SHIELD"""" 

PROCEDURE: 
I. CONNECT CMV 

TO BOTH INPUTS. 
2. ADJUST POT 

FOR NEAR ZERO 
AT THE OUTPUT. 

IkO 

IkO 

200 
CMR 
ADJUST 

FIGURE 4. Optional Circuit for Externally Trimming CMR. 

OPTIONAL COMMON-MODE REJECTION TRIM 
The INAI02 is laser-adjusted during manufacturing to 
assure high CMR. However, if desired, a small resistance 
can be added in series with pin 10 to trim the CMR to an 
improved level. Depending upon the nature of the 
internal imbalances, either a positive or negative resis
tance value could be required. The circuit shown in 
Figure 4 acts as a bipolar potentiometer and allows easy 
adjustment of CMR. 

TYPICAL APPLICATIONS 
Many applications of instrumentation amplifiers involve 
the amplification of low-level differential signals from 
bridges and transducers such as strain gauges, thermo
couples, and RTDs. Some of the important parameters 
include common-mode rejection (differential cancellation 
of common-mode offset and noise, see Figure I), input 
impedance, offset voltage and drift, gain accuracy, line
arity, and noise. The INAI02 accomplishes all of these 
with high precision at surprisingly low-quiescent current. 
However, in higher gains (>100), the bias current can 
cause a large offset error at the output. This can saturate 
the output unless the source impedance is separated, e.g., 
two 500k!1 paths instead of one IM!1 unbalanced input. 

Figures 5 through 16 show some typical applications 
circuits. 

+15V -15V 

II 

Eou, = 1000 (E, - E,I 

INAI02 REPLACES CLASSICAL THREE·DP·AMP 
INSTRUMENTATION AMPLIFIER. 

FIGURE 5. Amplification of a Differential Voltage from a Resistance Bridge. 
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NOISE 160Hz HUM) tr····· .. , 
Oil !\l\RG 

TRANSDUCER OR : I :. I 
ANALOG SIGNAL I : : : 

\ : \ : 
" I \ / 

TRANSFORMER ~-". :!:~. 
NOISE 160Hz HUM) V SHIELD 

Eou, ; G Il>E'N) 
; I + [40k/IR. + RylJ 

R. ; [40k-RyIG-IIJIIG-I) 

; either pin 2. 3. or 4 
Ry - 4.4kn. 404n. or 40n in gains 

of 10. 100. or 1000 respectively 
Note: Gain drift will be higher than that 

specified with Internal resistors only. 

FIGURE 6. Amplification of a Transformer-Coupled Analog Signal Using External Gain Set. 

K THERMOCOUPLE +t5VDC 

IN914 

COLD 
JUNCTION !::---1>---"",,~--J 

COMPENSATION IMn 
15kn -15VDC -15VDC j+15VDC 

IOOkn 
ZERO ADJUST 

-15VOC +15VOC 

FIGURE 7. Isolated Thermocouple Amplifier with Cold Junction Compensation. 

FIGURE 8. ECG Amplifier or Recorder Preamp for Biological Signals. 
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IOOkO 

100000 

FIGURE 9. Single Supply Low Power Instrumentation Amplifier. 

XI 
o 

ISOLATION 
BARRIER" I 

II 
EOUT 

Eo", conlalns a mIdscale 
DC voltage of +4.5V 

EOUT 

·DOES NOT REQUIRE EXTERNAL 
ISOLATION POWER SUPPLY 

BIAS CURRENT 
RETURN RESISTOR "l--IM_O _______ r __ +-+-t ______ --' I 

I 
I 

-15VOC +15VOC +15VOC 
INPUT 

COMMON 
ISOLATION POWER SUPPLY I OUTPUT -- -15VDC 

722 I COMMON Nole thai XIDOO gain sense has not been 
used 10 'acllllate sImple switching. 

FIGURE 10. Precision Isolated Instrumentation Amplifier. 

IN7 
IN6 
IN5 

CHANNEL SELECT r------...... 
GAIN SELECT 

CONTROL LOGIC 

CP CE 

·As shown channels 
o and I may be used 
'or auto offset 
zeroing. and gain calibration 
respectively. 

EOUT 

FIGURE II. Multiple Channel Precision Instrumentation Amplifier with Programmable Gain. 
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+24V 

FIGURE 12. 4mA to 20mA Bridge Transmitter Using Single Supply Instrumentation Amplifier. 

+15V 

-15V 

-15V 

INPUT PROTECTION 
D = FDH300 (LOW LEAKAGE) 

+15V 

Xl0xl00 
GAIN SELECT 

15 

FIGURE 13. Programmable-Gain Instrumentation Amplifier Using the INAlO2 and PGAI02. 

+15V 
EON O-----i 

10 

11 
>---OEOUT 

FIGURE 14. Ground Resistance Loop Eliminator (INAI02 senses and amplifies VI accurately). 
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11 

IIEoUT 

11 

OVERALL GAIN = IIEoUT/IIE'N = 200 

FIG URE 15. Differential Input/ Differential Output Amplifier (twice the gain of one INA). 

+15V 

16 

81 

11 

O.IIIF 82 

Ikn S4 

15 

-15V 
16 

20Qps 
CONTROL o--~----------------------4--------1 

All switchesshown in 
Logic "0" switch state. 

FIGURE 16. Auto-Zeroing InstruQlentation Amplifier Circuit. 
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BURR-BROWN® 

1E3E31 INA104 

Very-High Accuracy 
INSTRUMENTATION AMPLIFIER 

FEATURES APPLICATIONS 
• VERSATILE FOUR-OP AMP OESIGN • AMPLIFICATION OF SIGNALS 
• ULTRA-LOW VOLTAGE ORIFT - D.25J.1V/oC. max FROM SOURCES SUCH AS: 

• LOW OFFSET VOLTAGE - 251'V. max 
• LOW NONLINEARITY - 0.002%. max 
• LOW NOISE -13nV/.jHz at 10 = 1kHz 
• HIGH CMR - I06dB at 60Hz. min 
• HIGH INPUT IMPEOANCE - IOIOn 
• LOW COST 

DESCRIPTION 
The I N A I 04 is a high accuracy, multistage, inte
grated-circuit instrumentation amplifier designed for 
signal conditioning requirements where very-high 
performance is desired. 

A multiamplifier, monolithic design, which uses 
Burr-Brown's ultra-low drift, low noise technology, 
provides the highest performance with maximum 
versatility at the lowest cost and this makes the 
INAlO4 ideal for even high volume applications. 

Strain Gages 
Thermocouples 
RTDs 

• REMOTE TRANSDUCER AMPLIFIER 
• LOW LEVEL SIGNAL CONDITIONER 
• MEDICAL INSTRUMENTATION 

Burr-Brown's compatible thin-film resistors and 
state-of-the-art wafer level laser-trimming techniques 
are used for minimi7ing offset voltage and temper
ature drift. This advanced technique also maximized 
common-mode rejection and gain accuracy. 

The INAI04 also contains a fourth operational 
amplifier. specified separately. which can conven
iently be used for some important applications such 
as single capacitor active low-pass filtering. easy 
output level shifting. Common-mode voltage active 
guard drive, and increased gain (x 10,000 and greater). 

______________________ !~~!~l 8 --- 9 ~!~~!~~~~~----, 

GAIN 

eMV SENSE 4 }------~ 

GAIN 

GAIN SENSE 1 }----I 

+IN 

10kn 

5kn 

A4 
SUMMING 
JUNCTION 

FEEDBACK 
I RESISTOR 

I 
I 
I 
I 
I 
I 

A4 
OUTPUT 

--~---<E>--- 6 -------- 7 ---------: 
OFFSET ADJUST +Vee .Vee COMMON A4 NONINVERTING INPUT 

NOTE: +IN AND -IN ARE WITH RESPECT TO A, OUTPUT. 
IF A. IS USED INVERTING. +IN AND -IN ARE REVERSED. 

Inlarnational Airport Induslrial Park· P.O. Box 11400 - Tucson. Arizona 85734 - T81. 16021 746-1111 • Twx: 910-952-1111 - Cable: BBRCORP - Telax: 66-6491 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C with ±15VDC power supply and i"-C"':IJ~ ot Figure 1 unless otherwise noted 

I I I I 
MODEL IMIN rvp MAX IMINI rvp MAX IMINI TYP I MAX I UNITS 

GAIN 
Range of Gam 1 1000 VN "1:1' 
Gain Equation G = 1 + (40k/RG) VIV 0 
Error From Equation. DC(1) ±(O 08 - 0 05/G) ±(O 15 - 01/G) % of FS ,.. 
Gain Temp Coeftlclent(2) c( 
G= 1 2 5 ppm/oC Z 
G = 10 20 100 -10 -50 ppm/DC -
G= 100 22 110 -11 -55 ppm/oC 

G = 1000 22 110 -11 -55 ppm/oC 

Nonlmeanty, DC t(O 002 + 10"G) r(O 005 + 2 X 10"G) ±(O 001 ±(O 002 ±(OOOI ±(O 002 % of pop FS 

~ 
+;O~G) +10'G) + 10 'G) + 10-'G) 

RATED OUTPUT 
Voltage ±10 +115, -125 V 
Current ±5 +115, -125 mA 
Output Impedance 02 U 

INPUT OFFSET VOLTAGE 
Inlllal Offset at +25°C(3} ±25 ±200/G ±50 ±400/G ±10 ±100/G ±25 ±200/G ±10 ±100/G ±25 ±200/G ~V tn 
vs Temperature ±2 ±20/G ±O 75 ±10/G ±O 25 ±lO/G "V/oC a: 
vs Supply ±(1 + 50/G) ~VIV W vs Time ±(1 + 20/G) }J.V/mo -INPUT BIAS CURRENT U. 
Intllal Bias Current ±15 ±30 ±10 ±5 ±20 nA :::i 

I each Input 0. 
vs Temperature ±0.2 nAloe ::i vs Supply ±O.1 nAN 
Inlllal Offset Current ±5 ±30 ±2 ±2 ±20 nA c( 

>'ST. ±O5 nA/oC Z 
INPUT IMPEDANCE 0 Differential 1010 113 UII pF 
Common-mode 1010 113 nil pF i= 
INPUT VOLTAGE RANGE ~ Range, Lmear Response 1±10 V 
CMR with lkll Source Imbal Z 
DC to 60Hz, G = 1 80 90 dB W 
DC to 60Hz, G = 10 96 106 dB ::i DC to 60Hz, G = 100 to 1000 1106 110 dB 

INPUT NOISE 
::;:) 

Input Voltage NOise a: 
ts = 0 1Hz to 10Hz 08 "V. POp I-

DenSity, G = 1000 tn 
fa = 10Hz 18 nV/vHz 2: to = 100HZ 15 nV/v'Hz 
fo = 1kHz 13 nV/\/'RZ 

Input Current NOise 
tB = 0 01Hz to 10Hz 50 pA, Pop 

DenSity 
to = 10Hz 08 pA/vHz 
to = 100Hz 046 pA/vHz 
fa = 1kHz 035 pA/vHz 

. DYNAMIC RESPONSE 

. Small Signal, ±3dB Flatness 
G=1 300 kHz 
G= 10 140 kHz 
G = 100 25 kHz 
G = 1000 25 kHz 

Small Signal, ±1% Flatness 
G=1 20 kHz 
G= 10 10 kHz 
G= 100 1 kHz 
G = 1000 200 Hz 

Full Power, G = 1 - 100 6.4 kHz 
Slew Rate, G = 1 - 100 02 04 V/J,tsec 
Settling Time (0.1%1 
G=1 30 40 Jl.sec 
G= 100 40 55 Jl.sec 
G = 1000 350 470 J,tsec 

Settling Time 10.01%1 
G=1 30 45 Jl.sec 
G= 100 50 70 Jl.sec 
G = 1000 .5ClQ 650 ~sec 
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ELECTRICAL (CONT) 

I 
MODEL IMINI 

OPEN-LOOP GAIN, Vo - ±100 
Rated Load Rl " 2kl! 100 

Rl" lOkI! 110 

RATED OUTPUT 
Voltage at Rl = 2kl! 10 

Rl = lOkI! 
Current 5 
Output Impedance 
Load Capacitance' unity-gain 

inverting I 

Sho~t Circuit Current 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power 
Slew Rate 035 
Settling Time (unity gain) 

01% 
001% 

INPUT OFFSET VOLTAGE 
Initial, TA::;:- +25°C 

vs Temperature 

INPUT BIAS CURRENT 

INPUT IMPEDANCE 
Dlfferentlsl 
Common-Mode 

RESISTORS, lOkI! 
Accuracy 

Onft 
RatiO Match 

Dnft 

INPUT VOLTAGE NOISE 

F. = 0 1Hz to 10Hz 
DenSity 

10:::: 10Hz 

fo " 100Hz 
fo :::: 1kHz 

POWER SUPPLY, TOTAL 
Rated VOltage 
Voltage Range ±5 
Current, QUiescent 

TEMPERATURE RANGE 
Specification 

INA104HP/JP/KP 0 
INA104AM/BM/CM -25 
INA104SM -55 

Operation 
INA104HP/JP/KP -40 
INA104AM/BM/CM/SM -55 

Storage 
INA104HP/JP/KP -40 
INA104AM/BM/CM/SM -65 
fJJ-C 

8J-A 

*Speclflcatlons same as for INA104HP 

NOTES. 

INA104AM/HP I INA104BM/SM/JP I INA104CM/KP 

TYP I MAX IMINI TYP I MAX IMIN TYP I MAX 

OUTPUT AMPLIFIER, A. 

115 
125 

+13. -145 
+13. -145 

75 
2 

2000 
10 

1 
9 

055 

37 
40 

±1 ±2 
±5 

+55 +150 . . . . 
500 
100 

05 5 
30 50 

006 012 
5 

15 

35 
33 
32 

±15 
±20 

±8.1 ±96 

+70 
+85 

+125 

+85 
+125 

+85 
+150 

115 
350 

1 TYPically the tolerance of RG will be the 1":'18Jor source of gain error 2 Not mcludmQ the TCR of RG 3 AdJustable to zaro at anyone gain 
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I 
I UNITS 

dB 
dB 

V 
V 

mA 
kll 

pF 
mA 

MHz 
kHz 

V/JJsec 

IAsec 
/Jsec 

mV 
j.l.V1°C 

nA 

kll 
Mil 

% 
ppm/oC 

% 
ppm/oC 

"V.P-P 

nVv'HZ 
nVJHz 
nV/Hi 

V 
V 

mA 

°C 
°C 
·C 

·C 
·C 

·C 
·C 

OOC/W' 
OOC/W 
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MECHANICAL 

METAL HERMETIC DIP PLASTIC DIP 

•" ... " 

I--- A----I 

i,go 
C] I 

L~JLII1-D 

UH------... 

INCHES MILLIMETERS 
OIM MAX 

1246 1295 

432 636 ,., 
254 BASIC 

292 3N 

300 BASIC 762BAStC 

080 120 203 306 

~ _L_ 
NOTE Leads In true 
position within 0 01" 
( 25mm) R at MMC at 
seating plane 

Pin numbers shown for 
reference only 
Numbers are not 
marked on package 

'" 

R _L_ 
NOTE Leads In true 
position wlthm 001" 
( 25mm) R at MMC at 
seating plane 

Pin numbers shown to 
eference only 

Numbers are not 
marked on package 

ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION 

Supply 

Internal Power DISSipation. ,. 

Input Voltage Range ... 

Operating Temperature Range .... 

Storage Temperature Range . 

Lead Temperature (soldering, 10 seconds) 

Output Short-CircUIt Duration .. 

PIN DESIGNATIONS 

1 GAIN SENSE 
2 +IN 
3 NEGATIVE SUPPLY 
4 COMMON-MODE VOLTAGE SENSE 
5 GAIN 
6 COMMON 
7 NONINVERTING INPUT TO A, 
8 OUTPUT 
9 FEEDBACK RESISTOR 

10 OUTPUT OF A4 
1 t FEEDBACK RESISTOR 
12 SUMMING JUNCTION OF A, 
13 POSITIVESUPPLY 
14 GAIN 
15 OFFSET ADJUST 
16 OFFSET ADJUST 
17 -IN 
18 GAIN SENSE 

... ±20V 

. .... 980mW 

±Vcc 

.. -40QC to +85 QC 

..... -40'C to +85'C 

........... +300'C 

. .. Continuous to ground 

(TOP VIEW) 

Ot 180 

02 170 

03 160 

04 150 

05 140 

06 130 

07 t20 

08 1tO 

09 100 

INAt04 X 

Bas.c Model Number T J 
Performance Grade Code 

H, J, K O'C to +70'C 
A, B, C -25'C to +85'C 
S -55'C to +125'C 

X 

Package Code --------------' 
P - Plastic DIP 
M - Metal HermetiC DIP 

Plastic DIP 
(Hybropak) 

INA104HP 
INA104JP 
INA104KP 

Metal DIP 
INA104AM 
INA104BM 
INAt04CM 
INAt04SM 

TYPICAL PERFORMANCE CURVES 
At +25°C, ±Vcc == 15VDC. and In Circuit of Figure 1 unless otherWise speCified 

GAIN NONLINEARITY VS GAIN 
001 

en 
"-
ci 
6. 
~ 0003 

i!' Max 

~ 
Typ c 

0 0001 z 
c 
;; 
Cl 

00003 

10 100 1000 
Gam (VIV) 
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m 
~ 
II: 
::0 
() 

CMR VS SOURCE IMBALANCE 
120.--_..-_ ..... ,....--,.---. 

~ •• ::: ;.::~G§~~~-1oo0 
G - 100 ......... 

tOO \ - lO00t-__ "..::"+.-__ -I 

G ~ to ~ ,0. :::":6 
-....... G ~ 1 G~ 1 

80 

60 
60Hz __ 

40 

Dr o • o • 

32 10 32 100 
Source ReSistance Imbalance (KO) 

3-37 

TOTAL OFFSET VOLTAGE 
DRIFT VS GAIN 

3200r----r----r-----, 

32~---1LO----1~0~0---10~00 
Gain (VIV) 
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GAIN VS FREQUENCY CMR VS FREQUENCY GAIN ERROR VS FREQUENCY 

GJooo 

120 
G-loo,looo 

60 

iD40 
~ 
0:: 
ii 
Cl 20 

o 

G=lloo 

G=ll0 

G=ll 

I 

"0 
r\. , 

'" , 
\ , 

1% Error"", 

G=10 

" 100 
G=l 

~ 
Balanced 
Source 

60 
\ 
\ 

"-
" i' 

iD 
~ 

g 1% t---t-~--1f-+--1r-1--t w 
\; 

~ 

10 100 lk 10k lOOk 1M 
40 

1 10 100 lk 10k 

Frequency (Hz) 

WARM-UP DRIFTVS TIME 

Frequency (Hz) Frequency (Hz) 

STEP RESPONSE QUIESCENT CURRENT VS SUPPLY 
10 

~ 8 

" '" S 
(5 

6 > 

I 4 
'5 
Co 
E. 

" '" 0:: .. 
.r: 
U 

.\ 

i\ 
\ 

\. 
" "-

tl 0 

V 
V 

7 

V 6 

lt9 
~ 
::I 
U t8 

I 
8 ± 

t 

+10 

+5 

~ 
'5 0 So 
::I 

(") 

-5 

-10 

GL 
A:1J 

1\ 
" "-

0 3 6 9 12 15 o t5 tl0 t15 t20 o 100 200 300 400 500 600 
Time (pSec) Time (Minutes) Supply Voltage (V) 

INPUT NOISE VOLTAGE 
SETILING TIME VS GAIN OUTPUT NOISE VS GAIN liS FREQUENCY 100,; GAIN,; 1000 

1000 1000 30 

RL=2kn 
~ ~ CL = looopF 
:> .5 320 §. 20 ," " E '" ,:: S 

'" 
(5 

0:: > 

i 100 g 10 
Z 
'5 
Co 
~ 

0 

32 0 
1 10 100 1000 1 

500~~~~~~~~~~~~ ~ r 
~ 100 1----1----+----1 
" 50 '" !! g 

~ 10 
",--

z 
'5 5 
D-
E. 

10 100 1000 
Gain (V/V) Gain (V/V) Frequency'(Hz) 

DISCUSSION 
OF PERFORMANCE 

INSTRUMENTATION AMPLIFIERS 

Instrumentation amplifiers are closed-loop gain blocks 
whose committed circuitry accurately amplifies the'
voltage applied to their inputs. They respond only to the' 
difference between the two input signals and exhibit 
extremely-high input impedance, both differentially and 
common-mode. Feedback networks are packaged within 
the amplifier module. Only one external gain setting 
resistor must be added. An operational amplifier, on the 
other hand, is an open-loop, uncommitted device that 
requires external networks to' close the loop. While 
operational amplifiers can be used to achieve the same 
basic function as instrumentation amplifiers, it is difficult 
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to reach the same level of performance. Using operational 
amplifiers often leads to design trade-offs when it is 
necessary to amplify low level signals in the presence of 
common-mode voltages while maintaining high input 
impedances. 

THE JNA104 

A simpiified schematic of the INAI04 is shown on the 
flrst page of this data sheet. It is a three-amplifier device 
which providc;s all the desirable charact~ristics of a 
premium performance instrumentation amplifier. In ad
dition, it has features not normally found on integrated 
circuit instrumentation amplifiers. 

The input section ,(A I and A2) incorporates high per
formance, low drift amplifier circuitry. The amplifiers are 
connected in the noninverting configuration to provide 

Vol. 33 



the high input impedance (IO,on) desirable in the in~tru
mentation amplifier function. The offset voltage and 
offset voltage versus temperature is low due to the 
monolithic design and improved even further by the 
,tate-of-the-art laser-trimming techniques. 

The output ,ection (A3) is connected in a unity-gain 
difference amplifier configuration. A critical part of this 
stage i, the matching of the four 10kn resistors which 
provide the difference function. These re,i,tor, mu~t be 
Initially well matched and the matching must be main
tained over temperature and time in order to retain 
excellent common-mode rejection. (The 106d B minimum 
at 60HI lor gain, greater than 100V V " a ~ignificant 
improvement compared to most other integrated circuit 
imtrumentation amplilier,.) 

All of the internal re,i,tor, are compatible thin-film 
nichrome formed with the integrated circuit. The critical 
re.,,,tor, arc la.,er-tnmmed to provide the de"red high 
gain accuracy and common-mode rejection. ',chrome 
en,ure~ long-term .,tability of trimmed re,j"tor~ and 
.,imultancou, achievement of excellent TCR and TCR 
tracking. Thi., provide, gain accuracy and common
mode rejection when the" A 104 i> operated over wide 
temperature range,. 

The fourth op-amp (A4) of the INA 104 adds a great deal 
of ver,atility and convenience to the amplilier. II> use 
allow, ea~y implementation of active low-pa.,s filtering, 
output off,etting. and additional gain generation. The 
pin connectiom mdke the u,e of thi, ,tage optional and 
the ,pecificatiom appear .,eparately in the table of 
Electrical Specilication~. 

USING THE INA104 

Figure I ,hows the simple,t configuration of the I" A I 04. 
The gain is .,et by the external resi,tor, R". with a gain 
equation ofG = I + (40K R,,). The reference and TCR of 
R" contribute directly to the gain accuracy and drift. 

For gain' greater than unity. re,i,tor R" i~ connected 
externally between pins Sand 14. At high galn~ where the 
value of R" become., .,mall, additional re~i~tance (i.e., 
relay,. ,ockeh) in the R" circuit will contribute to a gain 
error. Care .,hould be taken to minimi7c thi, effect. 
However. thi, error can be \ irtually eliminated with the 
INA 104 by u."ng the gain ,ense circuit connection. 

Pin, I,S.14.and 18areacce"ible,othatafour-terminal 
connectIOn can he made to R". (Pin" I and 18 are the 
voltage ,en,e terminal; "ince no ,ignal current flows into 
the operational amplifiers' inputs.) Thi, may be useful at 
high gains where the value of R" becomes small. 

The optional offset adjust capability is shown in Figure 
I. The adjustment affects only the input stage component 
of the offset voltage. Thus, the null condition will be 
disturbed (if input offset is not adjusted to zero) when 
the gain is changed. Also, the input drift will be affected 
by approximately 0.31JLV 1°C per 100JLV of input offset 
voltage that is trimmed. Therefore, care should be taken 
when considering use of the control for removal of other 
sources of offset. 
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OPTIONAL OFFSET ADJUSTMENT PROCEDURE 
It i, frequently desirable to null the input component of 
offset (Figure I) and occasionally that of the output 

I 

This circuit may be used as replacement for +VCC 
the single potentiometer. It will adlust offset 
and leave drift unchanged. 

L _______ , 

+VCC OPTIONAL 
OFFSET 
ADJUST 

I 
I 
I 
I 
I 
I 

:~ 
: 16 f5 
L ________ _ 

EOUT 

'Connect pin 7 to Common 
and pin 10 to pin 11 when Internal 
Amp A41s not used. 

FIGliRE I. Ba,ic Circuit Connection for the l"iAI04 
Including Optional Input OIEet "ull 
Potentiometer. 

(Figure 2). The quality of the potentiometer will affect the 
re,ults. therefore. choose one with good temperature and 
mechanical-re.,i,tance "tability. The procedure i., a, 
follows: 

I. Set E, = E, = OV (be ,ure a good ground return path 
exi,ts to the input). 

2. Set the gain to the desired value (greater than I) by 
choosing R". 

3. Adjust the 100kn potentiometer in Figure I until the 
output read" OV ±I mV or de,ired ,etting. !\;ote that 
the ofl';,et will change when the gain i" changed. If the 
output component 01 offset" to be remO\ed or If It" 
de, ired to cstabli,h an Intentional off,et. adju,t the 
lOOk!! potentiometer in Figure 2 until the output 
read, OV ± I m V or desired setting. "ote that the off,et 
will not change with gain, but be sure to use a stable 
amplifier with good DC c/laracteristics. The range of 
adjustment is ±ISmV as shown. For larger ranges 
change the ratio of R, to R,. The op amp is used to 
maintain a low resistance «o.ln) from pin 6 to 
Common to avoid CMR degradation. 

BASIC CIRCUIT CONNECTION 

The ba.,ic circuit connection for the INAI04 is shown 111 

Figure I. I'he output voltage i., a function of the 
differential input \ oltage times the gain. 
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+Vee 

" REFERENCE 
.Vee R2 lkH 

'A4.1NTERNAL TO THE INA 104. EXTERNAL AMP 

(OPA27 OR EOU1V.I MAY ALSO BE USEO. 

·15voe 

FIGURE 2. Optional Output Offset 'l;ulling or 
Offsettmg Usmg an Amplitier(Lo\\lmpedance toPm 6). 

Figure ( doe, not include additional internal op amp A •. 
Power wpply bypassing with a J/iF tantalum capacitor 
or equivalent is always recommended. 

In applications which do not u,e the fourth internal 
amplifier (A. - pins 7.9. 10. I (. and 12). pin 7 ,hould be 
connected to Common and pin, 10 and II ,hould be 
connected together. This will prevent the output of A. 
from saturating ("locking-up") and affectmg the offset of 
the instrumentation amplifier. AI. A,. and A,. 

TYPICAL APPLICATIONS 
Many applications of instrumentation amplifier, m\ ol\e 
the amplification of low-level differential ,ignal> from 
bridges and transducer, such a, stram gage,. thermo
couples. and RTD's. Some of the Important parameter, 
include common-mode rejection (differential cancellation 
of common-mode offset and noi,e). input Impedance. 
offset voltage and drift. gain accuracy. linearity. and 
noise. The I:'IiA 104 accomplishe, all of thc,e \\ Ith high 
precision. 

Figure, 3 through 13 ,ho\\ 'omc typical applicatIOn, 
circuit>. 

Figure 3 ,hows how the output 'tage may be, u,ed to 
provide additional gain. If gam, greater than 1000V V 
(10.000 up to 100.000 and greater) are dc,ired it " bettcr 
to place some gain in the output amplifier rather than the 
input ,tage due to the low \aluc, of R,. required (R,. < 
40n for (I + 40k R,.) > 1000). 'otc. ho\\evcr. that 
accuracy can degrade due to very-high amplification of 
offset. drift. and noi,e error,. 

Output offsetting (",ero wppre,,,on" or ",ern de\ atlOn ") 
may be more easily accompli,hed with the I'I;A 104 than 
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+Vee 

10 

EOUT = (E 1 . E2111t + (40k/RGIIIRF/l Okll 

'NOTE: A4 Invarts tha output 01 thalnatrumantatlon Ampliller, 
pin B to pin 10. Tharefore the equation lor EOUT ahowa 
Et • E21nstead 01 E2' El' 

FIGURE 3. AdditIOnal Gain From Output Stage. 

EOUT 

With mmt other IC mstrumentation amplifier, as ,ho\\ n 
m Figurc 4. The u,e of the extra internal op amp. A •. 
meam that CM R of the instrument amp IS not di,turbed. 
and that a convcnient \ alue of \ ariable resi,tor can be 
med. The circuit ,hown in Figure 2 can abo be u,ed to 
achieve the de, Ired off,etllng by ,caling the re,i'>lor, RI 
and R,. A low Impedance path from pin 6 to Common 
,hould be provided to achieve the high CM R 'pecifled. 
Re,i,tance above 0.1 n Will cau,e the CM R to fall below 
106dB. 

10 

R = a convenient value 
«10OkH typlcallyl 

Eout = (El • E2111 + (4Ok/RGIi + 2VREF 

'NOTE: A4 Inverts. aee Figure 3. 

FIGURE 4. Output Offsetting. 

EOUT 
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SHIELD 

--j-,...,. 
f \ I \ I , 

/ 

FIGURE 5. Use of Guard Drive. 

.VCC 

Amplifier A. also allows active low-pa~s filtering to be 
implemented conveniently with a single capacitor. 
Filtering can be used for noise reduction or band-limiting 
of the output signal as shown in Figure 6. 

The common-mode voltage from the 26k!! resistors in 
the input section appears at pin 4. Figure 5 shows how 
this voltage can be used to drive the shield of the input 
cable. Since the cable is driven at the common-mode 
voltage. the effects of distributed capacitance is reduced 
and the AC system common-mode rejection may be 
improved. Amplifier A. buffers the CMV at pin 4 from 
the input cable. 

+Vcc 

.VCC 

tp = III2nCr lo4JHZ 

C, In 'aradl Uled wllb ~ 

C, 

10 

Eaut = lEI • E21111 + 10/RaOlllii +2nf 104 x C,O 
• NOTE: A4 Invarla. III Figura 3. 

FIGURE 6. Active Low Pass Filtering. 

+Vcc 

'='---<1 .. EOUT 

'Intemll Op·Amp. A4• or 
Exl8rllli Amp IOPA27 or equlvllentl. 

EOUT = IE2 • EI + IECM/CMRRIII + G/RaI 

BB 3553 or 3329 
U .. dwllh~ 

'NOTE: A4 InvartJ 
laa Figura 3 

'Inlamal Up Amp. A4 or EXlllrn11 Amp 
IOPA27GZ or equlvllantl. 

RCMR TRIM = 12x. II RV/(1 + XRv/RI 

TRIM CMR TO 130dB + 

EOUT 

~ 
IkO~ XRV Iko 

R 20n Ikn R 

Multlple'eedblck glvn potentlomater nnlm over I variable rnlatencelhllil 
bipolar. a"owlng ±CMR !rIm. 

fiGURE 8. CMR Trim. 
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+Vcc 

V 

TRANSDUCER 0-_R 
ORSENSOR-

E, RESISTANCE 
,.-.::----,.-

BRIDGE E2 

r 
I \ I 

i- II I \ I R 
.1EIN I 

, I 
I I I 

i 
I I I 
\ I , , 

I \ 
\ 

SHIE;'" 
-~ 

FI G U R E 9. Amplification of a Differential Voltage from a Resistance Bridge. 

+VCC 

NOISE (60Hz HUM) 

E, ,.~---,....... 

\ I \ 

\ I 
\ , I \ 

n.DM ... o{] I 
ANALOG SIGNAL I 

I I \ I \ I 

TRANSFORMER E2 -~ 
\ 

NOISE (60Hz HUM) 
. SHIELD 

"GUARD DRIVE COULD BE USED TO IMPROVE CIRCUIT AC CMR. SEE FIGURE 5. 

FIGURE 10. Amplification of a Transformer Coupled Analog Signal. 
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HIGH VOLTAGE 
PROTECTION 
OIOOES ARE IN459 +15VOC (from Isolation power supply with bypassing) 

+15V 

G = 1000 

330ko 

LA 14 

RA +15V 

40.040 RG 

330kll 
·15V EOUT IV. p.p 

RL 

·15V E2 

lMn lMo· fOMn 

·INTERNAL OP AMP. A4. OR EXTERNAL AMP IOPA27GZ OR EQUIVALENT). RIGHT LEG DRIVER AMP GIVES HIGHER AC CMR. 

FIGURE II. ECG Amplifier or Recorder Preamp for Biological Signals. 

fNPUT 
COMMON 

IS0100. 
3650. 

OR 
3656(1) 

ISOLATION POWER SUPPLY 
722 

ISOLATION AMPLIFIER 

+15VOC 

OUTPUT 
COMMON 

·BYPASS AS SHOWN IN FIGURE 1 (1) ODES NOT REQUIRE AN EXTERNAL ISO PIS 

FIGURE 12. Precision Isolated Instrumentation Amplifier. 
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CHANNEL SELECT 

·VREF ANO GROUIIO 
MAY BE USED FOR 
ERROR CORRECTION 

GAlli SELECT 
CONTROL LOGIC 

EOUT 

NOTE THAT 6 EXTRA OP AMPS ARE AVAILABLE. ONE FROM EACH INAI04 

FIGURE 13. Multiple Channel Precision Instrumentation Amplifier. ' 

GENERAL RECOMMENDED HANDLING, 
PROCEDURES FOR INTEGRATED CIRCUITS 

All semiconductor devices are vulnerable, in varying 
degrees, to damage from the discharge of electrostatic 
energy. Such damaging can cause performance degrad
ation or failure, either immediate or latent. As a general 
practice we recommend the following handling pro
cedures to reduce the risk of electrostatic damage. 

I. Remove static-generating materials, such as untested 
plastics, from all areas that handle microcircuits. 

2. Ground all operators, equipment, and work stations. 
3. Transport and ship microcircuits. or products in

corporating microcircuits. in static-free. shielded 
containers. 

4. Connect together all leads of each device by means of a 
conductive material. when the device is not connected 
into a circuit. 

5. Control relative humidity to as high a value as 
practical (50% is recommended). 
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BURR-BROWN® 

IElElI 

• ". 
INA105 

AVAILABLE IN 
DIE FORM 

Precision Unity Gain 
DIFFERENTIAL AMPLIFIER 

FEATURES 
• CMR 86d8 min over temp 
• GAIN ERROR 0.01% max 
• NONLINEARITY 0.001% max 
• NO EXTERNAL ADJUSTMENTS REQUIRED 
• EASY TO USE 
• COMPLETE SOLUTION 
• HIGHLY VERSATILE 
• LOW COST 
• TO·99 HERMETIC METAL, LOW COST PLASTIC DIP, 

AND SMALL OUTLINE PACKAGES 

APPLICATIONS 
• DIFFERENTIAL AMPLIFIER 
• BASIC INSTRUMENTATION AMPLIFIER BUILDING 

BLOCK 
• UNITY·GAIN INVERTING AMPLIFIER 
• GAIN-OF-112 AMPLIFIER 
• NONINVERTING GAIN-OF-2 AMPLIFIER 
• AVERAGE VALUE AMPLIFIER 
• ABSOLUTE VALUE AMPLIFIER 
• SUMMING AMPLIFIER 
• SYNCHRONOUS DEMODULATOR 
• CURRENT RECEIVER WITH COMPLIANCE TO RAILS 
• 4mA to 20mA TRANSMITTER 
• VOLTAGE-CONTROLLED CURRENT SOURCE 
• ALL-PASS FIlTERS 

DESCRIPTION 
The INAlO5 is a precision unity-gain differential 
amplifier. As a monolithic circuit, it offers high reli
ability at low cost. It consists of a premium grade 
operational amplifier and an on-chip precision resis
tor network. 

As a special feature, the INAlO5 can drive 20mA 
from the positive supply. This simplifies construc
tion of 4mA to 20mA current sources and transmit
ters. 

The IN AlO5 is completely self-contained and offers 
the user a highly versatile function. No adjustments 
to gain, offset, and eM R are necessary. This pro
vides three important advantages: (I) lower initial 
design engineering time, (2) lower manufacturing 
assembly time and cost, and (3) easy cost-effective 
field repair of a precision circuit. 

International Airportlndllslrial Park· P.O. Box 11400· Tucson. Arizona B5734· T,I. 16021 746·1111 . Twx: 910-952·1111 . Cable: BBRCORP . T,lex: 66·6491 

PDS-617D 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C. Vee = ±15V unless otherwise noted. 

INA10SAM INA10SBM' INA10SKP/KU 

PARAMETER CO~IDITIONS MIN TYP MAX MIN TYP . MAX MIN TYP MAX UNITS 

GAIN 
Inlhaln) 1 VN 
Error 0005 0.01 001 0025 % 
vs Temperature 1 5 ppm/oC 
Noniineantyl2J 00002 0.001 % 

OUTPUT 
Rated Voltage 10 = +20mA. -5mA 10 12 V 
Rated Current 100 = 10V +20. -5 mA 
Impedance 0.01 Q 

Current limit To common +40/-10 mA 
Capacitive Load Stable operation 1000 pF 

INPUT 
Impedance(3) Differential 50 kO 

Commonwmode 50 kO 
Voltage Range(41 DifferentIal ±10 V 

Common-mode ±20 V 
Common-mode Rejection(SJ TA = T MIN to TMAX 80 90 86 100 72 dB 

OFFSET VOLTAGE RTO l8Jm 

Initial 50 250 500 pV 
vs Temperature 5 20 5 10 pV/oC 
vs Supply ±Vcc = 6V to 18V 1 25 15 pVN 
vs Time 20 pV/mo 

OUTPUT NOISE VOLTAGE RTO(6H8J 

Fa = 0 01Hz to 10Hz 24 pV p-p 
Fo = 10kHz 80 nVly'Hz 

DYNAMIC RESPONSE 
Small Signal -3dB 1 MHz 
Full PowerBW Vo = 20V p-p 30 50 kHz 
Slew Rate 2 3 Vips 
Settling Time. 0.1% Vo = 10V step 4 ps 

0.01% Vo= 10V step 5 ps 
0.01% VCM = 10V step, VOIFF = OV 15 pS 

POWER SUPPLY 
Rated ±15 V 
Voltage Range perated performance ±5 ±18 V 
Quiescent Current VOUT =OV ±1.5 ±2 . mA 

TEMPERATURE RANGE 
Specification -25 +85 a +70 °C 
Operation -55 +125 -25 +85 °C 
Storage -65 +150 -40 +85 °C 

• Specification same as for INA 105AM 

NOTES. (1) Connected as dIfference amplifIer (see Figure 4). (2) Nonlonearity is the maxImum peak deVIation from the best-fit straIght Ime as a percent of full-scale 
peak-te-peak output (3) 25kCl resistors are ratio matched but have ±20% absolute value. (4) Maximum input voltage without protection is 10V more than either 
±15V supply (±25V) Limit I .. to 1mA (5) With zero source Impedance (see Maintaining CMR section). (6) Referred to output in unoty-gain dIfference 
configuration. Note that this circuit has a gam of 2 for the operational amplifier's offset voltage and nOise voltage. (7) Includes effects of amplifier's input bias and 
offset currents (8) IncluQes effects of amplifier's mput current noise and thermal noise contribution of resistor network. 

ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION 

Supply ................................................... ±18V 
Input Voltage Range ..................................... ±Vcc 
Operating Temperature Range: M ......... -55°C to +125°C 

p. U ........ -40·C to +85°C 
Storage Temperature Range ............... -65°C to +150·C 
Lead Temperature (soldering 10 seconds) M. P ...... +300·C 
Wave Soldering (3 seconds. max) U ................. +260·C 

Temperature 
Model Package Range 

INA105AM Metal TO-99 -25°C to +85°C 
INA105BM Metal TO.gg -250 C to +85° C 
INA10SKP Plastic DIP O°C to +70°C 
INA105KU Plastic SOIC O°C to +70°C 

Output Short Circuit to Common ................ Continuous BURN·IN SCREENING OPTION 
See text for detailS. 

Bum·ln Temp. 
Model Package (180h)"1 

INA105AM-BI Metal TO-99 +125°C 
INA1OSBM-BI Metal TO-99 +125°C 
INA105KP-BI Plastic DIP +85°C 
INA10SKU-BI Plastic SOIC +85°C 

NOTE (1) Or equIvalent combInatIon. See text 
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PIN DESIGNATIONS 

-In 

TOP VIEW 
TO-99 

Tab 

-Vee 

OUlpul 

INA105AM 
INA105BM 

Case connected to -Vee Internally Make no connection 

MECHANICAL 
"P" Package-Plastic OIP 

p. 

Small Outline Surface Mount 
~A ___ 

rrrt'iln 
Performance t 1 
Grade B, B 
Identifier Box - • =:U Pin 1 Identifier 

\p~nlUJJ_ 

mer t}kLL )~~ 
TO-99 Package 

L~ 

TOP VIEW 
PLASTIC OIP ANO SMALL OUTLINE 

INA10S 

NOTE' (1) Peformance grade identifier box for small outline 
surface mount Blank indicates K grade Part IS marked INA10SU 

NOTE Leads In true position 
Wllhln 0 01" (0 25mm) R al MMC 
at seating plane 

Pm material and plating 
composition conform to Method 
2003 (soiderablilly) of MIL-STD-
883 (excepl paragraph 3 2) 

NOTE Leads In true position 
Wllhln 010" ( 2Smm) R al MMC 
at seating plane 

• 

DIM 
A 
A, 
B 
B, 
C 
D 
F 

G 
H 
J 
K 
L 
M 
N 
P 

DIM 
A 
A, 
B 
B, 
C 
D 
G 
H 
J 
L 
M 
N 

DIM 
A 
B 

INCHES 
MIN MAX 
355 400 
340 385 
230 290 
200 250 
120 200 
015 023 
030 070 
100 BASIC 
025 050 
008 015 
070 150 
300 BASIC 
0' 15' 

010 030 
025 050 

INCHES 
MIN MAX 

185 201 
178 201 
146 162 
130 149 
054 145 
015 019 
050 BASIC 
018 026 
008 012 
220 252 
0' 10' 

000 012 

INCHES 
MIN MAX 
335 370 
305 335 

MILLIMETERS 
MIN MAX 
903 1016 
865 980 
585 738 
509 636 
305 509 
038 059 
076 178 
254 BASIC 
064 127 
020 0.38 
178 382 
763 BASIC 

0' 15' 
025 076 
064 127 

MILLIMETERS 
MIN MAX 
4.70 511 
452 511 
371 411 
330 378 
137 369 
038 048 
127 BASIC 
046 066 
020 030 
559 640 

0' 10' 
000 030 

MILLIMETERS 
MIN MAX 
851 940 
775 851 F:3 

~W. ~ m~ ~ 
c 165 185 419 470 

T + '! 
D 016 021 041 053 

Grlrnl-d t 
M .- • '; E 010 040 025 102 

(~J 
F 010 040 025 102 
G 200 BASIC 508 BASIC 
H 028 034 071 086 

sealJlll1 1 
J 029 045 074 114 
K 500 - 127 -

NOTE Leads In true position L 110 160 279 406 

Plane .....II.-- D 
Wllhln 010" ( 25mm) R al MMC M 45 0 BAStC 45' BASIC 

at seatmg plane N 095 105 241 267 
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TYPICAL PERFORMANCE CURVES 
T A :;;;:: 25° C. ±Vcc :;;;:: 15VDC unless otherwise noted 

STEP RESPONSE 
SMALL SIGNAL RESPONSE 

12 16 
Time (ps) 

Time (ps) Time (ps) 

MAXIMUM VOUT VS lOUT 

(Negative SWing) 
MAXIMUM VOUT VS lOUT 

(Positive SWing) CMR VS FREQUENCY 
-110 -175 

Vs - ±18V 
175 

IVs = ~18VI 
-15 

- ±15V -125 

15 

125 

BM 

t-Lv -... -100 

~ -10 

J-75 
-

_ VS
I 

- Vs 
I 

±12V ~ 10 r--- r---- LLv iii' -90 
~ 

AM.KP.~ 

'\ § 75 > 
a: 
15 -80 

- - vr±r -
-5 

-25 25 

;\ 
\ Vs = ±5V 

-70 

-2 4 -6 -8 -10 -12 
-lOUT (mA) 

6 12 18 24 30 36 

lOUT (rnA) 

-60 
10 100 1k 10k 100k· 

Frequency (Hz) 

a: 
a: 
rJl 
"-

POWER SUPPLY REJECTION 

_140r-__ -r~V~S~FTR~E~Q~U~ETN~C~Y--~--_, 

10 

Frequency (Hz) 

BURN-IN SCREENING 
Burn-in screening is an option available for both the 
plastic- and ceramic-packaged INAI05. Burn-in duration 
is 160 hours at the temperature shown below (or 
equivalent combination of time and temperature). 

Plastic "-BI" models: +85°C 
Ceramic "-BI" models: +125°C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-81" to the 
base model number. 
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COMMON-MODE INPUT RANGE VS SUPPLY 
(Difference Amplifier Connected VOUT :;;;:: 0) 

36 

h 
h V 

$V 
(j ~ 

- __ ~~0 v~ 
~ ., 

~fl) ~~~ 
qO 

.~ 7 

30 

24 

18 

12 

o 
3 6 9 12 15 18 

Supply Voltage (V) 

21 

DISCUSSION OF 
PERFORMANCE 
The INA105 is the new solution to a widely occurring 
problem-how to realize a very accurate unity-gain dif
ferential amplifier at low cost. Burr-Brown's solution is a 
reliable monolithic circuit including both operational 
amplifier and thin-film resistors on the chip. State-of
the-art laser-trimming techniques assure total error of 
less than ±0.015% (gain error, nonlinearity, offsets, and 
common-mode rejection). 
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The performance of the unity-gain differential amplifier 
circuit can mistakenly be taken for granted. The neces
sary resistor accuracy is difficult to achieve, especially 
over temperature. Two classical techniques employed for 
obtaining the necessary, ,.accuracy are either manual 
trimming or the use of available packaged matched and 
tracking resistor networks. B6th are expensive compared 
to the cost of the complete INAIOS. 

The INAIOS provides the total solution. By using a 
computer-controlled laser-trimming procedure, both accu
racy and low cost are guaranteed. This makes external 
adjustment of gain, CMR, and offset voltage unneces
sary. The user can be assured of excellent accuracy over 
temperature due to the properties inherent in Burr
Brown's thin-film resistors. 

Other advantages are also apparent. Design, purchasing, 
and inventory costs are reduced. Labor time in adjusting 
independent resistors is 'eliminated both during manu
facturing and field repair. Best of all, expensive potenti
ometers are not required. This further enhances circuit 
reliability. 

BASIC POWER SUPPLY AND SIGNAL 
CONNECTIONS 

Figure I shows the proper connections for power supply 
'and signal. Supplies should be decoupled with IILF tanta
lum capacitors as close to the amplifier as possible. To 
avoid gain and CMR errors introduced by the external 
circuit, connect grounds as indicated, being sure to min
imize ground resistance. 

FIGURE I. Basic Power'Supply and Signal 
Connections: 

Burr-Brown Ie Data Book 3-49 

OFFSET ADJUSTMENT 
Figure 2 shows the offset adjustment circuit for the 
INAIOS. This circuit will allow ±300ILV of adjustment 
and will not affect the gain accuracy or CMR. 

r ----wA105 - - - -1 
, 21 Is 

I R, R, I 
I I 
I I 
I Ie Eo 

I I 
I I 
I I 

31 I 
o---~'~OhQ--~I--~R~3--~ I 
E, 

I I 
I R. I +1SV 

L ----'t------:;-.. ,,;"'k~n-----J--l'00kQ 
Eo = E. - E, 100 
Offst AdJustment 
Range = ±300pV -ISV 

, FIGURE 2. Offset Adjustment. 

MAINTAINING COMMON-MODE REJECTION 
Two factors are important in maintaining high CMR: (I) 
resistor matching and tracking (the internal INAIOS cir
cuitry does this for the user) and (2) source impedance 
including its imbalance. 

Referring to Figure I, the CMR depends upon the match 
of the internal R4/R3 ratio to the RI/R2 ratio. A CMR 
of 100dB requires resistor matching of 0.002%. To main
tain 86dB, minimum CMR to +8SoC, the resistor TCR 
tracking must be better than 2ppm/oC. These accuracies 
are difficult and expensive to reliably achieve with dis
crete components. 

Any source impedance adds directly to the input resis
tors, R, and R3, and will degrade DC and AC CMR. 
Likewise any wiring resistance adds directly to any of the 
precision difference resistors. A resistance of O.SO 
(0.002% of 2SkO) will degrade the 1000B CMR of the 
INAIOS; SO will degrade the CMR to 80do. Don't be 
tempted to interchange pins I and 3 or pins 2 and S. The 
resistors in the INAIOS are carefully matched to faith
fully preserve the proper ratios. If they are switched, 
CMR and temperature drift performance will be degraded. 

When input filters are used preceding an instrumenta
tion amplifier (see Figure S), care should also be taken to 
match RCs on the two input lines. For example, mis
matched input filters for high frequencies will reduce the 
CMR at lower frequencies, e.g, 60Hz. Differential filters 
will not degrade AC CMR. 
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RESISTOR NOISE IN THE INA10S 

Figure 3 shows the model for calculating resistor noise in 
the INAI05. Resistors have Johnson noise resulting from 
thermal agitation. The expression for this noise is: 

ERM, = J4KTRB 

Where: K = Boltzman's constant (J 10 K) 
T = Absolute temperature (OK) 
R = Resistance (0) 
B = Bandwidth (Hz) 

R, 

FIGURE 3. Resistor Noise Model. 

At room temperature, this noise becomes: 

EN = l.TIO JR: 
The three noise sources in Figure 2 are: 

E" = 1.3~\O (R,I R\) vIR. 
E" = 1.3~10 v'R, 
E" = 1.3~\O (I + R21 RJ) JRJ II R. 

(V/JHi) 

The output noise (given R\ = R, = R3 = R4 = 25kO) is: 

For example, 

ENO within a 

ENO = 2.6~\O JR: 

100Hz BW = 410nVRMs 

= 2460nVp~p with a crest factor of 6 
(statistically includes 99.7% of all 
noise peak occurrences) 

This is the noise due to the resistors alone. It is included 
in the noise specification of the INAI05. 

APPLICATIONS CIRCUITS 
The INAI05 is ideally suited for a wide range of circuit 
functions. Figures 4 through 29 show many applications 
circuits ranging from difference amplifiers and single
ended gain blocks to average and absolute value amplifi
ers. It is ideal as a current-loop receiver. Also, since the 
positive output current drive has been extended, it serves 
uniquely as a current transmitter for ranges such as 4mA 
to 20mA. When using these applications recall that the 
internal 25kO resistors are ratio-matched but ±20% 
absolute. 
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-In 
1;, 

+In 
E, 

I 2SkO 2SkO I 
I I 
I I 
I ~~Is-+-o 
I I 
I I 
I I 

31 R, R, 11 
I 2SkO 2SkO I L _________ ---1 

Eo == E2 - E, 
Gam Error :0: 0 005% 
CMR ~ 100dS 
Nonllneanty = 0 0002% 

Out 
Eo 

FIGURE 4. Precision Difference Amplifier. 

R, 

i- --'NA10S- -- - i 
21 Is 

I 
I 
I 
I 
I 
I 

31 

Eo ~ (1 + 2R,/R,)(E, - E,) 

For low source impedance applications, an Input stage uSing OPA37 
op amps Will give the best low nOise, offset, and temperature dnft 
performance At source Impedances above about 10kO, the bias cur
rent nOise of the OPA37 reacting With the mput Impedance beginS to 
dominate the nOise performance For these applications, uSing the 
OPA111 or Dual OPA2111 FET Input op amp WIll prOVIde lower nOIse 
performance. For lower cost use the OPA121 plastIC To construct an 
electrometer use the OPA128 

OPA37A 
OPA111S 
OPA128LM 

R, 
(0) 

S05 
202 
202 

R, 
(0) 

2 Sk 
10k 
10k 

Gain CMRR 
(V/V) (dB) 

100 128 
100 110 
100 118 

Max 
10 

40nA 
lpA 
75fA 

Noise at 1kHz 
(nV/y'Hi) 

4 
10 
38 

FIGURE 5. Precision Instrumentation Amplifier. 

-Vee 

1000 
1% 

ioN 
o to 20mA 

I I 
I I 
I I 
I Is 

I I 
1 I 
1 I 
I 11 

31 I L ____________ .J 

EOUT 

Oto 2V 

FIGURE 6. Current Receiver with Compliance to Rails. 
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r--------------, 
21 INA105 15 

E, O--!..i-I-"""-~-~VY--_rl---, 

I I 
I 1 
I 1 
I >-+:-...... -Q ",0 

I 16 
I I 
I I 
I I L__ _ _____ ..J 

1 3 
Eo': -E1 
Garn E:rror = 0 01% maximum 
Nonlinearity = 0001% maximum 
Garn Drift .= 2ppm/oC 

FIGURE 7. Precision Unity-Gain Inverting Amplifier. 

+15V 

+10VOut 

-10V Out 

FIGURE 8. ±IOV Precision Voltage Reference. 

2 
r-- - -1NA105-l 

I 
15 

I 
I 
I 
I 
I L _____ .....J 

1 3 

2 

REF10 
6 +5V Out 

4 

-5V Out 

FIGURE 9. ±5V Precision Voltage Reference. 
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Eo= EI 
Gain Error = 0 001% maximum 

FIGURE 10. Precision Unity-Gain Buffer. 

+Vcc 3 r- --INA10S----\ 

I 
I 15 

I 
I 
I 
I 
I 
I 
I 
I 
1 
'-- -----Common 1 

I 
I 
16 
I 
I 
I 
1 ___ J 

4 

FIGURE II. Pseudoground Generator. 

r - - - - INAi05 - - - -:2 
I I 
I 15 
I I 
1 I 
I I 

+vcc 

+Vccl2 

Common 

I 
I >-+1 H:.." ...... -Q Eo 

11 I 
E, 

1 I 
1 I 

31 I 
E, 

L ____________ J 
Eo = (E, + E.,)/2. ±O 01% maxomum 

FIGURE 12. Precision Average Value Amplifier. 
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-10V 
to 

+10V 
Input 

r-- -INA10S----12 

I I 
I IS 
I I 
I I 
I I 
I 16 

11 I 

I I 
I I 
I I L _________ ...J 

31--____ -, 

o to +10V Output 
±2ppml"C 

Output 

Device Output 

VFC320 0-10kHz 

E, 

Eo=2XE. 
Gam Error = 0 01% maximum 
Gam Drift = 2ppm/oC 

>-;-""'-0 Eo 

VFC100 
DACaO 
DAC703 
XTR110 

O-FCLOCK/2 
O-FS (12 bits) 
O-FS (16 bits) 
4-20mA 

FIGURE IS. Precision (G = 2) Amplifier. 

* Unipolar Input Device 

FIGURE 13. Precision Bipolar Offsetting. 

NOise (SOHz hum) 

I"~---""'" 

I \ 
I \ , 

I 
I 
I 

I 
,~-

NOise (60Hz hum) 

I 
\ 

I 
\ 
\ S 

RG 10 

I 11 

I 12 
, , 

'$t;,eld 

+Vcc -Vee 

3 
2r ----'NA105- ---1 
sl I 

I 
I I 
I I 

61 : 
I 11 

I I 
I I 
I I 1...- ___________ --' 

FIGURE 14. Instrumentation Amplifier Guard Drive Generator. 
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1 
1 
1 
16 

R >-+1 =-+--0 Eo 

I 
I 
1 

I I C L ___________ ...1 

T Eo (51 = _ 5-1IRC 

~ Eo (5) 5 + 1IRC 

FIGURE 16. All-Pass Filter (provides unity gain and 
00 to 1800 phase shift output for 
frequencies of DC to ooHz). 

2r - - - iNA;oS - - - -is 
1 I 
I 1 
1 I 
I ">-..,..16,-+--o Eo 

,1 I 
I 
I 
1 L __________ J 

Eo = E1 + E2 ±O 01% maximum 

FIGURE 17. Precision Summing Amplifier. 

E, 

E, 

2 5 
r- ------INA10S---., 
I I 
I 1 
I 1 
1 I 
I 16 

,1 I 
I 
I 

31 I 
L ___________ -.J 
Eo = (R,/R, + ') «E, + E,)/2] 

Eo 

FIGURE 18. Precision Summing Amplifier with Gain. 
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r- - - 1NA105 - - --'2 
1 
I 15 
I 
I I 
I I 
I 16 

3 1 I 
Eo 

Eo 
I 

I I 
I I L __ ______ ...J , 

Eo = Eo/2. ±O 0'% 

FIGURE 19. Precision (Gain = 1/2) Amplifier. Allows 
±20V Input with ±15V Power Supplies. 

Eo 

I 1 
I I 
I 1 
I 16 31 >-+1 =-+--0 Eo 

I I 
,1 : 

C 

I I L ___________ ...1 
R 

Eo (5) 5 - 1IRC 
--=+---
Eo (5) 5 + 1IRC 

FIGURE 20. All-Pass Filter (provides unity gain and 
-1800 to 00 phase shift output for 
frequencies of DC to ooHz). 

E, 

I 
I 
1 
I 
I 
I 

3 1 

I 
I 
16 

>-;I..::......~.()Eo, 

I 
I 
I' 

I 
1 
I, 

L _________ -..l 
E01 - E02= 2 (E2 - E1) 

FIGURE 21. Differential Output Difference Amplifier. 
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I - - - !;AWs - - - -l 
2 5 

E,O-t-....A""v---' 
1 
L_ 

~_+6_-+~~ Eo 

FIGURE 22. Precision Summing Instrumentation Amplifier. 

E, 

I 
I 
I 
I 
I I 
1 I 

3 1 11 
E, o--+-....... ..,...--1~--""'fv---t-~ 

L _________ ~ 

10 = (E, - E,) (1/25k + 1!R) 

For R > 2000, Figure 24 will 
provide superior performance 

R 

R 

FIGURE 23. Precision Voltage-to-Current Converter 
with Differential Inputs. 

,---------, 
E, I INA105 15 

I 
I 
I 
16 

31 11 L __________ --' 

10 = (E, - E,)/R 

FIGURE 24. Differential Input Voltage-to-Current 
Converter for Low lOUT. 
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31 
I 
I 
I 
I 11 1... _________ -1 

10 = (E, - E,) (1 + 2R,IR,) (1/25k + 1/R) 

* See Figure 5 for op amp recommendation 

R 

10 ~ 

FIGURE 25. Precision Voltage-Controlled Current 
Source with Buffered Differential Inputs 
and Gain. 

FIGURE 26. Digitally Controlled Gain of ±l 
Amplifier. 
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495 R, 

Conventional 
Instrumentation 

llNi.W5--------l2 
I I 
I I 
I 15 
I I 
I I 
I I 
I 16 

11 I Eo = 200 (E, - Ed 

I 
I I 

31 I L __________ -.J 

_Ampllf,er (e g, INA10l or INA1021_ ... ----INA105----. 
A = 100 A = 2 

FIGURE 27, Boosting Instrumentation Amplifier Common-Mode Range From ±5V to ±7.5V with lOY Full-Scale 
Output. 

D, 
10pF 

D, 

FIGURE 28. Precision Absolute Value Buffer. 

Otol0V 
In 

+15V 

REF10 

4 

10V 

R, 
2kO 

FIGURE 29. Precision 4-20mA Current Transmitter. 
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r- -- -INA105 -----, 

21 15 
I R, R, I 
I I 
I I 
I 16 

3 1 R, I 

I 
I 
I 

I R. I 
L __________ .J 

3-55 

Eo= lEo! 

4t020mA I 
Out 

Eo 

50.10 

50.10 
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1--------, 
I 5 

Window Span I I 
r ~ .. ~~, .. -w,_,~, 

o to +5V I I 
I I 
I 6 I 

I I 
I 2 

I 
II 

l Lower Limit 10 
HI 

I I 
II L ___ -, 4115 

Jl V," Window GO 
5 Comparator 

I LO 
I Upper Limit 

Wmdow r---J 
Center 
±10V I 6 1 

\ W".~ ~"., W, .. "" ,~, I 
I 
I I 

L ___ 1~1~ ____ J 

FIGURE 30. Window Comparator with Window Span and Window Center Inputs. 

R::: 2000 

3L _________ --l 

10 = (E, - E,)(1/25k + 1/Rj 

FIGURE 31. Isolating Current Source. 

Burr-Brown Ie Data Book 3-56 

R::: 2000 
R 

10 = (E, - E,j/R 

FIGURE 32. Isolating Current Source with Buffering 
Amplifier for Greater Accuracy. 
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IElElI 

Precision Fixed-Gain 
DIFFERENTIAL AMPLIFIER 

FEATURES APPLICATIONS 

INA106 

• FIXED GAIN, A = 10 • DIFFERENTIAL AMPLIFIER, A = 10 
• CMR 100dB min over temp .• BASIC INSTRUMENTATION AMPLIFIER BUILDING 
• NONLINEARITY 0.001% max 
• NO EXTERNAL ADJUSTMENTS REQUIRED 
• EASY TO USE 
• COMPLETE SOLUTION 
• HIGHLY VERSATILE 
• LOW COST 
• TO·99 HERMETIC METAL AND LOW COST PLASTIC 

PACKAGES 

DESCRIPTION 
The INAI06 is a precision fixed-gain differential 
amplifier. As a monolithic circuit, it offers high reli
ability at low cost. It consists of a premium grade 
operatiol1al amplifier and an on-chip precision resis
tor network. 
The INAl06 is completely self-contained and offers 
the user a highly versatile function. No adjustments 
to gain, offset, and CMR are necessary. This pro
vides three important advantages: (I) lower initial 
design engineering time, (2) lower manufacturing 
assembly time and cost, and (3) easy cost-effective 
field· repair of a precision circuit. 

BLOCK 
• INVERTING AMPLIFIER, A = -10 
• NONINVERTING AMPLIFIER, A = 10 
• SUMMING AMPLIFIER, WEIGHTED 
• ±IODV CM RANGE DIFFERENTIAL AMPLIFIER 

Inlernalional Airport Induslrill Park • P.O. Bo. 11400 • Tucson. Arizona 85734 • Tel.: 1111217411-1111 • Twx: 911H52·1111 • Clbla: BBRCORP • Tele.: 66-6491 

PDS·729B 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C, Vee = ±15V unless otherwIse noted 

INA106AM INA106BM INA106KP 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX ' MIN TYP MAX UNITS 

GAIN 
Inltlal 111 10 · * V/V 
Error 0,005 001 · · om 0,025 % 
vs Temperature -4 ±10 · · * ppm/'C 
Nonlrneantyl21 0,0002 0,001 · · * · % 

OUTPUT 
Rated Voltage 10 = +20mA, -5mA 10 12 · · · · V 
Rated Current Eo ~ 10V +20, -5 · · mA 
Impedance 0,01 · · 0 
Current Limit To common +40/-1C · · mA 
Capacitive Load Stable operation 1000 · · pF 

INPUT 
Impedance Differential 10 · · kO 

Common-mode 110 · · kO 
Voltage Range Differential ±1 · · V 

Common-mode ±11 · · V 
Common-mode AeJectlon l31 TA = TMIN to TMA.I{ 94 100 100 108 86 · dB 

OFFSET VOLTAGE RTI''') 
InItial 50 100 · · · 200 pV 
vs Temperature 02 5 · 2 · pvrc 
vs Supply ±VCC = 6V to 18V 1 10 · · · · pV/v 
vs Time 10 · · pV/mo 

OUTPUT NOISE VOLTAGE RTI 151 

F, = 0 01 Hz to 10Hz 1 · · pV pop 
Fa = 10kHz 30 · · nVl.jHz 

DYNAMIC RESPONSE 
Gain BandwIdth -3dB 5 · · MHz 
Full Power BW Vo = 20V p-p 30 50 · · · · kHz 
Slew Rate 2 3 · * · · VIps 
Settling Time 01% Vo = 10V step 5 · · iJS 

001% Vo = 10V step 10 · · iJS 
001% VCM = 10V step. V01FF = OV 5 · · iJS 

POWER SUPPLY 
Rated ±15 · · V 
Voltage Range Derated performance ±5 ±18 · · · · V 
QUiescent Current VOUT = OV ±1,5 ±2 · · · · rnA 

TEMPERATURE RANGE 
Specification -25 +85 · · 0 +70 ·C 
Operation -55 +125 · · -25 +85 'C 
Storage -65 +150 · · -40 +85 'c 
SpecifIcation same as for INA106AM 

NOTES (1) Connected as difference amplifier (see Figure 4), (2) Nonlinearity Is the maximum peak deviation from the best-fit straight line as a percent offull-scale 
peak-ta-peak output (3) With zero source Impedance (see Maintaining CMA section). (4) Includes effects of amplifier's input bias and offset currents. 
(5) Includes effects of amplifier's input current noise and thermal noise contribution of resistor network. ' 

MECHANICAL 

TO-99 Package 
NOTE. Leads m true position 
within 0 01" (025 mm) R at MMC at 

r ~ ~ seating plane 

Pin numbers shown for reference 

7m' 
only Numbers are not marked on 

r;;-' ~ F+--i package, 

K 
INCHES MILLIMETERS 

Seating IIIII .1 
DIM MIN MAX MIN MAX 
A 335 370 8.51 940 
B 305 335 775 851 

Plane --II.- 0 C 165 185 4.19 UO 
D 016 021 041 053 

"P" Package-Plaslic DIP NOTE. Leads In true posltton 
within 0 01" (0 25mm) R at MMC 
at seating plane. Pin material and 
plating composition conform to 
Method 2003 (solderability) of MIL-

- A ~ 

STO-883 (except paragraph 3.2) 

tj INCHES MILLIMETERS 

I nO. . "'i"T DIM MIN MAX MIN MAX 
A 355 ,,00 902 1016 

'~VQJ~ 
A, 340 .385 864 978 
B 230 290 584 737 

P B, 200 ,250 508 635 

'Pin 1 
--L ~ C 120 200 305 508 

D 015 023 038 058 
E 010 040 025 102 F~ - F 030 070 076 178 
F 010 040 025 1,02 ... -.. -------' -- G loo8ASIC 254 BASIC 
G 200 BASIC 508 BASIC 

~NI • 
H 028 004 071 086 

~- .j, J 029 045 074 1,. 

~~G K 500 12.7 -
M'~· '----------.... L 110 160 279 406 ,"'Y-J M 45° BASIC 45' BASIC rt> N 095 105 241 267 

Jf1fJ1TJ 
~ H 025 050 064 127 
~ J 008 015 020 038 

I K 070 150 178 381 

~-J L 300 BASIC 763 BAStC 
~-O 

~-M M 0' 15' 0' 15' 
Seating N 010 030 0.25 076 
Plane p 025 050 064 127 
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PIN DESIGNATIONS 

TOP VIEW 

Tab 

-Vee 

INA106AM 
INA106BM 

Case connected to -Vee Internally Make no connection 

ORDERING INFORMATION 

INA106 X X 
Basic Model Number ________ -=-r-_.J T 
Performance Grade -

A. B: -25°C to +85°C 
K: O°C to +70°C 

Package Code 
M: TO-99 metal can 
P: 8-pin mini plastic DIP 

PIN DESIGNATIONS 

TOP VIEW 
PLASTIC DIP 

INA106KP 

Reference 1 ]8 No Internal 
Connection 

-In 21 ...... ]7 +Vcc 

J~ ~6 +In "I Output 

-Vee 4( 5 Sense 

ABSOLUTE MAXIMUM RATINGS 

Supply. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ..... ±18V 
Input Voltage Range .................................... ±Vcc 
Operating Temperature Range: M ......... -55°C to +125°C 

P ........... -40°C to +85°C 
Storage Temperature Range ............... -65°C to +125°C 
Lead Temperature (soldering 10 seconds) ........... +300°C 
Output Short Circuit to Common ................ Continuous 

TYPICAL PERFORMANCE CURVES 
TA = 25°C, ±Vcc = 15V unless otherwise noted 

STEP RESPONSE 

o 4 12 16 

Tlme(jJs) 

TOTAL HARMONIC DISTORTION AND NOISE 
VS FREQUENCY 

r-- A = 20dB, 3Vrms, 10kn load 
r-- i+ 
[-. , 

SMALL SIGNAL RESPONSE 
(No Load) 

5 

Time (ps) 

10 

'> +50 
.s 
Q) 

~ 
g 

~ 

o 

6 -50 

-126 t---+-~-t--+---+----l 

SMALL SIGNAL RESPONSE 
(RLOAD = ocn, CLOAD = l000pF) 

u 10 

Time (ps) 

CMR VS FREQUENCY 
-116 

BM 
-106 ........ 

~ 01 -
Nontnverting """"'\ 

m -106 I---''<I---+' ....... -t--+---+ 
-100 

iii' -96 
E 

11M, KP ~ 
5l 
0 z 
+ ---1-.. 

0 001 I 
f-

----: 

0.001 
1 

.I" 
Inverting 

-30kHz IO~ ~ 
filtered 

10 
Frequency (kHz) 
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ass 

100 

E 
It 
It 

~ -861----+-~~--t~ 

-66 1---+---1r----"\o!---t-"<:--i 

lk 

Frequency (Hz) 

3-59 

It 

13 -86 

-76 

-66 
10 

\ 
1\ 
\ 

100 lk 10k lOOk 

Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 
TA = +25°C, Vee = ±15VDC unless otherwise noted. 

175 

15 

125 

~ 10 

~ 75 > 

25 

MAXIMUM VOUT VS lOUT 

(Positive Swmg) 

'VS = ~18V I i 

t-Lv I 

- I- Lim 
I 
I i 

I i 
Vs = ±5V 

I I 

-

o 6 12 18 24 30 36 
louT (mA) 

DISCUSSION OF 
PERFORMANCE 
BASIC POWER SUPPLY AND SIGNAL 
CONNECTIONS 

Figure I shows the proper connections for power supply 
and signal. Supplies should be decoupled with IJ.lF tanta
lum capacitors as close to the amplifier as possible. To 
avoid gain and CMR errors introduced by the external 
circuit, connect grounds as indicated, being sure to min
imize ground resistance. 

FIGURE I. Basic Power Supply and Signal 
Connections. 
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~ 
g 

> 

-175 

-15 

-125 '--

-10 r--

-75 

-" 
-25 I----

MAXIMUM VOUT VS louT 
(Negative SWing) 

Vs - ±18V 

- vSI ±1r 

I- Vs ±12V 

I- vi-±r -
o -2 6 8 10 12 

-lOUT (mA) 

OFFSET ADJUSTMENT 

Figure 2 shows the offset adjustment circuit for the 
INAI06. This circuit will allow ±3m V of adjustment and 
will not affect the gain accuracy or CMR. 

r-----------l 
E, 

I INA106 I 
21 15 

1 A, A, I 
I I 
I I 

I 1 Eo 16 
I I 
I I 
I I 

E, 1 I 31 

100 I A, I 
I 1 

I A, I +15V 
I I 

l'~o 
I L _____ ________ J 

1 499kO 

Eo= E2 - E, 1000 
Offset Adjustment 
Aange= ±3mV -15V 

FIGURE 2. Offset Adjustment. 

MAINTAINING COMMON-MODE REJECTION 

Two factors are important in maintaining high CMR: (I) 
resistor matching and tracking (the internal INAI06 cir
cuitry does this for the user) and (2) source impedance 
including its imbalance. 
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Referring to Figure I, the CMR depends upon the match 
of the internal R4/ R3 ratio to the R1/ R2 ratio. A CMR 
of I06dB requires resistor matching of 0.005%. To main
tain 100dB, minimum CMR to +85°C, the resistor 'TCR 
tracking must be better than 2ppm/ °C. These accuracies 
are difficult and expensive to reliably achieve with dis
crete components. 

Any source impedance adds directly to the input resis
tors, RI and R3, and will degrade DC and AC CMR. 
Likewise any wiring resistance adds directly to any of the 
precision difference resistors. A resistance of 0.50 
(0.005% of IOkO) will degrade the I06dB CMR of the 
INAI06; 50 will degrade the CMR to 86dB. 

When input filters are used preceding an instrumenta
tion amplifier, care should also be taken to match RCs 
on the two input lines. For example, mismatched input 
filters for high frequencies will reduce the CMR at lower 
frequencies, e.g, 60Hz. Differential filters will not degrade 
ACCMR. 

RESISTOR NOISE IN THE INA106 

Figure 3 shows the model for calculating resistor noise in 
the INAI06. Resistors have Johnson noise resulting from 
thermal agitation. The expression for this noise is: 

ERMs = v'4KTRB 

Where: K = Boltzman's constant (J/oK) 
T = Absolute temperature CK) 
R = Resistance (0) 
B = Bandwidth (Hz) 

R, 

>-~--oENo 

FIGURE 3. Resistor Noise Model. 

At room temperature, this noise becomes: 

EN = I.T 'O v'R (v/v'iIZ) 
The three noise sources in Figure 2 are: 

ENI = 1.3-10 (R2/ RI) v'R. 
EN2 = 1.3-10 y'R, 
EN3 = 1.3-10 (I + R2/R1) v'R311R4 

Burr-Brown Ie Data Book 3-61 

Adding as the root of the sums squared, 

ENO = I93nV v'Hz 

RTI, with A = 10, 

For example, 

ENO within a 

EN1 = I9.3nV/v'Hz 

600kHz BW = O.l5m VRMS 

= 0.9mVp-p with a crest factor of 6 
(statistically includes 99.7% of all 
noise peak occurrences) 

This is the noise due to the resistors alone. It is included 
in the noise specification of the IN AI06. 

APPLICATIONS CIRCUITS 
The INAI06 is ideally suited for a wide range of circuit 
functions. The following figures show many applications 
circuits. 

2 r -R- -INA106 - -;- - ..., 
I ' '15 

-In I 10kO 100kO I 
E, I I 

I I 
I 16 

I I Out 
I I Eo 

I I 
31 R, R, 

11 ,. 
~ +In I 10kO 100kO I 

E, L __________ J 

Eo = 10 (E, - E,) 
Gam Error = 0 005% 
CMR = 106dB 
Nonlinearity = 0 0002% 

FIGURE 4A. Precision Difference Amplifier. 

o-_M-".;-....,.,Iv--4>----'IM.---;~M_i Gain 
100 

100 

To elIminate adjustment mteractlons, 
first adjust gam with E2 grounded 

Adlust 

Eo 

FIGURE 4B. Difference Amplifier With Gain And 
CMR Adjust. 
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E, 
~In 

E, 
+In 
cr-

R, 

r----------- .., 
I INA106 I 

2: : 5 
I 
I 
I 
I 
I 
I 

3: 
I 
I 
I I L __________ .J 

Eo = 10 (1 + 2R,!R,) (E, ~ E,) 

For the ultimate performance high gain instrumentation amplifier, the 
INA106 can be combined with state-of-the-art op amps For low 
source Impedance applicatIOns, an Input stage uSing OPA37s will give 
the best low nOise, offset, and temperature drift At source Impedances 
above about 10kO, the bias current nOise of the OPA37 reacting with 
the Input Impedance begins to dominate the nOise For these applica
tions, USing an OPA111 or a dual OPA2111 FET Input op amp will 
provide lower norse For an electrometer grade lA, use the OPA128 
(See lable below) 

USing the INA106 for the difference amplifier also extends the mput 
common-mode range of the instrumentation amplifier to ±lQV A 
conventional IA with a unity-gain difference amplifier has an mput 
common-mode range limited to ±5V for an output sWing of ±10V ThiS 
IS because a unity-gam difference amp needs ±5V at the Input for 10V 
at the output, allowing only 5V additional for common mode 

R, R, Gain CMRR Nols. at 1kHz 
Al,A2 (0) (kO) (v/V) (dB) Ib (pA) (nV/y'Hij 

OPA37A 505 25 1000 128 40000 4 
OPAlllS 202 10 1000 110 1 10 
OPA128LM 202 10 1000 118 0075 38 

FIGURE 5. Precision Instrumentation Amplifier. 

r------- - - - ---, 
2 I INA106 15 

E, ~--~---J~~-1~-----J~~ ____ ~~ 
I I 
I I 
I I 
I I 
I ~-r~~DEo 
I 16 

I I 
I I 
I I L__ _ _______ J 

Eo = ~10 E, 
Gam Error = 0 01% maximum 
Nonlinearity = 0 001% maximum 
Gain Drift = -4ppm/oC 

FIGURE 6. Precision Inverting Amplifier with Gain of 
-10. 
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INA106 --, 

15 
I 
I 
16 

E, o--~31;.....JW"r-_'---i 
I R, 
I 10kO 

~--~--~----~Eo 

I 

I 
1_-

I 
I 
I 

'--~ 

Eo = 10 E, 
Gain Error = 0 01% max 

FIGURE 7. Precision Noninverting Amplifier with Gain 
of 10. 

>--;-~~-oEo 

Eo=11 e, 
Gam Error = 0 01% maximum 
Gam Drift = -4ppm/OC 

FIGURE 8. Precision Noninverting Amplifier with Gain 
of I!. 

r - - - INA1ii6 
21~~~-1 ____ ~~ ____ -+-' nl R, 

\] 1 10kO 

----, 

I 
I 
1 

I 
R, 

1! 100kO 
E,~--~~AA~-1r--i 

16 >-71----0 Eo 

I 
I R, 

3 1 10kO 
I 
1 

E2 0---:-1 --"N'r----' I L __________ ..J 

Eo = El + 10 E2 

FIGURE 9. Precision Summing Amplifier with 
Weighted Inputs. 
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INA106 
---, 

15 , 
I 

I 

I 
I 

Eo 
E, 16 

R. I 100kO 
I 

I 
__ J 

This CircUit follows an 11/1 divider with a gam of 11 for an overall gam 
of unity With an 11/1 divider, the Input signal can exceed 100V without 
exceeding the op amp common-mode range 

FIGURE 10. Voltage Follower with Input Protection. 

LowZ 
1500 

1- - -INA10S- --1 

21 10kO R2 Is 
I 
I 
I 

'6 
I 
I 
I 
I 
I 
I 
I 
I 

100k[l I _______ ...1 

C, 
IOOIlF 

l~korEO 
Gam = 20dB 

FIGURE II. Differential-Input, Low-Impedance, 
Microphone Preamplifier (20dB gain). 
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r"R;- iNA10S R, - .., 
51 100kO 10kO! 2 

1000 
>-+..J\"''w-~f---o Eo 

16 
I 
I 
I 

10 

Gain = 1/10 
Also Gam = -1/10 by grounding R4 and driving R2 

Gam = 1110 differential drlvmg both R2 and R4 

The 1000. 100, o 22pF network on the output assures stability by 
Inserting a 70kHz zero and 700kHz pole to decrease the loop gam by 
10 at 700kHz With the output taken at the lunclion of the 1000 and 100 
resistors, gam accuracy IS maintained, and nOise gam at the output 
remains at unity For a 10V output SWing, the load should be limited to 
10kO since the 1000 resistor acts as a voltage divider with the load 
Also the large signal bandwidth Will be limited by the ability of the 
amplifier to slew mto the o 22J.1F capacitor Assuming 10mA output 
current and a 20Vp-p output signal, the full power bandwidth will be 
10kHz Smce the circuit IS a 10/1 attenuator, this would assume a 
200Vp-p Input signal With a 20Vp-p Input signal, the bandwidth would 
be 10kHz 

FIGURE 12. Precision Attenuator. 

-----, R, 
156kO 51 

e, O--";II;--"'10"~~"'0-~---""I""~k"',0--f11"""'-'N"---' 
1760 

R, 

100kO 
R. 

10kO 
R, 

I 
I 

>--,-' ;:-------+-oeo 
16 

I 
I 

____ J 
eo = e2 - e, 
Common-Mode Range = ±100V 

5000 CMR Adlust 
(1580 Nominal) 

The addition of two external resistors and a pot turns the INA106 Into a 
unity-gain difference amplifier with Input common-mode range 
exceeding ±100V The CirCUit reqUires CMR adjustment anG has a 2% 
gain accuracy Better gain accuracy IS difficult to obtain, since CMR 
and gain adjustments Interact See Figure 14 

FIGURE 13. ±IOOV Common-Mode Range Difference 
Amplifier. 
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113kn 
R, 

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

120kn 
R, 

L __ 
.J 

I 390kn 

l' e, 
e, 

1100kn 
I R, 

*Optional Gain Adjust L __ 60=e2-6, 

Common-Mode Range = ±100V 

The addition of an op amp to CircUit of Figure 13 can eliminate the 
need for CMR and gain adjustments CMR will be 20dB lower than that 
of the INA106, which IS specified In a gain of 10 Gam accuracy is set 
strictly by the Rs, Rs ratio and the initial gam accuracy of the INA106 
(A = 1 + Rs/R, ± 01%) CMR can be adjusted by adding a 10n resistor 
In senes with R, (pm 2) and a 200 pot In senes with R3 (pm 2) Gam 
and CMR adjustments do not Interact 

FIGURE 14. ±100V Common-Mode Range Difference 
Amplifier Requiring No Adjustments. 

Burr-Brown Ie Data Book 3-64 Vol. 33 



BURR-BROWN@ 

IElElI INA110 

AVAILABLE IN 
DIE FORM 

Fast-Settling FET -Input 
Very High Accuracy 

INSTRUMENTATION AMPLIFIER 

FEATURES 
• LOW BIAS CURRENT: 50pA. max 
• FAST SETTLING: 4ps to 0.01% 
• HIGH CMR: 106dB. min; 90dB at 10kHz 
• CONVENIENT INTERNAL GAINS: 1.10.100.200.500 
• VERY·LOW GAIN DRIFT: 10 to 50ppm/oC 
• LOW OFFSET DRIFT: 2pV/oC 
• LOW COST 
• PINOUT COMPATIBLE WITH AD524 AND AD624. 

allowing upgrading of many existing applications 

DESCRIPTION 
The INAIIO is a monolithic FET input instrumenta
tion amplifier with a maximum bias current of 
50pA. The circuit provides fast settling of 4/Js to 
0.01%. Laser trimming guarantees exceptionally good 
DC performance. Voltage noise is low, and current 
noi.e i. virtually zero. Internal gain set resistors 
guarantee high gain accuracy and low gain drift. 
Gains of I, 10, 100,200, and 500 are provided. 

The inputs are inherently protected by P-channel 
FETs on each input. Differential and common
mode voltages should be limited to ±Vu. When 
severe overvoltage exists, use diode clamps as shown 
in the application section. 

The INAIIO is ideally suited for applications requiring 
large input resistors for overvoltage protection or 
filtering. Input signals from high source impedances 
can easily be handled without degrading DC per
formance. Fast settling for rapid scanning data 
acquisition systems is now achievable with one 
component, the INAIIO. 

APPLICATIONS 
• Fast scanning rate multiplexed input data acquisition 

system amplifier 
• Fast differential pulse amplifier 
• High speed. low drill gain block 
• Amplification of low level signals from high Impe· 

dance sources and sensors 
• Instrumentation amplifier with input low pass filter· 

ing using large series resistors 
• Instrumentation amplifier with overvoltage input 

protection using large series resistors 
• Amplification of signals from strain gauges. thermo· 

couples. and RTDs 

Input +Vcc -Vee 
Offset 
Adjust 

* Connect to Ro for deSired gain 

Output 
Offset 
Adjust 

Inlernatlonal Alrporllnduslrlal Park· P.O. Box 11400· TueaDn. Arizona 85734· Tel. (602) 746-1111 . Twx. 91(1.952·1111 - Cable B8RCORP - Telex. 66-6491 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C, ±Vcc = 15VDC, Rc = 2kO unless otherwIse noted 

INAll0AG INAll0BG/SG INAll0KP/KU 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

GAIN 

Range of Gam 1 I I 800 I ' . 1 1 . I · I I · VN 
Gam Equatlonlll G = 1 + [40K/(RG + 500)1 VN 
Gaon Error, DC G = 1 0002 004 · 002 · · % 

G=10 001 01 0005 005 · · % 
G=100 002 02 001 01 · · % 
G =200 004 04 002 02 · · % 
G =500 0,1 10 005 05 · · % 

Gain Temp CoeffiCient G=1 ±3 ±20 · ±10 · ppm/oC 
G=10 ±4 ±20 ±2 ±10 · ppm/oC 
G=100 ±6 ±40 ±3 ±20 · ppm/oC 
G =200 ±10 ±60 ±5 ±30 · ppmJOC 
G =SOO ±2S ±100 ±10 ±SO · ppm/oC 

Nonlinearity, DC G=1 ±0001 ±001, ±O OOOS ±OOOS · · %oIFS 
G=10 ±O,O02 ±001 ±0001 ±OOOS · · %oIFS 
G=100' ±OO04 ±002 ±0002 ±001 · · %oIFS 
G=200 ±0006 ±002 ±0003 ±001 · · %oIFS 
G=SOO ±001 ±004 ±OOOS ±O02 · · %oIFS 

OUTPUT 

Voltage, Rc = 2kO Over temp ±10 ±127 · · · · V 
Current Over temp ±S ±2S · · · · mA 
Short-Circuit Current ±2S · · mA 
Capacitive Load StabIlity 5000 ' . · pF 

INPUT 

OFFSET VOLTAGE'" 
InII,al Offset G, P ±(100+ ±(SOO+ ±(SO+ ±(2S0 + · · pV 

l000/G) SOOO/G) 600/G) 3000/G) 
u ±(200 + ±(1000+ pV 

2000/G) SOOO/G) 
vs Temperature ±(2+ ±(S+ ±(1 + ±(2+ · pVJoC 

20/G) 100/G) 10/G) SO/G) 
YS Supply Vcc = ±6V to ±(4+ ±(30+ ±(2+ ±(10+ · · pVN 

±18V 60/G) 300/G) 30/G) 160/G) 

BIAS CURRENT 
Initial Bias Current Each Input 20 100 10 SO · · pA 
Inlt,al Offset Current 2 SO 1 2S · · pA 
Impedance Differential 5Xl0"116 · · OllpF 

Common-Mode 2Xl0" II 1 · · OllpF 

VOLTAGE RANGE VIN Dlff = OVI3) 

Range. Linear Response ±10 ±12 · · V 
CMR wIth lkO Source Imbalance 

G=1 DC 70 90 60 100 · · dB 
G=10 DC 87 104 96 112 · · dB 
G=100 DC 100 110 106 116 · · dB 
G =200 DC 100 110 106 116 · · dB 
G = SOD DC 100 110 106 116 · · dB 

NOISE, Input'~ 
Voltage, 10 = 10kHz 10 · · nVJv'Hz 

I. = 0 1Hz to 10Hz 1 · · pVp-p 
Current, 10 = 10kHz 18 · · IAlv'Hz 
NOISE, OutPut'~ 
Voltage, 10 = 10kHz 65 · · nVJv'Hz 

I. = 0 1Hz to 10Hz 8 · · pVp-p 

DYNAMIC RESPONSE 

Small S'gnal G=1 -3dB 25 · · MHz 
G=10 2S · · MHz 
G=I00 470 · · kHz 
G =200 240 · · kHz 
G =SOO 100 · · kHz 

Full Power VOUT= ±10V, 
Rc= 2kO 190 270 · · · kHz 

Slew Rate G=1 to 100 12 17 · · · VIps 
SettlingT,me 

01%,G=1 Vo= 20V step 4 · · ps 
G=10 2 · · ps 
G=100 3 · · ps 
G=200 S · · ps 
G=500 11 · · ps . Same as INAll0AG 
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ELECTRICAL (CO NT) 

INAll0AG INAll0BG/SG INAll0KP/KU 

PARAMETER CONDITIONS MIN TVP MAX MIN TVP MAX MIN TYP MAX UNITS 

Settling Time 
001%, G =1 Vo = 20V step 5 12.5 · · · ps 

G=10 3 75 · · · ps 
G=100 4 75 · · · ps 
G =200 7 125 · · · pS 
G = 500 16 25 · · · P" 

Overload RecoverylSI 50% overdrive 1 · · ps 

POWER SUPPLY 

Rated Voltage ±15 · · V 
Voltage Range ±6 ±18 · · . . V 
QUiescent Current Vo=OV ±3.0 ±45 · · · . mA 

TEMPERATURE RANGE 

Specification A.B.K -25 +85 · · 0 +70 'C 
S -55 +125 'C 

Operation -55 +125 · · -25 +85 'C 
Storage -65 +150 · · -40 +85 'C 
8J. 100 · · 'C/W 

• Same as INAll0AG 
NOTES (1) GainS other than 1, 10, 100, 200, and 500 can be set by adding an external resistor, RG, between pin 3 and pinS 11, 12, and 16 Gain accuracy IS a funcllon of 
RG and the Internal resistors which have a ±20% tolerance With 20ppm/'C drift (2) Adjustable to zero (3) Fordlfferentlal Input voltage other than zero. see TYPical Per
formance Curves (4) VNOISE RTI = Jv~ INPUT + (VN OUTPuT/Galn)2 (5) Time required for output to return from saturation to linear operation follOWing the removal 
of an Input overdrive voltage 

ABSOLUTE MAXIMUM RATINGS 

Supply ........................ ±18V 
Input voltage Range . .. .... .. ........... .. ±Vcc 
Operallng Temperature Range: G ......... -55'C to +125'C 

P, U... .. -25'C to +85'C 
Storage Temperature Range: G ............ -65'C to +150'C 

P,U ......... -40'Cto+85'C 
Lead Temperature (soldering lOS): G, P .......... +300'C 

(soldering 3s): U.. .... .. .. +260'C 
Output Short-Circuit Duration ..... Continuous to Common 

BURN-IN SCREENING 
Burn-in screening is an option available for both the 
plastic- and ceramic-packaged IN A 110. Burn-in duration 
is 160 hours at the temperature shown below (or 
equivalent combination of time and temperature). 

Plastic "-BI" models: +8So C 
Ceramic "-BI" models: +12So C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

MECHANICAL 

Hermetic DIP 

~~ ?6 l J 9 

J~c ,-~ IL~~GL[seatingp,ane A_ 

Burr-Brown Ie Data Book 

NOTE Leads In true posilion 
Within 010" (.25mm) R 
at seatmg plane 

3-67 

PIN CONFIGURATION 

-In 1 16 X200 
+In 2 15 Output Offset Adlust 
RG 3 14 Output Offset Adlust 

Input Offset Adjust 4 13 Xl0 
Input Offset Adjust 5 12 Xl00 

Reference 6 11 X500 
-Vee 7 10 Output Sense 
+Vcc 8 9 Output 

ORDERING INFORMATION 

Temperature 
Model Package Range 

INAll0AG Ceramic DIP -25'C to +85'C 
INA110BG Ceramic DIP -25'C to +85'C 
INA110SG Ceramic DIP -55'C to +125'C 
INAll0KP PlastiC DIP O'Cto +70'C 
INAll0KU PlastiC SO O'C to +70'C 

BURN-IN SCREENING OPTION 
Sae text for details 

Burn-In Temp. 
Model Package (l60h)'" 

INAll0AG-BI Ceramic DIP +125'C 
INAll0BG-BI Ceramic DIP +125'C 
INAll0SG-BI Ceramic DIP +125'C 
INA 110KP-BI Plastic DIP +85'C 
INAll0KU-BI PlaslicSO +85'C 

NOTE Or eqUivalent combination. See text 

INCHES 

Pin numbers shown for reference 
only Numbers are not marked on 
package 

DIM 
A 
C 
D 

G 

K 

M 
N 

MIN MAX 
790 810 
105 170 
015 021 
048 060 
100 BASIC 
030 070 
008 012 
120 240 
300 BASIC 

10' 
025 060 

MILLIMETERS 
MIN MAX 
2007 2057 

267 432 
038 053 
122 152 
254 BASIC 
076 178 
020 030 
305 610 
762 BASIC 

10' 
064 152 
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Small Outline Surface Mount 

Performance 1, 1 
(1) Grade I I 

• fdentifier ~ 

J~ ~,~ ;n ~~eled Side 
H 

[Jrnlrr:-rulJlj~ 6 
llJJJCL~ 

G D 

NOTE Leads in true position 
within 0010" (25mm) R at MMC 
at seating plane 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 400 416 1016 1057 
A, 388 412 986 1046 
B 286 302 726 767 
B, 288 286 681 726 
C 093 109 236 277 
D 015 020 038 051 
G 050 BASIC 127 BASIC 
H 022 038 056 0.97 
J 008 012 020 0.30 
L 391 421 993 10.69 
M 50 TYP 50 TYP 
N 000 .012 000 030 

(1) Performance grade identifier box for small outline surface mount Blank Indicates K grade Part is marked INA110U. 

Plastic DIP 

1"--~--A3 
A, 

AAAf' 

=n 
- ~ B, B 

~-'~ / ~ 
VVVVVV'L p' 

Pin 1 IL-J\, _ FI-- J ~M j\.-J --------.l 

TI~ 
io- H l Seating Plane -

TYPICAL PERFORMANCE CURVES 
TA = 25°C. ±Vcc = 15VOC unless otherwise noted 

INPUT VOLTAGE RANGE VS SUPPLY 

±6 ±9 ±12 ±15 ±18 
Power Supply Voltage (V) 

Burr-Brown Ie Data Book 

OUTPUT SWING VS SUPPLY 
±16r-----r-----r---~r---_, 

~ 
±13r----+-----r----~~__i 

" g> 
'5 ±10 1-----+----71"---1---; 
> 
'5 
S-
6 ±7 I---::;~--t---+----I 

±9 ±12 ±15 ±18 
Power Supply Voltage (V) 

3-68 

NOTE: Leads in true position 
within 010" (.25mm) R at MMC at 
seating plane 

PINS: Pin material and plating 
composition conform to meth~ 
2003 (solderability) of MIL-STD-
883 (excepi paragraph 3.2). . 

CASE: Plastic 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 740 soo 18.80 20.32 
A, 725 785 1842 19.94 
B .230 .290 585 738 
B, .200 250 5.09 ·6.36 
C 120 200 3.05 5.09 
D .015 .023 0.38 0.59 
F .030 070 0.76 178 
G 100 BASIC 254 BASIC 
H 00 005 0.51 1.27 
J .008 015 020 038 
K' 070 150 178 382 
L 300 BASIC 7~BAS~~o 
M 0' 15' 
N 010 030 025 076 
P 025 050 0.64 1.27 

OUTPUT SWING VS LOAD RESISTANCE 
±16 

±12 ;r 
J 

~ 
" '" S 

±8 (; 
> 
'5 
S-
::I 
0 ±4 

V 
400 800 1.2k 1.6k 2k 

Load ReSistance (0) 
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TYPICAL PERFORMANCE,CURVES (CONT) 
T A == 25° C, ±Vcc = 15VDC unless otherwise noted 
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BIAS CURRENT VS SUPPLY 

25 

20 

15 

10 

±6 ±9 ±12 ±15 ±1a 
Power Supply Voltage (V) 

CMR VS FREQUENCY 

120 E~;;;;;;~i!iP~fG~:20~ 

10 100 1k 10k 100k 1M 
Frequency (Hz) 

LARGE SIGNAL TRANSIENT RESPONSE 
(G ~ 100) 

100 

10 
Time (ps) 

INPUT NOISE VOLTAGE 
VS FREQUENCY 

20 

If 50 
'> I" :; 
.; 20 

S g 10 

ill o z 
~ 
Q. 
E 2 

"-

" 
10 100 1k 

Frequency (Hz) 

Burr-Brown Ie Data Book 

10k 

BIAS CURRENT VS TEMPERATURE 
100nA 

/ 
/ 

10nA 

C 
~ 1nA 
~ 

0 
0 ., 
Iii 100pA 
:; 
f / 

10pA 

~ 
~ -1pA 
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Q. 
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0 
0 

-55 -25 +5 +35 +65 +95 +125 
Temperature (OC) 

100 

ao 

20 

15 

10 

o 

12 

9 

POWER SUPPLY REJECTION 
VS FREQUENCY 

10 100 1k 10k 100k 1M 

Frequency (Hz) 

SETTLING TIME VS GAIN 
(001%, 20V STEP) 

I 
/ 

/ .......-. ... 
1 10 100 1k 

Gain (VIV) 

COMMON-MODE VOLTAGE VS 
OIFFERENTIAL INPUT VOLTAGE 

I' '-I' '-

o 6 12 
Differential Input Voltage X Gain (V) ~ Vo 
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SMALL SIGNAL TRANSIENT RESPONSE 
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B- -100 o 

1000 

~ 500 

:; 
.s 200 
Q) 

'" !!! 
o 100 
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Z 

20 

1C 
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~ 
~ 40 
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~ 20 
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1 

~ 100) 

10 20 

Time (PO) 

OUTPUT NOISE VOLTAGE 
VS FREQUENCY 

" 

" 
10 100 1k 10k 

Frequency (Hz) 

WARM-UP DRIFT VS TIME 

.L"" 
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~ 
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Time (minutes) 

Vol. 33 

0 ,.. ,.. 
cC 
3: 

rn 
a: w 
u:: 
:J 
Q. 

:E 
cC 
z o 

~ z w 
::5 
::l 
a: 
t; 
z -



DISCUSSION OF 
PERFORMANCE 
A simplified diagram of the INAIIO is shown on the first 
page. The design consists of the classical three opera
tional amplifier configuration with precision FET buffers 
on the input. The result is an instrumentation amplifier 
with premium performance not normally found in inte
grated circuits. 

The input section (A, and A2) incorporates high perfor
mance, low bias current, and low drift amplifier cir
cuitry. The amplifiers are connected in the noninverting 
configuration to provide high input impedance (10'20 ). 
Laser-trimming is used to achieve low offset voltage. 
Input cascoding assures low bias current and high CM R. 
Thin-film resistors on the integrated circuit provide 
excellent gain accuracy and temperature stability. 

The output section (A3) is connected in a unity-gain dif
ference amplifier configuration. Precision matching of 
the four IOkO resistors, especially over temperature and 
time, assures high common-mode rejection. 

BASIC POWER SUPPLY AND SIGNAL 
CONNECTIONS 

Figure I shows the proper connections for power supply 
and signal. Supplies should be decoupled with IILF tanta
lum capacitors as close to the amplifier as possible. To 
avoid gain and CMR errors introduced by the external 
circuit, connect grounds as indicated, being sure to min
imize ground resistance. Resistance in series with the 
reference (pin 6) will degrade CMR. Also to maintain 
stability, avoid capacitance from the output to the gain 
set, offset adjust, and input pins. The layout shown in 
Figure 2 is suggested for best performance. 

X10 

X100 
tJ.VIN 

X200 

X500 
11 

FIGURE I. Basic Circuit Connection. 

Burr-Brown Ie Data Book 3-70 

FIGURE 2. Suggested PC Board Layout for INAIIO. 

OFFSET ADJUSTMENT 

Figure 3 shows the offset adjustment circuit for the 
INAIIO. Both the offset of the input stage and output 
stage can be adjusted 'separately. Notice that the offset 
referred to the INAIIO's input (RTI) is the offset of the 
input stage plus the offset of the output stage divided by 
the gain of the input stage. This allows specification of 
offset independent of gain. 

+Vcc -Vee 

VOUT 

AVIN 

FIGURE 3. Offset Adjustment Circuit. 

For systems using computer autozeroirg techniques, 
neither offset nor offset drift are of concern. In' many 
other applications the factory-trimmed offset gives excel
lent results. When greater accuracy is desired, one 
adjustment is usually sufficient. In high gains (> 100) 
adjust only the input offset, and in low gains the output 
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offset. For higher precision in all gains, both can be 
adjusted by first selecting high gain and adjusting input 
offset and then low gain and adjusting output offset. The 
offset adjustment will, however, add to the drift by 
approximately 0.33/L V JOC per 100/LV of input offset volt
age that is adjusted. Therefore, care should be taken 
when considering use of adjustment. 

Output offsetting can be accomplished as shown in 
Figure 4 by applying a voltage to the reference (pin 6) 
through a buffer. This limits the resistance in series with 
pin 6 to minimize CM R error. Be certain to keep this 
re,istance low. Note that the offset error can be adjusted 
at this reference point with no appreciable degradation 
in off,et drift. 

VOUT = VOFFSETTING + I:::.. VIN G 

With ±Vcc ~ 15V. R, ~ 100kO. R, ~ lMO. 
R3 = 10kQ, VOFFSETTfNG = ±150mV 

FIGURE 4. Output Offsetting. 

GAIN SELECTION 

VOUT 

+Vc.c 

R, 

/ R, 
VOFFSETTING 

~vcc 

Gain selection is accomplished by strapping the approp
riate pins together on the INAIIO. Table I shows possible 
gains from the internal resistors. Keep the connections as 
short as possible to maintain accuracy. 

TABLE I. Internal Gain Connections. 

Connect pin 3 Gain Gain 
Gain to pin- Accuracy (Gfo) Drift (ppm/'C) 

The followIng gains have guaranteed accuracy 
1 none 002 10 
10 13 005 10 
100 12 01 20 
200 16 02 30 
500 11 05 50 

, "" '~·'""I ~'"' ~; ,~:'~' r~"';,"~" I 10 
600 11&12 025 40 
700 11&16 20 40 
800 11.12,&16 20 80 

Gains other than I, 10, 100, 200, and 500 can be set by 
adding an external resistor, R,,, between pin 3 and pins 
12, 16, and II. Gain accuracy is a function of R" and the 
internal resistors which have a ±20% tolerance with 
20ppmjOC drift. The equation for choosing R" is shown 
below. 

40k 
R" = G _ I - 50n 

Burr-Brown Ie Data Book 3-71 

Gain can also be changed in the output stage by adding 
resistance to the feedback loop shown in Figure 5. This is 
useful for increasing the total gain or reducing the input 
stage gain to prevent saturation of input amplifiers, 

The output gain can be changed as shown in Table II. 
Matching of R\ and RJ is required to maintain high 
CMR. R2 sets the gain with no effect on CMR. 

TABLE II. Output Stage Gain Control. 

Output Stage Gain 

1 2kO 
lkO 

10 15kO 

COMMON-MODE INPUT RANGE 

274kO 
5110 
3400 

It is important not to exceed the input amplifiers' 
dynamic range (see Typical Performance Curves). The 
differential input signal and its associated common
mode voltage should not cause the output of A \ and A2 
(input amplifiers) to exceed approximately ±IOV with 
±15V supplies or nonlinear operation will result. Such 
large common-mode voltages, when the INAllO is in 
high gain, can cause saturation of the input stage even 
though the differential input is very small. This can be 
avoided by reducing the input stage gain and increasing 
the output stage gain with an H pad attenuator (see 
Figure 5). 

R, 

VOUT 

FIGURE 5. Gain Adjustment of Output Stage Using H 
Pad Attenuator. 

OUTPUT SENSE 
An output sense has been provided to allow greater 
accuracy in connecting the load. By attaching this feed
back point to the load at the load site, IR drops due to 
load currents are eliminated since they are inside the 
feed back loop. Proper connection is shown in Figure I. 
When more current is to be supplied, a power booster 
can be placed within the feedback loop as shown in 
Figure 6, Buffer errors are minimized by the loop gain of 
the output amplifier. 
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FIGURE 6. Current Boosting the Output. 

LOW BIAS CURRENT OF FET INPUT 
ELIMINATES DC ERRORS 

R, 

Because the INAIIO has FET inputs, bias currents drawn 
through input source resistors have a negligible effect on 
DC accuracy. The picoamp levels produce no more than 
microvolts through megohm sources. Thus, input filtering 
and input series protection are readily achievable. 

A return path for the input bias currents must always be 
provided to prevent charging of stray capacitance. Other
wise the output can wander and saturate. A lMO to 
IOMD resistor from the input to common will return 
floating sources such as transformers, thermocouples, 
and AC-coupled inputs (see Applications section). 

DYNAMIC PERFORMANCE 

The IN AIIO is a fast-settling FET input instrumentation 
amplifier. Therefore, careful attention to minimize stray 
capacitance is necessary to achieve specified performance. 
High source resistance will interact with input capaci
tance to reduce the overall bandwidth. Also, to maintain 
stability, avoid capacitance from the output to the gain 
set, offset adjust, and input pins (see Figure 2 for PC 
board layout). 

Applications with balanced-source impedance will pro
vide the best performance. In some applications, mis
matched source impedances may be required. If the 
impedance in the negative input exceeds that in the 

Transducer 

I 
I 
I 
I 
I , , 
\ 

FIGURE 7. Transformer-Coupled Amplifier. 

Burr-Brown Ie Data Book 

I 
I , 

,: 
I \ 
I \ 

I \ 

positive input, stray capacitance from the output will 
create a net negative feedback and improve the circuit 
stability. If the impedance in the positive input is greater, 
the feedback due to stray capacitance will be positive 
and instability may result. The degree of positive feedback 
depends upon source impedance imbalance, operating 
gain, and board layout. The addition of a small bypass 
capacitor of 5pF to 50pF directly between the inputs of 
the IA will generally eliminate any positive feedback. 
CMR errors due to the input impedance mismatch will 
also be reduced by the capacitor. 

The INAIIO is designed for fast settling with easy gain 
selection. It has especially excellent settling in high gain. 
It can also be used in fast-settling unity-gain applications. 
As with all such amplifiers, the INAIIO does exhibit 
significant gain peaking when set to a gain of I. It is, 
however, unconditionally stable. The gain peaking can 
be cancelled by band-limiting the negative input to 
400kHz with a simple external RC circuit for applications 
requiring flat response. CMR is not affected by the 
addition of the 400kHz RC in a gain of I. 

Another disthct advantage of the IN AIIO is the high 
frequency CMR response. High frequency noise and 
sharp common-mode transients will be rejected. To 
preserve AC CMR, be sure to minimize stray capacitance 
on the input lines. Matching the RCs in the two inputs 
will help to maintain high AC CMR. 

APPLICATIONS 
In addition to general purpose uses, the INAIIO is 
designed to accurately handle two important and demand
ing applications: (I) inputs with high source impedances 
such as capacitance/crystal/photodetector sensors and 
low-pass filters and series-input protection devices, and 
(2) rapid-scanning data acquisition systems requiring 
fast settling time. Because the user has access to the 
output sense, current sources can also be constructed 
using a minimum of external components. Figures 7 
through 24 show application circuits. 

\ 
\X200 16 

I 
I 
I 
I 

+15V 

VOUT 

I 

-15V 
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+15V 

1MO -15V 

BIBS 
Current 
Return 

FIGURE 8. Floating Source Instrumentation 
Amplifier. 

/~--7" 

I \ I 
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I 
, I 

VOUT 

75kO' 

\ 
\ , 

-"'--..., .... 
I \ I 
I \ I 
I I I 

AV ... I II 
I I I 
\ , I 
\ I '. 

\ 
\ 
I 
I , , 

I 
I 

+15V 

X200 

Driver minimiZeS degredatlon of CMR due to 
distributed capacitance on the Input lines 

FIGURE 9. Instrumentation Amplifier with Shield 
Driver. 

+15V 

X500 

J , J I J 
1pF* 

VOUl 

\ \ , 
\ \ I 

I 
75kO' 

-15 

FET Input allows low-pass fIltering with minimal effect on DC accuracy 

,. Larger resistors and a smaller capacitor can be used 

FIGURE 10. Bridge Amplifier with 1Hz Low-Pass Input Filter. 

+15V 

VOUT 

FIGURE II. AC-Coupled Differential Amplifier for 
Frequencies Greater Than O.OI6Hz. 
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VOUT 

,.. Use manual SWitch or low resistance relay 

Layout IS cntlcal (see section on Dynamic Performance) 

FIGURE 12. Programmable-Gain Instrumentation 
Amplifier (Precision Noninverting or 
Inverting Buffer with Gain). 
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H, 
D. 

10MO ........ 

H, ....... 
D. X500 

10MO 

Photodlodes 01 and 02 should 
be matched for best accuracy 

+15V 

KG In (H./H,) 

VOUT ' 

FIGURE 13. Ratiometric Light Amplifier (Absorbance 
Measurement). 

{
In 1 

1 In 2 

s{ln 15 
In 16 

+15V 

FIGURE 14. Rapid-Scanning-Rate Data Acquisition 
Channel with 5p.s Settling to 0.01%. 

X500 
VOUT 

X500 

GT;1000 
eNOISE = 7nVl../Hz 
T SETTLING 001" = 16ps 

FIGURE IS. Fast-Settling Low-Noise Instrumentation 
Amplifier with Gain of 1000. 

Burr-Brown Ie Data Book 

V,N 

SOOpF 500pF 

2kO 

• For 50Hz use 3 16MO and 637MO 
2kO potentiometer sets Q 

FIGURE 16. Precision Gain-of-IO Amplifier with 60Hz 
Input Notch Filter. 

+15V 

-15V 

For lower voltage, lower resistor nOise 
A, = A. = 20kO, 0, - D. = FDH300 (1nA leakage) 

For higher voltage, higher resistor nOise 
A, = A. = 100kO, 0, - 0, = 2N4117A (lpA leakage) 

Matching of RCs on Inputs will affect CMR, but 
can be optimized by trimming R, or R2 

VOUT 

FIGURE 17. Input-Protected Instrumentation Amplifier 
with Minimal Degradation of DC Accuracy. 

V, 

ll.V1N 

V. 

990kO +15V 

10kO 
Xl00 

990kO 

10kO 

CMA IS dependent on ratIo matchIng 
of external Input resistors 

VOUT 

FIGURE 18; Unity-Gain Differential Amplifier with 
Common-Mode Voltage Range of I000V. 
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+VREF:;:: 10V 

50kn 

50kn 

+VREF = 10V 

Full
Scale 

Calibration 

50kn 

500n 
VFs = SOmV 

50kn 

+VREF :;:: 10V 

S2 

X200 

Sl 

+15V 

ADe71 
16-81t 

Fast FET Input allows high throughput for many channels wLth virtually no 
DC error from bias current Interacting with sWitch and source resistance 

FIGURE 19. Load Cell Weighing Scale Instrumentation Amplifier. 

aV1N 

25-125mVp-p (FS) 
Microphone p-p 

24kn 

Ro EXT 

200n 

+15V 

24kQ 

-15V 

Variable Gain = 161 to 801 
Gain drift is dependent on RG EXT. 

FIGURE 20. Differential Input Power Amplifier. 
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For other gains. 

RG= ~ -50n 
G -1 

+15V 

Q, 

VOUT 

+-----t-~O 20Vp-p (FS) 

Q, 

-15V 

Speaker 
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+15V 

R 

l:lV1N 

RG 

R 

lOUT 

-15V 

lou, ~ (l>V'N) (G) (1!10k + 1!R)) 
For OmA to 20mA output, R ~ 50 250 with (l>V'N) (G) ~ 1V 

FIGURE 21. Differential Input FET Buffered Current 
Source, 

IN914 
Cold 

Junction 
Compensation 

K 

15kO 

+15V 

FIGURE 22, Thermocouple Amplifier with Cold Junc
tion Compensation and Input Low-Pass 
Filtering « 1Hz), 

+15V 

X10 

RG 

-15V 

X10 

X100 

X200 

X500 

RG 

X10 

X100 

I:l.V1N X200 

11 

X500 11 

RG 

+15V 

.6.VOU1 

FIGURE 23, Differential Input! Differential Output 
Amplifier. 

-15V +15V 

15 
VOUT 

Code Gain Typical 0,01% Settling Time 

00 10 
01 100 
10 1000 

6IJS 
6iJS 
12ps 

X10 X100 
PGA Gam 

Select 

FIGURE 24, Digitally-Controlled Fast-Settling Programmable-Gain Instrumentation Amplifier. 
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BURR-BROWN® 

IElElI 
, I • 

INA117 

AVAILABLE IN 
DIE FORM 

Precision High Common-Mode Voltage 
Unity-Gain 

DIFFERENTIAL AMPLIFIER 

FEATURES 
• HIGH COMMON-MODE RANGE: ±200VDC OR 

ACpk. continuous 
• UNITY GAIN: 0.02% GAIN ERROR. max 
• EXCELLENT NONLINEARITY: 0.001% max 
• HIGH CMR: 86d8. min 
• 8-PIN To-99 OR PLASTIC DIP 
• LOW COST 

DESCRIPTION 
The IN AIl7 is a precision unity-gain differential 
amplifier offering an extremely high common-mode 
input voltage range. As a monolithic circuit, it offers 
high reliability at low cost. The INAIl7 consists of a 
premium operational amplifier with an integrated 
precision resistor network. In instances where an 
isolation amplifier is used for its inherent high 
common-mode capabilities and not for galvanic 
isolation, the INAI17 may be substituted at substan
tially lower cost. No costly isolation power supply is 
needed. 

The INAIl7 is completely self-contained and offers 
the user a highly versatile function. No adjustments 
to gain, offset or CMR are needed. This provides 
three important advantages: lower initial design 
engineering time, lower manufacturing assembly 
time and cost, and easy, cost-effective field repair of 
a precision circuit. 

APPLICATIONS 
• AC OR DC POWER LINE MONITORING 
• TEST EQUIPMENT 
• INDUSTRIAL PROCESS CONTROL 
• GROUND BREAKER 
• INDUSTRIAL DATA ACQUISITION SYSTEMS-INPUT 

BUFFER WITH OVER-VOlTAGE PROTECTION 

+Vcc -Vee 

Reference B Compensation 

International Airport Industrial Park· P,O. Box 11400 . Tucson. Arizona 85734 . Tel. (6021 746·1111 . Twx: 910·952·1111 . Cable: BBRCORP . Telex: 66·6491 

PDS-748B 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C, Vee ::0 ±15V unless otherwIse noted 

INA117AM INA117BM INA117P 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

GAIN 
Inltlalm 1 · · V/V 
Error 001 005 · 002 · · % 
vs Temperature 2 10 · · ppm/oC 
Nonllneant/2 ) 00002 0001 · · · · % 

OUTPUT 
Rated Voltage 10 = +20mA, -SmA 100 12 * * · * V 
Rated Current Eo ~ 10V +20, --5 · · rnA 
Impedance 001 · · 0 
Current LimIt To common +49, 

-13 · · mA 
CapacItive Load Stable operatIon 1000 * · pF 

INPUT 
Impedance DIfferential 800 · · kO 

Common-mode 400 · , · kO 
Voltage Range DIfferential ±10 · · V 

Common-mode, continuous ±200 · · VDC,ACpk 
Common-mode ReJectlon l3! 70 80 86 94 · · dB 

vs Temperature DC TA ;::: TMtN to TMAX 66 75 80 90 · dB 
AC,60Hz 66 80 · 94 · dB 

OFFSET VOLTAGE RTO I4) 

Initial 120 1000 · 1000 · · pV 
vs Temperature TA = TMIN to TMAX 85 40 · 20 · pV/oC 
vs Supply ±Vcc = 5V to l8V 74 90 80 · · · dB 
vs TIme 200 · · JJV/mo 

OUTPUT NOISE VOLTAGE RTO IS ) 

F, '0 0 01 Hz to 10Hz 25 · · pVp-p 
Fo ~ 10kHz 550 · · nV/\Hz 

DYNAMIC RESPONSE 
Gam Bandwidth -3dB 200 · · kHz 
Full Power Bandwidth Vo ~ 20Vp-p 30 · · kHz 
Slew Rate 2 2'6 · · · · Vips 
Settlmg Time 01% Vo ~ 10V step 65 · · ps 

001% Vo ~ 10V step 10 · · ps 
001% VCM = 10V step, V01FF = OV 45 · · ps 

POWER SUPPLY 
Raled ±15 · · V 
Voltage Range Derated performance ±5 ±18 · · · · V 
QUiescent Current VOUT = OV 15 20 · · · · rnA 

TEMPERATURE RANGE 
Specification -25 +85 · · 0 +70 °C 
Operation -55 +125 · · -25 +85 °C 
Storage -65 +150 · · -40 +85 °C 

*Speclflcatlon same as for INA117AM 
NOTES (1) Connected as difference amplifier (2) Nonlinearity IS the maximum peak deViation from the best-fit straight line as a percent of full-scale peak-to
peak output (3) With zero source Impedance (see Offset and CMR section) (4) Includes effects of amplifier's Input bias and o11set currents (5) Includes effects 
of amplifier's Input current nOise and thermal nOise contrlbutron of resistor network 

ORDERING INFORMATION 

Temperature 
Model Package Range 

INA117AM Metal TO-99 -25°C to +85°C 
INA117BM Metal TO-99 -25°C to +85°C 
INA117KP Plastic DIP O'C to +70°C 

BURN-IN SCREENING OPTION 
See text for details 

Burn-In Temp. 
Moclel Package (160h)'" 

INA117AM-BI Metal TO-99 +125°C 
INA117BM-BI Metal TO-99 +125°C 
INA117KP-BI Plastic DIP +85°C 

NOTE. (1) Or equivalent combination. See text 

Burr-Brown Ie Data Book 3-78 Vol. 33 



MECHANICAL 

TO-99 Package 

"PIn 1 

PIN DESIGNATIONS 

Top View Metal TO-99-INAl17AM. 8M 

Tab 

Case connected to 
-Vee mternally 
Make no connection 

Top View Plastic DIP-tNAl17P 

Ni INCHES MILLIMETERS 
L 

• 
DIM MIN MAX MIN MAX 

A 335 370 851 940 
3- B 305 335 775 851 2ll1.h1 N ! C 165 185 419 470 

T - + - t 
D 016 021 041 053 

M 'e8 6-0// • E 010 040 025 1.02 
F 010 040 025 102 
G 200 BASIC 5.08 BASIC 

028 034 071 086 
029 045 074 114 
500 12'7 

L 110 180 279 406 
(:j/-" 

NOTE Leads In true position M 45' BASIC 45' BASIC 
095 105 within 0 01" (0 2Smm) A at MMC 241 267 

at seatmg plane 

uP" Package-Plastic DIP 

_L_ 

r---
,1,1 

!1~ 

I: 
-J I.M 

~I--J 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 355 400 902 1016 
A, 340 385 864 978 
B 230 290 584 737 

B, 200 250 508 635 
C 120 200 305 508 

015 023 038 058 
030 070 076 178 NOTE Leads In true 

G 100 BASIC 254 BASIC position within 001" 
025 050 06' 127 (0 25mm) A at MMC al 
008 015 020 038 seating plane Pm 
070 150 178 381 matenal and plating 
300 BASIC 763 BASIC composition conform to 

M 0' IS' 0' IS' method 2003 (solder-
N 010 030 025 076 ability) of MIL-STO-883 

025 050 064 127 (except paragraph 32) 

ABSOLUTE MAXIMUM RATINGS 

Supply. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . .. ±22V 
Input Voltage Range (Common & DifferentIal) 

ContinUOUS ................................... ±200V 
MomentarY,10s ............................... ±500V 

Operating Temperature Range M............ -55°C to +125°C 
p . . . . . .. . . . . .. -25'C to +B5'C 

Storage Temperature Range M ............. -65°C to +125°C 
p . . . . . . ... . . . . .. -40'C to +85'C 

Lead Temperature (soldering 10s) . .•. ... . . . . . . . . . . . .. +300°C 
Output Short CIrcuIt to Common ................. Continuous 

BURN-IN SCREENING 
Burn-in screening is an option available for both the 
plastic- and ceramic-packaged INA 117. Burn-in duration 
is 160 hours at the temperature shown below (or 
equivalent combination of time and temperature). 

Reference B Compensation 
Plastic "-BI" models: +85°C 
Ceramic "-BI" models: + 125°C 

-In +Vcc 
All units are tested after burn-in to ensure that grade 
specificatio,ns are met. To order burn-in, add "-BI" to the 
base model number. -t In 6 Output 

-Vee Reference 
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TYPICAL PERFORMANCE CURVES 
T. = t25'C, ±Vcc = 15V unless otherwise noted 

STEP RESPONSE 
No Load 

SMALL SIGNAL RESPONSE 
No Load 

SMALL SIGNAL RESPONSE 
RL = 00, CL = lOOOpF 

-100 
-94 

in -80 
:2-
a: 
::;; 
U -60 

COMMON-MODE REJECTION 
VS FREQUENCY 

INAlrBM 

~ 
INAI17AM, P 

" ~ -40 
I 10 100 Ik 10k lOOk 

Frequency (Hz) 

DISCUSSION OF 
SPECIFICATIONS 
Refer to Figure 1. Resistor networks at the amplifier 
input divide the input voltages down to levels suitable 
for the operational amplifier's common-mode and dif
ferential signal capabilities. Feedback around the oper
ational amplifier then restores overall circuit gain to 
unity for differential signals, while preserving high 
common-mode rejection. 

BASIC POWER SUPPLY AND 
SIGNAL CONNECTIONS 

Figl!re I also shows the proper connections for power 
supply, and signal. Supplies shOUld be decoupled with 
Ij.I,F tantalum capacitors as close to the amplifier as 
possible. To avoid gain and CMR errors introduced by 
the external circuit, connect grounds as indicated, being 
sure to minimize ground resistance. 

OFFSET AND COMMON-MODE REJECTION 

Two factors are important ,in maintaining high CMR: 
'resistor matching and tracking (already trimmed in the 
INA117 for the user) and source impedance. 

CMR depends on the accurate matching of several 
resistor ratios. High accuracies needed to maintain the 
specified CMR and CMR temperature coefficient are 
difficult and expensive to reliably achieve with discrete 
components. 

Burr-Brown Ie Data Book 3-80 

POWER-SUPPLY REJECTION 
VS FREQUENCY 

-100 r--"T""--,----,r---"T""--' 
-90 

in -801--~~~-+-~~-+_-~ 
:2-

~Il.a: 1--~~~~~~--~---4 -60 

10 100 Ik 10k lOOk 

Frequency (Hz) 

FIGURE 1. Basic Power Supply and Signal 
Connections. 
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Any external resistance imbalance adds directly to these 
resistor ratios. These imbalances can occur either directly 
in series with RI or R3 or in series with R. or Rs. For 
example, 40 added in series with pin I or 760 in series 
with pin 2 will degrade CMR from 86dB to 72dB. 

When input filters are used preceding an instrumentation 
amplifier, care should also be taken to match RCs on the 
two input lines. For example, mismatched input filters 
for high frequencies will reduce the CMR at lower 
frequencies, e.g., 60Hz. Differential filters will not de
grade AC CMR. 

Figures 2a, b, and c show circuitry to allow trim of both 
CMR and DC offset. Use of these circuits will affect gain 
accuracy slightly. 

(a) CMR Adjust 

Mx y 100kO +Vcc 

SOkO 

100 

-Vee 

(b) Vas Adjust 
Range = ±1 SmV 

(e) CMR and Vos Adjust 
Vos Range = ±1 SmV 

FIGURE 2. CMR and Vos Adjustment. 

RESISTOR NOISE IN THE INA117 

Figure 3 shows the model for calculating resistor noise in 
the INA1l7. Resistors have Johnson noise resulting from 
thermal agitation. The expression for this noise is: 

Erm, = J 21TKTRB 

Where: K = Boltzman's constant (J/OK) 
T = Absolute temperature ("K) 
R = Resistance (0) 
B = Bandwidth (Hz) 

At room temperature, this noise becomes: 

EN = 1.3 X 10-10 JR (V I JHz) 

The two noise sources in Figure 3 are: 

EN! = 1.3 X 10-10 JR, 
EN2 = 1.3 X 10-10 JR. 

Referred to output, 

ENOl = ENI (R2/Rs) 

(V/"JH;) 

(VI "JH;) 

ENOl = EN2 l(R2/RI II Rs) + I] 

Burr-Brown Ie Data Book 3-81 

Adding as the root of the sums squared: 

END = VENOl2 + ENOl' 

END at a 200kHz bandwidth 

= O.27mVrms 

(V/"JH;) 

= 1.6m Vp-p with a crest factor of 6 
(statistically includes 99.7% of all noise peak 
occurrences) 

FIGURE 3. Resistor Noise Model. 

APPLICATIONS CIRCUITS 
The INAII7 is ideally suited for a wide range of circuit 
functions. The following figures show many applicatior~ 
circuits. 

BATTERY CELL MONITOR 
Batteries are often charged in series. The INAII7 is ideal 
for directly monitoring the condition of each cell. Oper
ating range is up to ±200V, and differential fault con
ditions in this range will not damage the amplifier. Since 
the INAII7 requires no isolated front-end power, cost 
per cell is very low. 

+200Vmax 

Repeat " 
For Each 
Cell : 

INA117 

-2QOV max 

Mux 

Cell Select 

FIGURE 4. Battery Cell Monitor. 

eo= Cell 
Voltage 
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BRIDGE AMPLIFIER LOAD CURRENT MONITOR 

Bridge amplifiers are popular because they double the 
voltage swing possible across the load with any given 
power supply. In this circuit A, and A, form a bridge 
amplifier driving a load. A, is connected as a follower 
and A, as an inverter. 

At low frequencies, a sense resistor could be inserted in 
series with the load and an instrumentation amplifier 
used to directly monitor the load current. Under high 
frequency or transient conditions, CMR errors limit the 
accuracy of this approach. An alternate approach is to 
measure the power amplifier supply currents. To under
stand how it works, notice th<tt since essentially no 
current flows in the amplifier inputs, ILOAD = I, - 1,. 

A3 and A4 are INA1l7s used to monitor A, supply 

Power Amplifier Supply (200V max) 

+ 

R, 
020 INA117 

2 r ------l 
I 

currents I I and I, across sense resistors R I and R,. Since 
the INA1l7 has a ±200V CMV range, the inputs (pins 2 
and 3) can be tied to ±Vcc as long as the differential 
input is less than IOV. 

If R, = R, = R 
then e, I, X R 

e, = -I, X R 
and e, + e, = ILOAD X R 

As is an IN A105 difference amplifier connected as a 
noninverting summing amplifier with a gain of 5. The 
accurate matching of the two 25kO input resistors makes 
a very accurate summing amplifier. 

eo = 5 (e, + e,) = 5 (lLOAD X R) 
since R = 0.20 
eo = ILOAD (IV/A) 

1 16 
31 e, 

e, 

I 
I 

I'i L_ 

I, ~ 

R, 
0.20 

Power Amplifier Supply (-200V max) 

FIGURE 5. Bridge Amplifier Load Current Monitor. 

Burr-Brown Ie Data Book 

10kO 10kO 

9kO 

80= kOAD 

INA105 
eo = 5(e, + e.) 
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~--'?-'-----' 
4-20mAL71;,.<--__ +--l 

FIGURE 6. 4-20mA Current Receiver. 

±200V max 

VOUT 

AC/DC 
Power 
Supply 

FIGURE 7. Power Supply Current Monitor. 

R 

±200Vpk 

Choose R to match 
current level 

±200Vpk 

FIGURE 8. Three-Phase Current Monitor. 
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v," 

3aOkel 

3aOkel 20kel 

6 

t--,.. ,.. 
<C 
Z -

L 9' INAl17. 
L--__ --_-_--_--_-_--_-_--_--_-1-----J 
FIGURE 9. Inverting Amplifier, Gain = 18. 

r--------------l 
11 211kel 3aOkel 

- I 
I 
I 

21 3aOkel 

I 
I 
I 
I 
I 3aOkel 20kel 
I 

I 
I 
I 
I 

I 3 5 I 

I I 
L ___________ ~~1.:J 

FIGURE 10. Inverting Amplifier, Gain = 19. 

LEAKAGE CURRENT TEST MONITOR 

When the return path is not independently available, 
leakage current must be measured in series with the 
input. When the 400kO input impedance of the INAIl7 
is too low, a buffer amplifier may be added to the front 
end. In this example, an OPAI28 electrometer-grade 
operational amplifier is used. The IkO and 9kO feedback 
resistors set a noninverting gain of 10. Bias current of the 
amplifier is less than 75fA. The diodes and 100kO 
resistor protect the amplifier from 200V short circuit 
fault conditions. 

Since common-mode rejection is the ratio of common
mode gain to differential gain, CMR is boosted. The 
20dB gain ofthe OPAI28 added to the 86dB CMR of the 
INAIl? results in a total CMR of I06dB minimum. 
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±200V Max 

lkO 9kO 

100MO 
IN4l54 

100kO OPA128 

Vee 

FIGURE II. Leakage Current Monitor. 

MAINTAINING GAIN ACCURACY AND CMR IN 
ISENSE APPLICATIONS 
Figure 12 shows the INA1l7 used as a transimpedance 
de\ icc. i.e .. 

VOll ,,= I gm 

ro calculate a value for R, and R( 0\11'; 

Example: 

(I' gm) 3S0k 
R, = R(o\l" = 3HOk ~ (I gm) 

For IV out per 4mA of I, 

I. gm = IV 4mA = 250 

Rs = ReoMP = 250 (380k)/ 380k ~ 250 = 250.165 
For Rs:::; 3800, Maximum Error = 0.02%. 

Burr-Brown Ie Data Book 3-84 

Model PWS?25 
Isolated DC/DC Converter 

+15V 

Com 

-15V 

INAll? 21-------, 
, 
16 
I 
I 

____ J 

80 ::::: IL X 109 

(lV1nA) 

r---------------, 
I 3aOkO' 

FIGURF 12. U,ing the INA1l7 as a Transimpedancc 
[)evice. 
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PGA100 BURR-BROWN® 

IElElI 

Digitally-Controlled 
Programmable Gain/Multiplexed Input 

OPERATIONAL AMPLIFIER 

FEATURES 
• HIGH GAIN ACCURACY. ±n02%. max (B grade) 
• LOW NONLINEARITY. ±0.005%. max (B grade) 
• FAST SETTLING. 5!,sec to 0.01% 
• LOW CHANNEL-TO·CHANNEL CROSSTALK. ±D.003% 
• INPUT PROTECTION. ±20V. max above ±VCC 
• B ANALOG INPUT CHANNELS WITH HIGH ZIN. 1011 n 
.8 BINARY GAINS 1. 2. 4. 8. 16.32.64.128 (V/V) 
• FULLY MICROPROCESSOR-COMPATIBLE 

DESCRIPTION 
The PG A I 00 is a precision, digitally-programmable
gain multiplexed-input amplifier. The user can select 
anyone of eight analog input channels simulta
neously With anyone of eight noninverting binarily 
weighted gain steps from I to 128 (V / V). The digital 
gain and channel select are latchable for micro
processor interface. Also, the fast 5!,sec settling time 
is ideal for rapid channel scanning indata acqui,ition 
systems. 

Precision laser-trimming of both offset voltage and 

CONTROL1
CP 

INPUTS -
CE 

o~ 
,0-
0,---

~ R 
R 

2R 
R 

APPLICATIONS 
• OATA ACQUISITION SYSTEM AMPLIFIER 
• SOFTWARE ERROR CORRECTl8N 
• AUTO-ZERDING CAPABILITY 
• DIGITALLY-CONTROLLED AUTO RANGING SYSTEM 
• TEST EQUIPMENT 
• REMOTE INSTRUMENTATION SYSTEM 
• SYSTEM DYNAMIC RANGE AND RESOLUTION 

IMPROVEMENT 

gain accuracy, with good temperature tracking of 
feedback resistor ratios, permits direct use without 
adjustments. However, hardware or software cor
rection of errors is readily achievable. 

In addition, gain scaling to gain, other than I to 
128V! V can easily be accomplished. 

Microcircuit construction and the use of laser
trimmed thin-film feedback resistor, achieve high 
accuracy, small si7e, and low cost not obtained with 
discrete designs 

2R 2R 2R 2R 2ft 
R R R R 

"N' 

GAIN SWITCH 

R =13kll 

1 Ri 
I 

r-

I 

G AIH 
CALE! 
JUST 

S 
AD 

(
A 

GAIN A 5 

SELECT A: 0-

CHANNEl A2 
SElECT Al 

AD 

0-
0-
c-

IN7 
IN6 

TTl LATCH 
r--VDD 1 

~~. ? .VCC ·VCC -

INPUT 0 
MULTIPLEXER + .VCC 

\11 

UTPUT 

ANALOG IN5 
INPUT IN4 

CHANNELS :=~ 
INI 
INO 

:l ~l 
,( J "C J .. <.J 

VDD DIGITAL COMMON .VCC ANALOG COMMON .VCC 

International Airporllndustrial Park· P.O. Box 11400 Tucson. Arizona B5734· Tel. 16021 746·1111 . Twx: 910·952·1111 . Cable: BBRCORp· Telex: 66·6491 

PDS-457B 
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SPECIFICATIONS 
ELECTRICAL 
Specifications atTA = +25°C, ±Vee = 15VDC, Voo = +5VDC unless otherwise noted. 

PGA100AG PGA100BG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

GAIN,G 
Inaccuracy(1j G-1 to 128, 10-1mA ±0.01 ±0.05 ±0005 ±002 % 

vs Temperature(2) -25°C:5 TA:5 +85°C ±5 ±10 ppm/oC 
V5 Time ±000.1 %/1000 hrs 

Nonllnearity(3) G = 1 to 128, 10=1mA ±0004 ±001 ±0002 ±0005 %of FS 
vs Temperaturel2) -25°C :5 TA :5 +85°C ±2 ±5 ppm/oC 
vs Time ±O.001 %/1000hrs. 

Warm-up Time 1 . min 

RATED OUTPUT 
Voltage 10 -±2mA ±10 V 
Current Vo = ±10V ±2 rnA 
Output Resistance G:5128 0.05 n 
Short CircUIt Current ±15 · rnA 
Capacitive Load Range Phase Margin;::: 25° 1000 pF 

INPUT OFFSET VOLTAGE 
Inilial TA +25°C ±O 1 ±1 ±005 ±0.5 mV 

vs Temperature -25°C::$ TA:::: +85°C ±6 p.V/oC 
vs Supply Voltage ±8VDC:5 I Vee 1:5 ±18VDC ±10 ±80 . p.VIV 
vs Time ±15 · p.V/mo. 

INPUT BIAS CURRENT 
Inrtlal TA +25°C 

"OFF" Channel ±10 pA 
"ON" Channel ±O.1 ±1 nA 
vs Temperature Note 4 

INPUT DIFFERENCE CURRENT, 
BETWEEN CHANNELS 
Initial TA +25°C 

"OFF" Channel ±20 pA 
"ON" Channel ±0.2 ±2 nA 
vs Temperature Note 4 

ANALOG INPUT CHARACTERISTICS 
Absolute Max Voltage No damage ±( IVeel+201 

. V 
Input Voltage Range linear operation ±10 V 
Input Impedance 

"OFF" Channel 10'2115 nil pF 
"ON" Channel 1011 II 25 nil pF 

INPUT NOISE 
Voltage NOise Density fo 1Hz 200 nVIYHz 

fo = 10Hz 60 · nV/VHz 
fo = 100Hz 25 nV/VHz 
fo = 1kHz 18 nV/v'Hz 
fo = 10kHz 18 nV/y'Hz 
fo = 100kHz 18 nV/v'Hz 

Voltage NOise fe = 0.1Hz to 10Hz 2.6 p.V, pop 
Current NOise Density fo = 0.1 Hz thru 8kHz 6 fAlv'Hz 
Current NOise fe = 0 1Hz to 10Hz 115 fA, pop 

DYNAMIC RESPONSE 
Gain Bandwidth Product 5 MHz 
Full Power Bandwidth G=.1, Vo=20V. pop, RL=5kn 220 80 kHz 
Slew Rate G = 1. Vo = ±10V, RL = 5kn 14 5 V/p.sec 
Settling Time(S) G=1, Vo =±10V. RL=5kn 

f=1% 25 j.lsec 
f=01% 3 J,tsec 
,=0.01% 5 Ilsec 

Rise Time 10% to 90%, small signal 70 nsec 
Phase Margin G = 1, RL =5kn 60 Degrees 
Overload Recovery (6) G = 1. 50''' overdrive 2 J.lsec 
Crosstalk, RTIIS)(7) 20V, p-p.1kHz Sine, Rs = 1kn ±0.003 % 

on all OFF channels 

DIGITAL INPUT(8) 
Input "Low" Threshold, V'L 08 V 
Input "High" Threshold. V'H 20 V 
fmax, Maximum Clock Frequency 30 MHz 
tWL, Clock Pulse Width (Low) Figure 1 20 nsec 
t", Setup Time (Data to CPI Figure 1 20 nsec 
th" Hold Time (Data to CPt Figure 1 5 nsec 
t'2' Setup Time (CE to CPt Figure 1 25 nsec 
th2, Hold Time (CE to CPt Figure 1 5 nsec 
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ELECTRICAL (CONT) 

PARAMETER CONDITIONS 

I ANALOG SUPPL V 
I Rated v~tage 

Voltage Range Derated periormance 
Positive QUiescent Current 
Negative QUiescent Current 

J)I9_~ 
I Rated v~tage 

Voltage Range 
QUiescent Current Voo ~ +5 25V 

11D~lIANGE. 

I I I :'peratlng Derated performance 

·Speclflcatlons same as P,GA 1 OOAG 

NOTES 
1 Inaccuracy IS the percent error between the actual and Ideal gam 

selected It may be externally 'adjusted to zero 
2 Parameter IS untested and IS not guaranteed ThiS specIfication 

IS established to a 90% confidence level 
3 Nonllneanty IS the maxImum peak deviation from a "best straight hne" 

(curve fitting on input-output graph) expressed as a percent of the full 

scale peak-to-peak output Gain constant, VOUT ranges from-10V to +10V 
4 Doubles approximately every 1 aoc 
5 See TYPical Performance Curves 

6 Time required for the output to return from saturation to linear 
operation following the removal of an Input overdrive signal 

7 Crosstalk IS the amount of signal feedthrough from all OFF channels 
that appears at the o'utput of the Input multiplexer It IS expressed as a 
percent of the signal applied to all OFF channels 

8 All digital Inputs are one 74LSTTlioad 

ABSOLUTE MAXIMUM RATINGS 

Analog Supply 
Olgltal Supply 
Input Voltage Range, Analog 
Input Voltage Range. DIgItal 
Storage Temperature Range 
Lead Temperature (soldering 10 seconds) 
Output Short-CircUIt Duration 
Junction TefJ1perature 

PIN DESIGNATIONS 

'~~ IN6 2 

IN5 3 

IN4 4 
OG ANAL 

COMMON" 

AI) 

-Vee 

±1SV 
+7V 

±IIVeel +201V 
+7V 

-55°C to +125°C 
3000C 

Conhnuous to ground 

'24)IN3 

;z;: IN2 

~)IN1 
~)INO 
~ ANALOG 

COMMON" 
CE IClock 
Enable Not) 

175°C 

CP IClock Pulse) 

As 

A. 

Voo 
DIGITAL 
COMMON 

+Vee 

"'Connected IOternally~ Use Pin 20 as the pnmary analog common. 

Burr-Brown Ie Data Book 

L PGA~AG i ~o~ I 
MIN TVP MAX M~ ~P MAX UNITS 

"'I> VUl.-

±8 :+:18 V 
+20 +27 +t5 +20 rnA 
-to -16 -7.5 -12 mA 

8 +, V~I.- ..... 
+525 <C +475 

15 27 mA e" 
C. 

-25 -So :~ -55 -125 
-55 +125 °C 

MiI'~W.6.NI~.6. 

Pin numbers shown for reference only 
Numbers may not be marked on package. 

I 000000000000 

" ". 

" 1 CJ) 

~j~:"j a: 
W 
it 

NOTE' ::::i 
~ leads in true position within C. L ---" = O"Otc)" 1 0 25mm I 'R at MMC at seating plane. ::E 

~Je~1n <C 
Z I" 
0 

CASE Black CeramIc t= 
MATING CONNECTOR 245MC 

~ PIN Pm material and plating composition conform to 
method 2003 1 solderabIlIty 1 of MIL-STD-883 lexcept Z paragraph 3 21 

W WEIGHT 63 grams 10 225 OZ. 1 
HERMETICITY' Conform to method 1014 Condition C ::E 

Step 1 Ifluorocarbon) of MIL-STD-S83 (gross leak). => 
INCHES MILLIMETERS a: 

DIM MIN MAX MIN MAX t; A 1 310 1360 3321 34 <)4 

8 no 8'0 1956 20 ')7 

~ C '"0 210 381 ') 33 

0 018 021 0'6 003 , 035 050 o 8~ I " 
c. 100 BASIC 254BASIC 

H 110 130 279 330 

K 150 250 381 63') 

I 600 BASIC 1 <) 24 SASIC , 002 010 005 02'.> 

R 085 10" 216 26' 

ORDERING INFORMATION 

Temperature 
Model Package Range 

PGA100AG Ceramic -25°C to +85°C 
PGA100BG Ceramic -25°C to +S5°C 

BURN"IN SCREENING OPTION 
See text for details 

Bum-In Temp. 
Model Package (160h)'" 

PGA1ooAG-BI CeramIc +125°C 
PGA 1 OOBG-BI Ceramic +125°C 

NOTE' (1) Or eqUIvalent combination See text 
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TYPICAL PERFORMANCE CURVES 
(TA = +25°C, ±Vcc = 15VDC, Voo = +5VDC, unless otherwisE> noted. I 

GAIN ACCURACY VS GAIN 
+0.015 

+O.02t--t---t--t--t--t--t--t LLW +0.01 

ii 
"#

~+O.01 t--t---t--t--+--t--bo'l9':l -+0005 - ~ 

GAIN NONLINEARITY VS GAIN 

! 

~ .~ 

!i. .~ 0 VI//f, ;///f, f////, VI///' VI///' W/j ?f0 
~ c ·co 0 

Cl -O.o1"'_-+_-+_-+_-+_-+_-f~"'Z ,,0005 
<ii 
Cl 

-0.01 

-0015 
2 4 8 16 32 64 128 1 

Gain (VIV) 

GAIN ACCURACY AND 
NONLINEARITY VS OUTPUT CURRENT 

+003r---~--~--~--~--~ ... 

+O.021---t--t--+:-:--::-t-~+--::1 

00 
:!'. 
~ 
·iI 
Cl 

-0.01 t--+--+--+---"...,.. .... 

-002 t--t--f-

-0.03 0~--!---:2!---:3:!--4!--:!-~6 
Output Current (mAl 

SMALL SIGNAL FREQUENCY RESPONSE 

50 

G~128 
40 - -G 64 , 
30 

G ~'32 ~ 
G=16 , 

20 G-8 '-
G=4 

10 G 2 .l. 

0 
G=1 '\ 
I 

60 

50 

"0 
3:l 40 
3 

" ~ 30 
0> 
.§ 
~ 20 
en 

10 

o 

.;c ., 
" Co 
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8, 
.2l 
0 
> 
=> 
% 
0 

1 

30 

25 

20 

15 

10 

5 

o 

'II. 

2 

'II, VIII. VII//; ~ 
RLI = 10~0 

PG(IOOiG 

4 8 16 32 64 128 
Gain (VN) 

SETILING TIME VS GAIN 

Vou+ = 20~, p-I' 
Rs = 500 
RL = 5kO 

001% 

01% 

1% "\ 

~ 
~ ~ 

i 
Y 

4 8 16 32 64 128 
Gain (VIVI 

LARGE SIGNAL OUTPUT 
VOLTAGE VS FREQUENCY 

Vcc = ±18VDC 

vcJ =±15~DC ~ 

vcJ =±8JDC \ 
\ 

GAIN ACCURACY AND NONLINEARITY 
VS TEMPERATURE +006r-__ ~ __ ~ __ ~ __ ~ __ ~~-. 

g 
w 

"0 
" 

60 

50 

Temperature (OCI 
SEITLING TIME VS GAIN AND 

SOURCE RESISTANCE 

VOUT = 20V, p-p / ' = 0 01%, RL = 5kO 

--1 li 
1 40 

" E 
t= 30 

~s = ldOk!! f 0> 
EO 

~ en 20 Rs = 10k!! 1-

\~~ 
10 

Rs<lkll 

0 1 2 4 8 16 32 64 128 
Gain (VIVI 

FREQUENCY CHARACTERISTICS 
VS AMBIENT TEMPERATURE 

1.3 '---T""-T""-"---"---.,-'" 

1.2 t-_O+---+----7Y----+--j--I 

!g 1 1 t---+""""'~.,--t---""""---+---i 

~ 
~ 1.0t---+--+--]1.--!-+-;----I 
iii 
Q; 

a: 0.9 t--+_"f---+-~r"""'",,",,-I 

O.81---t---If'.::--0--::-+--+--=="'I 

10 1UO lk 10k lOOk 1M 10M 
Frequency (Hz) 

FREQUENCY CHARACTERISTICS 

10 100 lk 10k lOOk 1M 10M 
Frequency (Hz I Temperature (OC) 

LARGE SIGNAL 
TRANSIENT RESPONSE 

G> 
::l 

~ 
~ 
." 
.!l 
G> 
a: 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

0.7 
5 

VS SUPPLY VOLTAGE 

Settling Time 

" .~ -
Ksandwidth ./ .... , 
r-- sleJ Rate 

10 15 
Supply Vollage (±Vccl 
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20 

+100 

:> 
S +5 0 

i g 0 

=> 
% -5 
o 

0 

-10 0 

SMALL SIGNAL 
TRANSIENT RESPONSE 

I 
Rs = 500 
RL = 5kO 

G=1 

+10 I--HI'-I--""~-+-~---I 

~+51----+-f--+--t---+--~---i 
~ As=50n 
.2l 
>0 OL-_-t-f_+RL = 5kl1 

.- G =.1 -j----HI--t 

~ 8 -5t---1f--+--t----!---Hr--I 

J -10 .... -f----t--+----+----+lf ..... 

o 02 0.4 06 0.8 1.0 o 5 10 15 20 25 
Time ("sec) Time ("sec) 
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5 10 15 20-35 
Supply Voltage.(±Vee) 

THERMAL RESPONSE TIME OF INPUT 
OFFSET VOLTAGE FROM HEAT APPLICATION 
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BURN-IN SCREENING 
Burn-in screening is an option available for the PGA1OO. 
Burn-in duration is 160 hours at the temperature shown 
below (or equivalent combination of time and temp
erature). 

Plastic "-BI" models: +85°C 
Ceramic "-BI" models: + 125°C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

DISCUSSION OF 
PERFORMANCE 
The PGAIOO is a self-contained programmable-gain 
amplifier whose gain can be changed in 8 binarily 
weighted steps from I to 128 or as scaled externally 
through the gain scale/ adjust pin. The gain control is 
accomplished by the gain switch (break-before-make) 
whose position is determined by the 3-bit TTL address. 
A,. A.. and A,. When selected. I of8 positions connects 
the thin-film resistor network to the feedback loop of the 
op amp. This establishes the desired gain. (See I nstalla
tion and Operating Instructions for gain scaling.) 

Similarly. the 8 analog input channels are switched by the 
input multiplexer (break-before-make) whose position is 
determined by the 3-bit TTL address, An. AI. and A2. 
Gain and channel selection,appear in Table I. 64-channel 
gain combination; are possible. 

The digital inputs are latched by the positive transition of 
the clock pulse. pm 18. when the clock enable. pin 19. is 
low. The relative set up and holding times specified in the 
Electrical Specifications are shown in Figure I. The 
internal latch is similar to the industry standard 74LS378. 
Figure 2 shows a timing diagram for selected addresses 
indicating: the enable function. changing channel and 

T ABLE I. Gain and Channel Select Truth Table. 

GAIN SELECT 
As A4 

0 
0 
0 
0 
1 

DATA 
ADDRESS 

CP 

A3 

0 
1 
0 
1 
0 
1 
0 

GAIN 

.2 
4 
8 

16 
32 
64 

128 

CHANNEL SELECT CHANNEL 
A2 A, Ao 

0 0 0 INO 
0 0 1 IN1 
0 0 IN2 
0 1 1 IN3 

0 0 IN4 
0 INS 

0 IN6 
IN7 

FIGURE I. Data Address and Clock Enable Setup and 
Hold Times. 
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gain. changing channel constant gain. and constant 
channel. changing gain. 

f5-----..... r 
GAIN SELECT 1 A4 r 

{ A3--.----' 

CHANNEL {::--' -------' 
SELECT 

AO~ 
_DISABLEDU 
CE ' 

ENABLED '"--__ ..... r 
POSITIVE 

CP EDGE 
TRIGBER , , , , , 

I~ INo 
, 1 , 

CHANNEL CHOSEN ,INI IN7 IN7 , , , 
1 , 
1 , , I I 

OAIN CHGIEN G ~ I B ~ I 0;2 G~2 
, 

G = 128 

FIGURE 2" Timing Diagram for Selected Addresses. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
POWER SUPPLY AND SIGNAL CONNECTIONS 

VOUT = .... Iactlll VIN 

FIGURE 3. Basic Power SUPI;lly. Ground. and 
SiJ(nal Connections. 

Figure 3 shows the proper analog arid digital power 
supply connections. The supplies 'should ·be decoupled 
with IIlF tantalum and IOOOpF ceramic capacitots as 

, close to the amplifier as possible. To avoid gain errors 
connect grounds as indicated being sure to minimize 
ground resistance. Note that a resistance of greater than 
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0.0050 in series with the analog common will degrade the 
specified gain accuracy. IMPORTANT: Normally the 
digital ground is brought in from the digital power supply 
on a separate line. However, the analog and digital 
commons must be connected together somewhere in the 
system. 

OPTIONAL GAIN SCALE/ADJUST 
The gain scale/ adjust pin is shown in Figure 4. When no 
connection is made, gains appear as in Table I. At"least 
two functions can be performed. First, the gain range can 
be scaled to gains other than I to 128, for example, I to 
100 or I to 1024. Gain steps, however, retain binary 
weighting. Some examples are: (I, I, 2, 4, 8, 16, 32, 64 
with pins II and 12 connected together), (I, 1.5625,3.125, 
6.25,12.5,25,50,100),(1,12.5,25,50,100,200,400,800), 
and (I, 16, 32, 64, 128, 256, 512, 1024). Scaling is 
accomplished by using a potentiometer, R" shown in 
Figure 4. Be certain to use a potentiometer of good 
mechanical and thermal stability. Additional gain drift 
with temperature should be minimal since it depends on 
the thermal tracking of the resistance ratio, RA to Rs, set 
by the potentiometer. 

+5VDC 

RA RI 
r-;;-rn;---Sl Dileo 

TCR 
.; IDOppm/"C 

RL 

+15VDC 

OFFSET 
R4 ADJUST 
IkO Do 

·15VDC 

FIGURE 4. External Gain and Offset Adjustment. 

Second, the gain inaccuracy, remaining after laser trim
ming at the factory, can be adjusted to zero at any gain 
other than unity. To improve resolution and limit 
adjustment range, a resistor may be added in series with 
the wiper of the potentiometer and pin 12. This will, 
however, increase gain drift. Figure 5 shows the effect of 
gain adjustment. R, does not affect gain linearity. 

OPTIONAL OFFSET ADJUSTMENT 

Figure 4 also illustrates a technique for offset adjustment. 
This adjustment has no effect at unity gain. R2 will trim 
the offset to zero and have neglible effect on the gain 
accuracy. For best results, trim the offset at the highest 
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128 

84 

32 

4 

2 

IDE1L 
,/, 

i\" V;' 
/[7,: / 

V~ , , 

/" , ,'GAIN ADJUST -
;(: , MOVES LINE 

, ' 
" Ai SHOjN __ g.' I .-

000 001 010 011 100 101 110 III 
Digital Input (A5• A4' A31 

FIGURE 5. Effect of Gain Adjustment. 

o o ,.. 
<C 

~ 

gain. If R3 is made smaller, output offsetting can be II 
accomplished. This can be used to introduce an inten-
tional DC voltage at the output. The external amplifier 
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used will add to the input noise, therefore, use one with a 
noise level of at least three times lower than that specified 
for the PGA 100. 

LAYOUT CONSIDERATIONS 
Proper attention to layout is necessary to achieve the 
specified performance of the PGAIOO. Major goals are to 
reduce crosstalk, noise pickup, noise coupled from the 
power supply, and gain errors. 

Be certain to separate analog and digital runs to aVOid 
coupling of digital transients. To reduce gain errors, 
connect analog grounds with a ground plane or a low 
resistance star configuration as shown in Figure 3. 
Analog and digital commons must be connected at some 
point in the system to insure proper operation. 

GAIN INACCURACY AND NONLINEARITY 
As shown in Figure 3, connect pins 5 and 20 directly 
together at the unit and use pin 20 as the primary analog 
common. Ground resistance in series with pin 20 also 
appears in series with the internal gain-setting resistors 
and will decrease the magnitude of all gains except unity. 
The resulting accuracy error varies nonlinearly with the 
gain selected and therefore cannot be externally adjusted 
to zero for more than one gain at a time. Gain linearity is 
not affected by external ground resistance (see Per
formance Curves.) 

CROSSTALK 
Crosstalk is the amount of signal feedthrough from all 
OFF channels that appears at the output of the input 
mUltiplexer. It is expressed as a percent of the input signal 
applied to all OFF channels. For example, the 0.003% 
specification indicates that 0.6m V. p-p, out of a 20V, p-p, 
I kHz sine wave (applied to 7 OFF channels) will appear 
at the noninverting input of the internal op amp. Note 
that crosstalk increases with high freq uencies due to the 
capacitive coupling between ON and OFF channels. It 
also increases with greater source resistance. However, 
because both the input signal and crosstalk noise are 
amplified equally, the resulting output signal-to-noise 
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ratio is independent of gain. Unused input channels 
should be grounded in order to reduce crosstalk and 
extraneous noise pickup. (See Performance Curves.) 

SETTLING TIME 
Settling time is the time required, after application of a 
step input signal, for the output voltage to settle and 
remain within a specified error band around the final 
value. It is a very important consideration since this will 
be the limiting parameter in determining the maximum 
channel scanning or throughput rate. The PGAIOO 
specification includes the effects of both the multiplexer 
and amplifier. Note that settling time increases with 
increasing source resistance and gain. Minimum settling 
time is achieved by choosing a low source resistance, for 
example, Rs";;; IOkO and gains";;; 16. (See Performance 
Curves.) 

INPUT OVERVOL TAGE PROTECTION 
The PG A 100 provides input overvoltage protection of 
20V in excess of either power supply voltage expressed as 
±( IVee 1+20). This is achieved in the dielectrically 
isolated analog mUltiplexer which will withstand over
voltage even when the power supplies are off. As a 
consequence the PGAlOO is protected against high input 
levels and brief transient spikes of up to several hundred 
volts that can result from signals originating from outside 
the system. (See Performance Curves.) 

TYPICAL APPLICATIONS 
The PGAIOO is ideal for a variety of applications, 
especially where low channel-to-channel crosstalk is 
required. In many applications the PGAIOO will not 
require trimming of offset and gain errors. However, 
these can be minimized utilizing hardware or software 
error correction techniques. Figures 6 and 7 show 

MICROCOMPUTER 

rg 
'-----i; I--------i 

~ 
CI 
CI 
C 

6 ANALOG INPUT CHANNEls{~~~~~~i 
FOR OFFSET AND GAIN { VRE~ 

CORRECnON 

applications of the PGAlOO separately and in a data 
acquisition system. 

Figure 7 shows a Data Acquisition System. In this system 
the PGA 100 allows the user to deal with signals of wide 
dynamic range while maintaining high system resolution. 
For example: When used with a 12-bit AI D converter in 
a "floating point" system, the 27 gain range of the 
PGA 100 plus the i2 range of the converter produces a 
total system resolution of i 9 (524,000 to I). 

Also the user can modify and reprogram gain values for 
different analog input channels merely by changing the 
software computer program. Since different dedicated 
amplifiers are not required for various input channds, 
the PGAIOO also saves space and overall system costs. 
Software correction virtually eliminates system offset 
and gain errors over both time and temperature. 

INPUT 
SIGNALS 

MAY BE (VREF 
USED FOR ERROR ,--"""I 

CORRECTION '------------1 

CE 

FIGURE 6. Digitally Selectable Function Amplifier. 

DATA BUS 

AID 
CONVERTER 

ADCBO 

FIGURE 7. Use of PGAIOO in a Data Acquisition System with Software Auto-zero and Gain Calibration. 
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BURR-BROWN® 

IElElI PGA102 

AVAILABLE IN 
DIE FORM 

Digitally-Controlled 
Programmable-Gain/Fast-Setiling 

OPERATIONAL AMPLIFIER 

FEATURES 
• DIGITALLY·PRDGRAMMABLE GAINS. XI. XID. XIOD 
• LOW GAIN ERROR. 0.01%. max 
• LOW GAIN DRIFT. 5ppm/o C. max 
• LOW NONLINEARITY. 0.003%. max. 14·BIT 
• FAST SETTLING. 2.Bps. 0.01%. typ 
• THREE INDEPENDENT INPUT CHANNELS WITH 

SEPARATE GAIN ADJUSTMENT 

• LOW COST 
• SMALL 16·PIN DIP PACKAGE. CERAMIC AND PLASTIC 

DESCRIPTION 
The PGAI02 is a precision digitally-programmable 
gain block. Its monolithic design permits low cost 
and high reliability. The user can select one of three 
gains (I, 10, 100), two of which are independently 
adjustable. The logic section has high input imped
ance and functions without a separate supply. Pre
cision laser-trimmed offset and gains permit use 
without external adjustments. High performance 

R.l33kn 

COMMON FORCE 4 
Rs12kn 

COMMON SENSE 5 
Rs l08kO 

H,12kn 

V,N IIXII 6 

GAIN ADJUST (X101 1O 

V'N2 IXIOj 1 

GAIN ADJUST IX1001 9 

v'" 31Xl001 8 

3 
-Vee +Vcc lOGIC 

APPLICATIONS 
• DATA ACQUISITION AMPLIFIER 
• AUTORANGING AMPLIFIER UNDER COMPUTER 

CONTROL 
• SUPER·ACCURACY. LOW COST. FIXED GAIN BLOCK 
• TEST EQUIPMENT GAIN CONTROL 
• PORTABLE INSTRUMENT GAIN SELECTION 
• DATA LOGGING RANGING CONTROL 
• 3·CHANNEL MULTIPLEXER 

thin-film resistors wi{h excellent temperature track
ing assure low gain drift and excellent stability. 

The fast 2.8l.1sec settling makes the PGAI02 ideal for 
rapid channel scanning in data acquisition systems. 
Also the high accuracy is very beneficial in test 
equipment and instrumentation applications where 
programmable or fixed gain is required. 

RJ I08kO 

R2 108kn 

15 Your 

I 2 1112 

THRESHOLD SEX(~CT S!t':1T ~~~~~i 
CONTROL 

International Airport Induslrlal Park· P.O. Box 11400 . Tucson. Arizona 85734 . Tel. 16021 746·11 II . Twx: 910-952·11 II . Cable: BBRCORP . Telex: 66·6491 

PDS·579B 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C, ±Vco ; 15VDC unless otherwose specolied 

PGA102AG PGA102BG/SG PGA102KP 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

GAIN 
Inaccuracyl1l RL;2kCl,G;1 ±0,007 ±002 ±0003 ±001 % 

G;10 ±0015 ±0.03 ±001 ±0.02 ±005 % 
G ;100 ±002 ±005 ±0015 ±0025 ±006 % 

vs Temperature G;1 ±04 ±5 ppm/oC 
G;10 ±2 ±7 ppml"C 
G ;100 ±7 ±20 ±9 ppm/oC 

Nonlinearity RL;2kCl,G;1 0001 0003 %oIFS 
G;10 0002 0005 %ofFS 
G ;100 0003 001 %oIFS 

RATED OUTPUT 
Voltage RL; 2kCl ±10 ±125 V 
Current VOUT= 10V ±5 ±10 mA 
Short CircUit Current ±10 ±25 mA 
Output Resistance 001 Cl 
Load Capacitance For stable operation 2000 pF 

INPUT OFFSET VOLTAGE 
Imtlal 121 G;1 ±200 ±500 ±100 ±250 ±1500 /lV 

G;10 '±70 ±200 ±50 ±100 ±600 /lV 
G;I00 ±70 ±200 ±50 ±100 ±600 /lV 

vs Temperature G;1 ±5 ±20 ±7 ±50 /lVioC 
G;10 ±1 ±7. ±3 ±10 /lVioC 
G;I00 ±05 ±3 ±2 ±7 /lVioC 

vs Supply Voltage ±5 < Vee < ±18V 
G;1 ±30 ±70 /lVN 
G;10 ±8 ±30 /lVN 
G ;100 ±8 ±30 /lViV 

INPUT BIAS CURRENT 
Initial T.;+25°C ±20 ±50 nA 
Over Temperature TA MIN to TA MAX ±25 ±60 nA 

ANALOG INPUT 
CHARACTERISTICS 

Voltage Range linear operation ±10 ±12 V 
Resistance 7Xl0· Cl 
Capacitance 4 pF 

INPUT NOISE 
Voltage NOise I.; 0 1Hz to 10Hz 

G;1 45 /ll/p-p 
G;10 15 /lVp-p 
G;100 06 /lVp-p 

Voltage NOise Density 10; 1Hz, G;1 490 nVlVHz 
G;10 178 nVlVHz 
G;100 83 nVlVHz 

10;10Hz,G;1 155 nVlVHz 
G;10 56 nVlVHz 
G;I00 20 nVlVHz 

10; 100Hz, G ; 1 93 nVlVHz 
G ;100 31 nVlVHz 
G ;100 18 . nVlVHz 

10; 1kHz, G; 1 79 nVlVHz 
G;10 31 nVlVHz 
G;100 18 nVlVHz 

Current NOise I.; 0 1Hz to 10Hz 76 pA pop 
Current NOise DenSity 10;IHz 88 pA/VHz 

fo =10Hz 28 pA/VHz 
10; 100Hz 099 pA/VHz 
10; 1kHz 043 pA/VHz 

ABSOLUTE MAXIMUM RATINGS 

Power Supply ............................................... ±18V Lead Temperatura (soldenng 10 seconds) ................... +300°C 
Input Voltage Range Analog ................................ ±Vco Output Short-CirCUit Duration ............. Continuous to Common 

Dogotal ................. (V.ON. - 5 6V) to +Vcc Junctoon Temperature. G Package ......................... +175°C 
Storage Temperature Range G Package .......... -65°C to +150°C P Package .......................... +110°C 

P Package ........... -55°C to +125°C 
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ELECTRICAL (CONT) 

PGA102AG ~ 
PARAMETER CONDITIONS MIN TVP ~ ~ TVP ~ ~ TYP MAX UNITS 

DYNAMIC RESPONSE 
±3dB Bandwidth Small signal, G = I 1500 kHz 

G=IO 750 kHz 
G =100 250 kHz 

Full Power BandWidth VOUT = ±10V, RL = 2kCl 160 kHz 

Slew Aate VOUT = ±10V step, 
A, = 2kO 6 9 VI/-Is 

Settling Time (01%) VOUT = lOV step, G = 1 1.6 /-IS 
G=IO 22 /-Is 
G = 100 52 /-IS 

Settling Time (0 01%) VOUT = 10V step, G = 1 2.8 JlS 
G=IO 28 /-IS 
G = 100 82 /-IS 

Overload Recovery 50% overdrive, G = 1 25 /-IS 
Tlme,Q 1% (see Performance Curve) 

CROSSTALK 
DC ±IOV to both Off channels -155 dB 
60Hz ±IOV to both Off channels -144 dB 

DIGITAL INPUT 
CHARACTERISTICS 

Input "Low" Threshold VILI3) on pin 1 or 2 VLTC+OB V 
Input "Low" Current I /-IA 
Input "High" Threshold VIHI3J on pin 1 or 2 VLTC+2 I V 
Input "High" Current 01 1 /-IA 
logiC Threshold Control VLTC on pm 3 -Vee Vee - 4 V 
SWitching Time·'" Between channels I Jls 

POWER SUPPLY 
Rated Voltage ±15 VDC 
Voltage Range ±5 ±18 VDC 
QUiescent Current VOUT = OV ±24 ±3.3 mA 

No external load, 
VOUT = ±10V ±53 mA 

TEMPERATURE RANGE 
Specification, KP grade TA MIN to T ... MAX 0 +70 ·C 

AG and BG grades -25 +85 ·C 
SG grade -55 +125 ·C 

Operating -55 +125 -25 +85 ·C 
Storage -65 +150 -55 +125 ·C 
Thermal ReSistance 8JA 100 ·C/W 

* SpecificatIon same as AG grade 
NOTES (1) Gam Inaccuracy IS the percent error between the actual and Ideal gam selected It may be externally adjusted to zero for gams of 10 and 100 (2) Offset 
voltage can be adjusted for anyone channel Adjustment affects temperature drift by approximately ±O 3pV/oC for each 100pV of offset adjusted (3) Voltage on the 
logiC threshold control pin, VLTC, adjusts the threshold for "Low" and "Hlgh"loglc levels (4) Total time to settle equals sWltchmg time plus settling time of the newly 
selected gam 

BURN-IN OPTION 

Burn-in ,creening i, an option available for the PGAl02. 
Burn-in duration i, 160 hours at the temperature ,hown 
below (or eyuivalent combination of time and 
temperature). 

Plastic "-Bl" models: +85°C 
Ceramic "-BI" models: +125°C 

All unit> are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

PIN CONFIGURATION 

Xl0SELECT~ +Vc:c 
XIDO SELECT 2 15 Your 

LOGIC THRESHOLO CONTROL 3 14 NC" 
COMMON FORCE 4 13 -Vee 
COMMON SENSE 5 12 OFFSET ADJUST 

V'N,IX1) 6 11 OFFSET ADJUST 

"NO INTERNAL V'N,IX10) 7 10 GAIN ADJUST IX1QJ 

CONNECTION V,N, IX1DO) 8 9 GAIN ADJUST IXIDOI 

Burr-Brown Ie Data Book 3-95 

ORDERING INFORMATION 

Temperature 
Model Package Range 

PGAI02AG Ceramic DIP -250 eta ,..85 0 c 
PGAI02BG Ceramic DIP -25·C to >S5°C 
PGA102SG Ceramic DIP -55·C to +125°C 
PGAI02KP Plastic DIP O°Cto +7D o C 

BURN-IN SCREENING OPTION 
See text for details 

Burn·ln Temp. 
Model Package {160h)'" 

PGA 102AG·BI Ceramic DIP -r125°C 
PGA 102BG-BI Ceramic DIP +125°C 
PGAID2SG-BI Ceramic DIP C125°C 
PGA102KP-BI Plastic DIP t-85°C 

NOTE Or eqUivalent combination See text 
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MECHANICAL 

INCHES 
DIM MIN MAX 

7.0 810 

,OS 

02' 

048 060 

100 BASIC 

030 070 

008 0" 

"0 240 

300 BASIC 

10° 

02S 060 

NOTE Leads In true pOSItion 
within 010" (0 25mm) 
R at seating plane 

MILLIMETERS 
MIN MAX 

2007 

038 OS3 

254 BASIC 

07. 178 

020 030 

305 .,0 

762 BASIC 

10° 

084 152 

TYPICAL PERFORMANCE CURVES 
T A c:: 25° C, ±Vcc = 15VDC unless otherwise noted 

01 

075 

~ 05 

(; 
tt 025 

'" iii 
Cl 

-025 ... 
-05 

-40 

GAIN ERROR 
VS TEMPERATURE 

G~'" 

V 
V G ~ 10 

I --
"1 ~ 

i-"'" 
~ 

V G ~ 1 

40 80 120 
Temperature (OC) 

006 

005 

CJl 
u. 004 

e:. 
~ 003 

m s 
§ 002 
z 

001 

o 

... -
--
-40 

NONLINEARITY 
VS TEMPERATURE 

G ~ 1!J2..-~ 
/ 

-GI~~ ~ / -fo-"" J ( --
40 80 

Temperature (OC) 

~ 

/ 
/ 

-
120 

SMALL SIGNAL 
FREQUENCY RESPONSE 

LARGE SIGNAL 
FREQUENCY RESPONSE 

40 40 

r\ r'\ 

\\ '\ \ 
\ 
\ 

r\ 
""\ \ 

o 

EPOXY DUAL-IN-LiNE 

DIM 
INCHES 

MIN MAX 

780 885 

220 280 

200 

023 

030 070 

100 BASIC 

030 0.' 
000 015 

100 
300 BASIC 

1'° 

.20 OSO 

NOTE 
Leads In true position within 
010" (0 25mm) R at MMC at 
seating plane 

MILLIMETERS 
MIN MAX 

1930 2248 

5 •• 

S .. 

078 178 

25-' BASIC 

078 2" 
020 038 ,.. 
782 BASIC 

15° 

0., "7 

SETTLING TIME 
VS TEMPERATURE 

10~~-r~--~'--r~--~'-~ 

G - 100 

G ~ 1,10 

-40 40 80 120 

Temperature (OC) 

SLEW RATE 
VS TEMPERATURE 

13 

... I-- ........ I'\~sltl~e 
12 

\ 
l-i-"'" ..... r Negative 

,/ 
,/ , 

-. 
;' 

\ 

10 100 lk 10k lOOk 1M 10M 10 100 lk 10k lOOk 1M 10M -40 40 80 120 

Frequency (Hz) Frequency (Hz) Temperature (OC) 
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TYPICAL PERFORMANCE CURVES (CO NT) 
TA = 25°C. ±Vcc = 15VDC unless otherwise noted. 

SMALL SIGNAL 
STEP RESPONSE 

LARGE SIGNAL 
STEP RESPONSE 

Gi lD 
10 0 

''If/ (!) II ~ 
o Ij 

(0 

l1 J 

-rr;~ \ II Ij 

r-0 (0 

11 ~ 

10 

'1 ~ 1 \ 
rJ I~ \ ["-... 

-100 -10 lL ~ I"!.. 
10 10 o 10 

Time (ps) Time (PS) Input Overload Voltage (V) 

INPUT VOLTAGE NOISE 
VS FREQUENCY 

INPUT CURRENT NOISE 
VS FREQUENCY 

INPUT CROSSTALK 
VS FREQUENCY 

1000 100 

r--.. -...... G-l 

~ .... 
~ 
~ 100 

~ 
~ 10 

3: G 10 3: 
....... G 100 

o 
z o z 
'" ~ 10 
o 
> 

01 

~ 

~ , 

I ........ 

-60 

iD 
:E -80 
-" ;;; 

gj -100 
o 
(j 

~ -120 
oS 

-140 

-160 

/ 

/ 

/ 

/ 
r-- ,........ 

10 100 lk 10k lOOk 1M 1 10 100 lk 10k lOOk 1M 1 10 tOO lk 10k lOOk 1M 

Frequency (Hz) Frequency (Hz) Frequency (Hz) 

POWER SUPPLY REJECTION QUIESCENT CURRENT QUIESCENT CURRENT 
VS FREQUENCY VS SUPPLY VOLTAGE VS TEMPERATURE 

12 0 

11 
3 

~ ~ ~ 
....... f-""" 

iD 100 
2-
~ I"'-" '~ i- f-" r- ...... 

b--" r----Q 80 

~ 
" r;, 60 
a. 
Co 
~ 

UJ 40 

~ 
~ 20 

o 
1 10 100 

I'G' "',00 r--
~o 

? i"'l. 

['~ l'~ 
~ 

lk 10k lOOk 1M 

1 1 

10 20 30 40 -40 40 80 120 

Frequency (Hz) Total Supply Voltage (V. - V_) (V) Temperature (Oe) 

THEORY OF OPERATION 
The PGAI02 is a self-contained programmable-gain 
amplifier with digitally selectable gains of I, 10, and 100. 

A block diagram of the PGAI02 is shown on the first 
page of this data sheet. The circuit contains three sec
tions: (I) 3-channel switch able-input operational ampli
fier, (2) precision thin-film resistor network (RI-R6), and 
(3) gain/ channel ~elect digital circuit. 

Under control, of the channel select circuitry, only one 
input stage (AI, A2 , or A,) is active at any time. The 
selected input stage steers input signals (YINI, Y IN2, or 
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YIN') to the output amplifier (A4). At this time the unse
lected input stages are turned off by deactivation of their 
internal bias circuitry. Three different precision gains are 
produced by closing the feedback loop through the 
selected input stage. This unique feature of having each 
channel set to a specific gain allows the user more flexi
bility in applications. Low gain drift is achieved by the 
excellent tracking of the thin-film gain set resistors. The 
"trip point" on select pins I and 2 for changing channels, 
and hence gain, is set by the logic threshold control volt
age on pin 3. 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 
Figure I shows proper power supply and signal connec
tions. The supplies should be decoupled with O.lj.<F 
capacitors as close to the package as possible. To avoid 
gain errors, connect ground as indicated, being sure to 

V'N 

V'N 

V'N 

15 

-Vee COM +Vee 

STAR CONNECTION. GAIN INACCURACY of < 0.1% 
lal 

SEE APPLICATION FIGURE 14 
Ibl 

SENSE 
< lOOIlA I 

SEE APPLICATION FIGURES 9 AND 10 
lei 

VOUT 

VOUT 

VOUT 

Ibl AND lei ELIMINATE GAIN ERRORS DUE TO RESISTANCE OF THE INTERNAL 
WIRE BOND IINACCURACY < 0.05%1. 

FIGURE I. Power Supply and Signal Connections. 

Burr-Brown Ie Data Book 

minimize ground resistance. The PGAI02 has a separate 
ground force and ground sense which virtually eliminate 
gain errors due to resistance in the common line. The 
gain error results from any resistance added in series 
with the internal junction of RI, R4 , and Rs. Internally, 
wire bond resistance of 0.20 can cause a 0.02% error for 
gain of 10 and 0.2% error for gain of 100. By minimizing 
the current in the sense line, specified performance is 
achievable. 

GAIN/CHANNEL SELECTION 
Gain is chosen by digitally manipulating the voltage level 

, on the XIO and XIOO select pins as shown in Figure 2. 

3-98 

The table in Figure 2 shows how to select a specific 
channel which has a gain of I, 10, or 100. In this circuit, 
the logic threshold control has been grounded to give 
compatibility with TTL levels. However, this threshold 
can be set anywhere between [-Vee + 4V] and [+Vce -
2.6V] for compatibility with other logic such as CMOS. 

V'N' IXII 0----"1 

V'N.(XIOIo---...!04 

V'N' IXlOOI 0----"1 

XIO SELECT XlOO SELECT 

0 0 
0 I 
I 0 
I I 

>""---OVOUT 

-- "UNOETERMINEO 
UNUSABLE 
OUTPUT 

CHANNEL I GAIN SELECT 

VON' (XII 
V,N.(XIOI 
V'N,IXlOOI 
ILLEGAL" 

FIGURE 2. Channel Selection for Ground-Referenced 
Logic Threshold (TTL-compatible). 

In general, the logic state is determined by the voltage on 
pin I or pin 2 relative to the threshold control voltage on 
pin 3. The input high (VIH) and low (Vld voltages to 
switch states are shown below: 

Logic one, "I": (VLTe + 2V) < VIH < +Vee 

Logic zero, "0": (V LTe - 5.6) < VIL < (VLTe + 0.8V) 

An external decoder and latch on the select lines may be 
added for operation in computer-controlled analog 
input! output systems. 

OPTIONAL OFFSET ADJUSTMENT 

The input offset voltage is laser trimmed and will not 
require user adjustment for most applications. However, 
pins 1\ and 12 may be used to adjust the offset of the 
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active channel to zero as shown in Figure 3. This also 
affects the inactive channels (all offsets move as the 
potentiometer is adjusted). By compromising, the user 
can adjust for the average offset of all three channels 
using one potentiometer; or a compromise for just the 
XIO and XIOO channels can be made, considering the 
unity gain channel's offset is insignificant for high-level 
inputs. 

Figure 4 shows another approach to offset adjustment. 
An inexpensive CMOS switch (4016) may be used to 
independently connect the wipers of three potentiome
ters to -Vee. Therefore, R " R2, and R, adjust the off;et 
of channels 1,2, and 3 re;pectively. 

-Vee 

FIGURE 3. Offset Adjustment. 

15 VOUT = OV 
.>----(l FOR All CHANNELS 

1+15V 

4016 
CMOS 

OPTIONAL GAIN ADJUSTMENT 

The initial gain accuracy has been internally laser 
trimmed to high precision, but can be adjusted. Figure 5 
shows independent fine-gain adjustment of channels 2 
and 3. This involves either paralleling the internal input 
resistors for gain up or the internal feedbdck resistors for 
gain down. External resistors Ro, R3, R" and R6 are 
chosen to trade off range and resolution. Channel I's 
gain cannot be adjusted due to the internal zero feedback 
resistance. 

V'N' (XI) 

V'N' (XIO) 

V'N' (XIOO) 

15 
,>--'--,---<0 VOUT 

t--4~R~;v--r~I~M~O~~R~,v-~!~~~~E 

,-",R"'''''''_-IVRv-, _..,."Ry' 'V-----' ~~~S~~E 
620kO .IMO 12MO 

FIGURE 5. Independent Fine Gain Adjustment of 
Channels 2 and 3. 

For applications requiring gains other than I, 10, or 100, 
the PGAI02 can be gained up (Figure 6) or down (Figure 
7). It is important to realize that the temperature drift of 
the external gain adjustment resistors will affect the total 
gain drift. This becomes more predominant as the gain is 
changed further from the factory-set specification. For 
example, with small adjustments (20% or so), a 30ppm/ DC 
external resistor will add 6ppm/DC to the 10ppm/DC 
internal resistor ratio tracking. For large adjustment 
(50% or so), the effect becomes larger. The best that can 
be achieved is 25ppm/ DC (the TCR of one internal resis
tor) when the external resistor has Oppm/DC. Also when 
adjusting the XIO channel, keep the gain above 5 to 
assure frequency stability. 

SWITCH -Vee LAYOUT CONSIDERATIONS 

OFFSET 
ADJUSTS 

CHI CH2 CH3 
6 13 

A B 
o 0 CHI 
o I CH2 
I 0 CH3 

FIGURE 4. Independent Offset Adjustment of 
Channels I, 2, and 3. 
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Proper attention to layout is necessary to achieve the 
specified performance of the PGI02. Major goals are to 
reduce crosstalk, noise pickup, noise coupled from the 
power supply, and gain errors. 

Be certain to separate the runs for analog and digital 
grounds to avoid coupling of digital transients. To 
reduce gain errors, connect analog grounds with a 
ground plane or a low resistance star configuration. 
Properly using the PGAI02 ground force and sense (see 
Figure I) assures the best performance, especially in high 
gains. 
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V'N' (Xl) 

V'N' (XlOl 15 

V,II' (XIOOI 

RXlO UP 

R 10.SkO 
X10 UP = GX10 UP - 10 

10SkO 
RX100 UP = G 100 

x100 UP -

Example: 
RX10 UP = 1.0SkO and RX100 UP = 1.0SkO 
Gives gains of 1,20,200 

FIGURE 6. Gain Up Control. 

V'N' (XII 

V,N.(X10l 

Vou, 

V, .. (X1OOJ 

RII100N 

( 97.2kO ) 
R",o ON "" - G 10 + 10.SkO 

x10 ON-

( 10SkO ) 
RX100 ON "" 100 100 _ GX100 ON - 1.09kO 

Example: 
RX10 ON = S.64kO and RX100 ON = 107kO 
Gives gains of 1, 5, 50 

FIGURE 7. Gain Down Control. 
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CROSSTALK 
Crosstalk expresses the signal feedthrough from an OFF 
channel tliat appears at the active input. It is exptessed 
in dB, which translates to a percent of the input signal 
applied to the OFF channel. Crosstalk increases with 
increasing frequency (see Typical Performance Curve). 
Best performance is achieved by keeping input lines 
short and band limiting if possible. 

SETTLING TIME 

The PGAI02 is designed for applications requiring fast 
settling. Settling time is the time required, after the onset 
of a step input signal, for the output voltage to settle a'nd 
remain within a specified error band around the final 
value. It is very important because it limits maximum 
channel scanning or throughput rate in multiplexed sys
tems. Since the error increases with source resistance, 
keep sources < IOkO for best results. 

INPUT OVERLOAD RECOVERY 

Another important parameter in data acquisition sys
tems is overload recovery, especially when high gain is 
selected. The PGAI02's fast recovery limits delays in 
capturing input signals in tne presence Qf large tran
sients. Best results are 'obtained by clamping input over
voltages to less than 13V (see Typical Performance 
Curve). 

TYPICAL APPLICATIONS 
The PGAI02 is ideal for auto-gain-ranging systems with 
many multiplexed input channels that must be scanned 
quickly. Its high gain accuracy and low temperature drift 
permit application where computer error correction is 
not available. In other cases, the PGAI02 provides an 
inexpensive precision fixed gain block requiring no pre
cision external components. An external decoder and 
latch allow the user flexibility to configure the system as 
desired. Figures 8 through 15 show application circuits. 

V'N 

.1 --

Xl 

XIO 

XIOO 

XIOO 
SELECT 

TIL 

+15V 

15 

FIGURE 8. Fast Settling Programmable-Gain 
Amplifier (Gain = I, (0, 100). 
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VON 

1 
Ikn 

50.A' 
SENSE 
LINE 

XIO XlOO 
~SELECT SELECT 

---------' 
'CURRENT IN THE SENSE IS KEPT 

LOW BY RETURNING IT TO THE 
+ INPUT OF AI WHERE ONLY BIAS 
CURRENT FLOWS. SEE FIGURE I. 

XIO 15 

VOUT 

VON' = 0.1V.", O"X",IO",O_--=-t 

FIGURE 9. Fast-Settling Programmable-Gain 
Amplifier (Gain = 2, 20, 200). 

FIGURE 10. Three-Channel Separate Gain Amplifier.' 

-15V +15V -15V +15V 

AID CONVERTER 

':' 

TTL 
LATCH 

DECODER 

0, Do 
COMPUTER 

DATA BUS 

LATCH ENABLE 

'ONE TECHNIQUE TO ACHIEVE GREATEST ACCURACY IS TO SEPARATE 
FORCE AND SENSE. THIS MINIMIZES CURRENT IN THE SENSE LINE. 
(SEE FIGURE II 

FI G U RE II. Auto-Gain Ranging Instrumentation Amplifier for Data Acquisition. 
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MULTIPLE 
INPUT CHANNELS 

V,~------------~ 

O'--------"t 
o---------"t 

-15V +15V 

13 

MPC8S 
0~ ______ ,1'=-t2 MULTIPLEXER 

11 

10 

~~----------~9~ 

CHANNEL 
SELECT 

3 TOGGLE OR 
1 ROTARY 

-15V +15V 

FIGURE 12. Manually Controlled Gain-Ranging Amplifier for Portable Test Equipment. 

+15V 

V_," 0------1 

Xl0 
SUMMING o--+---=t 
JUNCTION 

INPUT 

Xl00 

loon 
lkn 

SUMMING ~---..... 
JUNCTION 

INPUT 
GAIN =-9 
GAIN =-99 
You, = OV 
INOT USEFULI 

FIGURE 13. Inverting Programmable Amplifier. 

REF10 

4 

OTHER DIVIDERS GIVE 
CUSTOM VOLTAGES 

15 

VOUT 

-15V +15V 

Summing Junctions Can Be Used for 
Offsetting. 

FIGURE 14. Precision Programmable Voltage 
Reference. 

Do 0, 

e, 

D. 0, eo 
I. o 1 .. -e,1 

1 101 .. - 1,1 
o 10018.-1,1 

eo 

FIGURE 15. Fast Instrumentation Amplifier. 
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BURR-BROWN® 

IElElI PGA200/201 

Digitally-Controlled Programmable-Gain 
INSTRUMENTATION AMPLIFIER 

FEATURES 
• DIGITALLY-PROGRAMMABLE GAIN 

- Decade Model - PGA200 
Gains of 1. 10. 100. 1000 

- Binary Model - PGA201 
Gains of 1. B. 64. 512 

• EXCELLENT GAIN ACCURACY (0.D2%. max) 

• LOW GAIN NONLINEARITY (0.012%. max; G = 1000) 

• LOW GAIN DRIFT (10ppm/o C. max; G = 1000) 

• 2-BIT LATCHED TTL-COMPATIBLE GAIN CONTROL 

• LOW OFFSET VOLTAGE (25pV RTI. max; G = 1000) 

• LOW OFFSET VOLTAGE DRIFT (0.30pVr C. max; 
G = 1000) 

APPLICATIONS 
• DATA ACQUISITION SYSTEM AMPLIFIER 

• DIGITALLY-CONTROLLED AUTORANGING SYSTEM 

• SYSTEM DYNAMIC RANGE EXPANSION 

• REMOTE INSTRUMENTATION SYSTEM 

• TEST EQUIPMENT 

DESCRIPTION 
The PGA200 is a hybrid Ie instrumentation ampli
fier with digitally-controlled decade gain steps of I, 
10. 100, and 1000. The PGA201 differs only by 
providing binary steps of I, 8, 64, and S12. Both have 
TTL-compatible latched inputs for microprocessor 
interface. The logic section has high input imped
ance and functions without a separate logic power 
supply. Precision laser-trimmed offset and gain 
permits use without external adjustments. High 
performance thin-film resistors with excellent track
ing assure low gain drift and excellent stabihty. 

10kn 10kn 

20kn 

20kn 
+-vw~-+-----{ 4 ~~~:~tMODE 

>-"'~10"'kt'-n-""'~10"'kn~--{ 8 ~~~~gN 
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SPECIFICATIONS 
ELECTRICAL 
At +250 C with ±15VDC power supply unless otherwise noted 

MODEL!H PGA200/201AG PGA200/201BG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

GAIN 
Inaccuracy'2J G = 1 002 005 0.01 002 % 

G =10 002 0.05 001 002 % 
G =100 0.02 005 001 002 % 
G = 1000 002 005 001 002 % 

Nonlinearity, G = 1 0002 0005 0001 0002 % 
G=10 0002 0005 0001 0.002 % 
G=100 0003 0007 0002 0003 % 
G = 1000 0012 0025 0011 0012 % 

Dnft vs Temperature, G = 1 10 20 5 10 pprn/·C 
G=10 10 20 5 10 pprn/·C 
G =100 10 20 5 10 pprn/·C 
G =1000 10 20 5 10 pprnrc 

Stability vs Time 0 .. 01 %/1khr 

RATED OUTPUT 
Voltage 10 = SmA 10 12.5 V 
Current Vo= 10V 5 100 rnA 
Impedance 03 0 
Capacitive Load 1000 pF 

ANALOG INPUT CHARACTERISTICS 
Common-Mode Range 10 V 
Absolute. Maximum Voltage No Damage V"" V 
Impedance, Differential 10" 113 011 pF 

Common-Mode 10" 113 011 pF 

OFFSET VOLTAGE (RTI) 
Initial Offset, max«31, G = 1 225 450 110 225 pV 

G=10 45 90 20 45 pV 
G =100 27 54 11 27 pV 
G = 1000 25 50 10 25 pV 

vs Temperature, G = 1 10 22 5 10 pV/·C 
G=10 2 4 0.75 15 pvrc 
G =100 1 2 020 040 pVl·C 
G = 1000 1 2 0.15 030 pVl·C 

vs Time 1 + (20/G) pVlrno 
ys Supply 10<V",,<18V 1 + (20/G) pV/V 

INPUT BIAS CURRENT 
Initial at 25°C Each Input 10 30 5 20 nA 

vs Temperature 02 nArC 
ys Supply 01 nA/V 

Offset Current 10 30 5 20 nA 
vs Temperature 05 nArC 

COMMON-MODE REJECTION 
G=1 DC to 60Hz, 80 95 dB 
G=10 lkO Source 96 110 dB 
G =100 Imbalance 106 120 dB 
G = 1000 106 120 dB 

INPUT NOISE'" 
Input Voltage Noise, fe = 0 1Hz to 10Hz 08 pV, pop 
DenSity, fo:;:: 10Hz 18 nVlVHz 

f. = 100Hz 15 nVlVHz 
fo=lkHz 13 nVlVHz 

Input Current NOise, fe = 0 1Hz to 10Hz 50 pA, pop 
DenSity, fo = 10Hz 0.8 pAlVHz 

f.= 100Hz 046 pAlVHz 
fo=lkHz 0.35 pA/VHz 

DYNAMIC RESPONSE 
±3dB Flatness Small signal 

G=1 500 kHz 
G=10 150 kHz 
G =100 30 kHz 
G = 1000 2.4 kHz 

±1% Flatness Small signa/ 
G=1 50 kHz 
G=10 25 kHz 
G = 100 3 kHz 
G = 1000 300 Hz 
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ELECTRICAL (CONT) 

MODEL'" 

~"R"~ER .. vnw ••• vn. MIN TYP MAX MIN TYP MAX UNITS 

DYNAMIC RESPONSE 
±I% Flatness Small signal 

G=I 50 kHz 
G=IO 25 kHz 
G=IOO 53 kHz 
G =1000 300 Hz 

Full Power G = 110100 6.4 kHz 
Slew Rate G=I to 100 0.2 0.4 VlJ.lSec 
Settlins Time (0.1%), G = I 35 J.lSec 

G=IO 35 J.lSec 
G=IOO 50 J.lSec 
G=IOOO 480 J.lSec 

Settling Time (0.01%), G = I 40 J.lS8C 
G=IO 40 J.lS8C 
G=IOO 60 J.lS8C 
G;::;:: 1000151 670 J.lSec 

Overload Recovery Time 50% overdrive 
G=ltoiOO 12 J.lSec 
G = 1000 22 J.lSec 

DIGITAL INPUT CHARACTERISTICS 
Input Low Threshold 0.8 . V 
Input Low Current 30 . pA 
Input High Threshold 2.4 V 
Input High Current 30 pA 
T ww, Wnte Pulse Width 300 nsec 
T5. Data Setup Time 180. nsec 
TH • Data Hold Time 30 nsec 

POWER SUPPLY 
Rated Voltage ±15 V 
Voltage Range 10 18 V 
Quiescent Current ±IO ±12 mA 

TEMPERATURE RANGE 
SpeCification -40 +85 'c 
Operating -55 +125 'c 
Storage -55 +150 'c 

·Speclflcatlons same as for PGA200/201AG. 
NOTES (1) All specifications pertain to both PGA200 and P",,,~01. Values for gains of 10, 100, and 1000 for the PGA200 are the same for gainS of 8, 64 and 
512 (2) Measured with a 10kll load (3) Adlustable to zero This ollset is the total offset including both input and output components referred to the 
Input (4) NOise due to the Input stage There IS also an output component which becomes significant In low gain (see TYPical Performance Curves). (5) Settling 
time of the average value of the output waveform since the noise floor in a gain of 1000 is on the order of 0.01% of full scale. 

ABSOLUTE MAXIMUM RATINGS 

Supply .....•....•...•....•.•...................•..• ±18VDC 
Internal Power Dissipation •.............•...•........• 600mW 
Analog And Digital Inputs .............................. ±Vcc 
Operating Temperature Range ........•..... -55'C to +125'C 
Storage Temperature Range ....•...••...... -55'C to +150'C 
Lead Temperature (Soldering 10 Seconds) ...........• +3OO'C 
Output Short-Circuit Duration .•....... Continuous To Ground 
Junction Temperature ................................. 175°C 

PIN DESIGNATIONS 

I AO 8 Analog Common 
2. WR 9 Output 
3 -Vee 10 OllsetTrim 
4. Common-Mode Voltage II. OffsetTnm 
5. NC 12. +Vee 
:6. +IN 13. Digital Common 
7 -IN 14. AI 

Burr-Brown Ie Data Book 
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3-105 

NOTE: Leads in true position within .010" 
(.25mm) R at MMC at seating plane. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

770 810 1956 2057 

480 500 1219 1270 

155 215 394 S4S 

01S 020 

100 BASIC 254 BASIC 

OBO 110 203 27' 

009 012 23 30 

150 210 3 Bl 533 

300 BASIC 762 BASIC 
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BURN-IN SCREENING ORDERING INFORMATION 
Burn-in screening is an option available for the PGA200 
and PGA201. Burn-in duration is 160 hours at +125°C 
(or equivalent combination of time and temperature). 

All units aFe tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

Model 

PGA200AG 
PGA200BG 
PGA201AG 
PGA201BG 

Package 

Ceramic DIP 
Ceramic DIP 
Ceramic DIP 
Ceramic DIP 

Temperature 
Range 

-55'C to +'25'C 
-55'C to +125'C 
-55'C to +125'C 
-55'C to +125'C 

BURN-IN SCREENING OPTION 
See text for details. 

Burn-In Temp. 
Model Package (16011)'" 

PGA200AG-Bi Ceramic DIP +125'C 
PGA2ooBG-BI Ceramic DIP +125'C 

, PGA201AG-BI Ceramic DIP +125'C 
PGA201 BG-BI Ceramic DIP +125'C TYPICAL PERFORMANCE 

CURVES NOTE Or equIValent combination See text 

T A = +250 C, ±Vcc = 15VOC. unless otherwise noted 
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INPUT NOISE VOLTAGE 
OUTPUT NOISE VS GAIN VS FREQUENCY (100';; GAIN';; 1000) IQ VS SUPPLY 
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THEORY OF OPERATION 
A simplified block diagram of the PGA200/20l appears 
on the first page. The diagram consists of three distinct 
parts. Together these parts form a high-perfomance, 
differential-input, digitally-programmable dedicated gain 
block. Each of the parts is optimized for a specific 
function. 

The operational amplifiers are arranged on a monolithic 
substrate in the classical three-op-amp IA configuration. 
A nitride-passivated compatible thin-film bipolar process 
is used to achieve excellent offset and common-mode 
rejection stability over time and temperature. Advanced 
laser trimming techniques are used to minimize both the 
initial input offset and the input offset drift which are 
typically below IO"V and O.l5,,/vo C respectively. Addi
tionally, careful layout techniques assure input stage 
thermal tracking with varying load conditions. 

The gain-setting resistors are arranged on a separate 
substrate which is thermally isolated from the output 
stage. This results in minimum thermal interaction and a 
layout optimized for resistor tracking. All gains are 
dependent on the ratio of resistors which are composed 
of combinations of equal valued segments. The seg
mented approach provides the ultimate in accuracy and 
stability. 

The latch and multiplexer, which set the gain, are 
implemented in CMOS. This provides high impedance 
logic inputs, low quiescent current and TTL compati
bility without the need for a separate logic power supply. 
The logic threshold is internally derived from the +Vcc 
power supply and is referenced to digital common. The 
circuit is arranged so that multiplexer ON resistance is in 
series with the high input impedance of the input ampli
fiers and hence contributes negligible gain error. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
POWER SUPPLY AND SIGNAL CONNECTIONS 

Figure I shows the proper analog and digital power 
supply connections. The analog supplies should be 

decoupled with I"F tantalum and IOOOpF ceramic 
capacitors with connections made as close as possible to 
the amplifier supply terminals and load common con
nection. 

Because the amplifier is direct-coupled, it must have a 
ground return path for the bias currents associated with 
the amplifier inputs at pins 6 and 7. If the ground return 
path is not inherent in the signal source (floating source), 
it must be provided externally. The ground return 
resistance (Rg,) should be kept as low as practical. The 
upper limit is approximately 50M!l because of the input 
bias current of the amplifier and its common-mode 
voltage range. 

In order to maintain linear operation of the input 
amplifiers the common-mode input voltage must be kept 
within the following limits: 

-lOY + (Em X G)/2 < E,m < +IOV - (Em X G)/2. 

.!I.E," 

+ 
ECM Rar* 

·R" = GROUND 
RETURN RESISTANCE 

10kO -
NOMINAL 

- 5OMo MAX. r--"+L...v --C.J.OM---"_V~" 
··TANTALUM 

ANALOG SUPPLY 

TO DIGITAL 
COMMON 

FIGURE I. Power Supply and Signal ConnectiC'Tls. 
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GAIN SETTING 
Gain is determined by a 2-bit digital word applied to the 
AO and AI inputs (see Table I). The WIt (pin 2) provides 
a latch function. When WR is a logic low, the latch is 
transparent ,and the gain directly follows the code on AO 
and AI. When WIt goes to a logic high, the gain is 
latched according to the previous state of AO and AI. 
The timing requirements illustrated in Figure 2 inust be 
observed. The minimum write pulse width is 300nsec 
while the data setup aJid hold times are 180nsec and 
30nsec respectively. Although the logic inputs are TTL 
compatible, they are high impedance and the allowable 
logic high voltage extends to +Vcc. 

Table I shows the gain select truth table: The gains for 
the PGA201 are shown in parenthesis. 

TABLE I. Gain Select Truth Table. 

A1 AD Wi 
x x S 
0 0 0 

0 1 0 

1 0 0 

1 1 0 

LogIC "1"', VAH~24V 
LogIc "0" VAL:S 0,8V 

GAIN 
PGA2GO [PGA201] 

Maintains previous gain 

1(1) 

10(8) 

100(64) 

1000 (512) 

INPUT AND OUTPUT OFFSETTING 
Figure 3 illustrates the appropriate connections for 
offset adjustment. Since the, instrumentation amplifier is 
a two-stage device, the total offset is composed of two 
parts, an input and an output component. Because both 
are actively laser trimmed, adjustment is not required in 
most applications. The input component is due to the 
mismatch in the offset voltage of the two input amplifiers 
and changes with gain. The output component is due to 
the offset ofthe second stage amplifier,an~ is constant. 

R. may be used to null the input offset. Its quality will 
affect the results; therefore, choose a potentiometer with 
good temperature and mechanical resistance stability. 
The wiper should be connected to +Vcc at a point as 
close as possible to the +Vcc terminal of the instru
mentation amplifier. Null the offset as follows: 

1. Set E. = E2 = 0 (be sure a good ground return path 
exists to the inputs). 

2. Set the gain to 1000 (or 512 for PGA201). 

3. Adjust R. until the output reaches OV ±lmV or 
desired value. 

Input offset adjustment will affect the offset drift by 
approximately 3.1/oN/oCfmV of offset that is trimmed. 
This effect can be greatly reduced by using the alternate 
offset adjust circuit shown inside the dashed line. 

The output offset may be nulled or, alternately, the 
output can be level shifted with R4. R2 and R3 divide the 
wiper voltage of R4 down for increased sensitivity. Their 
ratio may be changed in order to increase the range of 
adjustment if desired. The buffer amplifier is required in 

order to keep the impedance at pin 8 low,so, that the gain 
and, common-mode rejection will not be disturbed. 

3V--~ 

1.5V 

ov 

FIGURE 2. Timing Diagrams. 

r---------, 
I THIS CIRCUIT MAY BE USED AS A I 
I REPLACEMENT FOR THE SIHBLE I 
I POTENTIOMETER. ' I 

OPTIONAL I ~F~~i :~U~VE I 
INPUT I DRIFT UNCHAHBEO. +Vcc [I 

+Vcc OFFSET I ' 
ADJUST I .-,.,.-..-i I 

lOOko I : 
R, : 100 kO 10MO [ 

LI!.._!!. ___ ... _ J 

lOOkO OPTIONAL 
1-,....;;....--3 R• ~~~m 

ADJUST 

FIGURE 3. Optional Input/Output Offset Adjust. 

GUARD DRIVE 

Use of the guard drive connection in Figure 4 «an 
improve system common-mode rejection when the 

E .. 

FIGURE 4. Guard Drive. 
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distributed capacitance of the input lines is significant. 
The common-mode voltage which appears on pin 4 is 
resistively derived from the output of the first stage 
amplifiers and has the value (E1 - E,)/2. This voltage is 
used to drive the shield "which preferably should extend 
up to and around the input pins 6 and 7. This 
configuration improves common-mode rejection by 
reducing the common-mode current flow. The buffer 
amplifier is used in order to supply more current than 
the internal 20k!l re,i,tor, can provide ,0 that the guard 
can accurately track the actual common-mode voltage. 

TYPICAL APPLICATIONS 
The PGA200 and PGA201 are ideal for computer
controlled data acquisition ,y,tem, a, shown in Figure 5. 

ADDRESS BUS 

MICRO 
COMPUTERIIV_-,C:.::.DNc.:T.:cRD:.::L-=B.;;.;US,--_..., 

DATA BUS 

LATCH 

~ 
5 = :IE 

~~~~~~--~ 
FIGURE 5. Multiple Input Data Acquisition System 

With Various Input Ranges. 
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BURR-EIROWNB' 

IElElI RCV420 
ADVANCE INFORMATION 

SUBJECT TO CHANGE 

Precision 4mA to 20mA 
CURRENT LOOP RECEWER 

FEATURES 
• COMPLETE 4-20mA to O-SV CONVERSION 
• INTEGRAL SENSE RESISTORS 
• PRECISION 10V REFERENCE 
• BUILT·IN LEVEL·SHIFTING 
• ±40V COMMON·MODE INPUT RANGE 
.0.1% OVERALL CONVERSION ACCURACY 

• HIGH NOISE IMMUNITY: 86dB CMR 

DESCRIPTION 
The RCV420 is a precision current-loop receiver de
signed to convert a 4-20mA input signal into a 0-5V 
output signal. As a monolithic circuit, it offers high 
reliability at low cost. The circuit consists of a premium 
gradeopemtional amplifier, an on-chip precision resistor 
network, and a precision 10V reference. The RCV420 
features 0.1 % overall conversion accuracy, 86dB CMR, 
and ±40V common-mode input range. 

The circuit introduces only a 1.5V drop at full scale, 
which is useful in loops containing extra instrument 
burdens orin intrinsically safe applications where trans-

APPLICATIONS 
• PROCESS CONTROL 
• INDUSTRIAL CONTROL 
• FACTORY AUTOMATION 
• DATA ACQUISITION 

• SCADA 

• RTUs 

• ESD 
• MACHINE MONITORING 

mitter compliance voltage is at a premium. The IOV 
reference provides a precise 10.()()V output with a 
typical drift of IOppm/"C. 

The RCV420 is completely self-contained and offers 
a highly versatile function. No adjustments to gain, 
offset, and CMR are needed. This provides three 
important advantages over discrete, board-level de
signs: 1) lower initial design cost, 2) lower manufac
turing cost, and 3) easy, cost-effective field repair of 
a precision circuit. 

r-----~'16~~ 4r~_~~ ____ ~~R-~-I-n----------__, 

11.5kn 

300kn 

750 

750 300kn 

100kn 

7 R~ Noise Reduction 

'-------------------------{13 Zero Ad! ,5 Com 
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SPECIFICATIONS 
ELECTRICAL 
T = 25'C and ±V cc = ±15V unless otherwise noted. 

AG BG KP 

""A"'''' ,e",,, """ MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

GAIN 
Initial 0.3125 · · VlmA 
Error .015 0.05 · 0.025 · · % 
vsTemp 15 50.0 · 25.0 · ppml"C 
Nonlinearity!l) 0.0002 0.001 · · · · % 

OUTPUT 
Rated Voltage (10 = +10. -5mA) 10 12 · · · · V 
Rated Current (Ea = 10V) +10.-5 · mA 
Impedance (Differential) 0.Q1 · · n 
Current Umlt (To Common) +49.-13 · mA 
Capacitive Load 1000 · · pF 

(Stable Operation) 

INPUT 
Sense Resistance 74.25 75 75.75 · · · · · · n 
Input Impedance (Common Mode) 200 · · kO 
Common Mode Voltage ±40 · · V 
CMR'" 74 80 86 94 · · dB 
vs Temp (DC) (T, = T.~ to T .... ) 66 75 80 90 · dB 
AC60Hz 80 94 · dB 

OFFSET VOLTAGE (RTO) I~ 
Initial 1 · · mV 
vsTemp 15 50 · 25 · IlVfOC 
vs Supply (±11.4V to ±18V) 74 90 80 · · dB 
vsTIme 200 · · IlVimo 

ZERO ERROR'" 
Initial 0.02 0.05 · 0.025 · · % 
vsTemp 20 60 · 30 · ppmfOC 

OUTPUT NOISE VOLTAGE 
f.=0.1Hzt010Hz 50 · · j1V~ 
fo = 10kHz 800 · · nV Hz 

DYNAMIC RESPONSE 
Gain Bandwidth 150 · · kHz 
Full Power Bandwidth 30 · · kHz 
Slew Rate 1.5 · VII'S 
Settling TIme (.01%) 10 · · I'S 

VOLTAGE REFERENCE 
Output Voltage 
Initial 9.995 10.005 · · · · V 
Trim RangelS, ±5 · % 
vsTemp($) 10 20 · · ppml"C 
vs Supply (±11.4V to±18V) .0005 · %IV 
vs Output Current (10 = 0 to +10mA) .0005 · · %lmA 
vsTime 25 · ppml1kh 
Noise (0.10Hz to 10Hz) 10 · IlVp,p 
Output Current +10.-2 · mA 

POWER SUPPLY 
Rated ±15 · · V 
Voltage Range'" ±11.4 ±18 · · · V 
Quiescent Current (V 0 = OV) 3 4 · · · · mA 

TEMPERATURE RANGE 
Specification -25 +85 · · 0 +70 'C 
Operation -55 +125 · · -25 +85 'C 
Storage -55 +150 · · -40 +85 'C 

'Speciflcation same as RCV420AG. 

NOTES: (1) Nonlinearity is the max peak deviation from best fit straight line. (2) With 0 source impedance on Zero Adj pin. (3) With all Inputs grounded Including 
Ref In. (4) With 4mA Input signal and Voltage Reference connected (includes V 00' Gain Error. and Voltage Reference Errors). (5) External trim slightly affects drift. 
(6) The "box method" Is used to specify output voltage drift vs temperature. (7) 10 Ref = SmA. 10 Rev = 2mA. 
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MECHANICAL 

G PacIrage -16-1'1n Hermetic DIP 

P Package-16 Pin PluUc DIP 

%:::~~::jlJ P .J.J 
\....:Plnl 

H 

Burr-Brown Ie Data Book 

Seating 
Plane 

B 
~L J~ 

3-112 

DIM 
A 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 

DIM 
A 
A, 
B 
81 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 
P 

~~ 
MIN MAX 
.790 .810 
.105 .170 
.015 .G21 
.048 .080 
.100 BASIC 
.030 .070 
.008 .012 
.120 .240 
.300 BASIC 

10" 
.025 .080 

IN HES 
MIN MAX 
.740 .800 
.725 .785 
.230 .290 
.200 .250 
.120 .200 
.015 .G23 
.030 .070 
.100 BASIC 
0.20 0.50 
.006 .015 
.070 .ISO 
.300 BASIC 

0" 15° 
.010 .030 
.025 .080 

MlW~ 
MIN MAX 
20.07 20.57 
2.87 4.32 
0.38 0.53 
1.22 1.52 
2.54 BASIC 

0.78 1.78 
0.20 0.30 
3.05 6.10 
7.82 BASIC 

10" 
0.84 1.52 

I MIL METERS 
MIN MAX 
16.80 20.32 
18.42 19.94 
~ 7.38 

5.Oi Lt3l 
3.05 5.09 
0.38 0.59 
0.76 1.76 
2.54 BASIC 
0.51 127 
0.20 0.38 
1.78 3.32 
7.63 BASIC 
0" 15° 

0.25 0.78 
0.84 1.27 

NOTE: Leads In true 
position wI1hln 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 

NOTE: Laads In 
true position wilhln 
0.01" (0.25mm) R at 
MMC at seating 
plana. Pin numbers 
shown for reference 
only. Numbers msy 
not be marked on 
package. 
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ORDERING INFORMATION 

Basic Model Number -~ TX IX Performance Grade ___________ --.J_ 

A. B: -25OC to +85·C 
K: OOC to +70·C 

Package Code ---------------' 
G: 16-pln Hermetic DIP 
P: 16-pln Plastic DIP 

ABSOLUTE MAXIMUM RATINGS 

Supply ............................................................................................... ±22V 
Input Current. Continuous ................................................................. 40rnA 
Input Current Momentary. 0.1 s ............................ ' •• 250mA. 1 % Duty Cycle 
Common Mode Input Voltage. Continuous ••••.•..•••••••••••••••••••••...•.•••••• ±40V 
Common Mode Input Voltage. Momentary.1OS ••.•••••.•••..••.••••.••••••••• ±100V 
Operating Temperature Range: 

G Package: ................................................................ -05OC to '+ 1250C 
P Package: ..•••..•••.•..••.•..•..•...••••.••.••••....•....•••••••..••••.••.• -25·C to +85·C 

Storage Temperature Range: 
G Package: •.•••••...•.•.•.•.•••••••••••..•••.••••••••••••..••.•.••.••••••• ~5·C \0 + 150·C 
P Package: ••..•....•.••.•••••..•..•••.•..•....•.••...•.•••.••..••.....•..•.. -40·C to +85·C 

Lead Temperature (soldering. lOS) •••••••..•..••..•••...••..••.•.•••.••••••••••••• +300·C 
Output Short Circuit to Common (Rev & Ref) .•••••••••••••.•.•....••••• Continuous 

Burr-Brown Ie Data Book 

PIN CONFIGURATION 
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+In 

Rev I. 

RcvOut 

Z8roAdj 

Rei In 

Rei Out 

Rei Noise Reduction 7 Rei I. 

Rei Trim NC -o. ___ ..r-
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BURR-BROWN® 

IElElI XTR100 

Precision, Low Drift 
4mA to 20mA 

TWO-WIRE TRANSMITTER 

FEATURES 
• INSTRUMENTATION AMPLIFIER INPUT 

Low Offset Voltage. 25,uV max 
Low Voltage Drift. 0.5,uV/oC max 
Low Nonlinearity. 0.01% max 

• TRUE TWO-WIRE OPERATION 
Power and Signal on One Wire Pair 
Current Mode Signal Transmission 
High Noise Immunity 

• DUAL MATCHED CURRENT SOURCES 

• WIDE SUPPLY RANGE. II.6V to40V 

• -40°C TO +85°C SPECIFICATION RANGE 
• SMALL 14-PIN DIP PACKAGE 

DESCRIPTION 
The XTR 100 is a microcircuit, 4mA to 20mA, two
wire transmitter containing a high accuracy instru
mentation amplifier (IA), a voltage controlled output 
current source, and dual-matched precision current 
references. This combination is ideally suited for 
remote signal conditioning of a wide variety of 
transducers such as thermocouples, RTD's, ther
mistors, and strain gauge bridges. State-of-the art 
design and laser-trimming, wide temperature range 
operation and small size make it very suitable for 
industrial process control applications. 

The two-wire transmitter allows signal and power to 
be supplied on a single wire-pair by modulating the 
power supply current with the input signal source. 
The transmitter is immune to voltage drops from 
long runs and noise from motors, relays, actuators, 
switches. transformers, and industrial equipment. It 
can be used by OEMs producing transmitter modules 

APPLICATIONS 
• INDUSTRIAL PROCESS CONTROL 

Pressure Transmitters 
Temperature Transmitters 
Millivolt Transmitters 

• RESISTANCE BRIDGE INPUTS 

• THERMOCOUPLE INPUTS 

• RTD INPUTS 
• CURRENT SHUNT ImVllNPUTS 
• AUTOMATED MANUFACTURING 
• POWER PLANT IENERGY SYSTEM MONITORING 

or by data acquisition system manufacturers. Also, 
the XTR 100 is generally very useful for low noise. 
current-mode signal transmission. 

el 3 

SPAN { 

~---r8 +VCC 

12 13 1 2 14 

OPTIONAL BANDWIDTH -=r- '-c' 
CONTROL OPTIONAL OFFSET NULL 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel.(B02) 746-1111 • Twx: 9tO-952·1111 • Cable: BBRCORP . Telex: 66·6491 

PDS-467C 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25"C. +Vee = 24VDC. RL = loon unless otherwise noted. 

OUTPUT AND LOAD' 

Current 
Current 
Current LimIt 
Ollset Current Error 
Ollset Current Error vs Temp 
Full Scale Output Current Error 
Power Supply Rejection 
Power Supply Voltage 
Load Resistance 

SPAN 

Equation 
Untnmmed Erro~2) 
Nonlinearity 
Hysteresis 
Dead Band 
Temperature Ellects 

tNPUT' II .... 

Impedance 
Differential 
Common-Mode 

Voltage Range. Full Scale 
Ollset Voltage 

VB Temperature 
Bias Current 

VB Temperature 
Ollsat Current 

va Temperature 
Common-MOde RejectIon!') 
Common-Mode RQ~ge 
CURRENT SOURCES 

Magnotude 
Accuracy 

VB Temperature 
vsTime 

RatIO Match 
Accuracy 
vs Temperature 
vs Time 

Output Impedance 

: RANGE 

SpeCIficatIon 
OperatIng lAM. BM) 

lAP. BPI 
Storage IAM.BMI 

lAP. BPI 

'Same as XTR100AM/AP 

NOTES 
1 See TYPIcal Performance Curves 

._ft. 

Linear Operating Region 
Derated Performance 

10 min 
los.10=4mA 

<1losl<1T 
Full Scale = 20mA 

Vee. pins 7 & 8. comploance(') 
At Vee = +24V. 10 = 20mA 
At Vee = +4OV 10 = 20mA 

Rs In O. e, and 112 In V 
ESPAN 

ENONLINEARITY 

<1e= 1112-81)(3) 
Vas 

<1Vos/<1T 
Ie 

<11a/<1T 
10SI 

<1losl/<1T 
DC 

e, and 112 with respect to pon 7 

Vee = 24V. VPIN 8 - W,N '0, 11 = 
19V. R, = 5kO. FIg 3 

TrackIng 
1 - IREF,ltREF2 

2. Span error shown IS untrimmed and may be adjusted to zero 

I 
MIN 

4 
3.8 

110 
+ll.S 

-5 

0 

go 
4 

10 

-40 
-55 
-40 
-55 
-40 

I I 
TVP MAX MIN IVP MAX UNITS 

20 · mA 
22 mA 

28 38 · · mA 
±1.5 ±4 · · "A 

±5 ±10 · · ppm. FSJOC 
±20 · "A 

135 · dB 
+40 · VDC 
600 · 0 
1400 · 0 

10 = 4mA +[0 01SU~ (40!Rs: 
-25 0 • 

(e,.-e, 
'III 

001 'III 
0 · 'III 
0 · 'III 
30 ±100 · ppm'Mll"C 

0.411 0.047 · GOIII'F 
1011180 · GO II pF 

1 · · V 
±50 ±25 ",V 

±o.7 ±1 ±o.25 ±o5 I'V;oC 
80 150 · · nA 

030 1 · · nAl"C 
10 ±30' · ±20 nA 
01 0.3 · · nAl"C 
100 · dB 

S V 

1 · mA 

±0.03 ±o.l ±o.015 ±o.05 'III 
±30 · ppml"C 

±8 · ppm/mo. 

±oOOS ±002 'III 
±15 10 ppml"C 

±1 · ppm/mo 
20 MO 

+85 · · °C 
+125 · °C 
+85 · · °C 
+165 · · °C 
+65 · °C 

3. e, and 112 are signals on the-IN and+INtermlnalswlth respecttotheoutput pln7. While the maxImum permlsslble<1e Is lV.ltlsprlmarllYlntended 
lor much lower input slgnallevals. e.g .• 10mV or50mV lull scale lor the XTRl OOA and XTRl OOB grades respectively. 2mV FS isalso possible with 
the B grade; but accuracy WIll degrade due to possible errors on the low vahle span resistance and very hIgh amplification olo,,""t. drift. and noise. 

4. Offset voltage is trimmed with the application ola 5V common-mode voltage. Thus the associated common-mode error is removed Sea 
Application Information section. 
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ABSOLUTE MAXIMUM RATINGS 

Power Supply, Vee 
I nput Voltage, 81. or 92 
Storage Temperature Range, metal 
Storage Temperature Range, plastic 

40V 
;:: VOUT, :5 +Vcc 

-55°C to +165~C 
-4O"C to +85°C 

Lead Temperature (soldering 10 seconds) 
Output Short-circuit Duration 

+300·C 
Continuous to ground 

+165°C Junction Temperature 

MECHANICAL 

XTR100AM/BM 
(Metal) 

NOTE Leads In true position within 
a 10" (0 25mml R at MMC 
at seating plane. 

INCHES 
DIM MIN MAX 

A 860 880 

B 490 510 

C 170 250 

D 016 021 

G 100 BASIC 

H 115 155 

K 150 300 

L 300 BASIC 

R 080 120 

Pin numbers shown for 
reference only. 

MILLIMETERS 
MIN MAX 

2184 2235 

1245 1295 

432 635 

041 053 

254 BASIC 

292 394 

381 762 

762 BASIC 

203 305 

PIN DESIGNATIONS 

ZERO ADJUST 

ZERO ADJUST 

-IN 

+IN 

SPAN 

OUT 

r-D L-U 
Denotes C Pinl 

~jE.L 

ZERO ADJUST 

t BANDWIDTH 

f CONTROL 

IAEF2 

IREF. 
MAKE NO 
CONNECTION 

+Vee 

XTR100AP/BP 
(Plastic) 

NOTE Leads In true positron within 
a 10" (0 25mm( Rat MMC 
at seating plane 

INCHES 
DIM MIN MAX 

A 790 810 

B 490 510 

C '90 210 

D 018 021 

G 100 BASIC 

H aBO 115 

K 130 300 

L 300 BASIC 

R 080 115 

Pin numbers shown for 
reference only 

MILLIMETERS 
MIN MAX 

2007 2057 

1245 1295 

4 B3 533 

046 053 

254 BASIC 

203 292 

330 762 

762 BASIC 

203 292 

Numbers are not marked MATING CONNECTOR' It Numbers are not marked 
on package 

on package. 0145MC 

TYPICAL PERFORMANCE CURVES 
(TA =+25°C, +Vcc = 24VDC unless otherwise noted) 

SPAN VS FREQUENCY 
80 

I Ce=O 
Rs =250 -RS-lOOO ...... 

Rs =40riO ~ 
« .s 
E 
~ 

Rs-2kO """'l 

~ RS-oo 

" 

" () 

:; 
Q. 

:; 
0 

a 
100 lk 10k lOOk 1M 

Frequency (Hz) 
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STEP RESPONSE 

iRsJ 

Rs =250 

l -
200 400 600 800 1000 

Time ("seel 

3-116 

FULL SCALE INPUT VOLTAGE VS Rs 
Rs (01 

a 100 200 300 400 
U 000 

_ 0.6 r--If-~~~--+---l a 06 ~ 
~ ~ 
~ ~ 

I ~~ ~ = 0.4 0.04 ~ 
" 3 ~ ~ 

z z 

~ 0.2 002 ~ 

Rs (kOI 
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120 

100 

80 
Iii 
"0 a: 60 
::; 
U 

40 

COMMON-MODE REJECTION 
VS FREQUENCY 

I:-

" " " 

140 

120 

100 

80 

60 

40 

POWER SUPPLY 
REJECTION VS FREQUENCY 

........ 

'" ~ 'I'\.. , 
~ 

'I'\.. 
20 

, 
~ I-20 " " '" 

01 10 100 1k 10k 100k 0 1 10 100 1k 10k 100k 1M 10M 
Frequency (Hz) Frequency (Hz I 

INPUT VOLTAGE NOISE 
DENSITY VS FREQUENCY 

INPUT CURRENT NOISE 
DENSITY VS FREQUENCY 

60 6 

~ 50 

;; 
40 ~ 

w 
C> 
S 30 0 

\ > 
~ 20 (; , z 

" 10 c. 

\ 
\ 
~ 

~ 5 

~ 4 
<= w 
~ 3 
U 
~ 
(; 
Z 

" c. 
E E ...... 

o '-----''------'_......I._--L._ ......... _-' o 
1 10 100 1k 10k 100k 1M 1 10 100 1k 10k 100k 1M 

Frequency (Hz) 

THEORY OF OPERATION 
A simplified schematic of the XTRIOO is shown in Figure 
I. Basically the amplifiers, Al and A" act as an instru
mentation amplifier controlling a current source, A3 and 
QI. Operation is determined by an internal feedback 
loop. el applied to pin 3 will also appear at pin 5 and 
similarlye, will appear at pin 6. Therefore the current in 
Rs, the span setting resistor, will be Is = (e, - el)/ Rs = 
eiN/ R,. This current combines with the current, h, to 
form II. The circuit is configured such that I, is 19 times 
I I. From this point the derivation of the transfer function 
is straightforward but lengthy. The result is shown in 
Figure I. 

Frequency (Hz) 

1'1) 

·IN 3 

+IN 4 

I~) 

1'1) 5 

IBI -
182 -

BANDWIDTH VS 
PHASE COMPENSATION 

100k ~=-;-~~~--.--;-, 

10k 

~ 1k ~-r-~~~~~.--+-~ 
£> 
"2 100 ~-+----1I--IIJr--.3Io.3JJo,3Jj,-~ 
~ 
<= 
~ 10~-+----11-~--I1Jr-~~~ 

6 

~ 
;;: 
E 4 
w 
F 
o 3 
> 
~ 
(; 2 
z 
~ 
'5 o 

o 

13 --
R3 

1.25kll 

1\ 

10 100 1k 10k 100k 1M 
Bandwidth Control. Cc (pFI 

OUTPUT NOISE CURRENT 
DENSITY VS FREQUENCY 

\ Rs=-, 
" ....... 1 10 100 1k 10k 100k 1M 

Frequency (Hz) 

RS 

is B 1'2) 

14 --
R4 

1.25kll 

Examination of the transfer function shows that 10 has a 
lower range-limit of 4mA when eIN = e, - el = OV. This 
4mA is composed of 2m A quiescent current exiting pin 7 
plus 2mA from the current sources. The upper range limit 
of 10 is set to 20mA by the proper selection of Rs based on 
the upper range limit of eIN. Specifically Rs is chosen for a 
16mA output current span for the given full scale input 
voltage span; i.e., (O.016U + 40/ RS)(eIN full scale) 
= 16mA. Note that since 10 is unipolar e, must be kept 
larger than el; i.e., e, ;;" el or eIN ;;" O. Also note that in 
order not to exceed the output upper range limit of 
20mA, eIN must be kept less than IV when Rs = ~ and 
proportionately less as Rs is reduced. 

10 = 4mA + (D.Ol B u ,+ CO/RoI "N. "N. = .. - " 

FIGURE I. Simplified Schematic of the XTRIOO. 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 

Major points to consider when designing with the 
XTRIOO: 
I. The leads to Rs should be kept as short as possible to 

reduce noise pick-up and parasitic resistance. 
2. +Vcc should be bypassed with a O.OI/LF capacitor as 

close to the unit at possible (pin 8 to 7). 
3. Always keep the input voltages within their range of 

linear operation 
+4V';;;e,';;;+6V 
+4V';;;e2';;;+6V 

(e, and e2 measured with respect to pin 7). 
4. The maximum input signal level (eINFS ) is I V with 

Rs = ~ and proportionally less as Rs decreases. 
S. Always return the current references (pins 10 and II) 

to the output (pin 7) through an appropriate resistor. 
If the references are not used for biasing or excitation 
connect them together and through a I kO resistor to 
pin 7. Each reference must have between + I V and 
+(Vcc -4V) with respect to pin 7. Filter with one 
O.OI/LF or two 0.0047/LF capacitors. 

6. Always choose RL (including line resistance) so that 
the voltage between pins 7 and 8 (+Vccl remains 
within the 11.6V to 40V range as the output changes 
between the 4mA to 20mA range (see Figure 2). 

7. It is recommended that a reverse polarity protection 
diode (D, in Figure I) be used. This will prevent 
damage to the XTRIOO caused by momentary (e.g., 
transient) or long term application of the wrong 
polarity of voltage between pins 7 and 8. 

8. When the XTRIOOis in high gain, use a compensation 
capacitor, pins 12 and 13, and consider PC board 
layout which minimizes parasitic capacitance. 

1500 r------------...., 
1250 

:s: 
,;;'1000 

I ! 750 

! 500 
i 

250 

oL---

FIGURE 2. Power Supply Operating Range. 

SELECTING RS 

til 

RSPAN is chosen so that a given full scale input span elN 
will result in the desired full scale output span of AIOf'~~ 

[(0.016U) + (40/Rsl1 AelN = AIo = 16mA. 

Solving for Rs: 

40 

olIo/ole - 0.016U (I) 

For example. if .lelNFS = 100mV for AloFS = 16mA 

40 40 40 
0.16-0.016 = 0.144 =2780 (16mA/ 100m V) 

See Typical Performance Curves for a plot of Rs vs 
oleIN". Note that in order not to exceed the 20mA upper 
range limit e'N must be less than I V when R, = -"- and 
proportionately smaller as Rs decreases. 

BIASING THE INPUTS 
The internal circuitry of the XTR 100 is such that both e, 
and e, must be kept approximately.SV above the voltage 
at pin 7. This is easily done by using one or both current 
sources and an external resistor R2. Figure 3 shows the 
simplest case - a floating voltage source e',. The 2mA 
from the current sources flows through the 2.SkO value 
of R2 and both e, and e2 are raised by the required SV with 
respect to pin 7. For linear operation the constraint is 

2mA 

1 -

+4V ';;;e,';;; +6V 
+4V ';;;e,';;; +6V 

Hz = 2.5kn -2IRA 
+5V 40 

1. = 4IIA + (D.01lu + 1iS1 ... 
... = liz 

FIGURE 3. Basic Connection for Floating Voltage 
Source. 

Figure 4 shows a similar connection for a resistive 
transducer. The transducer could be excited either by one 
(as shown) or both current sources. 
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o.ol~F 
10 = 4mA + I "'0 +tllin 

IIJN =.z= ImAx RT 

FIGURE 4. Basic Connection for Resistive Source. 

CMVANDCMR 
Thus the XTR 100 is designed to operate with a nominal 
5V common-mode voltage at the input and will function 
properly with either input operating over the range of 4V 
to 6V with respect to pin 7. The error caused by the 5V 
CMV is already included in the accuracy specifications. 
If the inputs are biased at some other CMV then an input 
offset error term is (CMV - 5)/CMRR; CMR is in dB, 
CMRR is in VIVo 

SIGNAL SUPPRESSION AND ELEVATION 
I n some applications it is desired t.o have suppressed zero 
range (input signal elevation) or elevated zero range 
(input signal suppression). This is easily accomplished 
with the XTR 100 by using the current sources to create 
the suppression/ elevation voltage. The basic concept is 
shown in Figures 5 and 6(a). In this example the sensor 
voltage is derived from RT (a thermistor, RTD or other 
variable resistance element) excited by one of the ImA 
current sources. The other curre'lt source is used to create 
the elevated zero range voltage. Figures 6(b), (c) and (d) 
show some of the possible circuit variations. These 
circuits have the desirable feature of noninteractive span 
and suppression/elevation adjustments. Note: It is not 
recommended to use the optional offset voltage null (pins 
I, 2, and 14) for elevation/suppression. This trim 
capability is used only to null the amplifier's input offset 
voltage. In many applications the already low offset 
voltage (typically 20~ V) will not need to be nulled at all. 
Adjusting the offset voltage to nonzero values will 
disturb the voltage drift by ±0.3~ V j"C per 100# V of 
induced offset. 
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FIGURE 5. Elevation and Suppression Graph. 

" /+ 
/V4 
• . 
\ 

\" 
' ............... _._,,~; --- 2111 

IIJN = "2' V,.J 
V4=II11AIR4 

"2= IlIA 1 RT 
'II EllVad Z ... Rlnll 

IIJN = "2' V,.J 
V4 = 211A 1 R4 

,el Elnad ZInI RI. 

IIJ. = '1'2 + V,.J 
V4 =II11AIR4 

'2=IIIAIRT 
Pli SuPJIflllld Zm Rlnll 

IIJN = "'2+ V,.J 
V4 = 211A 1 R4 

"ISuppmnd Z, .. RInII 

FIGURE 6. Elevation and Suppression Circuits. 

APPLICATION INFORMATION 
The small size, low offset voltage and drift, excellent 
linearity, and internal precision current sources, make 
the XTRIOO ideal for a variety of two-wire transmitter 
applications. It can be used by OEM's producing different 
types of transducer transmitter modules and by data 
acquisition systems manufacturers who gather transducer 
data. Current mode transmission greatly reduces noise 
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interference. The two-wire nature of the device allows 
economical signal conditioning at the transducer. Thus 
the. XTR 100 is, in general, very suitable for individualized 
and special purpose applications. 

EXAMPLE I - RTD Transducer shown in Figure 7. 
Given a process with temperature limits of +2SoC and 
+ISO°C, configure the XTRIOO to measure the temper
ature with a platinum RTD which produces 1000 at O"C 
and 2000 at +266"C (obtained from standard RTD 
tables). Transmit 4mA for +2SoC and 20mA for + 150°C. 
Computing Rs. 

The sensitivity of the RTD is 4lR/ 4l T = 1000/266"C. 
When excited with a I rnA current source for a 2S"C to 
150°C range (i.e., 125°C span) the span of elN is I rnA x 
(1000/266°C) x 125°C = 47mV = 4leIN. 

40 
From equation I, Rs = -------

4110 0.016U 
4le .. -

Rs= 40 
. 16mA _ 0016U 

40 
= 0.3244 = 123.30 

47mV . 

Span adjustment (calibration) is accomplished by trim
ming Rs. 

Computing R.: 

At 25°C, e'2 = ImA x [1000 + (;:.~ x 25°C)] 

= ImA x 109.40 
= 109.4mV 

In order to make the lower range limit of 25°C correspond 
to the output lower range limit of 4mA the input circuitry 
shown in Figure 7 is used. 

elN is made 0 at 25°C 
or e~2S"C - V. = 0 
thus, V. = e; 2S"C = 109.4m V 

V. 109.4mV 
R. = ImA = ImA = 109.40 

Computing R2 and checking CMV : 

At 25°C, e2 = 109.4mV 

At 150°C, el = ImA x [-1000 + (;~~o~ x 150°C)] 

= IS6.4mV 

Since both ej and V. are small relative to the desired SV 
common-mode voltage they may be ignored in computing 
R2 as long as the CMV is met. 

R2 = SV / 2mA = 2.SkO 

e2 min = SV + 0.1094V I 
e2 max = SV + 0.IS64V The +4V to +6V CMV 

el = SV + O. 1094V requirement is met. 

FIGURE 7. Circuit for Example 1. 

+ 
eL 

EXAMPLE 2 - Thermocouple Transducer shown in 
Figure 8. Given a process with temperature (TJ) limits of 
O"C and + 1000°C, configure the XTR 100 to measure the 
temperature with a type J thermocouple that produces a 
S8mV change for 1000°C change. Use a semiconductor 
diode for a cold junction compensation to make the 
measurement relative to O°c. This is accomplished by 
supplying a compensating voltage, VR,., equal to that 
normally produced by the thermocouple with its "cold 
junction"(T2) at ambient. At a typical ambient of+25"C 
this is 1.28m V (obtained from standard thermocouple 
tables with reference junction of O°C). Transmit 4mA for 
TI = O°C and 20mA for TI = + 1000°C. Note: elN = e2 - eJ 
indicates that TI is relative to T 2. 

Establishing Rs: 

The input full scale span is 58m V (4leINFS = 58m V). 

Rs is found from equation (I) 

40 
Rs = -4l77"lo-"'----

0.016U 
4leiN 

16mA 
S8mV 

Rs = 153.90 

40 

0.016U 

40 
= 0.2599 
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Selecting R.: 

R. is chosen to make the output4mA at TTC =O°C (VTC = 
-1.2SmV) and To = 25°C (VD =0.6V). A circuit is shown 
in Figure S. 

VTC will be -1.2SmV when TTc = O°C and the reference 
juntion is at +25°C. e, must be computed for the 
condition of To = +25"C to make e'N = OV. 

=600mV. V1l2~"C 
e'2S'C 
e'N 

= 600mV x 511 2051 = 14.9mV 
= e2 - e, = + VTC + V. - e, 

with e'N = 0 and VTC = -1.2SmV 

v. = e', + e'N - VTC = 14.9mV + OV -(-1.2SmV) 
ImA x R. = 16.ISmV 
R. = 16.IS0 

FIGURE S. Thermocouple Input Circuit with Two 
Temperature Regions and Diode (D) 
Cold Junction Compensation. 

Cold Junction Compensation: 

The temperature reference circuit is shown in Figure 9. 

IllmA 

+ 
R5 V5 

+ 
Vo 0 -

+ 
R6 Ve 

-

I 
FIGURE 9. Cold Junction Compensation Circuit. 

The diode voltage has the form 

KT 0 10,00E 
Vo=--"n---

q ISAT 

Typically at T2 = 25°C, Vo = 0.6V and .1Vo/.1T = 
-2m V j"C. R~ and R" form a voltage dividerfor the diode 
voltage Vo. The divider values are selected so that the 
gradient .1 Void T equals the gradient of the thermo
couple at the reference temperature. At 25°C this is 
approximately 52p. V j"C (obtained from standard ther
mocouple table) therefore, 

R6 
52p. V j"C = 2000p. V j"C (--'-

R, + R6 

(2) 

R, is chosen as 2kO to be much larger than the resistance 
of the diode. Solving for R6 yields 510. 

THERMOCOUPLE BURN-OUT INDICATION 
In process control applications it is desirable to detect 
when a thermocouple has burned out. This is typically 
done by forcing the two-wire transmitter current to either 
limit when the thermocouple impedance goes very high. 
The circuits of Figures 14 and 15 inherently have down 
scale indication. When the impedance of the thermo
couple gets very large (open) the bias current flowing into 
the +input (large impedance) will cause 10 to go to its 
lower range limit value (about 3.SmA). If up scale 
indication is desired the circuit of Figure 16 should be 
used. When the TC opens the output will go to its upper 
range limit value (about 25mA or higher). 

OPTIONAL INPUT OFFSET VOLTAGE TRIM 
The XTR 100 has provisions for nulling the input offset 
voltage associated with the input amplifiers. In many 
applications the already low offset voltage (25p. V max for 
the B grade, 50p. V max for the A grade) will not need to 
be nulled at all. The null adjustment can be done with a 
potentiometer at pins 1,2, and 14 as shown in Figures 3 
and 4. Either of these two circuits may be used. NOTE: It 
is not recommended to use this input offset voltage 
nulling capability for elevation or suppression. See the 
Signal Suppression and Elevation section for the proper 
techniques. 

OPTIONAL BANDWIDTH CONTROL 
L(}w-pass filtering is recommmended where possible and 
can be done by either one of two techniques shown in 
Figure 10. C2 connect to pins 3 and 4 will reduce the 
bandwidth with a cutoff frequency given by, 

1.59 x 10 
fco = -----...:..;.:.....-------

(R, + R2 + R3 + R.)(C2 + 0.047p.F) 
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with feo in Hz, all Rs in nand C, inJ.'F. This method has 
the disadvantage of having fco vary with R" R" RJ, R., 
and it may require large values of RJ and R •. The other 
method, using C, will use smaller values of capacitance 
and is not a function of the input resistors. It is however, 
more subject to nonlinear distortion caused by slew rate 
limiting. This is normally not a problem with the slow 
signals associated with most process control transducers. 
The relationship between C, and fco is shown in the 
Typical Performance Curves. 

ImAJ 

ImA~ 

Rl 

R2 

R3' 

C2 

R4' 

'R3 AND R4 SHOULD BE MADE EQUAL IF USED. 

Imlrllllly 8nol18 RTI = Ja2lnput sllgl +[IOUtput IlIgl ] 2 
gain 

FIGURE 10. Optional Filtering. 

APPLICATION CIRCUITS 

ISOLATOR 

FIGURE II. XTR 100 with Loop-powered Isolation. 

FIGURE 12. Bridge Input, Voltage Excitation. 

FIGURE 13. Bridge Input, Current Excitation. 

150 ~681l 

THE CIRCUIT HAS 
DOWN SCALE BURN-OUT 
INDICATION 

FIGURE 14. Thermocouple Input with RTD 
Cold Junction Compensation. 

~lmA THE CIRCUIT HAS 
DOWN SCALE BURN-OUT 
INDICATION 

FIGURE 15. Thermocouple Input with 

~lmA 

150 

Diode Cold Junction Compensation. 

THIS CIRCUIT HAS UP 
SCALE BURN-OUT INDICATION 

FIGURE 16. Thermocouple Input with RTD 
Cold Junction Compensation. 
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V+~--~-------------------------. 

Rl VR 
10.=11+ -IIO-R =12510 -4mA 

R2 2 

OTHER CONVERSIONS ARE READILY ACHIEVABLE BY 
CHANGING THE REFERENCE AND RATIO OF R110 R2' 

FIGURE 17. OmA to 20mA Output Converter. 

DETAILED ERROR ANALYSIS 

The ideal output current is 
I" 11)1.\1 = 4mA + K e'N (3) 

K is the span (gain) term, (0.016mA/ mY) + (40/ Rs) 

The nature of the XTR 100 circuit is such that there are 
three major components of error 

ao = error associated with the output stage. 
a, = errors associated with span adjustment. 
a, = errors associated with input stage. 

The transfer function including these errors is 
In At IUAL = (4mA + an) + K (I + as)(eJN -+- a,) (4) 

When this expression is expanded, second order terms (as 
at) dropped, and terms collected, the result is 

io ACTUAL = (4mA + ao) + K eJN "Kal + Kas eJN (5) 

The error in the output current is io ACTUAL - io IDEAL and 
can be found by subtracting equations (5) and (3). 

io ERROR = ao + Kas + K as elN (6) 

This is a general error expression. The composition of 
each component of error depends on the circuitry inside 
the XTRIOO and the particular circuit in which it is 
applied. The circuit of Figure 7 will be used to illustrate 
the princi pIes. 

ao = IosRTO (7) 

IOSRTO* = the output offset error current. 

F or the circuit of Figure 7, 

• t 
MC1403A 

VR = 2.5V "---,--...1 

+ 

10• 10 • 20mAI 

VOLTAGE 
REFERENCE 

The term in brackets maybe written in terms of offset 
current and resistor mismatches as 1'81 ~ R + 10£ R.. 

VOSI* = input offset voltage 
181,* I8t = input bias current 

IOSJ* = input offset current 
~R = RT - R4 = mismatch in resistor 

~ Vcc = change supply voltage between pins 7 and 
8 away from 24V nomimal 

PSRR* = power supply rejection ratio 
CMRR* = common-mode rejection ratio 

Us = ENONLIN + fSPAN 

fNONLlN* = span nonlinearity 
fSPAN* = span equation error. Untrimmed error 

= 3% max. May be trimmed to zero. 
*ltems marked with an asterisk (*) can be found in the 
Electrical Specifications. 

EXAMPLE 3 

Given the circuit in Figure 7 with the XTR 100B speci
fications and the following conditions: RI = 109.40 at 
25°C, RT = 156.40 at 150°C, 10 = 4mA at 25°C, 10 = 20mA 
at 150°C, Rs = 123.30, R4 = 1090, RL = 2500, RLlNE = 
1000, VDI = 0.6V, Vps = 24V ±0.5%. Determine the % 
error at the upper and lower range values. 

A. At the lower range value (T = 25°C). 

00 = IOSRTO = ±4J.tA 

~Vcc 
aJ = Vos, + [IRI ~R + IOSJ R4] + PSRR 

+ (el + e,)/ 2 - 5 

CMRR 
~R = RT,sOc - R. = 109.4 - 109"" 0 

~ Vce = 24 x 0.005 + 4mA (2500 + 1000) + 0.6V 
= 120mV + 1400mV + 600mV = 2120mV 

al = VOSI + [181 RT - 18 , R4] + ~;~~ 
+ (el + e,)/2 - 5V 

(8) el =(2mA x 2.5kO) + (lrnA x 1090) = 5.109V 

CMRR 

Burr-Brown Ie Data Book 

e, =(2rnA x2.5kO) + (I rnA x 109.40) = 5.1094V 
(e, + e,)/2 - 5 "" 0 

PSRR = 3.16 x lOs for llOdB 
CMRR = 31.6 x 10' for 90dB 
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al = 2SI'V + (IS0nA x 0 + 30nA x 1090) 

+ 3~11::~~ + 31.6 ~ 103 

= 251'V + 3.271'V + 6.71'V + 0 
= 34.97 

as = ENONLIN + ESPAN 
= 0.0001 + 0 (assumes trim of Rs) 

io error = ao + K al + K as elN 

40 40 
K =0.016+ Rs =0.016+ 123.30 =0.34IU 

elN = ~-V. = IREFI RT25"'C -IREF2 R. 
since RT 2!'C = R. 
elN = (IREFI-IREF2) R. = O.II'A x 1090 = 10.91' V 

(9) 

Since the maximum mismatch ofthecurrent references is 
0.01% of ImA = O.lI'A 

io error =41'A +(0.34Ux 34.97) + (0.341 x 0.0001) 

CONCLUSIONS 
From equation (9) it is observed that the predominant 
error term is the input offset voltage (2SI'V for the B 
grade). This is oflittle consequence in many applications. 
Vos RTI can, however, be nulled using the pot shown in 
Figures 3 and 4. From equation (10), the predominant 
errors are los RTI (4I'A), Vos RTI (2SI'V), and 18 (ISOnA), 
max, 8 grade. 

A NOTE FOR HIGH GAIN APPLICATIONS 
In applications where e .. full scale is small «SOm V) and 
R,pon is small «"'ISOO), caution should be taken to con
sider errors from the external span circuit plus high 
amplification of offset drift and noise. 

x 10.91' V = 41'A + II.S9I'A + O.OOO4I'A = 15.S91'A 

In such applications, be sure to include the effect of the 
normal thermal feedback within the XTRIOO package. 
Small additional errors occur from a change in input 
offset voltage and current due to a change in chip temper
ature resulting from a change in output current (4mA up 
to 20mA). 

15.S9 
% error = 4mA x 100% = 0.4 at lower range value. 

B. At the upper range value (T = ISO°C) 

~R = RT Isa'c - R. = 156.4 - 109.4 = 470 
~ Vee = 24 x 0.005 + 20mA (2S00 + 1000) + 0.6 

= 7720mV 
el = 5.109V 
e2 =(2mAx2.SkO)+(lmAx 156.40)=5.IS6V 
(el e2)/2 - SV =0 
~R = -RI 15a'C + R. = IS6.4 - 109 = 470 
ao= 41'A 
al = 2SI'V + (ISOnA x 470 + 30nA x 1090) 

+ (720mV + 0 
3.16 x lOS 31.6 X 103 

= 2SI'V + 10.331' V + 241' V FO = S9.331'V 
as=O.OOOI 

elN = e; - V. = IREFI RT Isa'c - IREF2 R. 
= (ImA X 156.40) - (ImA - 1090) 
= 47mV. 

io ERROR = ao + K al + K as x elN (10) 
= 41'A + 0.341U x S9.331'V + O.34lUx 

0.0001 x 47000I'V 
= 4 x 20.23 + 1.6 = 2S.S3I'A 

25.S31'A 
% error = ~ x 100% = 0.13% at upper 

range value or % of FS. 

Burr-Brown Ie Data Book 

The XTRIOO has two thermal resistance specifications: 

fhA = I1S"C 

This is the thermal resistance from output transistor 
to ambient. It is used for normal power dissipation 
considerations (see Figure IS). 

8" = 6O"C/W 
This is the thermal resistance which describes the 
effect of output stage power dissipation in input stage 
temperature rise. 

As an example of how 8" would be applied, we will 
calculate the limits with Vps = 40V and RL = 2S00. 

Power Dissipation: 

at 20mA output: 20mA [4OV-(20mA X 2S00)] = 700mW 
at 4mA output: 4mA [4OV-(4mA X 2S00)] = IS6mW 
Thermal Resistance: 8" = 6O"C/W 

Input Stage Temperature Rise: 

at 20mA output: 700mW X 6O"C/W = 42"C 
at 4mA output: IS6mW X 6O"C/W = 9.4"C 

Thus under these conditions when the output changes 
from 4mA to 20mA the input stage temperature changes 
42"C - 9.4"C = 32.6"C. The maximum input stage offset 
change will depend on the particular grade specification: 

A Grade (11' V / "C max) = 32.61' V 
8 Grade (O.SI'V/"C max) = 16.31'V 

The amount of error that this offset voltage represents 
depends on how large the full scale input voltage is. It is 
worse, of course, for small input voltages. Table I shows 
the error as a percentage of full scale and in terms of 
output current (%FS error X 16mA FS output span). 
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TABLE I. Maximum Errors Due to Thermal Feedback 
Vps = 40V, RL = 2500. 

10mV FS 100mV FS 1V FS 

A Grade 0.326% 0.0326% 0.0033% 
(52.2pA) (5.22pA) (0.522pA) 

B Grade 0.163% 0.0163% 0.0016% 
(261I'A) (2.61I'A) (0 2611'A) 

HOW TO REDUCE ERRORS 
Lower Vps 
The errors can be reduced by lowering the voltage at the 
XTRIOO line terminals. The errors in the example above 
represent a fairly demanding condition of maximum volt
age (Vps = 40V) and minimum resistance (RL = 2500). If 
the voltage is lowered to 24V, then a 4mA to 20mA 
output change causes a change in input stage tempera
ture of l7.3°C and the errors in Table I are reduced by a 
factor of l7.3°Cj 32.6°C = 0.53. (Note that this is differ
ent than the decrease in the voltage itself: 24/40 = 0.6.) 

Raise Resistance 
If the load or line resistance is raised the output power 
dissipation will also be reduced. If RL = 4000 (400/250 
= /.6), the change in output temperature is 29.2°C as the 
output changes from 4mA to 20mA (still with Vps = 
40V) and the errors in Table I are reduced by a factor of 
29.2°C/32.6°C = 0.9. 

Heat Sink 
Heat sinking the package will reduce both OJA and OJ[. 
The following is information on small-finned heat sinks 
that are attached with an epoxy heat sink adhesive 
(AHAM-985). The three models are 0.75" X 0.4" X 0.21". 

Model 141 Models 141 and 142 
AHAM Heat Sink Plus 
27901 Front St. 
Rancho, CA 92390 
(714) 676-4151 

28715 Via Montezuma 
Temecula, CA 92390 
(714) 676-3031 

1430 
XTR100 POWER DERATING CURVE 

1400 

1300 " " i t200 
E 1100 

'C'1000 

t 900 

'j 600 

is 700 

J 600 

500 
ii 400 E 

" ."-
I"-

" 115"C/W 

"-
" 
~ 

S 300 .: 
200 

100 

25 50 75 tOO 125 150 175 

Ambient Temperature (DC) 

FIGURE 18. Power Derating Curve. 

GENERAL RECOMMENDATIONS HANDLING 
PROCEDURES FOR INTEGRATED CIRCUITS 
All semiconductor devices are vulnerable, in varying 
degrees, to damage from the discharge of electrostatic 
energy. Such damage can cause performance degradation 
or failure, either immediate or latent. As a general 
practice we recommend the following handling pro
cedures to reduce the risk of electrostatic damage. 

I. Remove the static-generating materials, such as 
untreated plastics, from all areas that handle micro
circuits. 

2. Ground all operators, equipment, and work stations. 
3. Transport and ship microcircuits, or products in

corporating microcircuits, in static-free, shielded 
containers. 

4. Connect together all leads of each device by means of a 
conductive material, when the device is not connected 
into a circuit. 

5. Control relative humidity to as high a value as practi
cal (50% is recommended). 
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BURR-BROWN® 

IElElI XTR101 

AVAILABLE IN 
DIE FORM 

Precision, Low Drift 
4mA to 20mA 

TWO-WIRE TRANSMITTER 

FEATURES 
• INSTRUMENTATION AMPLIFIER INPUT 

Low Offset Voltage, 30pV max 
Low Voltage Drift, 0.75pV/oC max 
Low Nonlinearity, 0.01% max 

• TRUE TWO-WIRE OPERATION 
Power and Signal on One Wire Pair 
Current Mode Signal Transmission 
High Noise Immunity 

• DUAL MATCHED CURRENT SOURCES 
• WIDE SUPPLY RANGE, 11.6V to 40V 
• -40°C to +B5°C SPECIFICATION RANGE 
• SMALL 14-PIN DIP PACKAGE, CERAMIC AND PLASTIC 

DESCRIPTION 
The XTRIOI is a microcircuit, 4mA to 20mA, two
wire transmitter containing a high accuracy instru
mentation amplifier (lA), a voltage-contro\1ed out
put current source, and dual-matched precision cur
rent reference. This combination is idea\1y suited for 
remote signal conditioning of a wide variety of 
transducers such as thermocouples, RTDs, thermis
tors, and strain gauge bridges. State-of-the-art design 
and laser-trimming, wide temperature range opera
tion and sma\1 size make it very suitable for indus
trial process control applications. In addition the 
optional external transistor a\1ows even higher pre
cision. 

The two-wire transmitter a\1ows signal and power to 
be supplied on a single wire-pair by modulating the 
power supply current with the input signal source. 
The transmitter is immune to voltage drops from 
long runs and noise from motors, relays, actuators, 
switches, transformers, and industrial equipment. It 

APPLICATIONS 
• INDUSTRIAL PROCESS CONTROL 

Pressure Transmitters 
Temperature Transmitters 
Millivolt Transmitters 

• RESISTANCE BRIDGE INPUTS 
• THERMOCOUPLE INPUTS 
• RTD INPUTS 
• CURRENT SHUNT (mVIINPUTS 
• PRECISION DUAL CURRENT SOURCES 
• AUTOMATED MANUFACTURING 
• POWER PLANT/ENERGY SYSTEM MONITORING 

can be used by OEMs producing transmitter modules 
or by data acquisition system manufacturers. Also, 
the XTRIOI is genera\1y very useful for low-noise, 
current-mode signal transmission. 

e, 

Optional 13 E 

Optional 
External 

Offsel 2 147 • 
Null ~_ '--------0 lOUT 

*Plns 12 and 13 are used for optional BW control. 

Inlernational Airporllndustrlal Park· P.O. Box 11400 . Tucson. Arizona 85734 . Tel. 1602) 746·1111 . Twx: 910.952·1111 - Cable: BBRCORP . Telex: 66·6491 

PDS-627C 
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SPECIFICATIONS 
ELECTRICAL 
At T. = +25'C, +Vee = 24VDC, R, = 1000 with external transistor connected unless otherwise noted. 

XTR101AG XTR101BG XTR101AP XTR101AU 

PARAMETER CONDITIONS/DESIGNATION MIN TYP MAX MIN TYP MAX MIN TYP MAX M~ TYP MAX UNITS 

OUTPUT AND LOAD ~n~n~~ •• "'~ '"w 

Current Linear Operating Region 4 20 · · · · · · mA 
Derated Performance 3.8 22 · · · · · · mA 

Current Limit 28 38 · · 31 · 31 · mA 
Offset Current Error los,lo=4mA ±3.9 ±10 ±2.5 ±6 ±8.5 ±19 .±8.5 ±19 pA 

vs Temperature Illo,/IlT ±105 ±20 ±8 ±15 ±10.5 ±20 · ppm, FS/'C 
Full Scale Output Current Error Full Scale = 20mA ±20 ±4O ±15 ±30 ±30 ±60 ±30 ±60 pA 
Power Supply Voltage Vcc. pins 7 and 8, 'Compliance(1 ) +11.6 +40 · · · · · · VDC 
Load Resistance At Vee = +24V, 10 = 20mA 600 · 600 · 0 

At Vee = +4OV, 10 = 20mA 1400 · 1400 · 0 

SPAN 

Output Current Equallon Rs In 0, 81 and ~ In V I = 4mA + [0.0160 + (4O/R,)](e, - e.) 
Span Equation RsmO S = [0.Q160 + (4O/R,)] AN 

vs Temperature Excluding TCR of Rs ±30 ±100 · · · · · · ppm/'C 
Untrimmed Error(2) £SPAN -5 -25 0 · · · · · · · · · % 
Nonllneanty E: NONLINEARITY 0.01 · · · % 
HysteresIs 0 · · · % 
Dead Band 0 · · · % 

I INPUT ~n~n~~ •• "'~ .w 

Impedance Differential 04 II 3 · · · GO II pF 
Common~Mode 10113 · · · GO II pF 

Voltage Range, Full Scale Ae = (e2 - e1) C31 0 1 · · · · · · V 
Offset Voltage Vos ±30 ±60 ±20 ±30 · ±100 · ±100 pV 

vs Temperature I!Nos/IlT ±075 ±1.5 ±035 ±075 · · · · pV/'C 
Power Supply ReJeclion Il VcclPSRR = Va, Error 110 125 · · · 122 110 122 dB 
Bias Current I. 60 150 · · · · · · nA 

vs Temperature 1l1./IlT 030 1 · · · · · · nAl'C 
Offset Current losl 10 ±30 · ±20 · · · · nA 

vs Temperature Illas,/IlT 01 03 · · · · · · nAloe 
Common~Mode ReJectlon' .. J DC 90 100 · · · · · · dB 
Common-Mode Range e, and e2 with respect to pin 7 4 6 · · · · · · V 

I CURRENT SOURCES 

Magnitude 1 · · · mA 
Accuracy Vee = 24V, VPJN 8 - VPJN 10, 11 = 

19V, R, = 5kO, Figure 5 ±OOS ±O 17 I ±0.025 ±O.075 ±O.2 ±037 ±0.2 ±037 % 
vs Temperature ±50 ±80 ±30 ±50 · · · · ppml"C 
vsVcc ±3 · · · ppmN 
vsTime ±a · · · ppm/month 

Compliance Voltage With respect to Pin 7 0 Vee" 3.E · · · · V 
Ratio Match Tracking 

Accuracy (1-IReF1 /IREF d X 100% ±OO14 ±OOS ±O.OO9 ±0.04 ±O.031 ±O.088 ±0031 ±0088 % 
vs Temperature ±15 10 · · ppm/'C 
vsVcc ±10 · · · ppmN 
vsTime ±1 · · · ppm/month 

Outpullmpadance 10 20 · · · 15 .. 15 MO 

I TEMPERATURE RANGE 

Specification -40 +85 · · -40 +85 · · 'C 
Operating -55 +125 · · -40 +85 -40 +85 'C 
Storage -55 +165 · · -55 +125 -55 +125 'C 

'Same as XTR101AG 
NOTES. (1) See Typical Performance Curves. (2) Span error shown is untrimmed and may be adjusted to zero (3) e, and 82 are signals on the -In and +In 
terminals with respect to the output, pin 7. While the maximum permissible.6.e is lV, it is primarily Intended for much lower inpl"luignallevels, e.g., 10mV or 50mV full 
scale for the XTR101A and XTR1018 grades respectively. 2mV FS is also possible with the 8 grade, but accuracy will degrade due to possible errors in the low value 
span resistance and very high amplification of offset, drift. and noise. (4) Offset voltage is trimmed with the application of a 5V common-mode voltage. Thus the 
associated com~on-mode error is removed See Application Information section, 

ABSOLUTE MAXIMUM RATINGS 

Power Supply, Vee ........................................... 40V 
Input Voltage, e1 or e2 .............. , ... , .......... ~VOUT, :::;+Vcc 
Storage Temperature Range, Ceramic ... , ....... -55°C to +l65°C 

Plastic ............. -55'C to +125'C 
lead Temperature 

(soldering, lOs) G, P ................................... +300'C 
(wave soldering, 3s) U ................................. +260'C 

Output Short-Circuit Duration............ Continuous +Vcc to lOUT 
Junction Temperature .......... , ........................ +165°C 

3-127 Vol. 33 

,.. 
Q ,.. 
a: 
I-
>< 

II 
t/) 
a: 
W 
u::: 
::::i 
Q. 
:i 
<C 
Z 
0 
i= 
<C 
I-
Z 
W 
:i 
::l 
a: 
I-
t/) 

~ 



PIN DESIGNATIONS 

SPAN 

SPAN 

MECHANICAL 

GPACKAGE 

INCHES 
DIM MIN MAX 
A 670 710 
C 065 170 
D 015 021 
F 045 060 
G 100 BASIC 
H 025 070 
J 006 012 
K 120 240 
L 300 BASIC 
M 10' 
N 009 060 

PPACKAGE 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 700 800 1778 2032 
A, 685 785 1740 1994 
B 230 290 585 738 
B, 200 250 509 636 
C 120 200 305 509 
D 015 023 038 059 
F 030 070 076 176 
G 100 BASIC 254 BASIC 
H 050 100 127 254 
J 006 015 020 038 
K 070 150 178 382 
L 300 BASIC 763 BASIC 
M 0' 15' 0' 15' 
N 010 030 025 076 
P 025 050 064 127 

UPACKAGE 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 400 416 1016 1057 
A, 388 412 986 1046 
B 286 302 726 767 
B, 268 286 681 726 
C 093 109 236 277 
D 015 020 038 051 
G 050 BASIC 127 BASIC 
H 022 038 056 097 
J 008 012 020 030 
L 391 421 993 1069 
M 5° TYP 5° TYP 
N 000 012 000 030 

MILLIMETERS 
MIN MAX 
1702 1803 
165 432 
038 053 
114 152 
254 BASIC 
064 178 
020 030 
305 610 
762 BASIC 

10' 
023 152 

ZERO ADJUST 

BANDWIDTH 

BCONTROL 

Hermetic DIP 

ZERO ADJUST 

BANDWIDTH 

BCONTROL 

~I~~~I~l NOTE Leads," true position 
: ; within 0 01" (0 25mm) R at MMC 

~ 
~ at seating plane L F -J ~ Pm numbers shown for reference 

A only Numbers may not be 
marked on package 

a~ 
J~ft IL~UG~~,ngp,ane L~~ V 

NOTE Leads In true position 
within 010" ( 25mm) R at MMC at 
seating plane 

NOTE Leads In true position 
within 010" ( 25mm) R at MMC at 
seatmg plane 

Pin numbers shown for reference 
only Numbers are not marked on 
package PinS Band 9 on U package 
are not used 

Pin lldentlfler~ ij+fc 
:n~5tD N 
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ORDERING INFORMATION 

Temperature 
Model Package Range 

XTR101AG Ceramic DIP -40'C to +85'C 
XTR101BG Ceramic DIP -40'C to +85'C 
XTR101AP Plastic DIP -40'C to +85'C 
XTR101AU Plastic SOIC -40'C to +85'C 

BURN-IN SCREENING OPTION 
See text for details. 

Burn-In Temp. 
Model Package 11S0h)'" 

XTR101AG-BI Ceramic DIP +125'C 
XTR101BG-BI Ceramic DIP +125'C 
XTR101AP-BI Plastic DIP +85'C 
XTR101AU-BI PlastiC SOIC +85'C 

NOTE (1) Or equivalent combmatlon See text 

BURN-IN SCREENING 

Burn-in screening is an option available for both plastic
and ceramic-packaged XTRlOls. Burn-in duration is 
160 hours at the temperature shown below (or equivalent 
combination of time and temperature). 

Plastic "-BI" models: +85°C 
Ceramic "-BI" models: +125°C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

TYPICAL PERFORMANCE CURVES 
(TA = +25°C, +Vcc = 24VDC unless otherWise noted) 

SPAN VS FREQUENCY 

~ 
~ · 0> · <5 
> · " 0 
z 
0 
Q 
c 

0 

25~ C, 0 
R, 

........... 
Rs - 1000 

R, - 40~n ~ 
R, - 2kO ~, 

R, x ~ 

100 lk 10k lOOk 1M 

120 

Frequency (Hz) 

COMMON-MODE REJECTION 
VS FREQUENCY 
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80 

20 
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60 
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o 
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INPUT VOLTAGE NOISE 
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THEORY OF OPERATION 
A simplified schematic of the XTRIOI is shown in Figure 
1. Basically the amplifiers, AI and, A2, act as a single 
power supply instrumentation amplifier controlling a 
current source, A3 and QI. Operation is determined by 
an internal feedback loop. el applied to pin 3 will also 
appear at pin 5 and similarly e2 will appear at pin 6. 
Therefore the current in Rs, the span setting resistor, will 
be Is = (e2 - el)/Rs = eiN/Rs. This current combines 

'th the current, h, to form II. The circuit is configured 
~uch 'hat h is 19 times II. From this point the derivation 
of the transfer function is straightforward but lengthy. 
The result is shown in Figure 1. 

Examination of the transfer function shows that 10 has a 
lower range-limit of 4mA when elN = e2 - el = OV. This 
4mA is composed of 2mA quiescent current exiting pin 7 
plus 2mA from the current sources. The upper range 
limit of 10 is set to 20mA by the proper selection of Rs 
based on the upper range limit of eiN. Specifically Rs is 
chosen for a 16mA output current span for the given full 
scale input voltage span; i.e., (0.016U + 401 RS)(eIN full 
scale) = 16mA. Note that since 10 is unipolar e2 must be 
kept larger than el; i.e., e2 ~ el or elN ~ O. Also note that 
in order not to exceed the output upper range limit of 
20mA, elN must be kept less than IV when Rs = 00 and 
proportionately less as Rs is reduced. 

('Ii 

,.-IN3 
e'N 
io.+IN4 

('zi 

IREFIIO 

- r 8'N--, + 
RS ' 

(eli 5 

IBI -
IB2 -

R3 
IZ5kll 

10-
VOLTAGE CONTROLLED 

C RRENT SOURCE 

2.5kn 

10 = 4mA + 10.016 U + 4O/H.I e'N. 8'N. = e. - e, 

FIGURE 1. Simplified Schematic ofthe XTRIOI. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
BASIC CONNECTION 

The basic connection of the XTRlOl is shown in Figure 
1. A difference voltage applied between input pins 3 and 
4 will cause a current of 4mA to 20mA to circulate in the 
two-wire output loop (through RL , Vps, and DIl. For 
applications requiring moderate accuracy, the XTRlOl 
operates very cost-effectively with just its internal drive 
transistor. For more demanding applications (high accu
racy in high gain) an external NPN transistor can be 
added in parallel with the internal one. This keeps the 
heat out of the XTRIOI package and minimizes thermal 
feedback to the input sta;;e. Also in such applications 
where elN full scale is small «50mV) and RSPAN is small 
«1500), caution should be taken to consider errors 
from the external span circuit plus high amplification of 
offset drift and noise. 

OPTIONAL EXTERNAL TRANSISTOR 

The optional external transistor, when used, is con
nected in parallel with the XTRlOl's internal transistor. 
The purpose is to increase accuracy by reducing heat 
change inside the XTRlOl package as the outpu~ current 
spans from 4mA to 20mA. Under normal operating 
conditions, the internal transistor is never completely 
turned off as shown in Figure 2. This maintains fre
quency stability with varying external transistor charac
teristics and wiring capacitance. The actual "current 
sharing" between internal and external transistors is 
dependent on two factors: (I) relative geometry of emit
ter areas and (2) relative package dissipation (case size 
and thermal conductivity). For best results, the external 
device should have a larger base emitter area and smaller 
package. It will, upon turn on, take about [0.95 (10 -
3.3mA)]mA. However, it will heat faster and take a 
greater share after a few seconds. 

Although any NPN of suitable power rating will operate 
with the XTRlOI, two readily available transistors are 
recommended for accuracy improvement: 

.I. 2N2222 in the TO-18 package. For power supply volt
ages above 24V, a 7500, 1/2W resistor should be 
connected in series with the collector. This will limit 
the power dissipation to 377m W under the worst-case 
conditions shown in Figure 2. Thus the 2N2222 will 
safely operate below its 400m W rating at the upper 
temperature of +85°C. Heat sinking the 2N2222 will 
result in greatly reduced accuracy improvement and is 
not recommended. 

2. 2N6121 in the TO-220 package. This transistor will 
operate over the specified temperature and output 
voltage range without a series collector resistor. Heat 
sinking the 2N6121 will result in slightly less accuracy 
improvement. It can be done, however, when mechan
ical constraints require it. 
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-4mA _20mA 

- 3.5mA ,-----
I 
I 
I XTRIOI 

I !.5mA 2100 3.47V.60mW 

I { OUIESCENT -

L_ 
52.60 

-ZIllA 

B 
12 

16mA 

7500 12V.200mW 

00,.,. 23.6V. 377mW 

• 20InA 

SHORT 
CIRCUIT 
WORST 
CASE 

VPS 

40V 

"2N8121 II _ In l1li .llIIIfIc\urIng l1li clrcaH ... I11III110 IIIIIrtcaI .... mllll ... 
""TlltI .... 1IIIr II _lid anI, ... l1li 2II2Z22 willi Vps > 24V. 

FIGURE 2. Power Calculation of XTRIOI with External Transistor. 

ACCURACY WITH AND WITHOUT EXTERNAL 
TRANSISTOR \ 

The XTRIOI has been tested in a circuit using a 2N6121 
external transistor. The relative difference in accuracy 
with and without an external transistor is shown in Fig
ure 3. Notice that a dramatic improvement in offset volt
age change with supply voltage is evident for any value 
of load resistor. 

30r--""T--.,..---r--""T---r----,60 

25~--+--~--~--+--+-~~ 

'" ~ 
'0t----t"7'c-+--t--~-"9---+_t::>"'920 ~ 

r---+--+--r---+-L~+_-~'O 

FIGURE 3. Thermal Feedback Due to Change in 
Output Current. 
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MAJOR POINTS TO CONSIDER WHEN USING 
THE XTR101 

l. The leads to Rs should be kept as short as possible to 
reduce noise pick-up and parasitic resistance. 

2. +Vcc should be bypassed with a O.OlJLF capacitor as 
close to the unit as possible (pin 8 to 7). 

3. Always keep the input voltages within their range of 
linear operation, +4V to +6V (el and e2 measured 
with respect to pin 7). 

4. The maximum input signal level (elNFS) is IV with Rs 
= 00 and proportionally less as Rs decreases. 

5. Always return the current references (pins 10 and 11) 
to the output (pin 7) through an appropriate resistor. 
If the references are not used for biasing or excitation, 
connect them together to pin 7. Each reference must 
have between OV and +(Vcc - 4V) with respect to pin 
7. 

6. Always choose RL (including line resistance) so that 
the voltage between pins 7 and 8 (+Vcc) remains 
within the 11.6V to 40V range as the output changes 
between the 4mA to 20mA range (see Figure 4). 

7. It is recommended that a reverse polarity protection 
diode (Dl in Figure I) be used. This will prevent dam
age to the XTRIOI caused by a momentary (e.g., tran
sient) or long term application of the wrong polarity 
of voltage between pins 7 and 8. 

8. Consider PC board layout which minimizes parasitic 
capacitance, especially in high gain. 
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1500 r---------------, 

1250 R =~ 
l max 20mA 

-= :i' 1000 

~ 
! 750 
! 
~ 

~ .. 500 
IE 

250 

10 50 60 
Power Supply Voltage. VPS (volls~ 

FIGURE 4. Power Supply Operating Range. 

SELECTING Rs 

RSPAN is chosen so that a given full scale input span elNFS 
will result in the desired full scale output span of ~IoFs, 

[(0.016U) + (40( Rs)] ~elN = ~Io = l6mA. 

Solving for Rs: 
40 

Rs= -------
~Io(~eIN - 0.016U 

(I) 

For example, if ~eINFS = 100mV for ~IoFs = l6mA, 

Rs = 
40 40 40 

(16mA(IOOmV) - 0.016 0.16 - 0.016 0.144 

= 2780 

See Typical Performance Curves for a plot of Rs vs 
~eINFS' Note that in order not to exceed the 20mA 
upper range limit, elN must be less than IV when Rs = 00 

and proportionately smaller as Rs decreases. 

BIASING THE INPUTS 

Because the XTR operates from a single supply both el 
and e, must be biased approximately 5V above the volt
age at pin 7 to assure linear response. This is easily done 
by using one or both current sources and an external 
resistor R2. Figure 5 shows the simplest case-a floating 
voltage source e;. The 2mA from the current sources 
flows through the 2.5kO value of R2 and both el and e2 
are raised by the required 5V with respect to pin 7. For 
linear operation the constraint is 

+4V:5 el :5 +6V 
+4V:5 e2:5 +6V 

The offset adjustment is used to remove the offset 
voltage of the input amplifier. When the input differential 
voltage (eIN) equals zero, adjust for 4mA output. 

Figure 6 shows a similar connection for a resistive trans
ducer. The transducer could be excited either by one (as 
shown) or both current sources. Also, the offset adjust
ment has higher resolution compared to Figure 5. 

Burr-Brown Ie Data Book 

2mA 

! 

-2mA 
+5V 

T 
OFFSET 
ADJUST 

40 
10=4111A+(o.D18U + IiSlalN 

BJN = a2 

FIGURE 5. Basic Connection for Floating Voltage 
Source. 

ImA 

. . , , 
\ 

! 

\~--"7"--I"""'oN-r-----' 

C:~:~;::~CUITRY 
SHOWN IN FIGURE 8 

40 
10 = 4mA + ( 0.018 U +Ts lain 

aIN=a2=lmAxRT 

FIGURE 6. Basic Connection for Resistive Source. 

CMV AND CMA 

The XTRIOI is designed to operate with a nominal 5V 
common-mode voltage at the input and will function 
properly with either input operating over the range of 4V 
to 6V with respect to pin 7. The error caused by the 5V 
CMV is already included in the accuracy specifications. 
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If the inputs are biased at some other CMV then an 
input offset error term is (CMV - 5)/ CMRR; CMR is in 
dB, CMRR is in VIVo 

SIGNAL SUPPRESSION AND ELEVATION 
In some applications it is desired to have suppressed zero 
range (input signal elevation) or elevated zero range 
(input signal suppression). This is easily accomplished 
with the XTRIOI by using the current sources to create 
the suppression/ elevation voltage. The basic concept is 

- 0 + 
a.IV) 

FIGURE 7. Elevation and Suppression Graph. 

.-
,.'± 

:' v~ 
: , 
, , 

liN = 11'2' Votl 
V4=lmAxR4 

e'2 = 1 mAx Rr 

lal Ele.aled Zero Range 

~ 2mA 

..... ----

........... _ .. ____ -",," -"'2mA 

liN = lez· Votl 
V4 = 2mA x R4 

lei Elavaled Zlro Range 

liN = 11'2 + V41 
V4 = lmAx R4 

e'2 = 1 mAx Rr 

Ibl Suppressed Zlro Rangl 

BIN = le'2 + V41 

V4=2mAxR4 
Idl Supprassed Zaro Ranga 

FIGURE 8. Elevation and Suppression Circuits. 

shown in Figures 7 and 8 (a). In this example the sensor 
voltage is derived from RT (a thermistor, RTD or other 
variable resistance element) excited by one of the ImA 
current sources. The other current source is used to 
create the elevated zero range voltage. Figures 8 (b), (c) 
and (d) show some of the possible circuit variations. 
These circuits have the desirable, feature of noninterac
tive span ana suppression/ elevation adjustments. Note: 
It is not recommended to use the optional offset voltage 
null (pins I, 2, and 14) for elevation/ suppression. This 
trim capability is used only to null the amplifier's input 
offset voltage. In many applications the already low 
offset voltage (typically 201lV) will not need to be nulled 
at all. Adjusting the offset voltage to nonzero values will 
disturb the voltage drift by ±O.3IlV /oC per IOOj.lV of 
induced offset. 

APPLICATION INFORMATION 
The small size, low offset voltage and drift, excellent 
linearity, and internal precision current sources, make 
the XTRIOI ideal for a variety of two-wire transmitter 
applications. It can be used by OEMs producing differ
ent types of transducer transmitter modules and by data 
acquisition systems manufacturers who gather trans
ducer data. Current mode transmission greatly reduces 
noise interference. The two-wire nature of the device 
allows economical signal conditioning at the transducer. 
Thus the XTRIOI is, in general, very suitable for individ
ualized and special purpose applications. 

EXAMPLE 1 
RTD Transducer shown in Figure 9. 

Given a process with temperature limits of +25°C and 
+150°C, configure the XTRIOI to measure the tempera-

R2 

FIGURE 9. Circuit for Example I. 
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ture with a platinum RTD which produces 1000 at O°C 
and 2000 at +266°C (obtained from standard RTD 
tables). Transmit 4mA for +25°C and 20mA for +150°C. 

COMPUTING Rs: 

The sensitivity of the RTD is. aR/aT == 1000/266°C. 
When excited with a ImA current source for a 25°C to 
150°C range (i.e., 125°C span), the span of elN is ImA X 
(I000/266°C) X 125°C == 47mV == aelN. 

40 
From equation I, Rs == ----

aIo 
- - 0.0160 
aelN 

40 40 
Rs == ----- == -- == 123.30 

16mA 0.3244 
47mV - 0.016U 

Span adjustment (calibration) is accomplished by trim
mingRs. 

COMPUTING R.: 

At +25°C, e'2 == ImA (RT + aRT) 

1000 
== ImA [1000 + (-- X 25°C)] 

266°C 
== ImA (109.40) 
== 109.4mV 

In order to make the lower range limit of 25°C corres
pond to the output lower range limit of 4mA, the input 
circuitry shown in Figure 9 is used. 

el~, the XTRIOI differential input, is made 0 at 25°C 

or e;'5'{ - V. == 0 

thus, V. == e;25'C == 109.4mV 

V. 109.4mV 
R. == -- == --- == 109.40 

ImA ImA 

COMPUTING R, AND CHECKING CMV: 

At +25°C, e', == 109.4mV 

At +150°C, e', == ImA (RT + aRT) 

1000 
== ImA [1000 + (-- X 150°C)] 

266°C 
== 156.4mV . 

Since both e'2 and V. are small relative to the desired 5V 
common-mode voltage, they may be ignored in comput
ing R, as long as the CMV is met. 

R2 = 5V/2mA == 2.5kO 
e2 min == 5V + O.l094V } 

e2 max == 5V + O.l564V The +4V to +6V CMV 
el == 5V + 0.1094V requirement is met. 

EXAMPLE· 2 
Thermocouple Transducer shown in Figure 10. 

Given a process with temperature (T,) limits of O°C and 
+ 1000°C, configure the XTRIOI to measure the tempera
ture with a type J thermocouple that produces a 58mV 
change for 1000°C change. Use a semiconductor diode 
for a cold junction compensation to make the measure-

ment relative to O°c. This is accomplished by supplying 
a compensating voltage, VR., equal to that normally 
produced by the thermocouple with its "cold junction" 
(T2) at ambient. At a typical ambient of +25°C this is 
1.28mV (obtained from standard thermocouple tables 
with reference junction of O°C). Transmit 4mA for T, == 
O°C and 20mA for T, == +1000°C. Note: eIN == e2 - e, 
indicates that T, is relative to T 2. 

FIGURE 10. Thermocouple Input Circuit with Two 
Temperature Regions and Diode (D) 
Cold Junction Compensation. 

ESTABLISHING Rs: 
The input full scale span is 58mV (aeINFS == 58mV). 

Rs is found from equation (I) 

40 
Rs==-----

aIo 
-- - 0.016U 
aeIN 

40 40 
16mA == 0.2599 == 153.90 
-- - 0.016U 
58mV 

SELECTING R.: 

R. is chosen to make the output 4mA at T TC == O°C (V TC 
== -1.28mV) and To == +25°C (Vo == 0.6V). A circuit is 
shown in Figure 10. 

VTC will be -1.28mV when TTc == O°C and the reference 
junction is at +25°C. e, must be computed for the con
dition of To == +25°C to make elN == OV. 

V025'C == 600mV 
e,zs'c == 600mV (51/2051) == 14.9mV 

e'N == e2 - e, == VTC + V. - e, 

With eIN == 0 and VTC == -1.28mV, 

V. == e, + eIN - VTC 
== 14.9mV + OV - (-1.28mV) 

ImA (R.) == 16.18mV 
R. == 16.180 
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COLD JUNCTION COMPENSATION: 

The temperature reference circuit is shown in Figure II. 

The diode voltage has the form 

KT 0 IOIOOE 
Vo=-)(n--

q !sAT 

Typically at T, = +25°C, Vo = O.6V and f::.Vo/f::.T = 
-2mV/°C. R, and R6 form a voltage divider for the 
diode voltage Vo. The divider values are selected so that 
the gradient f::.Vo/ f::.T equals the gradient of the thermo
couple at the reference temperature. At +25°C this is 
approximately 52p. V / °C (obtained from standard ther
mocouple table); therefore, 

f::.VTc/f::.T = f::.Vo/f::.T (_R_6_) (2) 
R, + R6 

52p.V/oC = 200p.V/orl __ R6_) 
\R,+R6 

R, is chosen as 2kO to be much larger than the resistance 
of the diode. Solving for R6 yields 510. 

l~,mA 

+ 
R5 V5 

-
+ 

VD foD 

+ 
R6 v6 

-

I 
FIGURE II. Cold Junction Compensation Circuit. 

THERMOCOUPLE BURN-OUT INDICATION 

In process control applications it is desirable to detect 
when a thermocouple has burned out. This is typically 
done by forcing the two-wire transmitter current to 
either limit when the thermocouple impedance goes very 
high. The circuits of Figures 16 and 17 inherently have 
down scale indication. When the impedance of the ther
mocouple gets very large (open) the bias current flowing 
into the + input (large impedance) will cause 10 to go to 
its lower range limit value (about 3.8mA). If up scale 
indication is desired the circuit of Figure 18 should be 
used. When the TC opens the output will go to its upper 
range limit value (about 25mA or higher). 

OPTIONAL INPUT OFFSET VOLTAGE TRIM 

The XTRIOI has provisions for nulling the input offset 
voltage associated with the input amplifiers. In many 
applications the already low offset voltages (30p.V max 
for the B grade, 60p.V max for the A grade) will not need 
to be nulled at all. The null adjustment can be done with 
a potentiometer at pins I, 2, and 14 as shown in Figures 5 

and 6. Either of these two circuits may be used. NOTE: It 
is not recommended to use this input offset voltage nul
ling capability for elevation or suppression. See the Sig
nal Suppression and Elevation section for the proper 
techniques. 

OPTIONAL BANDWIDTH CONTROL 

Low-pass filtering is recommended where possible and 
can be done by either one of two techniques shown in 
Figure 12. C, connected to pins 3 and 4 will reduce the 
bandwidth with a cutoff frequency given by, 

fco = 15.9 
(R, + R, + R3 + R4) (C, + 3pF) 

0.0047 ~F 

ImA~ 

°R3 AND R4 SHOULD BE MADE EQUAL IF USED. 

Inlernally enolse RTI = Je21npuisiaue +[eOUtpUlstaue] 2 
-u;iil 

FIGURE 12. Optional Filtering. 

This method has the disadvantage of having fco vary 
with R" R" R3, R4 , and it may require large values of R3 
and R4 • The other method, using C" will use smaller 
values of capacitance and is not a function of the input 
resistors. It is, however, more subject to nonlinear dis
tortion caused by slew rate limiting. This is normally not 
a problem with the slow signals associated with most 
process control transducers. The relationship between C, 
and fco is shown in the Typical Performance Curves. 

APPLICATION CIRCUITS 

VOLTAGE 
REFERENCE 

+ t 
VA = 2.5V .... -r-... 

10· = II +~1I0-~ = 1.25Io-5mA R, 

OTHER CONVERSIONS ARE READILY '-----t-:-:--:-::---= 
ACHIEVABLE BY CHANGING THE 
REFERENCE AND RATIO OF R, TO R2 . 

FIGURE 13. OmA to 20mA Output Converter. 

500n 

R2 
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l D.9852mA 

LMl29 
B.9V 

VOLTAGE 
REF 

O.01p1' 4.7kn 

FIGURE 14. Bridge Input, Voltage Excitation. 

FIGURE 15. Bridge Input, Current Excitation. 

+lmA 

TYPE J 

THE CIRCUIT HAS 
DOWN SCALE BURN·OUT 
INOICATION 

FIGURE 17. Thermocouple Input with Diode Cold 
Junction Compensation. 

2.5lcn 

THE CIRCUIT HAS 
OOWN SCALE BURN-IIUT 
INDICATION 

FIGURE 16. Thermocouple Input with RTD Cold 
Junction Compensation. 

~lmA THIS CIRCUIT HAS UP 
SCALE BURN·OUT INDICATION 

FIGURE 18. Thermocouple Input with RTD Cold 
Junction Compensation. 

V ... =lmAR. 

FIGURE 19. Dual Precision Current Sources Operated From One Supply. 
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ISOLATION _I 
BARRIER I 

I 
.---~+v, I 

FIGURE 20. Isolated Two-Wire Current Loop. 

DETAILED ERROR ANALYSIS 

The ideal output current is 

io IDEAL = 4mA + K elN 

K is the span (gain) term, (0.0160. + (40jRs» 

2500 

(3) 

In the XTRIOI there are three major components of error: 

I. ao = errors associated with the output stage. 
2. as = errors associated with span adjustment. 
3. al = errors associated with the input stage. 

The transfer function including these errors is 

io ACTUAL = (4mA + ao) + K (1 + as)(eIN + al) (4) 

When this expression is expanded, second order terms 
(as al) dropped, and terms collected, the result is 

io ACTUAL = (4mA + ao) + K elN + Kal + Kas elN 
(5) 

The error in the output current is io ACTUAL - io IDEAL 
and can be found by subtracting equations (5) and (3). 

io ERROR = ao + Kal + Kas elN (6) 

This is a general error expression. The composition of 
each component of error depends on the circuitry inside 
the XTRIOI and the particular circuit in which it is 
applied. The circuit of Figure 9 will be used to illustrate 
the principles. 

I. ao = IOSRTO (7) 

2. as = ENONLINEARITY + ESPAN (8) 
LlVcc 

3. al = VOSI + (hi R. - h, RT) + PSRR (9) 

+ (el + e,)/2 - SV 

CMRR 

The term in parentheses may be written in terms of offset 
current and resistor mismatches as lsi LlR + los' R •. 
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C, I 
-v, 722 I 

1 

,-------15V 

15 

IS0100 >'-----0 VOUT* 
+lV TO +5V 

·CAN BE SHIFTED AND AMPLIFIED 
USING ISD100 CURRENT SOURCES 

VOSI* = input offset voltage 
lsi *, 102* = input bias current 

IOSI* = input offset current 

IosRTo* = output offset current error 
LlR = RT - R. = mismatch in resistor 

LlVcc = change supply voltage between 
pins 7 and 8 away from 24V nominal 

PSRR * = power supply rejection ratio 
CMRR * = common-mode rejection ratio 
E NONLlN* = span nonlinearity 

ESPAN* = span equation error. Untrimmed error 
= 5% max. May be trimmed to zero. 

Items marked with an asterisk (*) can be found in the 
Electrical Specifications. 

EXAMPLE 3 
The circuit in Figure 9 with the XTRIOIBG specifications 
and the following conditions: Rr = 109.40. at 25°C, Rr 
= 156.40. at 150°C, 10 = 4mA at 25°C, 10 = 20mA at 
150°C, Rs = 123.30., R. = 1090., RL = 2500., RUNE 
= 1000., VDi = 0.6V, Vps = 24V ±0.5%. Determine the 
% error at the upper and lower range values. 

A. AT THE LOWER RANGE VALUE (T = +2S°C). 

ao = IOSRTO = ±6/LA 

al = VOSI + (lsi LlR + Iosl 

+ (el + e2)j2 - 5V 

CMRR 

R) + LlVcc 
• PSRR 

LlR = RT25'C - R. = 109.4 - 109 = 0 

LlVcc = (24 X 0.005) + 4mA (2500. + 1000.) + 0.6V 
= 120mV + 1400mV + 600mV 
= 2120mV 
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el = (2mA X 2.Sk!l) + (lmA X 109!l) = S.l09V 

e, = (2mA X 2.Sk!l) + (lmA X 109.4!l) 
= S.l094V 

(el + e2) /2 - S = O.1092V 

PSRR = 3.16 X 105 for 1I0dB 

CMRR = 31.6 X 103 for 90dB 

al = 30/LV + (lSOnA X 0 + 20nA X 109!l) 
+ 2120mV + O.I092V (10) 

3.16 X 105 31.6 X 103 

= 30/LV + 2.18/LV + 6.7/LV + 3.46/LV 
= 42.34/LV 

Os = € NONLIN + f SPAN 

= 0.0001 + 0 (assumes trim of Rs) 

10 error = ao + K al + K as eIN 

40 40 
K = 0.016 + - = 0.016 + -- = 0 340U 

Rs 123.3!l· 

eIN = e2 - V. = IREFI RT25'C - IREF2 R. 

since RT25'C = R., 

elN = (IREFI - IREF2) R. = O.4/LA X 109!l 
= 43.6/LV 

Since the maximum mismatch of the current references 
is 0.04% of ImA = O.4/LA, 

10 error = 6/LA + (0.34 U X 42.34/L V) + (0.34 U X 
0.0001 X 43.6/LV) = 6/LA + 14.40/LA 
+ O.OOIS/LA 

= 20.40/LA 
20.40/LA 

% error = --- X 100% = 
,16mA 

0.13% of span at lower range value. 

B. AT THE UPPER RANGE VALUE (T = +IS0°C). 

LlR = RTl50'C - R. = IS6.4 - 109.4 = 47!l 

Ll.Vcc = (24 X O.OOS) + 20m A (2S0!l + 100!l) + 
0.6V = 7720mV 

el = S.109V 

e, = (2mA X 2.Sk!l) + (ImA X IS6.4!l) 
= S.lS6V 

(el + e,) /2 - SV = O.l32SV 

ao = 6/LA 

al = 30/LV + (IS0nA X 47!l + 20nA X 109!l) 
+ 7720mV + O.l32SV 

3.16 X 105 31.6 X 103 

= 30/LV + 9.23/LV + 24/LV + 4.19/LV 
= 67.42/LV 

as = 0.0001 

elN = e, - V. = IREFI RTI50,C - IREF2 R. = 
(ImA X IS6.4!l) - (lmA X 109!l) = 47mV 

10 error = ao + K al + K as elN = 6/LA + (II) 
(0.34U X 67.42/LV) + (0.34U X 0.0001 
X 47000/LV) = 6IJA + 22.921JA + 1.60/LA 
= 30.S2/LA 

30.52 /L A 
% error = 16mA X 100% = 

0.19% of span at upper range value. 

CONCLUSIONS 
Lower Range: From equation (10) it is observed that the 
predominant error term is the input offset voltage (30/LV 
for the B grade). This is of little consequence in many 
applications. VAS RTI can, however, be nulled using the 
pot shown in Figures Sand 6. The result is an error of 
0.06% of span instead of 0.13% if span. 

Upper Range: From equation (II), the predominant 
errors are los RTO (6/LA), VAS RTI (30/LV), and Is (lSOnA), 
max, B grade. Both los and Vas can be trimmed to zero; 
however, the result is an error of 0.09% of span instead 
of 0.19% of span. 

RECOMMENDED HANDLING PROCEDURES 
FOR INTEGRATED CIRCUITS 

All semiconductor devices are vulnerable, in varying 
degrees, to damage from the discharge of electrostatic 
energy. Such damage can cause performance degrada
tion or failure, either immediate or latent. As a general 
practice, we recommend the following handling proce
dures to reduce the risk of electrostatic damage. 

I. Remove the static-generating materials, such as 
untreated plastic, from all areas that handle microcir
cuits. 

2. Ground all operators, equipment, and work stations. 

3. Transport and ship microcircuits, or products incor
porating microcircuits, in static-free, shielded con
tainers. 

4. Connect together all leads of each device by means of 
a conductive material, when the device is not con
nected into a circuit. 

S. Control relative humidity to as high a value as practi
.cal (SO% recommended). 
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BURR-BROWN® 

IElElI XTR110 

PRECISION VOLTAGE-TO-CURRENT 
CONVERTER/TRANSMITTER 

FEATURES 
• 4mA TO 20mA TRANSMITTER 
• SELECTABLE INPUT/OUTPUT RANGES: 

OV to +5V. OV to +IOV Inputs 
OmA to 20mA. 5mA to 25mA Outputs 
Oth~r Ranges 

• 0.005% MAX NONLINEARITY. 14 BIT 
• PRECISION +10V REFERENCE OUTPUT 
• SINGLE SUPPLY OPERATION 
• CURRENT SOURCING TO COMMON 
• WIDE SUPPLY RANGE. 13.5V TO 40V 

DESCRIPTION 
The XTRIIO is a monolithic precision voltage-to
current converter. It can convert standard OV to 
+IOV or OV to +5V inputs into 4mA to 20mA. or 
5mA to 25mA outputs. The required external MOS 
transistor keeps heat outside the XTRllO package to 
optimize performance under all output conditions. 

A precision +IOV reference output can drive 10mA. 

APPLICATIONS 
• INDUSTRIAL PROCESS CONTROL 
• PRESSURE/TEMPERATURE TRANSMITTERS 
• CURRENT·MOOE BRIDGE EXCITATION 
• GROUNDED TRANSDUCER CIRCUITS 
• CURRENT SOURCE REFERENCE FOR DATA 

ACQUISITION 
• PROGRAMMABLE CURRENT SOURCE FOR TEST 

EQUIPMENT 
• AUTOMATED MANUFACTURING 
• POWER PLANT/ENERGY SYSTEM MONITORING 

An external transistor can be added for more cur
rent, e.g. 33mA for 3000 bridges. 

The XTRIIO is a key data acquisition component, 
designed for high noise immunity current-mode 
transmission. It is also ideal as a precision pro
grammable current source for transducer circuits 
and test equipment. 

I SOURCE RESISTOR 

,.----113 SOURCE SENSE 

7 lOFFSET 
..---t---f ~ [ZEROI ADJUST 

L...::... __ -+-__ -( 8' SPAN ADJUST 

COMMON 2 uv-,R6....---i 9 16mA SPAN 

Inlernational Airporllnduslrial Park· PO. Box 11400· Tucson. Arizona 85734· Tel. [6021746·1111 - Twx 910·952-1111 - Cable BBRCORP· Telex 66·6491 

PDS·555C 

Burr-Brown Ie Data Book 3-139 Vol. 33 

o ,... ,... 
a:: 
t< 

en a:: w 
u:: 
:J 
Q. 
:a: 
<C 
Z o 

~ z w 
:a: 
:,:) 
a:: 
~ z 



SPECIFICATIONS 
ELECTRICAL 
At TA = +2.5°C and Vee. = +24V and RL. = 2500t unless otherwise specified 

XTRll0AG/KP/KU XTRll0BG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP, 'MAX I UNITS 

TRANSMITTER 

Tra,sfer Function 10 = 10 [(V""IN/16) + (V'N,/4) + (VON,/2)]lRsPAN 
Input Range: V1N1 '50 SpecIfied performance 0 +10 V 

V1N2 SpecifIed performance 0 +5 V 
Current, 10 SpecIfIed performanceClI 4 20 mA 

Derated performance(1) 0 40 mA 
Nonllneanty 16mA/20mA span!21 001 0025 0002 0005 % of span 
Offset Current, los 10= 4mA!11 

'" 
Initial '" 02 04 002 01 %01 span 
vsTemp '" ,< 00003 0005 0003 % of span/oC 
vs Supply, Vee '" 00005 0.005 % of spanN 

Span Error 10 = 20mA 
Initial '" '03 06 005 02 % of span 
vs Temp '" 00025 0005 00009 0003 % of spanfOC 
vs Supply, Vee '" 0003 0005 % of spanlV 

Output ReSistance From dram of FET (QexT)13) 10 X 10/9 ) 0 
Input ReSistance VIN1 27 kO 

VIN2 22 kO 
VREF IN 19 kO 

DynamiC Response 
Settlmg Time To 0 1% of span 15 psec 

To 0 01% of span 20 J,lsec 
Slew Rate 13 mA/JJsec 

VOLTAGE REFERENCE 

Output Voltage +995 +10 +1005 +998 +10.02 V 
vs Temp 35 50 15 30 ppm/'C 
vs Supply, Vee Line regulation 00002 0005 %N 
vs Output Current Load regulation 00005 001 %/mA 
vs Time 100 ppm/1k hrs 

Trim Range -0.100 +025 V 
Output Current Specified performance 10 mA 

POWER SUPPLY 

Input Voltage, Vee +135 +40 V 
QUiescent Current Excluding 10 3 45 mA 

TEMPERATURE RANGE 

SpeCification AG, BG -40 +85 'C 
KP, KU 0 +70 'C 

Operating AG BG -55 +125 'C 
KP,KU -25 +85 'C 

~ SpeCification same as AG/KP grades + Specifications apply to the range of RL shown in TYPical Performance Curves 

NOTES: (1) Including onternal reference' (2) Span is the change on output current resulting from a full-scale change in input voltage. (3) Within 
comphance range limited by (+Vcc - 2V) +Vos required for linear operation of the FET. (4) For V ... adjustment circuit see Figure 4. (5) For extended 
IAEF drive Circuit see Figure 8. (5) Unit may be dam~ged. See "Input Voltage Range" on next page 

PIN CONFIGURATION 

SOURCE RESISTOR 

COMMON 

V'N' [lOV) 

V'N,,5V) 

ZERO ADJUST 

ZERO ADJUST 

SPAN ADJUST 

TOP VIEW 

Burr-Brown Ie Data Book 

+Vec 

V." FORCE 

GATE O~IVE 

SOURCE SENSE 

V." SENSE 

V.E, ADJUST 

4mA SPAN 

16mA SPAN 

ABSOLUTE MAXIMUM RATINGS 

Power Supply, +Vcc ......................................... 40V 
Input Voltage, VIN 1, V/N 2, VREF IN ••••••••••••••••••••••••••••• +Vec 
Storage Temperature Range A, B ....... --55°C to +125°C 

K, U ............... -40"C to +85'C 
Lead Temperature 

(soldering, 10s) G, P ................................... 300'C 
(wave soldering, 3s) U ......................... 260' C 

Output Short~ClrcUit Duration, Gate Drive 
and VREF Force ............... Continuous to common and +Vcc 

Output Current USing Internal50n Resistor .................. 40mA 

3-140 Vol. 33 



MECHANICAL 

G Package- INCHES MILLIMETERS 

l6-pln Hermetic DIM MIN MAX MIN MAX 

Ceramic DIP A 790 810 2007 2057 

C 105 170 267 432 

D 015 021 038 053 

F 048 060 1 22 152 

~ ~[~ ~ ~[:I 
G 100 BASIC 254 BASIC 

H 030 070 076 17. 

J 008 0>2 020 030 

K >20 240 305 610 

LA~ 
L 300 BASIC 762 BASIC 

M 10" 10" 

N 025 060 064 152 

11\ ~~ 1. JL ?.,." 
NOTE Leads In true position within 010" 
( 25mm) R at MMC at seating plane 

Pm numbers shown for reference only 
Numbers may not be marked on package 

U Package - l6-pin SOIC INCHES 

DIM MIN MAX 

A 400 416 

~~n~-n=@ 
A, 388 412 
B 286 302 

B, 268 286 

11 C 093 109 
D 015 020 
G 050 BAStC 

B, B 
H 022 038 

• :olJ J 008 012 
L 391 421 

HJ~~'~1UUU M 5" TYP 
N 000 012 

Pin 1 Identifier -&~ dl:lTc - [[n~n-n:· -~ 
GJLD N 

NOTE Leads In true posItion 
within 010" ( 25mm) R at MMC at 
seating plane 

Pin numbers shown for reference 
only Numbers are not marked on 
package 

BURN-IN SCREENING 

MILLIMETERS 

MIN MAX 

1016 10 57 
986 1046 
726 767 
681 726 
236 277 
038 051 
127 BASIC 

056 097 
020 030 
993 1069 

5° TYP 

000 030 

Burn-in screening is an option available for both plastic
and ceramic-packaged XTR I lOs. Burn-in duration is 
160 hours at the temperature shown below (or equivalent 
combination of time and temperature). 

Plastic "_BI" models: +85°C 
Ceramic "_BI" models: +125°C 

All units are tested after burn-in to ensure that grade 
specifications are m.e!. To order burn-in, add "_BI" to the 
base model number. 

Burr-Brown Ie Data Book 3-141 

P Package - l6-pln Plastic DIP 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

[--A~ A 760 885 1930 2248 
B 220 280 559 711 

~::::::IJ 
c 012 200 012 5 08 
D 015 023 038 058 
F 030 070 076 178 

" G 100 BASIC 254 BASIC 
"---Denotes Pin 1 H 030 095 76 241 

J 008 015 020 038 
K 100 254 
L 300 BASIC 762 BASIC ,..L-, M IS' IS' 
N 020 050 051 127 m 
~ -, M ... ... 
• -N~ ~ 

J...
D 

~, 

H----.J -G '-Seating Plane 

NOTE 
Leads In true position within a 01' 
(0 25mm) R at MMC at seating plane 

ORDERING INFORMATION 

Temperature 
Model Package Range 

XTR110AG Ceramic DIP -40" C to +85" C 
XTR110BG Ceramic DIP -40'C to +85"C 
XTR110KP PlastiC DIP O"C to +70"C 
XTR110KU PlastiC sOle Q"C to +70'C 

BURN-IN SCREENING OPTION 
See text for details 

Burn~ln Temp. 
Model Package (160h)'" 

XTR110AG-BI Ceramic DIP +125"C 
XTR 11 OBG-BI Ceramic DIP +125"C 
XTR110KP-BI PlastiC DIP +85"C 
XTR110KU-BI PlastiC SOIC +85"C 

NOTE (1) Or eqUivalent combination See text 

INPUT VOLTAGE RANGE 

The XTRIIO can be damaged if the inputs are taken 
below pin 2 (COMMON). Under carefully controlled 
conditions, the input can be allowed to go below system 
ground. To determine the allowable range for the input, 
use the following equation: 

(VREF IN/ 16) + (VIN!/4) + (VIN2/2) = 0 

For example, assume that the standard configuration of 
Figure I is being used. In this case, VREFIN = IOVand 
VIN2 =OV. The equation now becomes: 

(10/16) + (VINt/4) + (0/2) = 0 

Rearranging gives: 
VIN! =-2.5V 

which is the maximum negative voltage that the input 
can be taken to. Note, however, that this applies only as 
long as there is IOV at V REFIN _ If, for example, the 
supply for the XTRIIO is interrupted, the 10V will no 
longer be generated and any negative input at VIN! could 
damage the unit. 
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TYPICAL PERFORMANCE CURVES 
T. = +25°C, Vee = 24VDC, RL = 2500 unless otherwIse noted. 
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10 POWER SUPPLY REJECTION 
vs FREQUENCY 

RIpple Frequency (Hz) 
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THEORY OF OPERATION 
The XTRIIO is designed to convert a high level input 
voltage into a positive output current. 

A block diagram of the XTRIIO is shown in Figure I. 
The circuit contains four main functional blocks: (1) a 
precision resistor divider network (RI-Rs), (2) a vo'itage
to-current converter (A" Q" R" R1), (3) a current-to
current converter (Al, RH, R" QI.X I), and (4) a precisiqn 
+IOV reference. 

The precision divider network sums three input voltages 
to the noninverting input of A,. These are V INI (lOV full 
&cale), V IN2 (5V full scale), and V RIo' IN (for offsetting). 

In the voltage-to-current converter, the op amp, A" for
ces its input voltage across the span setting resistors, R. 
and R7. Since QI is a high gain Darlington, base current 
error is negligible and all current flows to the current-to
current converter (into R,). The transfer function includ
ing input divider is as follows: 

IRS = [(VREF IN/ 16) + (V'N,/4) + (V",/2)]/ R;PAN 

where RSPAN is the resistance from QI emitter to com
mon. 

The current-to-current converter is the output section of 
the XTRIIO transmitter. The voltage across the 500n 
resistor (R,) is forced across the son resistor (R.) by A2 

TEST CIRCUIT 

+tOV 
... -----1 REFERENCE 

V'N = OV TO +tOV 

R, 

t6.25kn 

R. 5kn R. 

and the external MOSFET (QEXT). Since no current 
flows in the gate of the MOSFET, all current is delivered 
to the output. This current (lOUT) is ten times the internal 
current through R,. Use of the external transistor keeps 
power out of the precision I C to maintain accuracy. 

The overall transfer function for the XTRIIO transmitter 
is: 

10 = 10[(VRl.I INj\6) + (VINI/4) + (V ,N2 /2)]!R'PAN. 

For output currents beyond 40mA an external resistor 
can be used in place of R •. 

The + IOV reference provides input offsetting, e.g. 4mA 
offset for the 4ma to 20mA output configuration. The 
reference can deliver lOrnA and is protected from shorts 
to common. Higher current can be provided for other 
applications by using an external NPN transistor con
nected to the sense and force pins. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
BASIC CONNECTION 
The basic connection of the XTRIIO is the standard OV 
to +IOV input; 4mA to 20mA output configuration is 
shown in Figure I. 

R. 

1562.5n 

+ V tl'F TANTALUM 

~--=------------'+ 

-=- (24VI 

V 
O '" EXT 

+ 

R, ! 4mA 10 20mA 
.250n 

v, 

NOTES: 111 To malnlaln accuracy. make a separale direcl connection between pinst and t3. \21 Om Is any P·channel enhancemenl·mode power MOSFET wllh appropriale 
vollage and power rating. PNP bipolar lransistors can be used wHh slight degradation In end·polnl accuracy and IInearlly. For recommended devices see section on exlernal 
Iranslslor. (31 For 20mA span. slrap 4mA and t6mA pins togelher 10 common. 

FIGURE I. Block Diagram of the XTRIIO in Basic Connection: OV to +IOV in, 4mA to 20mA out. 
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+y" may ongmate at the XTRIIO site or may be 
brought in as part of a three-wire twisted line. Be sure to 
use ,ufficient bypassing close to the XTRIIO on the +Y(( 
line. 

EXTERNAL TRA.NSISTOR 

Connections to the MOSFET are gate drive (pin 14) and 
source resistor (pin I). To eliminate errors due to resist
ance in the connection between pin I and the ,ource of 
the external transistor, connect pin 13 directly to pin I as 
shown in Figure I. 

The output of A2, pin 14, is intended to drive a MOSFET 
or PN P external pas, transistor, and for that reason, is 
atypical of op amp outputs. The output stage can be 
visualized as a 300!,A current source in parallel with an 
N PN collector. The N PN is the active element that, 
through feedback, determines where the gate drive ,hould 
be ,el. It i, capable of ,inkmg over 15mA. 

External MOSFET 

The XTRIIO can operate with a variety of output transis
tor, having appropriate breakdown voltage and power 
rating which is influenced by package type. Some general 
observations on package thermal characteristics are listed 
in Table I. 

TABLE I. External Transistor Package Type and 
Dissipation. 

Package Type Allowable Power Dissipation 

TO-92 Lowest Use minimum supply and at +25°C 
TO-237 Acceptable Trade-off supply and temperature 
TO-39 Good Adequate for majority of designs 
TO-220 Excellent For prolonged maximum stress 
TO-3 Overkill If nothing else IS available 

Maximum power dissipation of the external transistor 
can be derived from the derating curve. It can also be 
calculated from the thermal characteristics using the 
equation below: 

PA = P" - (TA - 25)/OJA 

PA = Power to be dis,ipated at TA 
TA = Maximum ambient temperature 
p" = Maximum continuous power dissipation at 

+25°C (l"Y",) 
0" = J unction to ambient thermal resistance 

(Refer to the manufacturer's data sheet for required 
numbers.) 

Table II shows suitable MOSFET output transistors. 

Summary of points to consider for selecting the transis
tor are: 

I. Power rating-Equal to 1.5 X PA if possible, or at 
least equal to PA. 

2. Drain-source breakdown-Greater than maximum 
expected Y",. This includes any additional voltage 
that may exist between the transmitter and receiver 
grounds. 

3. Gate-source breakdown ---Greater than +Y", because 
Y, ( will be applied gate-to-source, under the condi
tion of an open drain line (Y"ATE then = OY). Most 

MOSFETS will tolerate only 20Y, but a zener (lZY or 
more) connected gate-to-source will clamp the junc
tion and rema'in off during normal operation. 

TABLE II. Available P-Channel MOSFETs. 

Manu •• cturer PaliNo. BV ... • BV .. Package 

Ferranti ZVP1304A -40V 20V TO-92 
ZVP1304B -40V 20V TO-39 
ZVP1306A -60V 20V TO-92 
ZVP1306B -60V 20V TO-39 

International 
Rectifier IRF9513 -60V 20V TO-220 

Motorola MTP8P06 -80V 20V TO-220 

RCA RFL1P08 -80V 20V TO-39 
RFT2P08 -60V 20V TO-220 

Siliconix VP0300B -30V 40V TO-39 
(preferred) VP0300L -30V 40V TO-92 

VP0300M -30V 40V TO-237 
VP0608B -80V 40V TO-39 
VP0608L -60V 40V TO-92 
VP0808M -80V 40V TO-237 

Supertex VP1304N2 -40V 20V TO-220 
VP1304N3 -40V 20V TO-92 
VP1306N2 -60V 20V TO-220 
VP1306N3 -60V 20V T0-92 

-BVoss-Orain-source breakdown voltage. BVGs-Gate-source break
down voltage. 

External PNP Transistor 

A PNP bipolar transistor can also be used for the output 
but it will result in a slight drop in end-point accuracy 
and linearity. A TN2905 in a TO-237 package performs 
adequately. The end point shifts can be calculated if the 
beta of the PNP is known. The offset shift is 10 ;/ beta 
and the span shift is ISPA/',/beta. For example, if the 
transistor's beta is 250 and the output range is 4mA to 
20mA, the calculations are as follows: 

dlos = 4mA/250 = 16!,A (0.1% of span) 
dlsPA' = 16mA/250 = 64}lA (0.4% of span) 

The offset error can be corrected by using the offset 
correction circuitry of Figure 5. The span error due to 
base current loss can be compensated by connecting an 
external resistor, RPAD, in parallel with the internal 
resistor as shown in Figure 2. RpAD can be calculated 
with the following formula: 

'RPAD = 50 (beta + I) 

Any span error due to the XTRI \0 itself can be corrected 
with the span adjust circuitry of Figure 5. Use a nominal 
beta to calculate the value of RPAD if individual transistor 
measurements are not made. There should be enough 
range in the span adjust circuit to compensate for 
normal tolerances. 

Small nonlin,earity degradation (0.01% typical at 24Ycc) 
results from changes in beta caused by changes in power 
as collector current varies from 4mA to 20mA. A heat 
sink can be added to minimize the heat dissipation effect. 

A Darlington configuration (two separate PNPs) can 
also be used with no degradation in end-point accuracy 
and linearity. A 0.047!,F capacitor across pins 13 and' 14 
is required for stability as shown in Figure 3. Single-
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packaged Darlingtons with internal bleeder resistors are 
not recommended since they will severly degrade 
accuracy. 

To select a bipolar transistor, follow the same points as 
for MOSFETs. Note, however, the base-emitter break
down is not considered 'because this junction is forward 
biased should the collt;ctor open. 

,..----------- +Vcc 

COMMON 

FIGURE 2. PNP Output Tran,istor (R"'I> correct, for 
span error cau,ed by beta). 

,..------------- +Vcc 

QEXT 1 AND 2 

IOUT~ 

COMMON 

FIGURE 3. Darlington Output Composed of Two PNP 
Tran,i,ton,. 

COMMONS 

Careful attention should be directed toward proper con
nection of the common>. All common, should be joined 
at one point as close to pin 2 of the XTR 110 as possible. 
The exception is the lot I return. It can be returned to 
any place where it will not modulate the common at pin 
2. 

VOLTAGE REFERENCE 

The reference voltage is accurately regulated at pin 12 
(V,ti I ,ense). To pre,erve accuracy, any load including 
pin 3 ,hould be connected to this point. 

The circuit in Figure 4 shows coarse and fine adjustment 
of the voltage reference. 

Burr-Brown Ie Data Book 3-145 

'Rs GIVES HIGHER RESOLUTION WITH REDUCED 
RANGE. SET Rs = 00 FOR LARGER RANGE. 

20kO 
R 

±5% 
OPTIMUM 

FlGlJRE 4. Optional Adju,tment of Reference Voltage. 

OFFSET (ZERO) ADJUSTMENT 
The oll,et current can he adju'ted by u,ing the potent 
ometer, R" ,hown in Figure 5. The procedure i, to 
the Input voltage to tern and then adJu>t R I to give 4mA 
at the output. For spam 'tarting at OmA, the following 
special procedure i, recommended: ,et the Input to a 
,mall non/ero value and then adjust R I to the proper 
output current. When the input i; tero the output will be 
7ero. Figure, 6 and 7 ,how graphically how off,et i, 
adju'ted. 

SPAN ADJUSTMENT 

The 'pan i, adjusted at the full-scale output current 
u,ing the potentiometer, R" shown in Figure 5. This 
adJu,tment i, interactive with the offset adjustment, and 
a Ie\\> iteration, may be neces,ary. For the circuit shown, 
,et the input voltage to +IOV full ,cale and then adjust 
R: to give 20mA fulhcale output. Figure, 6 and 7 show 
graphically how 'pan is adju'ted. 

The values of R" R" and R. for adju,ting the span are 
determined a, follows: choo,e R. in serie, to slightly 
decrea.,e the 'pan; then choo,e R, and R, to increase the 
'pan to be adju'table about the center value. 

OV TO 
+IOV 

R, IV TO 
250Cl +5V 

OUT 

FIGURE 5. Offset and Span Adjustment Circuit for 
OV to +IOV Input, 4mA to 20mA Output. 

Vol. 33 

o ,.. ,.. 
a:: 
t< 



20 R, 0_ 100kO 
R, = 100kO 

« R, 499kO 

.s R. ~'3160 

.2 15 
t 
~ s 
() 

:; 10 as shown 
a. 
:; 
0 

5 Zero Adjust 11 8% optimum 

~{4mA Otf~et 
-25 a 2 

Input Voltage, VrN t (V) 

FIGU.RE 6. Zero and Span ofOV to +IOV Input, 4mA to 
20mA Output Configuration (see Figure 5). 

« .s 
.2 -0 

~ 
S 
() 

, 
a. 
:; 
0 

20 

15 

10 

See values In Figure 6 
In addition, connect 
pms 9 and 10 together 

Input Voltage, V1N 1 (V) 
10 

FIGURE 7. Zero and Span ofOV to + IOVt" OmA to 
20mA Output Configuration (see Figure 5). 

ERROR CALCULATIONS 

Error, can be calculated by considering the!>e key 
parameters: 

I. Offset Current (Initial, vs Temperature, v!> Supply) 
2. Span Error (Initial, v!> Temperature, V5 Supply) 
3. Nonlinearity 

Lower errors can readily be obtained by externally 
adju;ting the mitial offset and span error, to zero (see 
Performance Curves). 

TABLE III. Pin Connections for Standard Ranges. 

Inpul Range (V) Oulpul Range (mA) Pin 3 

0-10 0-20 Com 
2 - 10 4 -20 Co'm 
0-10 4 -20 +10V Ref 
0-10 5 -25 +10V Ref 
0-5 0-20 Com 
1 - 5 4-20 Com 
0-5 4 - 20 +10V Ref 
0-5 5 - 25 +10V Ref 

Burr-Brown Ie Data Book 

EXTENDED REFERENCE CURRENT DRIVE 

The current drive capability or"the XTRIIO's inter~al 
reference is lOrnA. Thi, can be extended if desired by 
adding an external NPN transistor shown in Figure 8. 

FOR lODmA WITH Vee UP TO 
40V USE 2N3055 FOR QR"' 

+vcc 

FIGURE 8. Extended Reference Current Drive. 

LOW TEMPERATURE COEFFICIENT (TCl 
OPERATION 

Although the pn;clsion re,i,tor; in the XTRIIO track 
within Ippm 0c, the output current depend, upon the 
ab;olute temperature coefficient of anyone of the re\i\
tor" R., R7, R" and R". Since the ab\olute TC of the 
rc\i\tor, i, 20ppm/ 0c, maximum, the TC of the output 
current can have 20ppm' °C drift. For low TC operation, 
7ero TC re,i,tor5 can be ,ub,tituted for either the 'pan 
re,t,tor, (R. or R,) or for the ,ource re'l,tor (R'I) but not 
both. 

EXTENDED SPAN 

For 'pan, beyond 40mA, the internal son re,i,tor (R'I) 
may be replaced by an external re,i,tor connected 
between pins 13 and 16. 

It, value can be calculated a, follows: 

RI \I = R. (Spanow/ Span" \\') 

Since the internal thin-film reM!>tors have a 20'lr ab!>olute 
value tolerance, mea,ure R, before determining the final 
value of RI \ I. Self-heating of RI \ 1 can cau,e nonlinear

ity. Therefore, choose one with a low TC and adequate 
power rating. See Figure 14 for application. 

STANDARD CURRENT RANGES OR SPANS 

Table III !>hows the pin connection!> for \tandard XTRIIO 
current range,. 

Pin 4 PinS Pine Pin 10 

Inpul Com Com Com 
Input Com Com Com 
Input Com Com Open 
Input Com Com Com 
Com Input Cqm Com 
Com Input Com Com 
Com Input Com Open 
Com Input Com Com 
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TYPICAL APPLICATIONS 
The XTRIIO is ideal for a variety of applications requir
ing high noise immunity current-mode signal transmis
sion. The precision + lOY reference is convenient and can 
be exciting for bridges and transducers. Selectable ranges 
make it very useful as a precision programmable current 

THERMOMETRICS 
THERMISTOR 
B43KB75JF 

10 

source. The compact design and low price of the XTRIIO 
allow ve~satility with a minimum of external compo
nents and design engineering expense. 

Figures 9 through 16 show typical applications of the 
XTRIIO. 

• THE XTRIIO IS CAPABLE OF ORIVING LARGE 
CAPACITIVE LOAOS OFTEN USEO IN LOW CUTOFF 
FREOUENCY FIlTERS 

o ,.. ,.. 
a: 
t< 

2OmA1 / 

4mAL 

75kO 
R,=2500 • 
c, = 6.4JlF 
Ico = 100Hz 

FIGURE 9. 4mA to 20mA Single-Supply Thermistor Transmitter for Energy Management Systems. 

GAIN = 400 

FIGURE 10. 4mA to 20mA Single-Supply Bridge Transmitter. 

I 
ISOLATION BARRIER -I 

ISOLATED POWER 
SUPPLY 17221 

I 

FIGURE II. Isolated 4mA to 20mA Channel 

Burr-Brown Ie Data Book 3-147 

+24V 

+15V 

I 
I 

4mA I 

-IOmV 
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TC' 

'THE XTRIlD WILL OPERATE 
WITH GROUND TRANSDUCERS 

FIGURE 12. OmA to 20mA Single-Supply Thermocouple Transmitter. 

OFFSET RID 5---fl'''-. 
ADJUST IkO ~~_+-.... 

+200 
10 (mAl 

R4 
2kO 

+-------::""''--------1 V," IVI 
+10 

-200 

FIGURE 13. ±200mA Current Pump. 
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+15V 

HI 
2() 

TI 

R74.75kO 

R82000 } FINE TRIM 

RH 5DkO 
COARSE TRIM 

R2 
4.990 

-15V 

SPAN 
ADJUST 

R,. R,. Low TC Rasislors 10 dissipale D.32W conllnuous power. 
For olher currenl ranges. scale bolh resislors proportionalely 

Reo R10• R,,: 10·lurn trlmpots for greatest sensitivity 

3-148 

H •• H,. Low TC resislors. 
A, - A,; 114 LM324 (powered by ±15VI 

T,. Inlernational Recllfler IH9513' 
T,; Inlernational Rectifier IR513' 
To: International Rectifier IRFF9J13' 

, Dr 'olher adequale power ralln9 MOS Iransislor 
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OV TO +IOV 

~ 

SEE EXTENDED SP~N SECTION 

OA TO 
IDA OUT 

FIGURE 14. OA to lOA High Current Voltage-to
Current Converter. 

5kn 

• For 0-5V INPUT USE PIN 5 
AND GROUND PIN 4 

FIGURE 15. High Level Input 4ma to 20mA Two-Wire Transmitter. 

O-IOV 
VIN 1 

f, 

+4OV 

Channels may be linearly mixed wllhout Individual identification 
or set to separate frequencies and independently filtered at the load. 

+40V 

O-IOV 
VINN 

fN 

+40V 

FIGURE 16. Multidrop Analog Communication Link (Linear Mixer) with High Noise Immunity. 
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BURR-BROWN® 

1E3E31 

Digitally Controlled 
Programmable Gain 

INSTRUMENTATION AMPLIFIER 

FEATURES 

• II BINARY GAINS· I, 2, 4, B, 16, 32, 
64,128,256,512,1024V/V 

• LOW VOLTAGE DRIFT 
I /LV 1°C max RTI, G = I 024V IV 

3606 

• 4·BIT TTl GAIN CONTROL • HIGH CMR ·1I0dB min, G = 1024V/V 

• EXCELLENT GAIN NONLINEARITY 
0.01% max at G = 1024V/V 

• LOW GAIN ERRORS· 0.02% max 

• LOW GAIN DRIFT ·IOppm/oC max 

• HIGH INPUT IMPEDANCE ·10 x lOan 

• LOW OFFSET VOLTAGE 
22/LV max RTI, G = 1024V/V 
2mV max RTI. G = IV/V 

r-------------------------------------, 
I I 
I I 
I I 
I 

I 
I 
I 
I 
~---L ____________________ _ _ _________ ..J 

International Airport Industrial Park· P.O. Box 11400 - Tucson. Arizona 85734 - TBI.(602) 746-1111 - Twx: 910-952-1111 - Cable' BBRCORP - Telex_ 66-6491 

PDS·388C 
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DESCRIPTION 

The 3606 is a self-contained, Programmable Gain 
In,trumcntation Amplifier (PGIA) whose gain can be 
changed in II binary weighted steps from I to 1024V I V. 
rhe gain control is accomplished through a 4-bit TTL 
input. 

The PGIA function allows the user to deal with wide 
dynamic range ,ignals while maintaining high sysiem 
resolution. For example: when u,ed with a 10-bit A to D 
converter III a "floating point",ystem, the 210 gain range 
of the 3606, plus the 210 range of the converter produces a 
total system resolution of 2'" <II 1,000,000: (). 

Desirable characteristics of a high performance instru
mentation amplifier are offered by the 3606: high input 
impedance (IOGfl), excellent gain nonlinearity (O.OI'ii 
max, G = 1024V/V: 0.02'/( max, G = IV/V), high 
common-mode rejection (IOOdB min, G;;' 4V, V). low 
gain error (0.020; max with no trimming required), low 
gain temperature coefficient (lOppm/"C max), and low 
offset voltage drift vs temperature ( II' V / "C max, RTl, G 
= 1024). 

Added to these outstanding im,trumentation amplifier 
characteristics is the ability to change 3606's gain under 
control of a 4-bit TTL input word. An important 
characteri,tic of the 3606 PG IA is its low change in offset 

+5 , 
DIGITAL 

+5 

DIG 
GND +V , , 

DIGITAL ANALOG 
GROUND +15V 

BAl 

FIGURE I. Simplified Schematic. 

ANA 
GNO , 

ANALOG 
GROUND 

·V 

<p 
ANALOG 

·15V 

ICMVI 

plus laser trimming minimized this change to a maximum 
of±25m V with no external adjustments. With two simple 
offset'adjustment, the change can be limited to less than 
2mV (imV typ) at the output over the entire IV / V to 
1024V/V gain range. 

A ,implified schematic of the 3606 is ,hown in Figure I. 
The circuit consists of a variable gain high input imped
ance voltage follower input stage (A I and A2) followed 
by a unity gain difference amplifier (A3) with a variable 
gain output ,tage (A4). 

Common-mode voltage is derived for active guard drive 
to improve system common-mode rejection. Two-pole, 
low-pass filtering can easily be implemented on the 
output ,tage to reduce noise bandwidth and improve 
system ,ignal-to-noise operation. A latch function i, 
provided to inhibit gain changes while the digital gain 
control input i, changed. 

. Burr-Brown's instrumentation grade monolithic opera
tional amplifiers, high stability precision thin-film resistor 
networks and advanced laser-trimming techniques are 
used by the 3606 to achieve a performance, size and cost 
combination never before achieved in a PGIA. It is 
available in a 32-pin dual-in-line ceramic package. 

14 

II!f 

IOkn 

IOku 

IOPTIONALIOFFSET 
TRiMI 
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SPECIFICATIONS 
ELECTRICAL 
TYPical at +25°C. unless otherwise noted. 

I 3IOIA'" I 38018111 

PARAMETER CONDITIONS L MIN TYP MAX I MIN TYP MAX UNITS 

GAIN,OIZ) 

Inaccuracy G = 1101024,10 = 1mA ±0.02 ±O.05 ±0.01 ±0.02 % 
Nonlinearity(3) G = 11016 0.001 0.002 %(51 

G=3210128 0.003 0.004 % 
G = 256 101024 0.005 0.D1 % 

Drift vs Temperature G = 1 10 1024 ±5 ±10 ppm/oC 
v8,Tlme G = 1101024 ±0.01 %/1000 hrs 

RATED OUTPUT 

Voltage 10=±5mA ±10 ±12 V 
Current Vo =±10V ±5 ±10 mA 
Impedance 0.05 0 

INPUT CHARACTERISTICS 

Absolule Max Voltage No damage ±Vcc V 
Common-Mode Voltage Range linear operation ±10 ±10.5 V 
Differenliallmpedance 10113 1090 II pF 
Common·Mode Impedance 10113 1090 II pF 

OFFSET YOLTAGE, RTO'" 

Inltlalal +25°C'" ±(0.02G ±(O.04G ±(0.01G ±(0.02G mV 
+11 +21 +11 +21 

vs Temperature -25°C 10 +85°C (±0.0015G (±O.OO3G (±0.0005G (±O.001G mV;oC 
±0.03G21 ±0.05G21 ±0.01G2) ±0.02G21 

vs Time (±O.001G mV/mo 
±0.01G21 

vs Supply (±O.002G mVN 
±O.04G21 

vsGalncf,I With trimming ±1 ±2 mV 

INPUT BIAS CURRENT 

Imtlal +25°C ±15 ±50 ±5 ±20 nA 
vs Temperature -25°C 10 +85°C ±0.3 nA;oC 
YS Supply Voltage ±0.1 nAN 

INPUT DIFFERENCE CURRENT 

Initial +25°C ±15 ±50 ±5 ±20 nA 
vs Temperature -25°C 10 +85°C ±0.5 nAJOC 
ys Supply Vollage ±0.1 nAN 

INPUT NOISE 

Voltage RSOURCE " 5kO 
0.01 Hz 1010Hz G = 1024 1.4 ~V, p-p 
10Hz 101kHz 1.0 IJ.V, rrns 

Current 
0.01Hz 1010Hz 70 nA, p-p 
10Hz 101kHz 20 nA, rrns 

COMMON-MODE REJECTION 

DC, 1kO Source Imbalance 
G=1,2 80 90 90 100 dB 
G=4106 90 100 100 110 dB 
G =32 10 1024 100 114 110 114 dB 

60Hz, 1 kO Source Imbalance 
G=1,2 80 86 dB 
G=41016 90 96 dB 
G =32 10 1024 100 106 dB 

DYNAMIC RESPONSE 

±3dB Response Small Signal kHz 
G=1 100 kHz 
G=32 10 128 40 kHz 
G = 256 10 1024 10 kHz 

±1% Response Small Signal 
G=1 40 kHz 
G =32 10 128 8 kHz 
G = 256 10 1024 3 kHz 

Slew Rale G= 1 0.2 0.5 V/~sec 
SeltlingTime G= 128 

101% 75 #-,sec 
100.1% 100 #-,sec 
100.01% 200 ~sec 
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ELECTRICAL (CONT) 
Typical at 1""25°G. unless otherWise noted 

PARAMETER 

LOGIC VOLTAGES 

"0" Levela) 
"1" Level!7l 
Absolute Max 

ANALOG SUPPLY 

Rated Voltage 
Voltage Range, Derated Performance 
Current. qUiescent 

DIGITAL SUPPLY 

Rated Voltage 
Voltage Range 
Current qUiescent 

TEMPERATURE RANGE 

Specification 
Storage 

·Speclficatlons same as 3606A 

NOTES 

Specify 3606AG or 3606BG lor ceramic package 
G=G, XG2 

CONDITIONS 

No damage 

Nonlinearity IS the maximum p~ak deviation from the best straight-I me as a percent of full scale 
peak-ta-peak output 

RTO = Referred To Output. May be referred to Input by dividing by galO G 

MECHANICAL 

'G"PACKAGE 

1 
0"00000000000000 

, 

L+- ' " 
.... 000000000 .. 000 

-t=-A~ 

LEADS IN TRUE Posn'ON WITHIN 
010 I :2!,;,,,,,,'R <'" MMC AT SEAT1NG PLANf 

PIN DESIGNATIONS 

PIN NO. DESIG. 

-v 
-IN 
J, 

,Nonel 
~J 

iNone, 
F 
J2 
R1 

10 0 
11 S, 
12 S2 
13 S3 
14 R2 
15 ANAGND 
16 ,None: 

Burr-Brown Ie Data Book 
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INCHES MILLIMETERS 
DIM MIN MAX MAX 

254BASIC 

'" 

FUNCTION 

-15V Analog Supply 
Inverting Input 
Outpulol A3 
OptIOnal A4 Offset Trim 
Summing Junction of A4 
Optional A4 Offset Trim 
Low-Pass Filter Pin 
Input to A4. 
Output Reference 
Oulpul 
Sense G =; 1 
Sense G =4 
Sense G;:;: 2 
Output Reference 
Analog Ground 
No Internal Connection 

3-153 

PIN NO. 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

UNITS 

V 
V 
V 

CD 
VDC 

~ VDC 
rnA ('I) 

May be adjusted to zero 
6 Trimmed according to Figure 8 

All digital ,"puts are 1 TTL Unit load 

DESIG. FUNCTION 

00 Digital Input. LSB 
D, Olgltallnput, next LSB 
G Latch 

DIGGND Digital Ground 
D2 Digital Input, next MSB 
D3 Dlgllal Inpul, MSB 
+5 +5 Digital Supply 

None, No Internal Connection 
'None, No Internal Connection 
Gain Optional External Gain 
Gain Optional External Gain 

INone, Input CMV 
+IN Nonlnvertlng Input 
+V +15V Analog Supply 

BAL} Opllonall nput Siage 
BAL Ollset Null 
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TYPICAL PERFORMANCE CURVES 
TYPical at +25°C unless otherwise noted 
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FREQUENCY RESPONSE 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 
Figure 2 ,how, the proper analog and digital power 
,upply connection,. I he analog ,upplie!> should be 
decoupled with II'F tantalum and 1000pF ceramic 
capacitor, a, cio,e to the amplifier m, po,sible. Because 
the amplifier" direct-coupled it mu,t have a ground 
return path lor the bia, current, a,!>ociated with the 
amplifier IOputs at pim 2 and 29. II the ground return 
path i, not inherent in the ,ignal ,ource (floating ,ource) 
it mu,t be prO\ided externally .. ( he ground return 
re",tance (R.,R) ,hould be kept ," 10\\ a, practical. An 
upper limit of approximately SOMn i> e,tabli,hed by the 
input bia!> current> of the amplifier and it!> common
mode \oltage. 

ANALOG 
COMMON 

FIGURE 2. Power Supply and Ground Connection!>. 

SIGNAL CONNECTIONS 
Ba,ic ,ignal connections are shown in Figure 3. The 
connection to pin 14 completes the difference amplifier of 
A, (!>ee Figure I). The 3 to 8 jumper connect> the output 
'tage. The pin 9 connection provide!> a divide-by-two 
attenuator for the A. stage. This is necessary to limit the 
,ignal on the output ,tage ,witches to maintain ,ignal 
linearity. The pin II, 12 and 13 connection, to pin 10 
close the feedback loop around A •. 

LOAD 

FIGURE 3. Basic Signal Connections. 

In the eyuation ,hown in Figure 3. GI i, the input ,tage 
gain and G, is the output ,tage gain. CM R R is the 
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common-mode rejection ratio [eM R (in dB) = 20 log 
CM RR (in Vi V)]. Common-mode voltage shown as E, \I 

i, actually the average of the two voltages appearing at 
the two inputs (pim 29 and 2) with respect to pin IS (V I 
and V,). 

GAIN SETTING 
Gain i, determined by a 4-bit digital word applied to the 
input Do through D, (,ee Figure I). 1'10 19 prm Ide, a 
latch lunction for the IOpUl!>. When pin 19 i, a logiC O. 
change, on the Do through D, input> are inhibited. 1'10 19 
,hould be at +SV if the latch" not u,ed. 

A gain ,tate truth table i, ,hown in Table I. (ialm are 
determined by the re,i,tor network!> ,IH)\\ n In hgure I. 
For the ,tate D,. D, = O. O. the II1pUt ,tage gain i, a 
I unction orthe gain ,etting re,istor R" connected hetween 
pin' 26 and 27. If gain' of I. 2 and 4 are dc"red. no 
connection ,hould be made to pin, 26 and 27 and the 
re,i,tance aero" the,e pim ,hould be kept high \\ Ith 
re'pect to 40kn (> 400Mn). 

Gain accuracy i!> e!>tablished by la,er-tnmmll1g the thlm
film re,i,tor networks duringa"embly. "'0 external. u,er 
trimming is reyuired. 

OUTPUT OFFSET 
Output off,et may be \aned by either of two method, 
,hown in Figure 4. Source, at pll1 9 and pin 14 apply 
\ oltage, to the noninverting II1puh of A, and A, re'pect
ivcly bee Figure I). Since the output ,tage gain occur, 
after the,e point>. the output ,oltage blH' e,tahl"hed 
\\ith VRI and VI<, Will vary with the output gailY. (j. 

Source, connected at pim 9 and 14 mmt have re",tance, 
low with re'pect to IOkn in order not to di,turh galll 
accuracy and common-mode. rejection. 

FIGU RE 4. Output Offsetting. 

LOW-PASS FILTER 

I 
I 

.GRI 

For low freyuency 'ignals. 'ystem performance may be 
improved by reducing noise handwidth in the amplifier. 
This may be accompli,hed with the addition of one or 
two external capacitors as ,hown in Figure 5. C, is 
connected toa 10k; 10k attenuator and C I is connected as 
a feedback element aero!>s A4 (,ee Figures I and S). The 
transfer function i!>; 

Yo [ 10 x 10' 1 [ 10, 10 J 
v;-, = I(KhlO"S(C.+JJoxl(riO')+2oxlO'.J It I-O-,-"((c,-l''--R-,'-(-',-+-R, 

Vol. 33 



TABLE I. Gain State Truth Table. 

. ill~!tal Inp('g~) G, G, 
(A, and A,) ( A.I 

D, D, 'D, D" (Pin, 2 & 29 to 3) (Pin 8 to Pm 10) 
0 0 0 0 I 
0 0 0 I I + 40k, R" 2 
0 0 I 0 4 
0 0 t I 4 
0 I 0 0 ,I 
0 I 0 I 4 2 
0 I I 0 4 
0 I I I 4 
I 0 0 0 I 
I 0 0 I 32 2 
I 0 I 0 4 
I 0 I I 4 
I I 0 0 I 
I I 0 I 256 2 
I I I 0 4 
I I I 1 4 

*RG connected between pms 26 and 27 

I he lir,t term" a fi"t order lilter. The ,econd term is 
Illore complex. R I varie, with the output stage gain -1.4k 
lor G, = 4 hee Figure I). The "I + ... " nature of the 
tramfer lunction prevenh a true lir~t order IIlter rolloff. 

For nH"t applicatlOm. the first order low-pa" lilter 
ohtamed hy C, provides wfficient filtering. The value C, 
reqUired lor a desired cutoff frequency (1', in HI) is 
ohtained hy the equatIon shown in Figure 5. 

f - 1 
2 - 211 x 5klllC2 + 330pFI 

FIG U R E 5. Low-Pass Filter Connections. 

LARGER OUTPUT CURRENT 

The output current rating of the 3606 is a minImum of 
±5mA. '1 he linearity of the gain IS affected hy output 
current. See Typical Performance Cunes. Optimum 
linearity is achieved with I() ~ I rnA. I" ~ 5mA is 
acceptahle. Ahove 5mA it may he desirahlc to usc a 
power or current hooster as shown III Figure 6. Burr-

FIGURE 6. Output Current Boo~ter. 

-':lOOmA TO 
±200mA 

G,' G, G,'G, 
(RI ,. =:x;) (R,,- .. 00) 

I 1(1 + 40k l R,,) 
2 2( I + 40k, R,,) 
4 4( I + 40k l R,,) 
4 4( I + 40k, R,,) 
4 4 
8 8 
16 16 
16 16 
32 32 
64 64 
128 128 
128 128 
256 256 
512 512 
1024 1024 
1024 1024 

Brown\ 3329 will pH)\lde ±IOOIllA output whde Burr
Brown\ 3553 will suppl~ ±200mA. When either hooster 
IS placed inside the feed hack loop as show n. the homter\ 
olhet v o!tage produces no significant errors 'Illee It IS 
dlv ided hy the open-loop gain 01 the output 'tage. 

GUARD DRIVE CONNECTIONS 

Use of the guard drive connectIon shown In Figure 7 can 
Improve system common-mode rejection when the dis
trihuted capacitance of the input IlIles is ,ignlficant. The 

FI G U R E 7. Guard Dnve Connections. 

common-mode voltage which appears on the input lines 
and on pins 29 and 2 is computed hy the 3606 [(V, + 
V,) 2] and appears at pin 28. It is then led hack to the 
shield so that the voltage across the distrihuted capac
itances is minimi/ed. This reduce, the common-mode 
current and improves common-mode rejection. The 
operational amplifier In the voltage follower configu
ration is used to' supply more current than can he 
ohtained from the 20k resistors connected internally to 
pin 28 (see Figure I). 

OFFSET TRIM 

Offset voltages of the 3606 arc reduced hy laser-trimming 
during assemhly. This reduces the initial offset voltage 
and the offset voltage change with gain change to levels 
that are acceptable lor most applications. For more 
critical applications the offset voltages can he externally 
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nullcd to Icro. rhc following ,tep' ,hould hc followed 
(wc hgure 8). 

OUTPUT 
STAGE 
TRIM 

FIGURE 8 OptiOnal Offsct Trim. 

I. AdJmt hoth R, and R, to mld-rangc. 
2 Set thc gain to millimum (I V V) 
3 AdJu,t R, to makc VOl I equal lero. 
4 Set thc gain to maximum (1024V V) 
5. Adlu,t R, to make V," I equal ICro. 

By using 11m technique. the change in output om,et 
voltage causcd hya galll change of IV V to 1024V. V 
may he reduced to, typically ImV m,tead of 10mV with 
no external tnmmillg. Trimming may cause the offset 
\oltage drift \s temperature to IllCrea,e slightly. 

DATA BUS 

MICROCOMPUTER 

t-
ADDRESS BUS 

I 
CONTROL BUS 

, 7 I 
ANALOG INPUT 

LATCH r-----CHANNelS 

ANALOG 
MULTIPLEXER 

MPC40 
MPC8S 

FIGURE 9. Use of 3601> in Data AcqUisition System. 

APPLICATIONS 
A lyplcal application of 3606 in a microcomputer hw,cd 
data acqui,ition ,y,tem is shown in thc hlock diagram 
helow. 

rhe purpose of this 'y,lem is to he ahle to acqUire data 
I rom a 'pecific analog input channel, ,uitably condition it 
(amplify it and convert It to digital form) and store it or 
transmit it for further procc>sing. 

Initially the Microcomputer load, the RAM (random 
acce" memory) With the required coding lor variou, 
dc",ircd gi.lIn'l via Data Bu:" I he codll1,g a~~oclatc~ the 

galll >tate truth tahle for 3606 With corre'pondlng addre>, 
location, In the computer memor, So whcn the computer 
put> out an lIl,truction to multiplex a 'pecilic analog 
Input channel through thc multiplexer v 1'1 the Addres> 
Blh. thc RA M '11'0 reCClve, thc ,arne address mlormation 
and put> out corre'ponding gain code to the P(jIA 3606. 
rhe 3601> amplifie, the multiplexed 'Ignal hy the pro

grammed galll value, and output> It to S H (sample and 
hold) °1 he S H hold, the output valuc w hen It rcceive, 
the control 'Ignal from the computer and the A [) 
cOll\erh It and output> It to thc computer \ La the Data 
Bu, under computer control. 

I he PCdA 31>06 allow, the ,y,tem user to modify and 
reprogram gain values for ddlerent analog input channel, 
merely hy changing the ,oftware computer program. 
SIllCC different dedicated in,trumcnts arc not reqUired lor 
\anous Input channel" thc PGIA abo ,ave, 'pace and 
o\erall ,y,tem co>t,. 

~ "J 
ADDRESS 
DECODER J--

i r---- f-------'\ AND f--

QJ ~ 
CONTROL I 

LOGIC 

I 

I J 
I 

RAM I 

................. 
~ PGIA ............ AID 

b9- CONVERTER 

;/' ADC8D 
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BURR-BROWN® 

IElElI 

High Accuracy Unity-Gain 
DIFFERENTIAL AMPLIFIER 

FEATURES 
.lOW COST 

• EASY TO USE 
• COMPLETELY SELF-CONTAINED 

• HIGH ACCURACY 
Gain Error. 0.005% 
Nonlinearity. 0.0005% 
CMR.106118 

• NO TRIMMING REQUIRED 

DESCRIPTION 
The 3627 is a high accuracy committed-gain dif
ferential amplifier. It consists of a high qllality 
monolithic operation amplifier, a low drift thin-film 
resistor network and laser-trimmed offset circuitry -
all inside a single integrated circuit package. 

The fact that the 3627 is completely self-contained in 
a TO-99 package has several user benefits: 

The total performance is guaranteed as a single 
component. 

No gain adjustments are required. 

No offset trimming is required. 

The whole circuit, including the gain setting 
resistors and offset trim circuitry, is protected by 
the environmentally rugged hermetically sealed 
package. 

The total amplifier function is very small in size 
(0.108 square inches of area and 0.025 cubic inches 
of volume). 

The 3627 is offered in two grades; the 3627AM and 
the 3627BM. They differ only in common-mode 
rejection (94dB typo vs I06dB typ.) and offset voltage 
drift (l5,uV j"C typo vs IO,uV j"C typ.) 

The 3627 offers excellent total performance with no 
fuss and a very-low total installed cost. 

3627 

International Airport Industrial Park· P.O. Bu 11400· Tucson. Arizona 85734· Tel. 16021 746·1111 . Twx: 910-952·1111 . Cable: BBRCORp· Telex: 66·6491 

PDS-364A 
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SPECIFICATIONS 
ELECTRICAL 
Specifications at TA = +25°C and ±15VDC power supply unless otherwise noted. 

MODELS 3827AM I 3827BM 

GAIN 
Gain Equation G tVN(11 
Gato Error ±O.OI%, max 1±O.OO5% typl 
Gain Nonlineanty(2) ±O.OOI%, max 1±O.OOO5% tYPI 
Gain Temp. Coefficient. max ±O.OOO5%I"C 15ppm/oCI 
Gain Temp Coefficient, typ ±O.OOO2%/oC 12ppmfOC) 

OUTPUT 
Aated Output, min ±10Vat±5mA 
Aated Output, typ ±12V at ±10mA 
Output Impedance 0010 

INPUT 
Input Impedance I 

Differential 50kO 
Common-mode 50kll 

Input Voltage Aange I 
Differential ±20V 
Common-mode ±20V 

Common-mode Rejection, DC to 60Hz 
CMA, at 25°C 9OdB, min I 94dB, tYPI 1100dB, min 1106dB, typl 
CMA, -25°C to +85°C 8OdB, min 190dB, tYPI 86dB, min 194dB, typl 

OFFSET AND NOISE 
Offset Voltage, ATO(4)IS) 

250pV, ma.'(1OOPV, typ) at 25°C 
vs Temperature, IlV/oC 30, max (15, typl I 20, max 110, Iypl 
vs Supply 20~VN 
vs Time 20~V/mo 

NOise Voltage, ATO(4)1.) I 
o 01Hz to 10Hz 2~V, p-p 
10Hz to 100Hz 1Sp.V, (ms 

DYNAMIC RESPONSE 
Small Signal, ±1% Flatness 5kHz min 18kHz, typl 
Small Signal, ±3dB Flatness 0.8MHz min 11 2MHz, typ I 
Full Power BandWidth 14kHz min 118kHz, typl 
Slew Aate 06V/~sec min I1V/~sec, tyP) 
Settling TIme, 0 1% 1±10mV) 20llsec 
Settling TIme, 0 01% 1±lmVI 50~sec 

POWER SUPPLY 
Aated Voltage ±15VDC 
Voltage Range ±5VDC 10 ±18VDC 
QUiescent Supply Current ±2mA 

TEMPERATUAE RANGE 
I ::specifications, min -25°'-' 10 +85°,-, 
Operation -55°C to +125°C 
Storage -65°C to +ISOOC 

NOTES. 

1 Connected as unity-gain amplifier Several other configurations are possible See the 
f'gures 10 DIScussion and TYPical Applications. 

2 Nonlmearity IS the maximum peak deviation from the best stralghtlme as a percent 
of full scale peak-te-peak output. 

3 With zero source Impedance unbalance. 
4 Referred to output In unity-gain difference configuration Note that this CirCUit has a 

gain of 2 for the operational amplifiers offset voltage and nOise voltage. 
S Includes effects of amphflers' Input bias currents 
6 Includes effects of amplifiers' Input current nOise. 

FIGURE I. Simplified Circuit Diagram, 
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SENSE 

+VCC 

OUT 

-Vee 

REF 

3-159 

MECHANICAL 
TO-99 

NOTE 
Leads tn true pOSItIOn wllh .... 010 

( 25mm) R (til MMC at seatmg plane 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 33. 310 8.' 940 

8 30. 33. "' 8., 

C '65 185 4 '9 410 

D 0'6 021 04' 053 

E 0'0 040 025 '02 

F 0'0 040 025 , 02 

G 200 BASIC 508 BASIC 

H 028 034 071 08. 

J 02. 045 014 , '4 

K .00 '21 

L 110 '60 2 ,. 406 

M 45° BASIC 45° BASIC 

N 09' '0' 241 267 

Pm matenal and plating compostlon conform to 
method 2003 Isoiderablllty) of MIL-STD-883 
(except paragraph 3 2) 

CONNECTION DIAGRAM 

rTOPVIEWI 

TAB 

-Vee 

See Figure 1 for CirCUit diagram 
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ISOLATION PRODUCTS 

WHAT IS AN ISOLATION AMPLIFIER? 
An isolation amplifier is a device with the primary function of providing 
ohmic isolation (break the ohmic continuity of electrical signal) between the 
input signal/circuitry and the output of the amplifier. It usually consists of 
an input operational amplifier or instrumentation amplifier followed by a 
unity-gain isolation stage. The sole purpose of the unity-gain isolation stage 
is to completely isolate the input from the output of the device. Ideally, the 
ohmic continuity of the input signal is broken (at the isolation barrier) yet 
accurate signal transfer without any attenuation is achieved across the unity
gain isolation stage. An important feature of an isolation amplifier is that it 
has a completely floating input which helps eliminate cumbersome connec
tions to source ground. 

Figures 1 and 2 show typical isolation amplifier applications. The isolation
mode voltage VIsa is the voltage that exists across the isolation barrier. The 
contribution of the output referred error caused by VIsa is (VIso/IMRR) x 
Gain where IMRR is the Isolation Mode Rejection Ratio. V SIG is the 
differential input signal and VeM is the common-mode voltage. Leakage 
Current is the current that flows across the isolation barrier with some 
specified isolation voltage applied between the input and the output. 

CHARACTERISTICS OF ISOLATION AMPLIFIERS 
Following is a discussion of some characteristics and terms unique to 
isolation amplifiers. 

COMMON-MODE VOLTAGE AND ISOLATION VOLTAGE 

Some manufacturers (other than Burr-Brown) treat common-mode voltage 
and isolation voltages synonymously in describing the use and lor specifi
cations of isolation amplifiers. It is important to understand the significance 
of these terms and the difference between them. 

Burr-Brown Ie Data Book 4-1 

4 

Vol. 33 



When the input common is grounded, the differential input signal V D (see 
Figure 1) can be floated by the amount V CM above the input ground. V CM is 
the common-mode voltage (CMV) and is generally ±10V, limited by the 
CMV rating of the input stage amplifier. In applications involving higher 
systems common-mode voltages, input common terminal is not grounded 
and the common-mode voltages are referenced across the isolation barrier 
to the output common terminal. 

Input 
Common 

Error 

I'N -
Isolation 

Barrier~: 

+---:----1 + 

~----------~~-f~ 

V'SO 

*IMRR in AN 

Capacitance 
and Resistance 

Figure 1. Typical Isolation Amplifier, Current (Input) Mode. 

The isolation voltage VIsa shown in Figure 1 is the potential difference 
between the input common and the output common terminals. The isolation 
voltage rating describes the amount of voltage that the isolation barrier can 
withstand without breakdown. This feature of the isolation amplifier allows 
two distinct ground connections to be made when necessary. It allows the 
isolation amplifier to be used in applications involving very-high common
mode voltages and in applications of breaking ground loops. 

Many applications involve a large "system common-mode voltage." In such 
applications, the isolation amplifier's input common terminal is not con
nected to any ground but the output common terminal is connected to the 
system ground. In such a case, the term V CM shown in Figures 1 and 2 
becomes negligible and VIsa determines the safe limit for the system 
common-mode voltage. In this manner, the isolation amplifier can accom
modate common-mode voltages of 2000V or more. 
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V 
~Error 
CMRR 

V'OO Error 
IMRR' 

Isolation 
Barrier 

~: 

~--------------~+ 

~---------------+--~rv 
Input 
Common 

'IMRRinVN 

V,oo 

V'OO 

Isolation 
Capacitance 
and Resistance 

Output 
Common 

Figure 2. Typical Isolation Amplifier, Voltage (Input) Mode. 

COMMON-MODE REJECTION AND ISOLATION REJECTION 

Isolation-mode rejection (IMR) is another term that some other manufactur
ers refer to as common-mode rejection (CMR). The preceding discussion on 
the common-mode voltage and isolation voltage helps recognize the differ
ence between CMR and the IMR. The CMR is the measure of the input stage 
amplifier's ability to reject common-mode input signals (common-mode 
with reference to the output common) while transmitting the differential 
signal across the isolation barrier. The isolation-mode rejection ratio 
(IMRR) is defined by the equations shown in Figures I and 2. Thus, 
understanding the IMR capability of isolation amplifiers allows their mean
ingful use in applications requiring very high common-mode rejection ratios 
such as l00dB to 140dB. 

ISOLATION VOLTAGE RATINGS, TEST VOLTAGE 

It is important to understand the significance of the continuous derated 
isolation voltage specification and its relationship to the actual test voltage 
applied to the unit. Since a "continuous" test is impractical in a product 
manufacturing situation (implies infinite test duration) it is generally ac
cepted practice to perform a production test at a higher voltage (higher than 
the continuous rating) for some shorter length of time. 

The important consideration is then "what is the relationship between actual 
test conditions and the continuous derated minimum specification?" There 
are several rules of thumb used throughout the industry to establish this 
relationship. For most isolation amplifiers, Burr-Brown has chosen a very 
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conservative one: V TEST= (2 x V CONTINOUSRATINO) + 1000V. This relationship 
is appropriate for conditions where the system transient voltages are not well 
defined. * Where the real voltages are well defined or where the isolation 
voltage is not continuous the user may chose to use a less conservative 
derating to establish a specification from the test voltage. 

Beginning with the introduction of the IS0120 and IS0121, new introduc
tions are being tested for partial discharge. To accommodate poorly defined 
transients, the part under test is exposed to a voltage 1.6 times the continuous 
rated voltage and must display a partial discharge level of ~5pC in a 100% 
production test. This method is described in detail in the ISO 120 data sheet. 

APPLICATIONS OF ISOLATION AMPLIFIERS 
When one or more of the following conditions/requirements are present in 
an application, an isolation amplifier would generally be the right choice as 
a signal conditioning device: 

• When ohmic isolatioQ between the signal source and the output is a 
requirement (isolation impedance between the input and the output is 
>lOMQ). 

• When common-mode noise and voltage rejection requirements are 
>l00dB). 

• When is is necessary to process signals in the presence of, or riding on, 
high common-mode voltages (CMV » 10V). 

In general, most applications can be broadly categorized into the following 
four types: 

• Amplifying and measuring low level signals in the presence of high 
common-mode voltages. 

• Breaking ground loops and/or eliminating source ground connections. 
The isolation amplifier provides full floating input, eliminating the need 
for connections to source ground, and thus allows two-wire hook-up to the 
signal sources. 

• Providing an interface between medical patient monitoring equipment 
and the transducer/devices that may be in physical contact with the patients. 
Such applications require high isolation voltage levels and very-low leakage 
currents. 

• Providing isolation protection to electronic instruments/equipment. 
Large common-mode voltages occasionally cause hazardous electronic 
faults. Low leakage currents and high isolation voltage capability of isola
tion amplifiers help protect instruments against damage caused by 
such faults. 

*Reference National Electrical Manufacturers Association (NEMA) Standards Parts IeS 

1-\09 and IeS I-Ill. 
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Isolation amplifier performance requirements vary significantly, depending 
on the type of requirement. In applications where bandwidth and speed of 
response are more important than gain accuracy and linearity, the optically 
or capacitatively coupled amplifiers will be the best choice. For applications 
where gain accuracy and linearity are key parameters, Burr-Brown's family 
of transformer or capacitatively coupled amplifiers are the suitable choice. 

ISOLATION AMPLIFIERS SELECTION GUIDES 
The following Selection Guides show parameters for the high grade. Refer 
to the Product Data Sheet for a full selection of grades. Models shown in 
boldface are new products introduced since publication of the previous 
Burr-Brown IC Data Book. 
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TRANSFORMER·COUPLED AMPLIFIERS 

Isolation Isolation Leakage 
Voltage (V) Mode Re- Current Iso 

Pulsel Jection, typ atTest Imped· 
Cont Test, DC 60Hz Voltage~ 

Descrip Model Peak Peak (dB) (dB) (ILA) (n) (pF) 

High 3656G ±3500 ±BOOO 160 125 0.5 10" 6 
Isolation 
Voltage 

NOTES; All packages are DIPs. (1) Ind = -25°C to +B5°C. 

OPTICALLY COUPLED AMPLIFIERS 

Isolation Isolation Leakage 
Voltage (V) Mode Re· Current Iso 

Pulsel jection, typ at Test Imped-
Cont Test, DC 60Hz Voltage ance 

Descrip Model Peak Peak (dB) (dB) (ILA) (n) (pF) 

Balanced 3650G ±2000 ±5000 140 120 0.25(2) 10" 1.B 
Current 
Input 

Balanced 3652G ±2000 ±5000 140 120 0.25(2) 10'2 1.B 
FET Input 

Volt· 
Gain Non· age Bias Ext 
lineari~ Drift Current ±3dB Iso 

max typ (±I.lV~OC) Freq Power 
("10) ("10) max max (kHz) Req Temp(') Pg 

±0.05 ±0.03 5+ 100nA 30 No 
(1000/G,) 

Volt· 
Gain Non· age Bias Ext 
linearity Drift Current ±3dB Iso 
max typ (±ILV/0C) I Freq Power 

Ind 4-10B 

("10) (%) max max (kHz) Req Temp(') Pg 

±0.05 ±0.02 5 10nA 15 Yes(3) Ind 4-100 

±0.1 ±0.05 25 50nA 15 Yes Ind 4-100 

Low Drift IS0100P 750 2500 146(3) lOB(3) 0.3 10'2 2.5 0.07 0.02 4(3) 10nA 60 Yes Ind 4-B 
WideBW 

NOTES; All packages are DIPs. (1) Ind = -25°C to +B5°C. (2) At 240V/60Hz. (3) R'N = 10k, Gain = 100. 

CAPACITOR COUPLED, HERMETICALLY SEALED AMPLIFIERS Boldface = NEW 

Isolation Isolation Leakage Volt· 
Voltage (V) Mode Re- Current Iso Gain Non· age Bias Ext 

Pulsel jection, typ at Test Imped- lineari~ Drift Current ±3dB Isol 
Cont Test, DC 60Hz Voltage ance max typ (±ILV/OC) I Freq Power 

Descrip Model Peak Peak (dB) (dB) {!J.A) (n) (pF) ("10) (%) max max (kHz) Req Temp(1) Pg 

1500VAC IS0102B ±2121 ±4000 160 120 1.0 1014 6 ±0.02S ±0.02 ±2S0 100ILA 70 Yes Ind 4·20 
Isolation IS0120B ±2121 ±3S3S(2) 160 11S O.S 1014 2 ±0.01 ±O.OOS ±lS0 SOILA 60 Yes Ind 4-44 

150122 ±2121 ±3394 140 O.S 1014 2 ±O.Ol ±O.OOS ±200 SOILA SO Yes Com 4-S7 

3500VAC IS0106B ±49S0 ±8000 160 130 1.0 1014 6 ±0.012 ±0.007 ±2S0 100ILA 70 Yes Ind 4-20 
Isolation IS0121B ±49S0 ±S600(2) 160 11S O.S 10" 2 ±0.01 ±O.OOS ±lS0 SOILA 60 Yes Ind 4·44 

NOTES; All packages are DIPs. (1) Ind = -25°C to +B5°C. Com = O°C to +70°C. (2) Partial discharge voltage. 
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ISOLATION POWER SUPPLIES(') Boldface = NEW 

Isolation 
Voltage (V) 

Pulse! 
Cant Test 
Peak Peak 

Input 
Voltage 

(VDC) 

Leakage 
Current 
240VAC 

60Hz 
UtA) 

Isolation 
Impedance 

Current, 
Balanced 

Loads On All 
Outputs (mA) 

Sensitivity 
To Input 
Change 

Descrip Model min max (0) (pF) Rated Max(') (V/V) Temp(2) Pkg Pg 

Single 
±1SV 
Output 

Dual ±1SV 
Output 

700 1S00 4200 10 
700U 2000 SOOO 10 
PWS725 2121 4000 7 
PWS726 4950 8000 7 

722 49S0 
PWS727 2121 
PWS728 2121 

8000 
3394 
3394 

S 
10 
4.5 

Quad ±1SV 710 1000 3100 10 
Output 

Quad±8V 
Output 

724 10003000 S 

18 
18 
18 1.2 
18 1.2 

16 
18 
5.5 

18 

16 

1.5 
1.5 

Multiple PWS740 2121 4000 7 20 1.5 
Output (1-8) PWS750 2121 3394 4.5(5) 18(') 1.5 

10'0 
10'0 
1012 

10" 

10'0 
1014 

1014 

10'0 

10'0 

1012 

1014 

S 
3 
9 
9 

6 
8 
8 

8 

6 

3 
8 

±3-30 
±3-30 
±15 
±15 

±3-40 
±15 
±15 

±9.S 

±3-16 

30(3) 
±15 

±60 1.08 Ind Mod 4-86 
±60 1.08 Ind Mod 4-86 
±40 1.15 Ind DIP 4-65 
±40 1.15 Ind DIP 4-65 

±SO 
±30 
±30 

1.13 Ind Mod 4-92 
1.15 Com Mod 4-70 
3.2 Com Mod 4-73 

±60 1.08 Ind Mod 4-88 

±60 0.63 Ind Mod 

60(3) 1.20 Ind Sys(4) 4-76 
30 (7) Com Camp 4-83 

NOTES: (1) See complete Product Data Sheet for full specifications, especially regarding output current capabilities. (2) Ind = -2SoC 
to +8SoC. Com = DoC to +70°C. (3) Per channel. (4) 1 TO-3 driver per 8 channels, plus 2 DIPs per channel. (S) SVoperation. (6) 
1SV operation. (7) SV operation: 3.2; 1SV operation: 1.15. 

CAPACITOR-COUPLED, WITH POWER 

Descrip Model 

Isolation 
Voltage (V) 

Pulse! 
Cant Test, 
Peak Peak 

Isolation Leakage 
Mode Re- Current Iso 
jection, typ at Test Imped-
DC 60Hz Voltage ance 
(dB) (dB) (IlA) (0) (pF) 

1500VAC 150103 2121 3394 160 100 1.0 1012 9 
Input Power 

1500VAC 150113 2121 3394 160 100 1.0 1012 9 
Output Power 

2500VAC 150107 3535 5656 160 100 1.0 1012 9 
Input Power 

NOTES: All packages are DIPs. (1) Ind = -2SoC to +85°C. 

Volt-
Gain Non- age Bias 
linearity Drift Current ±3dB 
max tyP (±IlV!OC) I Freq 
(%) (%) max max (kHz) 

Boldface = NEW 

Temp(') Pg 

0.01 100(2) 50llA 30 Ind 4-34 

0.01 100(2) 50llA 30 Ind 4-41 

0.01 100(2) 50llA 30 Ind 4-34 

CAPACITATIVEL Y COUPLED VOL TAGE-TO-FREQUENCY CONVERTER Boldface = NEW 

Isolation Leakage 
Voltage (V) Current Non-lin- Bias Operating External 

Pulse! at Test Isolation earityat Current Frequ Isolation 
Cant Test Voltage Impedance 1MHZ (max) (max) Power 

Descrip Model Peak Peak (IlA) (0) (pF) (typ) (IlA) (kHz) Req Temp(1) Pg 

1500V 150108 2121 3394(2) 0.3typ 10" 3 0.01 250 4 Yes Ind 4-38 
Isolation 

NOTES: Package is DIP. (1) Ind = -25°C to +85°C. (2) Partial discharge voltage. 
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BURR-BROWN® 

IElElI 150100 

Miniature 
Low Drift - Wide Bandwidth 

ISOLATION AMPLIFIER 

FEATURES 
• EASY TO USE, SIMILAR TO AN OP AMP 

VouT/I,N = RF, Current Input 
VouT/V,N = RF/R ,N, Voltage Input 

• 100% TESTED FOR BREAKDOWN 
750V Continuous Isolation Voltage 

• ULTRA-LOW LEAKAGE, 0.3pA, max, at 240V 160Hz 

• WIDE BANDWIDTH, 60kHz 

• LOW COST 

• 18-PIN DIP PACKAGE 

DESCRIPTION 
The ISOIOO is a miniature low cost optically-coupled 
isolation amplifier. High accuracy, linearity, and 
time-temperature stability are achieved by coupling 
light from an LED back to the input (negative 
feedback) as well as forward to the output. Optical 
components are carefully matched and the amplifier 
is actively laser-trimmed to assure excellent tracking 
and low offset errors. 

The circuit acts as a current-to-voltage converter 
with a minimum of 750V (2500V test) between input 
and output terminals. It also effectively breaks the 
galvanic connection between input and output com
mons as indicated by the ultra-low 60Hz leakage 
current of 0.3,.,A at 250V. Voltage input operation is 
easily achieved by using one external resistor. 

Versatility along with outstanding DC and AC per
formance provide excellent solutions to a variety of 
challenging isolation problems. For example, the 
ISOIOO is capable of operating in many modes, 
including: noninverting (unipolar and bipolar) and 
inverting (unipolar and bipolar) configurations. Two 
precision current sources are provided to accomplish 
bipolar operation. Since these are not required for 
unipolar operation, they are available for external 

APPLICATIONS 
• INDUSTRIAL PROCESS CONTROL 

Transducer sensing 
(thermocouple, RTD, pressure bridges) 

4mA to 20m A loops 
Motor and SCR control 
Ground loop elimination 

• BIOMEDICAL MEASUREMENTS 

• TEST EQUIPMENT 

• DATA ACQUISITION 

use (see Applications section). 

Designs using the ISO 100 are easily accomplished 
with relatively few external components. Since VO UT 

of the ISOIOO is simply I,NRouT, gains can be 
changed by altering one resistor value. In addition, 
the ISOIOO has sufficient bandwidth (DC to 60kHz) 
to amplify most industrial and test equipment signals. 

.Vcc+Vcc INPUT OUTPUT ·Vcc +VCC 
COMMON COMMON 

Internationat Airport Industnal Park - POBox 11400 - Tucson. Amona B5734 - Tel 1602) 746- II 11 - Twx 910-952-1111 - Cable BBRCORP - Telex- 66-6491 

PDS-456E 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C and +Vcc = 15VDC unless otherwise noted -

I IS0100AP 

PARAMETER CONDITIONS 1 MIN 1 TYP 

ISOLATION 

V~~~~~'contmuous, AC peak or DCml 750 
Test Breakdown, DC lOsec 2500 

Rejectlon(2) DC 5 
RIN =10k!!, Gam = 100 146 

AC 60Hz, 480V, RF = 1 Mll 400 
RIN = 10kU, Gain = 100 108 

Impedance 101211251 
leakage Current 240V. (ms, 60Hz 

OFFSET VOLTAGE (RTI) 

Input Stage (VaSil 
Initial Offset 

vs Temperature 
vs Input Power Supplies 
vs Time 1 

Output Stage I Vasa I 
Initial Offset 

vs Temperature 
vs Output Power Supplies 
vs Time 1 

Common-Mode Rejection Aatlo(2) 60Hz, RF = 1 Mll 3 
RIN = 10kll, Gain = 100 90 

Common-Mode Range ±10 

REFERENCE CURRENT SOURCES 

Magnitude 
Nommal 105 12 

vs Temperature 
vs Power Supplies 03 

Matchmg 
Nommal 50 

vs Temperature 150 
vs Power Supplies 03 

Compliance Voltage -10 
Output ReSistance 2 x 109 

FREQUENCY RESPONSE 

Small Signal Bandwidth Gain = 1V/~A 60 
Full Power Bandwidth Gain = 1V/~A, Vo = ±lOV 5 
Slew Rate 022 031 
Settling Time 01% 100 

TEMPERATURE RANGE 

Speclflcatlon -25 
Operating -40 
Storage -55 

UNIPOLAR OPERATION 

GENERAL PARAMETERS 
Input Current Range 

Linear Operation -20 
Without Damage -1 

Input Impedance 01 
Output Voltage SWing RL = 2k!!, RF = 1M!! -10 
Output Impedance DC. open-loop 1200 

GAIN VO=RF (liN! 
Initial Error (Adjustable To Zero· 2 

vs Temperature 003 
vs Time 005 

Nonllneantyp) 01 

CURRENT NOISE lIN =0 2~A 
a 01Hz to 10Hz 20 
10Hz 1 
100Hz 07 
1kHz 065 

INPUT OFFSET CURRENT (lOS) 
Initial Offset 1 

vs Temperature 005 
vs Power Supplies 01 
vs Time 100 

Burr-Brown Ie Data Book 4-9 

MAX I MIN 

03 

500 
5 

105 

500 
5 

105 

125 
300 

3 

+15 

+85 
+100 
+100 

-002 
+1 

a 

5 
007 

04 

10 

IS0100BP IS0100CP 
TYP I MAX I MIN I TYP MAX I UNITS 

V 
V 

pAN 
dB 

pAN 
dB 

II IlpF 
/lA, rrns 

300 200 ~V 
2 2 j.lV/oC 

dB 
!-'V/kHr 

300 200 ~V 
2 2 iJ,V/oC 

dB 
~V/kHr 

nAN 
dB 

V 

~A 
300 150 ppm/oC 

nAN 

nA 
ppm/oC 

nAN 
V 
!! 

kHz 
kHz 

V/Jlsec 
Jlsec 

"C 
"C 
"C 

~A 
rnA 
!! 
V 
!! 

1 2 1 2 % FS 
001 005 0005 003 %fOC 

%/kHr 
003 01 002 007 % 

pA, p-p 
pA/v'Hz 
pA/v'Hz 
pAl"; Hz 

nA 
nAloe 
nAN 

pA/kHr 
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ELECTRICAL (CONT) 

IS0100AP IS0100BP 
PARAMETER 

POWER SUPPLIES 
Input Stage 

Voltage (rated performance) 
Voltage (derated performance, 
Supply Current 

Output Stage 
Voltage (rated performance I 
Voltage rderated performance 
Supply Current 
Short CirCUIt Current LimIt 

GENERAL PARAMETERS 
Input Current Range 

Lmear Operation 
Without Damage 

Input Impedance 
Output Voltage SWing 
Output Impedance 

GAIN 
Initial Error' Adjustable To Zero I 

vs Temperature 
vsTlme 

Nonlinearity (3) 

CURRENT NOISE 
o 01Hz to 10Hz 
10Hz 
100Hz 
1kHz 

INPUT OFFSET CURRENT ·Ios, bipolar 1(4) 

Initial Offset 
vs Temperature 
vs Power Supplies 
vs Time 

POWER SUPPLIES 
Input Stage 

Voltage (rated performance) 
Voltage (derated performance I 
Supply Current 

Output Stage 
Voltage ( rated performance) 
Voltage (derated performance) 
Supply Current 
Short Circuit Current Umlt 

Same as IS0100AP 
NOTES 

CONDITIONS MIN TYP 

±15 
±7 

liN =-002~A ±11 
liN = -20~A +8, -11 

±15 
±7 

Va = 0 ±11 

BIPOLAR OPERATION 

-10 
-1 

01 
RL = 2kll, RF = 1 Mil -10 

1200 

Vo = RF I liN' 
2 

003 
005 
01 

liN=O 2~A 
15 
17 
7 
6 

40 

250 

±15 
±7 

liN = +10~A +2, -11 
liN = -10~A +8, -11 

±15 
±7 

Va =0 ±11 

1 See Typical Performance Curves for temperature effects 
2 See Theory of Operation section for definitions For dB see Ex 2, CM and HV errors 

MAX MIN TYP 

±t8 
±2 

+13, -2 

±18 
±2 
±40 

+10 
+1 

+10 

5 1 
007 001 

04 003 

200 20 
3 

07 

±18 
+3,-2 

+13,-2 

±18 
±2 
±40 

3 Nonlinearity IS the peak deviation from a "best fit" straight line expressed as a percent of full scale output 
4 Bipolar offset current Includes effects of reference current mismatch and Unipolar offset current 

MECHANICAL 

[~, 
1 9 

. Pin 1 Identifier - -F 

Burr-Brown Ie Data Book 

Seating 
Plane 

NOTE· Leads in true position 
within 0 01" (0.25mm) R at MMC 
at seating plane. 

Pin numbers shown for reference 
only. Numbers are not marked 
on package. 

- ·L 

4-10 

MAX 

2 
0.05 

01 

70 
2 

DIM 
A 
B 
C 
D 
F 
G 
J 
K 
L 
N 
P 

IS0100CP 
MIN TYP MAX UNITS 

V 
V 

mA 
mA 

V 
V 

mA 
mA 

~A 
mA 

11 
V 
n 

1 2 %ofFS 
0005 003 %/"C 

%/kHr 
002 007 % 

nA, pop 
pA/v'Hi 
pA/YHz 
pA/YHz 

10 35 nA 
1 nA/oe 

nAN 
pA/kHr 

V 
V 

mA 
mA 

V 
V 

mA 
mA 

)NCHES MILLIMETERS 
MIN MAX MIN MAX 
.982 1.002 24.94 25.45 
.480 .500 12.19 12.70 
.148 197 3.78 5.00 
.016 .020 0.41 0.51 

.000TYP 1.27TYP 
,095 105 241 2,87 
.009 012 0,23 0.30 

205 TYP 5.21 TYP 
.290 .310 737 787 
.015 .035 038 0.89 

O4OTYP 102TYP 
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ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION 

Supply Voltages 
Isolation Voltage 
Input Current 
Storage Temperature Range 
Lead Temperature soldering 10 seconds 
Output Short-circuit Duration 

::+::18V 
2500V 
:!:lmA 

-55°C to +10QoC 

+3000C 
Continuous to ground 

INPUT COMMON " 'NC· 

2 +VCCA2 

3 VOUT 

4 -VccA2 

5 BAL 

7 RF 

8 REF2 

\:::.1<;;':;=::-===1.:9'..1 OUTPUT COMMON 

TYPICAL PERFORMANCE CURVES 
TA =0 +25°C, ±Vcc = 15VDC unless otherwise noted 

CD 
"0 

~ 

~ 
Ci 
E ..: 

00 
~ 

l' 
'" ~ 0 

:J; 
~ 
.c 
Cl. 

20 

10 

-10 

-20 

-30 

0 1 

SMALL SIGNAL 
FREQUENCY RESPONSE 

Frequency kHz 

PHASE SHIFT VS FREQUENCY 

0° .... _Ii::!'-+---..-+---I 

90° 

1800 

2700 

BIPOLAR OUTPUT 
SWING VS R, 

±20 

~Jvcc 
> 
g> 
~ 

co 
~ 

S 
c5 

> 

'" c 
~ 

co 
:; 
a. 
:; 
0 

±15 

±10 

±5 

o 
10k 

-5 

I 

I ~lLcc ~; 
t;;~ -±10iVCC--1--0 

;:,'" 
E: ~I :;,:!f 0:;: ±7Vcc 

Vo = (l2pA)(R,) 
= IVcc::1 -1 2V max 

1 I 
lOOk 1M 10M 

R,(O) 

UNIPOLAR OUTPUT 
SWING V& R, 

I I 
Vo = (12/JA)(R,j 

= IVccl -1 2V max 

+7Vcc 

-<)Q\ ! ±10Vcc 

100M 

-10 oS 
~!i'.-<)\ ±13Vcc ~S 

-15 
~1\ 

n~~ ~ rtI \ ±18Vcc 

..: 
E 

c 
l' 
'; 
u 
~ 
a. 
a. 
~ 

co 

BIPOLAR INPUT STAGE 
SUPPLY CURRENT VS INPUT CURRENT 

+10 

+5 " "" +Vcc 

-Vee 

-5 

-10 
-20 -10 o '10 

liN )JA 

UNIPOLAR INPUT STAGE 
SUPPLY CURRENT VS INPUT CURRENT 

+10~~~;-----~~~~rT~~ 

10 100 1000 
-20 

10k lOOk 1M 10M 100M -20 -10 +10 

§ 
<i. 
"-

2 
c e 
3 
u 
~-

E 
~ 
~ 

--J 

U 
..: 

0 

Frequency kHz 

ISOLATION LEAKAGE CURRENT 
VS ISOLATION VOLTAGE 

r------,-------r------,15 

> 

R,(O) 

CONTINUOUS DC ISOLATION 
VOLTAGE VS TEMPERATURE 

~ldoo~~~"~~~"~~T7~~ 
oil' 
0:: 

~-------t------~--------~10~g 
~ § 750r_--rl------~------r_·lfrt~ 

~ i§ RECOMMENDED 
() 5l OPERATING 
~ 0 500 REGION-+-------t--I;f-f-7'-it 

'" 0 :. ~ 
~ ~ 250~--t-----_1-------t-I~f7Y 

'E 
wG::::::+==-----4--.:::::=!o (3 0 '--....Ii.-__ .... ___ '-_.II..'"' 

3 -25 
IsolatIon Voltage kV Temperature °C 
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a. 
> 

AC ISOLATION 
VOLTAGE VS TEMPERATURE 

~750r_--r------+-------+---lrf~ 

o RECOMMENDED 
> OPERATING 
2 500 REGION ----+----1-17'-1 

'" ~ 
u 250r_~------~------t---r7~ 
..: 

~2L5--~------~------~--+~85~+~125 

Temperature °C 
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~ 

RATE OF GAIN ERROR SHIFT 
VS ISOLATION VOLTAGE 

15r---~~~~~~---' 

GAIN ERROR VS TEMPERATURE 
AND ISOLATION VOLTAGE 

30r-----~----~----__, 

25~----~----~------i NOTES 

Short term shift (10 hrs) 6 V,M> VT e w 
c: 
'0; 
Cl 
'0 

~ 2.0 l----t----FI------j gs 
VT and TT approximate the threshold 
for the mdlcated gain shift This IS 
caused by the propertIes of the 
optIcal cavity 

~ 
~ ~ 1.51----t---::;b~ V,M < VT 
as= 

TT ~ +65°C. VT = 200VOC Shift does 
not occur for AC voltages 

as 
.c: 
() 

0.51----+--~~---+---J 
Cl~ 

~ 
VIM ::= Isolation-mode Voltage 
VT = Threshold Voltage '0 

~ 
TT = Threshold Temperature 05~~---+------+------; 

ex: 

o 
Isolation Voltage NOel 

~2~5~----+~2~5~--+~~~+~7~5----~+125 
TT 

THEORY OF OPERATION 
The ISOIOO is fundamentally a unity gain current 
amplifier intended to transfer small signals between 
electrical circuits separated by high voltages or different 
references. In most applications an output voltage is 
obtained by passing the output current through the 
feedback resistor (Rd. 

The ISO 100 uses a single light emitting diode (LED) and 
a pair of photodiode detectors, coupled together, to 
isolate the output signal from the input. 

Figure I shows a simplified diagram of the amplifier. 
1. , f I and 1., f 2 are required only for bipolar operation, to 
generate a midscale reference. The LED and photodiodes 
(D I and D2) are arranged such that the same amount of 
light falls on each photodiode. Thus, the currents 
generated by the diodes match very closely. As a result, 
the transfer function depends upon optical match, rather 
than absolute performance. Laser-trimming of the 
components improves matching and enhances accuracy, 
while negative feedback improves linearity. Negative 
feedback around Al occurs through the optical path 
formed by the LED and DI.·The signal is transferred 
across the isolation barrier by the matched light path to 
D2. 

ISOLATION I 
BARRIE~ 

rJ~~!!LI;,I!tI;,Y!T, 

,,--,*~i ..., • 

OUTPUT CIRCUIT -------1 

>+-r-~ 

VOUT 

OUTPUT 
COMMON 

CONNECT PINS 15 AND 18 FOR BIPOLAR CONNECT PINS 7 AND B FOR BIPOLAR 
AND PINS 18 AND 17 FOR UNIPOLAR. AND PINS 8 AND 9 FOR UNIPOLAR 

FIGURE I. Simplified Block Diagram of the ISOIOO. 

Temperature (oCI 

The overall ISO amplifier is noninverting (a positive 
going input produces a positive going output). 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

UNIPOLAR OPERATION 
In Figure I, assume a current, 1I~, flows out of the 
ISO 100 (lIN must be negative in unipolar operation). This 
causes the voltage at pin 15 to decrease. Because the 
amplifier is inverting, the output of A I increases, driving 
current through the LED. As the LED light output 
increases, D I responds by generating an increasing 
current. The current increases until the sum of the 
currents in and out of the input node (-Input to Ad is 
zero. At that point the negative feedback through D I has 
stabilized the loop, and the current 101 equals the input 
current plus the bias current. As a result no bias current 
flows in the source. Since D I and D2 are matched (I", = 
102), "N is replicated at the output via D2. Thus, AI 
functions as a unity-gain current amplifier, and A2 is a 
current-to-voltage converter, as described below. 

Current produced by D2 must either flow into A2 or RF. 
Since A2 is designed for low bias current (= I OnA) almost 
all of the current flows through RF to the output. The 
output voltage then becomes; 
Vo = (1m) RF = (I", ±Ios) R.-= -(-lIN) RF = "NRF, (I) 
where, los is the difference between AI and A2 bias 
currents. For input voltage operation lIN can be replaced 
by a voltage source (V IN ) and series resistor (R IN ) since 
the summing node of the op amp is essentially at ground. 
Thus, lIN = VIN/RIN. 

Unipolar operation does have some constraints, however. 
I n this mode the input current must be negative so as to 
produce a positive output voltage from A I to turn the 
LED on. A current more negative than 20nA is necessary 
to keep the LED turned on and the loop stabilized. When 
this condition is not met the outputmay beindeterminant. 
Many sensors generate unidirectional sign.als, e.g., 
photoconductive and photodiode devices, as well as some 
applications of thermocouples. However, other appli
cations do require bipolar operation of the ISOIOO. 

Burr-Brown Ie Data Book 4-12 Vol,33 



BIPOLAR OPERATION 

To activate the bipolar mode, reference currents as 
shown in Figure I, are attached to the input nodes ofthe 
op amps. The input stage stabilizes just as it did in 
unipolar operation. Assuming liN = 0, the photodiode 
has to supply all the IREFI current. Again, due to 
symmetry, 101 = 102. Since the two references are 
matched, the current generated by 02 will equallREF2. 
This results in no current flow in RF, and the output 
voltage will be zero. When hN either adds or substracts 
current from the in put node, the current 0 I will adjust to 
satisfy 101 = hN + IREFI. Because IREFI equals IREF2 and 101 
equals 102, a current equal to liN will flow in RF. The 
output voltage is then Vo = liN RF. The range of allowable 
liN is limited. Positive hN can be as large as IREFI (1O.5I'A, 
min). At this point, 01 supplies no current and the loop 
opens. Negative liN can be as large as that generated by 
01 with maximum LED output (recommended 10l'A, 
max). 

DC ERRORS 

Errors in the ISOIOO take theform of offset currents and 
voltages plus their drifts with temperature. These are 
shown in Figure 2. 

·USE lMo OR GREATER TO ACHIEVE A FULL SCAlE OUTPUT OF lOY. 

FIGURE 2. Circuit Model for DC Errors in the ISOIOO. 

AI and A2: are assumed to be ideal amplifiers. 
Voso and VOSI: are the input offset voltages of the output 

and input stage, respectively. Voso 
appears directly at the output, but, VOSI 
appears at the output as 

VOSI..fu:.., 
RIN 

see equation (2). 
los: is the offset current. This is the curreri.t at 

the input necessary to make the output 
zero. It is equal to the combined effect of 
the difference between the bias currents 
of A I and A2 and the matching errors in 
the optical components, in the unipolar 
mode. 

IREFI and IREF2: are the reference currents that, when 
connected to the inputs, enable bipolar 
operation. The two currents are trim
med, in the bipolar mode, to minimize 
the los b'polar error. 

101 and 102: are the currents generated by each photo
diode in response to the light from the 
LED. 
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A.: is the gain error. 
Ae = I Ideal gain/ Actual gain I -I 

The output then becomes: 
VIN±VOSI 

VOUT = RF [( -IREFI ±Ios)( I + Ae) + IREF2] ±Voso 
RIN . 

(2) 

The total input referred offset voltage ofthe ISO 100 can 
be simplified in the unipolar case by assuming that A. = 
o and VIN =0: 

±VOSI 
VOUT"" RF [ ~ ±Ios u .. pola.] ±Voso (3) 

This voltage is then referred back to the input by divid
ing by RF / RIN. 

Vos IRTI) = (±Vost) ±RIN (los un,polar) + VOSO/(RF/RIN) 
(4) 

Example 1: (Refer to Figure 2 and Electrical Specifica
tions Table) 

Given: los bopolar = +35nA 
RIN = 100kn 
RF = I Mn (gain = 10) 

VOSI = +200I'V 
Voso = +200I'V 

Find: The total offset voltage error referred to the input 
and output when VIN = OV. 

Vos total RTI 
= {[±VOSI ±RIN (los b,polor) - RIN (IREF I)] 

[I + A.] + RIN IREF 2} ±VOSOj(RF/RII") 

= {[+200I'V + 100kn (35nA) - 100kn (12.51'A)] 
[1.02] + 100kn (I2.5,..A]} + 
200I'V/(IMn/IOOkn) 

= {[O.2mV + 3.5mV - 1.25V] 
[1.02] + 1.25V} + 0.02mV 

= -21.2mV 

Vos total RTO 
= Vos total RTI X RF/RIN 
= -21.2mV X 10 
= -212mV 

Note: This error is dominated by los b'polar and the refer
ence current times the gain error (which appears as an 
offset). The error for unipolar operation is much lower. 
The error due to offset current can be zeroed using cir
cuits shown in Figures 6 and 7. The gain error is adjusted 
by trimming either RF or RIN. 

COMMON-MODE AND HIGH VOLTAGE ERRORS 

Figure 3 shows a model of the ISOIOO that can be used to 
analyze common-mode and high voltage behavior. 

Datln810nl ot CMR and IMR 
los is defined as the input current required to make the 
ISOIOO's output zero. CMRR and IMRR in the ISOIOO 
are expressed as conductances. CMRR defines the 
relationship between a change in the applied common
mode voltage (VCM) and the change in los required to 
maintain the amplifier's output at zero: 
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I 
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FIGURE 3. High Voltage Error MOGel. 

CMRR (I-mode) = ~Icis/ ~ VCM in nA/V (5) 

CMRR (V-mode) =[ ~Ios JRIN = ~VERR CM inV/V(6) 
~VCM ~VCM 

IMRR defines the relationship between a change in the 
applied isolation mode voltage (VIM) and the change in 
10\ required to maintain the amplifier's output at zero: 

~Irn,. A 7 IMRR (I-mode) = ~VIM m p /V ( ) 

[ ] 
(8) 

IMRR(V-mode)= ~VI()s RI~=~VF.RR"I inV/V 
~ 1M ~VIM 

C~RR & IMRR in V /V are a function of RIN. 
VIM is the voltage between input common and output 

common. 
VcMis the common-mode voltage (noise that is present 

on both input lines, typicaIly 60Hz). 
V ERR is the equivalent error signal, applied in series with 
--the input voltage, which produces an output error 

identical to that produced by application of VCM 
and VIM. 

CM RR and 1M RR are the common-mode and isolation-
mode rejection ratios, respectively. 

TOTAL CAPACITANCE (CI and C2) is distributed 
along the isolation barrier. Most of the capacitance is 
coupled to low impedan,ce or noncritical nodes and 
affects only the leakage current. Only a small capacitance 
(C2) couples to the input of the second stage, and 
contributes to IMRR. 

Example 2: Refer to Figure 3 and Electrical 
Specification Table) 

Given: VCM = I VAC peak at 60Hz, VIM = 200VDC, 

Find: 

CMRR = 3nA/V,IMRR = 5pA/V, . 
RIN = 100kO, RF = I MO 
(Gain = 10) 

The error voltage referred to the input and 
output when VIN = OV 
VERR RTf = (VcM)(CMRR)(RIN) + (VIM) 

(IMRR)(R'N) 
=IV (3nA/V)(IOOkO) + 200V 

(SpA/ V)( 100kO) 
=0.3mV+0.lmV 
=O.4mV 
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VERRRTO= VI:RR RTf-(RF/R'I~'> 
. = O.4mV (10) 

= 4mV(with DC IMRR) 
(Note: This error is dominated bytheCMRR 
term) 

For purpQ'ses of comparing CMRR and IMRR :directly 
with dB sp'ecifications, the following calculations can be 
performed: . 

CMRR in V/V = CMRR (J-mode)(~IN) 
= 3nA/V (lOOk) = 0.3mV/V 

CMR = 20 LOG (0.3mV/V) = -7OdB at 60Hz 
IMRR ih V/V= 

IMRR (I-mode)(RIN) = SpA/V(lOOkO)= O.5jJV/V 

IMR = 20 LOG (0.5 x 1O.6V IV) = ~126dB at DC 

Example 3: 
In Example 2. VIM is an AC signal at 60Hz and 

IMRR= 400pA 
V 

VI.RR RTf = VERR CM + VERR 1M 
= 0.3mV + 200V (400pA/V)(IOOkO) 
=8.3mV 

VERR RIO = 83mV (with AC IMRR) 

Example 4: 
Given: Total error RTO from Examples I and 3 as 

378mV worst case 
Find:· Percent error of + IOV full scale output 

% Error = V ERR total x 100 
. VFS 

378mV 
= wv x 100 

= 3.78% 

NOISE ERRORS 

Noise errors in the unipolar mode are due primarily to 
the optical cavity. When the full 60kHz bandwidth is not 
needed, the output noise of the ISOIOOcan be limited by 
either a capacitor, CF, in the feedback loop or by a 
low-pass filter following the output. This is shown in 
Figure 4. Noise in the bipolar mode is due primarily to the 
reference current sources, and can be reduced by the 
low-pass filters shown in Figure 5. 

, 
',= 2 """cF 

'e=-'.2011C 

FIGURE 4. Two Circuit Techniques for Reducing 
Noise in the Unipolar Mode. 
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lOOk!! 1M!! 

VOUT 

J 
FIGURE 5. Circuit Technique for Reducing Noise from 

The Current Sources in the Bipolar-Mode. 

OPTIONAL ADJUSTMENTS 

There are two major sources of offset error: offset volt
age and offset current. VOSI and Voso of the input and 
output amplifiers can be adjusted independently using 
external potentiometers. An example is shown in Figure 
17. Note that Voso (500"N, max) appears directly at the 
output, but VOSI appears at the output multipled by gain 
(R F / RI~). In general, Vos is small compared to the effect 
of los (see Example I). To adjust for los use a circuit 

R, 

R, 
10MO 

I'N 

/ , 

~~/ 
"/ 
; 

/ 
/ 

,I 

/ 

/ 
/ 

/ 

OPTIONAL UNIPOLAR los ADJUST 

10MO 
R, 

lMO 

R, ZOOkO POT 

r b'rn." 

IC21mlnl 

1 SHIFT DUE 
TOR,&R, 

SHIFT DUE TO R, & R, 

VOUT 

FIGURE 6. Adjusting the Unipolar Amplifier Errors at 
Zero Input. 
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which intentionally unbalances the offset in one direc
tion and then allows for adjustment back to zero. 

Figure 6 shows how to adjust unipolar errors at zero 
input. The unipolar amplifier can be used down to zero 
input if it is made to be "slightly bipolar." By sampling 
the reference current with R, and R6 the minimum cur
rent required to keep the input stage in the linear region 
of operation can be established. R7 and R8 are adjusted 
to cancel tilt offset created in the input stage. This brings 
the output to zero, when the input is zero. Although the 
amplifier can now operate down to zero input voltage, it 
has only a small portion of the current drain and noise 
that the true bipolar configuration would have. 

Adjusting the bipolar errors is illustrated in Figure 7. 
Each of the errors are adjusted in turn. With VIN = 
"open,", los is trimmed by adjusting RIO to make the 
output zero. Ro is then adjusted to trim the gain error. 
The effects of offset voltage are removed by adjusting 
R". 

lMO Roo R" 10MO OPTIONAL BIPOLAR los ADJUST 

R'N R,IMO ---V'N -...t.--';I">,-..... -,,; 
9.76kO RG 

5000 
POT 

-IN 

FIGURE 7. Adjusting the Bipolar Errors. 

BASIC CIRCUIT CONNECTIONS 

FIGURE 8. Unipolar Noninverting. 

VOUT = IINRF 
or 

VOUT = VIN (RF/RINI 
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VOUT = IINRF 
or 

VOUT = VIN (RpiRINI 

FIGURE 9. Bipolar Noninverting. 

·USE POSITIVE INPUT VOLTAGE ONLY 
VIN »IO#A x RSOURCE 

FIGURE 10. Unipolar Inverting. 

FIGURE II. Bipolar Inverting. 

APPLICATION INFORMATION 

The small size. low offset and drift, wide bandwidth, 
ultra-low leakage, and low cost, make the ISOIOO ideal 
for a variety of isolation applications. The basic mode of 
operation of the ISO 100 will be determined by the type of 
signal and application. 

Major points to consider when designing circuits with the 
ISOIOO. 

I. Input Common (pin 18) and -IN (pin 17) should be 
grounded through separate lines. The Input Common 
can carry a large DC current and may cause feedback 
to the signal input 

2. Use shielded or twisted pair cable at the input, for long 
lines. 

Burr-Brown Ie Data Book 

3. Care should be taken to minimize external capacitance 
across the isolation barrier. 

4. The distance across the isolation barrier. between 
external components, and conductor patterns. should 
be maximized to reduce leakage and arcing. 

5. Although not an absolute requirement. the use of 
conformally-coated printed circuit boards is recom
mended. 

6. When in the unipolar mode, the reference currents 
(pins 8 and 16) must be terminated. lIN should be 
greater than 20nA to keep internal LED on. 

7. The noi>e contribution of the reference current, will 
cause the bipolar mode to be noisier than the unipolar 
mode. 

8. The maximum output voltage swing is determined by 
II~ and RF • 

V"WI ..... (J = II .... m,l\ X RF 
9. A capacitor (about 3pF) can be connected across RI 

to compensate for peaking in the frequency response. 
The peaking is caused by the pole generated by RI and 
the capacitance at the input of the output amplifier. 

. Figures 12 through 18 show applications of the ISOIOO. 

17 

CF MAY BE USED TO 
IMPROVE FREQUENCY '0 = I /2". RFCF 

RESPONSE (reduce peaklngl 

16 ISOLATION I BARRIER 

ISOIOO 

I 
I 
I 
I 

17 

CF 

v-t---t--' 

R3 AND R2 ARE REQUIRED TO MAINTAIN 
A 3mA. MIN. LOAD TO THE 722 

+15V 

FIGURE 12. Two-Port Isolation Photodiode Amplifier 
Unipolar. 
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BRIDGE 
EXCITATION 

50k,! 5Ok!! 
R3 

.-"'t=---...... -----.12J 
IREFI 

IMn 

[31 lOOk!! 

OUTPUT 
~--~------------------------------~COMMON 

+15V [II ·15V 
TOTAL GAIN = 1000 

[II FOR ISOLATED SUPPLIES SEE FIGURES 10 AND II 
[21 IN THIS EXAMPLE THE INTERNAL PRECISION CURRENT REFERENCE IREF 

PROVIDES BRIDGE EXCITATION 
[31 PIN B OF THE INAIOI MUST BE MORE NEGATIVE THAN ·2rnV FOR LINEAR 

OPERATION OF THE ISOIOO WITH RI = 100kn 

FIGURE 13. Precision Bridge Isolation Amplifier (Unipolar). 

C MAY BE USED TO 
IMpROVE FREQUENCY 

RESPONSE [reduce peakingl 

V+ 
E 

COLD JUNCTION V· 
COMPENSATION 

NOT SHOWN R3 AND R2 ARE REQUIRED TO MAINTAIN 
A 3rnA, MIN. LOAD TO THE 722 

FIGURE 14. Three-Port Iso[ation Thermocoup[e 
Amplifier (Bipolar). 
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OFFSETTING 
·15V~,f,/'N,fv- +15V 

GAIN lOOk" R4 
ADJ 

GAIN = +IOto +1000 
APPROXIMATE INPUT OFFSETTING = 0 to ±7 5"A 
FOR ISOLA TED SUPPLIES SEE FIGURES 10 and 11 

FIGURE 15. Isolated Test Equipment Amplifier 
(Unipolar with Offsetting). 
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RI 
,--""",~~R2 

INPUT 
-5V TO OV 

R IN 500kn 

SPAN AOJUST 

500kn 

OFFSET 
ADJ 

+VISOLATED 

,VISOLATED 

FOR ISOLATED SUPPLIES SEE FIGURES 10 AND 11 

CALIBRATION PROCEDURE: 

1. SET VIN = OV 

2. ADJUST R2 FOR lOUT = 20mA 

3. SET VIN =-5V 

4. ADJUST RIN FOR lOUT = 4mA 

FIGURE 16. Isolated 4mA to 20mA Transmitter (Example of an isolated voltage controlled current source). 

+VCC ·VCC 

°NO ADDITIONAL CONNECTIONS TO OUTPUT AMPLIFIERS 
NOTE THAT A VARIETY OF INPUT/GAIN CONFIGURATIONS CAN BE USED 

FIGURE 17. Four-Port Isolated Summing Amplifier (Unipolar). 
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VOUT 

±VCC's 
TO INPUT STAGES 

OF AMPLIFIERS 
2 3 

724 ISOLATED 
POWER SUPPLY 

4 

-:r +15V 
INON·ISOI 
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INPUT 
CHANNELS 

IN5 
IN4 

IN3 

·15V 

OPTO 
ISO· 

CHANNEL SELECT 

LATOR GAIN SELECT 

CP 

+15V ·15V 

"FOR ISOLATED POWER SUPPLIES SEE FIGURES 10 AND 11 

VO UT 

OUTPUT _ 
COMMON .,. 

FIGU RE 18. Multiple Channel Isolation Amplifier (Bipolar) with programmable Gain (Useful in Data Acqui,ition 
Sy,tem,). 
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BURR-BROWN® 

IElElI 150102 
150106 

Low Cost, High Voltage, Wide Bandwidth 
Standard Hermetic DIP 

SIGNAL ISOLATION BUFFER AMPLIFIERS 

FEATURES 
• 14-BIT LINEARITY 
• INDUSTRY'S FIRST HERMETIC ISOLATION 

AMPLIFIERS AT LOW COST 
• EASY-TO-USE COMPLETE CIRCUIT 
• RUGGED BARRIER, HV CERAMIC CAPACITORS 
• 100% TESTED FOR HIGH VOLTAGE BREAKDOWN 

ISOI02: 4000Vrms/IOs, 1500Vrms/lmin 
ISOI06: BOOOVpk/IOs, 3500Vrms/lmin 

• ULTRA HIGH IMR: 125dB min at 60Hz, ISOI06 
• WIDE INPUT RANGE: -IOV to +IOV 
• WIDE BANDWIDTH: 70kHz 
• VOLTAGE REFERENCE OUTPUT: 5VDC 

DESCRIPTION 
The ISOJ02 and ISOl06 isolation buffer amplifiers 
are two members of a new series of low cost 
isolation products from Burr-Brown. They have the 
same electrical performance and differ only in con
tinuous isolation voltage rating and package length. 
The ISOJ02 is rated for 1500Vrms in a 24-pin DIP. 
The ISOJ06 is rated for 3500Vrms in a 40-pin DIP. 
Both side-braze DIPs are 600 mil wide and have 
industry standard package dimensions with the excep
tion of missing pins between input and output 
stages. This permits utilization of automatic insertion 
techniques in production. The three-chip hybrid 
with its generous high voltage spacing is easy to use 
(no external components are required). 

Each buffer accurately isolates ± JOV analog signals 
by digitally encoding the input voltage and uniquely 
coupling across a differential ceramic capacitive 
barrier. This design is nearly immune to variations 
in the barrier voltage. All elements necessary for 
operation are contained within the DIP. This pro
vides low cost compact signal isolation in a hermetic 
package. 

APPLICATIONS 
• INDUSTRIAL PROCESS CONTROL 

Transducer channel isolator for thermocouples, 
RTDs, pressure bridges, flow meters 

• 4mA TO 20mA LOOP ISOLATION 
• MOTOR AND SCR CONTROL 
• GROUND LOOP ELIMINATION 
• BIOMEDICAL/ANALYTICAL MEASUREMENTS 
• POWER PLANT MONITORING 
• DATA ACQUISITIONITEST EQUIPMENT ISOLATION 
• MILITARY EQUIPMENT 

+VCC1-----, 

-VCC1 ---..., 

Gain 
Adjust 

Offset 
Adjust 

Offset----' 

Isolation 
Barrier 

,----+VCC2 

Digital 
Common 

VOUT 

c, 

Covered by Patent Nos. 4,748,419 and others pendmg 

Inlern.tion.1 Airport Induslrl.1 Park • P.O. Box 11400 • Tucson. Arizona B5734 • Tel.: 16021746·1111 • Twx: 910-952·1111 • C.ble: BBRCORP • Tele.: 66-6491 

PDS·716B 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C and Vee, = VCC2 = ±15V unless otherwise noted. 

PARAMETER CONDITIONS 

ISOLATION 
Voltage 
Rated Continuous(1) 

IS0102: AC, 60Hz TMIN to TMAX 

DC TMIN to TMAX 

IS0106' AC, 60Hz TM1N to TMAX 

DC TMIN to TMAX 

Test Breakdown, AC, 60Hz 
IS0102 10 seconds 
IS0106 10 seconds 

Isolahon-Mode ReJection l21 VISO = Rated Continuous, 60Hz 
AC' IS0102 

IS0106 

DC 

Barner Resistance 
Barner Capacitance 
Leakage Current VISO = 240Vrms, 60Hz 

INPUT 
Voltage Range Rated Operation 
Resistance 
Capacitive 

OUTPUT 
Voltage Range Rated Operation 

Derated Operation 
Current Dnve 
Short Circuit Current 
Ripple Voltage lSI 1= 0.5MHz to 1 5MHz 
Resistance 
Capacitive Load Drive Capability 
Overload Recovery Time, 0.1% IVai >12V 

OUTPUT VOLTAGE NOISE 
Voltage 1= 0.1Hz to 10Hz 

1= 0.1Hz to 70kHz 
Dynamic Range"': 1=0 1Hz to 70kHz 12-bit resolution, 1 LSB, 20VFS 

1= 0 1Hz to 280Hz 16-bit resolution, 1LSB, 20VFS 

FREQUENCY RESPONSE 
Small Signal Bandwidth 
Full Power Bandwidth, 0 1% THO Va = ±10V 
Slew Rate Va = ±10V 
Settling Time, 0.1% Va = -10V to +10V 
Overshoot, Small Signal181 C,=C2 =O 

VOLTAGE REFERENCES 
Voltage Output, Re11, Rel2 No Load 

B Grade No Load 
vs Temperature 
vs Supplies 
vs Load 

Current Output 
Short CircUit Current 

POWER SUPPLIES 
Rated Voltage. ±VCC1. ±VCC2 Rated Performance 
Voltage Range 
Quiescent Current +VCC1 No Load 

-VCC1 
+V= 
-VCC2 

Power Dissipation: ±VCC1 
±VCC2 

TEMPERATURE RANGE 
Specification 
Operatlng(9) 

Storage 
Thermal Resistance. fJJA, 
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IS0102, IS0106 
IS01028, IS01068 

MIN TYP MAX 

1500 
2121 
3500 
4950 

4000 
8000 

115 120 
1 2 

125 130 
03 06 

140 160 
0.01 010 
1014 

6 
05 10 

-10 +10 
75 100 

5 

-10 +10 
-12 +12 
±5 
9 20 50 

3 
0.3 1 

10000 
30 

50 
16 
74 
96 

70 
5 

05 
100 
40 

+4975 +500 +5025 
+4995 +500 +5005 

±5 20 
10 

400 1000 
-01 +5 

6 14 30 

±15 
±10 ±20 

+11 +15 
-9 -12 
+25 +33 
-15 -20 
300 400 
600 800 

-25 +85 
-55 +125 
-65 +150 

40 

UNITS 

Vrms 
VDC 
Vrms 
VDC 

Vrms 
Vpk 

dB 
pVrrnslV 

dB 
pVrrnslV 

dB 
pVDCIV 

Q 
pF 

pArms 

V 
kQ 
pF 

V 
V 

rnA 
rnA 

rnVp-p 
Q 
pF 
ps 

pVp-p 
pVl,,(Hz 

dB 
dB 

kHz 
kHz 
Vips 

IJS 
% 

VDC 
VDC 

ppm/'C 
pV/v 

pVlmA 
rnA 
rnA 

V 
V 

rnA 
rnA 
rnA 
rnA 
mW 
rnW 

*'C 
'C 
'C 

'CIW 
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ELECTRICAL (CO NT) 

IS0102 IS0102B 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

GAIN 
Nominal Gain 1 · V/v 
Initial Error(3) ±01 ±0.25 0.07 013 % FSR 
Gam vs Temperature ±20 ±50 ±12 ±25 ppm FSR/'C 
Nonlinearity'·) Vo = 10V to +10V ±0.007 ±0.012 ±0.002 ±0.003 %FSR 

INPUT OFFSET VOLTAGE 
Initial Offset VIN = OV ±25 ±70 ±15 ±25 mV 

vs Temperature ±250 ±500 ±150 ±250 pVl'C 
vs Power Supplies'S) Input Stage, Vee, = ±10V to ±20V 0 14 4.0 . · · mV/v 

Output Stage, Vee> = ±10V 10 ±20V -4.0 -1.4 0 . · · mV/v 

IS0106 IS0106B 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

GAIN 
Nominal Gain 1 · V/V 
100tiai Errorl31 ±01 ±025 0.07 · %FSR 
Gain vs Temperature ±20 ±50 ±12 ±25 ppm FSR/'C 
Nonlinearity'·' Vo = 10V to +10V ±004 ±0075 ±0007 ±0025 % FSR 

INPUT OFFSET VOLTAGE 
InlllalOffset VIN = OV ±25 ±70 · · mV 

vs Temperature ±250 ±500 ±150 ±250 pVl'C 
vs Power Supplies'S) Input Stage, Vee, = ±10V to ±20V 37 · mV/v 

Output Stage, Vee, = ±10V to ±20V -37 · mV/v 

NOTES. (1) 100% tested at rated continuous for 1 minute (2) Isolation-mode rejection is the ratio of the change in output voltage to a change in isolation 
barner voltage It IS a function of frequency as shown In the Typical Performance Curves This IS specified for barrier Yoltage slew rates not exceeding 
100Vlps. (3) Adjustable to zero FSR = Full Scale Range = 20V (4) Nonlinearity is the peak devlallon of the output voltage from the best fit straight line. It 
IS expressed as the ratio of deviation to FSR (5) Power Supply Rejection = change in Vos/20V supply change (6) Ripple is the residual component of 
the barrier carrier frequency generated Internally (7) Dynamic Range = FSR/(Voltage Spectral Noise Density X square root of User Bandw~dth.). 
(8) Overshoot can be eliminated by band-limiting (9) See Typical Performance Curve E for limitations 

ABSOLUTE MAXIMUM RATINGS 
Supply Without Oamage ....... , . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±20V 
Input Voltage Range ....................................... ±50V 
Continuous Isolation Voltage Across Barner 

IS0102 .. . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1500Vrms 
IS0106 .............................................. 3500Vrms 

Junction Temperature .................................... +160°C 
Storage Temperature Range ..................... -65°C to +150°C 
Lead Temperature (soldering, lOs) ........................ +300'C 
Amplifier and Reference Output 

Short CirCUit Duration. . . . . . . . . . . . . . . . .. Continuous to Common 

MECHANICAL 
180102 24-Pin Double-Wide Hermetic OIP 

[]I , C"JIJ 0 L-~I~ 
Pin 1 2 11.12 

• r--,,---------* 

jl'ffl 
H lG 

-wT~--i C 

r-~ 
DJL Seating Plane 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

CASE. Ceramic A 1190 1210 3023 3073 
WEIGHT 3 7g (0.130z) B 580 600 1473 1524 

C 140 185 3.56 470 
D 015 021 038 053 

NOTE. Leads in true position F 030 060 076 152 

within 0 01" (0.25mm) R at MMC G 100 BASIC 254 BASIC 

at seating plane H 030 070 076 178 
J 008 012 020 030 
K 120 240 305 610 

Pin numbers shown for reference L 600 BASIC 1524 BASIC 

only Numbers may not be marked M 10° 10° 
on package. N 025 060 064 152 
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BURN-IN SCREENING 

Burn-in screening is available for the IS0102 and 
ISO 106, Burn-in duration is 160 hours at +850 C (or the 
equivalent combination of time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn_in, add "-BI" to the 
base model number. 

180106 40-Pm Oouble-Wide Hermetic OIP 

0 []] 
I A Fj~1 N 

mf ft1f=:H 
JLH-i.-o 

=SK 
JGLseating Plane 

Pm numbers shown for reference 
only. Numbers may not be marked 

Jl~ 
on package 

INCHES MILLIMETERS 

LL~: 
DIM MIN MAX MIN MAX 

A 1980 2020 5029 5131 
B 580 600 1473 1524 
C 140 185 356 470 
D 015 · 021 038 053 

CASE Ceramic F 030 060 076 152 
WEIGHT 62g (0 220z) G 100 BASIC 254 BASIC 

H 030 070 076 178 
J 008 012 020 0;0 

NOTE: Leads in true position K 120 240 305 i) 10 

within 0.01" (0.25mm) Rat MMC L 600 BASIC 1524 BASIC 

at seating plane M 10° -. 10° 
N 025 060 ,64 152 
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PIN CONFIGURATION 

150102 150106 

-Vee1 1 24 +VCCl -VCC1 '1 40 +VCCl 
V,N 2 23 Offsel AdjuSI V,N 2 39 Offsel Adjusl 

Gam Adjust 3 22 Offset Gain Adjust 3 38 Offset 

Isolation 
Common, 4 21 Reference, 

Isolation Common, 4 37 Reference, 

---------------------------- -------------------------
Barner Barner 

C, 17 24 Digital Common C, 9 16 Digital Common 

Common2 10 15 C, Common2 18 23 C, 
CD 

Reference2 11 14 VOUT Reference2 19 22 VOUT Q 
+VCC2 12 13 -Vee2 +V= 20 21 -VCC2 ,... 

C\i 
Q ,... 
0 

PIN DESCRIPTIONS sa 
±VCC1, Positive and negative power supply voltages and common (or ground) for the input stage Common, is the analog reference voltage for 
Common, input signals. 

ia ±VCC2. Positive and negative power supply voltages and common (or ground) for the ouptut stage Common2 is the analog reference voltage 
Common2 , for output signals The voltage between Common, and Common2 is the Isolation voltage and appears across the internal high voltage 

barrier 

V,N Signal input Pin Input Impedance is tYPically 100kO. The Input range is rated for ±10V. The Input level can actually exceed the input 
stage supplies Output signal swing is limited only by the output supply voltages 

Gain This pin is an optional signal mput A series SkO potentiometer between this pin and the Input signal allows a guaranteed ±1 5% gain en 
Adjust adjustment range. When gain adjustment is not required, the Gain Adjust should be left open Figure 4 illustrates the gain adjustment I-

connection 0 
Reference, +SV reference output This low drift zener voltage reference IS necessary for setting the bipolar offset point of the Input stage. This pin :::;) 

must be strapped to either Offset or Offset AdJust to allow the 180latlon amplifier to function. The reference is plten uselullor input C 
signal conditioning circuits. See Typical Performance Curve H for the effect of offset voltage change with reference loading. Reference, 0 is Identical to, but independent of, Reference2 This output is short circuit protected. a: 

Reference2 +5V reference output. ThiS reference circuit IS identical to, but independent of, Reference,. It controls the bipolar offset of the output a. 
stage through an internal connection This output is short circuit protected. 

Z Offset Offset input This Input must be strapped to Reference, unless user adjustment of bipolar offset IS required. 

Ollset ThiS Pin IS for optional offset control When connected to the Reference, pin through a 1kO potentiometer, ±1S0mV of adjustment 0 -Adjust range IS guaranteed Under thiS condition, the Offset Pin should be connected to the Offset Adjust Pin When offset adjustment IS not ~ reqUired, the Offset Adjust Pin IS left open See Figure 4 

Digital Digital common or ground. ThiS separate ground carries currents from the digital portions of the output stage circuit. The best .... 
Common grounding practices require that digital common current does not flow in analog common connections In most systems the physical 0 

connection between analog and digital commons must be at the system power supplies terminal to insure digital noise is kept out of en 
the analog signal Difference in potentials between the Common2 and Digital Common pins can be ±1V See Figure 2 -

VOUT Signal output Because the Isolation amplifier has uOity gain, the output signal is Ideally identical to the input signal The output IS low 
impedance and is short-clrcuit-protected 

C" C2 CapaCitors for small Signal bandwidth control. These pins connect to the internal rolloff frequency controlling nodes of the output low-
pass filter Additional capacitance added to these pins will mOdify the bandwidth of the buffer. C2 is always twice the value of C, See 
Typical Performance Curve B for the relationship between bandwidth and C, and C2. When no connections are made to these pins, the 
full small Signal bandwidth IS maintained. Be sure to shield C, and C2 pins from high electric fieldS, on the PC board ThiS preserves AC 
Isolation Mode Rejection by reducing capacitive coupling effects 

ORDERING INFORMATION 

Temperature 
Model Package Range 

150102 Ceramic -25°C to +85°C 
150102B Ceramic -25°C to +85°C 
150106 Ceramic -25°C to +85°C 
1501068 Ceramic -25°C to +85°C 

BURN-IN SCREENING OPTION 
See text for details 

Burn-In 
Model Package (160h)'" 

150102-81 Ceramic +85°C 
1501028-81 Ceramic +85°C 
150106-81 Ceramic +85°C 
1501068-BI Ceramic +85°C 

NOTE (1) Or eqUivalent combination. See text 
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TYPICAL PERFORMANCE CURVES 
TA ;:;;;: +25°C, Vee;:;;;: ±15VDC unless otherwise noted 
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A. RECOMMENDED RANGE 
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B. BANDWIDTH CONTROL 

C, 

E POWER DISSIPATION 
VS TEMPERATURE 

C. IMR/LEAKAGE VS FREQUENCY 
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~ 

L...o!:~J..._.J......_..I-.,3"...J....;:Io...-Il00nA 
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I _ 1 600~=:;=~(Ui70iM--1±20V 
+2 ~ 

120 
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-1 
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EFFECT OF REFERENCE LOADING 
ON OFFSET 

I 
I 
I 
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Ref, 

I 
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Voltage Reference Load (mA) 
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TYPICAL PERFORMANCE CURVES (CO NT) 
T. = +25'C, Vee = ±15VDC unless otherwise noted. 
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THEORY OF OPERATION 
The ISOlO2 and ISOI06 have no galvanic connection 
between the input and output. The analog input signal 
referenced to the input common is accurately duplicated 
at the output referenced to the output common. Because 
the barrier information is digital, potentials between the 
two commons can assume a wide range of voltages and 
frequencies without influencing the output signal. Signal 

Isolation 
Barrier 

I 
I 

FIGURE I. Simplified Diagram of ISOl02 and ISOI06. 
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information remains undisturbed until the slew rate of 
the barrier voltage exceeds 100V/!-'s. The amplifier is 
protected from damage for slew rates up to 100,000V /!-,s. 

A simplified diagram of the ISOlO2 and ISOlO6 is shown 
in Figure I. The design consists of an input. voltage
controlled oscillator (VeO) also known as a voltage-to
frequency converter (VFC), differential capacitors, and 
output phase lock loop (PLL), The input veo drives 
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digital levels directly into the two 3pF barrier capacitors: 
The digital signal is frequency modulated and appears 
differentially across the barrier while the externally 
applied isolation voltage appears common-mode. 

A sense amplifier detects only the differential informa
tion. The output stage decodes the frequency modulated 
signal.,by the means of a PLL. The feedback of the PLL 
employs a second yeO that is identical to the encoder 
YCO. The PLL forces the second YCO to operate at the 
same frequency (and phase) as the encoder YCO; there
fore, the two YCOs have the saine input voltage. The 
input voltage of the decoder YCO serves as the isolation 
buffer's output signal after passing through a 100kHz 
secon!! order active filter. 

For a more detailed description of the internal operation 
of the ISOlO2 and ISOI06 refer to Proceedings of the 
1987 International Symposium on Microelectronics 
pages 202-206. 

ABOUT THE BARRIER 

For any isolation product, barrier composition is of 
paramount importance in aChieving high reliability. Both 
the ISOlO2 and ISOI06 utilize two 3pF high voltage 
ceramic coupling capacitors'. They are constructed of 
tungsten thick film depositeil in a spiral pattern on. a 
ceramic substrate. Capacitor plates are buried in the 
package, making the barrier very rugged and hermetically 
sealed. Capacitance results from the fringing electric 
fields of adjacent metal runs. Dielectric strength exceeds 
IOkY and resistance is typically,10140. Input and output 
circuitry are contained in separate solder-sealed cavities, 
resulting in the industry's first fully hermetic hybrid 
isolation amplifier. 

The ISOlO2 and ISOI06 are free from partial discharge 
at rated voltages. Partial discharge is a form of localized 
breakdown that degrades the barrier over time. Since it 
does not bridge the space across the barrier, it is difficult 
to detect. Both isolation amplifiers have been extensively 
evaluated at high temperature and high voltage. 

POWER SUPPLY 'AND SIGNAL CONNECTIONS 

Figure 2 shows the pn)per power supply and signal 
connections. Each supply should be AC-bypassed to 
Analog Common with O.lI'F ceramic capacitors as close 
to the amplifier as possible, Short leads will minimize 
lead inductance., A groun<i plane will also reduce noise 
probleQ1s. Signal common lines should tie directly to the 
common pin i( a low impedance 'ground plane' is not used, 
Refer to Digital ~omril.on in the Pin Descriptions table. 

To avoid gain and· isolation-mode rejection (IMR) errors 
introduced by the external circuit, connect grounds as 
indicated, being sure to minimize ground resistance. Any 
capacitance across "the barrier will increase AC leakage 
current and may degrade high frequency IMR. The 
schematic in Figure 3 shows the proper technique for 
wiring analog and digital commons together. 
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Inpul 
Ground 
Plane 

~ 

V,N 

OUlpul 
Ground 
Plane 

.1 .,.. 

Relerencs1 

IS0102/106 

D.gllal Common 

C. NC 

Vou,t---t--Q 
VOUT 

NC-no connection necessary 

FIGURE 2. Power Supply and Signal Connection for 
ISOI02 and ISOI06. 

Inpul 
Common 

CINTEPINAL 

" r 
I 

-H" 
I 
I 
I 
I 
I 

Common, 

Voso 

COXTI has, minimal effect on lolal IMR. 
CElIn and R have a dlrecl effect. 

• Part 01 ground plane 10 reduce vollage drops 

Load 
Circuil 

-Vee 

Power 
Supply 

FIGURE 3. Technique for Wiring Analog and Digital 
Commons Together in the ISOlO2 and 
ISOI06. 
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DISCUSSION OF 
SPECIFICATIONS 
The ISOl02 and ISOlO6 are unity gain buffer isolation 
amplifiers primarily intended for high level input voltages 
on the order of IV to 10V. They may be preceded by 
operational, differential, or instrumentation amplifiers 
that precondition a low level signal on the order of 
millivolts and translate it to a high level. 

ISOLATION·MODE REJECTION 
The ISOlO2 and ISOlO6 provide exceptionally high 
isolation-mode rejection over a wide range of isolation
mode voltages and frequencies. The typical performance 
curves should be used to insure operation within the 
recommended range. The maximum barrier voltage 
allowed decrea~es as the frequency of the voltage 
increases. As with all isolation amplifiers, a change of 
voltage across the barrier will induce leakage current 
across the barrier. In the case of the ISOI02 and ISOI06, 
there exists a threshold of leakage current through the 
signal capacitors that can cause over-drive of the 
decoder's sense amplifier. This Qccurs when the slew rate 
of the isolation voltage reaches 100V / p.s. The output will 
recover in about 50p.s from transients exceeding 100V/ p.s. 

Typical Performance Curve C indicates the expected 
isolation-mode rejection over a wide range of isolation 
voltage frequencies. Also plotted is the typical leakage 
current across the barrier at 240Vrms. The majority of 
the leakage current is between the input common pin 
and the output digital ground pin. 

The ISOI02 and ISOlO6 are intended to be continuously 
operated with fully rated isolation voltage and tempera
ture without significant drift of gain and offset. See 
perf@rmance curve D for changes in gain and offset with 
isolation voltage. 

SUPPLY AND TEMPERATURE RANGE 
The IS0102.and ISOlO6 are rated for ±15V supplies; 
however, they are guaranteed to operate from ±IOV to 
±20V. Performance is also rated for an ambient tempera
ture range of -25°C to +85°C. For operation outside 
this temperature range, refer to performance curve E to 
establish the maximum allowed supply voltage. Supply 
currents are fairly insensitive to changes in supply voltage 
or temperature. Therefore, the maximum current limits 
can be used in computing the maximum junction temp
erature under nonrated conditions. 

OPTIONAL BANDWIDTH CONTROL 

The following discussion relates optimum dynamic range 
performance to bandwidth, noise, and settling time. 

The outputs of the ISOlO2 and ISOI06 are the outputs of 
a second order low-pass Butterworth filter. Its low 
impedance output is rated for ±5mA drive and ±12V 
range with 1O,000pF loads. The closed-loop bandwidth 
of the PLL is 70kHz, while the output filter is internally 
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set at 100kHz. The output filter lowers the residual 
voltage of the barrier FM signal to below the noise floor 
of the output signal. 

Two pins are available for optional modification of the 
filter's bandwidth. Only two capacitors are required. 
Performance curve B gives the value of C1 (C2 is equal to 
twice C1) for the desired bandwidth. Figure 4 illustrates 
the optional connection of both capacitors. 

A tradeoff can be achieved between the required signal 
bandwidth and system dynamic range. The noise floor of 
the output limits the dynamic range of the output signal. 
The noise power varies with the square root of the 
bandwidth of the buffer. It is recommended that the 
bandwidth be reduced to about twice the maximum 
signal bandwidth for optimum dynamic range as shown 
in performance curve F. The output spectral noise 
density measurement is displayed iEJ.'erformance curve 
G. The noise is flat to within 5dBv'Hz between O.lHz to 
70kHz. 
The overall AC gain of the buffer amplifiers is shown in 
performance curves K and L. Note that with C1 = 100pF 
and C2 = 200pF, the AC gain remains flat within 
±O.OldB up to 7kHz. The total harmonic distortion for 
large signal sine wave outputs is plotted in performance 
curve I. The phase-lock-loop displays slightly nonuniform 
rise and fall edges under maximum slew conditions. 
Reducing the output filter bandwidth to below 70kHz 
smoothes the output signal and eliminates any overshoot. 
See the settling time performance curve J. 

OPTIONAL OFFSET AND GAIN ADJUSTMENT 
In many applications the factory-trimmed offset is 
adequate. For situations where reduced or modified gain 
and offset are required, adjustment of each is easy. The 
addition of two potentiometers as shown in Figure 4 
provides for a two step calibration. 

-15V +15V 

VOUTPUT 

l 
+15V -15V 

FIGURE 4. Optional Gain Adjust, Offset Adjust, and 
Bandwidth Control. 
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Offset should be adjusted first. Gain adjustment does not 
interfere with offset. The potentiometer's TCR adds only 
2% to overall temperature drift. 

The offset and gain adjustment procedures are as follows: 

I. Set VIN to OV and adjust R, to desired offset at the 
output. 

2. Set VIN to full scale (not zero). Adjust R, for desired 
gain. 

PRINTED CIRCUIT BOARD LAYOUT 

The distance across the isolation barrier, between external 
components, and conductor patterns, should be maxi
mized to reduce leakage and arcing at high voltages. 
Good layout techniques that reduce stray capacitance 
will assure low leakage current and high AC IMR. For 
some applications, applying conformal coating com
pound such as urethane is useful in maintaining good 
performance. This is especially true where dirt, grease or 
moisture can collect on the PC board surface, component 
surface, or component pins. Following this industry
accepted practice will give best results, particularly when 
circuits are operated or tested in a moisture-condensing 
environment. Optimum coating can be achieved by 
administering urethane under vacuum conditions. This 
alloWS complete coverage of all areas. 

Figure 5 shows the recommended layout of the DEMI02 
demonstration board. This board contains the ISOlO2 
and PWS725. The PWS725 is a DC-to-DC converter 
with a rated barrier voltage of 1500Vrms. It provides 
isolated power for the ISOlO2's input stage and other 
input circuitry that may be used. The DEMI02 board 
illustrates the ease of use of these components. Notice 
that the ISOlO2's external high voltage spacing is 
maintained on both sides of the PC board layout. The 
placement of bypass capacitors, gain and offset poten
tiometers, and the PWS725's input ripple filter com
ponents are shown. The DEMI06 layout in Figure 6 is 
similar to the DEMI02. It contains the ISOlO6 and 
PWS726, which is rated for 3500Vrms. The schematic of 
both demonstration boards appears in Figure 7. Boards 
are available from Burr-Brown to facilitate fast, easy 
evaluation of electrical and isolation performance. 

Isolation-mode. rejection can be affected by the PC 
board layout. The most critical pins for obtaining maxi
mum IMR are C, and C,. These are the only high 
impedance nodes under normal operation and can be 
influenced by the barrier's voltage if not shielded . 

. Grounded rings around the Ci and C, contacts on the 
board greatly reduce high voltage electric fields at these 
pins. Maximum 1M R is achieved when a ground plane is 
provided on both sides of the C" C, interconnect. 
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FIGURE 5: Recommended Layout for ISOlO2 imd 
PWS725 (Demonstration Board DEMI02). 

FIGURE 6. Recommended Layout for ISOlO6 and 
PWS726 (Demonstration Board DEMI06). 
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+Vcc. o-"""""=~ ...... 
-Vcc. 0--.... -+..., .. 
Common, 

01/lF .... I+ ...... -.., 
01/lF~t .... -'-l 

Offset ,--===::1 
Adlust ':-:-:-:-t--.--t 

P 

··Part of Ground Plane 

Isolation 
Barner 

Optional 
,---------<> Sync 

1-"'====:;----0 Enable 

t=..,.."TT1 ............ ---<> +Vce. 

h~=~*"-t-oDigital 
Common 

C2=2C, 
See TYPical Performance 

Curve for values 

FIGURE 7. Schematic for Layout in Figures 5 and 6. 

APPLICATIONS 
The IS0102 and ISOI04 isolation amplifiers are used in 
three categories of applications: 

I. accurate isolation of signals from high voltage ground 
potentials, 

2. accurate isolation of signals from severe ground noise, 
and 

3. fault protection from high voltages in analog measure-
ment systems. 

Figures 8 through 18 show a variety of application 
circuits. 

Additional discussion of application can be found in 
December II, 1986 issue of Electronic Design, pages 91-
96. 

+500VDC 
100A 

+15V -15V 

Power 
Supply 

FIGURE 8. Isolated Power Current Monitor for Motor 
Circuit. (The ISOI02 allows reliable safe 
measurement at high voltages.) 
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V-Connected Power 
Transformer +15V 

Dlfferentlalmput accurately senses power resistor Yoltage 
Two resistors protect INA110 from open power resistor 
High frequency spike reject filter has feo = 400Hz 

FIGURE 9. Isolated Power Line Monitor (O.5JLA 
leakage current at 120Vrms.) 

4-29 

+15V 

Address 
Selects 
Battery 
to be 

Measured 

FIGURE 10. Battery Monitor for High Voltage Charging 
Circuit. 

Thermometries 
Thermistor B43KB753F 

75kCl 

VOUT 

+
25Vt 

+05V 
o 
10°C 30°C 
50°F 86°F 

+15V 

-15V 

Vour 

FIGURE II. Isolated RTD Temperature Amplifier. 
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'15 

V,N 

+5 Reference 

71+15V 5r--- ----, 

-5V I + 
Reference ' 

'INA105 25kO 
L!!---iT-

4 t 1 

-15V 

V,N 

'25kO 12 
+15V 

-15V 

FIGURE 12. Programmable-Gain Isolation Channel 
with Gains of I, 10, and 100. FIGURE 13. Isolation Amplifier with Isolated Bipolar 

Input Reference. 

Channell 

Uses 8 IS0102s. 1 Isolator/drIVer, 8 
transformers. and 8 rectifiers 

Bndge 
Rectifier Transformer 

lOO/1H/O 10 

PWS740-3 PWS74Q-2 

r-I--t-..... .r-+-"""'--+--1 T 

+15V'_'--_-, 

c~~~~n------t-1H 
-15V'~-::_:_-::+1 

+5V 
Ref~~t"ce' __ ----4"" 

Oscillator/driver 
PWS740-1 

,I;" Digital Ground 

-Supplies 15mA (35mA max) of 
Isolated supply current per channel 

FIGURE 14. Low Cost Eight-Channel Isolation Amplifier Block with Channel-to-Channel Isolation. 

I 
I' IN914 
I 
I 
I 
I 
I 
I 
I 
I L ___ _ 

-15V 

Ground Loop Through Conduit 

FIGURE 15. Thermocouple Amplifier with Ground Loop Elimination, Cold Junction Compensation, and Up
scale Burn-out. 
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,~.~!~~ l 
Power II! 

-15V : 

+15V 

Olleet Adjust 
I 

'500~ 
3 i ); 0 g~~~t~~ 

:12 tt'IPF 
: 1614 You, 

! 10 Analog 
13 O,lpF Ground 
I 

O,OlpF 

·C (Temperature) 
You, = l00.CN -,-----<>0 -15V 

FIGURE 16. Remote Isolated Thermocouple Transmitter with Cold Junction Compensation. 

-15V a lpF 

Isolated Isolation 
DC/DC Barrier 

1------"....,.--~-+15V 

r---~~~wa~-GND 

.....---------+--15V 

You, = l00X t.V. 
t 

FIGURE 17. Isolated Instrumentation Amplifier for 3000 Bridge. (Reference voltage from isolation amplifier is used 
to excite bridge.) 

lmV 5MO 500V Reference 

VOUT 

IV/mV 

Gain = 1000 

NOTE All capacitor values in pF unless otherwise noted Diodes are IN4146 

I~ +V0C2 

FIGURE 18. Right-Leg Driven ECG Amplifier (with defibrillator protection and calibrator). 
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AN ERROR ANALYSIS OF THE IS0102 IN A 
SMALL SIGNAL MEASURING APPLICATION 

High accuracy measurements of low-level signals in the 
presence of high isolation mode voltages can be difficult 
due to the errors of the i~olation amplifiers themselves. 

This error analysis shows that when a low -drift operational 
amplifier is used to preamplify the low-level source signal, 
a low cost, simple and accurate solution is possible. 

In the circuit shown in Figure 19, a 50m V shunt is used to 
measure the current in a 500VDC motor. The OPA27 
amplifies the 50m V by 200 X to 10V full scale. The output 
of the OPA27 is fed to the input of the ISOl02, which is a 
unity-gain isolation amplifier. The 5k!l and Ik!l poten
tiometers connected to the ISOI02 are used to adjust the 
gain and offset errors to zero as described in Discussion 
of Specifications. 

+SOOVDC 

R, 
lkO 

RF 
2OOkO 

+ISV 

Input Common 

Vo = SOmVDC (FS) 

DC Molar 

Some Observations 

The total errors of the op amp and the iso amp combined 
are approximately 0.11 % of full-scale range (see Figure 
20). If the op amp had not been used to preamplify the 
signal, the errors would have been 2.6% of FSR. Clearly, 
the small cost of adding the op amp buys a large 
performance improvement. Optimum performance, 
therefore, is obtained when the full ±IOV range of the 
ISO 102/106 is utilized. 

The rms noise of the lSOlO2 with a 120Hz bandwidth is 
only O.l8mVrms, which is only 0.0018% of the lOY full
scale output. Therefore, even though the 16JL VI v'Hz noise 
spectral density specification may appear large compared 
to other isolation amplifiers, it does not turn out to be a 
significant error term. It is worth noting that even if the 
bandwidth is increased to 10kHz, the noise of the iso amp 
would only contribute 0.0l6%FSR error. 

VOUT 

FIGURE 19. 50mV Shunt Measures Current in a 500VDC Motor. 
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The Errora 01 The Op Amp At 2S"C (R.'.rred To Input. RTI) 

V"oP., = Vo [1 - 1 + 1 P ;'o, ] + Vas [1 + ~ ] + I, R. + P.S R + NOls. 

VE IOPAI = Total Op Amp Error (ATI) 

Vo :::: Differential Voltage (Full Scale) Across Shunt 

[ 1 - 1 + 1 1 ] = Gain Error Due to Finite Open Loop Gain 

.. fJ Allo~ 

fJ :::: Feedback Factor 

A .... oL = Open Loop Gain at Signal Frequency 

Vos = Input Offset Voltage 

I. :::: Input BIBS Current 

P SA:: Power Supply Rejection ()NIV) [Assuming a 5% change with ±15V supplies, Total error is twice that due to one supply] 

NOise:::: SnVJHi (for lkO source resistance and 1kHz bandwidth) 

EAROA,_ (ATI) GAIN EAAOR OFFSET P,S,A, 

Ve IOPA) 50mV 
[1 __ 1 ] 

1 + 1 [ 0.025mV (1 + 2lio) + 40 X 10·' X 10' ] (20"V IV x 0 75V x 2) 
10'/200 

001mV [ 0,0251mV + O,04mV [ 

Error as % of FSR 002% + [005% + 008%) 

Alter Nulling 
001mV + [OmV + OmV) 

o 10mV 

Error as % of FSR* 01>2% + [0%+0%) 

008% of 50mV 

*FSR :::: Full-Scale Range 50mV at mput to op amp, or lOV at Input (and output) of 180 amp 

The Errora 01 The ISO Amp At 2S"C (ATI) 

VE (lSOI = ~ [~ + Vas + G E + Nonlinearity + P 8 R + NOise] 

VE lISOI = Total ISO Amp Error 

IMR = Isolation Mode Relectlon 

Vas = Input Offset Voltage 

VISO = V1MV = Isolation Voltage = Isolation Mode Voltage 

G E = Gain Error (% of FSR) 

+ 0.03mV 

+ 006% + 

+ 003mV + 

+ 006% + 

Nonlineanty = Peak-to-peak deviation of output voltage from best-fit straight hne It IS expressed as ratio based on full-scale range 

P 8 A = Change In Vos/l0V X Supply Change 

NOISE 

[ 5nVv'l2O (nVrms) ) 

0,055 X 10-3mVrms 

000011% 

0055 X 10-3mVrms 

000011% 

NOise = Spectral nOise density X ~ It IS recommended that bandwidth be limited to tWice maximum Signal bandwidth for optimum dynamiC range 

EAAOA,_ (RTI) IMR ~ G.E. NONLINEARITY P.S.R. NOISE 

VE usm ...L [ 500VDC 
200 140dB 

+ 70mV + 20V X 025 
100 

+ 003 X 20V 
100 

14mV x 0 75V x 2 + 16pVv'T20 (rms) ] 

1 
[ 005mV + 70mV + 50mV + 06mV + 21mV + o 175mVrms) 

200 

Error as % of FSR 00005% + 07% + 05% + 0006% + 0021% + 000175% 

Alter Nulling 
...L VE lISOI [ 005mV + OmV + OmV + 6mV + 21mV + o 175mVrms) 
200 
1 

(30mV) 
200 

003mV 

Error as % of FSR 00005% + 0% + 0% + 0006% + 0021% + 000175% 

003% of50mV 

Total Error Ve !OPAI + VE (lSOI 

o 10mV + 003mV 

008% of 50mV + 0 03% 0150mV 

o li% of50mV 

FIGURE 20. Op Amp and Iso Amp Error Analysis. 
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ADVANCE INFORMATION SUBJECT TO CHANGE 

BURR-BROWN® 

11E5I1E5I1 150103 
150107 

ADVANCE INFORMATION 
SUBJECT TO CHANGE 

Low-Cost, High-Voltage, Internally Powered 
ISOLATION AMPLIFIER 

FEATURES 
• SIGNAL AND POWER IN ONE PACKAGE: 

Double-Wide IS0103, Triple-Wide IS0107 

• CONTINUOUS AC BARRIER RATINGS: 
IS0103: 1500Vrms, IS0107: 2500Vrms 

• WIDE INPUT SIGNAL RANGE: -10V to 
+10V 

• WIDE BANDWIDTH: 30kHz Small 
Signal,10kHz Full Power 

• BUILT-IN ISOLATED POWER: ±10V to 
±18V Input, ±25mA Output 

• MULTI-CHANNEL SYNCHRONIZATION 
CAPABILITY 

DESCRIPTION 
The IS0103 and IS0107 isolation amplifiers provide 
both signal and power across an isolation barrier. The 
products are differentiated by package size and barrier 
voltage rating. The ceramic side-brazed hybrid pack
age contains a transformer-coupled DC/DC converter 
and a capacitor-coupled signal channel. A proprietary 
800kHz oscillator chip. power MOSFET transformer 
drivers. patented square core wirebonded transformer. 
and single chip diode bridge provide power to the 
input side of the isolation amplifier as well as external 
loads up to ±25mA. 

Extra features include short -circuit protection, soft start, 
multi-channel synchronization. ±IOV to ±18V input 

APPLICATIONS 
• MULTI-CHANNEL ISOLATED DATA 

ACQUISITION 

• BIOMEDICAL INSTRUMENTATION 

• POWER SUPPLY AND MOTOR CONTROL 

• GROUND LOOP ELIMINATION 

1501031107 BLOCK DIAGRAM 

+V, Sense 

Vw Vovr 

-V, Com 2 

Com 1 -VCC2 

Sync 

+VCCI +VCC2 

Gnd1 Enable 

-Vee1 Gnd2 

supply range, and 1500Vrms (ISOI03) or 2500Vrms 
(lSOI07) isolation voltage rating. 

The signal channel capacitively couples a duty cycle 
encoded signal across the ceramic high-voltage barrier 
bIJilt into the package. A proprietary transmitter/re
ceiver pair of integrated circuits,laser trimmed at wafer 
level, are coupled through a pair of matched "fringe" 
capacitors. The result is a simple, reliable design that 
rejects common mode transients. The duty cycle modu
lator is synchronized to the DC!DC converter to elirni
nate beat frequency interference between the power 
converter and signal channel. 

international Airport Industrial Park • MaRing Address: PO Box 11400 • Tucaon, AZ 85734 • Street Address: 6730 S. Tucson BlVd. Tucson, AZ 85706 
Tel: (602) 746-1111 • Twx: 91Q.952·1111 • cable: BBRCORP Telex: 66-6491 • FAX: (602) 669·1510 

PDS·640 
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ADVANCE INFORMATION SUBJECT TO CHANGE 
SPECIFICATIONS 
ELECTRICAL 
At T •• +25'C and Vcca. ±15V. ±15rnA output current unless olherwlse noted. 

PARAMETER CONDmONS MIN TYP MAX UNITS 

ISOLATION 
Rated Continuous Voltage 

IS0103 AC.60Hz T""IOT_ 1500 Vrms 
DC T ... IOT_ 2121 VDC 

IS0107 AC.60Hz TMlNIOT_ 2500 Vrms 
DC 

PartIal Discharge Test "1 
T"",IOT_ 3500 VDC 

IS0103 2400Vrms 5 pC 
IS0107 4000Vrms 5 pC 

Isolation-Mode Rejection 1500Vrms 100 dB 
2121VDC 160 dB 

BarrIer Impedance 10"119 OllpF 
Leakage Current 240Vnns 1 IIA 

GAIN 
Nominal 1 VN 
Initial Error ±0.1 %FSR 
Gain va Temperature ±20 ppl1'1FC 
Nonllnea~ty ±o.ol %FSR 

INPUT OFFSET VOLTAGE 
Initial OIfsst 20 mV 

va Temperature 100 I1VI'C 
va Power Supplies Vcco -±10VIO±18V 5 mVN 

INPUT 
Voltage Range ±10 V 
Resistance 200 kn 

SIGNAL OUTPUT 
Voltage Range ±10 V 
Current D~ve ±15 mA 
Ripple Voltage 10 mVp-p 
Capacitive Load Dme 1000 pF 
Voltage Nolss 4 11V1.JHz 

FREQUENCY RESPONSE 
Small Signal Bandwidth 30 kHz 
Slew Rate 1.5 VII'S 
8etllingTime 0.1%. -10/10V 50 I'S 

POWER SUPPUES 
Rated Voltage. V CO2 ±15 V 
Voltage Range ±10 ±18 V 
Input Current lo·±15rnA +90/-3 rnA 
Ripple Current No Filter 150 mAp·p 

Cw·l"" 60 mAp-p 
pi FIRer 5 mAp-p 

Rated Output Voltage ±15 V 
OUtput Current Balanced Load ±15 rnA 

Single 30 mA 
Load Regulation Belanced Load 0.5 %ImA 
Une Regulation 1.15 VN 
OtiIput Voltage va Temperature 10 mVI'C 
VoRage Belance. ±V ce. 0.5 % 
VoRage Ripple (800kHz) No Extemal Capacitors 60 mVp-p 
OUtput Capacitive Load 1 "" 
TEMPERATURE RANGE 
Specification -25 +85 'C 
Operating -25 +85 'C 
Storage -25 +125 'C 

NOTE: (1) Conforms to VDE0884 test methods. Tested at 1.6 x rated voltage; PO S 5pC. 
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ADVANCE INFORMATION SUBJECT TO CHANGE 
MECHANICAL 

150103 - 24·Pln Double-Wide DIP 

A I' ---t'l 

r11 
~J 

t50107 - 32·Pln Triple-Wide DIP 

A 

32 

B 

ABSOLUTE MAXIMUM RATINGS 

Suppy Without Damage .................................................................... ±18V 
V,.' Sense Voltage ............................................................................. ±50V 
Signal Common to Gnd 2 .............................................................. ±200mV 
Enable. Sync ............................................................................ OV to +VeC2 
Continuous Isolation Voltage 

ISOl 03 ................................................................................. 1500Vrms 
ISOl 07 ................................................................................. 2500Vrms 

V'SO' dv/dt ....................................................................................... 20kVIlIS 
Junction Temperature ....................................................................... 150'C 
Storage Temperature ...................................................... -25'C to +125'C 
Lead Temperature.l Os ..................................................................... 300'C 
Output Short to Gnd 2 Duration ................................................ Continuous 
±Vee, to Gnd 1 Duration .......................................................... ,Contlnuous 

Burr-Brown Ie Data Book 4-36 

INCHES 
DIM MIN MAX 
A 1.180 1.220 
B .580 .600 
C .310 .370 
D . 016 .020 
F .040TYP 
G • 100 BASIC 
H .044 .056 
J .009 .012 
K .165 .185 
L .800 .620 
N .040 .060 

INCHES 
DIM MIN MAX 
A 1.580 1.620 
B .880 .900 
C .310 .370 
D .016 .020 
F .040TYP 
G . 100 BASIC 
H .044 .056 
J .009 .012 
K .150 .185 
L .900 .920 
N .040 .060 

MILUMETERS 
MIN MAX 
29.97 30.99 
14.73 15.24 
7£7 9.40 
0.41 0.51 
1.02TYP 

2.54 BASIC 
1.12 1.42 
0.23 0.30 
4.19 4.70 
15.24 15.75 
1.02 1.52 

MI UMETERS 
MIN MAX 
40.13 41.15 
22.35 22.86 
7.87 9.40 
0.41 0.51 
1.02TYP 

2.54 BASIC 
1.12 1.42 
0.23 0.30 
3.81 4.70 
22.86 23.37 
1.02 1.52 

NOTE: Leads In true 
position within 0.01" 
(O.25mm) R at MMC 
at seating plane. Pin 
numbers'shown for 
reference only • 
Numbers may not be 
marked on package . 

NOTE: Leads In true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package • 

Vol. 33 



ADVANCE INFORMATION SUBJECT TO CHANGE 
PIN CONFIGURATION 

IS0103 IS0107 
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ADVANCE INFORMATION SUBJECT TO CHANGE 

BURR-BROWN® 

11511511 IS0108 
IS0109 

ADVANCE INFORMATION 
SUBJECT TO CHANGE 

Isolated 
VOLTAGE·TO·FREQUENCY CONVERTER 

FEATURES 
• ISOLATED VFC IN HERMETIC DIP 
• HIGH-VOLTAGE AC RATINGS: 

IS0108: 1500Vrms,IS0109: 2500Vrms 
• HIGH TRANSIENT IMMUNITY: 10kV/J,Ls 
• LOW BARRIER LEAKAGE CURRENT: 

0.5J,LA 

• HIGH LINEARITY AT HIGH FREQUENCY: 
0.01% at lMHz 

• VOLTAGE REFERENCE OUTPUT: 5VDC 
• MULTIPLEXED OUTPUT CAPABILITY 

DESCRIPTION 
The IS0108 and ISOl09 provide a high-speed VFC 
and isolated coupler in one hermetic DIP package. This 
represents a new function for diverse applications bene
fiting from AID conversion with ground breaking. 

The input VFC transmits a differential digital signal 
across the isolation barrier through matched 1 pF ce
ramic capacitors built into the 24-pin single-wide 
(ISOI08) and 4O-pin double-wide (ISO! 09) packages. 
Excellent transient immunity is provided by the small 
barrier capacitor matching, patented sense amp design, 
and laser trimming. 

APPLICATIONS 
• ISOLATED AID CONVERTER 
• BIOMEDICAL DATA ACQUISITION 
• PROCESS CONTROL 
• INDUSTRIAL DATA ACQUISITION 

Extra features include a voltage reference useful for 
offsetting and calibration, and a TfL-compatible en
able input that provides for multiplexing multiple VFC 
outputs. 

-In V REF Cos -V CCI Enable Gnd2 

International Airport Industrial Park • Mailing Address: PO Box 11400 • TUcson, AZ85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
T81:(602)746-1111 • Twx:91D-852·1111 • CabIe:BBRCORP Telex: 66-6491 • FAX: (602) 889·1510 

PDS·841 
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ADVANCE INFORMATION SUBJECT TO CHANGE 

SPECIFICATIONS 
ELECTRICAL 
At T •• +2SOC and :tV eel • :t15V, V .... 5V unless otherwise noted. 

PARAMETER CONDmONS MIN TYP MAX UNrrs 

ISOLATION 
Rated ContInuous Voltage 

IS0108: AC, 60Hz Ty" 10 T ... 1500 Vrms 
DC TMlNIOT ... 2121 VDC 

ISOl09: AC, 80Hz Ty"IOT ... 2500 Vrms 
DC Ty~IOT ... 3500 VDC 

Partial DIScharge Tes~11 
180108 2400Vrma 5 pC 
180109 4000Vrms 5 pC 

Transient Immunity 10 kVl)Is 
BarrIer Impedance 10"113 nllpF 
L.eakaga Currant 240Vrms 0.3 pA 

TRANSFER FUNCTION 
Voltage·IO·Frequency Mode 
GaIn Error 1 MHz 5 % 
Unearily Error FSR=IMHz 0.01 % 
Gain Drift FSR.1MHz 50 ppmfOC 
PSRR 0.1 %IV 
Input Current Rangel" O·FSOuIpUl >0 250 pA 

INTEGRATOR OP AMP 
Vf18 3 mV 
Vao Drift 30 IlVI'C 
I. 50 nA 

OPEN COLLECTOR OUTPUT 
Va. I,." D l0rnA 0.4 V 

I"" V"".2OV 0.1 pA 
Fall Time 50 ns 

REFERENCE VOLTAGE 
/v:QJrw:y 4.95 5.00 5.05 V 
Drift 50 ppmfOC 
Current Output 20 mA 
PSRR 75 pprnN 
0u1put Impedance 1 n 

POWER SUPPLY 
Voltage Range :tVCCI :t8 :1:20 V 

+V ... 4.5 20 V 
Oulasoant Current ±VCC1 +17/-15 rnA 

+V".. +12 rnA 

TEMPERATURE RANGE 
Specification -25 +85 'C 
Operating -55 +125 'C 
SIOrage -55 +150 00 

NOTES; (1) Conforms 10 VDE884 test methods. Tested at 1.6 x rated voltage; PO S 5pC. (2) V" = lIN X RIN• 

ABSOLUTE MAXIMUM RATINGS 

Supply WIthout Damage .................................................................... :I:2OV 
-In, C08 ............................................................................................... :tVCCI 

Enable ...................................................................................... Gnd 2JV.0I 

V .... Vo 10 Gnd 1 ...................................................................... ContInuous 
'0 SInk Current ................................................................................... 50mA 
Continuous isolation Voltage 

IS0108 ................................................................................. 1500Vrms 
IS0109 ................................................................................. 25ooVrms 

Junction Temperature ..................................................................... + l500C 
SlOragB Temperature ...................................................... -5500 10 +15000 
Lead Temperature, lOs .................................................................. +3000C 
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ADVANCE INFORMATION SUBJECT TO CHANGE 
MECHANICAL 

IS0108 - 24-Pln Single-WIde Hermetic DIP 

A 

DIM 
A 
B 
C 
D 
F 

[I ]]J 
1 2 11 12 G 

H 
J 

J 
.... j+"F 

~ I 

~ I I 
I I I 

I.-H ... G ..... ....Ik-o 
3]:' R 
Seating Plane 1.- ~ 

K 
L 
N 

IS0109 - 40·Pln Double-Wide Hermetic DIP 

DIM 
A 

01 10 
I. A F....II.-.I 

C 
D 
F 
G 
H 
J 
K 
L 
M 

HJ1!!to 
~N~ 

G..J1!:seating 

N 

Plane 

PIN CONFIGURATION 

IS0108 IS0109 

Burr-Brown Ie Data Book 4-40 

INCHES 
MIN MAX 
1.190 1210 
.290 .300 
.140 .185 
.016 .020 
.030 0.50 
.100 BASIC 
.035 .085 
.009 .012 
.165 .185 
.300 BASIC 
.040 .060 

INCHES 
MIN MAX 
1.960 2.020 
.115 .175 
.015 .021 
0.35 0.60 
.100 BASIC 
0.30 .070 
.008 .012 
.120 240 
.600 BASIC 

10" 
.025 .060 

MILUM~ 
MIN MAX 
30.23 30.73 
7.11 7.62 
3.56 4.70 
0.41 0.51 
0.76 1.27 
2.54 BASIC 
0.89 1.65 
023 0.30 
4.19 4.70 
7.62 BASIC 
1.02 1.52 

MILUMETERS 
MIN MAX 
50.29 51.31 
2.92 4.45 
0.38 0.53 
0.89 1.52 
2.54 BASIC 
0.76 1.78 
0.20 0.30 
3.05 6.10 
15.24 BASIC 

10' 
0.64 1.52 

NOTE: Leads In true 
position within 0.01" 
(O.25mm) Rat MMC 
at seating plane. Pin 
numl)ers shown for 
reference only. 
Numbers may not be 
marllad on package. 

NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC at 
seating plane. Pin 
numbers shown for 
relerence only. 
Numbers may not be 
marlIad on package. 
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ADVANCE INFORMATION SUBJECT TO CHANGE 

BURR-BROWN® 

IElElI IS0113 

ADVANCE INFORMATION 

SUBJECT TO CHANGE 

Low-Cost, High-Voltage, Internally Powered 
OUTPUT ISOLATION AMPLIFIER 

FEATURES 
• SELF·CONTAINED ISOLATED SIGNAL 

AND OUTPUT POWER 

• SMALL PACKAGE SIZE: Double-Wide 
DIP 

• CONTINUOUS AC BARRIER RATING: 
1500Vrms 

• WIDE BANDWIDTH: 
30kHz Small Signal,10kHz Full Power 

• BUILT·IN ISOLATED OUTPUT POWER: 
±10V to ±18V Input, ±25mA Output 

• MULTICHANNEL SYNCHRONIZATION 
CAPABILITY 

DESCRIPTION 
The ISOl13 output isolation amplifier provides both 
signal and output power across an isolation barrier in a 
small double-wide DIP package. The ceramic side
brazed hybrid package contains a transformer-coupled 
DC/DC converter and a capacitor-coupled signal chan
nel. A proprietary 800kHz oscillator chip, power 
MOSFET transformer drivers, patented square core 
wirebonded transformer, and a single chip diode bridge 
provide power to the output side of the isolation ampli
fier as well as external loads up to ±25mA. 

Extra features include enable, soft start, short circuit 
protection, multiple channel synchronization, ± 1 OV to 

APPLICATIONS 
• 4mA TO 20mA VII CONVERTERS 

• MOTOR AND VALVE CONTROLLERS 

• ISOLATED RECORDER OUTPUTS 

• MEDICAL INSTRUMENTATION OUTPUTS 

• GAS ANALYZERS 

IS0113 BLOCK DIAGRAM 

+VCC1 
+Vc 

Sense 

V~ Vwr 

-Veo1 Com 2 

Com 1 
-Vo 

Sync +VCQ 

Enable Gnd2 

Gndl -VCC2 

±18V supply range, and 1500Vrms isolation voltage 
rating. The signal channel capacitively couples a duty
cycle encoded signal across the ceramic high-voltage 
barrier built into the package. A proprietary transmitter/ 
receiver pair of integrated circuits, laser trimmed at 
wafer level, are coupled through a pair of matched 
''fringe'' capacitors. The result is a simple, reliable de
sign that rejects common-mode transients. The duty 
cycle modulator is synchronized to the DC/DC con
verter to eliminate beat frequency interference between 
the power converter and signal channel. 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson. AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 857C6 
Tel: (602) 746-1111 • Twx: 910-952·1111 • cable: BBRCORP Telex: 66-&491 • FAX: (602) 889-1510 
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ADVANCE INFORMATION SUBJECT TO CHANGE 

SPECIFICATIONS 
ELECTRICAL 
At T. = +25'C and V co. = :l:15V, Supply Oulput Load = :l:15mA unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

ISOLATION 
Rated Continuous Voltage 

AC,60Hz TUIN to TUAl( 1500 Vrms 
DC rUIN to TMA)( 2121 VDC 

Partial Discharge Test {1, 
2400Vrms 5 pC 

Isolation-Mode Rejection 1500Vrms 100 dB 
2121VDC 160 dB 

Bar~er Impedance 10"119 IlllpF 
Leakage Current 240Vrms 1 JIA 
GAIN 
Nominal 1 VN 
Innial Error :1:0.1 %FSR 
Galn vs Temperature ±20 ppml'C 
Nonlinearity :1:0.01 %FSR 

INPUT OFFSET VOLTAGE 
Innial Offset 20 mV 

vs Temperature 100 I'VI'C 
vs Power Supplies Vco. = :1:10 to :l:18V 5 mVN 

INPUT 
Voltage Range :1:10 V 
Resistance 200 kn 

SIGNAL OUTPUT 
Voltage Range :1:10 V 
Current D~ve :1:15 mA 
Ripple Voltage 10 mVp·p 
Capacitive Load Drive 1000 pF 
Voltage Noise 4 I'Vi-IFiZ 

FREQUENCY RESPONSE 
Small Signal Bandwidth 30 kHz 
Slew Rate 1.5 VII'S 
Settling Time 0.1%, -10110V 50 I'S 

POWER SUPPUES 
Rated Voltage, Vee, :1:15 V 
Voltage Range :1:10 :1:18 V 
Input Current lo=:l:15mA +90/-3 mA 
Ripple Current No Filter 150 mAp·p 

C'N = lp.F 60 mAp-p 
pi Filter 5 mAp-p 

Rated Oulput Voltage :1:15 V 
Oulput Current Balanced Loed :1:15 mA 

Single 30 mA 
Load Regulation Balanced Loed 0.5 'Yo/mA 
Une Regulation 1.15 VN 
Oulput Voltage vs Temperature 10 mVI'C 
Voltage Balance, :l:V CO2 0.5 % 
Voltage Ripple (800KHz) No Extemal Capacitors 60 mVpp 
OUlput Capacitive Load 1 p.F 

TEMPERATURE RANGE 
Specification -25 +85 'C 
Operating -25 +85 'C 
Storage -25 +125 'C 

NOTE: (1) Conforms to VDE0884 test methods. 
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ADVANCE INFORMATION SUBJECT TO CHANGE 
MECHANICAL 

1S0113-2A-P1n Double-Wide DIP 

I' A· 'I 
r11 
~J 

PIN CONFIGURATION 

Burr-Brown Ie Data Book 4-43 

INCHES I MI JJ! IETERS 
DIM MIN MAX MIN" I MAX 
A 1.180 1.220 29:97 30.99 
8 .580 .800 14.73 15.24 
C .310 .370 7.87 9.40 
D .018 .D2O 0.41 0.51 
F .D40TYP 1.02TYP 
G .100 BASIC 2.54 BASIC 
H .044 .056 1.12 lA2 
J .009 .012 0.23 0.30 
K .165 .195 4.19 4.70 
L .800 .620 15.24 15.75 
N .040 .080 1.02 1.52 

ABSOLUTE MAXIMUM RATINGS 

NOTE: leadS In true 
position within 0.01' 
(O.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may nol be 
marked on package. 

SupplyWhhoutD8mage ............................................................ , .••• ±18V 
v ... Sense Voltage ................................................ : .••••.••.••••••..•••••••• ±50V 
Com 10 Gild (ehher input or output) ........................................... ±200mV 
Enable. Sync ....................................................................... Gnd 10 +Vc" 
Continuous isolation Voltage •••••.•••••••••••••••••••••••••••.•••••.••..•••• ~. 1500Vrms 
V..,. dv/dl .................................................................................... 20kV/ps 
Junction Temperature ............................ ,~ •• " ............................... + 150'C 

~~~=:u,~.:::::::::::::::::::::::::::::::::::::::::::::::::~.: .. ~.~~:g 
0u1pUl Short 10 Gild DuraDon ................................................ Continuous 
±V cco 10 Gnd 2 DuraUon •••.••••.••••.•.. : ...................................... Continuous 

Vol. 33 

CW) ,... ,... 
~ -

-
~ 
::::> c o a: a.. 
z o 

~ 
~ 



BURR-BROWN® 

113131 IS0120 
IS0121 

Precision Low Cost 
ISOLATION AMPLIFIER 

FEATURES APPLICATIONS 
• 100% TESTED FOR PARTIAL DISCHARGE 
• ISOI20: Rated 1500Vrms 
• ISOI21: Rated 3500Vrms 
• HIGH IMR: 115dB at 60Hz 
• USER CONTROL OF CARRIER FREQUENCY 
• lOW NONLINEARITY: ±0.01% max 
• BIPOLAR OPERATION: Vo = ±10V 
• 0.3"·WIDE 24·PIN HERMETIC DIP, IS0120 
• SYNCHRONIZATION CAPABILITY 

DESCRIPTION 
The IS0120 and IS012l are precision isolation 
amplifiers incorporating a novel duty cycle modu
lation-demodulation technique. The signal is trans
mitted digitally across a 2pF differential capacitive 
barrier. With digital modulation the barrier character
istics do not affect signal integrity, which results in 
excellent reliability and good high frequency trans
ient immunity across the barrier. Both the amplifier 
and barrier capacitors are housed in a hermetic DIP. 
The IS0120 and IS012l differ only in package size 
and isolation voltage rating. 

These amplifiers are easy to use. No external com
ponents are required for 60kHz bandwidth. With 
the addition of two external capacitors, precision 
specifications of 0.01% max nonlinearity and 
l50p.VtC max Ves drift are guaranteed with 6kHz 
bandwidth. A power supply range of ±4.5V to 
±18V and low quiescent current make these 
amplifiers ideal for a wide range of applications. 

• INDUSTRIAL PROCESS CONTROL: Transducer 
Isolator for Thermocouples, RTOs, Pressure 
Bridges, and Flow Meters. 4mA to 20mA loop 
Isolation 

• GROUND lOOP ELIMINATION 
• MOTOR AND SCR CONTROL 
• POWER MONITORING 
• ANALYTICAL MEASUREMENTS 
• BIOMEDICAL MEASUREMENTS 
• DATA ACQUISITION 
• TEST EQUIPMENT 

Isolation Barner 

Signal 
Com 1 

Ext Ose 

Gnd1----' 

-vs l -----' 

,----C2H 

,---C2l 

Sense 

VOUT 

Signal 
Com 2 

~---VS2 

'-----Gnd2 

'------+VS2 

International Airport Industrial Park. P.O. Box 11400 • Tucson. Arizona B5734 • Tel.: 16(2) 746·1111 • Twx: 9tO.g52·tl11 • Cable: BBRCORP • Telex: 66-6491 

PDS-82OC 
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SPECIFICATIONS 
ELECTRICAL 
At T. = +25·C. V., = V .. = ±15V: and RL = 2kO unless otherwise noted. 

IS0120lG,IS01211G IS0120G, IS0121G 

PARAMETER 
"~""'''''-''''- ~N ,!!P I!AX MIN -!Y,"- MAX UNITS 

ISOLATION 
Voltage Rated ContinuouslS012O AC 60Hz TUIN to Tw.x 1500 1500 Vrms 

DC TUIN to TMAX 2121 2121 VDC 
ISOI21:AC60Hz rUIN to TMAX 3500 3500 Vrms 

DC TUIN to TMAX 4950 4950 VDC 
100% Test (AC 60Hz): IS0120 Is; Partial discharge';; 5pC 2500 2500 Vrms 

IS0121 Is, Partial dlscherge';; 5pC 5600 5600 Vrms 
Isolation Mode Rejection ISOI20: AC 60Hz 1500Vrms 115 115 dB 

DC 160 160 dB 
IS0121 AC 60Hz 3500Vrms 115 115 dB 

DC 160 160 dB 
Barner Impedance 10"112 10"112 nt/pF 
~elli<ag"Current V,sa = 24OVrms. 60Hz 018 05 018 05 /lAr;"'s 

GAIN Va = ±10V 
Nominal Gain C, = C. = 1000pF 1 1 VN 

Gain Error ±004 ±01 ±005 ±0.25 % FSR 
Gain va Temperature ±5 ±2O ±10 ±4O ppmrC 
Nonllneanty ±0005 ±0.01 ±0.01 ±0.05 %FSR 

Nominal Gam C,=C.=O 1 1 VN 
Gain Error ±0.04 ±O25 ±0.05 ±O25 % FSR 
Gain VB Temperature ±4O ±4O ppmrC 
Nonlinearity ±0.02 ±01 ±O.04 ±01 % FSR 

INPUT OFFSET VOLTAGE 
Initial Offset C, = C. = l000pF ±5 ±25 ±10 ±50 mV 

vs Temperature ±100 ±150 ±150 ±400 /lvrc 
Initial Offset C,=C.=O ±25 ±100 ±4O ±100 mV 

vs. Temperature ±250 ±500 /lvrc 
Initial Olfset 

vs Supply ±V., or ±V .. = ±45Vto ±18V ±2 ±2 mVN 
NOise 4 4 /lVlVHz 

INPUT 
Voltage Rsnge'11 ±10 ±15 ±10 ±15 V 
Resistance 200 200 kO 

OUTPUT 
Voltage Range ±10 ±12.5 ±10 ±12.5 V 
Current Drive ±5 ±20 ±5 ±2O mA 
Cepacitlve Load Drive 0.1 0.1 /IF 
Ripple Voltage'" 10 10 mVp-p 

FREQUENCY RESPONSE 
Small Signel BandWidth C, =0.=0 60 60 kHz 

C, = C. = l000pF 6 6 kHz 
Slew Rate 2 2 VIps 
SetlllngTlme Vo=±10V 

0.1% C.= l00pF 50 50 ps 
001% C, = C. = l000pF 350 350 /IS 

Overload Recovery Timel31 5O'!b Output Overload, 150 150 /IS 
C, =0.=0 

POWER SUPPLIES 
Rated Voltage 15 15 V 
Voltage Range ±45 ±18 ±4.5 ±18 V 
Quiescent Current: VSl ±4.0 ±5.5 ±4.0 ±5.5 mA 

V •• ±5.0 ±6.5 ±5.0 ±a.5 mA 

TEMPERATURE RANGE 
Specification -25 85 -25 85 ·C 
Operating -55 125 -55 125 ·C 
Storage -85 150 -55 150 ·C 
S",: IS0120 40 40 ·CIW 

IS0121 25 25 ·CIW 

NOTES: (1) Input voltage range = ±10V lor V." V .. = ±4.5VDC to ±18VDC. (2) Ripple lrequency lsat carrlerlrequency. (3) Overload recovery Is approximately 
three times the aetliing time lor other values 01 C •. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Between Supplies +V •• to -V •• ) .....••....•.••••..••..• 36V 
V'N, Senae Voltage. .. .. .. . .. .. • . . .. .. . .. • .. • . .. .. . .. • . .. .. . . .. . . . .. ±100V 
External Oscillator Input. .. . . • .. .. . • .. . • .. .. • . .. .. . .. . .. .. . . . .. .. ... ±25V 
Signal Common 1 to Ground 1 ................................ , ...... ±IV 
Signal Common 2 to Ground 2 ""'"'''''''''''''''''''''''''''''''' ±IV 
Continuous Isolation Voltage' IS0120 •.•••.•...••..•.....•....•• 1500Vrms 

Continuous Isolation Voltage: ISOI21............................ 3500Vrms 
V,.o. dv/dt ........................................................ 2Okvl/ls 
Junction Temperature ••••..•...•...••..••..•••..•.••••••••.••••..••• 150·C 
Storage Temperature .... ".............................. -85·C to +150·C 
Lead Temperature (soldering. lOs) ................................. +300·C 
Output Short Duration.. .. .. .. .. . • .. . .. . .. .. .. .. •. Continuous to Common 
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CONNECTION DIAGRAM 

24 pin Is slngle~wlde. 
40 pin is double-wide. 

C" 
1/1(11~ 24/40 Gnd 1 

C" 2/2 

+VS1 3/3 

-VS1 4/4 

Com 2 9/17 

VOUT 10/18 

VallT SENSE 11/19 

Gnd 2 12/20 

23/39 V'N 

22/38 Ext Ose 

21/37 Com 1 

16124 VS2 

15/23 +-VS2 

14/22 C2L 

13/21 C2H 

Notes (1) First pin number IS for 180120 
Second pin number IS for 180121 

MECHANICAL 

IS0120 24-Pln Ceramic DIP 

I· A 'I 

~~]~ ~[ ~:~J 

JYm ,~ I I I 
D J ~ sea::::: H ~ .JG~ 

IS0121 40-Pln Ceramic DIP 

1[0 
I, 

[] 
A __ Fj __ ~.1 
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ORDERING INFORMATION 

Temperature 
Model Package Range 

IS0120G Cer. Her. DIP -25° C to +85° C 
IS0120BG Cer. Her. DIP -25°C to +85°C 
IS0121G Cer. Her. DIP -25° C to +85° C 
IS0121BG Cer. Her. DIP -25°C to +85°C 

BURN-IN SCREENING OPTION 
See text far details. 

Bum-In Temp. 
Model Package (160h)'" 

IS0120G-BI Cer. Her .• DIP +125°C 
IS0120BG-BI Cer Her DIP +125°C 
IS0121G-BI Cer Her DIP +125°C 
IS0121BG-BI Cer. Her. DIP +125°C 

NOTE: (1) Or equIValent comblftatlan. See text 

NOTE Leads In true posItion 
wlthlft 0 01" (0.25mm) R at MMC 
at seating plane 

Pm numbers shown for reference 
only Numbers are not marked 
on package Tnangle denotes Pin 1 

NOTE Leads In true POSition 
wlthlft 001" (0 25mm) Rat MMC 
at seating plane 

Pm numbers shown for reference 
only Numbers are not marked 
on package Triangle denotes pm 1 
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DIM 
A 
B 
C 
D 
F 
G 
H 

J 
K 
K 
L 

DIM 

A 
8 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 

INCHES 
MIN MAX 
1190 1210 

280 300 
140 185 
016 020 

030 050 
100 BASIC 
035 085 
009 012 
165 185 
300 BASIC 
040 060 

INCHES 
MIN MAX 
1980 2020 

580 600 
140 185 
015 021 
030 060 
100 BASIC 
030 070 
008 012 
120 240 
600 BASIC 
- 10' 

025 060 

MILLIMETERS 
MIN MAX 

3023 3073 
711 762 

356 470 
041 051 
076 127 

254 BASIC 
089 165 
0.23 030 
419 470 
762 BASIC 
102 152 

MILLIMETERS 
MIN MAX 
5029 5131 
1473 1524 

356 470 
038 053 
076 152 
254 BASIC 
076 178 
020 030 
305 610 
1524 BASIC 

- 10' 

064 152 
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TYPICAL PERFORMANCE CURVES 
At T. = +25·C, V., = V .. = ±15V, and RL = 2kQ unless otherwIse noted. 
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TYPICAL PERFORMANCE CURVES 
At T. = +2SoC; Vs, = Vs, = ±lSV; and R, = 2kO unless otherwise noted. 
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SIGNAL RESPONSE 
vs CARRIER FREQUENCY 
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NOISE vs SMALL SIGNAL BANDWIDTH 
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TYPICAL PERFORMANCE CURVES 
AlT. = +25·C; V., = V .. = ±15V; and R, = 2kO unless olherwlae noled 

STEP RESPONSE 

+10 

0 

~ 
QI -10 

'" ~ 
> 
:; 

+10 .e-
:J 
0 

0 

-10 

0 250 50!) 

Time (PS) 

THEORY OF OPERATION 
The ISOl20 and ISOl21 isolation amplifiers c6mprise 
input and output sections galvanically isolated by 
matched I pF capacitors built into the ceramic barrier. 
The input is duty-cycle modulated and transmitted digi
tally across the barrier. The output section receives the 
modulated signal, converts it back to an analog voltage 
and removes the ripple component inherent in the 
demodulation. The input and output sections are fabri
cated together on a single wafer and laser-trimmed as a 
complete system for exceptional matching of circuitry 
common to both input and output sections. 

FREE-RUNNING MODE 
An input amplifier (AI, Figure I) integrates the dif
ference between the input current (VIN /200kn) and a 
switched ±IOOJLA current source. This current source is 
implemented by a switchable 200JLA source and a fixed 
100JLA current sink. To understand the basic operation 
of the input section, assume that V IN = O. The integrator 
will ramp in one direction until the comparator threshold 
is exceeded. The comparator and sense amp will force 
the current source to switch; the resultant signal is a 
trianglar waveform with a 50% duty cycle. If V IN changes, 
the duty cycle of the integrator will change to keep the 
average DC value at the output of Al near zero volts. 
This action converts the input voltage to a duty-cycle 
modulated triangular waveform at the output of Al with 
a frequency determined by the internal150pF capacitor. 
The comparator generates a fast rise time square wave 
that is simultaneously fed back to keep Al in charge 
balance and also across the barrier to a differential sense 
amplifier with high common-mode rejection character
istics. The' sense amplifier drives a switched current 

. source surrounding A2. The output stage balances the 
duty-cycle modulated current against the feedback 
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50 

TIme (ps) 

100 

current through the 200kn feedback resistor, resulting in 
an average value at the Sense pin equal to VIN. The 
sample and hold amplifiers in the output feedback loop 
serve to remove undesired ripple voltages inherent in the 
demodulation process. 

SYNCHRONIZED MODE 
A unique feature of the ISOl20 and ISOl21 is the ability 
to synchronize the modulator to an external signal 
source. This capability is useful in eliminating trouble
some beat frequencies in multi-channel systems and in 
rejecting AC signals and their harmonics. To use this 
feature, external capacitors are connected at C, and C2 
(Figure I) to change the free-running carrier frequency. 
An external signal is applied to the Ext Osc pin. This 
signal forces the current source to switch at the frequency 
of the external signal. If V IN is zero, and the external 
source has a 50% duty cycle, operation procedes as 
described above, except that the switching frequency is 
that of the external source. If the external signal has a 
duty cycle other than 50%, its average value is not zero. 
At startup, the current source does not switch until the 
integrator establishes an output equal to the average DC 
value of the external signal. At this point, the external 
signal is able to trigger the current source, producing a 
triangular waveform, symmetrical about the new DC 
value, at the output of AI. For VIN = 0, this waveform 
has a 50% duty cycle. As VIN varies, the waveform 
retains its DC offset, but varies in duty cycle to maintain 
charge balance around AI. Operation of the demodul
ator is the same as outlined above. 

BASIC OPERATION 
Signal and Power Connections 
Figure 2 shows proper power and signal connections . 
Each power supply pin should be bypassed with a IJLF 
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Isolation Barner 
I 

v." 1--+ ..... .,.,....,0, Sense 

VOUT 

S'gnal Comf O-'---oof 

+VS1 Gnd 1 -VSl Ext Osc 
Note (1) Opllonal See text 

FIGURE I. Block Diagram. 

Isolation Barner 

V," 

Signal Comf 

Gnd f 
±VSl 

+-------r-----+~ 

Note (f) Opllonal See text (2) Ground 'f not used. 

FIGURE 2. Power and Signal Connections. 

tantalum capacitor located as close to the amplifier as 
possible. All ground connections should be run inde
pendently to a common point if possible. Signal Com
mon on both input and output sections provide a high
impedance point for sensing signal ground in noisy 
applications. Signal Common must have a path to 
ground for bias current return and should be maintained 
within ±IV of Gnd. The ouptut sense pin may be 
connected directly to VOUT or may be connected to a 
remote load to eliminate errors due to IR drops. Pins are 
provided for use of external integrator capacitors. The 
C'H and C2H pins are .connected to the integrator sum
ming junctions and are therefore particularly sensitive to 
external pickup. This sensitivity will most often appear 
as degraded IMR or PSR performance. AC or DC 
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Sense 

VOUT 

t----"'-- ±v., 
+ 

currents coupled into these pins results in V ERROR = 
!ERROR X 200kO at the output. Guarding of these pins to 
their respective Signal Common, or CL and C2L is 
strongly recommended. For similar reasons, long traces 
or physically large capacitors are not desirable. If wound
foil capacitors are used, the outside foil should be 
connected to CtL and C2L, respectively. 

Optional Gain and Offset Adjustments 
Rated gain accuracy and offset performance can be 
achieved with no external adjustments, but the circuit of 
Figure 3a may be used to provide a gain trim of ±O.5% 
for the values shown; greater range may be provided by 
increasing the size of Rt and R2. Every 2kO increase in 
R, will give an additional 1% adjustment range, with 
R2;:::2R,. If safety or convenience dictates location of the 
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FIGURE 3a. Gain Adjust. 

adjustment potentiometer QIl the other side of the barrier 
from the position shown in Figure 3a, the positions of RI 
and ~ may be reversed. Gains greater than one may be obtained 
by using the circuit of Figure 3b. Note that the effect of 
input offset errors will be multiplied at the output in 
proportion to the increase in gain. Also, the small-signal 
bandwidth will be decreased in inverse proportion to the 
increase in gain. In most instances, a precision gain 
block at the input of the isolation amplifier will provide 
better overall performance. 

VOUT 

R, 

Gain=1+ - + -( R' R, ) 
R, 200k 

FIGURE 3b. Gain Setting. 

Figure 4 shows a method for trimming Vos of the 
IS0120 and ISOI21. This circuit may be applied to 
either Signal Com (input or output) as desired for safety 
or convenience. With the values shown, ±15V supplies 
and unity gain, the circuit will provide ±150mV adjust
ment range and 0.25m V resolution with a typical trim 
potentiometer. The output will have some sensitivity to 

+v., or +VS2 t 
Signal Com 1 

100kCl ~ .. _-_v ... >? ..... --~ .... -_.... or 
1 OkCl Signal Com 2 

-VS1or-Va 

1MCI 

FIGURE 4. Vos Adjust. 
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power supply variations. For a ±100mV trim, power 
supply sensitivity is 8m V / V at the output. 

Carrier Frequency Considerations 

As previously discussed, the IS0120 and IS0121 ampli-
fiers transmit the signal across the iso-barrier by a duty-
cycle modulation technique. This system works like any 
linear amplifier for input signals having frequencies 
below one half the carrier frequency, fe. For signal 
frequencies above fe/2, the behavior becomes more 
complex. The Signal Response vs Carrier Frequency 
performance curve describes this behavior graphically. 
The upper curve illustrates the response for input signals 
varying from DC to fe/2. At input frequencies at or 
above fe/2, the device generates an output signal 
component that varies in both amplitude and frequency, 
as shown by the lower curve. The lower horizontal scale 
shows the periodic variation in the frequency of the 

.,.. 
N .,.. 
~ .,.. 
5J -

output component. Note that at the carrier frequency 4 
and its harmonics, both the frequency and amplitude of 
the response go to zero. These characteristics can be 
exploited in certain applications. It should be noted that 
when CI is zero, the carrier frequency is nominally 
500kHz and the -3dB point of the amplifier is 60kHz. 
Spurious signals at the output are not significant under 
these circumstances unless the input signal contains 
significant components above 250kHz. 

There are two ways to use these characteristics. One is to 
move the carrier frequency low enough that the trouble
some signal components are attenuated to an acceptable 
level as shown in Signal Response vs Carrier Frequency. 
This in effect limits the bandwidth of the amplifier. The 
Synchronization Range performance curve shows the 
relationship between carrier frequency and the value of 
CI. To maintain stability, C2 must also be connected and 
must be equal to or larger in value than CI. C2 may be 
further increased in value for additional attentuation of 
the undesired signal components and provides the 
additional benefit of reducing the residual carrier ripple 
at the output. See the Bandwidth vs C2 performance 
curve. 

When periodic noise from external sources such as 
system clocks and DC/DC converters are a problem, 
ISOl20 and ISOl21 can be used to reject this noise. The 
amplifier can be synchronized to an external frequency 
source, fEXT, placing the amplifier response curve at one 
of the frequency and amplitude nulls indicated in the 
Signal Response vs Carrier Frequency performance 
curve. For proper synchronization, choose CI as shown 
in the Synchronization Range performance curve. 
Remember that C22::C1 is a necessary condition for 
stability of the isolation amplifier. This curve shows the 
range of lock at the fundamental frequency for a 4V 
sinusoidal signal source. The applications section shows 
the ISOl20 and ISOl21 synchronized to isolation power 
supplies, while Figure 5 shows circuitry with opto
isolation suitable for driving the Ext Osc input from 
TTL levels. 
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+5V +15V 

! 
2 8 C. 

.--.....:. ......... -_-1 ~t osc on 

1801.20 (pin 22) 

f,N TTL 

3'-____ .....a 
C, = ( '~~-6 ) - 350pF 

C. = 10 x C" with a minimum of 10nF 

FIGURE S. Synchronization with Isolated Drive 
Circuit for Ext Osc Pin. 

ISOLATION MODE VOLTAGI; 

Isolation mode voltage (IMV) is the voltage appearing 
between isolated grounds Gnd 1 and Gnd 2. IMV can 
induce' error at the output as indicated by the plots of 
IMV vs Frequency. It should be noted that if the IMV 
frequency exceeds fe/2, the output will display spurious 
outputs in a manner similar to that described above, and 
the amplifier response will be identical to that shown in 
the Signal Respons~ vs Carrier Frequency performance 
curve. This occurs because IMV-induced errors behave 
like input-referred error signals. To predict the total 
IMR, divide the isolation voltage by the IMR shown in 
IMR vs Frequency performance curve and compute the 
amplifier response to this input-referred error signal 
from the data given in the Signal Response vs Carrier 
Frequency performance curve. Due to effects of very 
high-frequency signals, typical IMV performance can be 
achieved only when dV I dT of the isolation mode voltage 
falls below lOOOV I jl.S. For convenience, this is plotted in 
the typical performance curves for the ISOl20 and 
ISOl21 as a function of voltage and frequency for 
sinusoidal voltages. When dV/dTexceeds 1000V I jl.S but 
falls below 20kV I jl.S, performance may be degraded. At 
rates of change above 20kV I jl.S, the amplifier may be 
damaged, but the barrier retains its full integrity. 
Lowering the power supply voltages below ±ISV may 
decrease the dV I dT to SOOV I jl.S for typical performance, 
but the maximum dV/dT of 20kV/jl.s remains 
unchanged. 

Leakage current is determined solely by the impedance 
of the 2pF barrier capacitance and is plotted in the Isolation 
Leakage Current vs Frequency curve. 

ISOLATION VOLTAGE RATINGS 

Because a long-term test is impractical in a manufacturing 
situation, the generally accepted practice is to perform a 
production test at a higher voltage for some shorter time. 
The relationship between actual test voltage and the 
continuous derated maximum specification is an impor
tant one. Historically, Burr-Brown has chosen a delib
erately conservative one: VTEST = (2xACrms continuous 
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rating) + IOOOV for 10 seconds, followed by a test at 
rated ACrms voltage for one minute. This choice was 
appropriate for conditions where system transients are 
not well defined. 

Recent improvements in high-voltage stress testing have 
produced a more meaningful test for determining maxi
mum permissible voltage ratings, and Burr-Brown has 
chosen to apply this new technology in the manufacture 
and testing of the ISOl20 and ISOI21: 

Partial Discharge 

When an insulation defect such as a void occurs within 
an insulation system, the defect will display localized 
corona or ionization during exposure to high-voltage 
stress. This ionization requires a higher applied voltage 
to start the discharge and a lower voltage to maintain it 
or extinguish it once started. The higher start voltage is 
known as the inception voltage, while the extinction 
voltage is that level of voltage stress at which the 
discharge ceases. Just as the total insulation system has 
an inception voltage, so do the .individual voids. A 
voltage will build up across a void until its inception 
voltage is reached, at which point the void will ionize, 
effectively shorting itself out. This action redistributes 
electrical charge within the dielectric and is known as 
partial dis,charge. If, as is the case with AC, the applied 
voltage gradient across the device continues to rise, 
another partial discharge cycle begins. The importance 
of this phenomenon is that, if the discharge does not 
occur, the insulation system retains its integrity. If the 
discharge begins, and is allowed to continue, the action 
of the ions and electrons within the defect will eventually 
degrade any organic insulation system in which they 
occur. The measurement of partial discharge is still 
useful in rating the devices and providing quality control 
of the manufacturing process. Since the ISOl20 and 
ISOl21 do not use organic insulation, partial discharge 
is non-destructive. 

The inception voltage for these voids tends' to be con
stant, so that the measurement of total charge being 
redistributed within the dielectric is a very good indicator 
of the size of the voids and their likelihood of becoming 
·an incipient failure. The bulk inception voltage, on the 
other hand, varies with the insulation system, and the 
number of ionization defects and directly establishes the 
absolute maximum voltage (transient) that can be applied 
across the test device before destructive partial discharge 
can begin. Measuring the bulk extinction voltage provides 
a lower, more conservative voltage from which to derive 
a safe continuous rating. In production, measuring at a 
level somewhat below the expected inception voltage 
and then derating by a factor related to expectations 
about system transients is an accepted practice. 

Partial Discharge Testing 

Not only does this test method provide far more qualita
tive information about stress-withstand levels than did 
previous stress tests, but it provides quantitative measure
ments from which quality assurance and control meas
ures can be based. Tests similar to this test have been 
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used by some manufacturers, such as those of high
voltage power distribution equipment, for some time, 
but they employed a simple measurement of RF noise to 
detect ionization. This method was not quantitative with 
regard to energy of the discharge, and was not sensitive 
enough for small components such as isolation ampli
fiers. Now, however, manufacturers of HV test equip
ment have developed means to quantify partial discharge. 
VDE, the national standards group in Germany and an 
acknowledged leader in high-voltage test standards, has 
developed a standard test method to apply this powerful 
technique. Use of partial discharge testing is an improved 
method for measuring the integrity of an Isolation 
barrier. 

To accommodate poorly-defined transients, the part 
under test is exposed to a voltage that is 1.6 times the 
continuous-rated voltage and must display :::::5pC partial 
discharge level in a 100% production test. 

BURN-IN SCREENING 
Burn-in screening is an option available for the 150120 
and 150121 products. Burn-in duration is 160 hours at 
+125°C (or equivalent combination of time and temp
erature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

APPLICATIONS 
The 150120 and 150121 isolation amplifier, are w,ed in 
three categories of applications: 

I. Accurate isolation of signals from high voltage 
ground potentials, 

2. Accurate isolation of signal> from severe ground 
noise and, 

3. Fault protection from high voltages in analog 
measurements. 

Figures 6 through II show a variety of application circuits. 

3l/J V-Connected Power Transformer 

120Vrms 
100A 

0.005 Power ReSistor 

200kO 

O.OO1I'F 

200kO 

FIGURE 6. Isolated Powerline Monitor. 
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+ VS1 - VS1 +VS2 - VS2 

.;.~::!:=;----o VOUT 

c, = 1000pF 
C, = 1000pF 

Differential Input accurately senses power resistor voltage. Two 
resistors protect INA 110 from open power resistor. High 
frequency spike reject filter has feD = 400Hz. 
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Gain 1000 

NOTE All capacItor values In pF unless otherwise noted Diodes are IN4148 

FIGURE 7. Right-Leg Driven ECG Amplifier (with defibrillator protection and calibrator). 

10kO 

10kO 

Charge/O.scharge Control 

10kO 

FIGURE 8. Battery Monitor for a 600V Battery Power System. 
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+V -V 

V=~ 
2 

r--.2.Li~-r 
I I 

25kO : 

I 25kO ______ ....l 

r-l n 500V 
---l LJ L OV 
Calibration Signal 

20 

20pH 

Control 
Section 
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1mA 1mA C , , 0 

~ 
II . 
a: 

C 
0 
;> RTD 

cE 
(PT100) 

NOTE Some 180120 connections left out for clarity 

~-----.------.---tl ... +Vs = 15V on PWS740 

I 
:~, 
I~ 
I 

L--+-+-<"'Sync 

L----~~~Gnd 

L--------1-------4 ___ Vs = -15V --.
on PWS740 

FIGURE 9. Isolated 4-20mA Instrument Loop. (RTD shown.) 

10 

VOUT1 

V+ 

1 
-----
6 T 5 T4 

B 

4 

PWS740-1 
~ \JHl' I 6 

3 5 =r 10pF T 03pF 
...... 

FIGURE 10. Synchronized-Multichannel Isolation System. 
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20pH 

+15 ()--..,....--1----=-r¥¥Y' 

To 4 
PWS740-2 

t--------'8-f, +y," 

PWS740-1 

To~+-+""-__ 4 

.. To other channels 

I 1.OPF 

-= -Yo. _---....-------, 

0-5Y rr---------~23 

System Uses 
1 OSCillator/Driver 
8 Transformers 
8 Bridges 
81S0120s 
8 TranSistors VN2222 
8 Zener Diodes, 6 2V, 400mW, 20% 
Not all components shown 

20kCl 

IS0120 

FIGURE II. Eight-channel Isolated 0-20mA Loop Driver. 
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ADVANCE INFORMATION SUBJECT TO CHANGE 

BURR-BROWN® 

IElElI IS0122P 

ADVANCE INFORMATION 
SUBJECT TO CHANGE 

Precision Lowest Cost 
ISOLATION AMPLIFIER 

FEATURES 
• 100 % TESTED FOR HIGH-VOLTAGE 

BREAKDOWN 

• RATED 1500 Vrms 

• HIGH IMR: 140dB at 60Hz 

• BIPOLAR OPERATION: Vo= ±10V 

• SINGLE-WIDE 16-PIN PLASTIC DIP 

• EASE OF USE: Fixed Unity Gain 
Configuration 

DESCRIPTION 
The IS0122P is a precision isolation amplifier incor
porating a novel duty cycle modulation-demodulation 
technique. The signal is transmitted digitally across 
a 2pF differential capacitive barrier. With digital modu
lation the barrier characteristics do not affect signal 
integrity, resulting in excellent reliability and good high 
frequency transient immunity across the barrier. Both 
barrier capacitors are imbedded in the plastic body of 
the package. 

The IS0122P is easy to use. No external components 
are required for operation. The key specification of 
0.01 % max nonlinearity is guaranteed, with upto 50kHz 
signal bandwidth and 200llV re max Vos drift typical. 
A power supply range of ±4.5V to ±18V and quiescent 
current of ±4.5mA on VS1 and ±4.5mA on VS2 make 
these amplifiers ideal for a wide range of applications. 

APPLICATIONS 
• INDUSTRIAL PROCESS CONTROL: 

Transducer Isolator, Isolator for Thermo
couples, RTDs, Pressure Bridges, and 
Flow Meters, 4mA to 20mA Loop Isolation 

• GROUND LOOP ELIMINATION 

• MOTOR AND SCR CONTROL 

• POWER MONITORING 

• PC-BASED DATA ACQUISITION 

• TEST EQUIPMENT 

• VENDING MACHINES 

v~ 0-_....:;15" 

-v 
v+ Gnd 

9 

-v 
Gnd 

v+ 

r7 __ -o Vovr 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (602 746-1111 • Twx: 9100952·1111 • cable: BBRCORP Telex: 66·6491 • FAX:(602 889-1510 

PDS·857 
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ADVANCE INFORMATION SUBJECT TO CHANGE 

SPECIFICATIONS 
At T. = 25'C and V.l = V.2 = ±15V unless otherwise noted. 

PARAMETER CONDInONS MIN TYP MAX UNITS 

ISOLATION 
Voltage Rated Continuous AC 60Hz 1500 VAC 
100% Test 1 Is.5pcPD 2400 VAC 
Isolation Mode Rejection 140 dB 
Barrier Impedance 10"112 OllpF 
Leakage Current at 60Hz VISO == 240Vrms 0.18 0.5 IlArrns 

GAIN Vo=±10V 
Nominal Gain 1 VIV 

Gain error ±.05 ±.30 %FSR 
Gain vs Temperature ±10 pprrv'C 
Nonlinearity ±.008 ±.015 %FSR 

INPUT OFFSET VOLTAGE 
Initial Offset ±5 ±50 mV 

vs Temperature ±200 flVI'C 
vsSupply :1:2 mVN 

Noise 4 flV/-IHZ 

INPUT 
Voltage Range ±10 V 
Resistance 200 lin 

OUTPUT 
Voltage Range ±10 :1:12 V 
Current Drive :1:5 :1:15 mA 
Capacitive Load Drive 1000 pF 
Ripple Voltage'~ 10 mVp-p 

FREQUENCY RESPONSE 
Small Signal Bandwidth 50 kHz 
Slew Rate 1.5 V/flS 
Settling Time Vo =±10V 

O.1O/~' 50 flS 
0.01'% 150 flS 

Overload Recover Time 150 flS 

POWER SUPPUES 
Rated Voltage 15 V 
Voltage Range ±4.5 :1:18 V 
Quiescent Current: V S1 ±4.5 :1:6.5 mA 

V" :1:4.5 :1:6.5 rnA 

TEMPERATURE RANGE 
Specification 0 70 'C 
Operating -25 85 'C 
Storage -25 85 'C 

8" 100 ·CIW 

NOTes: (1) Tested at 1.4 X rated. fail on 5pC partial discharge leakage current on five successive pulses. (2) Ripple frequency 
is at carrier frequency (500kHz). 
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ADVANCE INFORMATION SUBJECT TO CHANGE 
CONNECTION DIAGRAM 

Top View 

MECHANICAL 

P Package-Single-Wide 16-Pln PluDe DIP 

~-: :, : j11 
P -.J 1 

~Pinl 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ................................................................................... ±18V 
V'N ..................................................................................................... ±100V 
Continuous Isolation Voltage ..................................................... 1500Vrms 
Voo' dv/dt ....................................................................................... 20kV/jlS 
Junction Temperature ..................................................................... + 150'C 
Storage Temperature ....................................................................... +B5'C 
Lead Temperature (soldering, lOS) ................................................ +300'C 
Output Short to Common ......................................................... Continuous 

INCHES 
DIM MIN MAX 
A .740 .800 
AI .725 .785 
B .230 .290 
Bl .200 .250 
C .120 .200 
D .015 .023 
F . 030 .070 
G .100 BASIC 

MILUMmRS 
MIN MAX 
18.80 20.32 
18.42 19.94 
5.85 7.38 
5.09 6.36 
3.05 5.09 
0.38 0.59 
0.76 1.78 
2.54 BASIC 

NOTE: Leads In 
true position within 
0.01" (0.25mm) Rat 
MMC at seating 
plane. Pin numbers 
shown for reference 
only. Numbers may 
not be marked on 
package . 

=+t--_____ ~ 

Seating 
Plane 

FL~ 

.ft 
H 
J 
K 
L 
M 
N 

0.20 .050 0.51 1.27 
.008 .Q15 0.20 0.38 
.070 .150 1.78 3.82 
.300 BASIC 7.63 BASIC 

0' IS' 0' IS' 
.010 .030 0.25 0.76 

THEORY OF OPERATION 
The ISOI22P isolation amplifier uses an input and an output 
section galvanically isolated by matched I pF isolating ca
pacitors built into the plastic package. The input is duty
cycle modulated and transmitted digitally across the barrier. 
The output section receives the modulated signal, converts 
it back to an analog voltage and removes the ripple component 
inherent in the demodulation. Input and output sections are 
fabricated, then laser trimmed for exceptional circuitry match
ing common to both input and output sections. The sections 
are then mounted on opposite ends of the package with the 
isolating capacitors mounted between the two sections. 

MODULATOR 
An input amplifier (AI, Figure 1) integrates the difference 
between the input current (V n;l200kn) and a switched ±IOOllA 
current source. This current source is implemented by a 
switchable 200llA source and a fixed lOOllA current sink. 

Burr-Brown Ie Data Book 4-59 

P .025 1 .050 0.64 11.27 

To understand the basic operation of the modulator, assume 
that V IN = O.OV. The integrator will ramp in one direction 
until the comparator threshold is exceeded. The comparator 
and sense amp will force the current source to switch; the 
resultant signal is a triangular waveform with a 50% duty 
cycle. The internal oscillator forces the current source to 
switch at the 500kHz frequency. If V IN changes, the duty 
cycle of the integrator will change to keep the average DC 
value at the output of Al near zero volts 

DEMODULATOR 
The sense amplifier drives a switched current source into 
integrator A2. The output stage balances the duty-cycle modu
lated current against the feedback current through the 200kn 
feedback resistor, resulting in an average value at the V OUT 

pin equal to V IN' The sample and hold amplifiers in the output 
feedback loop serve to remove undesired ripple voltages 
inherent in the demodulation process. 
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ADVANCE INFORMATION SUBJECT· TO CHANGE 

FIGURE 1. Block Diagram. 

BASIC OPERATION 

SIGNAL AND POWER CONNECTIONS 
Each power supply pin should be bypassed with IfJF tantalum 
capacitors located as close to the amplifier as possible. The 
internal frequency of the modulator/demodulator is set at 
500kHz by an internal oscillator. Therefore if it is desired 

Isolation Barrlet 

+v" Gnd2 -v" 

to minimize any feedthrough noise (beat frequencies) from 
a DC/DC converter, use a pie filter on the supplies (See 
Figure 2). 

Isolation Barrier 

v .. 0-----1 

Gnd 

10JIH (1) 

(1) 

NOTE: (1) Optional. See text. 

FIGURE 2. Applications Figure. 
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ADVANCE INFORMATION SUBJECT TO CHANGE 

v" 

FIGURE 3. Programmable-Gain Isolation Channel with 
Gains of I, 10, and 100. 

this SecUon R~ 49 Times. r-----------------. 
I I 
I I 
I e,-l2V I 
I I 
I 
I 
I 
I 
I 

e.. 12V 

I 
I 
I 
I 
I I 

L_ ---r-----------~ 
r---'---'I 

ChargeIDlschalge 1 
Control 

I....-_--,-__ ...J I 

e._12V 

10ke 

Oke 

FIGURE 4. Battery Monitor for a 600V Battery Power System. (Derives the Input Power from the Battery.) 
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ADVANCE INFORMATION SUBJECT 1'0 CHANGE 

+15V-15V 

+15V -15V 

VOJr 

1Mn 
-15V 

15Kn 

--------------:-... ~~-----------------------------------------------------------------

Ground Loop Through ConduR 

FIGURE 5. Thennocouple Amplifier with Ground Loop Elimination, Cold Junction Compensation, and Up-scale Burn-out. 

1mA 1mA +Vs ·15V 

~ ! R.= on PWS740 
150kll 

+V 
R, 
=100n RTD 

~ 
(PT100) 7 ovr 

10 ~ OV·5V 

- 16 -V 
2mA 

Gnd 

-V.=-15V 
on PWS740 

FIGURE 6 .. Isolated 4-20mA Instrument Loop. (RTD shown.) 
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ADVANCE INFORMATION SUBJECT TO CHANGE 

IS0122P 

ToPWS740-1 

FIGURE 7. Isolated Power Line Monitor. 

Burr-Brown Ie Data Book 

(V,) 
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roR; 

(V,) 
'--------f'-F-I-"--------o V,a V,(R" +R,,) 
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ADVANCE INFORMATION SUBJECT TO CHANGE 

Channell 

~IS0122P 

R 15 7 

16 8 
9 

~' ~.3111' ~3~ 
0.3111' 0.3111' 

Channel 2 
4 II-- 1 ~H--' 

(Same as Channell.) 4 

+V r PWS740-3 PWS740-3 

J 31 6 3 16 

10111'~ 
31 2L 1 21 11 

20JUi PWS740-2 r-~ -~ PWS7 (Y'rr 40-2 

4 5 6 

HY~r 
4 5 6 

I ~ t--

/.§. 
PWS740-1 

5 

lA 
3 

-=-

Channel 3 Channel 4 
(Same as Channell.) (Same as Channell.) 

FIGURE 8. Three-Port, Low-Cost. Four-Channel Isolated. Data Acquisition System. 
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BURR-BROWN® 

IElElI PWS725 
PWS726 

Isolated, Unregulated 
DC/DC CONVERTERS 

FEATURES 
• ISOLATED ±7 TO ±IBVDC OUTPUT FROM SINGLE 

7 TO lBVDC SUPPLY 
• ±15mA OUTPUT AT RATED VOLTAGE ACCURACY 
• HIGH ISOLATION VOLTAGE 

PWS725: 1500Vrms 
PW8726: 3500Vrms 

• LOW LEAKAGE CAPACITANCE: 9pF 
• LOW LEAKAGE CURRENT: 2pA, max, at 240VAC 

50/60Hz 
• HIGH RELIABILITY DESIGN 
• AVAILABLE WITH OUTPUT SYNCHRONIZATION 

SIGNAL FOR USE WITH 180120 AND IS0121 

DESCRIPTION 
The PWS725 and PWS726 convert a single 7 to 
l8VDC input to bipolar voltages of the same value 
as the input voltage. The converters are capable of 
providing ±15mA at rated voltage accuracy and up 
to ±40mA without damage. (See Output Current 
Rating.) 

The PWS725 and PWS726 converters provide relia
ble, engineered solutions where isolated power is 
required in critical applications. The high isolation 
voltage rating is achieved through use of a specially
designed transformer and physical spacing. An addi
tional high dielectric-strength, low leakage trans
former coating increases the isolation rating of the 
PWS726. 

Reliability and performance are designed in. The 
bifilar wound, wirebonded transformer simultan
eously provides lower output ripple than competing 
designs, and a higher performance/ cost ratio. The 

• PROTECTED AGAINST OUTPUT FAULTS 
• COMPACT 
• LOW COST 
• EASY TO APPLY-FEW EXTERNAL PARTS 

APPLICATIONS 
• MEDICAL EQUIPMENT 
• INDUSTRIAL PROCESS EQUIPMENT 
• TEST EQUIPMENT 
• DATA ACQUISITION 

soft-start oscillator/driver design assures full oper
ation of the oscillator before either MOSFET driver 
turns on, protects the switches, and eliminates high 
inrush currents during turn-on. Input current sensing 
protects both the converter and the load from 
possible thermal damage during a fault condition. 

Special design features make these converters espe
cially easy to apply. The compact size allows dense 
circuit layout while maintaining critical isolation 
requirements. The Input Sync connection allows 
frequency synchronization of multiple converters. 
The Output Sync (PWS725A and PWS726A only) 
is available to synchronize ISOl20 and ISOl2l 
isolation amplifiers. The Enable input allows control 
over output power in instances where shutdown is 
desired to conserve power, such as in battery-powered 
equipment, or where sequencing of power turn
on/turn-off is desired. 

Inlernational Aorporllnduslrial Park • PO. Box 114110 • Tucson. Arizona B5734 • Tel.: (6021746·1111 • Twx: 910·952·1111 • Cable: BBRCORP • Telex: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
TA = +25°C, CL = 1 OpF ceramIc, VIN = 15VDC, operating frequency = 800kHz, VOUT = ±15VDC, GIN = 1.0pF ceramic, lOUT = ±15mA, unless otherwise noted. 

PARAMETERS 

INPUT 

Rated Voltage 
Input Voltage Range 
Input Current 
Input Current Ripple 

ISOLATION 

Test Voltages 

Rated Voltage 

Isolation Impedance 
Leakage Current 

OUTPUT 

Rated Output Voltage 
Output Current 

Load Regulation 
Ripple Voltage (400kHz) 

Output SWltchmg NOIse 
Output Capacitive Load 

Voltage Balance, V+, V-
Sensitivity to 6.V1N 

Output Voltage Temp CoeffiCient 
Output Sync Signal 

PWS725A/PWS726A only 

TEMPERATURE 

Specification 
Operating 
Storage 

MECHANICAL 

32 

CONDITIONS 

10 = ±15mA 
No external flltenng 
L-C mput filter, LIN = 100pH, GIN = 1pFU ) 

Conly, C'N = 1pF 

Input to output, 10 seconds 
Input to output, 60 seconds, minImum 
Input to output, continuous, AC 60Hz 
Input to output, continUOUS DC 
Input to output 
Input to output, 240Vrms, 60Hz 

Balanced loads 
Single-ended 
Balanced loads, ±10mA < lOUT < ±40mA 
No external capacitor 
Lo = 10pH, Co = 1pF (Figure 1) 
La = OpH, Co filter only 
Lo = 10pH, Co = 1 OpF 
Lo = 100pH, C filter 
C filter only 

Square Wave, 50% duty cycle 

B 

I 

1d 

NOTE. Leads in true 
position within 010" 
(25mm) R at MMC at 
seatl ng plane 

Pin numbers shown for 
reference only. 
Numbers are not 
marked on package 

~----__ A ______ ~I 

J~~ 
+J i 
~L-----I 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1580 1620 4013 4115 
B 880 900 2235 2286 
C 310 370 787 940 
D 016 020 041 051 
F 040 TYP 102 TYP 
G 100 BASIC 254 BASIC 
H 044 056 112 142 
J 009 012 023 030 
K 150 185 381 470 
L 900 920 2286 2337 
N 040 060 102 152 

Burr-Brown Ie Data Book 4-66 

PWS72sn2SA PWS726/726A 

MIN TYP MAX MIN TYP MAX UNITS 

15 · VDC 
7 18 · · VDC 

77 · mA 
150 · mAp-p 
5 · mAp-p 
60 mAp-p 

4000 8000 VDC 
1500 3500 Vrms 

1500 3500 Vrms 
2121 4950 VDC 

10"119 · QllpF 
12 20 · * pA 

1425 1500 1575 · · · VDC 
150 40 · · mA 

80 * mA 
04 · %/mA 

60 · mVp-p 
10 · mVp-p 

See Performance Curves 
1 · mVp-p 

10 · pF 
1 * pF 

004 % 
115 V/V 
10 mVl'C 
30 · V, p-p 

-25 +85 · * 'C 
-25 +85 · * 'C 
-'-25 +125 · * 'C 

PIN CONFIGURATION 

-~~ ~ 1 32 :l +Vo 
31 :i NC 

NC ~ 3 30 :I Output Ground 
Output Ground C 4 29 P PWS725 } 

PWS726 Do Not Use 

~~~;~~~ } Output Sync 

NC t 13 20 ~ Frequency Adjust 
Input Ground [ 14 19 Frequency Adjust 

Input Sync t 15 18 P Enable 
V," t 16 17P NC 

Vol_33 



TYPICAL PERFORMANCE CURVES 
T. = +25'C, Vee = ±15VDC unless otherwise noted 
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LOAD REGULATION 

V'N= +15V 
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CD 

'" ,ll! 
0 
> 
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% 
0 

~ 
V1N = +15V :;-

±VOUT"}, 
'C 

& 15 
90 "-

0 ,ll! 

~ 
80 ~ 0 iii > 

~ 14 70 a 
3' 

" 60 ~ 0 IINPUT (10 = ±15mA) 

/ 
o '--..,..-"'T""-....... 
o ±15 ±30 ±45 400 600 1200 1600 

10 (mA) Temperature ('C) SYNC Frequency (kHz) 
(Optional External Control) 

THEORY OF OPERATION 
The PWS725 and the PWS726 DC-to-DC converters 
consist of a free-running oscillator, control and switch 
driver circuitry, MOSFET switches, a transformer, a 
bridge rectifier, and filter capacitors together in a 32-pin 
DIP (0.900 inches nominal) package. The control cir
cuitry consists of current limiting, soft start, frequency 
adjust, enable, and synchronization features. See Figure I. 

Burr-Brown Ie Data Book 

In instances where several converters are used in a 
system, beat frequencies developed between the con
verters are a potential source of low frequency noise in 
the supply and ground paths. This noise may couple in~o 
signal paths. See Figures 2 and 3 for connection of INPUT 
SYNC pin, Converters can be synchronized and these beat 
frequencies avoided. The unit with the highest natural 
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OUTPUT SYNC (PWS725A, PWS726A Only) 
r-------------- 29"-----, 
116 I 

.,L"...----.0.22pF 

NOTES (1) Frequency Adjust IS optional, with PinS 19 and 20 left open The normal sWitching frequency IS 800kHz 
(2) Leave INPUT SYNC pm open If unused,' limit stray capacitance on INPUT SYNC pm to less than 50pF 
(3) Leave ENABLE pm open or connect to VIN If not used 
(4) Optional output filtering, with La = 0, limit Co::; 1pF, with La = 100pH, limit Co ~ 10pF, See Performance Curves for La = 0 
(5) Optional Input filtering, see Performance Curves for LIN = 0 
(6) CAUTION Do not connect pm 29 to low Impedance loads (PWS725A, PWS726A) See Figure 5 

FIGURE 1. PWS725j726 Functional Diagram. 

-Vee 

+7V to +18V 

OPA633 
Buffer 

*Unlts to be synchronized should 
have a lower free-running 
frequency than the master Unit 

Groundmg FREO ADJ (pm 19) 
will shift the free-running 
frequency to approximately 
400kHz 

Slave 
PWS7251726 

To Other 
PWS725/726 
Converters 

FIGURE 2. Synchronization of Multiple PWS725s or 
PWS726s from a Master Converter. 

frequency will determine the synchronized running 
frequency, To avoid excess stray capacitance, the INPUT 
SYNC pin should not be loaded with more than 50pF. If 
unused, the INPUT SYNC must be left open. 
Soft start circuitry protects the MOSFET switches during 
start up. This is accomplished by holding the gate-to
source voltage of both MOSFET switches low until the 
free-running oscillator is fully operational. In addition to 
the soft start circuitry, input current sensing also protects 
the MOSFET switches. This current limiting keeps the 
FET switches operating in their safe operating area 
under fault conditions or excessive loads. When either of 
these conditions occur, the peak input current exceeds a 
safe limit. The result is an approximate 5% duty cycle, 
300/Ls drive period to the MOSFET switches. This 
protects the internal MOSFET switches as well as the 
external load from any thermal damage. When the fault 

Burr-Brown Ie Data Book 

+7V to +18V 

or EqUivalent 
Peripheral 

Driver 

+5V 

1/8W 

"'-1000 

2N3904 

*Umts to be synchronized should have a 
lower free-running frequency than the 
TTL Signal Grounding FREO ADJ (Pin 19) 
Will shift the free-running frequency to 
approximately 400kHz 

**The TTL SYNC Signal can have a 
frequency range of 450kHz to 1 5MHz 

':' 

PWS725 
PWS726 

15 
16 

19' 

PWS725 
PWS726 

15 
16 

19' 

To Other 
PWS725/726 
Converters 

FIGURE 3. Synchronization of Multiple PWS725s or 
PWS726s from an External TTL Signal. 

or excessive load is removed, the converter resumes 
normal operation. A delay period of approximately 50/Ls 
incorporated in the current sensing circuitry allows the 
output filter capacitors to fully charge after a fault is 
removed. This delay period corresponds to a filter 
capacitance of no more than l/LF at either of the output 
pins. This provides full protection of the MOSFET 
switches and also sufficiently filters the output ripple 
voltage (see specification table). The current sensing 
circuitry is designed to provide thermal protection for 
the MOSFET switches over the operating temperature 
range as well. The low thermal resistance of the package 
(Ole = IOOCjW) ensures safe operation under rated 
conditions. When these rated conditions are exceeded, 
the unit will go into its shutdown mode. 

4-68 

An optional potentiometer can be connected between 
the two FREQUENCY ADJUST pins to trim the oscilla-
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PWS725 
PWS726 

15 Monitor frequency wIth scope 
~ or frequency counter (use 

19 
\ low C probe) 

~\ 
Frequency JLJL::.5V 
Increase BE 

+4VBE ---1 25/-18 Nominal 
SYNC Signal 

• For nominal 800kHz operation, leave PinS 19 and 20 open 

FIGURE 4. Frequency Adjustment Procedure. 

tor operating frequency ±IO% (see Figure 4). Care 
should be taken when trimming the frequency near the 
low frequency range. If the frequency is trimmed too 
low, the peak inductive currents in the primary will trip 
the input current sensing circuitry to protect the MOSFET 
switches from these peak inductive currents. 

The ENABLE pin allows external control of output 
power. When this pin is pulled low, output power is 
disabled. Logic thresholds are TTL compatible. When 
not used, the Enable input may be left open or tied to 
VIN (pin 16). 

OUTPUT CURRENT RATING 

The total current which can be drawn from the PWS725 
or PWS726 is a function of total power being drawn 
from both outputs (see Functional Diagram). If one 
output is not used, then maximum current can be drawn 
from the other output. If both outputs are loaded, the 
total current must be limited such that: 

IIL+I + IlL-I :::::80mA 

It should be noted that many analog circuit functions do 
not simultaneously draw full rated current from both the 

positive and negative supplies. For example, an opera
tional amplifier may draw 13mA from the positive 
supply under full load while drawing only 3mA from the 
negative supply. Under these conditions, the 
PWS725/726 could supply power for up to five devices 
(80m A -;- l6mA "'" 5). Thus, the PWS725/726 can power 
more circuits than is at first apparent. 

ISOLATION VOLTAGE RATINGS 

Because a long-term test is impractical in a manufacturing 
situation, the generally accepted practice is to perform a 
production test at a higher voltage for some shorter 
period of time. The relationship between actual test 
conditions and the continuous derated maximum specifi
cation is an important one. Burr-Brown has chosen a 
deliberately conservative one: VDCTEsT = (2 X VACrms 
CO"TINUOUS RATING) + 1000V for ten seconds. This choice 
is appropriate for conditions where system transient 
voltages are not well defined. * Where the real voltages 
are well-defined or where the isolation voltage is not 
continuous, the user may choose a less conservative 
derating to establish a specification from the test voltage. 

OUTPUT SYNC SIGNAL 

To allow synchronization of an ISOl20 or ISOl2l 
isolation amplifier, the PWS725A and PWS726A have 
an OUTPUT SYNC signal at pin 29. It should be 
connected as shown in Figure 5 to keep capacitive 
loading of pin 29 to a minimum. 

4 29 20kCl 

~ 
PWS725A ExIOsc 

PWS726A 20PFi 
Connection 

of 

IS0120 or 

IS0121 

FIGURE 5. Synchronization with ISOl20 or ISOl2l 
Isolation Amplifier. 

° Reference National Electrical Manufacturers Association (NEMA) Standards Parts ICS 1-109 and ICS I-III. 
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ADVANCE INFORMATION SUBJECT TO CHANGE 

BURR-BROWN® 

1115:31115:311 PWS727 
ADVANCE INFORMATION 

SUBJECT TO CHANGE 

Isolated, Unregulated 
DCIDC CONVERTER 

FEATURES 
.100% TESTED FOR HIGH-VOLTAGE 

BREAKDOWN 

• RATED 1500Vrms 

• ±15mA OUTPUT AT RATED VOLTAGE 
ACCURACY 

• COMPACT 

• EASY TO APPLY 

• FEW EXTERNAL PARTS 

DESCRIPTION 
ThePWS727 converts a single 10VDCto 18VDCinput 
to bipolar voltages of the same value as the input volt
age. The converters are capable of providing ±15mA at 
rated voltage accuracy and up to ±30mA without dam
age. 

The PWS727 provides reliable, engineered solutions 
where isolated power is required. Special design fea
tures make these converters easy to use. 

• User Option 

APPLICATIONS 
• INDUSTRIAL PROCESS CONTROL 

EQUIPMENT 

• GROUND-LOOP ELIMINATION 

• PC-BASED DATA ACQUISITION 

• TEST EQUIPMENT 

• VENDING MACHINES 

The compact size allows dense circuit layout, while 
maintaining critical isolation requirements. TTLIN and 
TTLOUT connections allow frequency synchronization 
of up to eight converters to a master converter. Synchro
nization to an external clock is also possible with the 
TTLIN function. The Enable allows control over output 
power in instances where shutdown is desired to con
serve power, or where sequential power tum on/tum off 
is desired. 

Sync 

-Vo +Vo 
International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 Sireet Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910.952·1111 • Cable: BBRCORP Telex: 66-6491 • FAX: (602) 889-1510 

PDS-839 
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ADVANCE INFORMATION SUBJECT TO CHANGE 
SPECIFICATIONS 
AlT. - 25'Cand VN -+15V;OutputLoad. ±15mA unless otherwise noted 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

ISOLATION 
Voltage Rated Continuous AC 60Hz 1500 VAC 
100% Test(!) Is. SpCPD 2400 VAC 
Barrier Impedance 10"118 OlJpF 
Leakage Current at 60Hz VISO - 240Vnns 1.0 1.5 IlAnns 

INPUT 
Rated Voltage 15 V 
Voltage Range 10 18 V 
Current :t30mA Output 90 100 110 mA 
Current Ripple 0.3 p.F Capacitive Filter 150 mAp-p 

LC Input Filter 5 mAp-p 
CurrentUmH Outputs Shorted 250 mAp-p 

OUTPUT 
Rated Output Voltage ±14.25 ±15.00 ±15.75 V 
Output Current Balanced Loads ±15 :t30 mA 

Single-Ended 60 mA 
Load Regulation Balanced Loads 0.6 O/O/mA 

±10mA to ±4OmA 
Ripple Voltage (800kHz) 0.311F External Caps 9 mVp-p 

Extemal Filter par Diagram 
Output Switching Noise 60 mVp-p 
Output Capacitive Load 5 p.F 
Voltage Balance +V. -V 10 mV 
Sensitivity to V ~ 1.15 VN 
Output VoltageTemp Coefficient 10 mVI'C 

TEMPERATURE RANGE 
Speclfocation 0 70 'C 
Operating -,25 85 'C 
Storage -,25 85 'C 
8 ... 100 'C/W 

NOTES: (1) Tested at 1.6 x rated. fail on 5pC partial discharge leakage current on 5 successive pulses. 

ORDERING INFORMATION 

I Basic Model Number 

ABSOLUTE MAXIMUM RATINGS 

PWS727 
=:r 

Supply VoRage ..................................................................................... 18V 
Continuous Isolation Voltage ...................................................... 1500Vnns 
Junction Temparature •••.•.••.•••••.••.••.•••••.••..•..•..•..•..••.•..•..••.•••.•.••.•.... +150'0 
Storage Temparature ....................................................................... +65'C 
Lead Temperature (soldering. lOs) ................................................ +300'C 
Output Short-ta-Common ......................................................... Continuous 

Burr-Brown Ie Data Book 

PIN CONFIGURATION 

NC 

Sync 

NC 

NC 

InputGnd 

4-71 

OutputGnd 

NC 

NC 

~ 

TTL,.". 

Enable 
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ADVANCE INFORMATION SUBJECT TO CHANGE 
MECHANICAL 

28-P1n Double-Wide DIP 

r-- A
-

5°D~Dl 
0000 0000 J 

IN HES 
DIM MIN MAX 
A 1.440 lA60 
B .690 .710 
C .390 .410 
G .100 BASIC 
H .020 BASIC 
K .190 • 210 
L .600 BASIC 

R 

Burr-Brown Ie Data Book 4-72 

MI METERS 
MIN MAX 
36.58 37.08 
17.53 18.03 
9.91 10.41 
2.54 BASIC 
0.51 BASIC 
4.93 5.33 
15.24 BASIC 

NOTE: Leads In true 
position wilhin 0.01" 
(O.25mm) R al MMC 
al sealing plane. Pin 
numbers Shown for 
reference only. 
Numbers may nol be 
marked on package • 
Pin mate~aI and 
plating composilion 
conform 10 method 
2003 (soidereblllty of 
MIL-STD-883 
(except paragraph 
3.2). 
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ADVANCE INFORMATION SUBJECT TO CHANGE 

BURR-BROWN® 

IElElI PWS728 
ADVANCE INFORMATION 

SUBJECT TO CHANGE 

Isolated, Unregulated 
DCIDC CONVERTER 

FEATURES 
• 100"k TESTED FOR HIGH·VOLTAGE 

BREAKDOWN 

• RATED 1S00Vrms 
• ±1SmA OUTPUT AT RATED VOLTAGE 

ACCURACY 

• COMPACT 
• EASY TO APPLY 

• FEW EXTERNAL PARTS 

DESCRIPTION 
ThePWS728 converts a single 5VDC inputto±15VDC. 
The converter is capable of providing ±15mA at rated 
voltage accuracy and up to ±30mA without damage. 

The PWS728 provides reliable, engineered solutions 
where isolated power is required. Special design fea
tures make these converters easy to use. 

The compact size allows dense circuit layout, while 
maintaining critical isolation requirements. TfLlN and 

APPLICATIONS 
• INDUSTRIAL PROCESS CONTROL 

EQUIPMENT 

• GROUND·LOOP ELIMINATION 

• PC·BASED DATA ACQUISITION 

• TEST EQUIPMENT 

• VENDING MACHINES 

TfLOlIT connections allow frequency synchronization 
of up to eight converters to a master converter. Syn
chronization to an external clock is also possible with 
the TfLlN function. The Enable allows control over 
output power in instances where shutdown is desired 
to conserve power, or where sequential power tum onl 
tum off is desired. 

Sync 

Inlernatlonal Alrporllndustrlal Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 Streol Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (602) 746-1111 • Twx: 910-952·1111 • cable: BBRCORP Telex: 66-6491 • FAX: (602) 889·1510 

PDS·862 
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ADVANCE INFORMATION SUBJECT TO CHANGE 

SPECIFICATIONS 
At T. = 25:C and v," = +5V; Output Load = ±15mA unless otherwise noted 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

ISOLATION 
Voltage Rated Continuous AC 60Hz 1500 VAC 
100% Test'" lS1 5pC PO 2400 VAC 
Barrier Impedance 10"118 llllpF 
Leakage Current at 60Hz V 00 = 240Vrrns 1.0 1.5 J1Arms 

INPUT 
Rated Vonage 5 V 
Voltage Range 4.5 5.5 V 
Current ±SOmA Output 110 130 150 mA 
Current Ripple 0.3 I1F Capacitive Filter 150 mAp-p 

LC Input Filter 5 mAp-p 
CurrentUmlt Outputs Shorted 375 mAp-p 

OUTPUT 
Rated Output Voltage ±14.25 ±15.00 ±15.75 V 
Output Current Balanced Loads ±15 ±SO mA 

Singl .... ended 60 mA 
Load Regulation Balancad Loads 2 'Yo/mA 

±7mA to ±22mA 
Ripple Voltage (800kHz) 0.311F External Caps 9 mVPi' 

Extemal Filter per Diagram 
Output Switching Noise 60 mVp-p 
Output Capacitive Load 5 !1F 
Voltage Balance +V. -V 10 mV 
Sensitivity to VIN 4.6 VN 
Output VoltageTemp Coefficient 10 mVfOC 

TEMPERATURE RANGE 
Specification 0 +70 'C 
Operating -25 +85 'C 
Storage -25 +85 'C 
8", 100 'c/w 

NOTES: (1) Tested at 1.6 x rated. fail on 5pC partial discharge leakage current on 5 successive pulses. 

ORDERING INFORMATION 

I Basic Model Number 

ABSOLUTE MAXIMUM RATINGS 

PWS728 
=r 

Supply Voltage .................................................................................. 5.75V 
Continuous Isolation Voltage ...................................................... 1500Vrrns 
Junction Temperature ..................................................................... +150'C 
Storage Temperature ....................................................................... +85'C 
Lead Temperature (soldering. lOs) ................................................ +300'C 
Output Short-to-Common ......................................................... Continuous 

Burr-Brown Ie Data Book 

PIN CONFIGURATION 

NC 

Sync 

NC 

NC 

NC 

Vo 

InputGnd 

4-74 

OutputGnd 

NC 

NC 

TTL,. 

TTL"." 

Enable 
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ADVANCE INFORMATION SUBJECT TO CHANGIE 
MECHANICAL 

28-Pln Double-Wide DIP 

r-- A -

~OD~Dl 
0000 0000 J 

INCH~ 
DIM MIN MAX 
A 1.440 1.460 
B .690 .710 
C .390 .410 
G . 100 BASIC 
H .020 BASIC 
K .190 .210 
L .800 BASIC 

Ft 
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MILUM ~RS 
MIN MAX 
36.58 37.08 
17.53 18.03 
9.91 10.41 
2.54 BASIC 
0.51 BASIC 
4.83 5.33 
15.24 BASIC 

NOTE: Leads In true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
relerenca only . 
Numbers may not be 
marked on package. 
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BURR-BROWN® 

11:31:31 PWS740 

Distributed Multichannel Isolated 
DC-TO-DC CONVERTER 

FEATURES 
• ISOLATED ±7 TO ±20VDC OUTPUTS 
• BARRIER 100% TESTED AT 1500VAC, 60Hz 
• lOWEST POSSIBLE COST PER CHANNEL 
• MINIMUM PC BOARD SPACE 
• 80% EFFICIENCY (8 CHANNELS, RATED lOADS) 

DESCRIPTION 
The PWS740 is a multichannel, isolated DC-to-DC 
converter with a 1500V AC continuous isolation 
rating. The outputs track the input voltage to the 
converter over the range of 7 to 20VDC. The 
converter's modular design, comprising three com
ponents, minimizes the cost of isolated multichannel 
power for the user. 

The PWS740-1 is a high-frequency (400kHz nominal) 
oscillator / driver, handling up to eight channels. 
This part is a hybrid containing an oscillator and 
two power FETs. It is supplied in a TO-3 case to 

HUser Option 

Functional Diagram 

v+ 
*Optlonal features, If unused, leave open 

APPLICATIONS 
• INDUSTRIAL MEASUREMENT AND CONTROL 
• DATA ACQUISITION SYSTEMS 
• TEST EQUIPMENT 

provide the power dissipation necessary at full load. 
Transformer impedance limits the maximum input 
current to about 700mA at 15V input, well within the 
unit's thermal limits. A TTL-compatible EN ABLE 
pin provides output shut-down if desired. A SYNC 
pin allows synchronization of several PWS740-ls. 

The PWS740-2 is trifilar-wound isolation transformer 
using a ferrite core and is encapsulated in a plastic 
package, allowing a higher isolation voltage rating. 
The PWS740-3 is a high-speed rectifier bridge in a 
plastic 8-pin mini-DIP package. One PWS740-2 and 
one PWS740-3 are used per isolated channel. 

-Va Gnd1 +Vo 

PWS740-2 

~~~---+-+------1f---+-_::""1 o 311F *' 0 311F ~ 
~~qr-~r-~ r-;~~--------------~--------------~---~ 

Upto 
6 More 
Channels 

L-________ ~~ ____ ~ 

InlernallOn.1 Airporllnduslri.1 Park. PO. Box 11400 • Tucson. Arizon. B5734 • Tel·/6021746·1111 • Twx: 910·952·1111 • C.ble: BBRCORP • Telex: 66·6491 

PDS-758B 
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SPECIFICATIONS 
ELECTRICAL 
NOTE V'N = 15V, output load on each of 8 channels = '±15mA, T. = +25'C unless specified otherwise 

~""""''''''. vU,.UIIIUN MIN TYP MAX UNITS 

PWS740 SYSTEM 

ISOLATION 
Rated Voltage Continuous, AC, SO/60Hz 1500 VACrms 

Continuous, DC 2121 VDC 

Test Voltage 108, minimum 4000 VACrms 

Impedance Measured from Pin 2 to pin 5 of the PWS74Q-2 10" 113 (} II pF 

__ L_~~_k~~ Current 24OVACrms, 60Hz per channel 05 15 pA 

INPUT 

i Rated Voltage 15 VDC 
Voltage Range 7 20 VDC 
Current ±3OmA output load on 8 channels, V'N = 15V 520 mA 

Rated output load on 8 channels, V1N = 15V 300 mA 
Current Ripple Full output load on 8 channels, VIN = 15V with 71 filter on Input 1 mA 

OUTPUT 
Rated Voltage ±15mA output load on 8 channels 140 150 160 VDC 
Voltage at Min Load ±1mA/channel 30 VDC 
Voltage Range ±1SmA output load on each channel ±7 ±20 VDC 
VOUT vs Temp ±15mA output load on each channel ±005 VI'C 
Load Regulation ±3mA < output load < ±30mA 025 VlmA 
Tracking Regulation Vour/VIN 12 VIV 
Ripple Voltage See TYPical Performance Curves 
NOise Voltage See Theory of Operallon 
Current 1+loUTI + 1-louTI Each channel 60 mA 

TEMPERATURE 

~ Specification -25 +85 'C 
Operation -25 +85 'C 

PWS74G-l OSCILLM • ..,n,un,.,," ::) 
Frequency V'N = 15V 350 400 470 kHz Q 
Supply 70 150 200 V 0 
Enable Drivers on 20 V. V IX: 

Dnversoff 0 08 V A. 
PWS74G-2 ISOLATION Z 
Isolation Test Voltage 10s, minimum 4000 VACrms 0 60s, minimum 1500 VACrms -Rated Isolation Voltage Continuous 1500 VACrms 5 Isolation Impedance 10" 113 (} II pF 
Isolallon Leakage 240VAC 05 15 pA 
Primary Inductance 400kHz, Pin 1 to Pin 5 300 pH 0 Winding Raho PrimarylSecondary 68/76 

PWS74G-3 DIODE BRIDGE en -
Reverse Recovery 1,= I. = 50mA 40 ns 
Reverse Breakdown 1.= 100pA 55 V 
Reverse Current V.= 40V 15 pA 
Forwand Voltage 1,=1oomA 16 V 

PIN CONFIGURATIONS 

TO-3 Sync Top Views 

Plaollc Mini-DIP 

NC 

NC 

AC 
AC 0® To 

Gnd ®® VD 
NC 

AC 00 "'0 
PlaollcDIP 

PWS740-2 (Drawings Not to Scale) 
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MECHANICAL 

TO-3 Plastic DIP Plastic Mini-DIP 

~"".~ 
r-A-j E:'3 or Pm 1 B1 8 2 ~===n 

Identifier • ~ --~ B, B 

_t Top View p/ Jl 
o-L 

"lj" 
TOPVI~P:l"u d Q r5H~ 

~~ I F\23'\ :l C, 

CL IL-J\\ E13,! +~ R '~76~! 

~ Bottom View -- l ,-1-1 , 
CL- i-i-I W " JlD G Seating 

-J ~M -\\.-J 
NOTE Leads In true position 0_0_:_ 

Plane 
with," 0010" (0 25mm) R at MMC at 

L~~ seatmg plane NOTE, Leads In true position 

Pm numbers shown for reference with," 0 010" (0 25mm) R at MMC at 

only Numbers may not be marked seating plane 

on package INCHES MILLIMETERS 
NOTE Leads In true position DIM MIN MAX MIN MAX 

INCHES MILLIMETERS 
with," 0010" (0 25mm) R at MMC at A 355 400 903 1016 

DIM MIN MAX MIN MAX 
seatmg plane A, 340 385 865 980 

A 1510 1550 3835 3937 B 230 290 585 738 

B 745 770 1892 1956 B, 200 250 509 636 

C 240 290 610 737 INCHES MILLIMETERS C 120 200 305 509 

D 038 042 097 107 DIM MIN MAX MIN MAX D 015 023 038 059 

E 080 105 203 267 A 054 064 1372 1626 F 030 070 076 178 

F 40° BASIC 400 BASIC B, 039 049 991 1245 G 100 BASIC 254 BASIC 

G 500 BASIC 127 BASIC 8, 054 064 1372 1626 H 025 050 064 127 

H 1 186 BASIC 3012 BASIC C, 039 052 991 1321 J 008 015 020 038 

J 593 BASIC 1506 BASIC C, 029 044 864 1118 K 070 150 178 382 

K 400 500 1016 1270 G 200 8ASIC 508 BASIC L 300 BASIC 763 BASIC 

Q 151 161 384 409 K 011 021 279 533 M 0' 15' 0' 15' 

A 980 1020 2489 2591 G 400 BASIC 1016 BASIC N 010 030 025 076 
P 025 050 064 127 

TYPICAL PERFORMANCE CURVES 

LINE REGULATION 
VRIPPLE VS CLOAD 1 THROUGH 8 CHANNELS 

EFFICI ENCY VS LOAD 

1,4, AND 8 CHANNELS 
2 5 

.J _ J I 
V1N - 15V 

25 100 

I I 
0 

10 = ±15mA/channel 

5 

\ 0 

!'-. ...... 5 "'r---

20 
80 

?: 15 

~ 
5 >- 60 

> 10 g 
+1 " Cl 

~ 40 

20 

25 

r-- 8 Channels --~ l& 4 Channels f""" 
~ 

1 Channel ___ 

..... ....---- V,N = +15V 

V,. (V) a .L 
02 04 06 08 10 a 10 15 20 25 30 

CLOAD (PF) ±Iou, (mA) 
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TYPICAL PERFORMANCE CURVES (CO NT) 
OUTPUT VOLTAGE DRIFT LOAD REGULATION 

1,4 AND 8 CHANNELS 
FREQUENCY ADJUSTMENT RANGE 

v ............ 

'" 10 = ±15mA 

-5 
VIN = +15V 

N 500 

~ 
g 400 

" ~ C' 
~ 
u. 300 
0> 
C 

~ " 200 
"-o 

/ 
~ 

V 
101--+---+---+---+---+---1 100 

-1 0 
-25 +50 

Temperature (0C) 

+85 o 
1 

See Functional Diagram 

1 1 1-
10 100 lk 10k lOOk 

5~~ __ ~ __ ~ __ ~~ __ ~ Frequency Adjustment Resistor (0) 

o 15 '20 25 30 

PIN DESCRIPTIONS OF 
PWS740-1 DRIVER 
+VIN, RETURN, AND GND 
These are the power supply pins, The ground connection, 
RETURN, for the N-channel MOSFETsources is brought 
out separately from the ground connection for the oscilla
tor/driver chip. The waveform of the FETs' ground 
return current (and also the current in the VDR'VE line) is 
an 800kHz sawtooth. A capacitor between +V'N and the 
FET ground provides a bypass for the AC portion of this 
current. 

The power should never be instantaneously interrupted 
to the PWS740 system (i.e., a break in the line from V+, 
either accidental or by means of a series switch). Normal 
power-down of the V+ supply is not considered instan
taneous. Should a rapid break in input power occur, 
however, the transformers' voltage will rapidly increase 
to maintain current flow. Such a voltage spike may 
damage the PWS740-1. The bypass capacitors at the 
+V'N pin of the PWS740-l and the VDRIVE pins oLthe 
transformers provide a path for the primary current if 
power is interrupted; however, total protection requires 
some type of bidirectional lA voltage clamping at the 
+VIN pin. A low cost SA20A TransZorb® from General 
Semiconductor!') or equivalent, which will clamp the 
+V'N pin between -.6V and +23V, is recommended. 

To AND To 
These pins are the drains of the N-channel MOSFET 
switches which drive all the transformer primaries' in 
parallel. The signals on these pins are 400kHz comple
mentary square waves with twice the amplitude of the 
voltage at +V1N. It is these lines that allow the power to 
be distributed to the individual high voltage isolation 
transformers. Without proper printed circuit board layout 

(I) General Semiconductor Industries Inc, 2001 W 10th Place, Tempe AZ 
85281,602-968-3101 

TransZorb® General Semiconductor Industnes Inc 
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techniques, these lines could generate interference to 
analog circuits. See the next section on PCB layout. 

ENABLE 

A high TTL logic level on this pin activates the MOSFET 
driver circuitry. A low TTL level applied to the ENABLE 
pin shuts down all drive to the transformers and the 
output voltages go to zero (only the oscillator is unaffec
ted). For continuous operation, the ENABLE pin can be 
left open or tied to a voltage between +2V and V+. 

SYNCHRONIZATION 

The SYNC pin is used to synchronize up to eight 
PWS740-l oscillators. Synchronization is useful to pre
vent beat frequencies in the supply voltages. The SYNC 
pins of two or more PWS740-ls are tied together to force 
all units to the same frequency of oscillation. The 
resultant frequency is slightly higher than that of the 
highest unsynchronized unit. If this feature is not 
required, leave the SYNC pin open. The SYNC pin is 
sensitive to capacitance loading. ISOpF or less is recom
mended. Also external parasitic capacitive feedback 
between either To and the SYNC pin can cause unstable 
operation (commonly seen as jitter in the To outputs). 
Keep SYNC connections and To lines as physically 
isolated as possible. Avoid shorting the SYNC pin 
directly to ground or supply potentials; otherwise, damage 
may result. 

Figure I shows a method for synchronizing a greater 
number of PWS740-1 drivers. One unit is chosen as the 
master. Its synchronization signal, buffered by a high
speed unity gain amplifier can synchronize up to 20 slave 
units. Pin I of each slave unit must be grounded to 
assure synchronization, Minimize capacitive coupling 
between the buffered sync line and the outputs of the 
drivers, especially at the end of long lines. Capacitance 
to ground is not critical, but total stray capacitance 
between the sync line and switching outputs should be 
kept below 50pF. Where extreme line lengths are needed, 
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such as between printed circuit boards, additional. 
OPA633 buffers may be added to keep drive impedance 
at an acceptably low value. Because of temperature
influenced shifts in the switching levels, best operation of 
this circuit will occur when differences in ambient temp
eratures between the PWS740-1 drivers are minimized, 
typically within a 35°C range. 

If larger temperature gradients are likely to occur, the 
user may wish to consider the synchronization method 
shown in Figure 2. This circuit is driven from an external 
TTL-compatible source such as a system clock or a 
simple free-running oscillator constructed of TTL gates. 
The output stage provides temperature compensation 
over the rated temperature range of the PWS740. The 
signal source' frequency should be about 800kHz for 
rated performance, but may range from 500kHz to 
2MHz with slightly reduced performance. Precautions 
with regard to circuit coupling and layout are the same 
as for the circuit of Figure 1. Repeaters using the 
OPA633 may be used for long line lengths. Symmetry 
and good high-frequency layout practice are important 
in successful application of both of these synchronization 
techniques. 

FREQUENCY ADJUSTMENT 
The FREQ AD] pin may be connected to an external 
potentiometer to lower an unsynchronized PWS740-1 
oscillator frequency. This may be useful if the frequency 
of the PWS740-1 is too close to some other signal's 
frequency in the system and beat interference is possible. 
See Typical Performance Curves. Use of this pin is not 
usually required; if not used, leave open for rated 
performance. 

THEORY' OF OPERATION 
EXTERNAL FILTER COMPONENTS 

Filter components are necessary to reduce the input 
ripple current and the output voltage noise. Without any 
input filtering, the sawtooth currents in the FET switches 
would flow in the V+ supply line. Since this AC current 
can be as great as IA peak, voltage interference with 
other components using this supply line would likely 
occur. The input ripple current can be reduced to 
approximately ImA peak with the addition of two 
components-a bypass capacitor between the +VIN pin 
and ground, and a series inductor in the VDR1VE line. A 
IOJLF tantalum capacitor is adequate for bypass. A 
parallel 0.33JLF ceramic capacitor will extend the band
width of the tantalum. Additional bypass capacitors 
at each primary center-tap of the transformers are 
recommended. In general, the higher the capacitance, the 
lower the ripple, but the parasitic series inductance of the 
bypass capacitors will eventually be the limiting factor. 
The inductor value recommended is approximately 20JLH. 
Greater reduction in ripple current is achieved with 
values up to 100JLH; then physical size may become a 
concern. The inductor should be rated for at least 2A 

(2) Pube EnglOeering. PO Box 12235. San Diego CA 92112. 619-268-2400. 
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and its DC resistance should be less than 0.10. An 
example of a'low cost indicator is part number 51591 
from Pulse Engineering(21• 

Output voltage filtering is achieved with a 0.33JLF 
capacitor connecting each VOUT pin of the diode bridge 
to ground. Short leads and close placement of the 
capacitors to the unit provide optimum high frequency 
bypassing. The 800kHz output ripple should be below 
5mVp-p. Higher frequency noise bursts are also present 
at the outputs. They coincide with the switch times and 
are approximately 20mV in amplitude. Inductance of 
IOJLH or less in series with the output loads will signifi
cantly reduce the noise as seen by the loads. 

PC BOARD LAYOUT CONSIDERATIONS 

Multilayer printed circuit boards are recommended for 
PWS740 systems. Two-layer boards are certainly possible 
with satisfactory operation; however, three layers provide 
greater density and better control of interference from 
the FET switch signals. Should four-layer boards be 
required for other circuitry, the use of separate layers for 
power and ground planes, a layer for switching signals, 
and a layer for analog signals would allow the most 
straightforward layout for the PWS740 system. The 
following discussion pertains to a three- or four-layer 
board layout. 

Critical consideration should go to minimizing electro
magnetic radiation from the switching signal's lines, To 
and Tt,. You can identify the path of the switching 
current by starting at the +V", pin. The dynamic 
component of the current is supplied primarily from the 
bypass capacitor. The high frequency current flows 
through the inductor and down the V"RIVE line, through 
one side of the transformer windings, returning in the To 

NC 

8 Channels 
~--------------~ 

.... ___ Typical at 25°C 

Slave 
740-1 

#1 

;---,30V 
2.5V-1 L..

--I 1-
200ns 

4400kHz 

2 

6 
8 Channels 

~:~~ ~r~: ==============-:_ ....... :_8 Channels 

FIGURE 1. Master/Slave Synchronization of Multiple 
PWS740 Drivers. 
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TTLSyncClI 

+5V 

S· 

Peropheral 
Driver 

(MC1472 or 
Equivalent) 

4 

3300 
IW 

6200 

t 
1/SW 

• loon 

.,. 

+V'N (7 -20V) 

L-----------::,-----1r-''-I PWS740-1 
40Vl21 

25V~~ 
-I 1-

200ns 

Other 
PWS740s 

2 PWS740-1 

NOTES: (I) See lextlor frequency range; duty cycle = 5-75% (2) TYPIcal waveform at 25'C Active pull-up 

Other 
PWS740s 

'------~----'---'------------' ~ 
inItiates synchronIzation; pulse WIdth IS set by PWS740 pull-down characteristIcs and IS not affected by frequency of operatIon • 

FIGURE 2. External Synchronization of Multiple PWS740 Drivers with TIL-Level Signals. 

with the "on" FET switch, and then back up through the 
bypass capacitor. This current path defines a loop 
antenna which transmits magnetic energy. The magnetic 
field lines reinforce at the center of the loop, while the 
field lines from opposite points of the loop oppose each 
other outside the loop. Cancellation of magnetic radiation 
occurs when the loop is coilapsed to two tightly spaced 
parallel line segments, each carrying the same current in 
opposite directions. For this reason, the printed circuit 
traces for both To connections should lay directly over a 
power plane forming the YDRIVE connection. This plane 
need not extend much wider than To and To. All of the 
current in the plane will flow directly under the To traces 
because this is the path of least inductance (and least 
radiation). 

Another potential problem with the To lines is electric 
field radiation. Fortunately, the Y DRIVE plane is effective 
at terminating most of the field lines because of its 
proximity to these lines. Additional shielding can be 
obtained by running ground trace(s) along the To lines, 
which also facilitate minimum loop area connections for 
the transformer's center tap bypass capacitors. 

The connections between the secondary ( output side) of 
the transformer and the diode bridges should be kept as 
short as possible. Unnecessary stray capacitance on these 
lines could cause tuned circuit peaking to occur, resulting 
in a slight increase of output voltage. 

The PWS740 is intended for use with the ISOI02 isolation 
buffer (see Figure 3). Place the PWS740-2 transformer on 
the YOUl side of the buffer rather than on the C, 
(bandwidth control) side to prevent possible pickUp of 
switch signal by the ISOI02. 

The best ground connection ties the ISOJ02 output 
analog common pin to the PWS740-1 ground pin with a 
ground plane. This is where a four-layer board design 
becomes convenient. The digital ground of the ISOJ02 
can be connected to the ground plane or closer to the + Y 
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supply. If possible, you should include the analog com
ponents that the ISOlO2 drives on the same board. For 
example, if several ISOlO2s are mutliplexed to an ana
log/ digital converter, then having all components sharing 
the same ground plane will signficantly simplify ground 
errors. Avoid connecting digital ground and the PWS740 
ground together locally, leaving the ISOlO2 analog 
ground to be connected off of the board; the differential 
voltage between analog and digital ground may become 
too great. 

OUTPUT CURRENT RATINGS 

The PWS740-1 driver contains "soft-start" driver circuitry 
to protect the driver FETs and eliminate high inrush 
currents during turn-on. Because the PWS740 can have 
between one and eight channels connected, it was not 
possible to provide a suitable internal current limit 
within the driver. Instead, impedance-limiting protects 
the driver and transformer from overload. This means 
that the internal impedance of each PWS740-2 trans
former is high enough that, when short-circuited at its 
output, it limits the current drawn from the driver to a 
safe value. In addition, the wire size and mass of the 
transformer are large enough that the transformer does 
not receive damage under continuous short-circuit condi
tions. 

The PWS740-1 is capable of driving up to eight indi
vidual channels to their full current rating. The total 
current which can be drawn from each isolation channel 
is a function of total power being drawn from both DC 
Y+ and Y- outputs. For example, if one output is not 
used, then maximum current can be drawn from the 
other output. In all cases, the maximum total current 
that can be drawn from any individual channel is: 

IIL+I + IlL-I :560mA 

It should be noted that many analog circuit functions do 
not simultaneously draw full rated current from both the 
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VOR1VE + 
+15V 

PWS740-3 PWS740-2 

.------.---1-'-1 To ,8 

+15V' -----~ 
-15V' 
Gnd1 

-Supplies ±15mA of isolated 
supply current per channel. 

.. WestCap DKM-10 or equivalent 

-15V 

14 

Input 
From 

Other 7 
Channels 

+V.N ~------+ 

PWS740-1 

6 To 

13 

14 

Ao 
16 Ao 

VOUT 

System Uses 
1 Oscillator/ Driver 
8 Transformers 
8 Bridges 
8150102s 
1 Multiplexer 
Not all components are shown 

~GND 

FIGURE 3. Low Cost Eight-Channel Isolation Amplifier Block with Channel-to-Channel Isolation. 

positive and negative supplies. Thus, the PWS740 can 
power more circuits per channel than is first apparent. 
For example, an operational amplifier does not draw 
maximum current from both supplies simultaneously. If 
a circuit draws lOmA from the positive supply and 3mA 
from the negative supply, the PWS740 could power (60 
-;- 13) about four devices per channel. 

ISOLATION VOLTAGE RATINGS 

Because a long-term test is impractical in a manufac
turing situation, the generally accepted practice is to 

(3) Reference NatIOnal Electncal .Manufacturer~ A!.:o.oclatl,On (NEMA) 
Standard, part ICS 1-109 and ICSI-1I1 
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perform a production test at a higher voltage for some 
shorter period of time. The relationship between actual 
test conditions and the continuous derated maximum 
specification is an important one. Burr-Brown has chosen 
a deliberately conservative one: VTEST = (2 X VCOKTIKUOUS 
RATI"G) + lOOOV. This choice is appropriate for conditions 
where system transient voltages are not well defined.ill 
Where the real voltages are well-defined or where the 
isolation voltage is not continuous, the user may choose 
a less conservative derating to establish a specificat'ion 
from the test voltage. 
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ADVANCE INFORMATION SUBJECT TO CHANGE 

aURR-BROW~ 

IElElI PWS750 
COMPONENTS 

ADVANCE INFORMATION 
TO 

Isolated, Unregulated 
DC/DC CONVERTER COMPONENTS 

FEATURES APPLICATIONS 
• 100% TESTED FOR HIGH·VOLTAGE • INDUSTRIAL PROCESS CONTROL 

BREAKDOWN EQUIMENT 

• COMPACT • GROUND·LOOP ELIMINATION 
• MULTICHANNEL OPERATION • PC-BASED DATA ACQUISmON 
• 5V OR 15V OPERATION • VENDING MACHINES 

DESCRIPTION 
PWS750 components can be used to optimize the place- PWS750-2U and the PWS750-4U are bipolar-wound 
ment on a PC board or to build a multichannel isolated isolation transformers using a ferrite core and are encap-
DC/DC converter. The parts are all surface mount, sulatedinplasticpackages, allowing a higher isolation 
requiring minimal space to build the DC/DC converter. voltage rating. 
The modular design, comprising three components, The PWS750-3U is a high-speed rectifier bridge in a 
minimizes the cost of isolated multichannel power. plastic 8-pin SO package. 

PWS750-1 U is a high-frequency (800kHz nominal) One PWS750-2U and PWS750-3U and two 2N7002 or 
osciIlator that can drive N-channel MOSFETs up to the 2N7oo8 MOSFETs are used perisolatedchanneJ. When 
size of a l.3A 2N7010. The recommended MOSFET a PWS750-4U is used as the isolation transformer, then 
for individual transformer drives is the 2N7002, made two TN0604s must be used, due to the higher currents 
by Siliconix. The PWS750-lU is supplied in a 16-pin in the primary. 
double-wide SO package. 

10!1H' 
,-PWs:rso:::ru-~J;;;~=:;t-il-'--:~~::--~;:::------:~~::~---------------1 

v+ o-.,......:..:..IIL1f-"-¢.... 0 4 3 I 

PWS750 SINGLE·CHANNEL LAYOUT 
, User Op1lon. 
.. Use TN0604 for 5V to ±15V operation. 

10 

Enable 

s 
+----,-......::.59-< 2 

6 

0u1pUt I __ +=~ 
Gnd to I~ 10!1H' 

I Dupllca1e for multi-

I channel operation with 
PWS750-4U. -V +Vo L ____________________________________ : ________________ --------_. 

international Airport industrial Park • Mailing Address: PO Box 11400 Tucson, AZ85734 • Street Add .... : 6730 S. Tucson Blvd. • Tucson, AZ 85106 
Tel: (602) 746-1111 • Twx: 91Q.952·1111 • Cable: BBRCORP TeleX: 66-6491 • FAX: (602) 888-1510 
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ADVANCE INFORMATION SUBJECT TO CHANGE 

SPECIFICATIONS 
ELECTRICAL 
At T, = 25'C;, ... V~ = ... ,5V; and lOUT = ±15mA balanced loads unless otherwise noted. 

PARAMETER CONDlnONS MIN TYP MAX UNITS 

PWS750-1U OSCILLATOR 

Frequency Y'N = 15V 725 800 875 kHz 
Supply 10 15 18 V 

5V Operation 4.5 5 5.5 V 
T, T Drive Current 50 rnA peak 
T, T Drive Voltage 3 7 V 

PWS750-2U ... V .. to ±Vour ISOLATION TRANSFORMER 

ISOLATION 
Voltage Rated Continuous AC 60Hz 1500 VAC 
100% Test 1 ls,5pC PO 2400 VAC 
Barrier impedance 10"118 OllpF 
Leakage Current at 60Hz' VISQ= 240Vnns 1.0 1.5 jlArms 
Winding Ratio Primary/Secondary 48150 

PWS750-3U DIODE BRIDGE 

Reverse Recovery If= Ir=50mA 40 ns 
Reverse Breakdown Ir = 100jlA 55 V 
Reverse Current Vr=40V 1.5 jlA 
Forward Voltage If= 100mA 1.6 V 

PWS750-4U +5 V .. TO ±15 V 0", ISOLATION TRANSFORMER 

ISOLATION 
Voltage Rated Continuous AC 60Hz 1500 VAC 
100% Test(1) Is, 5pC PO 2400 VAC 
Barrier Impedance 10"118 QllpF 
Leakage Current at 60Hz V 00 = 240Vnns 1.0 1.5 jlAnns 
Winding Ratio PrlmarylSecondary 24flS 

NOTES: (1) Tested at I.S X rated, fail on 5pC partial discharge leakage current on five successive pulses. 

ORDERING INFORMATION 

PWS750 ~ 1!. 
Basic Model Number __________ ~__' 

PWS750-1U 
PWS750·2U 
PWS750-3U 
PWS750-4U 

PIN CONFIGURATIONS 

PWS750-1U 

T T 
PWS750-3U 

Vo ~o 2 7 

TILeUT AC 3 S AC 

Gnd +V 4 5 

+v" Enable 8·Pin SO 
Surface Mount 

IS-Pin SO Double-Wide 
Surface Mount 

Burr-Brown Ie Data Book 4-84 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage •.........•.........•....•...........•.•............•............•............•...... 18V 
Junction Temperature ...•..•.•.................•......•.................•................... 150'C 
Storage Temperature ......................................................................... 85'C 
Lead temperature (soldering, lOs) .......••....•......•.....•....................•• +300'C 
Max Load, Sum of Both Outputs (PWS750-2U. 4U) .............•........... SOmA 

PWS750-2U 
PWS750-4U 

~o~ AC 2 7 To 

Gnd 3 6 Vo 

AC 4 5 To 

8·Pin DIP 
Surface Mount 
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ADVANCE INFORMATION SUBJECT TO CHANGE 
MECHANICAL 

U Package-16-Pln SOlO 

~A~ I'--A1 DIM 

Innnnn A 

11l 

AI 
B 
Bl i 1 C 

J~~UUUUU 
0 
G 

H Pin 1 identifier H 
J 

--* \L h.~ 
L 

~'[lloooJJ C 
M 
N 

..11...0 -n L ----..I N 

U Package-8-Pln DIP 

DIM 
A 
B 
C 
F 

B G 
H 
K 
LI 
L2 

U Package-fH'ln sole 

'Fn~,~ DIM 
A 

11 
A, 
B 

B, B B, 

:::U C 
0 

Pin 1 l U U ~ L G 

identifier Pin 1 ...l H H 
J 

--1 
L 

~.J( l\.l 
M 

~~C N 

..JGI....Jl..oT L- L----I 
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INC HEll 
MIN MAX 
.400 AlB 
.368 A12 
.286 .302 
.286 .286 
.093 .108 
.015 • 020 
.050 BASIC 
.022 .038 
.008 .012 
.391 .421 

5°TYP 
.000 .012 

INCHES 
MIN MAX 
.620 .840 
A65 A65 
.350 .370 
.1 I 
.100 BASIC 

.02550 
.370 .390 
.280 .300 
.485 A65 

INCHES 
MIN MAX 
.185 .201 
.178 .201 
.146 .162 
.130 .149 
.054 .145 
.015 .019 
.050 BASIC 
.018 .026 
.008 .012 
:220 .252 
0- 10" 

.000 .012 

MW ETERS 
MIN MAX 
10.16 10.57 
9.86 10.46 
7.28 7.67 
6.81 7.28 
2.36 2.77 
0.38 0.51 
1.27 BASIC 
0.56 0.97 
0.20 0.30 
9.93 lo.e9 

5°TYP 
0.00 0.30 

MILUMETERS 
MIN MAX 
15.78 18.28 
11.81 12.32 
6.89 9.40 
4.1. 4.70 
2.54 BASIC 

• 8."!5SQ 
SAO 9.91 
7.11 7.62 
11.81 12.32 

MlWMETERS 
MIN MAX 
4.70 5.11 
4.52 5.11 
3.71 4.11 
3.30 3.76 
1.37 3.89 
0.38 0.48 
1.27 BASIC 
0.48 0.88 
0.20 0.30 
5.59 8.40 
0" 10" 

0.00 0.30 

NOTE: Leads in true 
position within 0.01· 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
mar1<ed on package • 

NOTE: Leads in true 
posIdon within 0.01· 
(O.25mm) R at MMC 
at seating plane. Pin 
numbers shown lor 
reference only. 
Numbers may not be 
marked on package • 

NOTE: Leads in true 
pos_iOn within 0.01" 
(O.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
mar1<ed on package. 
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BURR-BROWN® 

IElElI 700/700U 

ISOLATED DC-TO-DC CONVERTER 

FEATURES 
• HIGH BREAKDOWN VOLTAGE 5000V PEAK 
• LOW LEAKAGE CAPACITANCE = 3pF 
• SHIELDED AND UNSHIELDED UNITS 
• COMPLETELY SPECIFIED 

BENEFITS 
• HIGH VOLTAGE RATING PROTECTS 

EXPENSIVE INSTRUMENTATION 
• LOW LEAKAGE CURRENT PROTECTS HUMAN LIFE 
• EXCELLENT ISOLATION CMR IMPROVES 

SYSTEM PERFORMANCE 
• SHIELDING PREVENTS ELECTROSTACTIC AND 

EMI PROBLEMS 

• IN 

x 
o 
Input 
Shield 

Oscillator 

APPLICATIONS 
• INDUSTRIAL PROCESS CONTROL 
• MEDICAL INSTRUMENTATION 
• TEST EQUIPMENT 
• DATA ACQUISITION SYSTEMS 

DESCRIPTION 
The Model 700 converts a 10VDCto 18VDC input to 
a dual output of the same value as the input voltage. 
The internal hybrid integrated circuit reduces size 
and cost. A self-contained frequency stable 130kHz 
oscillator drives switching circuitry which is designed 
to minimize the common problem of spiking due to 
transformer saturation. Regulation and short circuit 
protection. if desired. can easily be added (see Figure 
3). Models 700 and 700M have separ~te internal 
input and output shields. Models 700U and 700UM 
have no internal shields . 

Recliliers and Filters 

v. 

,.VOUT) 
COM 

V-

I-VOUT) 

IOutput Shield) 
Model 700 Circuit Diagram 

tnternatlonat Airport Industrial Park· P.O. Box 11400· Tuclon. Arizona 85734· Tel.l602J 746·1111 . Twx: 9tO-952·1111 • Cable: 88RCORP· Telex: 88·6491 

PDS·328F 
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SPECIFICATIONS 
ELECTRICAL 
Typical at 2SoC with ISVDC supply unles. otherwise noted. 

MODEL I 700nOOM I 7a'6uI7OOUM 

INPUT 

Voltage RangePI 10V to 18V 
Current at ±3mA Load 20mA 
Current at ±30mA Load ±100mA,max 
Ripple Current at ±3mA Load ±3mA, paak 
Ripple Current at ±30mA Load ±100mA, paak 

ISOLATlONI') 

Voltage, Test, Ssec at 60Hz 4200V, p SOOOV, P 
Voltage, Continuous, derated 1500V, p 2000V, P 
Impedance 10GIIII SpF 10GIIII 3pF 
Leakage Currer.t at 240V 160Hz 1p.A. max l/lA, max 
OUTPUT 

VOUT at ±3mA to ±30mA Load ±VIN with ±1V tolerance 
Operating Current total of both outputs 60mA, max 
Safe Nondestructive Current at 25°C 120mA, max 
Sensitivity to Input Voltage I06VN 
Load Regulation 3SmVimA 
Ripple Voltage at ±3mA Load ±ISmV, peak 
Ripple Voltage at ±30mA Load ±80mV. peak max 
Balance of +V and -Vat +1 = -I ±20mV 

TEMPERATURE RANGE 

Operating -2SoC to +8SoC 
'Storage -SsoC to +12SoC 

NOTES. 
1 Derate to 16V max between +VIN and -VIN above 700 C 
2 A medical grade unit IS available which IS 100% screened to Patient Connected 

Circuit requirements forthe leakage current I par. 27.5, and dlelectnc withstand 
voltage I par 31 11 , of ULS44 Specify 700M or 700UM. 

\ Equlll:old lor ±V 

,\.. I I 
1 \.." / I 
~ ~ Fixed Output" 

±3mALoad ..... 

I "'III! ~ J 
Vorylno" ~ "" Output "'- '" '" 

,JII 

,,~ ~ 
t 

lit:: t 

Max Slle ~ ..-... 
wd - ~ " 

" f30!" loal -2 
10 20 30 40 50 

Output Currant ImAI 

FIGURE 1. Load Regulation. 

'For one output with constant 1SmA 
load and varying current on other output 

-55 -35 -15 ~ +25 +55 +75 
Ambient Temperature lOCI 

FIGURE 2. Temperature Dnft. 

IA minimum load of 3mA IS recommended for each outputl 

MECHANICAL 

i['j E=r ) 
r--u~~_u 

o--L 
NOTE: Leads in true position 
within .0IS" (.38mm) R at MMC 
at .eating plane. 

IH~ r R Pin numbers shown t I for reference only. 
N' -.--J -·-IN 

~_o1 CQMo-

t:t:::-'±iN+ 'V:-~G 
'-G p + ~ z· L J + denotes missing 

pm. 
L 

INCHES MILLIMETERS 
OIM MIN MAX MIN MAX 
A 1075 1 135 2731 2883 

• 1075 1 135 2731 2883 

C 350 410 88. 1041 

0 038 042 0'7 107 

G 200 BASIC 508 BA.SIC 

H 212 312 538 7.2 

K .170 350 432 88. 

e BOO BASIC 2032 BASIC 

P lOa BASIC 254 BASIC 

" 112 212 284 538 

Material: Black epoxy 
Weight: 22.67gm (O.80oz) 
Grid: 2.S0mm (0.10") 

NOTE: Input and Output circuits 
have separate shields. 

2l! 2N2219 

IDOl! 

3.6kl! 

+ 

FIGURE 3. Short Circuit Protection. 

USE WITH ISOLATION AMPLIFIERS: 
When the Model 700/ 700U is used with isolation ampli
fiers such as the Burr-Brown 3650 and 3652 special 
attention should be given to current ratings to avoid over 
designing. Since the isolation amplifiers do not draw 
maximum current simultaneously from the V + and V-

Model 700j700U terminals. it is possible to drive more 
isolation amplifiers per Model700j700U than one might 
initially expect. The Model 700j700U is capable of 
providing a total output current of 60mA balanced or 
unbalanced between the two outputs. A minimum load of 
3mA is recommended for each output. 
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BURR-BROWN 

IElElI 710 

QUAD-ISOLATED DC-TO-DC CONVERTER 

FEATURES 
• FOUR ISOLATED ±lOVDC to ±18VDC OUTPUTS 

• ORIVES FOUR 3650/3652 ISOLATION AMPS 

• HIGH BREAKOOWN VOLTAGE. 2200VDC TEST 

• LOW LEAKAGE CAPACITANCE. 8pF 

• LOW LEAKAGE CURRENT. lpA @ 24OV/6OHz 

• LOW COST PER ISOLATED CHANNEL 

APPLICATIONS 
• INDUSTRIAL PROCESS CONTROL 

• TEST EQUIPMENT 

• DATA ACQUISITION SYSTEMS 

DESCRIPTION 
The Model 710 converts a single 10VDC to 18VDC input 
into four dual-isolated outputs of the same value as the 
input voltage. The converter is capable of providing a 
total of 76mA at rated olottput voltage accuracy and can 
provide isolated power to four independently isolated 
3650/3652 opticaUy-coupled isolation amplifiers with the 
entire assembly mounted on one 5" x 7" card. 

Extensive use is made of hybrid integrated circuits to 
reduce size and cost. A self-contained frequency stable 
130kHz oscillator drives switching circuitry which is 
designed to minimize the common problem of spiking 
due to transformer saturation. 

Intemilionel All'llart IndUllrll1 Park· P.O. Bax1141111· TIICIGn. Arizona 85734· Til. 1Il02l748-1111 • Twx: 911J.852·1111 • Ceble: BlRCORP· TallI: 118-6481 

POS-367A 
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DESCRIPTION 
OUTPUT CURRENT RATINGS 
The Model 710 is capable of providing a total of 76mA of 
output current divided among its eight outputs. The 
maximum current available from anyone output is 
shown in Figure 9. A minimum average current of 3mA is 
recommended for each output in order to maintain 
output voltage accuracy. Thus, the current may be 
balanced (such as +9.SmA and -9.SmA) or unbalanced 
(such as +l6mA and -3mA). The best output voltage 
accuracy will be obtained under balanced conditions. 

Channels may be connected in series or parallel for highet 
voltage or current. For parallel operation connection of 
channell to 2 or channel 3 to 4 will result in lowest ripple. 

In some cases the 710 may drive larger loads than would 
be apparent from a cursory examination of the 
specifications. For example, see Figures 1 and 2. The 
most total current drawn from the pair of +Vo and -Yo 
output is 1m .. + IQ (not 2 x lmax). For the 36S0 this is a 
maximum of 12mA +I.2mA = 13.2mA (instead of 
24mA). 

Vin 

Vcm vo 

FIGURE I. Typical Connection 

Vin~ " ........ 

FIGURE 2. Waveforms 

lout~ I 
cr t 

I+~max +IQ 
t 

-IQ 
1-

ISOLATION VOLTAGE RATINGS 
I tis importarit that the user unde~tand the significance of 
the continuous derated isolation voltage specification 
and its relationship to the actual test voltage applied to 
the unit. Since a "continuous" test is impractical in a 
product manufacturing situation (implies infinite test 
duration) it is generally accepted practice to perform a 
production test at a higher voltage (i.e., higher than the 
continuous rating) for some shorter length of time. 

The important consideration is then "what is the 
relationship between actual test conditions and the 
continuous derated minimum specification?" There are 
several rules of thumb used throughout the industry to 
establish this relationship. Burr-Brown has chosen a very 
conservative one: VI'" = (2 x V .... "nuous fa",..) + IOOOV. This 
relationship is appropriate for conditions where the 

o ,... 
..... 

system tra*sient voltages are not well defined. * Where the .. 
real voltages are well defined or where the isolation .. 
voltage is not continuous the user may choose to use a less 
conservative derating to establish a specification from the 
test voltage. 

* Reference National Electrical Manufacturers 
As~ociation (NEMA) Standards Parts ICS'I-109 and 
ICS 1-1l I. 

SHORT CIRCUIT PROTECTION 
The circuit in Figure 3 may be added to the input of the 
710 in order to protect it from damage in situations where 
too much current is demanded from the outputs - such as 
a short circuit from an output to its common. The circuit 
limits the input current to approximately lOOmA for an 
input voltage of ISVDC (for f3 of 2N2219 of SO). 

211 2N2219 

I IN414S.l..rl 
A -VIN 

lOon '" +VIN 710 
36kll I 

FIGURE 3. Short Circuit Protection 

~ 
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o a: 
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SPECIFICATIONS 
Typical at 25°C with 15V supply unless otherwise noted. 

ELECTRICAL 
MODEL 710 
INPUT 
Voltage Range Cl )121 IOV to 18V 
Current ~t lotal Output Current of 24mA 40mA 
Current at Total Output Current of 76mA IOOmA. max. 
Ripple at Total Output Current of 24mA 15mA, peak 
Ripple at Total Output Current of 76mA 4OmA, peak 

ISOLATION'" 
Voltage. Test. 5 sec. C.(j 22OOV. rms at 60Hz 
Voltage. C:ontinuous. derated. mimmum (41 6OOV, rms AC, IOOOVDC 
Impedance 1000 II 8pF 
Leakage Current at 240V /60 Hz l",A. max 

OUTPUT 
Voltage Accuracy'! ~I See Figure 8 
Current for Rated. Accuracy Tota' of all currents 76mA, max 

Anyone output 6OmA. max 
Total Safe Nondestructive Current at 25°C 1200mA. max 
Sensitivity to Input Voltage I.08V/V 
Load Regulation (61 75mV/mA 
Ripple Voltage at ±3mA Load ±25mV, peak 
Ripple Voltage at ±9 SmA Load ±80mV. peak max 
Balance of +V and ·V at +1 =-1 ±2OmV 
.6. V,,", vs Temperature -25"C to +85"C 3.0% 

TEMPERATURE RANGE 
Operatmg -25"C to +85"C 
Storage -55"C to + 1I0"C 

L Derate to 16V max between +V" .. and -VIr.. above 70 C. 
2 Operation down to 5V is possible with reduced output current and accuracy. 

" NOTES 

MECHANICAL 

Material: Black Epoxy 
Weight: 2S grams (0.9 oz.) 
Grid: 5.08mm (.201 

T 
1O.2mm 
(0.40") 

Pin: Material and plating composition 
conform to Method 2003 (solderability) of 
MIL-STIHI83 (except _ph 3.2). 

3 Isolation speclficatibns'are applicable to input to output isolation as well as channel to channel isolation. 
4 See diSCUSSion on prevIous page; 2200V. rms === 3000V peak.. 
5. A minimum output current of ±3mA per channel is recom!Dended to maintain output voltage accuracy. 
6 Load regulation for one channel with other channels at ±9.5mA load. 

FIGURE 4, Functional Diagram 

Burr-Brown Ie Data Book 4-90 
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FIGURE 5, Typical Connection with Four 3650 
Isolation Amplifiers. 
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TYPICAL PERFORMANCE CURVES 

\ Test Condition 1 

~ RF chosen for I =3mA 
4 

.. r-... V 

I ~ !'.. 
r-... 

) ........ 
I "-

-4 
:RFtfn T Ii = Y·5r 

-5 
o 2 4 6 8 10 12 14 16 18 20 

Output Current, IL+ = IL_ (rnA) 

FIGURE 6. WAD REGULATION· BalaOKed Load 

20r---~--~---r---r--~--_, 

: 16t---+--+---++ ....... fh~-+---t 

~ 
14t----r--~~~~+-+--~~--~ 

10,~--1£--~---1~--t---~---i 

8L---~--1~2--~--~--~--~ 

Input Voltage 
FIGURE 8. OUTPUT VOLTAGE ACCURACY VS 

INPUT VOLTAGE 

C 
C +VO 

-yo 

+VIN 
+Vo 

710 

-VIN 

C +VO 

FIGURE 10. Test Condition I: Balanced Load 
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Test Condition 2 

RF chosen for IF = ±9.5mA 

....... 
at Jer:i:i~tl fixe:> ___ 

./ /" l'+-l T'" ....... 
ILat terminals ~th variable RL" ...... 

" 
o 4 6 8 10 12 14 16 18 20 

Output Current (rnA) IL+ 

FIGURE 7. LOAD REGULATION • Unbalanced Losd 
70 

60 

50 

40 

/' 
V" 

V Maximum output current for 
anyone output 

30 
Maximum balanced load 

20 
current per channel 

10 

o 
10 12 14 16 18 

Input Voltage 
FIGURE 9. OUTPUT CURRENT RATINGS TO MAINTAIN 

OUTPUT VOLTAGE TOLERANCE 

C e-+~~-., 
+VO 

+VIN 
+Vo 

710 

-VIN +VOL 

C -yo +VO 
C 

RF ..!F 
RL+'I RL_ 

RF 

FIGURE II. Test Condition 2: Unbalanced Load 
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BURR-BROWN;·' 

11511511 722 

DUAL ISOLATED DC/DC CONVERTER 

FEATURES APPLICATIONS 
• DUAL ISOLATeD ±5V TO ±16V OUTPUTS • MEDICAL EQUIPMENT 
• HIGH BREAKDOWN VOLTAGE. BooOV TEST • INDUSTRIAL PROCESS CONTROL 
• LOW LEAKAGE CURRENT. <lilA AT Z40V/60Hz • TEST EQUIPMENT 
• LOW COST PER ISOLATED CHANNEL 

• SMALL SIZE. Z7.9mm x Z7.9mm x 7.6mm 
(1.1" x 1.1" x 0.3"1 

• DATA ACQUISITION SYSTEMS 

• NUCLEAR INSTRUMENTATlDN 

,---------------------, • I 

v+ 

tV02 

I ; 

~-------------------------~ 

DESCRIPTION 
The 722 converts a single 5VDC to 16VDC input into 
a pair of bipolar output voltages of the same value as 
the input voltage. The converter is capable of 
providing a total output current of 64mA at rated 
voltage accuracy and up to 200mA without damage. 

The two output channels are isolated from the input 
and from each other. They may be connected 
independently, in series for higher output voltage or 
in parallel for higher output current, as a single 
channel isolated DC/DC converter. 

Integrated circuit construction of the 722 reduces size 
and cost. High isolation breakdown voltages and low 
leakage currents are assured by special design and 
construction which includes use of a high dielectric 
strength, low leakage coating used on the tnlernal 
assembly. 

A self-contained 900kHz oscillator drives switching 
circuitry which is designed to eliminate the common 
problem of input current spiking due to transformer 
saturation or crossover switching. 

Int .. nllllll1ll Airport IndUltrlal Park· P.O. 80x 11400· Tucson. Arizona 85734· Tel. (6021 746·1111 . Twx: 910-95Z·1111 . Clble: 88RCORP· Telex: 66-6491 

PDS-398E 
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DISCUSSION 

OUTPUT CURRENT RATINGS 
At rated output voltage accuracy, the 722 is capable of 
providing 64mA divided among its four outputsili. A 
minimum average output current of 3mA is 
recommended at each output to maintain voltage 
accuracy. 

Output channels(21 may be connected in series or parallel 
for higher output voltage or current. 

ISOLATION CONFIGURATIONS 
The fact that the two outputs of the 722 are isolated from 
the input and from each other allows both two-port and 
three-port isolation connections. 

Figure I shows Burr-Brown's 3650 Optically Coupled 
Isolation Amplifier connected in three-port 
configuration. One of the 722 channels provides power to 
the 3650's input. The other channel supplies power to the 
365O's output. The amplifier's input and output are 
isolated from each other and the system's power supply 
common. In this configuration the 722's channel-to
channel isolation specification applies to the amplifier 
input-to-output voltage. 

Figure 3 illustrates how the 722 may provide isolated 
input power to the input stage of two 3650's connected in 
the two-port configuration. Power for the output stage is 
provided by the system H5V and -15V supplies. Input 
stages are isolated from each other and from the system 
supply. In this situation the 722's input-to-output 
isolation specification applies to the amplifiers' input-to
output voltages while the channel-to-channel 722 
specification applies to the voltage existing between "I I P 
Com ~ I" and "lIP Com # 2." 

(1) -output- denaIeIa ... output ICnIlInal (+V or .V) aDd III UIOCIaIcd common 
(2) -channer dcnoIes ...... of 0UIpUtI (+V and -V) and ,heir UIOCIaIed common 

+V01 
C, 

....... ~ .,,...--... -V01 

+v .. 
C. -v .. 

722 

FIGURE I. Three-Port Isolation 

Burr-Brown Ie Data Book 

Power 
Supply 
Common 
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MECHANICAL 

~
Pin numbers shown for reference 20' ..... ;; only Numbers ",ay nol be marked 

B on package 

R 1 10 

J Lu I NOTE 
~ A ------I NOTE Leads in true position 

Within 010" ( 25mm) R at MMC 
~ at seating plane 

[~A~Ll, INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 1080 1120 2743 2845 
B 1080 1120 2743 2845 
C 235 .285 597 724 
D 018 021 048 053 
F 035 050 089 127 
G 100 BASIC 254 BASIC 
H 100 BASIC 254 BASIC 
K 150 350 381 889 
L 900 BASIC 22 88 BASIC 
N 002 010 005 025 
R 100 BASIC 254 BASIC 

SHORT CIRCUIT PROTECTION 
The circuit in Figure 2 may be added to the input of the 
722 to protect it from damage in situations where too 
much current is demanded from the outputs - such as a 
short circuit from an output to its common. The circuit 
limits input current to approximately 150mA for an input 
voltage of 15VDC (for {J of 2N2219 of SO). 

p+ +V01 
+ C, 

-V01 

722 
Y,N 

E +V .. 
IN4148 C. 

-v .. 

FIGURE 2. Short Circuit Protection 

+15V -15V 

FIGURE 3. Two-Port Isolation with two 3650's. 
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SPECIFICATIONS 
ELECTRICAL 
Specifications at T. = +25'C, Y,N = t5VDC, C = 0.47I1F, R, Selected per Typical Pertormance Curve. 

722 72280 '722MG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

Rated Input Voltage 15 VDC 
Input Voltage Range'" 5 16 VDC 
Input Current Total output currant = 12mA 50 mA 

Total ouput current = 64mA 105 120 . mA 
Total output current = 64mA 

at T. = +S5'C 120 mA 
Total output current = 160mA - - 225 275 - - mA 

Input Rlpplel21 Total output currant = 12mA 3 mA,pk 
Total output currant = 64mA 6 mA,pk 
Total output current = 160mA - 12 - mA,pk 

ISOLATION 

Test Voltages Input-to-output, 5 seconds, min SOOO V,pk 
Input-to-output,1 minute, min - - 2500 V,rms 
Channel-ta-channel, 5 seconds, min 5000 . V,pk 

Rated Voltages Input-ta-output, continuous 3500 . V 
Channel-ta-channel, continuous 2000 . V 

Isolation Impedance Input-to-output 10116 . · GClllpF 
Leakage Currenti31 Input-to-output, 240V, 60Hz 1 IIA 

OUTPUT 

Rated Output Voltages'~ ILOAD = 3mA per output 154 162 '. VDC 
ILOAD:;;;:: l6mA per output 143 162 .. '. VDC 
ILOAD :;;;:: 40mA per output - - - 137 14.2 16.2 - - - VDC 

Output Current Total of all outputs 200 mA 
Any one outputl5~ 3 100 mA 

Load Regulation NoteS 
Ripple Voltage ILDAD = 3mA per output 15 mV,pk 

IeDAD = 16mA per output 35 100 · mV,pk 
1e00D = 40mA per output - 50 · mV,pk 

Tracking Error between Balanced loads ±100 · mVDC 
Dual Outputs 

. Sensitivity to Input 
Voltage Changes 113 V/V 

Output Voltage Temperatura TA :;;;:: TSPECIFICATION RANGE ±CO2 %J'C 
CoettiCient 

TEMPERATURE 

Specification ILOAD:S l6mA per output -25 ·+85 · 'C 
!LOAD:::;; 40mA per output -25 +60 · 'c 

Storage -55 +125 · 'C 
Junction Temperature +125 'C 

·Speclflcations same as 722 
NOTES: (1) For ambient temperature above +70'C the Input voltage is 12 5V (max) The Input voltage ramains 16V (max.) if case temperatura is kept 
below +85'C. (2) External capacitor across "P+" to "V-" pins and 12" of #24 wire to Y,N (3) Referance UL544, paragraph 27 5, Leakage Currant (4) See 
"Typical Pertormance Curves." (5) A minimum output current of 3mA at each output is racommended to maintain output voltage accuracy. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
Typical application connections for the 722 are shown in 
Figures I and 3. Primary power (VIN) is applied at the 
"P+" and "V-" terininals. The common or ground for 
VIN may be connected to either "P+" or "V-"; the only 
requirement is that 'IP+" and '''V+" must be positive 
with respect to "V-." 

Power for the internal oscillator and switch drivers is 
. derived from the primary power by a voltage dropping 
resistor RI. The value of RI as a function of V IN is shown 
in the Typical Performance Curves ·section. Alternately, 
voltage for the "V+" terminal may be obtained from.a 

. separate source. "V+" should be +5V to +7.5V positive 
with respect to "V ~." If a separate source is use!!; the 
"V+" input must be applied before the "P+" input to 

Burr-Brown Ie Data Boole 4-94 

avoid possible damage to the unit. "P+" and "V+" must 
remain positive with respect to "V-" at all times (includ
ing transients). If necessary, diode clamps should be put 
across these inputs. 

The "E" pin enables the converter when connected to 
"V+" and disables it wheQ. connected to "V-." 

An external capacitor, "C," (0.47I'F cermanic) is used to 
reduce input ripple. It should be connected as close to 
the "P+" and "V-" pins as practical. Input leads to these 
terminals should also be kept as short as possible. Since 
the 722 is not internally shielded, external shielding may 
be appropriate in applications where RFI at the 900kHz 
nominal oscillator frequency is a problem. 

Each output is filtered with an internal O.221'F capacitor . 
Output ripple voltage can be reduced below the specified 
value by adding external capacitors up to 1OI'F between 
each output and its common. 
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TYPICAL PERFORMANCE CURVES 
Specification. at T. = +25'C. V," = 15VDC. C = 0.47/1F. R, .elected per typical performance curve. 

SELECTION OF R, OR EXTERNAL 
VOLTAGE V+ FOR MINIMUM INTERNAL 

POWER DISSIPATION 

Maximum Output Current 
From Any Single Output 

<16mA 16mAto 30mA 30mA 

>13 1.3kO 8200 5100 

~ 
11 to 

" 8200 5100 2000 
'" 13 
19 
:g 9 to 5100 2000 00 11 
'5 8 to 
~ 9 2000 00 -

<8 00 - --V+EXT 
6.5V 7.5V 9.0V 

SINGLE-CHANNEL LOAD REGULATION 

BO" (IF t + 'C j 
Vo v .3 

- - k 

+ + ~ 

~:.. Vo_ v _ ~ ~ 

130~----2~0~--~4~0--~6~0~--~8~0--~100 
Output Load Current 11,1 (rnA) 

PARALLEL OUTPUT BALANCED 
LOAD REGULATION 

Output Load Current 11,1 (mA) 

MAXIMUM SAFE OPERATING 
TEMPERATURE VS. TOTAL 

OUTPUT CURRENT OUTPUT VOLTAGE VS. INPUT VOLTAGE 
r---r---r---r----,125 18..--.---r--r--T""-T""--' 

p ~ 
!! 100 1-:----+,..;:::-... o;::::-----t------i1 00 §. 
~ c 
:g, ~ -!31---+---+---t-: 
~ 75 m ;. 

~ ~i 
.eSO 50~g 
~ ~ ~ 8t----+--::o,.,.r. 
§ m ~ 
E 25 25,..20 

~ 9 ::; 

Total Output Current!21 (rnA) 

SINGLE OUTPUT LOAD REGULATION 

Output Load Current lie! (mA) 

PARALLEL OUTPUT UNBALANCED 
LOAD REGULATION ru" v v ~ • 

Vo Vo , 

12 
Input Voltage (V) 

CHANNEL-TO-CHANNEL INTERACTION 

~ 16 

~ 

'5 
c. 
'5 
o 
CD 
§ ,141---1-"""" ....... :-

'" J:: 
() 

19 
8 
c. 
g13~ __ ~ __ ~~ __ ~ ____ ~ __ ~ 

o 20 40 60 80 100 

~ 
8. 
c. 

Output Load Current lid (rnA) 

OUTPUT-TO-OUTPUT INTERACTION 

013 
13LO----4-,10~--~8~0----1.1.20~-~16~0--~200 LO----..j40 ...... --~8~0----1~2~0----16 ... 0--~200 

Output Load Current lie! (mA) Outpul Load Current llel (mA) 

NOTES (1) USing a 104mm X 19.mm X 16 mm aluminum strtp mounted to the bottom of the case with heat Sink compound (2) Total output current is the 

sum of the currents for each mdlvldual output 
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BURR-BROWNIt 724 
IElElI 

QUAD ISOLATED DC/DC CONVERTER 

FEATURES 

• QUAD ISOLATED ±8V OUTPUTS 

• HIGH BREAKDOWN VOLTAGE, 3000V TEST 

• LOW LEAKAGE CURRENT, <lilA AT 24OV/6OHz 

• LOW COST PER ISOLATED CHANNEL 

• SMALL SIZE, 27.9mm x 27.9mm x 6.6mm 
(1.1" x 1.1" x 0.26") 

APPLICATIONS 
• MEDICAL EQUIPMENT 

• iNDUSTRIAL PROCESS CONTROL 

• TEST EQUIPMENT 

• DATA ACQUISITION SYSTEMS 

• NUCLEAR INSTRUMENTATION 

,---------------------, 
P+ I 0 R~~m1 ~+~~1 

. Fill", J.-.-==O.V 01 
~ I o R!.~n S~~~ 

I o R:!" S~~~ 
I I 
I 0 ·1IICII.lln S+V04 

V· IIId C4 
I Fln",·v 04 
~ _________________________ J 

DESCRIPTION 
The 724 converts a single 5VDC to 16VDC input into 
four pairs of bipolar output voltages of approximate
ly half the input voltage. The converter is capable of 
providing a total output current of 128mA at rated 
voltage accuracy and up to 500mA without damage. 

The four output channels are isolated from the input 
and from each other. They may be connected 
independently, in series for higher output voltage, or 
in parallel for higher output current as a single 
channel isolated DC/DC converter. 

Integrated circuit construction ofthe 724 reduces size 
and cost. High isolation breakdown voltages and low 
leakage currents are assured by special design and 
construction which includes use of a high dielectric 
strength, low leakage coating used on the internal 
assembly. 
A self-contained 800kHz oscillator drives switching 
circuitry which is designed to eliminate the common 
problem of input current spiking due to transformer 
saturation or crossover switching. 

Inllnlllianal Alrpart Induslrlal Parle· P.O. BOI 11400· TUCIDA. Arizona 85734· TIl. (6021746·1111 • TWI: 916-952·1111 • Cable: BBRCORP . Telll: 66-6491 
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ELECTRICAL SPECIFICATIONS 
At 25·C 'th V WI -IN - 15V R = 13kO C 047 F = , 1.11 un ess note d 
PARAMETER I CONDITIONS I MIN TYP 
INPUT 

Input Voltage 5 15 
Input Current I 1""1 = 24mA 50 

I Ion = 128mA. 25·C 110 
I Iol'l = 128mA. 85·C 120 

Input Ripple"I,sl I lot'l = 24mA. C = 0.471'F 10 
I Ion = 128mA, C = 0.471'F 

ISOLATION 
Test Voltage(21 Input-to-output. 5sec min 

Channel-to-channel. 5sec min 
Rated Voltage,21 Input-ta-output. continuous 

Channel-to-channel. continuous 
Isolation Impedance Input-ta-output JO II 6 

Leakage Current Input-ta-output. 240V 160Hz 
OUTPUT 

Voltagelll At 15V input IL - 3mA 8.0 8.5 
IJ = 16mA 7.5 7.9 

Current for Rated 
Voltage Total of all outputs 

Anyone output") 3 
Total Safe 

Nondestructive Current Total of all outputs 
Anyone output 

Load Regulation (3) Note 4 
Ripple Voltage'S) I, = 3mA 35 

I, = 16mA 
Difference of +Vo and -Vu +1, = -I, ±30 
Sensitivity to Input 

Voltage Change 0.63 
Output Voltage Change 

Over Temperature -25"C to +85"C 2 
TEMPERATURE RANGE 

Operating -25 
Storage -55 

NOTES' 
L 0 47"F external capacitor across .. p+" to "v·ft pms and 12" of ** 24 wire 10 VI"'. 
2 See "'Isolation Voltage Rattngs" on preccchng page The mput to output and channel to channel continuous AC rating IS 700V. rms. 
J. Sec "TYPical Performance Curves." 
4. A mlDlmum output current of 3mA at each output IS recommended to malOtaln output voltage accuracy. 
5. Test bandWidth 10M Hz. max 

MAX I UN'tTS 

16 VDC 
mA 

125 mA 
mA 

mAo pk 
25 mA. pk 

3000 VDC 
3000 VDC 
1000 VDC 
1000 VDC 

GO II pF 
1.0 iJA 

9.0 V 
8.3 V 

128 mA 
mA 

500 mA 
200 mA 

mY. pk 
200 mY. pk 

mV 

V/V 

o/c 

+85 "C 
+125 "c 

MECHANICAL PIN POSITION PIN DESIGNATION 

f 
;-

20 1 

• 

L+- 1 10 

~ 
C 

[ 

~, 
Burr-Brown Ie Data Book 

Pin numM'S shown for refe.enee only 
NumtMors may nat be marked on peckag. 

INCHES 
DIM MIN MAX 

A "10. t 120 

a , 080 1 120 

c ,,. ,., 
0 .,a ." 

r-f;-' 
.,. ... 
100 BASIC 

H 100 BASIC 

K 15. 350 , 900 BASIC 

N 002 010 

A 100 BASIC 

MILLIMETERS 
MIN MAX 

21 "3 2845 

27 "3 2B ., 

'" ". .44 0" 
oa. '" 
2 ~ BASIC 

2 S" BASIC 

381 . .. 
22 B6 BASIC .. , ." 

2 S" BASIC 

4-97 

NOTE 
leads In true position 
within 010- ( 2Smm) 
R at MMC at seatmg 
plane 

4 
S 

+v .. 
c. 
-V .. 
No pin present 
+VOl 
C. 
-VOl 
No pin present 

9 +V02 
10 C, 
II -V02 
12 No pin present 
13 +VOI 
14 C, 
IS -VOl 

16 No ptn present 
17 P+ 
18 v-
19 v+ 
20 E 
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DISCUSSION 
. OUTPUT CURRENT RATINGS 
At rated output voltage accuracy, the 724 is capable of 
providing l28mA divided among its eight outputsfll• A 
minimum average output current of 3mA is 
recommended at each output to maintain voltage 
accuracy. 

Output channels(21 may be connected in series or parallel 
for higher output voltage or current. 

ISOLAnON CONFIGURATIONS 
The fact that the four outputs of the 724 are isolated from 
the input and from each other aDows both two-port and 
three-port isolation connections. 
Figure I shows two of Burr-Brown's 3650 Optically 
Coupled Isolation Amplifiers connected in three-port 
configuration. Two of the 724 channels provide power to 
the 36SO's inputs. The other channels supply power to 
both 36SO's outputs. Each amplifier's input and output 
are isolated from each other and the system's power 
supply common. Isolation specification applies to the 
amplifier input-to-output voltage isolation specification. 

Figure 2 illustrates how the 724 may provide isolated 
input power to the input stage offour 365O's connected in 
the two-port configuration. Power for the four output 
stages is provided by the system +ISVDC and -ISVDC 
supplies. Input stages are isolated from each other and 
from the system supply. In this situation the 724's 
isolation specification applies to the amplifier's input-to
output voltage and to the voltage existing between any 
two lIP COM termi~ls. 

p ...... supplyl 
Common 

m<DQ) 
o.-~mput 
conunon I and input 
common 2. 

*ml2l 
Deoote separate 00IpIn 

'--__ ..... common I ..... output 

common 2. 

FIGURE l. Three-Port Isolation. 

ISOLATION VOLTAGE RATINGS 
Since a "continuous" test is impractical in a product 
manufacturing situation (implies infinite test duration) it 
is generaUy accepted practice to perform a production 
test at a higher voltage (i.e., higher than the continuous 
rating) for some shorter length of time. 

The important consideration is then "what is the 

Burr-Brown Ie Data Book 4-98 

relationship between actual test conditions and the 
continuous derated maximum specification?" There are 
several rules of thumb used throughout the industry to 
establish this relationship. Burr-Brown has chosen a very 
conservative one: V ... =(2 x V_, ......... ,.,) + lOOOV. This 
relationship is appropriate for conditions where the 
system transient voltages are not well defined. (ll Where 
the real voltages are well defined or where the isolation 
voltage is not contbuous the user may choose to use a less 
conservative derating to establish a specification from 
the test voltage. 

CDCD<D0 Denote four separate Input commons 

FIGURE 2 Two-Port Isolation with Four 36SO's. 

SHORT CIRCUIT PROTECTION 
The circuit in Figure 3 may be added to the input of the 
724 to protect it from damage in situations where too 
much current is demanded from the outputs - such as a 
short circuit from an output to its common. The circuit 
limits input current to approximately I SOmA for an input 
voltage of ISVDC (for (J of 2N22 19 of SO). 

o---~---...,--~-+ ... p+ 
+ 

IN4140 
V'N 

1000 

~+ 
E 

L--4-__ -+ .. v_ 

FIGURE 3. Short Circuit Protection. 

(I) "output" denotes .... output terminal (+V or .V) and lis a.ssoaalcd common 
(2) "'channel" denola. ,.., of outputs (+V and -V) and their USOClated common 
(3) Refermcc N •• tonaI EIeccncaI Manuraa.un:n AuoaatlOll (NEMA) Standards 'arts ICS 

1-I09 .... ICS 1·111 
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INSTALLATION AND' 
OPERATING INSTRUCTIONS 

Typical application connections for the 724 are shown in 
Figures I and 2. Primary power (V IN) is applied at the 
.. p+" and "V-" terminals. The common or ground for VIN 
may be connected to either "P+" or "V-"; the only 
requirement is that .. p+" and "V +" must be positive with 
respect to "V-." 

Power for the internal oscillator and switch drivers is 
derived from the primary power by a voltage dropping 
resistor RI. The value of RI as a function OfVIN is shown 
in the "Typical Performance Curves" section. 
Alternately, voltage for the "V+" terminal may be 
obtained from a separate source. "V+" should be +SVDC 
to +7.SVDC positive with respect to "V-." If a separate 
source is used, the V+ input must be applied before the 

"P+" input to avoid possible damage to the unit. P+ and 
V+ must remain positive with respect to V- at all times 
(including transients). If necessary, diode clamps should 
be put across these inputs. 

The "E" pin enables the converter when connected to 
"V+" and disables it when connected to "V-." 

An external capacitor, "C", (O.47"F ceramic) is used to 
reduce input ripple. It should be connected as close to the 
.. p+" and "V-" pins as practical. Input leads to these 
terminals should also be kept as short as possible. Since 
the 724 is not internally shielded, external shielding may 
be appropriate in applications where RFI at the 800kHz 
nominal oscillator frequency is a problem. 

Each output is filtered with an internal O.047"F 
capacitor. Output ripple voltage can be reduced below 
the specified value by adding external capacitors up to 
IO"F between each output and its common. 

TYPICAL PERFORMANCE CURVES 

16 

OUTPtrf VOLTAGE 
VS INPUT VOLTAGE 

~I lour = 2AmA 
~ 

(I.=±3mA) ~, 

~ ~I lour = 128mA 

~ 
U.=±I6mA) 
~ ~ 1 

o o , 10 I' 
INPUT VOLTAGE (V) 

~ 

9 

LOAD REGULATION 
(I ............ wilb unbolanoedlood) 

I 
I. = 3mA 

r 
1.= 16mA 

Tal CoaditiaD 2 
(dualOU1pUl. u_1ood) 

o w ~ ~ ~ ~ 

OUTPtrf CURRENT. 1.+ (IlIA) 

Burr-Brown Ie Data Book 

AU SpecifICatIOns tYPical at 2S"C unless otherwlSC noted 

~ 

DROPPING RESISTOR R, 
VS INPUT VOLTAGE 2.0r--..,.. ...... -.,r""'""--r---, 

:i 1.5t----ir---t--+--_t 

II.ot----ir---t-,.~y..--_t 
:! 
~ r' 

°O~-----'~~~IO~--~I~'----~~ 
INPtrf VOLTAGE. V,. (V) 

TEST CONDmON I 
( .... .-Laedl 

v,. 

I. 

4-99 

i 
~ 8t-~~~~~ .. __ ~-~ 
.~ 

It,: chOleJl for IF == 16mA 

!:i 1.'t--+--~-..-t-_t-_i 
~ 
5 't--;---r--t---ir---i 
§ Test concldoon I 

(d"",1 output. boIanoed load) 

10 ~ ~ 40 ~ 

OtrfPUT CURRENT 1.+ = 1.- (mA) 

TEST CONDITION 2 
(Unbolancocl Lood) 
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BURR-BROWN® 

I~~I 
3650 
3652 

Optically-Coupled Linear 
ISOLATION AMPLIFIERS 

FEATURES 
• BALANCED INPUT 

• LARGE COMMON·MODE VOLTAGES 
±2000V Continuous 
140dB Rejection 

• ULTRA LOW LEAKAGE 
0.35pA max at 240V 160Hz 
1.8pF Leakage Capacitance 

• EXCELLENT GAIN ACCURACY 
0.05% linearity 
O,05%11000Hours Stability 

• WIDE BANDWIDTH 
15kHz ±3dB 
1.2VI Msec Slew Rate 

DESCRIPTION 
I he 3650 and 3652 arc opllcail) couplcd II1tcgrated 
CllCUlt "olallon ampliflcr" Pnor to their introdue
lion commcrcIail) ll\adable "olatlOn amplIflcr, had 
been modular or rack mounted de\ ICC' u'lI1g tran,form
cr couplcd modulation dcmodulallon tcchlll!.jue" 
Comparcd to thc,e carllcr IM)latlon amplifier, thc 
3650 and 3652 ha\c thc ad\antagc of ,mailer "/C. 

APPLICATIONS 
• INDUSTRIAL PROCESS CONTROL 

• DATA ACQUISITION 

• INTERFACE ElEMENT 

• BIOMEDICAL MEASUREMENTS 

• PATIENT MONITORING 

• TEST EQUIPMENT 

• CURRENT SHUNT MEASUREMENT 

• GROUND-LOOP ELIMINATION 

• SCR CONTROLS 

I<l\\er co,1. \\Ider band'Aldth and Integratcd ClrcUI! 
reliai'ulit), Abo. bccau,c thc) U'C a DC analog 
modulatIOn techlll!.juc a, opp'o'cd to a carrier t) pc, 
tel'i1I11!.juc. thc) a\ Old the prohlem, 01 ciectromagnelle 
II1terfcrencc (hoth tnln,mllled and rcccl\cd) that 
moq of thc modular "Olallon amplificr, c,hibl!, 

~A2 -!JL--{IUJ>-+--' 
16M" 

I 

I----3652 Only----i t-----Commoolo 3650 13652 ' I 

International Airport Industrial Park - PO, Box 11400 - Tucson, Arizona 85734 - Tel. 16021 746-1111 - Twx: 910-952-1111 - Cabte' BBRCORP - Telex: 66-6491 

PDS·3241 
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SPECIFICATIONS 

ELECTRICAL 
Typical at 25°C and ±15VDC supply voltages unless otherWise noted 

MODEL I 3650MG/HG ". I 3650JG I 3650KG 3652MG/HG'" L 3652JG 

ISOLATION 

Isolation Voltage 
Rated Continuous, i mm I 2000Vp or VDC 
Test Voltage, I min I 10sec duration SOOOVp 

Isolation-Mode ReJectIon, G - 10 
DC 140dB 
60Hz, 5000n source unbalance 120dB 

Leakage Current, 240V 160Hz O,3S,.A, max 

Isolation Impedance 
Capacitance 18pF 
Resistance 101211 

GAIN 

Gain Equation 
for current sources G, = 106Volt/Amp G, = 1 OOS7 X 106 Volt/Amp'" 

for voltage sources Gv!= 106 
RGl + RG2 + R1N 

VIV 106 VIV 
ROI + R02 + RIN + RO 

Input Resistance, RIN. max 2S11 2S11 
Buffer Output Impedance, Ro Not applicable 901l ±30!l 
Gam Equation Error, max l3! 1S% I OS% I OS% 1,S%'" I 0 S%'" 
Gain Nonllneanty ±O.OS% typ ±0.2% max ±O 03% typ ±0.1% max ±O 02% typ ±O OS% max ±O 05% typ ±O 2% max ±O 05% typ ±O 1 % max 
Gam vs Temperature 300ppm/oC 100ppm/oC SOppm/oC 300ppm/oC l4' 200ppm/oC C41 

Gam vs Time ±O OS%/1000hrs ±O OS%/1000hrs 

Frequency Response 
Slew Rate o 7V/~sec men, 1 2V1~sec typ 

±3dB Frequency 1SkHz 
Settling Time 
to ±OO1% 400~sec 

to ±O 1% 200~sec 

INPUT STAGE'" 

Input Offset Voltage 

I I 
10011V 

at 25°C, maxl3) ±5mV ±1mV ±OSmV ±5mV ±2mV 
vs Temperature, max ±2S~V/oC ±10~V/oC ±5pV/oC ±SO~V/oC ±2S"V/oC 
vs Supply 100~VIV 

vs Time SO"V/1000 tirs 100~V/1000 hrs 

Input BIBS Current 
at 25°C 10nA typ, 40nA max 10pA typ, SOpA max 
vs Temperature 03nA/oC doubles every +100C 
vs Supply o 2nAIV 1pAIV 

Input Offset Current 10pA 
vs Temperature effects included doubles every 10°C 
vs Supply In output offset 1pAIV 

Input Impedance,. 
Differential "RIN" = 25(1 max 1011!l 
Common-mode 10911 1011n 

Input NOise 
Voltage, 0 OSHz to 100Hz 41'V. p-p 8pV, p-p 

10Hz to 10kHz 41'v' rms 51'V, rms 

Input Voltage Range 
Common-mode, linear operation, ±iI VI-SIV ±iI VI-51 
wlo damage, at +,- ±V ±V 
at +1,-1 Not applicable III ±300V for 10msec l7l 

at+IR, -IR Not applicable till ±3000V for 10msec l7l 

Differential, wlo damage, at +, - ±V ±V 
Differential, wlo damage, at +1,-1 Not applccable ±600V for 1 Omsec 171 

Differential, wlo damage, at +IR, -IR Not applccable ±6000V for 10msec I7I 

Common-mode Rejection, 60Hz godB at 60Hz, Skllimbalance 80dB at 60Hz, Skllimbalance 

Power Supply ilnput Stage OnlYI 
Voltage lat "+V" and "-V" ±BV to±18V ±8V to±18V 
Current 
QUiescent ±12mAISJ ±3mAIS) 
With ±10V output l1) +6 SmA or -6 SmA, typ +8.SmA or -8 SmA, typ 

+12mA or -12mA, max +16mA or -16mA, max 

Burr-Brown Ie Data Book 4-101 Vol. 33 
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ELECTRICAL (cont) 

MODEL 3650MG/HG "' I 3650JG I 3650KG 3652MG/HG'" I 3652JG 

OUTPUT STAGE 

Output Voltage, min ±10V ±10V 
Output Current, mm ±5mA ±SmA 
Oulput Offset Voltage 

I I at 25°C max l3! ±25mV I ±10mV ±10mV ±25mV ±10mV 
vs Temperature, max ±900"v/°C ±4S0"VfOC ±300"V/oC ±900"VloC ±450j..!V/oC 
vs Supply ±SOO"V/V ±SOO"V/v 
vs Time ±1mV/l000hrs ±1 mV II OOOhrs 

Output NOise Voltage 
o OSHz to 100Hz SO"V, p-p SO"V, p-p 
10Hz to 1kHz 65j..tV, rms 65J.tV, rms 

Power Supply rOutput Stage Only I 
Voltage r"+Vcc" and "-Vee") ±8V to ±18V 
Current 
QUiescent ±2 3mA typ, ±6mA max 
with ±5mA output, max ±11mA 

TEMPERATURE '" 

Specification O°C to 85°C 
Operating -40°C to +10QoC 
Storage -55°C to +125°C 

NOTES. (1) 'All electrical and mechanical specifications of the 3650MG and 3652MG are identical to the 3650HG and 3652HG, respectively, except that the following 
speCifications apply to the 3650MG and 3652MG: (a) isolation test voltage duration increased from 10sec minimum to 60sec minimum, (b) Input offset voltage at 25"C 
max. ±10mV; vs temp max: ±100IlV/oC, (c) Output offset voltage at 25°C max: ±50mV; vs temp max ±1.8mV/oC (2) If used as 3650, see Installation and Operating 
Instructions (3) Trimmable to zero, (4) Gain error terms specified for inputs applied through buffer amplifiers (i e., ±1 or±IR pins) (5) Input stage speCifications 
at +1 and -I inputs for 3652 unless otherwise noted (6) MaXimum safe input current at either Input IS 10mA (7) Continuous rating is 1/3 pulse rating (8) Load 
current is drawn from one supply lead at a time; other supply current at quiescent level. For 3652 add 0 2mA/V of positive CMV (9) d/T/dt>1°C/mlnute below O°C, 
and long~term storage above 100°C is not recommended. Also limit the repeated thermal cycles to be within the O°C to +85°C temperature range 

MECHANICAL 

y-_______ -;< "+" denotes missing pins n o++o++o++o++o++~ 
32 17 Pin numbers shown 

for reference only 
B Numbers may not be 

:+00+0+00000000: NOTE L+ marked on package 

-t- I Leads In true position 
I wlthm 0 010" 

A ---I (Q 2Smm 1 R at MMC at 
C seating plane 

L
1 
____ --., 

~i 1111~HIi 
GJ~ JLF 

! DIM 
INCHES MILLIMETERS 

MIN MAX MIN MAX 

A 1.700 1760 43.18 44.70 

8 1120 1160 28.45 2 ... 

C . 170 230 .32 .8 • 

0 ~ 021 0 •• 0.53 

F 035 0.0 0.89 127 

G .100 BASIC 2.54 BASIC 

H 110 13. 2.79 330 

K 150 2 •• 381 6.35 

L 900 BASIC 22 BEl BASIC 

N 002 .010 0.05 .25 

" . ',0 13 • 27. 330 

Burr-Brown Ie Data Book 

ORDER NUMBER. 
3650MG 3652MG 
3650HG 3652HG 
3650JG 3652JG 
3650KG 

MATERIAL Alumina 
(ceramic) 

WEIGHT' 14 grams 
1050Z1 

MATING CONNECTOR: 
2302MC I set of Iwo, 
16-pln stnpsi 

PIN CONNECTIONS 

4-102 Vol. 33 



TYPICAL PERFORMANCE CURVES 
TYPical at 25°C and "'15VDC power supplies unless otherwise noted 

INPUT STAGE SUPPLY CURRENT 
VS OUTPUT VOL TAGE 

.. 10 
E 
c 

~ 
U 
>-
ii 
g-
Ul 

~~5~~-~~0L-~~~~ 

Add 2mA Typ Output Voltage V 
4mA Max 
For 3652 

--- at V__ "V 

DISTORTION VS FREQUENCY 
10 

140 

03 
Frequency kHz 

3650 COMMON-MODE 
AND ISOLATION-MODE 

REJECTION VS GAIN 

<:;0 

10 

%i 120 

6100 

~ 

~ 

~ 
JI 
D~f ~ -j- ~ , 
6iT111 

" a: 80 

60 
1 10 100 

Gain 
1000 

_ Isolation-mode Rejection 
---I Common-mode Rejection 

c 

ISOLATION LEAKAGE CURRENT 
VS ISOLATION VOL TAGE 

4 5 
Isolation Voltage • kV 

GAIN ERROR VS FREQUENCY 

+2 1------1---=:::' 

cg 0 I--~;::;.,.-:::"'} 

o 
t -21----~~~~\~~ 

UJ 
c 
ro -4 
(? 

-6 

Frequency kHz 

3652COMMON-MODE 
AND ISOLATION-MODE 

REJECTION VS GAIN 

~ 100~~~-++rr~-H+rr~ 
w 

" a: 

Gam 
Isolatlon~mode Rejection 

--- Common-mode Rejection 

DEFINITIONS 

ISOLATION-MODE VOLTAGE, VISO 

~ 14 

~ 
~ 13 
a 

~ 12 

jii 
0; 
a: 

NORMALIZED LINEARITY 
VS TEMPERATURE 

25 50 75 100 
Temperature DC 

PHASE SHIFT VS FREQUENCY 

(? 
UJ 
o 

-180l;::::::::l=:::±:=±=:::j 
03 10 30 

Frequency kHz 

REJECTION VS FREQUENCY 

III 
"0 

14 0 

120 

clOD 
a 

~ 80 

" a: 
60 
50 

1'--- Gain -:: 100 
I 

365l "'-.. 

~-t:=- -- ::::., 
'~652 ,\«-
_IM~"""''' \\ 
___ CMR " -v \\ 
_ •• Supply Voltage ~~ \ 

o 1 03 1 3 10 30 
Frequency kHz 

I he I,olation-mode \ oltage i' the \ oltage \\ hleh appear, 
aero" the ""latlOn harner. I.e.. hetween the Input 
common and the output common. (See Figure I.) 

> 
w 

F 
0 
> 
0 
C-

O 
0 

REJECTION VS 
RESISTOR IMBALANCE 

Input Relsltor Imbalance _R_,,_,_ or ~ 
RG' RG) RGl RGI 

OUTPUT VOLTAGE SWING 
VS INPUT SUPPLY VOLTAGE 

'10 

-5 

-0 
-5 -10 -15 

Input Supply Voltage V 

OUTPUT VOL TAGE AND 
GAIN ERROR VS TIME 

81o(:,:_..L._--L_~ 

100 1 k 10k 
TlmeofOperatlon Hours 

02 

2 
005 ~ 

" (? 

r\\'o i,olation \oltage, arc given In the electrical ,pecifi
cat 10m: "rated continuou," and "te,t \ oltage" Since It 1> 

Il1lrl actieal on a production ha,,, to te,t a "contlnuom" 
,ultage (Infinite te,t time" Implied). It " generally 
accepted practice to te,t at a "gnifieantly higher \ oltage 
101 ,orne rea,onable length of time, For the 3650 and the 
lM~ the "teq \oltage"" equal to IOOOY plu, t\\O tllne, 
thl' "rated eontlnuou," \ oltage. I hm. lor a eontlnuou, 
1.lllllgo12000Y each unit "te,tedat SOOOY, I I(it' R I' I IIlu,tratlon 01 I,olatlon-mode and C011l1ll0n

mode ~rL'l'llll'atl()Il"" 
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COMMON-MODE VOLTAGE, VCM 

The common-mode voltage is the voltage midway between 
the two inputs of the amplifier measured with respect to 
Input common. It i, the algebraic average of the voltage 
applied at the amplifier,' input terminal>. I n the circuit in 
Figure 5, (V + + V J 2 = V, \I. (Note: Many application, 
Involve a large ,y,tem "common-mode voltage." U,ually 
In ,uch ca,es the term defined here a, "V, \I" i, negligible 
and the ,ystem "common-mode voltage" i, applied to the 
amplifier a, "V",," in Figure I.) 

ISOLATION-MODE REJECTION 

I he "olation-mode rejection" defined b~ the equation In 
Figure I. The isolation-mode rejection is not infinite 
hecau,e there i, ,orne leakage aero" the i,olation barner 
due to the "olatlOn re,i,tance and capacitance. 

NONLINEARITY 

\onlinearity i, 'peclfied to he the peak dey Iation Irom a 
hc.,t ,tralghtilnc. cxpre"ed ,(\ a percent oj peak-tn-peak 
lull .,cale output (I.e .. ± 10m V at 20V p-p = 0.05' ( ). 

THEORY OF OPERATION 
I'rl(" to the IntroductIOn of the 3650 lamdy optical 
"olatlon had not heen practical In ilnear clrcul".;\ 'ingle 
LED and photodiode combination, while useful in a 
w Ide range 01 digital "olatlOn appilcatioll'>. ha., lunda
mentallimltatlOll'> - pnmaril~ nonlinearity and in'tabdlt~ 
a, a lunctlon 01 time and temperature. 

'1 he 3650 and 3652 u,e a unique technique to overcome 
the limitations of the single LED and photodiode i,olator. 
Figure 2 i, an elementary equivalent circuit for the 3650 
which can be used to understand the basic operation 
without consideration the cluttering details of offset 
adJu,tment and biasing for bipolar operation. 

~ Isolation Barrier 
CR3 CRI I ri RK 

12-

A2 

FIGURE 2. Simplified Equivalent Circuit of Linear 
I\olator. 

Two matched photodiodes are used--one in the input 
(CRd and one in the output .,tage (CR,) - - to greatly 
reduce nonlinearitie, and time - temperature imtabditle,. 
Amplifier AI, LED CR I, and photodiode CR, are used in 
a negative feedback configuration ,uch that" = I", R" 
(where R(, i, the use"upplied gain ,etting re,i,tor). Since 
CR, and CR 1 are cio,ely matched and ,ince they receive 
equal amounts of light from the LED CR I (i.e., AI = A,). 
I, =" = I",. Amplifier A, i., connected a, a current-to
voltage converter with V",,, = I, R, where R, i, an 
internal I M!l ,caling re,i,tor. Thu, the overall transfN 
lunction i,: 

10" 
- (R(, in ohm,) R,,' 

rhi, imprO\ed "olator Circuit overcomes the pnmar~ 
limitations of the .,ingle LED and photodiode comhin
atlon. I he tramier function i, now v "tuall~ independent 
01 any degradation In the LED output a, long a., the tvv 0 
photodiodes and optics are cio,ely matched*. Lineanty i, 
now a function of the accuracy of the matching and i, 
further enhanced by the use of negative feedback in the 
input stage. Advanced laser trimming techniques are 
used to further compensate for residual matching errOr>. 

* rhe only effect of decrea,ed LED output i, a ,light 
decrea,e in I ull ,calc .,w ing capability. See Typical 
Performance Curve.,. 

10 

'---------(' 17 
IOutputl 

FIGURE 3. Simple Model of 3650. 

;\ model 01 the 3650 ,ultahle for ,implc cirCUit analy,i, i, 
,hown in Figure 3. The output i, a current dependent 
voltage ,ource. Yd. wllO,e value depends on the IIlput 
current. Thus. the 3650 i, a tramconductance amplilier 
with a gain of one v olt per microamp. When voltage 
,ources are used the input current is derived by u,ing gain 
,citing re,istor, In serie, with the voltage source (,ee 
I nstallation and Operating I mtruetion, for detail.,). R,,, IS 

the ddTerentla1 input impedance. rhe common-mode and 
i,olation impedance, are ver) high and are a"umed to be 
infinite for this model. 
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I-IGURE 4. Simple Model of 3652. 

A ,implifted model of the 3652 i, ,hown in Figure 4. The 
i,,)lation and output ,tage, are Identical to the 3650. 
Additional input circultr~ con,i,ting of I- FI huffer 
amplirier,and input protection re,i,tor, IUl\e heenadded 
to gi\e higher differential and common-mode input 
impedance (IOlin). lower hia, current> (SOpA) and 
menoltage protection. I he +IR and -IR inpuh ha" a 
I Om"l' pul" rating of 6000V dillerentlal and 3000V 
common-mode (see Definition> for a discu,sion of 
common-mode and I,olation-mode \olta!,!e,.) I he ad-
dition 01 the huller amplif ier, al,o create, a \ olta!,!e-in 
\ oltage-out tra n,ler f u nct Ion w lti'l the !,!a In "t h~ R", and 
R,,·, 

INSTALLATION & OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 
I he power ,upply connection, for the 3650 and 3652 are 
,hml n 111 hgure 5. When a DC DC eOll\erler i, u;,ed for 
I,oiated power It i, placed In a parallel w nh the I,olatlon 
harner 01 the amplifier. I hi' can lower the I,olatlon 
Impedance and de!,!rade the I,olatlon-mode rejection of 
the o\erall eliTult I herclore. a Iligh quality. low leakage 
DC DC comerter wch a, the Burr-Brown M odcl 722 
,hould he med. 

/' Model 722 DC/DC 

r -------IC---;;j Converter or equivalent 

P·I=;;;M~ 
722 t 1.3kn 

V· 

"'----~~_ .15VOC 
....--1>-+-.... ·15VOC 

outpu1 

Output 
Common 

'Optional 
ollset Adlust 

FIGURE 5. Power and Offset Adjust Connection;" 

OFFSET VOLTAGE ADJUSTMENTS 
I he ofhet nulllllg circuih are Identical for the 3650 and 
3652 and arc ,hown in hgure 5. The ofEet adju,t 
clrcunr~ I' optional and the unih will meet the stated 
,peciflcatlon, Illth the BA l. termina" unconnected. 
Pro\ I,iom are a\ ailahle to null hoth the input and output 
,tage of be!;,. It the amplifier i;, operated at a fixed gain. 
normally only one adjuqment will he u,ed: the output 
,tage ( 10k!! ad.lu>tment) for low gain;, and the input ,tage 
(50Ul adju,tment) for high gain,.(> 10). 

l!,e the followlllg procedure if it i, de'lred to null hoth 
Input and output component, (for example. if the galll of 
the amplifier i, to he ,witched). 1 he input ,tage of bet i, 
first nulled (50kll adjustment) with the appropriate input 
signal pins connected to input common and the amplifier 
set at its maximum gain. The gain is then set to its 

mllllmum value and the output offset is nulled (10k!! .. 
adjustment). ~ 

INPUT CONFIGURATIONS 
Some possihle input configurations for the 3650 and 3652 
are shown in Figures 6a. 6b. 6c. Differential input ,ource, 
are used in these examples. For situations with non
differential inputs the appropriate source term should be 
set to 7ero in the gain equations and replaced with a short 
in the diagrams. 

Figure6a ,how;, the 3650 connected a, a tran,conductance 
amplifier with mput current source,. Voltage 'OUITe' an~ 
;,hown In hgure 6h In thl' ca'e the \oltag" arc 
cOl1\erted to currenI'> h~ R", and R,,~. A, ,hml n h~ the 
equatioll'>. the~ perform a' gain ,ettlllg r"l,tor, In the 
\ oltage tramler f unction. When a ,ingle \ oltage ,ource I' 
med it i, recommended (hut not e"entml) that the gam 
setting re'l,tor remain 'plit Into two equal hal\" In order 
to nllniml/C error~ dut.: to Oill" l'urrcnt~ and commoll
mode rejection (,ce I YPlcal I'erlormance Cun,,). 

Figure 6c dlu,trat" the connectlom lor the .1652 when 
the FE I hutler ampliller, A, and A, arc u,ed. 11m 
Cllllf Igllratlon prm Ide;, an I,olation amplif ler 1\ Ith high 
input Impedance (hoth common-mode and differential) 
and good common-mode and I,olation-mode rejection 
It i, a true I,olated in,trumentatlon amplifier \I hich ha, 
man~ henefit;, lor noi;,c rejection when ;,ource Impedance 
1mbalance~ arc pn:~cnt. 

In the 3652 the \olt,lge gain of the hutler amplifier;, I' 
,lightly Ie» than unity. but the gam of the output ,tage 
ha, heen rai,ed to compensate for this so that the overall 
transfer function from the ±I or±1 R inputs to the output 
i, correct. It ;,hould he noted that Al and A, are huffer 
amplifier,. No ,ummlng can he done at the ±I or ±IR 
input;,. Figure6c ,how;, the +1 and -I inpul'> u,ed.1t more 
input voltage protection is de,ired. then the +1 R and -I R 
input' ,hould he u;,cd. 'I hi, Will increa'>C the input nOI" 
due to the contrihutlon from the 1.6M!! r"i,tor,. hut will 
prOlide additional differential and common-mode pro
tection (IOm,ec rating of 3kV). 

~ 
:::) 
Q 

~ 
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VOUT = (11 .121 x 106V/A + VISO x IMRR· 

f'l(iIIRr 6a. 3650 With ))!licrentlal Current Source, 

FIGURE 6h. 3650 With Differential Voltage Source. 

FIGURE 6c. 3652 with Differential Voltage Source. 

*IMRR here If) In pA/V. typically 5pAjV at 60Hz and IpA/V at OC. 
·*The offset adjustment circuitry and power supply connections have been 

omitted for simplicity Refer to Figure 5 for details. 

ERROR ANALYSIS 
A model of the 3650 suitable for DC error analysis of 
offset voltage, voltage drift versus temperature, bias 
current, etc., is shown in Figure 7. 

FIGURE 7. DC Error Analysis Model for 3650. 

Burr-Brown Ie Data Book 4-106 

AI and A" the input and output stage amplifiers, are 
considered to be ideal. Separate external generators are 
used to model the offset voltages and bias currents. R" is 
assumed to be small relative to RId and R", and is 
therefore omitted from the gain equation. The feedback 
configuration, optics and component matching are such 
that II = J, = I, = 14 • A simple circuit analysis gives the 
following expression for the total output error voltage 
due to offset voltages and bias currents. 

10' (I) 
V"m-t","1 = R + R . [E"," + (1111 R'd -I", R",j1+ E"", ,<.I (,.: !.J 

Offset current is defined as the ,difference between the 
two bias currents I", and I",. If 1,,1 = I" and I", = I" + I,,,. 

10' ]", 
then, for R'd = R"" V",,, -I" = -2~' 

This component of error is not a function of gain and is 
therefore included as a part of E",,, specifications. The 
output errors due to the output stage bias current are also 
included in E",,,This results in a very simple equation for 
the total error: 

(2) 

In summary it should be noted that equation (2) should 
be used only when R'd = R",. When RId oF R" " 
equation (I) applies. 
The effects of temperature may be analyzed by replacing 
the offset terms with their corresponding temperature 
gradient terms: 

V",,,-L'> V",,,jL'>T, E"" -L'>E,,,,jL'>T, etc. 

For a complete analysis of the effects of temperature, 
gain variations must also be considered. 

OUTPUT NOISE 

The total output noise is given by 

E, (RMS) = V(E,,· G)' + (Enol 

where E, (RMS) = total output noise 
E" = RMS noise of the input stage 
E,o = R M S noise of the output stage 
G = IO'/(Ro, + R,,,) 

E,n includes the noise contribution due to the optics and 
the noise currents of the output stage. Errors created by 
the noise current of the input stage are insignificant 
compared to other noise sources and are therefore 
omitted. 

COMMON-MODE and ISOLATION-MODE 
REJECTION 

The expression for the output error due to common
mode and isolation mode voltage is: 
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GUARDING & PROTECTION 
'To prc,crve the excellent inherent i,olation characteri,tics 
of the,e amplifiers. the following recommended practice 
should be noted: 

I. U,e 'hielded. twi,ted pair of cable at the input as 
with any in,trumentation amplifier: 

2. Care sould be taken to minimize external capaci
tance. A symmetrical layout of external components 
to achieve balanced capacitance from the input 
terminals to output common will preserve high 1M R; 

3. External componenh and conductor patterns ,hould 
be at a distance equal to or greater than the distance 
between the input and output terminab. to prevent 
HV breakdown. 

4. Though not an absolute requirement. the u,e of 
laminated or conformally coated printed circuit 
boards is recommended. 

APPLICATIONS 
Figure 8 shows a system where isolation amplifiers (3650) 
are used to measure the armature current and the 
armature voltage of a motor. 

FIGURE 8. Isolated Armature Current and Voltage 
Sensor. 

The armature current of the motor is converted to a 
voltage by the calibrated shunt R. and then amplifier 
(adjustable gain) and isolated by the 3650. 

The armature voltage i, sensed by the voltage divider 
(adjustable) ,hown and then amplified and isolated by 

, the-3650. 

The 3650 provides the advantage of accurate current 
measurement in the presence of high common-mode 
voltage. Both 3650's provide the advantage of Isolating 
the motor ground from the control system ground. 
holated power is provided by an isolated DC DC 
converter (BB Model 722 or equivalent). 

........ DC/DC COAVnr, 
II,ModII122 

r--;:==t:::::+I5VDC ,,, .. 

FIGURE 9. 3652 Used in Patient Monitoring 
Application (ECG. VCG. EMG Amplifier). 

balanced Input in,trumentatlon ampliflcr with \cry high 
differential and common-mode mpedancc mean, that It 
can greatly reduce the common-mode nOl,e pick up due 
to imbalance in lead impedance, that otten appear In 
patient monitoring 'Ituatlon" Thc 3kV and 6kV ,hown 
in Figure 9 are the IOm~ec pube ratIng' of the +IR and 
-I R inputs for the common-mode and differentIal input 
voltages with re'pect to input common. The ratIng 01 the 
isolation barrier is 2000V, pk continuous. The non
recurrent pul,e rating 01 the i,olatlOn barrier i, 5000V. pk 
,ince each unit i, lactory te,ted at 5000V. pk. It the 
bolation barner I, to be ,ubjected to higher voltage, a ga, 
filled surge voltage protection device can be u,ed. For 
multichannel operation. two 3562's can be powered by 
one Model 722 isolated DC I DC converter. The total 
leakage current for both channels at 240V ;60H7 would 
still be less than 2JJ.A. 
The block diagram in Figure 10 show, the u,e of I,olatlon 
amplifiers in SCR control application. 

FIGURE 10. 3-Phase Bidirectional SCR Control with 
Voltage Feedback. 
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3656 BURR-BROWN® 

IElElI 

Integrated Circuit - Transformer Coupled 
ISOLATION AMPLIFIER 

FEATURES 
• INTERNAL ISOLATED POWER 

.8000V ISOLATION TEST VOLTAGE 

.0.5,uA MAX LEAKAGE AT 120V. 60Hz 

• 3-PORT ISOLATION 

• 125dB REJECTION AT 60Hz 

• 1" xl" x 0.25" CERAMIC PACKAGE 

DESCRIPTION 
The 3656 is the first amplifier to provide a total 
isolation function .,. both signal and power isolation 
'" in integrated circuit form. This remarkable ad
vancement in analog signal processing capability is 
accomplished by use of a patented modulation 
technique and minature hybrid transformer. 

Versatility and performance are outstanding features 
of the 3656. It is capable of operating with three 

APPLICATIONS 
• MEDICAL 

Patient monitorIng and dIagnostIc 
Instrumentation 

• INDUSTRIAL 
Ground loop elimInation and off-ground 
sIgnal measurement 

• NUCLEAR 
Input/output/power IsolatIon 

completely independent grounds (three-port isola
tion). In addition, the isolated power generated is 
a vailable to power external circuitry at either the 
input or output. The uncommitted op amps at the 
input and the output allow a wide variety of closed
loop configurations to match the requirements of 
many different types of isolation applications. 

I 
I 
I 
I ____ .J 

This product IS covered by the following United States patents 4,066,974,4,103,267,4,082,908 Other patents pending may also apply upon the 
allowance and Issuance of patents thereon The product may also be covered In other countries by one or more international patents 
correspondmg to the above-Identified U S patents 

Inlernalional Airport Induslrial Park· P.O. Box 11400 . Tucson. Arizona 85734 . Tel. 1602) 746·1111 . Twx: 910·952·1111 . Cable' 88RCORP . Telex: 66·6491 

PDS403D 
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THEORY OF OPERATION 

Details of the 3656 are shown in Figure I. The external. 
connections shown, place it in its simplest gain 
configuration - unity gain, noninverting. Several other 
amplifier gain configurations and power isolation 
configurations are possible. See Installation and 
Operating Instructions and Applications sections for 
details. 

Isolation of both signal and power is accomplished with a 
single miniature toroid transformer with multiple 
windings. A pulse generator operating at approximately 
750kHz provides a two-part voltage waveform to 
transformer T,. One part of the waveform is rectified by 
diodes D, through D4 to provide the isolated power to the 
input and output stages (+V, -V and V+, V-). The other 
part of the waveform is modulated with input signal 
information by the modulator operating into the V, 
winding of the transformer. 

The modulated signal is coupled by windings W, and W, 
to two matched demodulators - one in the input stage and 
one in the output stage - which generate identical voltages 
at their outputs, pins 10 and II (voltages identical with 
respect to their respective commons, pins 3 and 17). In the 
input stage the input amplifier A" the modulator and the 
input demodulator are connected in a negative feedback 
loop. This forces the voltage at pin 6 (connect as shown 

FIGURE I. Block Diagram. 

Burr-Brown Ie Data Book 4-109 

in Figure I) to equal the input signal voltage applied at 
pin 7. Since the input and the output demodulators are 
matched and produce identical output voltages, the 
voltage at pin II (referenced to pin 17, the output 
common) is equal to the voltage at pin 10 (referenced to 
pin 3, the input common). In the output stage, output 
amplifier A2 is connected as a unity gain buffer, thus the 
output voltage at pin 15 equals the output demodulator 
voltage at pin II. The end result is an iso'lated output 
voltage at pin 15 equal to the input voltage at pin 7 with 
no galvanic connection between them. 
Several amplifier and power connection variations are 
possible: 

I. The input stage may be connected in various oper
ational amplifier gain configurations. 

2. The output stage may be operated at gains above unity. 

3. The internally generated isolated voltages WhiCh. 
provide power to A, and A, may be overridden and 
external supply voltages used instead. 

Versatility and its three independent isolated grounds 
allow simple solutions to demanding analog signal 
conditioning problems. See the Installation and 
Operating Instructions and Applications sections for 
details. 

p. 
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SPECIFICATIONS 
ELECTRICAL 

At +25°C. V± = t5VDC and 15VDC between P+ and p-. unless otherwise noted 

PARAMETER CONOITIONS I 3656AG. BQ. HG. JG. KG I 
I MIN I TYP I MAX I UNITS 

ISOLATION 

Voltage 
Rated Contlnuous(1), DC 3500,1000, VDC 
Rate ContlnUQus(2), AC 2000,700, V, rms 

Test, 10sec(1) 8000,3000, VDC 
Rejection G, ~ 10VIV 

DC 160 dB 
60Hz. < 100Uln liP Com(') 125 dB 
60Hz, 5kH In liP Com(2) 
3656HG 108 dB 

3656AG. BG. JG. KG 112 dB 
Capacl tance(1) 60,63, pF 
Reslstance(l) 1012 '10 12 , U 
Leakage Current 120V.60Hz 028 05 "A 
GAIN 

Equations See Text 
Accuracy of Equatrons 

Inltlal(3) 3656HG G < 100VIV 15 % 
3656AG. JG. KG 10 % 
3656BG 03 % 

vs Temperature 3656HG 480 ppm/oC 

3656AG. JG 120 ppmfOC 
3656BG. KG 60 ppm/oe 

vs Time 002 ,1 + log khrs % 
Nonlinearity RA + RF = Rs ~ 2M{l 

External Supplies used at 
pinS 12 and 16. 3656HG Unipolar or Bipolar Output ±O 15 % 

3656AG. JG. KG ±O 1 % 
3656BG ±005 % 

I nternal Supplies used for Bipolar Output Voltage 
Output Stage SWing. Full Load(4) ±O 15 % 

OFFSET VOLTAGE(S) RTI 

Inlllal(3),3656HG 15Vp between P+ and P- ±14 + 40/G, , I mV 
3656AG. JG ±12 + ,20/G,1 mV 
3656BG. KG ±11 + ,10/G,! mV 

vs Temperature, 3656HG ±!200 + ' 1000/G, ·1 j.lV/oC 

3656JG ±I;O + ,750/G" I j.lV/oC 

3656AG ±125 + 1500/G, II jJ.V/oC 
3656KG ±ll0 + ,350/G" I p.VPC 
3656BG ±15 + ,3501G, ,I "v/oe 

vs Supply Voltage Supply between P+ and P-
3656HG ±I06+ 135/Glll mVIV 
3656AG. BG. JG. KG ±i03 + 1211Gl'I mVIV 

vs Current(6) ±IO 1 + <IO/G, 'I ±102 + 120/G,II mV/mA 

vs Time ±ll0 + ,100/G, 'I x 
11 + log khrs, "V 

AMPLIFIER PARAMETERS Apply to A 1 and A2 

Bias Current(7) 
Initial 100 nA 
vs Temperature 05 nAloC 
vs Supply 02 nAIV 

Offset Current(7) 5 20 nA 
Impedance Common-mode 100 II 5 MUll pF 
Input NOise Voltage ts ~ 0 05Hz to 100Hz 5 "V. p-p 

ts ~ 10Hz to 10kHz 5 I-N, rms 
Input Voltage Range(S) 

Linear Operation I nternal Supply ±5 V 
External Supply Supply -5V V 

Without Damage I nternal Supply ±8 V 
External Supply Supply V 

Output Current VOUT = ±5V 
±15V External Supply ±5 mA 

I nternal Supply ±25 mA 
VOUT = ±10V 

±15V External Supply ±25 mA 
Your = ±2V. VP •• P_~ 8.5V 

Internal Supply ±1 mA 
QUiescent Current 150 450 "A 
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ELECTRICAL (CONT) 
At +25°C V+ = 15VDC and 15VDC between P+ and P- unless otherwise noted -
PARAMETER CONDITIONS I 

I 
FREQUENCY RESPONSE 

±3dB Response Small Signal 
Full Power 
Slew Rate Dfrectlon measured at output 
Settling Time to 0 05% 

OUTPUT 

NOise Voltage (RTI) f8 o 05Hz to 100Hz 
f8 ~ 10Hz to 10kHz 

Residual Rlpple(9) 

POWER SUPPLY IN atP+, p-

Rated Performance 
Voltage Range(10) Derated Performance 
Ripple Current(9) 
QUiescent Current(11) Average 
Current vs Load Current(12) vs Currents from +V, -V, V+, V-
ISOLATED POWER OUT at +V. -V, V+. V- pms(13) 

Voltage, no load 15V between P+ and P-
Voltage, full load ±5mA (10mAsumlload(12) 

Voltage vs Power Supply vs Supply between P+ and P-
Ripple Valtage(9) 

No load 
Full load ±5mA load 

TEMPERATURE RANGE 

SpeCificatIOn 3656AG. BG 
3656HG, JG, KG 

Operatlon(10) 
Storage(14) 

NOTES: 

Ratings In parentheSIS and between P- (Pin 20) and OIP Com (pin 17) 
Other Isolation ratings are between liP Com and OIP Com or liP Com 
and P-

2 May be Improved with proper shleldmg See Performance Curves 
3 May be tnmmed to zero 
4 Ifoutput sWing IS unipolar. or If the output IS not loaded, specification 

same as If external supply were used 
5 Includes effects of A1 and A2 offset voltages and biBS currents If 

recommended resistors used 
6 Versus the sum of all external currents drawn from V+, V-. +V. -v 

IzlSOI 
7 Effects.of A1 and A2 biBS currents and offset currents are Included In 

Offset Voltage speCifications 
8 With respect to liP Com I pm 31 for A1 and with respect to O/P Com I pin 

171 for A2 CMR for A1 and A2 IS 10OdB. tYPical 
9 In conftguratlon of Figure 3 Ripple frequency approximately 750kHz 

Measurement bandwidth IS 30kHz 
10 Decreases linearly from 16VDC at8SOC to 12VDC atl000C 
11 Instantaneous peak current required from pins 19 and 20 at turn-on IS 

l00mA for slow rising voltages (SOmsecl and 300mA for fast rises 
(50,.,.58C) 

12 Load current IS sum drawn from +V. -V. V+. v- (= hsa) 

An example of the ratings for 3-port contmuous Isolation 

l ,,--Gr-==: 3500 10 OV 
35OOV_ 17 

PIN DESIGNATIONS 

+V 11 OUTPUT DEMOO 
MODlfIIPUT 12 V-
INPUT DEMOD COM 13 A2 NON INVERTING INPUT 

'4 -V 14 A2 INVERTING INPUT 
5 BALANCE 15 A20UTPUT 
6 A1 INVERTING INPUT 16 V+ 

A1 NONINVERTING INPUT 17 OUTPUT DEMOD C:;OM 
8 BALANCE 18 NO PIN 
9 A,0UTPUT 19_ P+ 

10 INPUTOEMOD 20 P-

3656AG. BG. HG. JG. KG J 
MIN I TYP MAX ~ UNITS 

30 kHz 
13 kHz 

+01.-004 V/~sec 
500 IJ-sec 

J ,52 + miG, ,2 ~V, p-p 

J ,5,2 + ,11/G, ,2 IN. rrns 
5 mY. p-p 

15 VDC 
85 16 VDC 

10 25 rnA. p-p 
14 18 rnA. DC 
07 mAlmA 

85 90 95 V 
70 80 90 V 

066 V/V 

40 mY, p-p 
80 200 mY, p-p 

-25 +85 °C 
0 +70 °C 

-55 +100 °C 
-65 +125 °C 

13 Maximum voltage rating at pins 1 and4Is±18VDC. maximum voltage 
rat 109 at pms 12 and 16 IS ±18VDC 

14 Isolation ratings may degrade If exposed to 125°C for more than 1000 
hours or 90"C for more than 50.000 hours 

MECHANICAL 

~~~.m" r " , MATING CONNECTOR None 
WEIGHT 10gramsl0350z I 

B A PINS Pm matenal and plating 
, '0 composition to con form to ~ • •• metr.od 2003 IsolderabllitYI of t =:J MIL-STD-863 lexcept 

H paragraph 3 21 , r A 

~~~i,LJ 
INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 
A 'I'" 1120 2743 284& . "., , 120 2743 284& 

c m --""'- '" '" 0 ". '" , .. os, , 
'" .. , ,., , " 

G 1008ASIC 254 BASIC 

H 100 BASIC 254 BASIC 

K '" '" ,., .. , 
C 900 BASIC 22 86 BASIC 

N 00' '" '" '" R 100 8ASIC 2548ASIC 
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TYPICAL PERFORMANCE CURVES 
All specifications tYPical at +25°C unless otherwise noted 

SMALL SIGNAL FREQUENCY RESPONSE PHASE RESPONSE 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 
The 3656 is a very versatile device capable of being used in 
a variety of isolation and amplification configurations. 
There are several fundamental considerations that 
determine configuration and component value con
straints: 

I. Consideration must be given to the load placed on the 
resistance (pin 10 and pin II) by external circuitry. 
Their output resistance is 100kO and a load resistor of 
2MO or greater is recommended to prevent a voltage 
divider loading effect in excess of 5%. 

2. Demodulator loadings should be closely matched so 
their output voltages will be equal. (Unequal de
modulator output voltages will produce a gain error.) 
At the2MO level, a matching error of5% will cause an 
additional gain error of 0.25%. 

3. Voltage swings at demodulator outputs should be 
limited to 5V. The output may be distorted if this limit 
is exceeded. This constrains the maximum allowed 
gains of the input and output stages. Note that the 
voltage swings at demodulator outputs are tested with 
2MO load for a minimum of 5V. 

4. Total current drawn from the Internal isolated supplies 
must be hmlted to less than ±5mA per supply and 
limited to t total of lOrnA. I n other words, the 
combination of external and internal current drawn 
from the internal circuitry which feeds the +V, -V, V+ 
and V-pins should be limited to 5mA per supply (total 
current to +V, -V, V+ and V-limited to lOrnA). The 
internal filter capacitors for ±V are O.OII1F. If more 
than 0.1 rnA is drawn to provide isolated power for 
external circuitry (see Figure 12), additional capacitors 
are required to provide adequate filtenng. A minimum 
ofO.II1F/mA is recommended. 

5. The Input voltage at pin 7 (noninverting input to AI) 
must not exceed the voltage at pin 4 (negative supply 
voltage for Ad in order to prevent a possible lockup 
condition. A low leakage diode connected between 
pins 7 and 4, as shown in Figure 2, can be used to limit 
this input voltage swing. 

6. Impedances seen by each amphfier's + and - input 
terminals should be matched to minimize offset 
voltages caused by amplifier input bias currents. Since 
the demodulators have a 100kO output resistance, the 
amplifier input not connected to the demodulator 
should also see 100kO. 

7. All external filter capacitors should be mounted as 
close to the respective supply pins as is possible in 
order to prevent excessive ripple voltages on the 
supplies or at the output. (Optimum spacing is less than 
0.5". Ceramic capacitors recommended.) 

POWER AND SIGNAL 
CONFIGURATIONS 
NOTE: Figures 2, 3 and 4 are used to illustrate both 
signal and power connection configurations. In the 
circuits shown, the power and signal configurations are 
independent so that any power configuration could be 
used with any signal configuration. 
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ISOLATED POWER CONFIGURATIONS 

The 3656 is designed with isolation between the input, the 
output, and the power connections. The internally 
generated isolated voltages supplied to A, and A2 may be 
overridden with external voltages greater than the 
internal supply voltages. These two features of 3656 
provIde a great deal of versatility In possible isolation and 
power supply hook-ups. When external supplies are 
applied, the rectifying diodes( D, through D4 ) are reverse 
biased and the internal voltage sources are decoupled 
from the amplifiers (see Figure I). Note that when 
external supplies are used, they must never be lower than 
the internal supply voltage. 

Three-Port 
The power supply connections in Figure 2 show the full 
three-port Isolation configuration. The system has three 
separate grounds with no galvanic connections between 
them. The two external 0.4711F capacitors at pins 12 and" 
16 filter the rectified isolated voltage at the output stage. ~ 

Filtering on the input stage is provided by internal 
capacitors. I n this configuration continuous isolatIOn 
voltage ratIngs are: 3500V between pins 3 and 17; 3500V 
between pins 3 and 19; 1000V between pins 17 and 19. 

FIGURE 2. Power: Three-port Isolation; 
Signal: Ul'ity-gain Noninverting. 

Two-Port - Bipolar Supply 

Figure 3 shows two-port isolation which uses an external 
bipolar supply with its common connected to the output 
stage ground (pin 17). One of the supphes (either + or
could be used) provides power to the pulse generator 
(pins 19 and 20). The same sort of configuration is 
possible with the external supplies connected to the input 
stage. With the connection shown, filtering at pins 12 and 
16 is not required. In this configuration continuous 
isolatIon voltage rating is: 3500VDC between pins 3 and 
17; not applicable between pins 17 and 19; 3500VDC 
between pins 3 and 19. 
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FIGURE 3. Power: Two-port, Dual Supply; 
Signal: Noninverting Gain. 

Two-Port Single Supply 

Figure 4 demonstrates two-port isolation using a single 
polarity supply connected to the output common (pin 
17). The other polarity of supply for A, is internally 
generated (thu, the filtering at pin 12). This isolated 
power configuration could be used at the input ,tage as 
well and either polarity of supply could be employed. In 
this configuration continuous isolation voltage rating is: 
3500V between pins 3 and 17; 3500V between pins 3 and 
19; not applicable between pins 17 and 19. 

FIGURE 4. Power: Two-port, Single Supply; 
Signal: Inverting Gains. 

SIGNAL CONFIGURATIONS 

Unity Gain Noninvertlng 

The signal path portion of Figure 2 shows the 3656 in its 
simplest gain configuration: unity gain noninvertmg. 
The two lOOk!} re,i,tors provide balanced resistances to 
the inverting and noninverting inputs of the amplifiers. 
The diode prevents latch up in case the input voltage goes 
more negative than the voltage at pin 4. 

NonlnvertIng With Gain 

The ,ignal path portion of Figure 3 demonstrate, two 
additional gain configurations: gain in the otuput ,tage 
and noninverting gain in the input ,tage. The following 
equations apply: 

Total amplifier gain: 

G=GleG,=VOIIV" (I) 

Input Stage: 

G , = I + (R I / R ,) (Select G , to be Ie» than 
5V/ full scale VI" to limit demodulator output 
to 5V) (2) 

RA + Rr;;;;: 2M!} (Select to load input 
demodulator with at least 2M!}) 

Rc = RA II (R F + lOOk!}) = 

RA (Re + lOOk!}) 
RA + RF + 100kO 

(Balance impedances seen by the + and - inputs 
of AI to reduce input offset caused by bias 
current) 

Output Stage: 

G, = I + (Rx/ RK) (Select ratio to obtain VO! I 
between 5V and IOV full scale with V", at its 
maximum) 

Rx II R~ = 100kO (Balance impedances seen 
by the + and - inputs of A, to reduce effect 
of bias current on the output offset) 

RH = RA + RF (Load output demodulator 

(3) 

(4) 

(5) 

(6) 

equal to input demodulator) (7) 

Inverting Gain, Voltage or Current Input 

The signal portion of Figure 4 shows two possible 
inverting input stage configurations: current and input 
and voltage input. 

Input Stage: 
For the voltage input case: 

G I = -RF/ R, (Select G I to be less than 
5V/full scale VIN to limit the demodulator 
output voltage to 5V) (8) 

R" = 2Mn (Select to load the demodulator 
with at least 2MO (9) 

_ _ Rs (R r + 100kO) 
Rc - R, II (RI + IOOkO) - Rs + RF + IOOkO 

(Balance the impedances seen by the + and 
- inputs of AI). ( 10) 
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For the current input case: 

VOUT = -hN RF • G, (II) 

Rc= RF (12) 

RF may be made larger than 2MO if desired. The 10pF 
capacitors are used to compensate for the input 
capacitance of Al and to insure frequency stability. 

Output Stage: 

The output stage is the same as shown in equations (S), 
(6), and (7). 

Illustrative Calculations: 

The maximum input voltage is 100mV. It is desired to 
amplify the input signal for maximum accuracy. Non
inverting output is desired. 

Input Stage: 

Step I 

G I max = SV / Max Input Signal = SV 0.1 V = SOV / V 

With the above gain of SOV / V, if the input ever exceeds 
100mV, it would drive the output to saturation. There
fore, it is good practice to allow reasonable input 
overrange. 

So, to allow for 2S% input overrange without saturation 
at the output, select; 

GI =40V/V 
GI = I + (RF + RA) = 40 
:. RF RA = 39 (13) 

Step 2 
RA + RF forms a voltage divider with the 100kO output 
resistance of the demodulator. To limit the voltage 
divider loading effect to no more than S%, RA + RF 
should be chosen to be at least 2MO. For most 
applications, the 2MO should be sufficiently large for RA 
+ RF. Resistances greater than 2MO may help decrease 
the loading effect, but would increase the offset voltage 
drift. 

The voltage divider with RA + RF = 2MO is 2MO/(2MO 
+ 100kO) = 2/(2 + 0.1) = 9S.2%, i.e., the percent loading 
is 4.8%. 

Choose RA + RF = 2MO 

Step 3 

Solving equations (13) and (14) 
RA = SOkO and RF = 1.9SMO 

Step 4 

(14) 

The resistances seen by th~ + and - input terminals of the 
input amplifier Al should be closely matched in order to 
minimize offset voltage due to bias currents. 

:. Rc = RA II (RF + 100kO) 
= SOkO II (1.9SMO + 100kO) 
= 49kO 

Output Stage: 

Step S 

VOUI = VIN MAX • GI • G, 

As discussed in Step I, it is good practice to provide 2S% 
input overrange. 

So we will calculate G, for 10V output and 12S% of the 
maximum input voltage. 

:. VOCI = (1.2S X O.I)(GJ)(G,) 
i.e., lOY = 0.12S x 40 x G, 
:. G, = 10V/SV = 2V V 

Step 6 

G, = I + (Rx/ RK) = 2.0 
:. Rx/ RK = 1.0 
:. R" = RK 

Step 7 

( IS) 

The resistance seen by the + input terminal of the output 
stage amplifier A, (pin 13) is the output resistance 100kH 
of the output demodulator. The resistance seen by the 
(-) input terminal of A,(pinl4 )should be matched to the 
resistance seen by the + input terminal. 

The resistance seen by pin 14 is the parallel combination 
of R, and RK. 

:. R, II RK = 100kO 
i.e., (Rx • RK/(R, + RK) = IOOkH 
i.e., RK/[I + (RK/ Rx)] = 100kO 

Step 8 

Solving equations (15) and (16) RK = 20kO and 
Rx = 200kO. 

Step 9 

(16) 

The otuput demodulator must be loaded equal to the 
input demodulator. 

:. RR = RA + RF = 2MO 
(See equation (14) above in Step 2) 

Use the resistor values obtained in Steps 3, 4, 8 and 9, and 
connect the 36S6 as shown in Figure 3. 

OFFSET TRIMMING 
Figure S shows an optional offset voltage trim circuit. It is 
important that RA + RF = RR. 

CASE I: Input and output stages in low gain, use 
output potentiometer (R,) only. Input poten
tiometer (Rd may be disconnected. For 
example, unity gain could be obtained by 
settingRA= RR=20M!}, R( = lOOk!}, RI =0, 
Rx = lookO, and RK = x. 

CASE 2: Input stage in high gain and output stage in 
low gain, use input potentiometer (RJ) only. 
Output potentiometer (R,) may be discon
nected. For example, GI = 100 could be 
obtained by setting RF = 2MH, RR = 2MH 
returned to pin 17, RA = 20kH, Rx = lOOk!}, 
and RK = x. 

CASE 3: When it is necessary to perform a two-stage 
precision trim (to maintain a very small offset 
change under conditions of changing temper
ature and changing gain in Al and A,), use 
step I to adjust the input stage and step 2 for 
the output stage. Carbon composition resis
tors are acceptable but potentiometers should 
be stable. 
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FIGURE 5. Optional Offset Voltage Trim. 

Step I: 

Step 2: 

Input stage trim (R" = R t = 20kH, R, = R" = 
20M!!, Rx = lOOk!!, RK =~, R, disconnected); 
A, high, Allow gain. Adjust R, forOV ±5mV 
or desired setting at VOUT, pin 15. 

Output stage trim (R A = R" = 20M!!, R, = 
100kO, R .. = 0, Rx = 100kO, RK =~, R, and 
R, connected); A, low, A, low gain. Adjust R, 
forOV±1 mV or desired setting at VOUT, pin 15 
(±I rOmV approximate total range). 

Note: Other circuit component values can be used 
with valid results. 

33Olc11 
IW 

3MIl 

NOTES: 
I. BANDPASS O.D5Hz TO 100Hz. 

APPLICATIONS 

ECG AMPLIFIER 

Although the features of the circuit shown in Figure 6 are 
important in patient monitoring applications, they may 
also be useful in other applications. The input circuitry 
uses an external. low quie;cent current op amp (OPA21 
type) powered by the isolated power of the input stage to 
form a high impedance instrumentation amplifier Input 
(true three-wire input). Rl and R, give the input stage 
amplifier of the 3656 a noninverting gain of 10 and an 
inverting gain of -9. R, and R, give the external amplifier 
a noninverting gain of I + I 9. The inputs are applied to 
the noninvertmg inputs of the two amplifiers and the 
composite input stage amplifier has a gain of 10. 

The 330k!!, I W, carbon resistor, and diodes D, - D, 
provide protection for the Input amplifiers from de
fibrillation pulses. 

The output stage in Figure 6 is configured to prov,de a 
bandpass filter with a gain of 22.7 (68M!!/ 3M!!). The 
high-pass section (0.05Hz cutoff) is formed by the I/lF 
capacitor and 2 MH resistor which are connected in series 
between the output demodulator and the invertll1g input 
of the output stage amplifier. The low-pass section 
(100Hz cutoff) is formed by the 68 Mil resistor and 22pF 
capacitor located in the feedback loop of the output 
stage. The diodes provide for quick recovery of the high
pas; filter to overvoltages at the input. The lOOk!! pot 
and the 100M!! resistor allow the output voltage to be 
trimmed to compensate for increased offset voltage 
caused by unbalanced impedances seen by the inputs of 
the output stage amplifier. 

I n many modern electrocardiographic systems, the 

22pF 
looMI1 

(41 

}-+---------=-l...,;'~5VOC 

HIGH 

LOW 

2. ADJUSTABLE RESISTOR MAY BE USED TO ACHIEVE MAX COMMON·MOOE REJECTION BETWEEN LAIRA Ind RL 
3. NEBATIVE 15V SUPPLY MAY BE CONNECTED IN PLACE OF o.47~F CAPACITOR IF AVAILABLE. 
4. SEE OFFSET TRIMMING SECTION. 

FIGURE 6. ECG Amplifier. 
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FIGURE 7. Driven Right-Leg ECG Amplifier. 

patient is not grounded. Instead, the right-leg electrode is 
connected to the output of an auxiliary operational 
amplifier as shown in Figure 7. In this circuit, the 
common:mode voltage on the body is sensed by the two 
averaging resistors RI and R" inverted, amplified, and 
fed back to the right-leg through resistor R4. This. 
negative feedback drives the common-mode voltage to a 
low value. The body's displacement current id does not 
flow to ground, but rather to the output circuit of AJ. 
This reduces the pickup as far as the ECG amplifier is 
concerned and effectively grounds the patient. 

The value of R4 should be as large as practical to isolate 
the patient from ground. The resistors RJ and R4 may be 
selected by these equations: 

R, = (R I/2) (Vo/VCM ) and R4 = (Ve" - Vo)/I, 

(-IOV:;:;; Vo:;:;; +IOV and -IOV:;:;; VCM :;:;; +IOV) 

where Vo is the output voltage of AJ and V CM is the 
common-mode voltage between the inputs LA and RA 
and the input common at pin 3 of the 3656. 

This circuit has the added benefit of having higher 
common-mode rejection than the circuit in Figure 6 
(approximately IOdB improvement). 

BIPOLAR CURRENT OUTPUT 
The three-port capability of the 3656 can be used to 
implement a current output isolation amplifier function, 
usually difficult to implement when grounded loads are 
involved. The circuit is shown in Figure 8 and the 
following equations apply: 
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AI = ArI = A3 = OP21 

01' = Of = 03 = 04 = 111459 

15vor 

IOCT:;:;; ±2.5mA 
VI :;:;;±4V (compliance) 

RI :;:;; 1.6kO 
RF + RA = RI + R,:;:;; 2Mn 

HI OUT 

CURRENT OUTPUT - LARGER UNIPOLAR 
CURRENTS 
A more practical version of the current output function is 
shown in Figure 9. Ifthe circuit is powered from a source 
greater than 15V as shown,a three-terminal regulator 
should be used to provide 15V for the pulse generator 
(pins 19 and 20). The input stage is configured as a unity 
gain buffer, although other configurations such as current 
input could be used. The circuit uses the isolation feature 
between the output stage and the primary power supply 
to generate the output current configuration that can 
work into a grounded load. Note that the output 
transistors can only drive positive current into the load. 
Bipolar current output would require a second transistor 
and dual supply. 

ISOLATED 4mA TO 20mA OUTPUT 
Figure 10 shows the circuit of an expanded version of the 
isolated current output function. It allows any input 
voltage range to generate the 4mA to 20mA output 
excursion and is also capable of zero suppression. The 
"span" (gain) is adjusted by R, and the "zero" (4mA 
output for minimum input) is set by the 200kn pot in the 
output stage. A three-terminal 5V reference is used to 
provide a stable 4mA operating point. The reference is 
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FIGURE 8. Bipolar Current Output. 

connected to insert an adjustable bias between the 
demodulator output and the nonmverting input of the 
output stage. 

DIFFERENTIAL INPUT 

Figure II shows the proper connections for differential 
input configuration. The 3656 is capable of operating in 
this input configuration only for floating loads (i.e., the 
source V" has no connection to the ground reference 
established at pin 3). For thIS configuration the usual 
2MO resi,tor used in the input ,tage I, ,plit into two 
halves, R, and RF-. The demodulator load (seen by pin 
10 with respect to pm 3) is still2MO for the floating load 
as shown. Notice pin 19 is common in Figure II whereas 
pin 20 is common in previous figures. 
SERIES STRING SOURCE 
Figure 12 shows a situation where a small voltage, which 
is part of a series string of other voltages, must be 

FIGURE 10. Isolated 4mA to 20mA IOLII. 
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FIGURE 9. Isolated I to 5V,N /4 to 20mA IOU1. 

measured. The basic problem is that the small voltage to 
be measured is 500V above the system ground (i.e., a 
system common-mode voltage of 500V exists). The 
circuit converts this system CMV to an amplifier isolation 
mode voltage. Thus, the isolation voltage ratings and 
Isolation-mode rejection specifications apply. 

IMPROVED INPUT CHARACTERISTICS 
In situations where it is desired to have better DC input 
amplifier characteristics than the 3656 normally provides 
it is possible to add a precision operational amplifier as 
shown in Figure 13. Here the mstrumentation grade 
Burr-Brown 3510 is supplied from the isolated power of 
the input stage. The 3656 is configured as a unity·gain 
buffer. The gain of the 351 0 stage must be chosen to limit 
its full scale output voltage to 5V and avoid overdriving 
the 3656's demodulators. Since the 3656 draws a 

400kll 

2000 lOUT 

RIPPlE 1 RL 
FILTER 

;:-

Vol. 33 



VOUT = ,VIN IRF/RII 
RF = RI 

FIGURE I L Differential Input, Floating Source. 

significant amount of supply current, extra filtering for 
the input supply is required as shown (2 x 0,47J.tF). 

ELECTROMAGNETIC RADIATION 

The transformer coupling used in the 3656 for isolation 
makes the 3656 a source of electromagnetic radiation 
unless it is properly shielded. Physical separation 

FIGURE 13. Isolator for Low-Level Signals. 
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VOUT = IVIN + 1500VI1MRllt + IRF/RAII 
RA + Rf= 2Mn 

FIGURE 12. Series Source. 

between the 3656 and sensitive components may not give 
sufficient attenuation by itself. In these applications the 
use of an electromagnetic shield is a must. A shield, 
Burr-Brown lOOMS, is specially designed for use with 
the 3656 package. Note that the offset voltage appearing 
at pin 15 may change by 4mV to 12mV with use of the 
shield; however, this can be trimmed (see Offset Trim
ming section). 

~------------------o 
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ANALOG CIRCUIT FUNCTIONS 

Analog circuits act as building blocks with which to perform a variety of 
instrumentation, computation, and control functions. They provide a broad 5 
range of versatile, proven, and ready to use computational functions for the 
designer to use in developing simple or complex systems. The analog circuit 
functions include multipliers, dividers, multifunction converters, true rms-to-
DC converters, logarithmic amplifiers, voltage and window comparators, 
peak detectors, precision oscillators, and filters. The multifunction converters 
also provide multiply, divide, square root, exponentiation, roots, sine, cosine, 
arctangent, vector magnitude rms-to-DC and logarithmic amplifier func-
tions. 

The availability of these relatively complex functions as precise, versatile, 
easy-to-use, low-cost building blocks has broadened the scope of practical 
analog circuit systems and greatly simplified analog circuit designs. The 
names of most analog circuit functions are self-explanatory and describe the 
main functions they perform. 

The functions are used mostly for processing and/or conditioning of analog 
signals, and for simulation of algebraic and/or trigonometric analog compu
tations. The variety of applications these functions are effectively used for, 
are limited only by the designer's creative imagination. Some of the interest
ing applications where analog circuit functions have found wide acceptance 
are listed in the table on the following page. 
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Types of Applications Recommended Analog Circuit Function 

Analog simulation 
Algebraic and trigonometric computations 
Power series approximation, function fitting and 

Multiplier, Divider, Multifunction Converter, Logarithmic Amplifier, 
Oscillator 

linearizing 
Analog wave shaping 

VCO and AGC applications 

Vector computation 

Power and energy measurements 

Modulation and demodulation 

Signal compression 

Log-antilog-log ratio computations 

Light-related measurements 

Analog signal conditioning 

Instrumentation and control systems 

Test eqUipment 

Transducer excitation 

Signal reference 

Alarrn circuits 

Bang-bang control applications 

Control of limit stops 

Analog memory and peak detection 

Multiplier, Divider 

Multifunction Converter, Multiplier 

Multiplier, rms-to-DC Converter 

Multiplier, Divider 

Logarithmic Amplifier 

Logarithmic Amplifier 

LogarithlTolic Amplifier 

All circuit functions 

All circuit functions 

All circuit functions 

Oscillator 

Oscillator 

Voltage and Window Comparators 

Voltage and Window Comparators 

Voltage and Window Comparators 

Peak Detection 

ANALOG CIRCUIT FUNCTIONS 
SELECTION GUIDES 
The Selection Guides show parameters for the high grade. Refer to the 
Product Data Sheet for a full selection of grades. Models shown in boldface 
are new products introduced since publication ofthe previousBurr-BrownIC 
Data Book. 

MULTIPLIERS/DIVIDERS 
You can select accuracy from 0.25% max and up from this complete line of 
integrated circuit multipliers. Most provide full four-quadrant multiplication. 
All are laser-trimmed for accuracy-no trim pots are needed to meet specified 
performance. These compact models bring the cost of high performance 
down to acceptable levels. 
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MUL TlPLIERS/DIVIDERS Boldface = NEW 

Error at Temp Feed- Offset 1% 
+25°C Coeff through Voltage BW Temp 

Model Transfer Function max (%) (%/°C) (mV) (mV) (kHz) Range(1) Pkg Page 

MPY100 [(X-X,) (Y-Y,) 11 0] + Z, ±O.5 0.008 30 7 70 Ind TO-l00 5-26 

MPY534 [(X-X,) (Y-Y,) 110] + Z, ±0.25 0.008 0.05% 2 3MHz Com TO-l00 5-34 

MPY634M [(X-X,) (Y - Y ,) 110] + Z, ±0.5 0.015 0.15% 2 10MHz Ind TO-l00 5-41 

MPY634P [(X-X,) (Y-Y,) 110] + Z. ±2.0 0.03 0.3% 25 10MHz Ind DIP 5-41 

AD632 [(X-X,) (V-V,) 110] + Z, ±0.5 0.01 0.15 15 50 Ind TO-100 5-6. 

NOTE: (1) Com = O°C to +70°C, Ind = -25°C to +85°C. 

SPECIAL FUNCTIONS 

This group of models offers many different functions that are the quick, easy 
way to solve a wide variety of analog computational problems. Most are in 
integrated circuit packages and are laser-trimmed for excellent accuracy. -SPECIAL FUNCTIONS 

Temp 
Function Model Description Comments Range(1) Pkg Page en 

Z 
Multifunction 4302 Y (Z/X)m Plastic Package. Ind DIP 5-109 0 
Converter This function may be used to multiply, 

I-divide, raise to powers, take roots () 
and form sine and cosine functions. Z 

LOG100 K Log (1,112) Optimized for log ratio Com DIP 5-18 
=> 
LL 

of current inputs. I-
Specified over six dec-

=> ades of input (1 nA to 
1 mAl, 55mV total error, () 

0.25% log conformity. IX: 
() 

Logarithmic 4127G K Log (I,IIREF) . A more versatile part Com DIP 5-102 

" Amplifier 4127P that contains an inter- Com DIP 5-102 0 
nal reference and a ...J 
current inverter. 1 % « 
and 0.5% accuracy. Z 

« 
4341 True rms-to·DC conversion based Some external trim- Ind DIP 5-115 

on a log-antilog occupational ming required. Lower 
1 T 2 approach. cost in plastiC package. -5 E (t)dt 
T 0 IN Pin compatible with 4340. 

Peak 4085 This is an analog memory circuit Digital mode control Com, DIP 5-94 
Detector that holds and provides readout of a provides reset capa- Ind 

DC voltage equal to peak value of a bility and allows selec-
complex input waveform. tion of peaks within a 

desired time interval. 
Maybe used to make 
peak-to-peak detector. 

NOTE: (1) Com = O°C to +70°C, Ind = -25°C to +85°C. 
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DIVIDERS 

DIVIDERS 
Using a special log/antilog committed divider design overcomes the major 
problem encountered when trying to use a multiplier in a divider circuit. 
Outstanding accuracy is maintained even at very low denominator voltages. 

Accuracy Temp 0.5% 
Transfer Input D=250mV Coeff BW Rated Temp 

Model Function Range max(%) (%IOC) (kHz) Output, min Range(') Pkg Page 

DIV100P 10 x N/D 250mV 0.25 0.2 15 ±10V,±5mA Ind DIP 5-10 
to 10V 

NOTE: (1) Ind = -25°C to +85°C. 

FREQUENCY PRODUCTS 
This group of products consists of precision oscillators and active filters for 
both signal generation and attenuation. Both fixed frequency and user
selected frequency units are available. 

FREQUENCY PRODUCTS 

Temp 
Function Model Description Comments Range(1) Pkg Page 

Oscillator 

Universal 
Active 
Filter 

4423 

UAF41 
UAF21 

Very-low cost in plastic package 
Provides resistor programmable 
quadrature outputs (sine and 
cosine wave outputs simultan
eously available). 

Frequency range: 0.002Hz to 20kHz. 
Frequency stability: O.Ol%loC. 
Quadrature phase error: ±0.1 %. 

Com 

These filters provide a complex Add only resistors to determine pole Ind 
pole pair. Based on state variable location (frequency and Q). Easily Ind 
approach. low:pass, high-pass, cascaded for complex filter responses. 
and bandpass outputs are 
available. 

Burr-Brown Ie Data Book 5-4 
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VOLTAGE REFERENCE 

These products are precision voltage references that provide a + 1 OV output. 
The output can be adjusted with minimal effect on drift or stability. 

VOLTAGE REFERENCE 

Min Output Max Drift Power Supply Temp 
Model Output (V) (mA) (ppm/°C) (V) (mA) Range(1) Pkg 

REF10M ±1 0.00 ±0.005 10 +13.5/35 4.5 Com TO-99 
REF101M ±1 0.00 ±0.005 10 +13.5/35 4.5 Com TO-99 

NOTE: (1) Com = DoC to +70°C. 

Page 

5-49 
5-55 

CURRENT REFERENCE Boldface = NEW __ 

Model 

REF200M, P 

Output I 
(IlA) 

Dual 
100±0.5 

NOTE: (1) Ind = -25°C to +85°C. 

Burr-Brown Ie Data Book 

Compliance 

2.5Vto40V 

Max Drift 
(ppm/°C) 

25 

5-5 

Temp 
Comments Range(') 

Includes 0.5% accurate Ind 
current mirror 

Pkg 

DIP, 
T0-99 

Page 
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BURR-BROWN® 

IElElI AD632 
MILITARY 
VERSION 

AVAILABLE 

Precision 
ANALOG MULTIPLIER 

FEATURES 
• ±0.5% MAX FOUR·QUADRANT ERROR 
• ADJUSTABLE SCALE FACTOR: GAINS TO lOX 
• STABLE AND RELIABLE MONOLITHIC 

CONSTRUCTION 

• LOW COST 
• LOW NOISE 

DESCRIPTION 
The AD632 is a high accuracy, general purpose 
four-quadrant analog mUltiplier. Its accurate laser
trimmed transfer characteristics enable it to be used 
in a wide variety of applications with a minimum of 
external parts and trimming circuitry. Its differential 
X, Y, and Z inputs allow configuration as a multi
plier, squarer, divider, square-rooter, and other func
tions while maintaining high accuracy. 

Its features such as low temperature coefficients, 
excellent supply rejection and long-term stability of 

APPLICATIONS 
• PRECISION ANALOG·SIGNAL PROCESSING 
• VOLTAGE·CONTROLLED FILTERS AND OSCILLATORS 
• ALGEBRAIC AND TRIGONOMETRIC FUNCTION 

SYNTHESIS 
• RATIO AND PERCENTAGE COMPUTATION 

the on-chip thin-film resistors and reference circuitry 
maintain accuracy even under unfavorable condi
tions. The low noise of the AD632 enhances its use 
as a variable-gain differential-input amplifier with 
high common-mode rejection. 

The AD632 has improved specifications over other 
industry standard devices. An accurate internal vol
tage reference provides precise setting of the scale 
factor. The differential Z input allows user-selected 
scale factors from 0.1 to 10 using external feedback 
resistors. 

r~=-"------o +Vs 
SFo-----------------~ 

x, o----------f 

x, 0----------1 

y, 0----------1.+' 

Y, 0----------1 

Z, 0----------1 
Z, 0---"..,......., 

27kO 

Vos 0--"""--' 
25kO 

L..::;;=..J------o -Vs 

Transfer Function 

Vou, = A [ (X, - X,) (y, - y,) - (Z, - Z,)] 
SF 

VOUT 

Inlernational Airporllnduslrlal Park. P.O. Box 11400 • Tucson. Arizona 85734 • Tel.: [602) 746-1111 • Twx: 910-952-1111 • Cable: 88RCORP • Telex: 66-6491 

PDS-760 
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SPECIFICATIONS 
ELECTRICAL 
At T. = +25'C R. O!: 2kn and V. = ±15VDC unle .. otherwise specified. 

MODEL ADI32A ADIUB ~~ ~ 
PARAMETER MIN TYP MAX MIN TYP ~ ~ ~ ~ ~ ~ ~ UNITS 

MULTIPLIER PERFORMANCE 
{X, - Xal r!, - V,l + Za Transfer Function • · · 10V 

Total Error''' (-10V"; X. V"; +10V) ±1.0 ±O.S · ±O.S % 
T. = min to max ±1.S ±1.0 ±2.0 ±1.0 % 
Total Error vs. Temperature ±0.02 ±O.OI · ±0.01 %l'C 
Scale Factor Error 

(SF = 10.OOOV Nominal)'" ±025 ±OI · ±0.1 % 
Temperature Coellicient of 

Scaling Voltage ±002 · · ±OOOS %/'C 
Supply Relectlon (±ISV. ±tV) ±001 · · · % 
Nonllnearoty· X (X = 2OVp-p, V = 10V) ±008 ±O5 · ±02S · · · ±02S % 

V (V = 20Vp-p, X = 10V) ±001 · ±Ol · · ±Ol % 
Feedthrough''', X (V Nulled, 

X = 20Vp-p 50Hz) ±015 ±03 ±oos ±O.15 · · ±005 ±015 % N 
Feedthrough'''. V (X Nulled, fa V = 20Vp-p 50Hz) ±001 ±O.1 · · · · · · % 
Output Ollset Voltage ±S ±30 ±2 ±IS · · ±2 ±15 mV Q 
Output Ollset Voltage Drift 200 400 · · 500 300 "W'C c( 
DVNAMICS 
Small SIgnal BW, (VoUT = 0 tVrms) 1 · · · MHz 

50 · · · kHz 1% Amplitude Error (CLOAD = l000pF) 
Slew Rate (Vou, 2OVp-p) 20 · · · v~s. Settling Time (to 1%, b.Vou, = 2OV) 2 · · · 
NOISE 
Noise Spectral Density SF = 10V "WVHz 0.8 · · · SF = 3Vl41 0.4 · · · "VIVA'. 
Wldebend Noise. A = 10Hz to 5MHz 1.0 · · · "Vrma 

P = 10Hz to 10kHz 90 · · · ~ 
OUTPUT 
Output Voltage Swing ±II . · . V 
Output Impedance (f"; 1kHz) 0.1 · · · n 
Output Short Circuit Current 

(R. = 0, T. = min to max) 30 · · · mA 
I AmplifIer Open Loop Gam(! '50Hz) 70 · · · dB 

INPUT AMPLIFIERS (X, V and Z) 
Input Voltage Range 

Differential VIN (VCM = 0) ±IO · · · V 
Common-Mode V'N (VOIFF = 0) ±12 · · · V 

Ollset Voltage X, V ±S ±20 ±2 ±10 · · ±2 ±10 mV 
Ollset Voltage Droft X, V 100 50 · 150 "woc 
Offset Voltage Z ±5 ±30 ±2 ±15 · · ±2 ±15 mV 
Offset Voltage Drift Z 200 400 100 200 500 300 "W'C 
CMRR 60 80 70 90 · · 70 90 dB 
BIas Current 08 2 · · · · · · "A 
Offset Current 0.1 · · · "A 
Differential Resistance 10 · · · Mn 

I DIVIDER PERFORMANCE 
10V (Za - Z,) + V I Transfer FunctIon (X, > Xa) 

(X, -Xa) , · · · I Total Error'" 
X = 10V, -10V"; Z,,; +10V I ±07S ±035 · ±0.35 % 
X= tV, -tV,,; Z,,; +tV ±20 ±10 · ±10 % 
O.IOV"; X,,; 10V, -IOV"; Z,,; 10V ±20 ±IO · ±1.0 % 

ISQUAAERPERFORMANCE 
(X, -Xa)' I Transfer Function 

(10V) +z. · · · I Total Error (-IOV"; X"; 10V) I ±O6 I ±03 · ±03 % 

.. nil • 5" PERFORMANCE I 
Transfer I (Z, ,,; Z,) 'lU~ l"~ -_"". + Xa · · · Total Error (tV,,; Z,,; 10V) ±~. ±OS · ±O.5 % 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage Rated Performance ±15 · · · V 

Operating ±8 ±20 . · · ±22 . ±22 V 
Supply Current, Quiescent 4 6 · · · · · · mA 

'Speclflcatlon same as AD632A. 
NOTES: (I) Numbers gIven are percent of full-scale, ±10V (I.e., 0.01% = lmV). (2) May be reduced down to 3V using external resistor between -Va and 
SF (3) Irreducible component due to nonlinearity excludes ellect of offsets (4) Using external resistor adjusted to gIve SF = 3V 

Burr-Brown Ie Data Book 5-7 Vol. 33 
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MECHANICAL Ceramic Dual:-In-Line 

TO-l00 Package NOTE Leads In true position 

F~3 
within 0 010" (0.25mm) Rat 
MMC at seating plane 

Pin numbers shown for reference 

~~-=:t1 
only Numbers may not be 
marked on package 7 ~ K 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 335 370 851 940 
B 305 335 775 851 

Seating 1 C 165 185 419 470 
D 016 021 041 053 Plane 

---D E 010 040 025 102 

~ 
F 010 040 025 102 , 
G 230 BASIC 584 BASIC 

:·'+· ... 11 H 028 034 071 086 
J 029 045 074 114 

\(H~\~NG K 500 1270 
L 120 160 305 406 
M 36' BASIC 36' BASIC 
N 110 120 279 305 

~~~~I~I 
NOTE Leads in true position 
within 0 010" (0 25mm) Rat 
MMC at seating plane 

Pin numbers shown for reference 

LA~ 
only Numbers may not be 
marked on package 

mmt§ INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 670 710 1702 1803 
C 065 170 165 432 
D 015 021 038 053 

JL-.l.~ J~ F 045 060 114 152 
G 100 BASIC 254 BASIC 

H G Plane H 025 070 064 178 
J 008 012 020 030 

+11. 
K 120 240 305 610 
L 300 BASIC 762 BASIC 
M 10' 10' 
N 009 060 023 152 

L~~V 

ORDERING INFORMATION PIN CONFIGURATION (TOP VIEW) 

_~-TY Basic Model Number ---- - I 
Performance Grade 

A, B O°C to +70°C 
S, T -55°C to +125°C 

Package Designator-----

+Vs y, Y, Vos Z, X. NC 

14 13 12 11 10 9 
+Vs Z, 

(GND) AD632 

3 6 
Z, X. 

Z, Out -Vs NC NC NC X, 

H TO-100 metal can -Vs 
D 14-pin ceramic DIP TO-100 DIP 

ABSOLUTE MAXIMUM RATINGS 
Parameter AD632A, B AD632S, T 

Power Supply Voltage ±18 ±22 
Power DISSipatIon 500mW · Output Short-Circuit to Ground IndefInite · Input Voltage (all X, Y. and Z) ±V, · Operating Temperature Range OOeto +70oe -55°e to +125°e 
Storage Temperature Range -65°C to +150'C · Lead Temperature (lOs soldering) 300°C · 

*Speclflcatlon same as A0632A 

TYPICAL PERFORMANCE CURVES 
T" = +25°C, Vs = ±15VDC unless otherwise noted. 

FREOUENCY RESPONSE 
AS A MULTIPLIER 

10,------------r-----------r-----------, 
OdB = 0 tvrms; R, = 2kO 

" B-

6 -20i------~--~~~~~--~~~~ 

lOOk 

Feedback 
Attenuatar 

1M 
Frequency (Hz) 

Burr-Brown Ie Data Book 

Connection 

10M 

5-8 

FREOUENCY RESPONSE VS 
DIVIDER DENOMINATOR INPUT VOLTAGE 

~r-------~-------r------~------_, 

~t---~~+--------r-------;------__1 

................. V. = 100~VDC 
m 30 ~V'=10mvrms ------1----------1 
E ~ 
~ 20+--------+----~~~~~~-V~.~~IV"DVC~-------i 
- I\. V, = 100mVrms 

5 10t---------r-----~~~~------~------__i 

~ \ ~ 
0't------t------~~~~~----1 

\. Vx~10V~ 
-10't---------+---------t~--"' V, = tvrrr:: ~--""""r----t 

-20~__+_____t-'\~~-~~ 
lk 10k lOOk 

Frequency (Hz) 
1M 10M 
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1k 

:; 
.§.100 
~ 

'" e 
i _ 10 

AC FEEDTHROUGH 
VB FREQUENCY 

X 'eedlhrough ~ 

Y ,eedthroul ____ V 

/. ~ 

V 

01 
10 100 1k 10k 100k 1M 10M 

Frequency (Hz) 

THEORY OF OPERATION 
BASIC MULTIPLIER CONNECTION 

Figure I shows the basic connection as a multiplier. 
Accuracy is fully specified without any additional user
trimming circuitry. Some applications can benefit from 
trimming one or more of the inputs. The fully-differential 
inputs facilitate referencing the input quantities to the 
source-voltage-common terminal for maximum accuracy. 
They also allow use of simple offset voltage-trimming 
circuitry as shown on the X input. 

The differential Z input allows an offset to be summed in 
VOUT• In basic multiplier operation the Z, input serves as 
the output-voltage reference and should be connected to 
the ground reference of the driven system for maximum 
accuracy. 

X Input 
±10V FS 
±12V pk 

Y Input 
±10V FS 
±12V pk 

x, +Vs +15V 

!V\ 
OptIonal Summing 
Input, Z, ±10V pk 

FIGURE I. Basic Multiplier Connection. 

Figure 2 shows a method of changing the effective SF of 
the overall circuit using an attenuator in the feedback 
connection to Z,. This method puts the output amplifier 
in a higher gain and is thus accompanied by a reduction 
in bandwidth and an increase in output offset voltage. 
The larger output offset may be reduced by applying a 

Burr-Brown Ie Data Book 5-9 

X Input 
±10V FS 
±12V pk 

Y Input 
±10V FS 
±12Vpk 

X, Out 

AD632 

SF Z, 

y, Z, 

Y, -V. 

+15V 
VOUT, ±12V pk 
= (X, - X.) (Y, - V,) 
(Scale = W) 

Optional 
Peaking 

Capacitor 
CF = 200pF 

FIGURE 2. Connections for Scale-Factor of Unity. 

trimming voltage to the high impedance input, Z,. 

DIVIDER OPERATION 
The AD632 can be configured as a divider as shown in 
Figure 3. High-impedance differential inputs for the 
numerator and denominator are achieved at the Z and X 
inputs respectively. Feedback is applied to the Y, input, 
and Y, is normally referenced to output ground. Alter
natively, as the transfer function implies, an input applied 
to Y, can be summed directly to VOUT. Since the feedback 
connection is made to a multipl~ing input, th~ effective. 
gain of the output op amp vanes as a functIOn of the 
denominator input voltage. Therefore the bandwidth of 
the divider function is proportional to the denominator 
voltage (see Typical Performance Curves). 

Accuraay of the divider mode typically ranges from 
0.75% to 2.0% for a 10 to I denominator range depending 
on device grade. Accuracy is primarily limited by input
offset voltages and can be significantly improved by 
trimming the offset of the X input, A trim voltage of 
±3.5mV applied to the "low side" X input (X, for 
positive input voltages on X,) can produce similar accur
acies over a 1000 to I denominator range, To trim, apply a 
signal which varies from 100m V to IOV at a low frequency 
(less than 500Hz) to both inputs, An offset sine wave or 
ramp is suitable. Since the ratio of the quantities should 
be constant, the ideal output would be a constant IOV. 
Using AC coupling on an oscilloscope, adjust the offset 
control for minimum output voltage variation. 

+ +15V 
Output, ±12V pk 

X Input ,_ x, +Vs ~ _10V (Z,-Z,) +y (Denominator) OUT 1 
+10V FS X,-X2 
+12Vpk - X, Out 

AD632 
Optional SF Z, ____ Zinput 

Summing Input (Numerator) 
±10V pk ±10V FS, ±12V pk 

y, z.----
I , Vr y, -Vs r-----15V 

. , 
FIGURE 3. BasIc DIvider Connection. 
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DIV100 BURR-BROWN@ 

IElElI 

ANALOG DIVIDER 

FEATURES 
• HIGH ACCURACY 

0.25% maximum error. 40: 1 denominator range 

• TWO-QUADRANT OPERATION 
Dedicated log-antilog technique 

• EASY TO USE 
Laser-trimmed to specified accuracy - no 
external resistors needed 

• LOW COST 

• DIP PACKAGE 

DESCRIPTION 

The DIYIOO is a precision two-quadrant analog 
divider offering superior performance over a wide 
range of denominator input. Its accuracy is nearly 
two orders of magnitude better than multipliers used 
for division. It consists offour operational amplifiers 
and logging transistors integrated into a single 
monolithic circuit and a laser-trimmed. thin-film 
re,istor network. The electrical characteristics of 
these devices offer the user guaranteed accuracy 
without the need for' external adjustment - the 
DIY 100 is a complete. single package analog divider. 

APPLICATIONS 
• DIVISION 

• SQUARE ROOT 

• RATIOMETRIC MEASUREMENT 

• PERCENTAGE COMPUTATION 

• TRANSDUCER AND BRIDGE LINEARIZATION 

• AUTOMATIC LEVEL- AND GAIN - CONTROL 

• VOLTAGE CONTROLLED AMPLIFIERS 

• ANALOG SIMULATION 

For those applications requiring higher accuracy 
than the DIY 100 specifies the capability for optional 
adjustment is provided. These adjustments allow the 
user to set scale factor. feedthrough. and output
referred offsets for the lowest total divider error. 

The DIY 100 also gives the user a precision. temper
ature-compensated reference voltage for external 
use. 

Designers of industrial process control systems. 
analytical instruments. or biomedical instrumenta
tion will find the DIY 100 easy to use and also a low 
cost. but highly accurate solution to their analog 
divider applications. 

Inlernational Airport Industrial Park· P.O. Box 11400· Tucson. Arizona B5734· Tel. (602) 746·1111· Twx: 910-952·1111 . Cable: BBRCORP· Telex: 66·6491 

PDS-427A 
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SPECIFICATIONS 
ELECTRICAL 
SpecIfIcations at TA = +25°C and +Vcc = 15VDC unless otherwise noted. -

MOOEL DIV100HP ~V~--"- ~ 
I MIN I TYP I MAX MIN I TYP I MAX MIN I _T!I'l~~ ~ 

Vo= 10NID .~ · 
.. """ .... ,,y RL~ 10kO 
Totall:rror 
Initial o 25V';; 0';; 10V. N.;;I 01 0.7 1.0 0.3 0.5 0.2 0.25 % FSOll) 
VB. Temperature W';; 0';; 10V. N,;;I 01 0.02 0.0512) % FSOfOC 

0.25V';; D';;W. N,;;I 01 0.06 0212)1 '. % FSOfOC 
VS. Supply 025V';;D';;10V,N';;IDI 0.15 · · % FSOI% 

Warm-up time to rated performance 5 Mmutes 

AC o =+10V 
"D' I Bandwidth -;jOtl ~1~ · :~~ o 5% Amplitude Error Smail-Signal 

0.57° Vector Error Small-Slgnal 1000 · Hz 
Full-Power Bandwidth Vo = ±1 OV, 10 = ±5mA 30 · kHz 
Slew Rate Vo=±10V,lo=±5mA 2 · VI"sec 
Settling Time .=I%,AVo=20V 15 · l'Iec 
Overload Rec~very 50% Output Overload 4 · ~-
INPUT' 

'~~!~::~e Range 
N,;;IDI ±10 · V 

Denominator D~+250mV +10 · V 
--"",ut ResIstance EIther Input 25 · kO 

OUTPUT 
Full-Scale Output (FSO) ±10 - v 
Rated Output 
Voltage 10 = ±SmA ±10 · V 
Current Vo =±10V ±5 · · mA 

Current limit 
Po.'~ve 15 20(2) · mA 
NegatIve 19 23(2) · mA 

OUTPUT NOISE VOLTAGE N=OV 
IS = 10HZ 1010kHZ 
0= 370 "V, rms 
D=+25OmV 1 · ~rms 

,VOLTAGE RL~10Mn 

~utl>ut voltage 
lnotial At+25OC 6.3(2) 6.6 69(2) · V 
VB. Supply ±25 · "VN 
Temperatura Coefficient ±50 - ppmfOC 

Output Resistance 3 · · kO 

POWER SUPPLY"'"'' 
Halea:,oll~e 

Derated Performance ±12 
±15 

±20 · · ~~~ OperatIng Range 
Quiescent Current 
Positive Supply 5 712) · · mA 
NegatIve S~pply 8 1012) · mA 

!RANGE 
0 

~~ · · · :~ OperatIng Range Derated Performance -25 
Storage -<10 +86 · °C 

'SSme as DIV100HP. 

NOTES: (1) FSO Is the abbravlation for Full Seele Output. (2) Thl. perameter Is unlaetad and I. not guaranteed. Thl. specification i. established to a 90% 
confidence level. (3) See General Information section for dlacusalon. (4) For supply voltages lees than ±20VDC, the absolute maximum input voltage Is aqualto 
the supply voltage. (5) Short-cIrcuit may ba to ground only. Rating applies to an ambient temperatura of +3600 at raled supply voltage. 

ABSOLUTE MAXIMUM RATINGS 

Supply .............. , ...................................... ±20VDC 
Internal Power Dlsalpetlon'" ••••••••••• , ••••••••• , ••••••••••••• 6OOmW 
Input Voltage Range'" ••.•••••••••••••••.••••••••.•••••.•••• ±2OVDC 
Storage lltmperature Range ••••••••••••••••••••• " •• -55"C to +12500 
Operating Temperature Renge ••••••••••••• , ••• , •••••• -25°C to +86°C 
Lead Temperature (80lderlng, 10 secondl) ••••••••••••••••••••• +300"C 
Outp~t Short-Circuit Duration"'''' • • • • • • • • • • • • • • • • • • • • • • • •• Continuous 
Junction Temperatura •• , ••••••••• _ " , •• , ••••••••• , •••••••••• , +175°C 
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TYPICAL PERFORMANCE CURVES 

TOTAL ERROR VS 
DENOMINATOR VOLTAGE 

Denominator Voltage I V 

SMAll-SIGNAL FREQUENCY RESPONSE 

, 

, 
-20 

N" 2V. p-p 

III~' N 1--1011 

¢~ 
~2\ 
11'1 I' 

III 
10k lOOk 

Frequency, Hz 

1\ 

1M 
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PIN CONFIGURATION 

1 Gain Error Adjust 
2 Output 
3 -Vee 
4 0 Input Offset Adjust 
5 Internally Connected to Pm 1 
6 Internally Connected to Pm 14 
7 Internally Connected to Pm 8 
8 Reference Voltage 
9 Denommator I D I Input 

10 Common 
11 N Input Offset Adjust 
12 Output Offset Adjust 
13 Numerator IN) Input 
14 tVee 

ITA = +25°C, Vee = ±15VDC unless otherwise noted 
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MECHANICAL 

{ DIV100HP t------ A --t NOTE 
ORDER NUMBER DIV100JP f~ Leads In true pos,lIOn Within 

DIV100KP .t 0010" ,0 25mm' R at MMC at 

CASE Epoxy seattng plane 
0'4 10 

WEIGHT 27 Grams Denotes Pm 1 
013 20 

CONNECTOR 0145MC c 012 30 

~tllD 
0" 4 0 INCHES MILLIMETERS R 0'· 50 DIM M'N MAX M'N MAX 
o. 60 A '"0 810 2007 2057 -l,L 08 '0 B 490 510 1245 1295 

C 190 260 483 660 D 018 021 046 0", H 
I Bottom View, 

G 100 BASIC 254 BASIC J H oso 115 203 292 Pm numbers shown for 
K 130 300 330 ,.2 1234S61 reference only Numbers are , 300 BASIC 762 BASIC R 141J'211'09a not marked on package 00000 , 0 

R 080 115 203 292 
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DEFINITIONS 

TRANSFER FUNCTION 
~I he ideal tralbicr functIon tor the DIY 100 is: 

V",., = 10 '\; [) 

v\here: '\; = :'I:umerator input voltage 
[) = Denominator input \oltage 
10 = Internal.,cale t;lctor 

hgure I .,how., the operating region O\er the ,pecified 
numerator and denominator range.,. '\;ote that below the 
minrmum denominator voltage (250mV) operation i, 
undc!ined 

.10 Uout = +1011 

<II IIlIul = +811 

<II Vout = +till 

.. YOU! = +4V 
;0: , ·z Vout = +211 

• Vout = +tIV 

i ·z 11001 = -211 
jl ., Vout = -411 

~ Vout = -611 

·8 Vout = -8V 

·10 Vout = lOV 

FIGURE I. Operating Region. 

ACCURACY 
Accuracy i., ,peclfred as a percentage of full-scale output 
(FSO). It .., derived from the total error specification. 

TOTAL ERROR 
'1 otal error" the deViatIon of the actual output from the 
Ideal4uotlent ION D expre"ed In percent of FSO( lOY); 
e.g. lor the DIY lOOK: 

V"UI i.ILllI,!i1 = V"lIl (l<k,li) ± total error. 
"here. Total error = 0.25(/( FSO = 25mV. 
It repre.,enb the ,um of all error terms normally associated 
"ith a divider: numerator nonlinearity. denomlmator 
nonlinearity . .,cale-factor error. output-referred numer
ator and denominator om,et;,. and the offset due to the 

output amplrfier. Individual errors are not specified 
because it i, their ,um that affects the user's application. 

SMALL-SIGNAL BANDWIDTH 
Small-,ignal handwldth is the fre4uency the output drop., 
to 70'.( (-JdB) ollb DC value. rhe Input ."gnal mu,t he 
low enough in amplitude to keep the div ider\ output 
trom becoming .,lew-ratc Irmlted. A rule-ol-thumb i., to 
make the output voltage 100mY. p-p. when tc.,tlng thi., 
parameter. Small-signal bandwidth is dIrectly propor
tional to denomrnator magnitude ", de.,crihed In thc 
~I yplcal Perlormance Curvcs. 

0.5% AMPLITUDE ERROR 
At high fre4uenclcs the input-to-output rclatlon.,hlp is a 
complex function that produces both a magnItude and 
vector error. TheO.5'; amplitude error.., the fre4uency at 
which the magnitude of the output drop., 0.5'; from ib 
DC value. 

0.57° VECTOR ERROR 
The 0.51" vector error i., the fre4ucncy at "hlch a phasc 
error ot 0.01 radlam occurs. rh" i., the mmt wl1'>lti\c 
mca'>Ure 01 dynamIC error oj a dIVIder. 

LINEARITY 
Definrng Irnearity for a nonlrnear device may ,eem 
unnece;,;,ary: however. by keeprng one input comtant the 
output hecome, a l,near functIon of the remaining input. 
The denominator is the IIlput that is held fIxed WIth a 
dIVIder. '\;onlinearities In a dIvider add harmonic dIS
tortion to the output rn the amount of: 

Percent DIStortIon = Percent'\; onlineantv 
-..;7 

FEEDTHROUGH 
Feedthrough IS the "gnal at the output tor any value 01 

denominator WIthin 11'> rated range. when the numerator 
input IS lero. Ideally the output ,hould be lero under thi, 
conditIon. 

GENERAL INFORMATION 
WIRING PRECAUTIONS 
In order to prevent fre4uency instability due to lead 
inductance of the flower supply lines. each power supply 
,hould be bypa;,;,ed. Thi, should be done by connecting a 
10ilF tantalum capacitor in parallel with a 1000pF 
ceramic capacitor from the +Y" and -Y" pins to the 
power supply common The connection of these capaci
tor, ,hould be a, cio,e to the DIYIOO as practical. 

CAPACITIVE LOADS 
Stahle operatIon is maintained with capacitive loads of 
up to 1000pf'. typically. Higher capacitive load, can be 
d riven if a 22!l carhon resi,tor is connected in serie, with 
the DIY 100\ output. 
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OVERLOAD PROTECTION 
The DIY 100 can be protected against accidental power 
,urrl~ I ~\ CI ,a I h~ puttIng a d I()d~( I , .. 00 I. t\ p~) in s~rk, 
with each power supply line as ,hown in Figure 2. Thi, 
precaution i, nece;,sary only in power systems that 
momentarily reverse polarity during turn-on or turn-off. 

If thi> protection circuit is used. the accur'acy of the 
DIVIOO will be degraded by the power supply sensitivity 
specification. No other overload protection circuit is 
nece;,.,ary. Inpub are internally protected against over
voltage, and they are current-limited hy at least a 10k!! 
,eric, re,i,tor. The output is protected against short 
circuit, to power supply common only. 
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FIGURE 2. Overload Protection Circuit. 

STATIC SENSITIVITY 

No special handling is required. The DIV 100 does not use 
MaS-type transistors. Furthermore. all external leads 
are protected by resistors against low energy electrostatic 
discharge (ESD). 

INTERNAL POWER DISSIPATION 

8, = 2750CIW 

PDQ Pox 

FIGURE 3. DIVIOO Thermal Model. 

Figure 3 is the thermal model for the DIVIOO where: 

PDQ = Quiescent Power Dissipation 
= I +Vcc I I+QUIESCENT + I -Vcc I I-QUIESCENT 

Pox = Worst case power dissipation in the output 
transistor 

= Vee' 14RwAD (for normal operation) 
= V CC Iioutput hm") (for short-circuit) 

TJ = Junction Temperature (output loaded) 
TJ* = Junction Temperature (no load) 
Tc = Case Temperature 
T A = Ambient Temperature 

8 = Thermal Resistance 

This model is obviously not the simple one power source 
model that most linear device manufacturers give. It is, 
however, a more accurate model for a multidevice 
monolithic or hybrid integrated circuit. 

The model in Figure 3 must be used in conjunction with 
the DIVIOO's absolute maximum ratings of internal 
power dissipation and junction temperature to determine 
the derated power dissipation capability of the package. 

As an example of how to use this model, consider this 
problem: 

Determine the highest ambient temperature at which 
the DIV 100 may be operated with a continuous short 
circuit to ground. Vcc = ±15VDC. 

POlmax) = 600mW. TJlmax) = + 175°C. 
T A = TJlmax) - PDQ (8, + 83) - POXI,ho":",,u,,) (8,+8,+83) 

= 175°C - 18°C - 1I9"C = 38°C 
PO(actual) = PDQ + POX(short=C1fcult) ~ PO(max) 

= 255mW + 345mW = 600mW 

The conclusion is that the device will withstand a slTort
circuit up to TA = +38°C without exceeding either the 
175°C or 600mW absolute maximum limits. 

LIMITING OUTPUT VOLTAGE SWING 

The negative output voltage swing should be limited to 
± II V, maximum, to prevent polarity inversion and 
possible system instability. This should be done by 
limiting the input voltage range. 

THEORY OF OPERATION 
The DIVIOO is a log-antilog divider consisting of four 
operational amplifiers and four logging transistors inte
grated into a single monolithic circuit. Its basic principal 
of operation can be seen by an analysis of the circuit in 
Figure 4. 

> ..... -oV. 

FIGURE 4. One-Quadrant Log-Antilog Divider. 

The logarithmic equation for a biopolar transistor is: 
V BE = VT In (1;1 I,), (I) 
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where: VT = kT/q 
k = Boltzmann's constant = 1.381 x 10-23 

T = Absolute temperature in degrees Kelvin 
q = Electron charge = 1.602 x 10-19 
I, = Collector current 
I, = Reverse saturation current 

Applying equation (I) to the four logging transistors 
gives: 

ForQ,: 
VBE = VB - VE = Vr[ln(VREFI Rx -In I,] 

This leads to: 
V, = -Vr[ln(VREFI Rx -In I,] 

ForQ2: 
V, - V, = Vr[ln(VNI RN) -In Is] 

For Q3: 
V3 = -Vr[ln (VDI Ro) -In Is] 

We have now taken the logarithms of the input voltage 
VREF, VN, and Vo. Applying equation (I) to Q. gives: 

V3 - V, = VT [In (Vol Ro) -In I,]. 

Assume VT and I, are the same for all four transistors (a 
reasonable assumption with a monolithic IC). Solving 

Vol. 33 



Common 

o Input 

Dulput 

.Input 13}---------..... -------------..... .,... .... 

FIGURE 5. DlVIOO Two-Quadrant Log-Antilog Circuit. 

this last equation in terms of the previously defined 
variables and taking the antilogarithm of the result 
yields: R 

V = VREr VN R" Il 

" VIl Rx RN 
(2) 

In the DIV 100 VR" =6.6V. R .. = R, = RI>. and R, is~uch 
that the tran~fer function i~: 

Vo= ION D (3) 

limitation is not met V .. will try to be greater than the IOV 
output voltage limit of A •. 

A limitation that may not be obvious is the effect of 
source resistance. If the numerator or denominator 
inputs are driven from a source with more than IOn of 
output resistance. the resultant voltage divider will cause 
a significant output error. This voltage divider is formed 
by the source resistance and the DlV 100 input resistance. 
With R""'Rcr = Ion and R'NP"I 11l1\''''O, = 25kn an error 

..... 
> 
is 

where: N = Numerator Voltage 
D = Denominator Voltage 

Figure 5 is a more detailed circuit diagram for the 
DlV 100. In addition to the circuitry included in Figure 3, 
it also shows the resistors (R" R., Rs, R9, and RIO) used 
for level-shifting. This converts the DIVIOO to a two
quadrant divider. 

of 0.04% results. This means that the best performance of 5 
the DIVIOO I~ obtained by driving it, 1Oput!> lrom 
operational amplifier,. ' 

The implementation of the transfer function is equation 
(3) is done using devices with real limitations. For 
example, the value of the D input must always be 
positive. If it isn't, Q3 will no longer conduct, A3 will 
become open loop, and its output and the DIV 100 output 
will saturate. This limitation is further restricted in that if 
the 0 input is less than +250mV the errors will become 
substantial. It will still function, but its accuracy will be 
less. 

Still another limitation is the value of the N input must 
always be equal to or less than the absolute value ofthe 0 
input. From equation (3) It can be seen that if this 

Note that the reference voltage is brought out to pins 7 
and 8. This gives the user a precision. temperature
compensated reference for external use. Its open-circuit 
voltage is +6.6VDC. ±0.075V, typically. Its Thcvcniu 
equivalent resistance IS 3kH. Since the output re,i,tance 
is a relatively high value. an operational amplifier is 
nece~,ary to buffer thi~ source a, .hown 10 Figure 6. The 
external amplifier is necessary because current drawn 
through the 3kn resistor will effect the DIVIOO scale 
factor. 

~ __ DIV_1_00 ___ t;----J 
FIGURE 6. Buffered Precision Voltage Reference. 

OPTIONAL ADJUSTMENTS 
Figure 7 shows the connections to make to adjust the 
DIV 100 for significantly better accuracy over its 4O-to-1 
denominator range. 

The adjustment procedure is: 
1. Begin with Rl, &, and R3 set to their mid-position. 
2. With INI = 0 = IO.OOOV, ±lmV, adjust RI for 

Vo = +IO.OOOV, ±lmV. This ~ts the scale factor. 
3. Set 0 to the minimum expected denominator voltage. 

With N = -0, adjust R2 for Vo = -IO.OOOV. This 
adjusts the output referred denominator offset errors. 

4. With D still at its minimum expected value, make 
N = D. Adjust R3 for Vo = IO.OOOV. This adjusts the 
output referred offset errors. 

5. Repeat steps 2-4 until the best accuracy is obtained. 

Va = 1DNID 
o------(i~--------........~--O 

10110 

FIGURE 7. Connection Diagram for Optional 
Adjustments. 
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TYPICAL APPLICATIONS 
CONNECTION DIAGRAM 

Figure 8 is applicable to each application discussed in this 
section, except the square root mode. 

Rsource 

N Rsource < tOn 

Vout 

Rlold;;' 2kn 

FIGURE 8. Connection Diagram - Divide Mode. 

RATIOMETRIC MEASUREMENT 

The DIVIOO is useful for ratiometric measurements such 
as efficiency, elasticity, stress, strain, percent distortion, 
impedance magnitude, and fractional loss or gain. These 
ratios may be made for instantaneous, average, R MS, or 
peak values. 

The advantage of using the DIVIOO can be illustrated 
from the example shown in Figure 9. 

FIGURE 9. Weighing System - Fractional Loss. 

The LVDT (Linear Variable Differential Transformer) 
weigh cell measures the force exerted on it by the weight 
of the material in the container. Its output is a voltage 
proportional to: F 

W= .JI 
fa 

where: W = Weight of material 
F= Force 
g = Acceleration due to gravity 
a = Acceleration (acting on body of weight W) 

In a fractional loss weighing system the initial value of the 
material can be determined by the volume of the container 
and the density of the material. If this value is then held 
on the D-input to the DIVIOO for some time interval, the 
DIVIOO output will be a measure of the instantaneous 
fractional loss: 

Loss (L) = W1NSlANIANUll"Sj W II'"IAL 

Note that by using the DlVIOO in this application the 
common physical parameters of g and a have been 
eliminated from the measurement, thus eliminating the 
need for precise system calibration. 

The output from a ratio metric measuring system may 
also be used as a feedback signal in an adaptive process 
control system. A common application in the chemical 
industry is in the ratio control of a gas and liquid flow as 
illustrated in Figure 10. 
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RECEIVER CONTROllfR F,.c 9--------n lllAIBIIITTER 
IUIICOIIIralled1lowJ 

,~w."" IT ~ """".ow 

l .. ,,,nus 
• -HYDROCHLORIC ... 

MAIUAt 

IlATIOSETTlIIG 
COffTAOlSIUNAL 

luncontl'Ollsd! 

lIQlIlD 
IIYIIINICMlORlC 

"" 

FIGURE 10. Ratio Control of Water to Hydrochloric 
Gas 

PERCENTAGE COMPUTATION 

A variation of the direct ratio metric measurements 
previously discussed is the need for percentage compu
tation. In Figure II the DIV 100 output varies as the 
percent deviation of the measured variable to the standard. 

Instrumentation DIVlOO 
Amplifier 

FIGURE II. Percentage Computation. 

TIME AVERAGING 

II%pervoltl 

The circuit in Figure 12 overcomes the fixed averaging 
interval and crude approximation of more conventional 
time averaging schemes. 

T - If Vout = X = T xdt 

o 

FIGURE 12. Time Averaging Computation Circuit. 

BRIDGE LINEARIZATION 

The bridge circuit in Figure 13 is fundamental to 
pressure, force, strain and electrical measurements. It can 
have one or more active arms whose resistance is a 
function of the physical quantity, property, or condition 
that is being measured; e.g., force of compression. For 
the sake of explanation the bridge in Figure 13 has only 
one active arm. 
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""---0 A 

FIGURE 13. Bridge Circuit. 

The differential output voltage V" \ I~: 
-V'xc5 

V8A=VO-VA 2(2+15)' 

a nonlinear function of the resistance change in the 
active arm. This nonlinearity limits the useful span of the 
bridge to perhaps ±IO% variation in the measured 
parameter. 

Bridge linearization is accomplished using the circuit in 
Figure 14. The instrumentation amplifier converts the 
differential output to a single-ended voltage needed 
to drive the divider. The voltage-divider string makes the 
numerator and denominator voltages: 

N= -V"c5R" d 
(2R, + 3 Ron)(2 + 15) ,an • 

D = 2 V .. x R,1l • respectively, 
(2R, + 3R,Il)(2 + 15) 

where: R,N = DIVIOO numerator input resistance 
R,1l = DIVIOO denominator input resistance 

Applying these voltages to the DIV 100 transfer function 
gives: 

V,,= ION D 

which reduces to: 
Vo= -515 

(2R, + 3R,J»(R"c5) 10 
(2R, + 3R,,)(2R,J» 

if the divider's input resistances are equal. 

The nonlinearity of the bridge has been eliminated and 
the circuit output is independent of variations in the 
excitation voltage. 

FIGURE 14. Bridge Linearization Circuit. 

AUTOMATIC GAIN CONTROL 
A simple AGC circuit using the DIY 100 is shown in 
Figure 15. The numerator voltage may vary both positive 
and negative. The divider's output is half-wave rectified 
and filtered by D" R" and C2. It is then compared to the 
DC reference voltage. If a difference exists the integrator 

Burr-Brown Ie Data Book 

sends a control signal to the denominator input to 
maintain a constant output, thus compensating for input 
voltage changes. 

t--~"",-VDIII 

FIGURE 15. Automatic Gain Control Circuit. 

VOLTAGE-CONTROLLED FILTER 

Figure 16 shows how to use the D1YIOO in the feedback 
loop of an integrator to form a voltage-controlled filter. 
The transfer function is: 

Voutls, ___ K_ 
V,nl" - TS + I 

where: K = -R2/ R, 
10 R2 C 

T = -';Y'c-O"'-'';''R-O-' 

This circuit may be used as a single-pole low-pass active 
filter whose cutoff frequency is Iinearily proportional to 
the circuit's control voltage. 

VaanInIl 0----1 
t---"----VGUtlI) 

VCIIIInII ;;.+2IiOIIIV c 

FIGURE 16. Voltage - Controlled Filter. 

SQUARE ROOT 

VDIII = JiOij' 

• 13 N;;.+IOO111V 
1 

OIVloo 12 
41pF 

9 VDIII 
2211 

FIGURE 17. Connection Diagram for Square Root Mode. 
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BURR-BROWN® 

IElElI LOG100 

Precision 
LOGARITHMIC AND LOG RATIO AMPLIFIER 

FEATURES 
• HIGH ACCURACY 

0.37% FSO max Total Error 
over 5 decades 

• GOOD LINEARITY 
0.1 % max Log Conlormlty 
over 5 decades 

• EASY TO USE 
Pin-selectable Gains 
Internal Laser-trimmed Resistors 

• WIDE INPUT DYNAMIC RANGE 
6 Decades, 1 nA to 1 mA 

APPLICATIONS 
• LDG. LOG RATIO AND ANTILOG 

COMPUTATIONS 
• ABSORBANCE MEASUREMENTS 
• DATA COMPRESSION 
• OPTICAL DENSITY MEASUREMENTS 
• DATA LINEARIZATION 
• CURRENT AND VOLTAGE INPUTS 

r"Mr-----+---~-----<>___\ 2 ~m~R 
TRIM 

RESISTOR VALUES NOMINAL ONLY. 
LASER· TRIMMED FOR PRECISION GAIN 

DESCRIPTION 
The LOG I 00 uses advanced integrated circuit techno
logies to achieve high accuracy, ease of use,low cost, 
and small size. It is the logical choice for your 
logarithmic-type computations. The amplifier has 
guaranteed maximum error specifications over the 
full six-decade input range (I nA to I rnA) and for all 
possible combinations of II and h. Total error is 
guaranteed so that involved error computa~ions are 
not necessary. 

The circuit uses a specially designed compatible thin
film monolithic integrated circuit which contains 
amplifiers, logging transistors, and low drift thin
film resistors. The resistors are laser-trimmed for 

maximum precision. FET input transistors are used 
for the amplifiers whose low bias currents (IpA 
typical) permit signal currents as low as InA while 
maintaining guaranteed total errors of 0.37% FSO 
maximum. 

Because scaling resistors are self-contained, scale 
factors of IV, 3V or 5V per decade are obtained 
simply by pin selections. No other resistors are 
required for log ratio applications. The LOG 100 will 
meet its guaranteed accuracy with no user trimming. 
Provisions are made for simple adjustments of scale 
factor, offset voltage, and bias current if enhanced 
performance is desired. 

International Airport Industrial Park· P.O. Box 11400 . Tucson. Arizona 85734 • Tel. (602) 746·1111 . Twx: 91()'952·1111 • Cable: BBRCORP • Telex: 66·6491 

PDS-4378 
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ELECTRICAL SPECIFICATIONS 
Specifications at TA = +25°C and ±Vcc::::: ±15V unless otherwise noted 

PARAMETER CONDITIONS MIN TYP 

TRANSFER FUNCTION VOUT = K Log 111/121 

Log Conformity Error(1) Either 11 or 12 
Initial 1nA to 100!,A 15 decadeS! 0.04 

1nA to 1mA 16 decades I 0.15 
Over Temperature 1nA to 100!,A 15 decades I 0002 

1nA to 1mA 16 decades I 0.001 
K Range(2) 1,3,5 

Accuracy 03 
Temperature Coefficient 003 

ACCURACY 

Total Error(3) K = 1,14) Current Input Operation 
Initial 11,12= 1mA 

11,12 = 100!,A 
11,12 = 10!,A 
1,,12 = 1!,A 
11,12 = 100nA 
1,,12=10nA 
11,12= 1nA 

vs Temperature 11,12= 1mA ±020 
I" 12 = 100!,A ±0.37 
11,12 = 10!,A ±0,28 
11,12= 1!'A ±0.033 
I" 12 = 100nA ±0.28 
I" 12 = 10nA ±0,51 
11,12 = 1nA ±1.26 

vs Supply 11,12= 1mA ±4.3 
11,12 = 100!,A ±1.5 
1,,12 = 10!,A ±0,37 
11,12 = 1!'A ±0.11 
11,12 = 100nA ±0,61 
I" 12 = 10nA ±0.91 
11,12=1nA ±2,6 

INPUT CHARACTERISTICS lof amplifiers A1 and A21 

Oflset Voltage 
Initial ±0.7 
vs Temperature ±80 

Bias Current 
Initial 1 
vs Temperature doubles every 10°C 

Voltage Noise 10Hz to 10kHz, RTI 

I 
3 

I Current NOise 10Hz to 10kHz RTI 05 

AC PERFORMANCE 

3dB Response(6), 12 = 10!,A 
1nA Cc = 4500pF 011 
1!,A Cc = 150pF 38 
10!,A Cc = 150pF 27 
1mA Cc = 50pF 45 

Step Response(6) 
Increasmg Cc = 150pF 
1!,At01mA 11 
100nA to 1!'A 7 
10nA to 100nA 110 

Decreasing Cc = 150pF 
1mAt01!,A 45 
1"A to 100nA 20 
100nA to 10nA 550 

OUTPUT CHARACTERISTICS 

Full Scale Output I FSO I ±10 
Rated Output 

Voltage louT=±5mA ±10 
Current VOUT = ±10V ±5 

Current ltmlt 
Positive 125 
Negative 15 

Impedance 005 

POWER SUPPLY REQUIREMENTS 

Rated Voltage ±15 
Operating Rang~ Derated Performance ±12 
QUiescent Current ±7 
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MAX 

01 
0.25 

±55 
±30 
±25 
±20 
±25 
±30 
±37 

±5 

515) 

±18 
±9 

UNITS 

% 
% 

%/oC 
%/oC 

V/decade 
% 

%fOC 

mV 
mV 
mV 
mV 
mV 
mV 
mV 

mV/oC 
mV/oC 
mV/oC 
mV/oC 
mV/oC 
mV/oC 
mV/oC 

mVIV 
mVIV 
mVIV 
mVIV 
mVIV 
mVIV 
mVIV 

mV 
!'V/oC 

pA 

IlV, rms 
pA, rms 

kHz 
kHz 
kHz 
kHz 

Ilsec 
Jlsec 
,usee 

,usee 
,usee 
,usee 

V 

V 
mA 

mA 
mA 
n 

VDC 
VDC 
mA 
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ELECTRICAL (CONT'D) 

Speclflcallons at TA = +25°C and +Vee = +15V unless otherwise noted - -

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

AMBIENT TEMPERATURE RANGE 

Specification J Derated Performance 

I 
0 

I I 
+70 

I 
°C 

Operating Range -55 +125 °C 
Storage -55 +125 °C 

NOTES 
1 Log Conformity Error IS the peak deviatIOn from the best-fit straight Ime of the VOUT vs log liN curve expressed as a percent of peak-ta-peak full 

scale output 
2 May be tnmmed to other values See Applications sectIon 
3 The worst-case Total Error for any ratIo of 11/12 IS the largest of the two errors when 11 and 12 are conSidered separately 
4 Total Error at other values of K IS K times Total Error for K = 1 
5 Guaranteed by desIgn Not directly measurable due to amplifier's committed configuration 
6. 3dB and transient response are a function of both the compensation capacitor and the level of Input current See Performance Curves. 

ABSOLUTE MAXIMUM RATINGS 

Supply ±18V 
I nternal Power DISSIpatIOn 600mV 
Input Current 10mA 
Input Voltage Range ±18V 
Storage Temperature Range -40°C to +85°C 
Lead Temperature (soldermg 10 seconds I +300°C 
Output Short-cIrcUIt DuratIon Contmuous to ground 
Junction Temperature 175°C 

SCALE FACTOR PIN CONNECTIONS 

K. V/decade 

5 
3 

19 
1 

ConnectIons 

5t07 
4 to 7 

PIN CONFIGURATION 
1 II INPUT 
2 SCALE FACTOR TRIM 
3 K = 1 
4 K =3 
5 K =5 
6 +Vee 
7 OUTPUT 
8 NO INTERNAL CONNECTION 
9 -Vee 

10 COMMON 

014 
013 
012 
011 
010 
09 
08 

1 0 

2 ° 
3 0 
40 
50 

6° 
7° 

085 
077 
068 

4 and 5 to 7 
3 to 7 

3 and 5 to 7 
3 and 4 to 7 

11 NO INTERNAL CONNECTION 
12 NO INTERNAL CONNECTION 
13 NO INTERNAL CONNECTION 
14 12 INPUT 

I Bottom VIew I 

3 and 4 and 5 to 7 

MECHANICAL 

DIM 

A 

B 

C 

0 

G 

H 

K 

L 

A 

ORDER NUMBER LOG100JP 
CASE Epoxy 
WEIGHT 27 grams 
CONNECTOR 0145MC 

NOTE 
Leads In true posItIOn wlthm 
0010" 10 25mm I R at MMC at 
seatIng plane 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

790 .'0 20 07 2057 

490 510 1245 1295 

190 260 483 560 

018 021 045 053 

100 BASIC 254 BASIC 

oeo 115 203 292 

130 300 330 752 

300 BASIC 762 BASIC 

oeo 115 203 292 

Pin numbers shown for 
reference only Numbers are 
not marked on package 
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31K , 
> 
Q) 
Cl 21K , 
Jl! 
0 I,K > , 
:; 
~ 0 
o 
"0 -11K 

~ 
~ -2,K 

o 
Z -3,K 

, 
, 

, 

PERFORMANCE CURVES 
I TYPical at TA = +25°C. Vee = ±15VDC unless otherwise noted, 

NORMALIZED TRANSFER 
FUNCTION 

I, 
Your = K Log i;" V 

/ 
V 

/ 
V 

V 

0001001 01 10 100 1000 

I, 
Current RatiO.!; 

11K 

:> 0,9(K 

~ 0,8,K 

~ 07,K 

~ 06,K 
Co 
:; 051K 
o 
il 041K 
N 
ii 03, K 
E 

, 
I 
, 
, 
, 

, 
, 

ONE CYCLE OF NORMALIZED 
TRANSFER FUNCTION 

/ 
/ 

/ 
./ 

1/ 
/ is 021K 

z 
01,K / I 

V o 
10 

I 
2 0 3 0 4,0 6,0 80 10 

I, 
Current RatiO. i; 

> 
E 

±75 

e ±50 
Ui 

~ 
E 
~ ±25 

~ 

o 

--

InA 

TOTAL ERRORVS 
INPUT CURRENT 

" , 
/ .... " ...... 

" 

100nA 1 Oil A 

Input Current ," or 12' 
lmA 

3dB FREQUENCY RESPONSE 

+50 

~ +40 

g +30 
UJ 

~ +20 
'5 
0+10 

~ 
E 0 

~ .. 10 

-20 

TRIMMED OUTPUT ERROR 
VS INPUT CURRENT 

Gain Error and~1 
rOllset Error Trimmed 

to Zero, 

~ 
I 

I 
..",. 

" 

.Ei 

InA 100nA IOIlA lmA 
Input Current I " or 121 

MINIMUM VALUE OF 
COMPENSATION CAPACITOR 

-
50 ~tOOk~~~~+-=.:r--+--h~~ 
-408 

~10k~~~~~~~~~~~~ 
30 ~ , 

-203 lk~~~~--~~~~~ 
c: -10 ~ l00~-+:--:---h~~~~~""'-~ 

o !! 
~ 10~-4~~~~~~-4--~ 

+10~ 
+20 

InA 10nA l00nA lilA 10llA 100llA lmA 
Input Current. 12 

THEORY OF OPERATION 
The base-emitter voltage of a bipolar transistor is 

I 
VUE = V, Qn ~ where: 

K = Boltzman's constant = 1.381 x IO-H 

T = Absolute temperature in degrees Kelvin 

q = Electron charge = 1.602 x 10-19 Coulombs 

I. = Collector current 

I, = Reverse saturation current 

From the circuit in Figure I, we see that 

VOUT' = VUE, - VOE2 

Substituting (I) into (2) yields 

I, I, 
VOUT' = VT,.I!n [ - VT2.1!n [ 

51 52 

(I) 

(2) 

(3) 

I 
VOl'I' = V I Qn ~ and since 

.l!n X = 2.3 loglO X 

I 
VOl'I' = n V, log ~ 

where n = 2.3 

also 

R, + R2 
V (WI = VOlII' --R-,--

or 

I 
VOl'1 = K log ~ 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

( II) 

If the transistor~ are matched and isothermal and V" = 
VT2, then (3) becomes 

I, 12 
VouT'=VT[Qnr-.I!n-l] (4) . . 

It should be noted that the temperature dependance 
associated with V, == KT q is compensated by making R, 
a temperature sensitive resistor with the required positive 
temperature coefficient. 
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FIGURE I. Simplified Model of Log Amplifier. 

DEFINITION OF TERMS 
TRANSFER FUNCTION 

, I 
The ideal transfer function is- VOl I = K log ~ 

where 

K '= the scale factor with units of volts/ decade 

II = numerator input current 

i" 
:!: 

10 

8 

4 

-;:'0 
::::I 
c:> 

"" ·2 
·4 

·6 

·8 

·10 

b = denominator input current. 

InA I DnA II 

100ilA I rnA 

II 
VOUT = K loa i2 

12=1!lA 

Fixed valul alI2 

FIGURE 2. Transfer Function with Varying K and h. 

10 

8 

4 

i" 2 
:!: 
-;:'0 

::::I 

.:' ·2 

-4 

-8 

·8 

·10 

12 = IDnA 

II 
,VOUT = K log i2 

K=3 

FInd 'IIUI 01 K 

FIGURE 3. Transfer Function with Varying b and II. 

ACCURACY 

Accuracy considerations for a log ratio amplifier are 
somewhat more complicated than for other amplifiers. 
The reason is that the transfer function- is nonlinear and 
has two inputs, each of which can vary over a wide 
dynamic range. The accuracy for any combination of 

, inputs is determined from the total error specification. 

Burr-Brown Ie Data Book 

TOTAL ERROR , 

The total error is the deviation (expressed in m V) of the 
actual output from the ideal output of VOl'! = K log 
(II/h). Thus, 

VOUI IAtll!AL) = VOl' 1 11Il1.AL) ± Total Error. 

It represents the sum of all the individual components of 
error normally associated with the log amp when operated 
in the current input mode. The worst-case error for any 
given ratio of II / b is the largest of the two errors when II 
and b are considered separately. 

Example 

II varies over a range of 10nA to IJ.LA and I~ varies 
from 100nA to 10J.LA. What is the maximum error? 

Table I shows the maximum errors for each decade 
combination of hand b. 

TABLE I. II/b and Maximum Errors. 
11 

12 
(max errorl· 

(max error''" 

10nA 100nA 
130mVI 125mV, 

100nA 01 1 
125mV, 130mvl 125mV, 

11lA 001 01 
120mVI 130mVI (25mvl 

10llA 0001 001 
125mVI 130mV, ,25mV, 

·Maxlmum errors are In parentheSIS 

11lA 
120mVI 

10 
125mVI 

1 
f20mVI 

01 
I 25mV I 

Since the largest value of 11/ b is 10 and the smallest is 
0:001, K is set at 3V per decade so the output will range 
from +3V to -9V. The maximum total error occurs when 

, II = IOnA and is equal to K x 30mV. This represents a 

0.75% of peak-to-peak FSO error (3 x 1°2°30) x 100% = 
0.750C where the full scale output is 12V (from +3V to 
-9V). 

ERRORS RTO AND RTI 

As with any transfer function, errors generated by the 
function itself may be Referred-to-Output (RTO) or 
Referred-to-Input (RTI). In this respect log amps have a 
unique property: 

Given some error voltage at the log amp's output, that 
error corresponds to a constant percent of the input 
regardless of the actual input level. 

Refer to: Yu Jen Wong and William E. Ott, "Function 
Circuits: Design & Applications", McGraw-Hill Book, 
1976. 

LOG CONFORMITY 

Log conformity corresponds to linearity when VOUT is 
plotted versus h / h on a semilog scale. In many applica
tions log conformity is the most important specification. 
This is true because bias current, errors are negligible 
(I pA compared to input currents of I nA and above) and 
the scale factor and offset errors may be trimmed to zero 
or removed by system calibration. This leaves log con
formity as the major source of error. 
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Log conformity error is defined as the peak deviation 
from the best-fit straight line of the VOUT versus log (1./ h) 
curve. This is expressed as a percent of peak-to-peak full 
scale output. Thus, the nonlinearity error expressed in 
~olts over m decades is 

VOUT (NON LIN.) = K 2Nm volts (12) 

where N is the log conformity err.or, in percent. 

INDIVIDUAL ERROR COMPONENTS 
The ideal transfer function with ,current input is 

I, 
Vou , = K Log 1; (13) 

The actual transfer function with the major components 
of error is 

I, - 18 , 
VOUT = K(I ± ~K) log b -182 ±K 2Nm ± Vos OUT (14) 

The individual component of error is 

~K = scale factor error (0.3%, typ) 

lu, = bias current of A, (lpA, typ) 

IU2 = bias current of A2 (lpA, typ) 

N = log conformity error (0.05%. 0.1%, typ) 

Vos OUT = output offset voltage (ImV, typ) 

m = no. of decades over which N is speCified: 
0.05% for m = 5, 0.1% for m = 6 

Example: what is the error with K = 3 when 

I, = I~A and h = 100nA 

10-6 _ 10-'2 
VOUT = 3(1±0.003) log -7 I' ±3(2)(0.0005}5±lmV 

10 - 10 - (15) 

10-6 

"" 3.009 log 10-7 + 0,015 + 0.001 (16) 

= 3.009 (I) + 0.015 + 0.001 (17) 

= 3.025 volts (18) 

Since the ideal output is 3.000V the error as a percent of 
reading is 

0.025 
%error=-3-x 100%=0.83% (19) 

For the case of voltage inputs, the actual transfer 
function is 

FREQUENCY RESPONSE 

The 3dB frequency response of the LOG 100 isa function 
of the magnitude of the input current levels and of the 
value of the frequency compensation capacitor. See 
Performance Curves for details. 

Burr-Brown Ie Data Book 

The frequency response curves are shown for constant 
DC I, and h with a small signal AC current on one of 
them. 

The transient response of the LOG I 00 is different for 
increasing and decreasing signals. This is due to the fact 
that a log amp is a nonlinear gai'n element and has 
different gains at different levels of input signals. Fre
quency response decreases as the gain increases. 

GENERAL INFORMATION 

INPUT CURRENT RANGE 
The stated input range of InA to ImA is the range for 
specified accuracy. Smaller or larger input currents may 
be applied with decreased accuracy. Currents larger than 
I rnA result in increased nonlinearity. The lOrnA absolute 
maximum is a conservative value to limit the power 
dissipati'On in the output stage of A, and the logging 
transistor. Currents below I nA will result in increased 
errors due to the input bias currents of A, and A2 (I pA 
typical). These errors may be nulled. See Optional' 
Adjustments section. 

8 ,.. 
8 
....I 

FREQUENCY COMPENSATION .• 

Frequency compensation for the LOG 100 is obtained by 
connecting a capacitor between pins 7 and 14. The~i/c of 

5-23 

the capacitor is a function of the input currents as shown 
in the Performance Curves. For any given application the 
smallest value of the capacitor which may be used is 
determined by the maximum value at h and the minimum 
value of I,. Larger values of Cc will make the LOG 100 
more stable. but will reduce the frequency response. 

SETTING THE REFERENCE CURRENT 
When the LOG 100 is used as a straight log amplifier b is 
constant and becomes the reference current in the 
expression 

I, 
VOUT = K logr REF' (21) 

IREF can be derived from an external current source (such 
as shown in Figure 4) or it may be derived from a voltage 
source with one or more resistors. 

IREF 
~ __________ ~~m._~ __ ~._ 

8V 3.IIt 
+15V'---................. ',..-.... -~_- ·15V 

FIGURE 4. Temperature-Compensated Current 
Reference. 

When a single resistor is used the value may be quite large 
when IREF is small. If IREF is IOnA and +15V is used 
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RRII = :~~A = 1500M!l. 

A voltage divider may be used to reduce the value of the 
resistor. When this is done one must be aware of possible 
errors caused by the amplifier's input offset voltage. This 
is shown in Figure 5. 

FIGURE 5. "T" Network for Reference Current. 

I n this case the voltage at pin 14 is not exactly zero, but is 
equal to the value of the input offset voltage of AI which 
ranges from zero to ±5mV. V I must be kept much larger 
than 5mV in order to make this effect negligible. This 
concept also applies to pin I. 

, OPTIONAL ADJUSTMENTS 
I he I.OG I 00 will meet its specified accuracy with no user 
adju~tments. If improved performance is desired the 
following optional adjustments may be made. 

INPUT BIAS CURRENT 

The circuit in Figure 6 may be used to compensate for the 
input bias currents of AI and A2• Since the amplifiers 
have FET inputs with the characteristic bias current 
doubling every 10uC this nulling technique is practical 
only where the temperature is fairly stable. 

.Vee IkMI! rllillor Iv.llablelrom 
Burr·Brown. Order part 
number RF·500. 

FIGURE 6. Bias Current Nulling. 

OUTPUT OFFSET 

The output offset may be nulled with the circuit in Figure 
7. II and h are set equal at some convenient value in the 
range of 100nA to 100~A. RI is then adjusted for zero 
output voltage. ' 

Burr-Brow.n Ie Data Book 

FIGURE 7. Output Offset NUlling. 

ADJUSTMENTS OF SCALE FACTOR K 
The value of K may be changed by increasing or 
decreasing the voltage divider resistor normally con
nected to the output, pin 7. To increase K put resistance 
in series between pin 7 and the appropriate scaling 
resistor pin (3, 4 or 5). To decrease K place a parallel 
resistor between pin 2 and either pin 3, 4 or5. 

APPLICATION INFORMATION 

WIRING PRECAUTIONS 
I n order to prevent frequency instability due to lead 
inductance of the power supply lines, each power supply 
should be bypassed. This should be done by connecting a 
IO~F tantalum capacitor in parallel with a 1000pF 
ceramic capacitor from the +Vu and -Vu pins to the 
power supply common. The connection of these capaci
tors should be as close to the LOG 100 as practical. 

CAPACITIVE LOADS 

Stable operation is maintained with capacitive loads of 
up to 100pF, typically. Higher capacitive loads can be 
driven if a 220 carbon resistor is connected in series with 
the LOG I OO's output·. This resistor will, of course, form a 
voltage divider with other'resistive loads. 

CIRCUIT PROTECTION 
The LOG 100 can be protected against accidental power 
supply reversal by putting a diode (I N4001 type) in series 
with each power supply line as shown in Figure 8. This 
precaution is necessary only in power systems that 
momentarily reverse polarity during turn-on or turn-off. 
If this protection circuit is used, the accuracy of the 
LOG I 00 will be degraded slightly by the voltage drops 
across the diodes as determined by the power supply 
sensitivity specification. 

The LOG I 00 uses small geometry FET transistors to 
achieve the low input bias currents. Normal FET han
dling techniques should be used to avoid damage caused 
by low energy electrostatic discharge (ESD). 
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LOBI DO 

FIGURE 8. Reverse Polarity Protection. 

LOG RATIO 

One oft he more common uses oflog ratio amplifiers is to 
measure absorbance. A typical application is shown in 
Figure 9. 

)" 
Absorbance of the sample is: A = log ~ (22) 

I, 
If A2 = A, and D, and D2 are matched A a: K log h' (23) , 

FIGURE 9. Absorbance Measurement 

DATA COMPRESSION 

In many applications the compressive effects of the 
logarithmic transfer function is useful. For example, a 
LOG 100 preceding an 8-bit analog-to-digital converter 
can replace a more expensive 20-bit converter. 

SELECTING OPTIMUM VALUES OF 12 AND K 

In straight log applications (as opposed to log ratio) both 
K and b are selected by the designer. In order to minimize 
errors due to output offset and noise it is normally best to 
scale the log amp to use as much pf the ±IOV output 
range as possible. Thus, with the rangeofl, from I, M'N to 
I'MAX; 

For I, MAX +IOV = K log I, , .. Ax/b (24) 

For I, MIN -IOV = K log I, MIN/ b (25) 

Addition of these two equations and solving for b shows 
that its optimum value, hoPI', is the geometric mean of 
I, MAX and I, MIN. 

I~ 01" = .J .. MAX X .. M'~ (26) 

10 
Kop, = --

I I, M·\X 

og bop, 

(27) 

Since K is selectable in discrete steps, use the largest value 
of K available which does not exceed Kop,. 

NEGATIVE INPUT CURRENTS 

The LOG I 00 will function only with posItive input 
currents (conventional current flow into pins I and 14). 
Some current sources (such as photomultiplier tubes) 
provide negative input currents. In such situations the 
circuit in Figure 10 may be used.· 

National 
LM394 

02 

lOUT -
FIGURE 10. Current Inverter. 

VOLTAGE INPUTS 

The LOGlOO gives the best performance with current 
inputs. Voltage inputs ~ay be handled directly with series 
resistors, but the dynamic input range is limited to 
approximately three decades of input voltage by voltage 
noise and offsets. The transfer function of equation (20) 
applies to this configuration. 

ANTILOG CONFIGURATION (an implicit technique) 

[ VINl 
VOUT = IREF R AnUlog - K J K = I whln vlN cannlcted to pin 3 

K = 3 when VIN connlcted to pin 4 
K = 5 whln VIN connllCl8d 10 pin 5 

FIGURE II. Connections for Antilog Function. 

• ~ detailed mformatlon may be found an "Properly DeMgned Log Amplifier, 
Process B'polar Input SIgnal>" by Larry McDonald. EDN. 5 Oct 80. pp 99·102 
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BURR-BROWN® 

IElElI MPY100 

MILITARY & DIE 
VERSIONS 
AVAILABLE 

MULTIPLIER-DIVIDER 

FEATURES 

• LOW COST 
• DIFFERENTIAL INPUT 
• ACCURACY 100% TESTED AND 

GUARANTEED 
• NO EXTERNAL TRIMMING REQUIRED 

• LOW NOISE 
90~V. rms. 10Hz to 10kHz 

• HIGHLY RELIABLE oNE·CHIP DESIGN 
• DIP DR TO·l DO TYPE PACKAGE 
• WIDE TEMPERATURE OPERATION 

DESCRIPTION 
The MPYIOO multiplier-divider is a low cost 
precision device designed for general purpose 
application. In addition to four-quadrant 
multiplication, it also performs analog square root 
and division without the bother of external 
amplifiers or potentiometers. Laser-trimmed one-

Munl,lllI' Con 

'''nuallr 

MPY100 FUNCTIONAL BLOCK DIABRAM 

APPLICATIONS 

• MULTIPLICATION 
• DIVISION 
• SQUARING 
• SQUARE ROOT 
• LINEARIZATION 
• POWER COMPUTATION 
• ANALOG SIGNAL PROCESSING 
• ALGEBRAIC COMPUTATION 

• TRUE RMS·TO·DC CONVERSION 

chip design offers the most in highly reliable 
operation with guaranteed accuracies. Because of the 
internal reference and pretrimmed accuracies the 
MPY100 does not have the restrictions of other low 
cost multipliers. It is available in both TO·100 and 
DIP ceramic packages. 

High Baln 
0UIput 'IIIIIIHIII 

OUT 

IntlmlllOl1lI Airport Industrial Part· P.O. Box 11400· TutBOft. Arizona 85734 . Tel. (1I02J 746-1111 • Twx: 911).952·1111 • Cable: BBRCORP· Tllex: 66-6491 

PDS-4t2A 
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SPECIFICATIONS 
ELECTRICAL 
Specifications at TA = +2SoC and ±Vs = 1SVDC unless otherwise noted. 

MODEL MPY100A 

PARAMETER I CONDITIONS MIN TVP MAX 

MULTIPLIER p~RmRMANCE 
Transfer Function IX, - X2i~Y' - Y2) + Z2 

Total Error -10V';; X. Y .;; 10V 
Initial TA = +2SoC ±2.0 
VS. Temperature -25°C E; T A ~ +85°C ±o.017 ±o.OS 
VS. Temperature -55°C ~ TA ~ +125°C 
vs. Supply!') ±o.OS 

Individual Errors 
Output Offset 
Initial TA = +25°C ±SO ±100 
VS. Temperature -25°C :s;;; TA ~ +85°C ±o.7 ±2.0 
VS. Temperature -SsoC';; TA';; +125°C 
vs. Supply!') ±o.25 

Scale Factor Error 
Initial TA = +25°C ±o.12 
VS. Temperature -2SoC .;; T A .;; +8SoC ±o,OO8 
VS. Temperature -55°C ~ TA:S;;; +125°C 
vs. Supply!') ±O.OS 

Nonlinearity 
X Input X = 20V. pop; Y = ±10VDC ±o.08 
Y Input Y = 20V. pop; X = ±10VDC ±o.08 

Feedthrough f = SOHz 
X Input X = 20V. pop; Y = 0 100 
Y Input Y = 20V. pop; X =0 6 
VS. Temperature -2SoC .;; TA .;; +85°C 0.1 
VS. Temperature -55°C ~ TA ~ +125°C 
vs. Supply(1) 0.1S 

DIVIDER PERFORMANCE 
Transfer Function X, >X2 1~t~~,)+y, 
Total Error (with X = 10V 

externa.~ adjustments) -10V';; Z ';;+10V ±1.S 
X = 1V 

-1V';; Z';; +1V ±4.0 
+O.2V';; X.;; +10V 
-10V';; Z';; +10V ±5.0 

SQUARER PERFORMANCE 
Transfer Function IX, ;OXo)2+ Z2 

Total Error -10V';; X.;; +10V I ±1.2 I 
SQUARE-ROOTER PERFORMANCE 

Transfer Function Z, < Z2 +v'10IZ2 - Z,) + X2 
Total Error 1V';;Z';; 10V I ±2 I 
AC PERFORMANCE 
Small-Signal Bandwidth SSO 
1 % Amplitude Error Small-Signal 70 
1% (0.57°) Vector Error Small-Signal S 
Full Power BandWidth IV~ = 10V. RL = 2kn 320 
Slew Rate IV~ = 10V. RL = 2kn 20 
Settling Time S~; ~~~p~VOv~r~~~d 2 
Overload Recovery 0.2 

INPUT CHARACTERISTICS 
Input Voltage Range 

Rated Operation ±10 
Absolute MaXimum ±Vcc 

I nput ReSistance X. Y. Z(2) 10 
Input Bias Current X. Y. Z 1.4 

OUTPUT CHARACTERISTICS 
Rated Output 

Voltage lo=±5mA ±10 
Current Vo = ±10V ±S 

Output ReSistance I=DC 1.5 

OUTPUT.NOISE VOLTAGE X-Y-O 
10 1Hz 6.2 
fo = 1kHz 0.6 
lIf Corner Frequency 110 
la = SHz to 10kHz 60 
fa = 5Hz to SMHz 1.3 

POWER SUPPLY REQUIREMENTS 
Rated Voltage ±15 
Operating Range Derated Performance ±B.S ±20 
Quiescent Current ±S.S 
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I MPY100B/C MPY100S 

I MIN TVP I MAX MIN TVP I 

·r 

±1.0/0.S 
±o.OO8/o.008 ±o.02/0.02 

±o.02S .,. 
±1017 ±S0/25 ±7 

±O.7/0.3 ±2.0/±0.7 
±0.3 .,. 

.,. .,. 
±o.OO8 .,. · .,. 

·r · 
30/30 30 
·r · ·1· 

0.1 
·r 

.,. 
±0.75/0.35 ±0.35 

±2.0/1.0 ±1.0 

±2.S/1.0 ±1.0 

·r 
±O.6/O.3 ±o.3 

·r 
±1I0.5 ±o.S 

·r · ·r 
·r · ·r 
·r 
·r · ·r 

·r 
·r 

·r 
·r · 

·r · ·r · ·r 

·r 
·r 
·r 
·r 
·r 

·r 
·r ·r · ·r ·r 

I 
,.AX UNITS 

±O.S % FSR 
% FSRfOC 

±O.OS % FSRfOC 
% FSR/% 

±50mV mV 
mVloC 

±o.7 mVloC 
mV/% 

%FSR 
% FSRfOC 
% FSRfOC 
% FSRI% 

% FSR 
% FSR 

mY. pop 
mY. pop 

mY. p-p/oC 
mY. p-p/oC 
mY. p-pl% 

% FSR 

% FSR 

% FSR 

% FSR 

% FSR 

kHz 
kHz 
kHz 
kHz 

VlI'S8C 
1'S8C 
1'S8C 

V 
V 

Mn 
I'A 

V 
mA 
n 

I'V/~ 
I'V/v'Hz 

Hz 
/AV. rrna 
mV, rrns 

VDC 
VDC 
mA 
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ELECTRICAL SPECIFICATIONS (CONT) 

MODEL I MPY100A 

PARAMETER I CONDITIONS I MIN I TVP I 
TEMPERATURE RANGE Ambient) 
Specification 

I Derated Performance I -25 I 
Operating Range -55 
Storage -65, 

NOTES: 
1, Includes effects of recommended null pots 
2. Z2 input resistance is 10Mfi, typical, with Vos pin open. 

If Vas pin is Qrounded or usee for optional offset adjustment. 
the Z. input resistance may be as low as 25kO 

"Same as MPY100A spacification, 
... r means SIC grades same as MPY IOOA specification 

MECHANICAL 

CERAMIC DUAL·IN·LlNE PACKAGE 

Order Number. 
MPY100AG. MPY100BG 
MPY100CG. MPY100SG 

METAL CAN PACKAGE 

Order Number: 
MPY100AM. MPY100BM 
MPY100CM. MPY100SM 

TOP VIEW Pon rr= A -

~[]J ~ L-F::1 ~ 
L ~"-~:~~~:'dL n ---:J 

A ~~~. F K 

~ ~·c.=o j J L I "I IV ---. BOTTOM VIEW ~~GJs .. ,ongpl.n. 

-f1 NOTE 
J \ leads m true 

position wlthm 
0010~I025mm) LLM_I ~ A.,MMe., -.:l seatmg plane 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 670 710 17 02 1803 

C 06' 170 '6' 432 

0 0" 02' 038 0.3 

F 04' 080 ',4 , '2 

G 100 BASIC 254 BASIC 

H 02. 070 064 178 

J 008 012 020 030 

K 120 240 3 O. 610 

L 300 BASIC 762 BASIC 

M 10· 10 

N 009 060 023 1 .2 

Burr-Brown Ie Data Book 

NOTE Leads In true POSItion wlthm 
0010.0 25mml R at MMC at 
seatlnQ plane 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A .335 370 8., 940 

B ,306 33. 7.75 8.51 

C 16. 186 4 " 
4.70 

0 .016 .021 041 0.53 

e .010 040 02' 1.02 

F .010 ,040 0.25 102 

G .230 BASIC 5.B4 BASIC 

H .02B .034 0.71 0.B6 

J .029 ,046 0.74 1.14 

K .500 -- 1270 --
L .120 .160 3.05 406 

M 360 BASIC 360 BASIC 

N .110 120 2.79 3.05 

5-28 

I 

I MPY100B/C 1 MPY100S I 
MAX I MIN I TVpl MAX I MIN I TYP T MAXi UNITS 

+85 I "r I I "r r -: T 1 +1:5 T oc-
+125 "r "r ·C 
+150 "r "r ·C 

Vo 

Vas 

IX, - X2)(Y' - Y2) 

"OPTIONAL 100kO 10 
COMPONENT -15VDC 

PIN CONFIGURATION 

G PACKAGE Y2 

NOTES' 

+Vcc 

y, 

Y2 

Vas 

Z. 

1. Vas adjustment optional not normally recommended. Vas 
pin may be left open or grounded. 

2, Ail unused input pins should be grounded, 

SIMPLIFIED SCHEMATIC 
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TYPICAL PERFORMANCE CURVES 

Ii 
~ 10 
'0 
~ 

~ 2 

~ :; 
o 0.5 

~ I- 0.2 

'0 -8 O. 1 

5 ~O.O 
~O.O 2 

TOTAL ERROR VS 
AMBIENT TEMPERATURE 

'/ 
/ 

........... 

~ -100 -50 o 50 100 150 

iii 0 
~ 
CD 

~ -5 
ii 
E 
..: -10 
:; 
0. 

~ -15 

iii 

-20 

80 

70 

80 

; 50 
::! 
() 40 

30 

20 

II 
II 

AmbientTemperature(OC) 

OUTPUT AMPLITUDE VS 
FREQUENCY 

Small Signal 

"'" ~ YAV 

\ 
100k 1M 10M 

Frequency (Hz) 

COMMON-MODE REJECTION 
VS FREQUENCY 

I l"'\. Y 12V. p-p 

I I _\X=±1OVDC-

X = 12V. p-p i\ Y=±10VDC 

\ 

\ 
\ 

10 100 1k 10k 100k 1M 10M 
Frequency (Hz) 

ABSOLUTE MAXIMUM RATINGS 

Supply 
Internal Power Oissipation(1) 
Different,allnput Voltagel21 
Input Voltage Range(21 
Storage Temperature Range 
Operating Temperature Range 
Lead Temperature (soldering. 10 seconds) 
Output Short-circUit Duration(3) 
Junction Temperature 

NOTES: 

NONLINEARITY VS FREQUENCY 
100 

InpJt Sign!1 = 20J. p-p 

/ 
V 
./ 

1 '2 L 
V 'v 

1 

0.00 1 
10 100 1k 10k 100k 1M 

10 

~ S 
CD 

'" ~ 0 0 
> 
:; 
So -5 
" 0 

-10 

Frequency (Hz) 

LARGE SIGNAL RESPONSE 

I 

I 
~ ---llnput 

~-outPut 

I \ 
r- i~L=2kn \ 

\ 

o 

CL = 150pF 
I 
I 

1.0 2.0 3.0 4.0 
Tlme(~sec) 

OUTPUT VOLTAGE VS 
OUTPUT CURRENT 

Output Current (±mA) 

±20VDC 
500mW 
±40VDC 
±20VDC 
-6SOC to +1SOOC 
-5SOC to +12SoC 
+3000C 
Continuous 
+150oC 

5.0 

1000 

f500 
! 200 

§> 100 

g 50 

'" g 20 
e 
~ 10 

~ 5 

20 

18 

16 

~ 14 

~ 12 
t:. 10 
:; 8 
Q. 

.5 6 
4 

o 

16 

14 

~ 12 

~ 10 

8 8 

i 6 
~ 4 

FEEDlHROUGH VS FREQUENCY 

In7tSI9ral=;2OV. ~p~ .p.. 
;...-

I I /I 
X F.!..dth~OU9h I '/ 

"J 
YF~h~U~ II 

10 100 1k 10k 100k 1M 10M 

Frequency (Hz) 

INPUT VOLTAGE FOR 
LINEAR RESPONSE 

Positive Common-mode 
r-f=o ~ Differential 

r:F 1= Negative Common-mod~ 
,/ 

~ 

I..t= r-r,. 
l,~ ,,-

'if ,,' 
~ , 

.' 
~ 

2 4 6 8 10 12 14 16 18 20 

Power Supply Voltage (±Vcc) 

SUPPLY CURRENT VS 
AMBIENT TEMPERATURE 

5mALoad -

Quiescent -

-

-

o 
-100 -50 o 50 100 150 

Ambient Temperature (OC) 

1. Package must be derated on8JC = 15°CIW and 8JA = 1&SOCIW forthe metal package and 8JC = 35°CIW and 8JA = 2200 CIW for the ceramic package. 
2. For supply voltages leS5 than ±20VDC the absolute maximum input voltage is equal to the supply Yoltage. 
3. Short-circuit may be to ground only. Rallng applies to +85°C ambient for the metal package and +65°C for the ceramic package. 
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APPLICATIONS INFORMATION 

THEORY OF OPERATION 
The MPYlOO is a variable transconductance multiplier 
consisting of three' differential voltage-to-current 
converters, a multiplier core and an output differential 
amplifier as illustrated in Figure I. 

FIGURE I. MPYlOO Functional Block Diagram. 

The basic principle of the transconductance multiplier 
can be demonstrated by the differential stage in Figure 2. 

r---..... -o+Vcc 

FIGURE 2. Basic Differential Stage as a 
Transconductance Multiplier. 

For small values of the input voltage VI that are much 
smaller than VT, the transistor's thermal voltage, the 
differential output voltage V 0 is 

Vo = 8m RLVI. 

The transconductance 8m of the stage is given by: 
8m = IE/VT, 

and is modulated by the voltage V2 to give 
gm'" V2/VTRE. 

Substituting this into the original equation yields the 
overall transfer function 

Vo = &mRLVI = VIV2 (RL/VTRE) 

which shows the output voltage to be the product of the 
two input voltages, VI and V2. 

Variations in IE due to V2 cause a large common-mode 
voltage swing in the circuit. The errors associated with 
this common-mode voltage can be eliminated by using 
two differential stages in parallel and cross-coupling their 
outputs as shown in Figure 3 . 

.---------------~-O+Vs 

+ -
Vo 

FIGURE 3. Cross-coupled Differential Stages as a 
Variable-transconductance Multiplier. 

An analysis of the circuit in Figure 3 shows it to have the 
same overall transfer function as before: 

Vo = VI V2 (RL/VTRE). 

For input voltages larger than VT the voltage-to-current 
transfer characteristics of the differential pair QI, Q2 or 
Q3 and Q. are no longer linear. Instead, their collector 
currents are related to the applied voltage V I as 

v, 
II h e V. 
1;=4= 

The resultant nonlinearity can be overcome by 
developing VI logarithmically to exactly cancel the 
exponential relationship just derived. This is done by 
diodes 01 and 02 in Figure 4. 

FIGURE 4. MPYIOO Simplified Circuit Diagram. 
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The emitter degeneration resistors Rx and Ry, in Figure 
4, provide a linear conversion of the input voltages to 
differential current Ix and Iv, where 

Ix = Vx/Rx and Iv = Vy/Ry. 

Analysis of Figure 4 shows the voltage V A to be 
V A = (2RL/ I,)(lxIv). 

Since Ix and Iv are linearly related to the input voltages 
Vx and Vy, VA may also be written 

VA= KVxVy 
where K is a scale factor. In the MPYlOO, K is chosen to 
be 0.1. 
The addition of the Z input alters the voltage V A to 

VA= KVxVy - Vz. 

Therefore, the output of the MPYIOO is 
Vo = A[KVxVy - Vz] 

where A is the open-loop gain of the output amplifier. 
Writing this last equation in terms of the separate inputs 
to the MPYlOO gives 

Vo = A[(X, - Xy~Y' - Y2) _ (Z, - Z2~ , 
the transfer function of the MPYIOO. 

WIRING PRECAUTIONS 

In order to prevent frequency instability due to lead 
inductance of the power supply lines, each power supply 
should be bypassed. This should be done by connecting a 
IOjlF tantalum capacitor in parallel with a IOOOpF 
ceramic capacitor from the +Vee and -Vee pins of the 
MPYlOO to the power supply common. The connection 
of these capacitors should be as close to the MPYlOO as 
practical. 

CAPACITIVE LOADS 

Stable operation is maintained with capacitive loads to 
1000pF in all modes, except the square root mode for 
which 50pF is a safe upper limit. Higher capacitive loads 
can be driven if a loon resistor is connected in series with 
the MPYlOO's output. 

DEFINITIONS 

TOTAL ERROR (Accuracy) 

Total error is the actual departure of the multiplier 
output voltage from the ideal product of its input 
voltages. It includes the sum of the effects of input and 
output DC offsets, gain error and nonlinearity. 

OUTPUT OFFSET 
Output offset is the output voltage when both inputs Vx 
and Vy are zero volts. 

SCALE FACTOR ERROR 
Scale factor error is the difference between the actual 
scale factor and the ideal scale factor. 

Burr-Brown Ie Data Book 5-31 

NONLINEARITY 
Nonlinearity is the maximum deviation from a best 
straightline (curve fitting on input-output graph) 
expressed as a percent of peak-to-peak full scale output. 

FEEDTHROUGH 
Feedthrough is the signal at the output for any value of 
Vx or Vy within the rated range, when the other input is 
zero. 

SMALL SIGNAL BANDWIDTH 
Small signal bandwidth is the frequency at which the 
output is down 3dB from its low-frequency value for a 
nominal output amplitude of 10% of full scale. 

1°1a AMPLITUDE ERROR 
The 1% amplitude error is the frequency the output 
amplitude is in error by 1%, measured with an output 
amplitude of 10% of full scale. 

1% VECTOR ERROR 
The I % vector error is the frequency at which a phase • 
error of 0.0 I radians (0.57°) occurs. This is the most 
sensitive measure of dynamic error of a mUltiplier. 

TYPICAL APPLICATIONS 

MULTIPLICATION 
Figure 5 shows the basic connection for four-quadrant 
multiplication. 

The MPYlOO meets all of its specifications without 
trimming. Accuracy can, however be improved over a 
limited range by nulling the output offset voltage using 
the 100kO optional balance potentiometer shown in Fig
ure 5. 

AC feedthrough may be reduced to a minimum by 
applying an external voltage to the X or Y input as shown 
in Figure 6. 

Z2, the optional summing input, may be used to sum a 
voltage into the output of the MPYIOO. If not used, this 

Vx. ±IDV. 
Fa 

Vy.±I~. 

IBn 

·15VDC +15VDC 

FIGURE S. Multiplier Connection. 

"OPTIONAL BALANCE 
POTENTIOMETER 
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On 11 .. +_

VC

_

C 

__ !!nv-. --~I"--~ TOTHE 
lkn APPROPRIATE 

INPUT 
.VCC -=- TERMINAL 

FIGURE 6. Optional Trimming Configuration. 

terminal, as well as the X and Y input terminals, should 
be grounded. All inputs should be referenced to power 
supply common. 

Figure 7 shows how to achieve a scale factor larger than 
the nominal 1/ 10. In this case, the scale factor is unity 
which makes the transfer function 

Vo = KVxVy = K(XI - X2)(YI - Y2). 
K =~ + ~~'I R'~ 
O.I<;;K';;I 

IOkn 

MPY100 

FIGURE 7. Connection For Unity Scale Factor. 

This circuit has the disadvantage of increasing the output 
offset voltage by a factor of 10 which may require the use 
of the optional balance control as in Figure I for some 
applications. In addition, this connection reduces the 
small signal bandwidth to about 50kHz. 

DIVISION 
Figure 8 shows the basic connection for two-Quadrant 
division. This configuration is a multiplier-inverted 
analog divider, i.e., a multiplier connected in the 
feedback loop of an operational amplifier. In the case of 
the MPYlOO this operational amplifier is the output 
amplifier shown in Figure I. 

Vx 
DENOMINATOR 
.o.2V TO 
+10V. FS 

OPTIONAL 
SUMMING 
INPUT. -
±IOV. FS 

MPY100 

FIGURE 8. Divider Connection. 

NUMERATOR 
±IOV.FS 

The divider error with a multiplier-inverted analog 
divider is approximately 

Ed"lder = 10 Emultiplier/ (XI - X2) 

Burr-Brown Ie Data Book 

It is obvious from this error equation that divider error 
becomes excessively large for small values of XI - X2. A 
IO-to-I denominator range is usually the practical limit. 
If more accurate division is required over a wide range of 
denominator voltages, an externally generated voltage 
may be applied to the unused X-input (see Optional Trim 
Configuration). To trim, apply a ramp of +IOOmV to 
+IVat 100Hz to both XI and ZI if X2 is used for offset 
adjustment, otherwise reverse the signal polarity, and 
adjust the trim voltage to minimize the variation in the 
output. An alternative to this procedure would be to use 
the Burr-Brown DIVlOO, a precision log-antilog divider. 

SQUARING 

Xl 

Xz 

0-----7-1 Y I 
Vx o---~-IYz 
±IOV.FS 

MPY100 

FIGURE 9. Squarer Connection. 

SQUARE ROOT 

VII' ±IOV. FS 

OPTIONAL 
SUMMING 
INPUT. 
±IOV. FS 

Figure 10 shows the connection for taking the square root 
of the voltage V z. The diode prevents a latching condition 
which could occur if the input momentarily changed 
polarity. This latching condition is not a design flaw in 
the MPYlOO, but occurs when a multiplier is connected 
in the feedback loop of an operational amplifier to 
perform square root functions. 

5-32 

OPTIONAL 
SUMMING 
INPUT ..... ---tXI 
±IOV.FS Xz 

MPY100 
O" ...... I'-..... --I Yl -t '------t Y z ..... ----III CIRCUIT FOR POSITIVE VZ' 

OPTIONAL 
SUMMING 
INPUT. 
±IOV. FS Xl 

Q...-J1'-<_--IXZ 

'--r---t Y I 
YZ 

lbl CIRCUIT FOR NEGATIVE VZ' 

MPY100 

FIGURE 10. Square Root Connection. 

The load resistance RL must be in the range of IOkn,,;; RL 
,,;; I Mn. This resistance must be in the circuit as it 
provides the current necessary to operate the diode. 
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BRIDGE LINEARIZATION 

[ 
I] ,RI+ R2)AR 

V2=V I+!l .VO=5 \T· R 

laTE: v 1_ld III u large u _lilt III mlnlmla dlvlltw.,.n. 
But. V .. 110 + (2OR1 <loRlIIII knp V2 wHbIn ... Input vtllllII 
IIl1l1u'''' MPYloo. 

FIGURE I L Bridge Linearization. 

The use of the MPYlOO to linearize the output from a 
bridge circuit makes the output Vo independent of the 
bridge supply voltage. 

TRUE RMB-TO-DC CONVERSION 

MATCHED TO tI.025% 

RI R2 

ao 

FIGURE 12. True RMS-to-DC Conversion. 

'The rms-to-DC conversion circuit of Figure 12 gives 
greater accuracy and bandwidth but with less dynamic 
range than most rms-to-DC converters. 

PERCENTAGE COMPUTATION 

IV2· VII 
va = -V-I -100 

VI 1% PER VOLT 

+OlV .. VI .;: +IOV 
XI 

x2 MPYlOO 
YI 

'::' Y2 
lito 

Ito 

Figure 13. Percentage Computation. 

Burr-Brown Ie Data Book 5-33 

The circuit of Figure 13 has a sensitivity of 1 V / % and is 
capable of measuring 10% deviations. Wider deviation 
can be measured by decreasing the ratio of R2/Rt. 

SINE FUNCTION GENERATOR 

lIMko 

Va = 100In IVI 

5.715kO 

IOto 

(·IOV .. VI .. +IOV.lnd IV = gol 

FIGURE 14. Sine Function Generator. , 

The circuit in Figure 14 uses implicit feedback to 5 
implement the following sine function approximation: 

Vo = (1.5715Vt - 0.004317Vt')/(1 + 0.OOI398V t') 
= 10 sin (9Vt). 

SINGLE-PHASE POWER MEASUREMENT 

REAL POWER * (",,1I0IlElnnllJ.rma CIIIlI 

FIGURE IS. Single-Phase Instantaneous and Real 
Power Measurement. 

MORE CIRCUITS 

The theory and procedures for developing virtually any 
fu~ction generator or linearization circuit can be found in 
the Burr-Brown/ McGraw Hill book "FUNCTION 
CIRCUITS - Design and Applications." 
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BURR-BROWN® 

IElElI MPY534 

MILITARY & DIE 
VERSIONS 
AVAILABLE 

Precision 
ANALOG MULTIPLIER 

FEATURES 
• ±0.25% MAX 4-QUAoRANT ERROR 
• WIDE BANDWIDTH: IMHz MIN. 3M Hz TYP 
• ADJUSTABLE SCALE FACTOR: GAINS TO 100 
• STABLE AND RELIABLE MONOLITHIC 

CONSTRUCTION 

• LOW COST 

APPLICATIONS 
• PRECISION ANALOG SIGNAL PROCESSING 
• VIDEO SIGNAL PROCESSING 
• VOLTAGE CONTROLLED FILTERS AND OSCILLATORS 
• MODULATION AND DEMODULATION 
• RATIO AND PERCENTAGE COMPUTATION 

DESCRIPTION 
The MPY534 is a high accuracy, general purpose 
fO,ur-quadrant analog multiplier. Its accurately laser 
trimmed transfer characteristics make it easy to use 
in a wide variety of applications with a minimum of 
external parts and trimming circuitry. Its differential 
X, Y and Z inputs allow configuration as a multi
plier, squarer, divider, square-rooter and other func
tions while maintaining high accuracy. 

The wide bandwidth of this new design allows accu
rate signal processing at higher frequencies suitable 
for video signal processing. It is capable of perform
ing IF and RF frequency mixing, modulation and 
demodulation with excellent carrier rejection and 
very simple feed through adjustment. 

An accurate internal voltage reference provides pre
cise setting of the scale factor. The differential Z 
input allows user selected scale factors from 0.1 to 10 
using external feedback resistors. 

r-;;;;-l------o +V. 
SF 

L..!!!!,~....t------o -V. 

TRANSFER FUNCTION 
X, 

X. 
VOUT = A [IX, - X~~V' - Val -II, - III] 

MULTIPLIER 
CORE 

V, 

V. >---oVOUT 

Z, 

I. 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arlzon. 85734· Tel. 16021 746·1111· Twx: 911).952·1111 . Cable: BBRCORp· Tetex: 66·6491 

PDS·614B 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C and Vs = ±15VDC unless otherwise specified 

MODEL MPY534J MPY534K ~ ~ ~ 
MIN TYP_ ~X M~ -~~ ~ ~ ~ ~ TYP ~ ~ ~ ~ UNITS 

MULTIPLIER I I 
PERFORMANCE (X, - X.) (y, - Y.) 
Transfer Function 10V + Z. 
Total Errorl1 ) 

(-10V 5 X, Y 5 +10Vj ±10 ±05 ±025 ±10 % 
TA:;: min to max ±15 ±10 ±05 ±20 ±10 % 
Total Error vs Temperature ±0022 ±0015 ±0008 ±OO2 ±O01 %'"C 
Scale Factor Error 

(SF = 10 OOOV Nominal)'" ±025 ±O 1 ±O 25 % 
Temperature CoefflClef'lt of 

Scaling Voltage ±002 ±001 ±0005 ±002 ±0005 %'"C 
Supply ReJect,on (±15V ±1V) ±001 % 
Nonlinearity • X (X = 20V pk-pk, Y = 10V) ±04 ±02 ±03 ±010 ±012 ±04 % C") 

Y (Y = 20V pk-pk, X = 10V) ±OO1 ±01 ±0005 % 

~ FeedthroughC31 

X (Y Nulled, Y = 20V a.. pk-pk, 50Hz) ±03 ±015 ±03 ±005 ±012 ±03 · % :i Y (X Nulled, Y = 20V 

:5\ 
pk-pk, 50Hz) ±001 ±01 ±0003 . · % 

Output Offset Voltage ±30 ±2 ±15 ±10 :±-5 ±30 mV 
Output Offset Voltage Drift 200 100 500 300 /lVl"C 

DYNAMICS • Small S'gnal BW, 
(Vou, = 0 1V rms) 1 3 . MHz 

1% Amplitude Error 
(CeoAo = 10oopF) 50 kHz 

Slew Rate (Vou, = 20V pk-pk) 20 · VI/ls 
Settling Time rn 

(to 1%, iNou, = 20V) 2 J1S Z 
NOISE 0 
NOise Spectral Density -SF =10V 08 · iNl.,fHz .... 
Wldeband NOise 0 

f = 10Hz to 5MHz 1 · mVrms Z 
f = 10Hz to 10kHz 90 pVrms :l 

OUTPUT U. 
Output Voltage SWing ±11 . V 

!:: Output Impedance (f 51kHz) · 01 0 
Output Short Circuit Current :l 

(RL = 0, TA = min to max) · 30 mA 0 Amphfler Open Loop Gam a: (f = 50Hz) · 70 dB 

INPUT AMPLIFIERS (3 
(X, Yand Z) 

~ Input Voltage Range 
Differential VIN (VCM = 0) ±12 V 0 
Common-Mode VIN ±10 V ... 

(VOIF' = 0) (see TYPical <C 
Performance Curves) Z Offset Voltage X, Y ±5 ±20 ±2 ±10 ±5 ±20 mV 

<C Offset Voltage Drift X, Y 100 50 100 /lV,"C 
Offset Voltage Z ±5 ±30 ±2 ±15 ±10 ±5 ±30 mV 
Offset Voltage Drift Z 200 100 500 300 /lV,"C 
CMRR 60 80 70 90 60 BO dB 
BIBS Current OB 20 . . · /lA 
Offset Current 01 005 02 20 20 /lA 
Differential Resistance 10 · MO 

DIVIDER PERFORMANCE (Z.-Z,) 
Transfer Funcllon (X, > X,) 10V (X, - X,) + y, 
Total Error(1) 

(X = 10V, -10V5Z 
5+10V) ±075 ±035 ±02 ±075 % 

(X - 1V, -1V 5 Z 
5+1V) ±20 ±10 ±OB ±20 % 

(0 1V 5 X 510V, 
-10V5Z5~OV) ±25 ±10 ±OB ±25 % 

Specifications same as for MPY534K 
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ELECTRICAL (CONT) 
At T. = +25'C and Vs = ±t5VDC unless otherwise specified 

MODEL MPY534J MPY534K MPY534L MPY534S MPY534T 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

SQUARE PERFORMANCE (X, -X,)' 
Transfer Function -----,ov+Z' 
Total Error (-10V:o X :o10V) 06 I ±0.3 I ±02 ±06 % 

SQUARE-ROOTER 
PERFORMANCE 
Transfer Function (Z, :::; Z2) v10V(Z, - Z,) + X, 
Total Error(\) (1V:::: Z::; 10V) ±10 ±05 ±025 ±10 ±05 % 

POWER SUPPLY 
Supply Voltage 

Rated Performance ±15 VDC 
Operatmg ±8 ±18 ±20 ±20 VDC 

Supply Current, QUiescent 4 6 rnA 

TEMPERATURE RANGE 
Operatmg 0 +70 -55 +125 -55 +125 'C 
Storage -65 +150 'C 

0; SpeCification same as for MPY534K 

NOTES (1) Figures given are percent of full scale, ±10V (I e ,001% = 1rnV) (2) May be reduced to 3V uSing external resistor between -V5 and SF (3) Irreducible 
component due to nonllneanty, excludes effect of offsets 

ABSOLUTE MAXIMUM RATINGS 

Parameter MPYS34J, K, L MPY534S, T 

Power Supply Voltage ±18 i20 
Power DI~slpatlon 500mW 
Output Short-Circuit to Ground Indeflf11te 
Input Voltage (all X. Y and Z) ±Vs 
Operating Temperature Range O'C to -70'C - 55°C to -125°C 
Storage Temperature Range -65°C to -150°C 
Lead Temperature (lOs soldenng) 300'C 

SpeCification same as for MPY534K 

MPY534** 
Grade Designation ___________ --ll 

~J } o to 70°C 

T
S ) -55 to 125°C 

Package Designation --_________ --1 

H = TO-100 
D=DIP 

PIN CONFIGURATION (TOP VIEW) 

XI 
+V5 Ne OUT Zl Z2 Ne -Vs 

14 13 12 11 10 

SF OUT 

Yl Zl 

Xl X2 Ne SF Ne Yl Y2 

-Vs 

TO-100 DIP 

Burr-Brown Ie Data Book 

MECHANICAL 

INCHES 

DIM MIN MAX 

6'0 "0 
065 

060 

100 BASIC 

025 

m 
'40 

009 060 

5-36 

NOTE 
Leads In true poSItion wlthm 010" 
(25mm) Rat MMT at seatmg plane 

Pm numbers shown for reference 
only Numbers may not be marked 
on package 

INCHES 
DIM MIN MAX 

0" 
040 

230 BASIC 

0'" 

NOTE 

MILLIMETERS 
MIN MAX 

'51 

OS' 

584 BASIC 

1270 

305 
36° BASIC 

Leads In true poSItion within 010" 
( 2Smm) R at MMT at seatmg plane 

Pm numbers shown for reference 
only Numbers may not be marked 
on package 

MILLIMETERS 

MIN MAX 

1702 
, 65 

038 

254 BASIC 

064 

0" 
305 
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TYPICAL PERFORMANCE CURVES 
TA = +25°C, Vs = ±15VOC unless otherwise noted 

1k 

AC FEEDTHROUGH 
VS FREQUENCY 

X feedthrough ~ 

I V 
Y feedthrough -"""" 

/ ~ 

V 

01 
10 100 1k 10k 100k 1M 10M 

90 

80 

70 

iii' 60 

~ 50 
II: 
II: 

~ 40 

30 

20 

10 

o 
100 

Frequency (Hz) 

COMMON-MODE-REJECTION RATIO 
VS FREQUENCY 

1k 

'N4J.. , ,"-
TYPical for all Inputs 

10k 

Frequency (Hz) 

NOISE SPECTRAL DENSITY 
VS FREQUENCY 

'" 
100k 

'\ 

1M 

15~------~--------~--------r--------. 

I¥ 
~ 125+--------1--------~--------~------~ 

~~ i?> 
~ 

~ "~--r---~~ 
i 075.~--------_+---------4--------~~------~ 
rJl 

~ 
i5 z 

100 1k 

Frequency (Hz) 
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800 

700 

600 

;; 
500 .s 

"E 
~ 400 
5 
() 
00 300 '" Iii 

200 

100 

0 

BIAS CURRENTS VS TEMPERATURE 
(X, Y or Z inputs) 

..... ~ 
..... r---.. ~ng voltage = 10V 

--l"'- i"-- .... 
...... I"'- ,.!"allng voltage 1= 3V 

-
-40 -20 20 40 60 80 100 120 140 

Temperature (OC) 

INPUT DIFFERENTIAL-MODEl 
COMMON-MODE VOLTAGE 

10 VCM 

/~~~ 
~---~~~~~~----_+----54----!-~-~4~-~-~-~~~~~~-~--~ 

-12 ;::-'10 -5 5 10':·:: 12 

0 

40 

iii' 30 
::!. 

-> 20 
~ 
~ 10 
:; 
o 

-10 

-20 
1k 

FREQUENCY RESPONSE VS 
DIVIDER DENOMINATOR INPUT VOLTAGE 

........... 1\.. 

10k 

V, = 100JVDC ""\.= 10mV, rms 

\"" Vx-1VDC 

r\. Vz = l00mV, rms 

\ \ 
I\V'~10V~ 

,,=1\jS \ 
100k 

Frequency (Hz) 
1M 10M 
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INPUT/OUTPUT SIGNAL RANGE 
VS SUPPLY VOLTAGES 

Positive or Negative Supply (V) 

THEORY OF OPERATION 
The transfer function for the MPY534 is: 

20 

_ [(X, - X2) (y, - Y2) ] 
Vou , - A - (Z, - Z2) 

SF 
where: 

A = Open-loop gain of the output amplifier (Typi
cally 85dB at DC). 

SF = Scale Factor. Laser-trimmed to IOV but adjus
table over a 3V to IOV range using external 
resistor. 

X, Y, Z are input voltages. Full-scale input voltage is 
equal to the selected SF. (Max input voltage = 
±1.25 SF.) 

An intuitive understanding of transfer function can be 
gained by analogy to an op amp. By assuming that the 
open-loop gain, A, of the output amplifier is infinite, 
inspection of the transfer function reveals that any Your 
can be created with an infinitesimally small quantity 
within the brackets. Then, an application circuit can be 
analyzed by assigning circuit voltages for all X, Y and Z 
inputs and setting the bracketed quantity equal to zero. 
For example, the basic multiplier connection in Figure I, 
Z, = You, and Z2 = O. The quantity within the brackets 
then reduces to: 

(X, - X2) (y, - Y2) 

SF 
- (Vour - 0) = 0 

This approach leads to a simple relationship which can 
be solved for Your. 

The scale factor is accurately factory-adjusted to IOV 
and is typically accurate to within 0.1 % or less. The scale 
factor may be adjusted by connecting a resistor or poten
tiometer between pin SF and the -Vs power supply. The 
value, of the external resistor can be approximated by: 

RSF = 5.4Ul [~J 
10 - SF 

Internal device tolerances make this relationship accu
rate to within approximately 25%. Some applications 
can benefit from reduction of the SF by this technique. 
The reduced input bias current and drift achieved by 

Burr-Brown Ie Data Book 

FREQUENCY RESPONSE 
AS A MULTIPLIER 

10~---------, __________ ,-________ -, 

OdS = 0 W, rms; RL = 2kO 

CL = 1000pF 

:; 
Q. 

:; 
o -20t-------t----:-:;~~-+--__:~~__1 

Feedback 
Attenuator 

Connection 

-30+-~~~TrMrl--~~TTTnft---~~TT~ 
10k 100k 1 M 10M 

Frequency (Hz) 

this technique can be likened to operating the input cir
cuitry in a higher gain, thus reducing output contribu
tions to these effects. Adjustment of the scale factor does 
not affect bandwidth. 

X INPUT 
±10V FS 
±12V PK 

x, +v. +15V 

= (X, - X,,](Y, - Y,I z 
IOV + • 

-15V \ 
OPTIONAL SUMMING 
INPUT. Z. ±10V PK 

FIGURE I. Basic Multiplier Connection. 

The MPY534 is fully characterized at Vs = ±15V but 
operation is possible down to ±8V with an attendant 
reduction of input and output range capability. Opera
tion at voltages greater than ±15V allows greater output 
swing to be achieved by using an output feedback atten-, 
uator (Figure 2). 

X INPUT 
±10V FS 
±12V PK 

Y INPUT 
±10V FS 
±12V PK 

FIGURE 2. Connections for Scale-Factor of Unity. 
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BASIC MULTIPLIER CONNECTION 

Figure I shows the basic connection as a multiplier. 
Accuracy is fully specified without any additional user 
trimming circuitry. Some applications can benefit from 
trimming one or more of the inputs. The fully differen
tial inputs facilitate referencing the input quantities to 
the source voltage common terminal for maximum accu
racy. They also allow use of simple offset voltage trim
ming circuitry as shown on the X input. 

The differential Z input allows an offset to be summed in 
Your. In basic multiplier operation the Z2 input serves as 
the output voltage reference and should be connected to 
the ground reference of the driven system for maximum 
accuracy. 

A method of changing (lowering) SF by connecting to 
the SF pin was discussed previously. Figure 2 shows 
another method of changing the effective SF of the over
all circuit using an attenuator in the feedback connection 
to ZI. This method puts the output amplifier in a higher 
gain and is thus accompanied by a reduction in band
width and an increase in output offset voltage. The 
larger output offset may be reduced by applying a trim
ming voltage to the high impedance input, Z2. 

The flexibility of the differential Z inputs allows direct 
conversion of the output quantity to a current. Figure 3 
shows the output voltage differentially-sensed across a 
series resistor forcing an output-controlled current. Addi
tion of a capacitor load then creates a time integration 
function useful in a variety of applications such as power 
computation. 

X INPUT 
±lOV fS 
±12V PK 

x, 

X. 

Sf 

+1Is 

OUT 
MPY534 

l, 

+15V 

lOUT = 

IX, - X.)IY, - Y.) 1 
10V x if. 

Y INPUT 
±10V FS 
±12V PK 

Y, l, 

1--......... """',_-- --"""1 
,I-__ .......JCURRENT·SENSING =*= 

RESISTOR. Rs. 2kO ~~ 

Y, -Vs -15V MIN INTEGRA;OR 
CAPACITOR 
ISEE TEXT) 

FIGURE 3. Conversion of Output to Current. 

SQUARER CIRCUIT 

Squarer operation is achieved by paralleling the X and Y 
inputs of the standard multiplier circuit. Inverted output 
can be achieved by reversing the differential input termi
nals of either the X or Y input. Accuracy in the squaring 
mode is typically a factor of two better than the specified 
multipler mode with maximum error occurring with 
small (less than IV) inputs. Better accuracy can be 
achieved for small input voltage levels by using a reduced 
SF value. 

DIVIDER OPERATION 

The MPY534 can be configured as a divider as shown in 
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Figure 4. High impedance differential inputs for the 
numerator and denominator are achieved at the Z and X 
inputs respectively. Feedback is applied to the Y2 input, 
and YI is normally referenced to output ground. Alterna
tively, as the transfer function implies, an input applied 
to YI can be summed directly into VOUT• Since the feed
back connection is made to a mUltiplying input, the 
effective gain of the output op amp varies as a function 
of the denominator input voltage. Therefore the band
width of the divider function is proportional to the 
denominator voltage (see Typical Performance Curves). 

Accuracy of the divider mode typically ranges from 
0.75% to 2.0% for a 10 to I denominator range depending 
on device grade. Accuracy is primarily limited by input 
offset voltages and can be significantly improved by 
trimming the offset of the X input. A trim voltage of 
±3.5mV applied to the "low side" X input (X2 for posi
tive input voltages on XI) can produce similar accuracies 
over a 100 to I deonominator range. To trim, apply a 
signal which varies from 100mV to lOY at a low fre
quency (less than 500Hz) to both inputs. An offset sine 
wave or ramp is suitable. Since the ratio of the quantities 
should be constant, the ideal output would be a constant 
lOY. Using AC coupling on an oscilloscope, adjust the 
offset control for minimum output voltage variation. 

+ +15V 
OUTPUT. ±12V PK 

X INPUT X, +Vs 
IDENDMINATDR) VOUT = 10Vll, - l,) + y, 

+IOV FS X, - X. 
+12V PK x, OUT 

MPY534 
OPTIONAL SF l, l INPUT 

SUMMING INPUT INUMERATOR) 
±10V PK 

y, l. 
±10V fS. ±12V PK 

I 
I 

V -15V 

FIGURE 4. Basic Divider Connection. 

SQUARE-ROOTER 

A square-rooter connection is shown in Figure 5. Input 
voltage is limited to one polarity (positive for the con
nection shown). The diode prevents circuit latch-up 

OPTIONAL 
SUMMING 
INPUT. X. 
±10V PK 

x, 

X. 

Sf 

y, 

Y. 

+Vs 

OUT 
MPY534 

l, 

l, 

-lis 

OUTPUT. ±12V PK 
VOUT=~)+X. 

REVERSE J RL 
THIS AND X ~ IMUST BE 
INPUTS fOR, PROVIDED) 
NEGATIVE ~ 
OUTPUTS V 

l INPUT 
10V FS 
12V PK 

-15" 

FIGURE 5. Square-Rooter Connection. 
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should the input go negative. The circuit can be config
ured for negative input and positive output by reversing 
the polarity of both the X and Y inputs. The output 
polarity can be reversed by reversing the diode and X 

APPLICATIONS 

A-B 
x, +Vs +15V 

-2- You, = lA' - B')1I0V 
X, OUT 

MPY534 30kO 

SF Z, 

10ko 
y, Z, 

IA + B)12 -:-
Y, -Vs -15V 

-:-

FIGURE 6. Difference-of-Squares. 

+15V 
X, +Vs 

CONTROL INPUT. You, = ±12V PK 
Ec. ZERO TO ±5V = lEe Es)/O.IV 

X, OUT 
SET 
GAIN IkO 2kO MPY534 

SF Z, 
-Vs 

0.0051'F 
y, Z, 

SIGNAL INPUT. 
Es. ±5V PK ":" 

Y, -Vs -15V 

NOTES: I) Gain is XIO per volt of Ee. zero to x50. 
2) Wideband 110Hz to 30kHz) output noise is 3mV rms.typ. corresponding 

to a FS SIN retio of 7UdB. 
3) Noise referred to signal input. with Ee = ±5V. is 60pV rms. typo 
4) Bandwidth Is DC to 20kHz. -3dB. Independent of gain. 

FIGURE 7. Voltage-Controlled Amplifier. 

x, +Vs +15V 

x, OUT 

MPY534 4.7kO You, = lIOV) sln9 

10kO SF Z, 
WHERE 

4.3kO 
9 = 1,,/2I1E,/l0V) 

INPUT. E, y, Z, 
o TO +IOV 3kO 

y, -Vs -:--15V 

FIGURE 8. Sine-Function Generator. 

Burr-Brown Ie Data Book 

input polarity. A load resistance of approximately 10k!} 
must be provided. Trimming for improved accuracy 
would be accomplished at the Z input. 

..... ---.... X, 
MODULATION 
INPUT. ±EM 

CARRIER INPUT 
Ec sin wi 

X, 

+Vs +t5V 

1--......... Vau, 

The SF pin or a Z·allenuator can be used to provide overall signal amplification. 
Operation from a single supply is possible: bias y, to Vsl2 

FIGURE 9. Linear AM Modulator. 

9kO 
':" 

IkO 

-:-

B INPUT 
IPOSITIVE ONLY) 

X, 

X, 

SF 

y, 

+Vs 
+15V 

OUT 

MPY534 
A - B 

You, = IIDDV) --

Z, B 

Z, A INPUT 
I±) 

FIGURE 10. Percentage Computer. 

~X, +Vs 

X, OUT 

MPY534 
SF Z, 

INPUT. Y 
±IOV FS 

y, Z, 

~Y' -Vs 

f----- +t5V 

VOUT = ±5V PK 
V"~ 

- If 0 V) I+Y' 
Y 

WHERE Y'-
II OV) 

f-----. -15V 

FIGURE II. Bridge-Linearization Function. 
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BURR-BROWN® 

IElElI MPY634 

Wide Bandwidth 
PRECISION ANALOG MULTIPLIER 

FEATURES 
• WIDE BANDWIDTH: 10MHz typ 
• ±0.5% MAX FOUR-QUADRANT ERROR 
• INTERNAL WIDE-BANDWIDTH OP AMP 
• EASY TO USE 
• LOW COST 
• ENHANCED RELIABILITY SCREENING AVAILABLE 

APPLICATIONS 
• PRECISION ANALOG SIGNAL PROCESSING 
• MODULATION AND DEMODULATION 
• VOLTAGE·CONTROLLED AMPLIFIERS 
• VIDEO SIGNAL PROCESSING 

DESCRIPTION 
The MPY634 is a wide bandwidth, high accuracy, 
four-quadrant analog mUltiplier. Its accurately laser
trimmed multiplier characteristics make it easy to 
use in a wide variety of applications with a minimum 
of external parts, often eliminating all external 
trimming. Its differential X, Y, and Z inputs allow 
configuration as a multiplier, squarer, divider, square
rooter, and other functions while maintaining high 
accuracy. 

• VOLTAGE·CONTROLLED FILTERS AND OSCILLATORS 

The wide bandwidth of this new design allows signal 
processing at I.F., R.F., and video frequencies. The 
internal output amplifier of the MPY634 reduces 
design complexity compared to other high frequency 
multipliers and balanced modulator circuits. It is 
capable of performing frequency mixing, balanced 
modulation, and demodulation with excellent carrier 
rejection. 

An accurate internal voltage reference provides pre
cise setting of the scale factor. The differential Z 
input allows user-selected scale factors from 0.1 to to 
using external feedback resistors. 

r~;;--'f-------o +v. 

L.!!!,!~..J-------o -v. 
TRANSFER FUNCTION 

VOUT = A [IX, - X~~Y' - Yol_IZ, - Z,)] 

Inlernalional Airporllnduslri,l Park· P.O. Box 11400 . Tucson. Arizona B5734 . Tel. 1602) 746·1111 . Twx: 910·952·1111 . Cable: BBRCORP . Telex· 66·6491 

PDS·636B 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C and Vs = ±15VDC unless otherwise specified. 

MODEL MPV634KP/KU MPY634AM MPY634BM MPY634SM 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

MULTIPLIER I I 
PERFORMANCE (X, - X2 ) (y, - V2) Z 
Transfer Function · · · Total Error41l 

10V + 2 

(-10V'; X, y,; +10V) ±20 

±151 

±10 ±05 · % 
TA = mm to max ±25 ±1.0 ±20 % 
Total Error vs Temperature ±003 ±0022 ±0015 ±002 %;oC 
Scale Factor Error 

(SF = 10 OOOV Nominal)'" ±025 ±O I · · % 
Temperature Coefficient of 

Scaling Voltage ±002 ±001 ±001 · %rC 
Supply Rejection (±15V ±1V) · ±001 · · % 
Nonlinearity 

X (X = 20Vp-p, Y = 10V) · ±0.4 02 ±0.3 · % 
Y (Y = 20Vp-p, X = 10V) · ±001 · ±O I · % 

Feedthrough C31 

X (Y Nulled, V = 20V 
p-p, 50Hz) ±03 ±03 ±015 ±03 · % 

Y (X Nulled, Y = 20V 
p-p, 50Hz) · ±001 · ±O I · % 

Both Inputs (500kHz, 1V rms) 
Un nulled 40(4) 50 45 55 · 60 · · dB 
Nulled 55141 60 55 65 60 70 · · dB 

Output Offset Voltage ±50 ±100 ±5 ±30 · ±15 · · mV 
Output Offset Voltage Drift · ±200 ±100 · ±500 /1WoC 

DYNAMICS 
Small Signal BW, 

(Vo", = 0 1V rms) 6(4) · 8 10 · · 6 · MHz 
1% Amplitude Error 

(CLOAO = 1000pF) · 100 · · kHz 
Slew Rate (Vou• = 20Vp-p) · 20 · · VI/1s 
Settling Time 

(to 1%, AVou• = 20V) · 2 · · /1S 

NOISE 
Noise Spectral Density 

SF = 10V · 08 · · /1V1VHz 
Wldeband NOise' 

1 = 10Hz to 5MHz · I · · mVrms 
1 = 10Hz to 10kHz · 90 · · J1Vrms 

OUTPUT 
Output Voltage SWing . ±11 · · V 
Output Impedance (I'; 1kHz) · 01 · · 0 
Output Short Circuit Current 

(RL = 0, T, = min to max) · 30 · · rnA 
Amplifier Open Loop Gain 

(I = 50Hz) · 85 · · dB 

INPUT AMPLIFIERS 
(X, Y and Z) 
Input Voltage Range 

Differential VIN (VCM = 0) · ±12 · · V 
Common-Mode VIN (VOIFF :::; 0) · ±10 · · V 
(see Typical Performance Curves) 

Offset Voltage X, Y ±25 ±100 ±5 ±20 ±2 ±10 · · mV 
Offset Voltage Dnft X, Y 200 100 50 · /1WoC 
Offset Voltage Z ±25 ±100 ±5 ±30 ±2 ±15 · · mV 
Offset Voltage Drift Z · 200 100 500 /1WoC 
CMRR . · 60 80 70 90 · · dB 
Bias Cu rrent · . 08 2.0 · . · · /1A 
Offset Cu rrent · 0.1 · · 20 /1A 
Differential Resistance · 10 · · MO 

DIVIDER PERFORMANCE (Z2-Z,) 
Transfer Function (X1 > X2) · 10V (X, _ X2) + V, · · Total Error(1) untrimmed 

(X = 10V, -10V'; z,; +10V) 15 ±0.75 ±0.35 ±075 % 
(X = IV, -IV'; Z,; +1V) 40 ±20 ±1.0 · % 
(0 1V,; X'; 10V, -10V'; 

Z';10V) 50 ±25 ±10 · % 
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ELECTRICAL (CO NT) 
At T. = +25'C and V. = ±15VeC unless otherwise specified 

MODEL MPY634KP/KU MPY634AM MPY634BM MPY634SM 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

SQUARE PERFORMANCE (X, -X,)' ~ 
Transfer Function · 

110V I z, · · Total Error (-10V:'O X :'010V) ±12 ±06 ±03 · % 

SQUARE-ROOTER 
PERFORMANCE 
Transfer Function (Z, :5 Z2) · V10V(Z, - Z,) + X, · · Total Error'" (IV :'0 Z :'0 10V) ±20 ±10 ±05 · % 

POWER SUPPLY 
Supply Voltage 

Rated Performance · ±15 · · vec 
Operating . . ±8 ±18 · · . ±20 vec 

Supply Current, QUiescent · . 4 6 · · · . mA 

TEMPERATURE RANGE 
Specification ... 4151 .151 -25 +85 · · -55 +125 'c 
Storage -40 +85 -65 +150 · · . . 'C 

'Speclficatlon same as for MPY634AM. 

NOTES: (1) Figures given are percent ollull scale, ±10V (I e ,0.01% = lmV). (2) May be reduced t03V using external resistor between -V. and SF (3) Irreducible 
component due to nonlinearity, excludes effect of offsets. (4) KP grade only (5) KP grade only O'C to +70'C for KU grade 

MECHANICAL 

PLASTIC DUAL·IN-L1NE METAL TO-100 

e~: ii 
INCHES MILLIMETERS 

--I t-F DIM MIN MAX MIN MAX 

lll-TC 

A 660 785 1876 1994 
B 220 260 559 711 
C 200 508 

Jli~;U~~K D 015 023 036 058 
F 030 070 076 178 

H I-G 0 Seatong Plane G 100 BASIC 254 BASIC 
H 030 095 

NOTE Leads In true J 008 015 020 038 

position within 0 010" K 100 - 254 -
(0 25mm) R at MMC at L 300 BASIC 762 BASIC 

seatmg plane M - W - 15' 
N 020 050 051 127 

F~::: 
L- • 

I NOTE' Leads in true position 
within 0.01" (0 25mm) R at MMC z-=;ti at seating plane. 

Seatong j INCHES MILLIMETERS 
DIM MIN MAX MIN MAX Plane -..:...:.:-~ 
A 335 370 851 940 
B 305 335 775 851 
C 165 185 419 , 70 
D 016 021 041 053 

N E 010 040 025 102 
L F 010 040 025 102 

· G 230 BASIC 584 BASIC 

SMALL OUTLINE SURFACE MOUNT 

r--- - A_ 

~]~J! iifm~n7J =n 01 Pon 1 Identifier 
B, B 

J~L ~~ :lJ 
J~~n~UUU L M 

INCHES MILLIMETERS 

+ . H 028 03' 071 086 

~~~~G 
J 029 045 074 II' 
K 500 1270 
L 120 160 305 406 
M 360 BASIC 360 BASIC 
N 110 120 279 305 

ABSOLUTE MAXIMUM RATINGS 

Parameter MPY634AM/BM MPY634KP/KU MPY634SM 

Power Supply Voltage ±18 · ±20 

DIM MIN MAX MIN MAX Power DISSipation 500mW · · A 400 416 1016 1057 Output Short-Circuit 

NOTE Leads In true position A, 388 412 986 1046 
B 286 302 728 787 within 0 010" (0 25mm) R at MMC B, .288 286 681 726 at seatong plane 
C 093 109 236 277 
D 015 020 038 051 
G 05DBASIC 127 BASIC 
H 022 038 056 097 

to Ground Indefinite · · Input Voltage (all X, 
Y and Z) ±Vs' · · Temperature Range' 
Operating -251+85'C · -55/+125'C 
Storage -65/+150'C -401+85'C · 

J 008 012 020 030 Lead Temperature 
L 391 421 993 1069 (lOS soldering) +300'C · · M 5° TVP 5' TYP SOIC 'KU' Package +260'C 
N 000 012 000 030 

• Specification same as for MPY634AM/BM 
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PIN CONFIGURATIONS (TOP VIEW) 

x, 
+V. NC Out Z, Z. NC -v. 
14 13 12 11 10 9 8 

ORDERING INFORMATION 2 6 7 

X, X. NC SF NC Y, Y. 
IO!!) 

-V. 
_ _____ !L.-_P-'Y634 y 1. 

Basic Model Number ---l I 
Performance Grade 

K -25'C to +85'C ('U' package O'C to +70'C)'" 
A -25'C to +85'C 

TO-lOG: MPY634AM/BM/SM DIP: MPY634KP 

B -25'C to +85'C 
S -55'C to +125'C 

Package Code ____________ .J 

M TO-100 metal 
P PlastIc 14-pln DIP 
U 16-pln SOIC 

Enhanced reliabilIty screenIng (/QM option)
avaIlable on MPY634SM Contact your 
Burr-Brown representative for Information 

NOTE (1) Performance grade IdentIfIer may not be marked 
Blank denotes "K" grade 

TYPICAL PERFORMANCE CURVES 
T. = +25'C, V. = ±15VDC unless otherwlsa noted 

FEEDTHROUGH VS FREQUENCY 
-20 10 

iD i.-.. 
~ -40 
~ 

~ 
" c: 
!! X Feedthrough -"". ~ ...... " ......... 

iD 0 
~ 

a:1 .. -10 

« 
" '" " E! 

! 

-60 

-60 

-100 
100 

90 

80 

0 

60 
iD 
~ 5 
a: 

0 

~ 4 0 
o 

0 3 

20 

0 

0 
100 

I 
~ 

V 
Y Feedthrough 

... ' 
1k 10k 100k 1M 

Frequency (Hz) 

COMMON-MODE REJECTION RATIO 
VS FREQUENCY 

l"'NJ.. 
III.,...,. 

TYPical for slllnput •• 

10k 100M 

~fequency (Hz) 

f' 

1M 
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10M 

I' 

i . 
-20 

100M 

iD 
~ 
c: 

i 
" c: 

! 
" '" ~ 

I 
10M 

5-44 

-30 
1k 

-so 

-60 

-70 

-80 

..... 

Xl Input 
X2 1nput 

NC 
Scale Factor 

NC 
Y, Input 
Y2 1n pUt 

NC 

1~ 
2 
3 
4 
5 
6 
7 
8 

,', 

16 
15 
14 
13 
12 
11 
10 
9 

-v, 
NC 
Output 
Z. Input 
Z21nput 
NC 

V, 
NC 

SOIC: MPY834KU 

FREQUENCY RESPONSE AS A MULTIPLIER 

Normal coLectlon"" 
C~=1000PF 

.--.V 
l\ CL=OPF" 

i\ 
With X10 Fe~back -1 

Allenuator l\ 
\ .... "'" 10k 100k 1M 10M 100M 

Frequency (Hz) 

FEEDTHROUGH VS TEMPERATURE 

fy=SOOkHz 
Vx= nulled -

f'... ~ 
I.--"" 

~ -~ 
I '-'lUlled it 25'9 

40 20 0 20 40 80 80 ~ m ~ 
Temperature ('C) 
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TYPICAL PERFORMANCE 
CURVES (CONT) 
TA = +25°C, Vs = ±15VOC unless otherwise noted. 

NOISE SPECTRAL DENSITY 
VS FREQUENCY 

15,-------~~------_r--------~------_, 

t[ 125~--------~--------t_--------r_------_i 
?:-
u; ~" ~ ~_r--------_t--------~--~--__ J 
i 075+---------+---------r-------~r_------_i 
(/) 

5l 
<; 
z 

0.5+-""T"'T"l'TI'rM-I"""I"TTTmt-"T""TT'I"I'I' ..... ""T"'T"I'TI''II''If 

800 

700 

600 

<" E. 50 0 

E 
~ 400 

8 
~ 30 
Iii 

0 

200 

100 

o 

10 

..... 

..... 

100 1k 

Frequency (Hz) 

10k 

INPUTIOUTPUT SIGNAL RANGE 
VS SUPPLY VOLTAGES 

PosItive or Negative Supply (V) 

BIAS CURRENTS VS TEMPERATURE 
(X, Y or Z ,nputs) 

::-... ..... ......... ~g voltage = 10V 

.... r--. 
------ i-!cahng voltage I = 3V 

100k 

20 

...... 

-40 -20 20 40 60 60 100 120 140 
Temperature (Ge) 
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60 

40 
iii 
~ 
,;: 
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:5 
0-
S 
0 

0 

-20 
1k 

FREQUENCY RESP' ISE AS A DIVIDER 

Vx = 10bmVDC 
Vz = 10mVrms 

Vx=1JDC \ Vz = 100mVrms 

Vx = 10lDC \ ~ Vz = 100mVrms 

1\ 
10k 100k 1M 

Frequency (Hz) 

INPUT DIFFERENTIAL-MODEl 
COMMON-MODE VOLTAGE 

\ 1\ 
10M 100M 

• 
THEORY OF OPERATION 
The transfer function for the MPY634 is: 

[
(X, - X2) (y, - Y2) ] 

VOUT = A - (Z, - Z2) 
SF 

where: 

A = open-loop gain of the output amplifier (typi
cally 85dB at DC). 

SF = Scale Factor. Laser-trimmed to IOV but adjus
table over a 3V to IOV range using external 
resistors. 

X, Y, Z are input voltages. Full-scale input voltage is 
equal to the selected SF. (Max input voltage = 
±1.25 SF.) 

An intuitive understanding of transfer function can be 
gained by analogy to the op amp. By assuming that the 
open-loop gain, A, of the output operational amplifier is 
infinite, inspection of the transfer function reveals that 
any VOUT can be created with an infinitesimally small 
quantity within the brackets. Then, an application cir
cuit can be analyzed by assigning circuit voltages for all 
X, Y and Z inputs and setting the bracketed quantity 
equal to zero, For example, the basic multiplier connec
tion in Figure I, Z, = VOUT and Z2 = O. The quantity 
within the brackets then reduces to: 
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(XI - X2) (YI - Y2) 
- (VOUT - 0) = 0 

SF 

This approach leads to a simple relationship which can 
be solved for VOUT to provide the closed-loop transfer 
function. 

The scale factor is accurately factory adjusted to IOV 
and is typically accurate to within 0.1% or less. The scale 
factor may be adjusted by connecting a resistor or poten
tiometer between pin SF and the -Vs powersupply. The 
value of the external resistor can be approximated by: 

RSF = 5.4kO [~] 
10 - SF 

Internal device tolerances make this relationship accu
rate to within approximately 25%. Some applications 
can benefit from reduction of the SF by this technique. 
The reduced input bias current, noise, and drift achieved 
by this technique can be likened to operating the input 
circuitry in a higher gain, thus reducing output contribu
tions to these effects. Adjustment of the scale factor does 
not affect bandwidth. 

The MPY634 is fully characterized at Vs = ±15V but 
operation is possible down to ±8V with an attendant 
reduction of input and output range capability. Opera
tion at volta~es greater than ±15V allows greater output 
swing to be achieved by using an output feedback atten
uator (Figure I). 

+15V 
VOUT• ±12V PK 
= IX, - X,IIY, - Y,I 
ISCALE = IVI 

X INPUT 
±IOV FS 
±12V PK X, OUTt-~--~'"""'" 

Y INPUT 
±IOV FS 
±12V PK 

MPY634 
SF Z, t-----, 

y, Z, OPTIONAL 
PEAKING 
CAPACITOR 
C, = 200pF 

FIGURE 1. Connections for Scale-Factor of Unity. 

As with any wide. bandwidth circuit, the power supplies 
should be bypassed with high frequency ceramic capaci
tors. These capacitors should be located as near as prac
tical to the power supply. connections of the MPY634. 
Improper bypassing can lead to instability, overshoot, 
and ringing in the output. 

BASIC MULTIPLIER CONNECTION 

Figure 2 shows the basic connection as a multiplier. 
Accuracy is fully specified without any additional user
trimming circuitry. Some applications can benefit from 
trimming of one or more of the inputs. The fully differ
ential inputs facilitate referencing the input quantities to 
the source voltage common terminal for maximum accu
racy. They also allow use of simple offset voltage trim-
~ing circuitry as shown on the X input. . 

Burr-Brown Ie Data Book 

X INPUT X, +V. +15V 
±IOV FS 
±12V PK 

+15V = IX, - X,IIY, - Y,I Z 
IOV + , 

-15V 

- \ ':' T 
Y INPUT -15V 
±IOV FS OPTIONAL SUMMING 
±12V PK INPUT. Z. ±IOV PK 

FIGURE 2. Basic Multiplier Connection. 

The differential Z input allows an offset to be summed in 
VOUT. In basic multiplier operation the Z2 input serves as 
the output voltage ground reference and should be con
nected to the ground of the driven system for maximum 
accuracy. 

A method of changing (lowering) SF by connecting to 
the SF pin was discussed previously. Figure I shows an 
alternative method of changing the effective SF of the 
overall circuit by using an attenuator in the feedback 
connection to ZI. This method puts the output amplifier 
in a higher gain and is thus accompanied by a reduction 
in bandwidth and an increase in output offset voltage. 
The larger output offset may be reduced by applying a 
trimming voltage to the high impedance input, Z2. 

The flexibility of the differential Z inputs allows direct 
conversion of the output quantity to a current. Figure 3 
shows 'the output voltage differentially-sensed across a 
series resistor forcing an output-controlled current. Addi
tion of a capacitor load then creates a time integration 
function useful in a variety of applications such as power 
computation. 

X INPUT 
±IOV FS 
±12V PK 

Y INPUT 
±IOV FS 
±12V PK 

X. 

SF 

y, 

Y. 

+15V 

lOUT = 

IX, - X.IIY, - Y.I I 
IOV x R. 

OUT 
MPY634 

't--J.N. ..... --- ---, 
\ I 

Z, 

Z. 

-v. 

t-----' CURRENT-SENSING =*= 
RESISTOR. R •. 2kn -::-
MIN 9 

-15V INTEGRATOR 
CAPACITOR 
ISEE TEXTI 

FIGURE 3. Conversion of Output to Current. 

SQUARER CIRCUIT (FREQUENCY DOUBLER) 

Squarer, or frequency doubler, operation is achieved by 
paralleling the X and Y inputs of the standard multiplier 
circuit. Inverted output can be achieved by reversing the 
differential input terminals of either the X or Y input. 
Accuracy in the squaring mode is typically a factor of 
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two better than the specified multiplier mode with maxi
mum error occurring with small (less than IV) inputs. 
Better accuracy can be achieved for small input voltage 
levels by reducing the scale factor, SF. 

DIVIDER OPERATION 

The MPY634 can be configured as a divider as shown in 
Figure 4. High impedance differential inputs for the 
numerator and denominator are achieved at the Z and X 
inputs respectively. Feedback is applied to the y, input, 
and YI is normally referenced to output ground. Alterna
tively, as the transfer function implies, an input applied 
to YI can be summed directly into VOUT• Since the feed
back connection is made to a multiplying input, the 
effective gain of the output op amp varies as a function 
of the denominator input voltage. Therefore, the band
width of the divider function is proportional to the 
denominator voltage (see Typical Performance Curves). 

Accuracy of the divider mode typically ranges from 
1.0% to 2.5% for a 10 to 1 denominator range depending 
on device grade. Accuracy is primarily limited by input 
offset voltages and can be significantly improved by 
trimming the offset of the X input. A trim voltage of 

+ +15V 
OUTPUT. ±12V PK 

X INPUT X, , +Vs V",,, = IOV(Z, - Z,I + Y, (OENOMINATORI 
+IOV FS X, - X2 

+12V PK X, OUT 
MPY634 

OPTIONAL SF Z, Z INPUT 
SUMMING INPUT (NUMERATORI 

±IOV PK ±IOV FS. ±12V PK 
y, Z, 

I 
I 

V y, -Vs -15V 

FIGURE 4. Basic Divider Connection. 

APPLICATIONS 

A sin 12 7f IOMHz II r----. 
X, +v +15V 

Vo = (ABIZO) cos 8 

X, OUT 1----+--"11,...... ..... - .. 

MpY634 
SF Z, 

8 sin (2 " 10M Hz I + 8) 

Y, -Vs -15V 

Multiplier connection followed by a low-pass filter forms phase detector useful In 
phase-locked-loop Circuitry Rx IS often used In PLL Circuitry to provide desired 
loop-damping characteristics 

FIGURE 6. Phase Detector. 
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±3.5mV applied to the "low side" X input (X, for posi
tive input voltages on XI) can produce similar accuracies 
over a 100 to I denominator range. To trim, apply a 
signal which varies from 100mV to IOV at a low fre
quency (less than 500Hz). An offset sine wave or ramp is 
suitable. Since the ratio of the quantities should be con
stant, the ideal output would be a constant IOV. Using 
AC coupling on an oscilloscope, adjust the offset control 
for minimum output voltage variation. 

SQUARE-ROOTER 

A square-rooter connection is shown in Figure 5. Input 
voltage is limited to one polarity (positive for the con
nection shown). The diode prevents circuit latch-up 
should the input go negative. The circuit can be config
ured for negative input and positive output by reversing 
the polarity of both the X and Y inputs. The output 
polarity can be reversed by reversing the diode and X 
input polarity. A load resistance of approximately IOkO 
must be provided. Trimming for improved accuracy 
would be accomplished at the Z input. 

OPTIONAL 
SUMMING 
INPUT. X. 
±IOV PK 

X, 

X, 

SF 

y, 

y, 

+Vs 

OUT 
MPY634 

Z, 

Z, 

-Vs 

OUTPUT. ±12V PK 
You, = v'llIVir.=1J + 

REVERSE ~ RL 
THIS ANO X ~ (MUST BE 
INPUTS FOR, PROVIDEDI 
NEGATIVE wl, 
OUTPUTS V 

+15V 

Z INPUT 
IOV FS 
12V PK 

-15V 

FIGURE 5. Square-Rooter Connection. 

+15V 

+ x, +V 

Eo 
X, Vo 

2kn 2kn MPY634 
SF Z, 

-15V 

+ Y, Z. 

Eo 
39kn 

y, -v 1kn 

-15V .... 

Minor gam adjustments are accomplished with the lkO variable resistor con
nected to the scale factor adjustment pm, SF Bandwidth of thiS CIrCUIt IS limited 
by A" which IS operated at relatively high gam 

FIGURE 7. Voltage-Controlled Amplifier. 
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x, +V. +15V 

x, OUT 
MPY634 4.7kD VOUT '"' (IOVI sln8 

IOkD SF Z, 
WHERE 

4.3kD 
8 '"' (n,/2I1E,/IOVI 

Y, Z, 
INPUT, E, 3kD 
o TO +IOV 

':' 

With a linearly changing 0-10V Input, this circuit's output follows 0"" to 90° of a 
sme function with a 10V peak output amplitude. 

FIGURE 8. Sine-Function Generator. 

x, +V. 

(A'/201 caa(2 .. II 
X. Vo 

'T Asln .. 1 MPY634 

SF Z, 

y, Z. ":' 

Y, -v. ..... 

Squanng a sinusoidal Input creates an output frequency of tWice that of the input. 
The DC output component is removed by AC-coupling the output. 

FIGURE 10. Frequency Doubler. 

MODULATION -----I 
INPUT, ±EM x, +V. +15V 

t--.......... VOUT 

The baSIC multiplier connection performs balanced modulation. Carner rejection 
can be Improved by trimming the offset voltage of the modulatIon Input. Better 
carrier rejection above 2MHz is tYPIcally achieved by Interchanging the X and Y 
Inputs (carner applIed to the X input). 

FIGURE n. Balanced Modulator. 

MODULATION 
INPUT. ±EM 

CARRIER INPUT 
Ee sin wI 

x, +V. +15V 

VOUT= 
I ± (EMI10VI Ee aln wi 

By injecting the mput carner signalmto the output through connection to the Z2 
Input, conventional amplitude modulation IS achieved Amplification can be 
achieved by use of the SF pm, or Z attenuator (at the expense of bandwidth) 

FIGURE 9. Linear AM Modulator. 

FREQUENCY DOUBLER 

INPUT SIGNAL' 20Vp·p.2DOkHz 
OUTPUT SIGNI .: IDVp·p, 400kHz 

CARRIER: Ie '"' 2MHz, AMPLITUDE = lVrms 
SIGNAL: Is = 120kHz, AMPLITUDE = IDV peak 
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Precision 
VOLTAGE REFERENCE 

FEATURES APPLICATIONS 
• +10.OIIV OUTPUT • PRECISION CALIBRATED VOLTAGE STANDARD 
• HIGH ACCURACY. ±O.005V untrimmed • TRANSDUCER EXCITATION 
• VERY-LOW DRIFT, 1ppm/o C mix • DIA AND AID CONVERTER REFERENCE 
• EXCELLENT STABILITY, 10ppm/1000hrs typ • PRECISION CURRENT REFERENCE 
• LOW NOISE, !¥IV, pop typo O.1Hz to 10Hz • ACCURATE COMPARATOR THRESHOLD REFERENCE 
• WIDE SUPPLY RANGE, up to 35V • DIGITAL VOLTMETERS 

• TEST EQUIPMENT 

TIME STABILITY 
+70 

VTAIM A. 156kCl +60 
5 

A, 7kCl +50 

+Vcc 
+40 

K 
2 i' +30 

AI VOUT 
~ +20 "SpecificatIOn Limit 

12kCl 6 
& +10 

V~ 
r:: 

0 .. 
~ .r:: 

~ o -10 
Vz .. 

:il' -20 
3 

1 ~D21 ~ -30 A. 
2kCl -40 

\ V- -50 

-60 
4 Common -70 

0 1000 2000 3000 
Time (Hours) 

DESCRIPTION 
The REFlO is a precision voltage reference which The output can be adjusted with minimal effect on 
provides a + IO.OOV output. The drift is laser-trimmed drift or stability. Single supply operation over 13.5V 
to Ippm/oC max (KM grade) over the full specifica- to 35V supply range and excellent overall specifica-
tion range. This is in contrast to some references tions make the REFIO an ideal choice for the most 
which guarantee drift over a limited portion of their demanding applications such as precision system 
specification temperature range. The REFlO achieves standards, DIA and AID references, transducer 
its precision without a heater. This results in low excitation etc. 
quiescent current, fast warm-up, excellent stability, 
and low noise. 

In.natl .. 11 Alrpart IndUllrl11 Puk· P.O. BIX 11400· Tucun. ArlZIIIII85734· TIl. 160217411-1111 • Twx: 9111-952·1111 • Clbll: BBRCORP· Tllex: 66-6491 

PD5-S28A 
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SPECIFICATIONS 
ELECTRICAL 
AI T. = +25' C and +15VDC power supply unl ... olharwlse noled. MECHANICAL 

REI'1OJM/KII/RMISM 

PARAMETER CONDITION MIN TYP MAX UNITS TO-99 PACKAGE 

OUTPUT VOLTAGE 
IRlI,.1 T.= +25'C 9.995 10.000 10.005 V 
TnmRange'U -0.100 +0.250 V 

VB Temperature1a.. KM 0'Clo+70'C 1 ppmJ"C 
JM O"C10 +7O"C 3 ppmJ"C 
SM -55'C 10 +125'C 3 ppmrC 
RM -55'C 10 +125'C 6 ppmJ"C 

va Supply (line regulallon) Vee = 13.510 35V 0.001 0.002 'fo/V 
va Output Current 

(Ioed regulal,on) I, = 0 10 ±IOmA 0.001 0.002 WmA 
vsTlmel31 T.=+25'C 10 ±50 ppml1000 hra 

NOISE O.IHz 1010Hz 8 25 pVp-p 

rF'-"--I 

L- • ~ • 
r.J"I!I'1 F.! I 

Soo'on, II III 1 
Pt.n. ---1.--0 

OUTPUT CURRENT Source or S,nk ±10 mA 

INPUT VOLTAGE RANGE 13.5 35 V 

QUIESCENT CURRENT lour = 0 4.5 8 mA 

WARM-UP TIME TO 0.1% 10 p8 

TEMPERATURE RANGE 
Speclflcal,on' JM,KM 0 +70 ·C 

RM,SM -55 +125 ·C 
Operating JM,KM -25 +85 ·C 

L~ ~ 

~ N j T ~:,,:,,+.o,)J J 

~J 
RM,SM -55 +125 ·C NOTE: 

Storage -85 +125 ·c Leads In true position within 0.010" 

NOTES (1) Trimming Ihe offsel vollage w,1I alfecllhe dnfl slighlly. See Inslallal,on and Operal,ng 
Instruct,ons for delalls (2) The "box melhod"Is used 10 specify oulpul voltage dnfl va lemperalure. Sae 
Ihe D,scussion of Performance secl,on. (3) Samplelested with power applied conllnuously. 

(0.25mm) R al MMC alse.l,ng plane 

Pin numbers shown for reference only. 
Numbera nol marked on package 

ORDERING INFORMATION 

REF10 X _~ 

Basic Model Number ______ =r--' T 
Performance Grade Code --------'

J, K: -O°C to +700 C 
R, S: -55°C to +125°C 

Package Code --,.------------' 
TO-99 

ABSOLUTE MAXIMUM RATINGS 

Input Voltage ••.....•••••••••. " • • • • • . . • • . • • • • • • •• 40V 
Power Dissipation at +25°C ..•.•..•.....•..•••. 200mW 
Operating Temperature Range 

REF10JM/KM •...•.•.••••• , •••.••••.. -25° C to +85° C 
REF10RM/SM ••.•...•..•....••.••.• -55°C to +125°C 

Storage Temperature Range •.•• , •••••. -65°C to +125°C 
Lead Temperature (soldering, 10s) •.•••.•.•.•••. +300°C 
Short-Circuit Protection at +25°C 

to Common or +15VDC ...••.•••.•.••..•• Continuous 

Burr-Brown Ie Data Book 5-50 

Pin material and plating composition 
conform 10 Melhod 2003 (solderab,IIty) 
of MIL~TD-883 (excepl peragraph 3.2). 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 33. 370 a 51 "0 

a 3" 335 775 a 51 

c I •• ,.5 . " .70 

0 01. .021 041 053 

E 010 040 02. 102 

F 010 040 02. 102 

G 200 BASIC 508 BASIC 

H .028 03' 071 088 

J 029 04. 074 I I. 

K .500 -- 127 --
L 110 180 27' ... 
M 45° BASIC 45° BASIC 

N ... 105 
2 " 

287 

WEIGHT: 1 gram 

PIN CONFIGURATION 
TOP VIEW 

·Pin 31. an unbuffared 8.3V output. Any loed willaffecilhe oulpul 
voltage and droft. A loed of lilA on pin 3 wililYPlcaUy change Ihe 
oulpul voltage by SOpV and Ihe dnfl by O.lppmrC. 
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TYPICAL PERFORMANCE CURVES 

:> +20 
g 

+15 

" " +10 .. 
> +5 .. c 0 u: 
E -5 
e -10 u.. 

g -15 
w -20 

POWER TURN-ON RESPONSE 

I5n WI 1£''1 ~, 

~ 

.,=. :11 • =-.- -' = = 

Output Current (mA) 

. 
'IJ~ ~"!2 

-== 
, I 

II 
II II 
Low Frequency Noise 

(see Noise Test Circuit) 

RESPONSE TO THERMAL SHOCK 
+ 400 

200 

o~ 
~ ~ 

-200 II DevIce Immersed in +r'c 
..- fluori~~ut bat~1 
-400 ~TA=+7O"C 

o 5 10 15 20 
Time (sec) 

QUIESCENT CURRENT VS TEMPERATURE 
5 

-so -25 0 +25 +SO +75+100 +125 
Temperature (OC) 

TYPICAL HEATED ZENER NOISE 

low Frequency Noise 
(see NOise Test Circuit) 

BAIN = l00v/V 
'3da = O.1HZlnd 10Hz 

ROISE TEST CIRCUIT 
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POWER SUPPLY REJECTION VS FREQUENCY 
100 

in 90 
~ 
c 80 

! 70 
II: 

~BO 
'" ,jl 50 

! 4 ... 

:> 
E 

" F o 
> 
'5 
'" '5 
o 

3 

0 

0 

Ilil ! I 
ilf, 

;\l. ! I , 

I~ 

, ill I~i 
"I 

Iii 
100 lk 10k 

Frequency (Hz) 

lOOk 1M 
Rs (0) 

10M 

~ 
II' 

lOOk 

100M 

TYPICAL BANDGAP REFERENCE NOISE 

Low Frequency Noise 
(see Noise Test Circuit) 
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THEORY OF OPERATION 

The following discussion refers to the diagram on the 
first page. 

In operation, approximately 6.3V is applied to the 
noninverting input of op amp AI by zener diode DZ .. 
This voltage is amplified by AI to produce,the 1O.00V 
output. The gain is determined by RI and R2: G= (RI + 
R2)/RI. RI and R2 are actively laser-trimmed to produce 
an exact 10.OOV output. The zener operating current is 
derived from the regulated output voltage through R3. 
This feedback arrangement provides closely regulated 
zener current. R3 is actively laser-trimmed' to set the 
zener current to a level which results in low drift at the 
output of AI. R. allows user-trimming of the output 
voltage by providing for a small external adjustment of 
amplifier gain. Since the TCR of R. closely matches the 
TCR of the gain setting resistors, the voltage trim has 
minimal effect on the drift of the reference. 

DISCUSSION OF 
PERFORMANCE 

The REFIO is designed for applications requmng a 
precision voltage reference where both the initial value at 
room temperature and the drift over temperature are of 
importance to the user. Two basic methods of specifying 
voltage reference drift versus temperature are in common 
usage in the industry-the "butterfly method" and the 
"box method." The REFIO is specified with the more 
commonly used box method. The "box" is formed by'the 
high and low specification temperatures and a diagonal, 
the slope of which is equal to the maximum specified 
drift. 

For the REFIO each J and K unit is tested at temper
atures of O°C, +25°C, +50°C, and +70°C and each R 
and S unit is tested at -55°C, -25°C, O°C, +25°C, 
+50oe, +75°e, +Ioooe and +125°e. The minimum 
and maximum test voltages must meet this condition: 

[ (VOUT max - VOUT mm)/ IOV] 
X 10· :5 drift specification 

Thigh - T10w 

This assures the user that the variations of output 
voltage that occur as the temperature changes within the 
specification range Tlow to Thl" will be contained within a 
box whose diagonal has a slope equal to the maximum 
specified drift. Since the shape of the actual drift curve is 
not known, the vertical position of the box is not exactly 
known either. It is, however, bounded by VUppcr Bound and 
VLow" Bound (see Figure I). 

Figure I uses the REFIOKM as an example. It has a drift 
specification of Ippm/oe maximum and a specification 
temperature range of ooe to +70°C. The "box" height 
(VI to V2) is 700p.V and upper bound and lower bound 
voltages are a maximum of 700p.V away from the 
voltage at +25°e. 

Burr-Brown Ie Data Book 

I VUptNI,hund 

+10.0007 ,---- ------ -- - - - ---, 

I ' 
I I 
I I 
I I 

I : 

v,~--------------------~~ 

~~----------------------~ I I 

: Vw-r Bound' I 
+9,9993 r--------------- ___ J 

- I I 
o 25 70 

700pV 

Worst-case 
IlVoul 
la, 
REF10KM 

(Toow) (Th~h) 

Temperature (OC) 

FIGURE 1. REFIOKM Output Voltage Drift. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

BASIC CIRCUIT CONNECTION 

Figure 2 shows the proper connection of the REFIO. To 
achieve the specified performance, pay careful attention 
to layout. A low resistance star configuration will reduce 
voltagll errors, noise pickup; and noise coupled from the 
power supply. Commons should be connected as indica
ted being sure to minimize 'interconnection resistances. 

OPTIONAL OUTPUT VOLTAGE ADJUS:TMENT 
Optional output voltage adjustment circuits are shown 
in Figure 3 and 4. Trimming the output voltage wiII 
change the voltage drift by approximately O.Olppm/oe 

5-52 

Vcc 

NOTES: 

+ ..,.. 
IpI' 

TANTALUM 

"' 

READ 

1. Laid rnllllnca hera of up 181'.w ohma hive nlQlIglbla BIIaeten parformlnce. 
2. A ralllllnce of O,ln In larlll wlUllllllaludl will ClullllmV error when Ihe 

IDld currant 1111111 •• xlmum of 10mA. Thll rBlulllln I 0.01% error of 10V. 

FIGURE 2. REFIO Installation. 
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per m V of trimmed voltage. In the circuit in Figure 3 any 
mismatch in TCR between the two sections of the 
potentiometer will also affect drift but the effect of the 
~TCR is reduced by a factor of 40 by the internal 
resistor divider. A high quality potentiometer, with good 
mechanical stability, such as a cermet, should be used. 
The circuit in Figure 3 has a range of approximately 
+250mV to -IOOmV. The circuit in Figure 4 has less 
range but provides higher resolution. The mismatch in 
TCR between Rs and the internal resistors can introduce 
some slight drift. This effect is minimized if Rs is kept 
significantly larger than the l56kO internal resistor. A 
TCR of 100ppm/oC is normally sufficient. 

+Vcc 

2 
;v 

TANTALUM 

VOUT 

READ 6 -
VTR1M 2OkO +IDV 
5 OUTPUT 

VOLTAGE 

4~ 
ADJUST 

., 7 Maximum ranOII+2.5%. -1.0%) and minimal degradation 01 drift. 

FIGURE 3. REFIO Optional Output Voltage Adjust. 

+vcc 

d; 
SEE INFORMATION IN 
TYPICAL PERFORMANCE CURVES 

2 
l/JFV 
TANTALUM The TCR 01 R. can affact Your 

VOUT 
drill If R. Is made small. 

REFIO 6 -
VTR1M 2Oko. +lOV 
5 OUTPUT t~ 

Rs" VOLTAGE 
ADJUST 

4~ OR. typlcilly 4MO 

~ ~IDh" resolution. reduced ranOI. 

FIGURE 4. REFlO Optional Output Voltage Fine 
Adjust. 

+Vco 

REFIO 
IkO 

C T lOOpF 

Vour= +IDV 

V '0. = -'- = 1.6Hz 
21T RC 

FIGURE 5. Precision Reference with Filtering. 
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APPLICATION INFORMATION 
High accuracy, extr~mely-low drift, and small size make 
the REFIO ideal for demanding instrumentation and 
system voltage reference applications. Since no heater is 
required, low power supply current designs are readily 
achievable. Also the REFIO has lower output noise and 
much faster warm-up times than heated references, 
permitting high precision without extra power or addi
tional supplies. It should be considered that operating 
any integrated circuit at an elevated temperature will 
reduce its MTTF. 

A variety of application circuits are shown in Figures 5 
through II. 

+15V 

+IOV OUT 

FIGURE 6. ±IOV Reference. 

+Vco 

2 

6 R 
REFIO 

.LU 4 

~ 
lou: ~ 

IOV 
lour=-R-·R~lkO * 

FIGURE 7. Positive Precision Current Source. 
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" 

35VTo'SSV t 
6 +3OV 

REFIO 

4 

2 

REFIO 6 +~ 

4 

12 

6 +~ 
READ 

NOTES; 
I. REAO'. can btl .lIcked 10 obilin VOltlgll In 

multiples aliOV. 

t 
2. The .upply vDiIl.a should be balwun IOn +5 

and IOn +25 whirl n 1.lhl number Of READ' .. 
3. OuipUi currlnl OfllCh REFIO musl nalexCHd III 

riled DUipUI currlnl Of ±IOmA. This Includll the 
currenl delivered IDlhe lower REFIO. 

FIGURE 8. Stacked References. 

2 r--
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L _ 

I 
1 
I ____ -.J 

3 

FIGURE 9. ±5V Refenmce. 
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REFIO 
+5VOUT 

-5V OUT 

5-54 

+Vcc 

. REFIO 

r - - -liiiiiiS - - - ...., 2 
I 
I 15 
I 
1 
I 
I 

31 
I 

I I 
1 I 
L _______ .J 

I Eo = E,I2. ±O.OI% 

FIGURE 10. +5V and +IOV Reference. 

+Vcc= 24V 

8200 

REFIO +IOV 

6000 6000 

IlV 

6000 6000 

+lOV 

+5 

AIIO.OV. the 6000 bridge requires 16.7mA. An 820n resillor conneclld dlrlctly 
from Ihe bridge to Ihe positive lupply provides the bulk ollhe bridge current 
The REFIO nud only supply an error currlRl hi kup Ihl brldgl IIID.OV. Sinci 
Ihl REFIO can .Ink or louree up 10 10mA. Ihl circuit Ihown can lolerall supply 
Vlrlilions 01 up hi 24V. ±8V. or bridge mlsllnce drllt Irom 4000 1014000. 

FIGURE II. +IOV Reference with Output Current 
Boost Using a Resistor to Drive 
a 6000 Bridge. 
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Precision 
VOLTAGE REFERENCE 

FEATURES APPLICATIONS 

REF101 

• +10.00V OUTPUT • PRECISION CALIBRATED VOLTAGE STANDARD 

• HIGH ACCURACY. ±O.OO5V 

• VERY LOW DRIFT. 1 ppm/oC max 

• EXCELLENT STABILITY. 5Oppml1000hrs. 

• LOW ttOl~E. BI'V. Pi! typo 0.1 Hz to 10Hz 

• WIDE SUPPLY RANGE. up to 35V 

• LOW QUIESCENT CURRENT. 6mA max 

• USEFUL MATCHED RESISTOR PAIR INCLUDED 

DESCRIPTION 
The REFIOI is a precision voltage reference which 
provides a + I O.OOV output. The drift is laser-trimmed 
to I ppmj"C max (KM grade) over the full spec
ification range. This is in contrast to some references 
which guarantee drift over a limited portion of their 
specification temperature range. The REFIOI 
achieves its precision without a heater. This results in 
low quiescent current (4.SmA typ), fast warm-up 
(I msec to 0.1 %), excellent stability (SOppmj lO00hrs 
typ), and low noise (2SI'V, p-p max, 0, I Hz to 10Hz). 

The output can be adjusted w,ith minimal effect on 
drift or stability. Additionally, the REFIOI contains 
a matched pair of user-accessible precision 20kO 
resistors which are useful in a variety of applications. 
Single supply operation over I3.SV to 3SV supply 
range and excellent overall specifications make the 
REFIOI an ideal choice for the most demanding 
applications such as precision system standards, 
Dj A and AjD references, transducer excitation etc. 

• TRANSDUCER EXCITATION 

• DIA AND AID CONVERTER REFERENCE 

• PRECISION CURRENT REFERENCE 

• ACCURATE COMPARATOR THRESHOLD REFERENCE 

• DIGITAL VOLTMETERS 

• TEST EQUIPMENT 

Ha 

Internllional Airporllndlllirial Park· P.O. Box 11400· Tuclon. Arizona 85734· Tel. 16021 748·1111 • Twx: 910-952·1111 . Cable: BBRCOHp· Tallx: 68-8491 

PDS-48SB 
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SPECIFICATIONS 
ELECTRICAL 
At TA =+25DC and +15VOC power supply unless otherwIse noted MECHANICAL 

REF101JM/KM/RM/SM 

PARAMETER CONDITION MIN TYP MAX UNITS 

OUTPUT VOLTAGE rF : =iI TO-99 PACKAGE 
Initial TA = +25DC 9995 10000 10.005 V 
Trim Range(1) -0.100 +0250 V L-11t+-1 vs Temperature(2) 

KM (lOC to +70'C 1 ppm/DC c-; - -------;-] , 
JM ODC to+7(lOC 2 ppm/DC 
SM -55DC to +125DC 3 ppm/DC 

, .. "eo IIIII 1 RM -55DC to +125'C 6 ppmfOC 
vs Supply (lone regulation) Vee = 13 5 t035V 0001 0002 %/V 
vs Output Current ',eo --.l--D 

(load regulatIon) IL = 0 to ±10mA 0001 0.002 %/mA 

,~ 1 vs Time TA = +25DC 50 ppm/I 000 h rs 

NOISE O.IHz to 10Hz 6 25 pV pop wl±=i 1 OUTPUT CURRENT Source or Sink ±10 mA r 0. 0 

35 ::::::.-::., INPUT VOLTAGE RANGE 13.5 V 

NOTE' ~ QUIESCENT CURRENT lOUT -0 4.5 6 mA 

WARM-UP TIME ToOl% 10 /lSec Leads In true position within 0.010" 

UNCOMMITTED RESISTORS (0.25mm) Rat MMC at seatIng plane 

ReSistance 20 kn Pin numbers shown for reference only 
Match ±0.01 ±0.05 % Numbers not marked on package. 
TCR 50 ppm/DC 

Pm material and plating composition 
TCR Tracking 2 ppmfOC conform to Method 2003 (solderability) 
TEMPERATURE RANGE of MIL-STO-8S3 (except paragraph 3.21 
Specification INCHES MILLIMETERS 

JM,KM 0 +70 DC DIM MIN MAX MIN M" 

RM,SM -55 +125 DC A '" '" '" 
,,, 

Operating 
, '" '" '" '" c '" '" ", '" JM,KM -25 +85 DC 
0 ". '" '" '" RM,SM -55 +125 DC , 

'" DAD '" '" Storage -65 +125 DC , 
'" DA' '" '" 

G 200 BASIC 5 08 SASle 

H '" DO' ,n '66 , ", DA' '" '" , '" '" , '" '"' ", '00 
M 450 BASIC 450 8ASIC 

N DO' '" '" '" 
WEIGHT: 1 gram 
ORDER: REF101JM, REF101KM 

NOTES. REF101RM, REF101SM 
1. Trimming the offset voltage will affect the drift slightly. See lnstaliation and 

Operating Instructions for details. 
2. The "box method" is used to specify output voltage driftvs temperature. See the 

Discussion of Performance section. 

ORDERING INFORMATION 
REF101 X M 

Basic Model Number-----~~I -=-'- T 
Performance Grade Code--------' 

PIN CONFIGURATION 

J, K -25°C to +85°C 
A, S -55°C to +125°C 

Package Code-----------~ 
TO-99 

ABSOLUTE MAXIMUM RATINGS 

Input Voltage ..................•............ 40V 
Power Dissipation at +25°C .............. 200mW 
Operating Temperature Aange 

AEF101JM/KM ...............• -25°C to +85°C 
AEF101 AM/SM .•......•... , •. -55°C to +125°C 

Storage Temperature Aange ..... -65°C to +125°C 
Lead Temperature (soldering, 10sec) ..... +3000C 
Short-Circuit Protection at +25°C 

To Common or +15VDC ........... Continuous 

Burr-Brown Ie Data Book 5-56 

(TOP VIEW) 

I 
I 
I 
I +10V 

I ~~ I 
I I 

COMMON ---~--I 20kn OPTIONAL 
L___ _____ VOLTAGE 

TRIM 
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o 
OSCILLOSCOPE 

GAIN = IOOV/V 
I3dB = 0.1 Hund 10Hz 

. Th, TCR of RS can Iffle! 
VOUT drift II RS II midi 
Imili. 

·S .. Outpul Voltage AdIUllm~n! VI RS Curve. 

NOISE TEST CIRCUIT OPTIONAL OUTPUT VOLTAGE FINE A~JUSTMENT CIRCUIT. 

TYPICAL PERFORMANCE CURVES 
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THEORY OF OPERATION 
The following discussion refers to the diagram on the first 
page. 

I n operation, approximately 6.3V is applied to the 
noninverting input of op amp A, by zener diode DZ,. 
This voltage is amplified by A, to produce the 10.00V 
output. The gain is determined by R, and R,: G = (R, + 
R,) / R,. R, and R, are actively laser-trimmed to produce 
an exact 10.00V output. The zener operating current is 
derived from the regulated output voltage through R3. 
This feed back arrangement provides closely regulated 
zener current. R3 is actively laser-trimmed to set the zener 
current to a level which results in low drift at the output of 
A,. The adjustrpent of outptit voltage and zener current is 
interactive and se"e~al iterations may be used to achieve 
the desired results. R. allows user-trimming of the output 
voltage by providing for a small external adjustment of 
amplifier gain. Since the TCR of R. closely matches the 
TCR of the gain setting resistors, the voltage trim has 
minimal effect on·the drift of the reference. 

DISCUSSION OF 
PERFORMANCE 

The REFlOI is designed for applications requmng a 
precision voltage reference where both the initial value at 
room temperature and the drift over temperature are of 
importance to the user. Two basic methods of specifying 
voltage reference drift versus temperature are in common 
usage in the industry- the "butterfly method" and the 
"box method". Neither of these methods is entirely 
satisfactory in cases where the drift versus temperature is 
relatively nonlinear -as is the case with most voltage 
references. The REFIOI is specified with the more 
commonly used box method. The "box"is formed by the 
high and low specification temperatures and a diagonal, 
the slope of which is equal to the maximum specified 
drift. 

For the REFIOI each J and K unit is tested at temp
eratures of O°C, +25°C, +50°C, and +70°C and each R 
and S unit is tested at -55°C, -25°C, O°C, +25°C, +50°C, 
+75°C, + 100°C and + 125°C. The minimum and maximum 
test voltages must meet this condition. 

f(Vo UT max - VOUT mon)! IOV] X 10'''; drift specification L Th,gh - T,ow 

This assures the user that the variations of output voltage 
that occur as the temperature changes within the spec
ification range T,ow to T h'gh will be contained within a box 
whose diagonal has a slope equal to the maximum 
specified drift. Since the shape of the actual drift curve is 
not known, the vertical position of the box is not exactly 
known either. It is, however, bounded by VUPI'" Bound and 
VLowe< Bound (see Figure I). 

Figure I uses the REFIOI KM as an example. It has a 
drift specification of I ppmtC maximum and a spec-

Burr-Brown Ie Data Book 

ification temperature range of O°C to +70°C. The "box" 
height (V I to V,) is 700/l V and upper bound and lower 
bound voltages are a maximum of700/l V away from the 
voltage at +25°C. 

+lo.OOO7~---- ___ V!!'p~r...Bo~~ - - ____ , 

I ' 
I I 
I I 
I : 
I I 

Vlr----------~~ 

V2~-----------Y 
I 
I I 

+9.9993r--- n - VL;;"w-;rBo;;;';- - -- - __ J 

L I I 
o 25 70 

(Tlowl (T hlghl 
Tamperalure (OCI 

700~V 
Worsl-case 
,,\VOUI 
lor 
REFIOIKM 

FIGURE I. REFIO(KM Output Voltage Drift. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

BASIC CIRCUIT CONNECTION 
Figure 2 shows the proper connection of the REFIOI. To 
achieve the specified performance, pay careful attention 
to layout. A low resistance star configuration will reduce 
voltage errors, noise pickUp, and noise coupled from the 
power supply. Commons should be connected as indi
cated being sure to minimize interconnection resistances. 

5-58 

+ 
VCC":' I~F 

TANTALUM 

(I) 

(3)====t:::::JLj 

(1) 
NOTES: 
1. Lead rlllllal1Cel here 01 up to I lew ohml heve negligible efleoton performenoe. 
2. A rel.tlvely oon.l.nl ourrenl of epprox. 2mA .150ppm/oC flowlln Ihlsleld. 

I n In Ihilieid would Inlroduoelboul2mY error (edJuetabll to Zlro) wllh Iboul 
0.1 ppm/oC drift It Ihe oulput. 

3. A rlllltinol of 0.1 n In urlel wllh thlllieids will oeul .. I mV error when Ihe 
10ld ourrenl Is II Itl mlxlmum 01 10mA. Thll resullaln I 0.01% error of lOY. 

FIGURE 2. REFIOI Basic Circuit Connection. 
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OPTIONAL OUTPUT VOLTAGE ADJUSTMENT 
Optional output voltage adjustment circuits are shown in 
Figures 3 and 4. Trimming the output voltage will change 
the voltage drift by approximately 0.01 ppmj"C per mV 
of trimmed voltage. In the circuit in Figure 3 any 
mismatch in TCR between the two sections of the 
potentiometer will also affect drift but the effect of the 
ATCR is reduced by a factor of 40 by the internal resistor 
divider. A high quality potentiometer, with good me
chanical stability, such as a cermet, should be used. The 
circuit in Figure 3 has a range of approximately +250m V 
to -100m V. The circuit in Figure 4 has less range but 
provides higher resolution. The mismatch in TCR 
between Rs and the internal resistors can introduce some 
slight drift. This effect is minimized if R, is kept 
significantly larger than the 165kO internal resistor. A 
TCR of 100ppmj"C is normally sufficient. 

+VCC 

luF 
.,.. TANTALUM 

V 
FEEDBACK 

2Dkn +loV 
OUTPUT 
VOLTAGE 
ADJUST 

MlXlmum ranga (+2.5'/. ·1.0%) and minimal degradation of drift. 

FIGURE 3. REFIOI Optional Output Voltage Adjust. 

+VCC ·RS typically 4Mn. 

Tha TCR of RS can Inact VoUT 
+ drift II RS II made small. 
I~F 

~ TANTALUM 

FEEDBACK 

2otu! +IOV 
l--'-~_-...; OUTPUT 

VOLTAGE 
ADJUST 

SEE INFORMATION IN 
TYPICAL PERFORMANCE CURVES. 

Higher relOlution. raducad renge. 

FIGURE 4. REFIOI Optional Output Voltage 
Fine Adjust. 
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APPLICATION INFORMATION 
High accuracy, extremely-low drift, and small size make 
the REFIOI ideal for demanding instrumentation and 
system voltage reference applications. Since no heater is 
required, low power supply current designs are readily 
achievable. Also the REFIOI has lower output noise and 
much faster warm-up times (I msec to 0.1 %) than heated 
references, permitting high precision without extra power 
from additional supplies. It should be considered that 
operating any integrated circuit at an elevated temp
erature will reduce its MTTF. 

A variety of application circuits are shown in Figures 5 
through 19. 

+VCC 

VoUT = +loV 

I 
feD = 2rr RC = 1.6Hz 

FIGURE 5. Precision Reference with Filtering. 

VOUT 1= ·IOV 

+VCC = 15V 

J-4>-t------Q voUT2 = +IDV 

FIGURE 6. ±IOV Reference. 
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YOUTI =-t5V 

~-----DVOUT2= +IOV 

FIGURE 7. +IOV and +5V Reference. 

+Ycc = 66V II 80V 

.. --------~------oVOOT5=-t5OV 

YOUT 4 = +4OV 

~-'====l====-O VOUT 3 = +3OV 

VOUT2= +2OV 

~---===:::t==:::"OVOUT I = +IOV 

FIGURE 8. Stacked References. 
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LIIIIIC YOUT 
0 +IOY 

I ·IOV 

IJ-¥--------o +IOV 
AUXILIARY 

OUTPUT 

FIGURE 9. Digitally-Controlled Bipolar Precision 
Reference. 

r-----------jt-Q +Vcc = 15V to 35V 

'---'_-7>-oVOUT = +IOV 
lOUT = 0 to +IInnA 

FIGURE 10. +IOV Reference with Boosted Output 
Current to 100mA. 

IfJlcn +vcc = 48V IlIIngl Dl32V II I14VJ 

5.6V 

REFIOI J---------,Q vOUT = +IOV 

FIGURE II. +IOV Reference with Input Voltage Boost 
for 48V Operation. 
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+30V 

lOUT = IOV/H 
whare H = HI II Hz. 

lOUT may bl relsld up to IOmA 
by using axtemal rllistori. 

·15V 

FIGURE 12. Positive Precision I rnA Current Source. 

+15V 

-15V 

+VCC = 15V 

+IOV 

lOUT 
I 4mA to 
,2OmA 

SlliCONIX 

VN89AB 

H2 

416.7n 
SPAN 

AOJUST 

FIGURE 13. 4mA to 20mA Precision Current 
Transmitter. 
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+VCC = 15V 

Laddlr rlilitor tolar.nCII: 

4Mn 

Han 

25kn 

50n 

IOkn 

20n 

20kn 

20kn 

10V 
IOn 

IOkn 
5V 

IOn 

IOkn 
2V 

IOn 

10kn 
IV 

IOn 

25kn IOkn 
...... """ ........ """-+OO'05V 

IOn 

IOkn 

IOkn 

20n 

AIIIOkn 0.02% 
All IOn 1'10 

50kn 

NOTE: Til III commons 
to onl polnl 

FIGURE 14_ Precision Voltage Calibrator. 
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+Vcc= 24V 

600n BOOn 
4 

~V 

600n BOOn 

AI I O.oV.lhe 600n bridge raqulrel I B.7mA. An 820n ralillar connlclld dlracUy 
lrum Ibl bridgllD Ihe pOIHlve lupply provldlllhi bulk of Ibl brldgl currant Thl 
REFIOI nnd only lupply In Irror curranl \0 kllp the brldgllllD.OV. Slnnlhl 
REF10I cln link or lource up \0 IDmA. Ihl circuilihown Cln IDllrell supply 
mlilloni of up 10 24V. ±8V. or brldgl ralllllnn drift frum 400n \0 14OOn. 

FIGURE IS. +IOV Reference with Output Current 
Boost Using a Resistor to Drive 
a 6000 Bridge. 

+Vcc 

VOUT= ARxRG 
2000R 

"Tlml Tranlducer Brldgl ~rron with Op-Amp 
Fndblck Cantrol. EON •• IV 211.1982. Jlrald Gralml. 

FIGURE 16. Linear Bridge Circuit Using Internal 
Precision Resistors of the REF 10 I as the 
Bridge Completion Network. 

Burr-Brown Ie Data Book 

+5V 
OUT 

~----~--------o~~ 

FIGURE 17. ±5V Reference. 

HOV 

> ..... -------0 +lOV 

,-------_-<.. +15V 

FIGURE 19. Bipolar Input Voltage to Frequency 
Converter. 
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BURR-BROWN® 

113131 REF200 

• • 
DUAL CURRENT SOURCE 

FEATURES 
• COMPLETELY FLOATING: 

No Common Connection 
• HIGH ACCURACY: 100fJ.A ±O.5% 

• LOW TEMPERATURE COEFFICIENT: 
±25ppm/oC 

• WIDE VOLTAGE COMPLIANCE: 
2.5VTO 40V 

• ALSO INCLUDES CURRENT MIRROR 

DESCRIPTION 
The REF200 combines three circuit building-blocks on 
a single monolithic chip-two lOOJ.IA current sources 
and a current mirror. The sections are dielectrically iso
lated, making them completely independent. The per
formance of each section is individually measured and 
laser-trimmed to achieve high accuracy with low cost. 

The sections can be pin-strapped for currents of 50J.IA, 
lOOJ.IA, 200J.IA, 300J.IAor400J.IA. External circuitry can 
be used to obtain virtually any current. These and many 
other circuit techniques are shown in the Applications 
section of this Data Sheet. 

The REF200 is available in plastic 8-pin mini-DIP, TO-
99, and sOle packages. Die are also available. 

APPLICATIONS 
. • SENSOR EXCITATION 

• BIASING CIRCUITRY 
• OFFSETTING CURRENT LOOPS 
• LOW VOLTAGE REFERENCES 
• CHARGE·PUMP CIRCUITRY 
• HYBRID MICROCIRCUITS 

I, 
Low 

I, 
Low 

Mirror Mirror 
Common Out 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson BlVd. • Tucson, AZ 85706 
Tel: (602) 746-1111 • Twx: 910·952·1111 • cable: BBRCORP Telex: 66-6491 • FAX: (602) 889-1510 
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SPECIFICATIONS 
ELECTRICAL 
T. - 25'C. V._ ISV unless otherwise noted. 

REF200AM, AP, AU APANDAU 
SPECIFICATIONS 

ARE PRELIMINARY 
AND SUBJECT TO 

CHANGE 

PARAMETER CONDmON MIN 

CURRENT SOURCES 
Current Accuracy 
Current Match 
Temperature D~ft Specilled Temp Range 
Output Impedance 2.5Vto 40V 20 

3.5Vto 30V 200 
No~e BW = O.IHz to 10Hz 

f=IOkHz 
Voltage Compliance (1%) TMIN to TMo\)I 
Capecitance 

CURRENT MIRROR I. loot&A unless 
otherwise noted. 

Gain 0.995 
Temperature Drift 

" Impedance (output) 2V to 40V 40 
Nonlinearity I • OpA to 250pA 
Inpul Voltage 
Output Compliance Voltage 
Frequency Response (-3dB) Transfer 

TEMPERATURE RANGE 
Speclllcation 

AP.AU.AM -2S 
Operating 

AP.AU -40 
AM -65 

Storage 
AP,AU, -40 
AM -60 

ORDERING INFORMATION 

Temperature 
Model'" PaCkage Range 

REF200AM TQ.99 -25'0 to +85'0 
REF200AP Plastic DIP -25'0 to +85'C 
REF200AU PlastlcSOIC -25'C to +85'0 

BURN-IN SCREENING OP'nON 
See text for details. 

Bum-In 
Model"' Package Temp (l50h)'" 

REF200AM-BI TQ.99 +125'C 
REF200AP-BI PIastlc DIP +85'0 
REF200AU-BI Plastfc SOIC +85'0 

NOTE: (1) Grade designation "A" may nol be marked. Absence of grade 
designation Indicates A grade. (2) Or equivalent combination of time and 
temperature. See text 

Burr-Brown Ie Data Book 

TYP MAX UNITS 

to.1 to.S % 
to.OS to.5 % 

25 ppmt<C 
100 Me 
500 Me 
1 nAp-p 

20 pAr/RZ 
SeeCulVes 

10 pF 

I 1.005 
25 ppmI"C 
100 Me 
O.OS % 
1.4 V 

SeeCuIV&S 
5 MHz 

+85 'C 

+85 'C 
+125 '0 

+125 '0 
+150 'C 

ABSOLUTE MAXIMUM RATINGS 

Applied Voltage ....................................................................... ~V to +4OV 
Reverse Current ............................................................................. -350pA 
Voltage between any two sections ..................................................... t50V 
Operating Temperature 

M Package ................................................................. ~5'O to +150'0 
P and U Packages ........................................................ -40'0 10 +85'0 

Storage Temperature 
M Package ................................................................. ~5'C to + l5O'C 
P and U Packages ...................................................... -4O'C to +125'0 

BURN-IN SCREENING 
Burn-in screening is available on the REF200. Bum-in dura
tion is 160 hours at +85°C (+I25°C for M package), or at an 
equivalent combination of time and temperature according to 
the Arrhenius equation using leV activation energy. 

All units are tested after bum-in to ensure that grade specifi
cations are met. To order bum-in, add "-BI" to the base model 
number. 
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PIN CONFIGURATION 

Top View P, U Packages Top View 

1) I, Low 
2) I,Low 
3) Mirror Common 
4) Mirror OUlput 
5) Mirror Input 
6) Substrate 
7) I,High 
8) I, High 

2 

M Package 

4 

1) I, Low 
2)I,Low 
3) Mirror Common 
4) Mirror OulpUt 
5) Mirror Input 
6) Substrate 
7)I,Hlgh 
8) I, High 

6 

o o 
N 
lL 
W a: 

rM_E_C_H_A_N_IC_A_L __________________________________________________________ ~~ 
M Package- Metal T0-99 .. 

P Package - &-PIn Plastic DIP 

~~,~ 

,-iI] 
J~ 

Burr-Brown Ie Data Book 5-65 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 

DIM 
A 
A, 
B 
8, 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 
P 

INCHES 
MIN MAX 
.335 .370 
.305 .335 
.185 .185 
.016 .021 
.010 .040 
.010 .040 
.200 BASIC 
.028 .034 
.029 .045 
.500 
.110 .160 
45' BASIC 
.095 I .105 

INCHES 
MIN MAX 
.355 .400 
.340 .385 
.230 .290 
.200 .250 
.120 .200 
.015 .023 
.030 .070 
.100 BASIC 
.025 .050 
.008 .015 
.070 .150 
.300 BASIC 
0' IS' 
.010 .030 
.025 .050 

MILUMETERS 
MIN MAX 
8.51 9.40 
7.75 8.51 
4.19 4.70 
0.41 0.53 
0.25 1.02 
0.25 1.02 
5.08 BASIC 
0.71 0.86 
0.74 1.14 
12.7 
2.79 4.06 
45' BASIC 
2.41 I 2.67 

MILUMETERS 
MIN MAX 
9.03 10.16 
8.85 9.80 
5.85 7.38 
5.09 6.36 
3.05 5.09 
0.38 0.59 
0.76 1.78 
2.54 BASIC 
0.64 1.27 
0.20 0.38 
1.78 3.82 
7.83 BASIC 
0' IS' 
0.25 0.78 
0.64 127 

NOTE: Leads In true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 

NOTE: Leads in true 
position within 0.01" 
(0.25mm) Rat MMC 
at seating plane. Pin 
numbers shown for 
reference only: 
Numbers may not be 
marked on package. 
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MECHANICAL 

U Package - 8-Pln SOIC 

INCHES MILLIMETERS NOTE: Leads in true 
A 

FnA1fTI 
DIM MIN MAX MIN MAX position within 0.01" 

11 
B1 B 

~ 
Pin 1 lp~IUJLH Identifier 

~ 

~LL~l EiiS2iiLl C 
.J G I.-.JI.-D 7 

TYPICAL PERFORMANCE CURVES 
T, = +25'C, V s = + 15V unless otherwise noted. 

100.1 

100.0 

99.9 

CURRENT SOURCE 
TYPICAL DRIFT vs TEMPERATURE 

/' ....... K'" , 
l 
C 99.8 / .... ' 

1--- .... 

"'~ 
Ii 
" <> 99.7 

/ 
99.6 

99.5 

-50 -25 

101 

100.8 

100.6 

100.4 

~ 100.2 

~ 100 
~ 99.8 

99.6 

99.4 

99.2 

99 

IA 
III 

• 

o 5 

Drift specified by ~~ 
" box method" 

"" 
(See text) 

25 50 75 100 125 

Temperature ('C) 

CURRENT SOURCE 
OUTPUT CURRENT vs VOLTAGE 

--
10 15 20 25 30 35 40 

Voltage (V) 

Burr-Brown Ie Data Book 5-66 

i c 
t:!-
~ 
Iii 
" " 

600 

500 

400 

300 

200 

100 

0 

100.5 

100.4 

100.3 

100.2 

~100.1 

t; 100 

§ 99.9 
() 99.8 

99.7 

99.6 

99.5 

A 
A. 
B 
B. 
C 
D 
G 
H 
J 
L 
M 
N 

(2) 

.185 .201 4.70 5.11 (O.25mm) R at MMC 

.178 .201 4.52 5.11 at seating plane. Pin 

.146 .162 3.71 4.11 numbers shown for 

.130 .149 3.30 3.78 relerence only. 

.054 .145 1.37 3.69 Numbers may not be 

.015 .019 0.38 0.48 marked on package. 

.050 BASIC 1.27 BASIC 

.018 

.008 

.220 
0' 

.000 

(5) 

.026 0.46 0.66 

.012 0.20 0.30 

.252 5.59 6.40 
10' 0' 10' 

.012 0.00 0.30 

CURRENT SOURCE 
TEMPERATURE DRIFT DISTRIBUTION 

\501i .!, - DiLLnltL I-. '. (454)-.... ,:..:.;; production lots-
0' 'V. i- - 1284 Current Sources. -

w 

''''. 

~ (86) (66) 
. (30) (15) (6) (0) (1) (1) 

o 5 10 15 20 25 30 35 40 45 50 55 60 65 

Temperature Drift (ppml"C) 

o 

CURRENT SOURCE 
OUTPUT CURRENTvsVOLTAGE 

J , 

" I 
I 

\ , 
~ ...... 

\. 
\. 

2 3 

Voltage (V) 

25'C 

-55°C 

125'C 

4 
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TYPICAL PERFORMANCE CURVES 
T A - +25°C, V s = + 15V unless otherwise noted. 

> :e 
~ 
0 

~ 

4 

3 

2 

l ........... 
il 
w 

-1 

-2 

-3 

CURRENT SOURCE 
CURRENT NOISE ( 0.1 Hz to 10Hz) 

500msldiv 

MIRROR GAIN ERROR vs CURRENT 

I t~ 
1.25V 

Vo= 
IV I 

r-l- I II 

Vo= 
1.5V 

-4 

-5 

1011A 

II 

4 

3 

o 

IOOI1A 

Mirror Current (A) 

MIRROR INPUT VOLTAGE/OUTPUT 
COMPLIANCE VOLTAGE YO CURRENT 

Input Vottage 

...... 
:;;. 

101lA l001lA 

Current 

~iI ...... 

A , 
I 

Output 
Compliance 
Voltage 

II I 
lmA 
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lmA 

lOrnA 

5-67 

1000 

900 

~ 
800 

1: 
700 

~ 
:; 600 

u 500 
" f! 400 
" > 
" 300 0: 

200 

100 

0 

0.1 

0.08 

~ 0.08 

[i3 0.04 

'15 0.02 

~ 0 

~ -M2 

j -0.04 

~ -0.06 

-0.08 

-0.1 

CURRENT SOURCE 
REVERSE CURRENT vs REVERSE VOLTAGE 

~ I 
12~ 7~ "'[ 

-I Reverse Voltage ) 
Cireiut Model ./ 

5k!l 1-" ..... 

Safe Reverse Current ./ 1" 
./ _Safe Reverse Voltage 

./ / T T 
/'" 

,.... ~ I 
o -2 -4 -6 -10 -12 

Reverse Voltage (V) 

MIRROR TRANSFER NONLINEARITY 

Data from three 
Representative 

~ Units 

i'.. (12. 
(Ieast-square fit) ..... 

;;iii" 

V i"-.~ L ............ 
V 1'-(3) 

(2) 

o 50 100 150 200 250 

Current (1lA) 
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APPLICATIONS INFORMATION 
The three circuit sections of the REF200 are electrically 
isolated from one another using a dielectrically isolateti fab
rication process. A substrate connection is provided (pin 6), 
which is isolated from all circuitry. Still, this pin should be 
connected to a defmed circuit potential to assure that rated 
performance is achieved. The preferred connection is to the 
most positive constant potential in your system. In most 
analog systems this would be + V s. 

Although sections of the REF200 may be left unconnected, 
they should preferably be connected to ground or the positive 
power supply. Connect one or all terminals of an unnsed 
section to an appropriate node. 

Drift performance is specified by the "box method," as illus
trated in the Current vs Temperature plot of the typical 
performance curves. The upper and lower current extremes 
measured over temperature defme the top and bottom of the 
box. The sides are determined by the specified temperature 
range of the device. The drift of the unit is the slope of the 
diagonal-typically 2Sppmf'C from -2SoC to +8SoC. 

If the current sources are subjected to reverse voltage, a pro
tection diode may be required. A reverse voltage circuit model 
of the REF200 is shown in the Reverse Current vs Reverse 
Voltage Curve. If reverse voltage is limited to less than 6V or 
reverse current is limited to less than 3S0llA, no protection 
circuitry is required. A parallel diode (Figure 2a) will protect 
the device by limiting the reveJ:8e voltage across the current 
source to approximately O. 7V. In some applications, a series 
diode may be preferable (Figure 2b) because it allows no 
reverse current. This will, however, reduce the compliance 
voltage range by one diode drop. 

Applications for the REF200 are limitless. A collection of 
circuits is shown to illustrate some techniques. 

(a) (b) 

FIGURE 2. Reverse Voltage Protection. 

Burr-Brown Ie Data Book 5-68 

8,7 5 4 

5kn 

1,2 

FIGURE 1. Simplified Circuit Diagram. 

10011A 

5 
In 

FIGURE 3. SOIlA Current Source. 

1k 1k 

3 
Current 
Mirror 

(Substrate) 

Current 
Source 
(1012) 

6 
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~ 200pA 

Comphance - 4V 

(a) 

FIGURE 4. 2001JA, 3001JA, and 4001JA Floating Current Sources. 

Compliance to Ground 

100pA + 

S 4 

In Out 

(b) 

Compliance to 
-vs + SV 

~ SOpA 

Compliance: 4V 

27kQ 

(c) 

Compliance to 
-vs + S.1V 

~ SOpA 

Mirror S 4 
In 

Com 

3 

100pA + 100kO 

(a) (b) 

FIGURE 5. 501JA Current Sinks. 

100pA ! 100pAl200pA 

S 4 

In Out 

Mirror 

Com 

p 
Compliance to -Vs + 1.SV -Vs 

FIGURE 6. Improved Low-Voltage Compliance. 
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Mirror 

Out 

100pA 

101 

I 100 

<> 

99 

S.1V 
INA4689 

(c) 

4 
In Out 

Mirror 

100pA 

SERIES-CONNECTED CURRENT SOURCES 
CURRENT vs APPLIED VOLTAGE 

High 
t-- j-

+ 100pA U t--t-
Il r.- j- + 100Ju\ 

Low L -" ~ I-

o 10 20 30 40 SO 60 70 80 

Applied Voltage (V) 

Provides 2X higher Compliance Vottage 

FIGURE 7. lOOIJA Current Source-80V Compliance. 
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High 

Low 

NOTES: 

(a) Compliance appro •• to 
Gnd. HV compliance limited 
by FET breakdown. 

(c) Floating 200llA cascoded 
current source. 

IN4148 

1N4148 

1001lA 

(b) Compliance to +V. - SV. 

IN4148 

IN4148 (d) Bidirectional2001lA 
cascaded current source. 

(1) FET casooded current sources offer Improved output Impedance and high frequency operation. Circuit in (b) also provides Improved PSRR. 
(2) For current sinks (Circuits a & b only), Invert circuits and use "N" Channel J FETS, 

FIGURE 8. PET Cascode Circuits. 

I 
I 

Using Standard Potentiometer 

V w O--A./\/Ir--.... -A./\/Ir---, 

OpAmp 

f To 
+- Other 

Amps 2kQ Unear 

I 
I 

VC1oJT= V .. (-RoIRH) 
Offset Adjustment Range = ± SmV 

Using Bourns Op Amp Trimpot@ 

V"", 

I rl-TO '" Other 

-=- Amps 1000'" 
Bourns Trlmpot@ 

OpAmp 

1001lA V OUT • -V w(RoIR.) 

Offset Adjustment Range = ± SmV 

-V. 

Note:(I) For N OpAmps. use Potentiometer Resistance = N .looQ. 

FIGURE 9. Op Amp Offset Adjustment Circuits. 
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R 

(a) 

1001lA 

NR R 

(c) 

0.01¢' 

FIGURE 10. AdjustableCurrentSources. 

Burr-Brown Ie Data Book 

FEATURES: 
(I) Adjustable to values above or 
below current reference value. 

examples: 

NR R lour 
1000 10MO InA" 
10kO ImO IlIA 
10kO lkO ImA 

"Use OPAI28 Op Amp 

1001lA 
Reference 

FEATURES: 
(I) Zero volts shunt compliance. 
(2) Adjustable only to values above 
reference value. 

NOTE: 
Current source/sink swing to the 
"Load Retum" rail Is limited only 
by the op amps Input common 
mode range and output swing ca
pability. Voltage drep across "R" 
can be tailored for any amplifier to 
allow swing to zere volts frem rail. 

Examples: 

R NR lour 
I kO 4kO SOOIlA 
lkO 9kO ImA 
100kO 9.9kO 10mA 

~ 10 = (N + I) 1001lA 

10 = (N + I) IOOIlA ~ 

(e) 

5-71 

R 

(b) 

10 = (N + I) 1001lA l 

1001lA 
Reference 

(d) 

10 = IOOIlA (N + I). Compliance = 
3.5V wHh O.IV across R.- Max 10 
limned by FET. For 10 = IA. R = 
0.10. NR = lkO. 

R 
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RTD 

-v. 

FIGURE 11. RTD Excitation With Three Wire Lead Resistance Compensation. 

Triangle Output 

+----<OPAS02 

+ 

1-___ + _____ Sq--euareOulput J1Jl =r"P 

Frequency = 1I4RC (Hz) 
Frequency = 25IC (Hz) 
(C is In jU= and R ~ 101<0) 

IN4148 

112 
REF200 

1N4148 

R 
101<0 

IN4148 

1N4148 

FIGURE 12. Precision Triangle Waveform Generator. 
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100110 

~ .. ----------------------~~----------------------------~ 
-10V$Vw$+10V 

r---------------------~~~----------------------------~ 

Vw• +10V: 100% Duty Cycle 
V .. = OV: 50% Duly Cycle 
V .. = -10V: 0'Y0 Duly Cycle 

112 REF200 + BrIdge 
(See FIg. 11) 

112 REF200 + BrIdge 
(See FIg. 11) 

60110 

FIGURE 13. Precision Duty-Cycle Modulator. 

Burr-Brown Ie Data Book 

For More Applications, Request 
Product Data Sheet PDS-SSI. 

5-73 

C 

12Vp-p 
Duty Cycle Out 
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BURR-BROWN® 

IElElI UAF11 
UAF21 

UNIVERSAL ACTIVE FILTERS 

FEATURES 
• SAVES DESIGN TIME 

User-tuneable frequency. Q-factor. gain 
Calculate only three resistance values 
Design directly from this data sheet 
Completely characterized parameters 

• IMPROVED PERFORMANCE 
Wide frequency ranges 
UAFll - 0.001 Hz to 20kHz 
UAF21 - 0.001 Hz to 200kHz 
1 % frequency accuracy 
Q range of 0.5 to 500 
Reliable hybrid construction 
NPO capacitors and thin-film resistors 

DESCRIPTION 
The UAFII's and UAF21's are low cost universal 
active filters. These versatile units can easily be 
tailored to any active filter application using the 
extensive information provided in this data sheet. 
U A F's are excellent choices for use in communi
cations equipment, test equipment (engine analyzers, 
aircraft and automotive test, medical test, etc.), servo 
systems, process control equipment, sonar and many 
others. 

The U AF II's and U AF21 's are complete two-pole 
active filters with the addition of four external 
resistors that provide the user easy control of the 

Inpull 

Input 2 

Inpul3 

o Adlusl 

APPLICATIONS 
• FILTER CONFIGURATIONS 

Butterworth 
Bessel 
Chebyschev 

• FILTER FUNCTIONS 
Low pass 
High pass 
Bandpass 
Band reject 

Q-factor, resonant frequency and gain. Any complex 
filter response can be obtained by cascading these 
units. Three separate outputs provide low-pass, high
pass, and bandpass transfer functions. A band-reject 
(notch) transfer function may be realized simply by 
summing the high-pass and low-pass outputs. 

Since these U AF's are so versatile and flexible, they 
can be stocked by the user in quantity for use as 
building blocks whenever the requirement arises. 
This means instant availability and the UAF pur
chases may be made in volume to take advantage of 
quantity price discounts. 

International Airport Industrial Park· P.O. Box 11400· Tucson, Arizona 85734· Tel. (6021 746·1111 . Twx: 91(J.952·1111 . Cable: BBRCORP • Telex: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
Typical at +25°C and with rated supply unless otherwise noted. 

MODEL UAF11 UAF21(1) 

INPUT 
Input Btas Current ±100 ±15 
Inpul Vollage Range ±10 ±10 
Input Resistance lOOk lOOk 

TRANSFER CHARACTERISTICS 

Frequency Range (fa) 00011020k 000110200k 
10 Accuracy(2) ±1 ±1 
to Stablllty(3) (over temp range) ±0.OO5 ±O.OO5 
Q Range(4) 0510500 05 to 500 
Q Slablllty(5) 
at 10 Q :;;;104 ±0025 ±001 
at fa Q :::;;;105 ±O 1 ±O025 

Gam Range 011050 011050 

OUTPUT 

Slew Rate 06 60 
Peak-ta-Peak Output SWlng(6) 

10';;; 10kHz 20 20 
fa -s;; 20kHz 10 20 
fo~ 100kHz 2 20 

Oulput Offset 
(at low-pass output with unity galO) ±10 ±10 
Output Impedance 2 10 
NOIse(7) 200 200 
Output Current(S) 10 10 

POWER SUPPLIES 

Rated Power Supplies ±15 ±15 
Power Supply Range(9) ±5 to ±18 ±5 to ±18 
Supply Current at ±15V (Qulescenti ±12, max ±12, max 

TEMPERATURE RANGE 

Specification: Epoxy -2510+85 -2510+85 
Storage. Epoxy -4010+85 -4010 +85 

NOTES 
1 The UAF21 Includes two Internal 0 002,uF power supply capacitors 
2 Repeatlblhty of fa uSing 0 1 % frequency determining resistors 
3 T C A of external frequency determining resistors must be added to this figure 

4 Derated 50% from maximum - see TYPical Performance Curves 
5 Q stability vanes with both the value of Q and the resonant frequency fo 
6 Low-pass output - see Typical Performance Curves 
7 Measured at the bandpass output with Q = 50 over DC to 50kHz 
8 The current required to dnve AFl and AF2 (external) as well as C1 and C2 must come from 

this current 
9 For supplies below ±10V, Q max will decrease slightly, f,lters will operate below ±5V 

PIN CONNECTIONS 

Pm 1 High-Pass Output 
Pm 2 Optional Pin 
Pin 3. Bandpass Output 
Pin 4 Q Adjust Pomt 
Pin 5 Common 
Pin 6 +Supply 
Pin 7 Low-Pass Output 

Burr-Brown Ie Data Book 

Pin 8 Frequency Adjust 
Pin 9 -Supply 
Pin 1 0 Frequen~y Adjust 
Pin 11 Optional Pm 
Pin 12 Input 1 
Pin 13 Inpul2 
Pin 14 Inpul3 
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UNITS 

nA 
V 
n 

Hz 
% 

%/oC 

--
%/oC 

%1°C 
--

V/",sec 

V 
V 
V 

mV 
II 

j.tV, rms 
mA 

V 
V 

mA 

·C 
·C 

MECHANICAL 

EPOXY PACKAGE 
NOTE 
leads In true POSition Within 0 10" 
o 2Smm. R at MMC at sealing plane r-tJ ORDER NUMBER 

I UAFll 
UAF21 

L- 0 ~~~~~6{6RGrams E= Deoole,Pm1 0145MC 

~n"Jt 
cJ r.o'-:of:oC:oC:o:-:.c:,:l 

1 

-
INCHES 

DIM MIN MAX 

A 790 810 

B 490 510 

C .190 ~.O 

0 .018 .021 

G 100 BASIC 

H .080 .115 

K 130 300 

L .300 BASIC 

R 080 115 

Pm numbers shown for 
reference only 
Numbers may not be 
marked on package 

Note 1 Pm 
presence optional 

MILLIMETERS 
MIN MAX 

20.07 20.57 

1245 '2.95 

4.83 6.60 

046 053 

254 BASIC 

203 292 

330 7.2 

762 BASIC 

203 292 
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TYPICAL PERFORMANCE CURVES 

FULL POWER RESPONSE 
100 
80 

60 
50 

40 
30 

9-- 25 
; 20 

"0 15 > 
X 10 '" §. 8 

["-. 

r-..c '"" Low-Pass 

Bandpass: 

g 
6 w 
5 
4 

3 
25 

High-Pass 

" 2 

15 "-
I\. 

3 4 5 6 78 10 15 20 30 40 60 80 100 

UAFll 

10 20 30 40 60 80100 200 300 400 600 1000 

UAF2l 
Frequency (kHzl 

APPLICATIONS INFORMATION 
TRANSFER FUNCTION 

The UAF2l uses the state variable technique to produce a 
basic second order transfer function. The equation 
describing the three outputs available are: 

T(Low-Pass) = 

T(Bandpass) = 

T(High-Pass) = 

where Wo = 27Tfo • 

S2 + (wo/Q) s + wo2 

ABP(Wo/Q)s 
S2 + (wo/Q) s + wO' 

AHP S2 

s' + (wo/Q) s + wo2 

To obtain band reject characteristics the low-pass and 
high-pass outputs are summed to form a pair of jw axis 
zeros: 

A (s' + w02) 
T( Band-Reject) 

S2 + (wo/Q) s + w0
2 

where ALP = AHP = A. 

The state variable approach uses two op amp integrators 
and a summing amplifier to provide simultaneous low
pass, bandpass and high-pass responses. One UAF is 
required for each two poles of low-pass or high-pass 
filters and for each pole-pair of bandpass or band-reject 
filters. 

DESIGN PROCEDURE SUMMARY 
These procedures give the design steps for the proper 
application of aU AF and for the selection of the external 
components. More detailed information on filter theory 
pertinent to some of the steps can be found in the 
reference sources listed in Table I. 
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Q MAX VS RESONANT FREQUENCY 
1000 

100 

x 

~ 
o 

10 

100 

lk 

~ 

" " r\ 
"-

" 
lk 10k 

UAFll 

10k lOOk 

UAF2l 
Resonant Frequency I Hz, 

lOOk 

1M 

T ABLE I. Useful References. 

1 Tobey, Gene, et ai, Operational Amplifiers. DeSign and Applications, 
Chapter 8, McGraw=i-i,1l Book Company, 1971 -- ---

2 Wong, Yu Jan, and William Ott Function Circuits· DeSign and 
.6p~lIcallons, Chapter 6, McGraw-HIli Book Company, 1976 

3 Daniels, Richard W ,hpproXlmatlon Methods for ElectrOniC Filter 
Desl9!1, McGraw-Hili Book Company, 1974 

4 Zyerev, Anatall Handbook of Filter SY'nthesls, John Wiley and Sons, 
1967 --

5 Ternes, GaborC ,and Sanllt K Mitra Modern Filter Theory and DeSign, 
John Wiley and Sons, 1973 --- -

Burr-Brown also manufactures a line of completely self
contained active filters called the A TF76 series. These are 
available in most popular transfer functions with from 
2- to 8-pole responses. They contain all necessary com
ponents and do not require any user design effort. 

DESIGN STEPS 
I. Choose the type offunction (low-pass, bandpass, etc.), 

type of response (Butterworth, Bessel, etc.), number of 
poles, and cutoff frequency based on the particular 
application. 

If the transfer function is band-reject see Band-Reject 
Transfer Function before proceeding to step 2. 

2. Determine the normalized low-pass filter parameters 
(fo and Q) based on the type of response and number of 
poles selected in step I. See Normalized Low-Pass 
Parameters. 

3. If the actual response desired is low-pass go to step 4. 
For other responses a transformation of variables 
must be made (low-pass to bandpass or low-pass to 
high-pass). See Low-Pass Transformation. 
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4. Determine the actual (denormalized) cutofffrequency, 
fo, by multiplying fn by the actual desired cutoff 
frequency. See Denormalization of Parameters. 

5. Pick the desired UAF configuration (noninverting, 
inverting or bi-quad). See Configuration Selection 
Guide and U AF Configurations and Design Equations. 

6. Decide whether to use design equations "A" or "B". 
See Design Equations "A" and "B". 

7. Calculate RFI and RF1 . See Natural Frequency and 
UAF Configurations and Design Equations. 

8. Determine Qp. See Qp Procedure. 

9. Select the desired gain for each UAF and calculate the 
corresponding Ro and RQ. See Gain (A) and UAF 
Configurations and Design Equations. 

BAND-REJECT TRANSFER FUNCTION 
The band-reject is achieved by summing the high-pass 
and low-pass U AF outputs. Either of the configurations 
in Figures 2 and 3 can be used to provide the band-reject 
function if they are used as shown in Figure I. 

The 15kO resistor is adjusted for maximum rejection. 
The circuit in Figure 3 is applicable when using design 
equations "A" (ALP = AHP). When design equations "B" 
are used (ALP = IOAHP), the resistor at pin 7 must be 10 
times the resistor at pin I to obtain equal pass-band gains 
above and below fn. 

In either case, the four external UAF resistors (Ro, RQ, 
RFI and RF2) should be calculated for fo and Q of the 
band-reject filter desired and for ALP to equal the desired 
pass-band gain. An input constraint is that the input 
voltage times ABP must not exceed the rated peak-to-peak 
voltage of the bandpass output, or clipping will result. 

Input 
Signal 

UAF wllh Four 
External Rllilloll 

101m 

10kn 

FIGURE I. Band-Reject Configuration. 

NORMALIZED LOW-PASS PARAMETERS 

Usual active filter design procedure involves using normal
ized low-pass parameters. Table II is provided to assist in 
this step for the more common filter responses. Table 11/ 
is a FORTRAN program which allows fn and Q to be 
calculated for any desired ripple and number of poles for 
the Chebyschev response. Program inputs are the number 
of poles (N) and the peak-to-peak ripple (R). Program 
outputs are fn and Q, which are used exactly as the values 
taken from Table II. 
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TABLE". Low-Pass Filter Parameters. 

5-77 

Che~~ev 
Numbe Butterwort~1 Bessel 05 dB Ripple 2 dB RIpple 
of Pol nl1 fn(l) Q fn{2) In(2) Q 

2 10070711 12742 057735 123134 086372 0907227 11286 

3 10 .. 132475 .. 0628456 .. 0368911 .. 
10 10 144993 069104 1 068853 17062 0941326 25516 

4 10054118 143241 052193 0597002 070511 0470711 09294 
1013065 160594 080554 1031270 29406 0963678 459388 

10 _. 150470 .. 0362320 .. 0218308 .. 
5 10061805 155876 056354 0690483 11778 0627017 177509 

10 161812 175812 091652 1017735 45450 097579 723228 

10051763 160653 051032 0396229 068364 031611 09016 

6 10 070711 169186 061120 0768121 18104 0730027 284426 
10 193349 190782 10233 1011446 65128 0992828 104616 

10 .. 168713 .. 0256170 .. 0155410 .. 
10 055497 171911 053235 0503863 10916 0460853 164642 

7 10080192 182539 066083 0822729 25755 0797114 411507 
1 0 22472 205279 11263 1008022 88418 0997226 142802 

1 0 ~ 50980 178143 050599 0296736 067658 0237699 089236 

8 10060134 185314 055961 0598874 16107 0571925 25327 
10 089998 195645 071085 0861007 34e57 0842486 558354 
10~5629 219237 12257 1005984 115308 0990142 186873 

1 -3dB frequency 
2 Frequency at which amplitude response passes through the ripple band. 

TABLE III. Low-Pass Chebyschev Program. 

PI=3.1415926536 

COMPLEX P(101 

READ 5, N, R 

5 FORMAT 112.F8 61 

A~SORT(EXP(R/4 34294481-1 I 

B~1 IA 

AN~ALOG(B+SORT(B"2.1 II 

AN~AN/FLOAT(NI 

J~MOD(N, 21+N/2 

DO 10K~1. J 

RP~SINHI AN I'SINI PI'FLOATI2'K-11/FLOAT 12'N II 

XIP=COSH(AN I'COS( PI'FLOAT(2'K-1 )/FLOAT(2'N I I 

WN~SORT(RP"2+XIP"21 

O~-WN/(2'RPI 

P(KI~CMPLX(WN.OI 

IF(MOD(N,21.NE 0 AND K EO JIGO TO 15 

PRINT 20, P(KI 

GOT010 

15 F~REAL(P(KII 

PRINT 30, F 

10 CONTINUE 

NOTE Language variations between 
computers may require modification 
of thiS program 

20 FORMAT 12X"FN~"E20 8"O~"E20 81 

30 FORMAT 12X"FN ~ "E20 81 

STOP 

END 

Note that for bandpass and high-pass filters complex 
conjugate pole pairs in the actual filter correspond to 
single poles in the normalized low-pass model. Thus four 
poles in Table II would correspond to four-pole pairs in a 
band pass or high-pass filter. 

Filters with an odd number of poles show one fn with no 
corresponding Q value. This represents a simple RC 
network that is required for odd pole filters. This RC 
network with a cutoff frequency equal to fn times the 
overall filter cutoff frequency should be placed in series 
with the first U AF two-pole section. An external op amp 
and RC network can be used for this purpose. 
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The cutoff frequency determined by the Table II filter 
. parameters is (I) t~e -3dB frequency of the Butterworth 
'response and of the Bessel response and (2) the frequency 
'at which the amplitude response of the Chebyschev filters 
passes through the maximum ripple band (to enter the 
stop band). ' 

LOW·PASS TRANSFORMATION 

Low·Pa .. to Hlgh·Pa .. 
The following simple transformation may be used for 
high-pass filters: I 
fn (high-pass) = "'"fn""(l,-ow---p-as-s) .... 

Q (high-pass) = Q (low-pass) 

Low-Pa .. to Bandpa •• 

The low-pass to bandpass transformation to generate fn 
(bandpass) and Q (bandpass) is much more complicated. 
It is tedious to do by hand but can be accomplished with 
the FO RTRAN program given in Table IV. This program 
automates the tranformation 

s = p/2 ± "f(p/2)' - I. 

TABLE IV. Low-Pass to Bandpass Transformation 
Program. 

COMPLEX P,S,U 

READ 5, FN, 0, OBP 

5 FORMAT (3F12,5) 

Y=FN'SORT(1,-1(J(O'2,))"2) 

X~FN/O·2.) 

P=CMPLX(X.Y) 

u=60NJG(p) 

00301=1,2 

S=P/(2'OBP) 

P=S"2-1 

T=ATAN2(AIMAG(P),REAL(P)) 

IF IT,GE,O.IGO TO 10 

T=2.·3.14159+T 

10 T=TI2. 

A=SORT(CABS(P))'COS(TI 

B=SORT(CABS(P))'SIN(T) 

S=S+CMPLX(A,B) 

FN=CABS(S) 

O~FN/(2"REAL(S)) 

PRINT 2O,FN,O 

20 FORMAT (2X"FN="F12.5"O="F12 51 

IF(AIMAG(U) EO.O.)GO TO 40 

3OP=U 
40 STOP 

END 

Program Input. 

NOTE. Language variations between 
computers may require modillcelion 
01 this program. 

I. fn - From Table II for the low-pass filter of interest 
2. Q - From Table II 
3. QBP - Desired Q of ~he bandpass filter 

For filters with an odd number of poles a Q of 0.5 should 
be used where Q is not given in Table, II. Enter lOS for Q 
wlien transforming zeros on the imaginary axis. 

The program transforms each low-pass pole into a 
bandpass pole pair. Thus a three-pole low-pass input, 
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would result in the pole positions for a three-pole pair' 
b~ndpass filter requiring three U AF stages .. 

DENORMALIZATION OF PARAMETERS 
Table II shows filter parameters for many 2- to 8-pole 
nllrmalized low-pass filters. The Q and the normalized 
undamped natural frequency, fn for each two-pole section 
are shown. The Q values do not have to be denormalized 
and may be used rurectly as described in the Design 
Procedure Summary. fn must be denormalized'by multi
plying it by the desired cutoff frequency of the actual 
overall filter to obtain the required frequency, fo for the 
design formulas. As an example, consider a 4-pole low
pass Bessel filter with a cutofffrequency of 1000Hz. The 
first stage would be designed to an foof 1432.41 Hz and a 
Q of 0.52193 while the second stage would have an fo of 
160S.94Hz and Q of 0.80554. To combine the two stages 
into the composite filter the low-pass output of the first 
stage (pin 9) would be connected to the input resistors 
(RG) of the second stage. 

CONFIGURATION SELECTION GUIDE 

It is possible to configure the U AF three different ways. 
Each configuration produces features that mayor may 
not be desirable for a specific application. The selection 
guide in Table V is given to assist in determining the most 
advantageous configuration for a particular application. 

UAF CONFIGURATIONS AND 
DESIGN EQUATIONS 
Nonlnvertlng Configuration 

For applicatiO'!ls requiring a bandpass gain of I V / V, the 
internal resistor Rl"may,be used (input at pin 14) as the, 
gain resistor Ra; thus, only three external resistors are 

, needed to configure the filter. 

To use equations "B" connect an IlkO resistor between 
pins 12 and I. Use equations "B" for frequencies above 
8kHz or when RQ from'equations "A" becomes a negative 
value. 

SIMPLWIED DESIGN EQUATIONS "A" 

f. < 5kHz (UAFIII or SOkHz(UAF21) 

I. RFI = RF2 = IO'/wo = 1.59 x 10' ffo 

2. A .. = QA", = QAHP 

3. R., = 10'/(2Q, - A .. - I) 

4 R(, = (2(), - AlP + I) I«l"/ A", 

SIMPLIFIED DESIGN EQUATIONS "B" 

f.> SkHz(UAFII) or SOkHz(UAF2I) 

I RFI = R" = 3.16 x 111/ ... = 5.03 x 10' If. 
2 AMP = Q/3.16 ALP = 3.16Q AHP 

3, RQ = 1O'/(3.4SQ" - A" -I) 

4. 11.. = (3.4SQ" - A .. + I) 10' / Ad, 

Inverting Configuration 
SIMPLIFIED DESIGN EQUATIONS "A" 

f.< 5kHz (UAFII) or SOkHz (UAF21) 

I RFI = R,,= 10'/ ... = 1.59 x III/to 

2. ABP dQ AL, = Q AliI' 

3. R" = IO~ Qp' Aa; 

4, RQ= 2 x 10'/{2Q,+ AlP -I) 
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NON INVERTING INPUT INVERTING INPUT BI-QUAD 

Outputs AvaIlable BP. LPand HP BP. LPand HP BP and LP 

Inverted Outputs BP HPand LP BPand LP 

Q & Gam Independent of 
Frequency Resistors? Yes Yes No 

Type of Q Va"atlon 
WIth Changes In RF ConstantQ ConstantQ Constant bandwIdth 

Other Advantages May be used with only three external RG and Ra are small at 
resistors (use Internal R3 as RG J high frequencies 

Parameter Limitations 2Qp - Asp> lifo < 8kHzI 2Qp + Asp> lifo < 8kHz I None 
3 480p - Asp> lifO> 8kHzI 3 48Qp + Asp > lifo> 8kHzI 

Summary The 81~Quad filter IS particularly useful as a bandpass fdter 'f the filter bandWidth must be kept constant as the centerfrequencyts vaned If 
Q must be kept constant lO.e • constant Q of a bandpass or malntaonlng constant response of a low-pass or hIgh-pass I one olthe other two 
confIguratIons should be used Tha BI-Quad also has the advantage that RG and Ra are smaller than RG and Ra of the other two 
cQnflgurationslthls is especially useful at high frequencIes I. The noninvertlng Input configuratIon has the advantage that for Asp = 1. RG= 
l00kn. therefore Ra I Internal I may be used so that only three external resistors are needed I RF1. RF2. Ra I 

FIGURE 2. Noninverting Configuration. 

SIMPLIFIED DESIGN EQUATIONS "8" 

f.> 5kHz (UAFIII or SOkHz (UAF2I) 

I. R., = R .. = 3.16, 10'/ ... = 5.03,10' If. 

2.Asp=Qp/316=3.180pAHP 

3. R" = 3.16,10' Q,/A .. 

4. R. = 2, lo'/(3.48Q, + A .. -I) 

BI-QUAD Conllgurallon 

SIMPLIFIED DESIGN EQUATIONS "A" 

f. < 5kHz (UAFII) or SOtHz (UAF2I) 

I R., = Rn = 10'/ ... = 1.59, Io'/f. 

2.QAL,=A., 
3. R.=Q,R., 

4. Re. = Ral A •• 

SIMPLIFIED DESIGN EQUATIONS "8" 

t. > 5kH, (UAFIIJ or SOtH, (UAF211 

I. R., = R .. =3.16,IO'I ... =S.03,IO'/f, 

2.QAL.=A .. 

3. Ra=3.16Q,R., 

4. Ra= R./A •• 

DeSign Equations "A" and "B" 

I. For fo below 8kHz, either of equations" A" or"8" may 
be used. 

2. For fa above 8kHz, equations "B" must be used. If 
equations "A" were used above 8kHz, the filter could 
become unstable. 

3. Equations"A"are for the UAF as it is supplied. When 
using equations "B", a IlkO resistor must be placed in 
paraliel with R2 (between pins 12 and I). 
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RS· 12 

Input Slgtlll 

14 R3 

Me IDOIen 

·Exllmll Ralllllrl 

FIGURE 3. Inverting Configuration. 
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FIGURE 4. Bi-Quad Configuration. 

4. The values of RFI and RF2 calculated with equations 
"B" are approximately one-third of those calculated 
with equations "A ". Thus there may be an advantage 
in using equations "B" at low frequencies. Using 
equations "B" would require use of one more resistor, 
but that would not alter or affect filter performance in 
any manner. 

S. Using the negative gain values for ALP or AHP or ABP 
could result in the negative values for resistors RG and 
RQ. So the absolute value of the gain should always be 
used in the equations. 

6. Under some circumstances the value of RQ using 
equations "A" will be negative. If this occurs, use 
design equations "8". 

Natural Frequency (to) 
I. fo for each one pole-pair bandpass filter is the center 

frequency (fe). fc is defined as fc = JfJ; where fl is the 
lower -3dB point and f2 is the upper -3dB point of the 
pole-pair response. 
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2. To obtain fo below 100Hz using practical resistor 
values, capacitors may be paralleled with C I and C2 to 
reduce the size of RFi and RF2 . If capacitors are added 
in parallel, 

1000pF 
RFI (new) = RF2 (new) = RFI (old) 

C + lOOOpF 

where RF (new) is the new lower value frequency 
resistor, C is the value of the two external capacitors 
placed across CI and C2 (between pins 10 and 3 and 
pins8 and 7 and RFI (old) is the value calculated in the 
simplified design equations. 

Q-Factor fo 
I. For bandpass filters Q = ::3-:d;::B-:b-a-n-:dw-'-id:-t:-h 

2. When designing low-pass filters of more than two 
poles, best results will be obtained if the two pole 
sections with lower Q are followed by the sections with 
higher Q. This will eliminate any possibility of clipping 
due to high gain ripple in high Q sections. 

Qp Procedure 
l. If the "fo times Q" product is greater than 104 (or 10' 

for the U AF21), it is possible for the measured filter Q 
to be different from the calculated value of Q. This 
effect is the result of nonideal characteristics of 
operational amplifiers. It can be compensated for by 
introducing the parameter Qp into the design equations. 

2. Calculate the fo Q product for the filter. If the product 
is above 104 Hz (or 10' for the UAF21), locate the 
corresponding foQp product on the curve in Figure 5. 
Divide foQp by fo to obtain Qp. Use Qp as indicated in 
the design equations. For foQ products below 104 Hz 
(or 10' for the UAF21), Qp = Q. 

106 105 
9 9 
8 8 
7 7 
6 6 

0 5 
..94 4 

3 

/. ~ 

~ V" 
105 104 

104 4 5 6 7 89105 
UAF11 

105 4 5 6 7 89106 

UAF21 10 Q 

FIGURE 5. QpDetermination. 

Gain (A) 
I. The gain (V / V) of each filter section is: 

ALP - for low-pass output - gain at DC 
ABP - for bandpass output - gain at fo 
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AHP - for high-pass output,- gain at high frequencies. 

2. Refer to the Typical Performance Curves for full 
power response. When selecting the gain, insure the 
limits of the curve are not exceeded for the desired 
voltage range. 

DETAILED TRANSFER FUNCTION EQUATIONS 
The following equations show the action of all the 
internal and external UAF filter components. They are 
not required for the regular design procedure but could 
be used if a detailed analysis is required. 

NONINVERTING INPUT CONFIGURATION 
l. wo1 = Rl/(R. RFI c. RF1C2) 

2.Q= I+(R')(...!!....) (1+lo'/Ro) 
R1RfIC. 

R{, R.+R2 ~ 
3. R, = 10' + 10' Ro/(lO' + Ro) 

4. Q ALP = Q AH. R,/R, = A.p¥'R,R"C,f(R,R"C,) 

S. A .. = 10' (2 + 10" I Ro)1 R,o 

INVERTING INPUT CONFIGURATION 
I. 0)02 = R2/(R,RFIC.RF2C2) 

2. Q = R,(I + 2 x lo'/Rol{R"C,f(R,R,R"C,) 

3. Q ALP = Q R. AHP/R! = ARPJRIRfICI/(R1RF2C2) 

4. AftP =JR1R1 RF2C1J(RFICI) Q/ R" 

S. I/R, = I/R, + I/R, + I/Ro 

BI-QUAD CONFIGURATION 
I. flJo2 = R2/(R.RF1 C.RFlCl) 

2. Q= RQC2(Uo 

3. Q AI ,{("",R, ~C2) = An, = RQ/R(, 

Offset Error Adjustment 
DC offset errors will be minimized by grounding pin 5 
through a resistor equal to 1/2 the value of RFI or RFl. 
The DC offset adjustment shown here may be used if 
required. 

Offset errors will increase with increases in RF. 

5-80 

100kn l+_S .. ~ .. P_PI_y-T-o-p-,n-8-I~o~lI!a"s-s-o-ut-p-ut---.~ 
To pm 10 for low-pass or high-pass output 

-Supply 'May be adlusted lor best sensitivity 

Design Example 

It is desired to design a 5-pole Bessel, Low-Pass Filter 
with fo = 3.3kHz and ALP = I. We will use the UAFII to 
implement this filter. 

From Table II the following values of fn and Q are 
obtained. 

Complex Poles: 
fn = 1.55876] 
Q =0.56354 
fn= 1.75812] 
Q = 0.91652 

Simple Pole: 
fn = 1.50470 
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Using the above shown values of fn and Q, we now will 
proceed to design the three stages of filter separately. 

Anyone of the three configurations can be used. We will 
select inverting configuration. 

For Stage I. 
f" - 3.3kHz x fn = 3.3kHz x 1.55876 = 5144Hz 

Since f" >5kHz, equations "8" would be used, thus an 
II kO resistor must be connected between pins 12 and I. 

" R" = RF , = 5.03 x 10 = 9778!l 
. 5144 

f"Q = 5144 x 0.56354 = 2.9 x 10' 

f"Q<104 , :.Qp = Q = 0.56354 

Aop = Qp A, p = 0.56354 x I = 0.17834 
3.16 3.16 

R _3.16x IO"QI' _3.16xI04 xO.56354 =9985k!1 
(, - Aup 0.17834 . 

2 x 10' 
RQ = 3.48Qp + ABP-I 
175.52kO 

For Stage 2. 

2 x 10' 

3.48 x 0.56354 + 0.17834-1 

f., - 3.3kHz x fn = 3.3kHz x 1.75812 = 5802Hz 

Since f" >5kHz, equations "8" would again be used, and 
an II kO resistor would be connected between pins 12 and 
I of the second U AF stage. 

R ... = R F, = 5.03 X 10' - 8669!l 
• 5802 

f"Q = 5802 x 0.91652 = 5.32 x 10' 

f"Q<104 , :. Qp = Q = 0.91652 

A = Qp A = 0.91652 x I =0.29004 
HP 3.16 I.P 3.16 

R(, = 3.16 x 10' Qp=3.16 X 104 xO.91652 = 99.86k!l 
Aop 0.29004 

2 x 10' 2 x 10' 
RQ = (3.48 Qp + Aop-I) = (3.48 x 0.91652 + 0.29004 -I) = 

80.66k!l 

For Stage 3. 

f = 3.3kH7 X fn = 3.3kH7 x 1.50470 = 4966H7 

For the simple pole, 
I I 0·' 

RC = 21rf = 21r x 4966 3.2049 x 1 
3300pF (or any convenient value) 

R = 3.2049 x 10:'= 9.7Ik!l 
3300 x 10 ,. 

9778n 9778n 

99.85kn 12 

·15V +15V 

B.71kn 

FIGURE 6. Overall Circuit. 
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BURR-BROWN® 

IElElI UAF41 

UNIVERSAL ACTIVE FILTER 

Inpul3 

FEATURES 

• LOW COST 
• SMALL SIZE 

Single wide DIP package 
• FULLY CHARACTERIZED PARAMETERS 
• HYBRID CONSTRUCTION 
• IMPROVED PERFORMANCE 

1 % frequency accuracy 
o range of 0.5 to 500 
NPO capacitors and thin-film resistors 
Uncommitted op amp included 

R2 

High-Pili 
Outpul 

BENEFITS 

• SAVES PRINTED CIRCUIT BOARD SPACE 
• SAVES DESIGN TIME 

Calculate only four resistance values 
Design directly from this data sheet 
Versatile building block for filter design 

• HIGH RELIABILITY 
• HIGH STABILITY 

Bandplll 
Output 

Low,P'1I 
Output 

Internliional Airport Induslrlal Park· P.O. Box 11400· Tucson. Arizona 85734 . Tel. (602) 746·1111 • Twx: 91 ()'952·1111 . Cable: BBRCORp· Telex: 66·6491 

PDS·359D 
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DESCRIPTION 
The UAF41 is a versatile two-pole active filter. It uses a 
three operational amplifier double integrator feedback 
loop to generate a complex pole pair (two conjugate 
poles). The location of the poles in the complex plane 
(and thus the natural frequency and Q) are determined by 
external, user supplied resistors. Either three or four 
resistors are used depending on the particular 
configuration chosen. 

The UAF41 produces three transfer functions 
simultaneously - low-pass, high-pass, and bandpass -
which are available at three separate outputs. The fourth 
basic transfer function - the band-reject or notch - can be 
obtained simply by summing the high-pass and low-pass 
outputs using the uncommitted amplifier (A4) contained 
in the UAF41. The uncommitted op amp can also be used 
to add a single-pole response for complex filters requiring 
an odd number of poles. 

More complex higher-order filters can readily be 
obtained by cascading U AF's. This is easily done with the 
UAF41 since the high input impedance and low output 
impedance associated with the operational amplifiers 
used prevents the series connected stages from interacting 
(e.g., no frequency pull due to following stage loading). 
This data sheet contains the design procedures for an easy 
selection of resistor values for the stagger tuning of 
cascaded stages. 

The versatility of the UAF41 makes it a general purpose 
building block for a wide variety of active fiiter 
applications. Its universal nature, ease of use, small size, 
and low cost allows the user the convenience of keeping 
units on hand for immediate use whenever a filter 
requirement arises. 

TRANSFER FUNCTION 
The U AF41 uses the state variable technique to produce a 
basic second order transfer function. The equations 
describing the three outputs available are: 

high-pass outputs are summed to form a pair of jw axis • 
zeros: 

A (s' + wo') 
T(8and-Reject) = , , 

s + (wo/Q) s + Wo 
T(Low-Pass) = 

s' + (wo/Q) s + wo' where ALP = AHP = A. 

T(8andpass) = ABP (wo/Q)s 

s' + (wo/Q) s + wo' 

T(High-Pass) = 
s' + (wo/Q) s + wo' 

To obtain band-reject characteristics the low-pass and 

The state variable approach uses two op amp integrators 
(A2 and A3 in the simplified schematic below) and a 
summing amplifier (AI) to provide simultaneous low
pass, bandpass, and high-pass responses. One UAF41 is 
required for each two poles of low-pass or high-pass 
filters and for each pole-pair of bandpass or band-reject 
filters. 

HIIH-PASS IAIBPAIS LBWoPASS 
OUTPUT OUTPUT OUTPUT 

13 7 14 • 
HI 

50kn CIIDDOpF CZIDDOpF 

FIL TEH IIPUT I 
\Z U-------4I~ 

FILTER IIPUT 3 50kn 

Z~~~--~--~~--------;-------~ 

L---------------~----------------------_{JII 

FIGURE I. UAF41 Schematic. 
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SPECIFICATIONS 

ELECTRICAL MECHANICAL 
Typical at 25°C and with rated supply unless otherwise noted 

MODEL I UAF41 14-Pin Plastic DIP Package 

INPUT 

Input Bias Current ±40nA 
Input Voltage Range ±10V 
Input Reslstance(1) SOkn 

TRANSFER CHARACTERISTICS 

Frequency Range (fo) 0.001 Hz to 2SkHz 
fa Accuracy(21, max ±1% 
10 Sta~ility(3) ±0.002%/OC 
Q Range(') O.S to SOO 
Q Stablllty(') , 
@loQ';10' ±OOI%/OC 

@Ioa,; 10' ±O.025%/OC 
a Repeatability at fo Q S 105 ±10% 
Gam Range o 1V1V to SOV/V 

OUTPUT 

Peak-ta-Peak Output SWingle) 20V 
Output Off.et(7) 

(at L.P. output with Untty galO) ±20mV 
Output Impedance In 
Noise(8) 200"V. rms 
Output Current(9) SmA 

UNCOMMITTED AMP CHARACTERISTICS 

Input Off.et Voltage SmV 
Input Bias Current 40nA 
Input Impedance lMn 
Large Signal Voltage Gain 8SdB 
Output Current SmA 

POWER SUPPLIES 

Rated Power Supplies ±ISVDC 
Power Supply Range(10) ±SVDC to ±18VDC 
Supply Current @ ±15V (Quiescent), max 7mA 

TEMPERATURE RANGE 

Specification Temperature Range -25°C to +85°C 
Storage Temperature Range -25°C to +85°C 

NOTES: 
1. For noninvertlng input configuration with ABP * 1. 
2. The tolerance of external frequency determining resistors must be added 

to this figure. 
3. T .C.R. of external frequency determining resistors must be added to this 

figure. 
4. See Performance Curves for Qmax vs F curve. 
5. a stability vanes with both the value of Q and the resonant frequency fa 
6. See Performance Curves for full power response curve. 
7. RF1 = AF2 < 100kO at low-pass output with unity gain. 
8. Measured at the band pas. output wIth Q @ 50 oyer DC to 50kHz. 
9. The current required to drive AF1 and AF2 (external) as well as C1 and C2 

must come from this current. 
10. For supplies below ±10V. amall. Will decrease slightly; biters Will operate 

below ±5V. 

NOTE 
Leads In true POSItIon wIthin 010" (25mml R 
@ MMC at seating plana 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 660 785 1676 1994 

220 280 559 '" 200 50B 
0 0'5 023 038 058 

030 070 076 178 
100 BASIC 254 BASIC 

030 095 
OOB 015 020 038 
100 254 

C 300 BASIC 762 BASIC 

M 15° '5° 
020 050 051 

ROW SPACING: 7 63mm (0.300") 
WEIGHT 1 1 grams max 

, 27 

Pin matenal and platlOg composition 
conform to method 2003 (solderability) 
01 MIL-STD-883 (except paragraph 3.2) 

PIN CONNECTIONS 

Pm 1 - LOW-PASS OUTPUT 
Pin 2 - FILTER INPUT 3 
Pm 3 - FILTER INPUT 2 
PIn 4 - AUXILIARY AMP + INPUT 
Pin S - AUXILIARY AMP - INPUT 
Pm 6 - AUXILIARY AMP OUTPUT 
P,n 7 - BANDPASS OUTPUT 
Pm 8 - FREQUENCY ADJUST 
Pin 9 - NEGATIVE SUPPLY 
Pm 10 - POSITIVE SUPPLY 
PIn 11 - COMMON 
Pm 12 - FILTER INPUT 1 
PIn 13 - HIGH-PASS OUTPUT 
Pm 14 - FREQUENCY ADJUST 
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TYPICAL PERFORMANCE 
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DESIGN PROCEDURE SUMMARY 

This summary gives the design steps for the proper 
application of U AF41s and for the selection of the 
external components. More detailed information on 
filter theory pertinent to some of the steps can be found in 
the reference sources listed on last page . 

DESIGN STEPS: 
1. Choose the type of function (low-pass, bandpass, etc.), 

type of response (Butterworth, Bessel, etc.), number of 
poles, and cutoff frequency based on the particular 
application. 

If the transfer function is band-reject see Band-Reject 
Transfer Function before proceeding to step 2. 

2. Determine the normalized low-pass filter parameters 
(fn and Q) based on the type of response and number of 
poles selected in step 1. See Normalized Low-Pass 
Parameters. 

3. If the actual response· desired is low-pass go to step 4. 
For other responses a transformation of variables 
must be made (low-pass to bandpass or low-pass to 
high-pass). See Low-Pass Transformation . 

4. Determine the actual (denormalized) cutoff 
frequency, fo, by mUltiplying fn by the actual desired 
cutoff frequency. See Denormalization of Parameters. 

5. Pick the desired UAF configuration (noninverting, 
inverting or bi-quad) see Configuration Selection 
Guide and UAF41 Configuration and Design 
Equations. 

6. Decide whether to use design equations "A" or "B" . 
See Design Equations "A" and "B". 

7. Calculate RF' and RF2. See Natural Frequency and 
UAF Configurations and Design Equations. 

8. Determine QP. See Qp Procedure. 

9. Select the desired gain for each U AF and calculate the 
corresponding RG and RQ. See Gain (A) and UAF4l 
Configurations and Design Equations. 

NORMALIZED LOW-PASS PARAMETERS 

Usual active filter design procedure involves using nor
malized low-pass parameters. Table- I is provided to 
assist in this step for the more common filter responses. 
Table II is a BASIC program which allows fn and Q to be 
calculated for any desired ripple and number of poles for 
the Chebyschev response. Consult the reference on. last 
page for other information. 

Note that for bandpass and high-pass filters, complex 
conjugate pole pairs in the actual filter correspond to 
single poles in the normalized low-pass model. Thus four 
poles in Table I would correspond to four-pole pairs 
(eight poles) in a bandpass or high-pass filter. 
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Filters with an odd number .of poles show one f~ with no 
corresponding Q value. This represents a simple RC 
network that is required for odd pole filters. This RC 
network with a cutoff frequency equal to fn times the 
overall filter cutoff frequency should be placed in series 
with'the first U AF two-pole section. The uncommitted 
internal op amp with an external R C network can be used 
for this purpose. 

TABLE I. Low-Pass Filter Parameters. 

The cutoff frequency determined by the Table I filter 
parameters is(1) the -3dB frequency of the Butterworth 

response and of the Bessel response and (2) the frequency 
at which the amplitude response ofthe Chebyschev filters 
passes through the maximum ripple band (to enter the 
stop band). A filter that is designed as a low-pass filter 
will not give the corresponding response as a band-pass 
filter. ' 

CHEBYSCHEV 
NUMBER 

BUTTERWORTH BESSEL 0.5dB RIPPLE 2dB RIPPLE 
OF POLES fn(l ) ,Q fn(I) 

2 1.0 0.70711 1.2742 

3 1.0 ---- 1.32475 

1.0 1.0 1.44993 

4 1.0 0.54118 1.43241 

1.0 1.3065 1.60594 

5 1.0 ---- 1.50470 

1.0 0.61805 1.55876 

1.0 1.61812 1.75812 

6 1.0 0.51763 1.60653 

1.0 0.70711 1.69186 

1.0 1.93349 1.90782 

7 1.0 ---- 1.68713 

1.0 0.55497 1.71911 

1.0 0.80192 1.82539 

1.0 2.2472 2.05279 

8 1.0 0.50980 1.78143 

1.0 0.60134 1.83514 

1.0 0.89998 1.95645 

1.0 2.5629 2.19237 

(I) -3 dB Frequency 
(2) J.rcquency at which amplitude re~Jlon .. e pa .. !ooc .. through the npple hand. 

NORMALIZED LOW-PASS CHEBYSCHEV 

Table II gives a BASIC program for the determination of 
fn and Q for a general normalized Chebyschev low-pass 
filter of any ripple and number of poles. Program inputs 
are the number of poles (N) and the peak-to-peak ripple 
(R). Program outputs are fn and Q, which are used 
exactly as the values taken from Table I. 

BAND-REJECT TRANSFER FUNCTION 
The band-reject is achieved by summing the high-pass 

Q fn(2) Q fn(2) Q 

0.57735 1.23134 0.86372 0.907227 L1286 

---- 0.626456 --- - 0.368911 ----
0.69104 1.068853 1.7062 0.941326 2.5516 

0.52193 0.597002 0.70511 0.470711 0.9294 

0.80554 1.031270 2.9406 0.%3678 4.59388 

---- 0.362320 ---- 0.218308 ----

0.56354 0.690483 1.1778 0.627017 1.77509 

0.91652 1.017735 4.5450 0.97579 7.23228 

0.51032 0.396229 0.68364 0.31611 0.9016 

0,61120 0.768121 1.8104 0.730027 2.84426 

1,0233 1.011446 6.5128 0.982828 10.4616 

---- 0.256170 ---~ 0.155410 ----

0.53235 0.503863 1.0916 0.460853 1.64642 

0.66083 0.822729 2.5755 0.797114 4.11507 

1.1263 1.008022 8.8418 0.987226 14.2802 

0.50599 0.296736 0.67657 0.237699 0.89236 

0.55961 0.598874 1.6107 0.571925 2.5327 

0.71085 0.861007 3.4657 0.84248b 5.58354 

1.2257 1.005984 11.5305 0.990.142 18.6873 

and low-pass UAF outputs. Either of the configurations 
in Figures 3 and 4 can be used to provide the band-reject 
function if they are used as shown in Figure 2. 

The 15kn resistor is adjusted for maximum rejection. 
The circuit in Figure 2 is applicable when using design 
equations "A" (ALP = AHP). When design equations "B" 
are used (ALP = IOAHP), the resistor at pin I must be 10 
times the resistor at pin 13 to obtain equal pass-band 
gains above and below fn. 

In either case, the four external U AF resistors (RG, RQ, 
RFI and RI'2) should be calculated for fo and Q of the 

Burr-Brown Ie Data Book 5-86 Vol. 33 



band-reject filter desired and for ALP to equal the desired 
pass-band gain. An input constraint is that the input 
voltage times ABP must not exceed the rated peak-to-peak 
voltage of the bandpass output, or clipping will result. 
Note that the band-reject function is suitable only for a 
single U Af section. In a multi-section filter the inputs to 
successive stages are "preconditioned" by the preceding 
stages. 

TABLE II. Low-Pass Chebyschev Program. 

110 REI! THIS IS A ItDI>IIALIZED LOW-PASS CHEBVSCHEY PRDG_ 
120 REf! /IV /lARRY A. EHRIWI 
130 PRI"T -II!IRIIN..LIZED CHEBVSCHEY-
140 PRI"T -LOW-PflSS FILTER-
ISO PRI"T 
160 PRI"T "BV _V A. E_-
170 PRI"T 
18n PRI"T 
18S PI-3.14IS927 
1'0 PRI"T "NUII.R !IF POLEST-
200 IHPUT " 
210 PRI"T 
220 PRI"T "PEW-TO -PEAK RIPPLE I" D/I?-
230 ItAlT R 
240 PRI"T 
2S0 "-SOR <E)(P 'R"'4. 342'448) -I) 
260 .-",. 
270 "H.LOGC/I+SQR(I'''2+1) 
"80 A,..AH...,. 
290 L-lttT (""'2) 
300 J-'ttT(ctt+U/Z) 
310 FIlf/ K.I TO .J 
3 .. n RP.' 'FXP 'Ar<)-E)(P'-AH» ... 2) .SIH<P'. «2.K) -I) ... <2_) 
330 Xlp. < 'EXP',,") +EXP C-Ar<) ... 2) +cDS <P'.«2+K)-I)'" <2_> 
340 Wtt-SOA: (RP"'2+XIP""2) 
3:50 a-UN;, t2.RP) 
360 IF L().J AHD K • .J THEH 410 
'70 PRIHT "FH. "'WI< 
380 PIIHT "0 • "'0 
"0 PRI"T 
400 GOTO 430 
4'0 PIt'"T "F,._ ...... 
420 PRI"T "Q. RC PDLE • 
430 "EKT K 
440 E"D 

HP 13 

10ko 

UAf willi 
Ex ...... 1 A.1IIm 

Uncommlllld ,., 

IOko 

Burr-Brown Ie Data Book 

OFFSET ERROR ADJUSTMENT 

DC offset errors will be minimized by grounding pin 3 
through a resistor equal to 1/2 the value of RFI or RF20 
The DC offset adjustment shown here may be used if 
required. 

Offset errors will increase with increases in RF • 

+ Supply 

lMO-
lookO ~ _____ ..J'I/\,"" _____ _ 

to pin 14 lor bend_ output 
to pin 8 lor low-pa .. or IIlgh-p ... output. 

Supply - ·May be adjuatad lor _ lenlltlvlty. 

LOW-PASS 
TRANSFORMATION 
LOW-PASS TO HIGH·PASS 

The following simple transformation may be used. for 
high-pass filters: 

fn (high"pass) = 
fn (low-pass) 

Q (high-pass) = Q (low-pass) 

LOW-PASS TO BANDPASS 

The low-pass to bandpass transformation to generate fn 
(bandpass) and Q (bandpass) is much more complicated. 
It is tedious to do by hand but can be accomplished with 
the BASIC program given in Table III. This program 
automates the transformation 

s = p/2 ± .J(p/2)z - I. 

TABLE III. Low-Pass to Bandpass BASIC Transfor
mation Program. (See last page of this 
PDS). 
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PROGRAM INPUTS: 
I. fo - From Table I for the low-pass filter of interest 
2. Q - From Table I 
3. Qup - Desired Q of the bandpass filter 

For filters with an odd number of poles a Q of 0.5 should 
be used where Q is not given in Table I. Enter 10' for Q 
when transforming zeros on the imaginary axis. 

The program transforms each low-pass pole into a 
bandpass pole pair. Thus a three-pole low-pass input, 
would result in the pole positions for a three-pole pair 
bandpass filter requiring three U AF stages. 

DENORMALIZATION OF PARAMETERS 
Table I shows filter parameters for many 2- to 8-pole 
normalized low-pass filters. The Q and the normalized 
undamped natural frequency, fo for each two-pole section 
are shown. The Q values do not have to be denormalized 
and may be used directly as described in the Design 
Procedure Summary. fo must be denormalized by 
multiplying it by the desired cutoff frequency of the 
actual overall filter to obtain the required frequency, fo 
for the design formulas. As an example, consider a 4-pole 
low-pass Bessel filter with a cutoff frequency of 1000Hz. 
The first stage would be designed to an fo of 1432.41 Hz 
and a Q of 0.52193 while the second stage would have an 
fo of 1605.94Hz and a Q of 0.80554. To combine the two 
stages into the composite filter the low-pass output of the 
first stage (pin I) would be connected to the input 
resistors (Ro) of the second stage. 

DESIGN EQUATIONS "A" AND "S" 

I. For fo below 8kHz, either of equations" A" or "B" may 
be used. 

2. For fo above 8kHz, equations "B" must be used. If 
equations" A" were used above 8kHz, the filter could 
become unstable. 

3. Equations "A" are for the UAF as it is supplied. When 
using equations "B", a 5.49kfl resistor must be placed 
in parallel with R2 (between pins 12 and 13). 

4. The values of RFI and RF2 calculated with equations 
"B" are approximately one-third of those calculated 
with equations "A". Thus there may be an advantage 
in using equation "B" at low frequencies. Using 
equation "B" would require use of one more resistor, 
but that would not alter or affect filter performance in 
any manner. 

5. Using the negative gain values for ALP or AHP or ADP 
could result in the negative values for resistors RG and 
RQ • So the absolute value of the gain should always be 
used in the equations. 

GAIN (A) 

I. The gain (V / V) of each filter section is: 
AI.p - for low-pass output - gain at DC 
ADP - for bandpass output - gain at fo 
AH. - for high-pass output - gain at high frequencies. 

2. Refer to Performance Curves for full power response. 

Burr-Brown Ie Data Book 

When selectipg the gain, insure that the limits of the 
curve are not exceeded for the desired voltage range. 

NATURAL FREQUENCY (f,,) 
I. fo for each one pole-pair bandpass filter is the center 

frequency (fe). fe is defined as fe = y'f;f, where fl is the 
lower -3dB point and f2 is the upper -3dB point of the 
pole pair response. 

2. To obtain fo below 100 Hz using practical resistor 
values, capacitors may be paralleled with C I and C2 to 
reduce the size of RFI and RF2. If capacitors are added 
in parallel, 

lOOOpF 
RFI (new) = RF2 (new) = RFI (old) ---'--

C + lO00pF 

where RF (new) is the new lower value frequency 
resistor, C is the value of the two external capacitors 
placed across C I and C2 (between pins 7 and 8 and 
pins I and 14 and RFI (old) is the value calculated in 
the simplified design equations. 

Q-FACTOR 

fo 
I. For bandpass filters Q = - ____ -~--

3dB bandwidth 

2. When designing low-pass filters of more than two 
poles, best. results will be obtained if the two pole 
sections with lower Q are followed by the sections with 
higher Q. This will eliminate any possibility of clipping 
due to high gain ripple in high Q sections. 

3. Q repeatability (Q change from unit-to-unit) is 
typically ±5% for foQ products less than 104 • The Q 
repeatability error increases as the foQ product 
increases to approximately ±IO% for foQ products 
near 10'. 

QpPROCEDURE 
I. If the "fo times Q" product is greater than 10', it is 

possible for the measured filter Q to be different from 
the calculated value of Q. This effect is the result of 
non-ideal characteristics of operational amplifiers. It 
can be compensated for by introducing the parameter 
Qp into the design equations. 

2. Calculate the foQ product for the filter. If the product 
is above I O'Hz, locate the corresponding foQp product 
in the Performance Curves. Divide foQp by fo to obtain 
Qp. Use Qp as indicated in the design equations. For 
foQ products below 10'Hz, Qp = Q. 
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Outputs Available 

CONFIGURATION SELECTION GUIDE 
It is possible to configure the U AF41 three different ways. Each configuration 
produces features that mayor may not be desirable for a specific application. 
This selection guide is given to assist in determining the most advantageous 
configuration for a particular application. 

NON INVERTING INPUT INVERTING INPUT 

BP. LPand HP BP. LP and HP 

Outputs Inverted with respect 

to the Input BP HP and LP 

Q & Gain Independent of 

Frequency Resistors? Yes Yes 

Type of Q Variation 

With Changes in RF Constant Q Constant Q 

Other Advant~ges May eliminate one external 

resistor (use internal R3 as Rc) 

Parameter Limitations 2 Qp - ABP > I (Eqns. "A") ~ Qp + ABP> I (Eqns. "A") 

3.48 Qp - ABP > I (Eqns. "B") 3.48 Qp + ABP > I (Eqns. "B") 

BI QUAD 

BP and LP 

BP and LP 

No 

Constant 

Bandwidth 

Raand RQare 
small at hiah fre-
quencies. Easy 
sing1e-supply 
operation. 

NoHP 

Output 

Summary: The Bi-Quad flIter is particulary useful as a bandpass flIter if the flIter bandwidth must be kept constant as the 
center frequency is varied. If Q must be kept constant (i.e., constant Q of a bandpass or maintaining a constant response of a 
low-pass or high-pass) one of the other two confJ.gUrations should be used. The Bi-Quad also has the advsntage that Ra and RQ 
are smaller than with the other two confJ.gUrations (this is especially useful at high frequencies). The noninverting input 
configuration has the 'luivantage that for AlP = I, Ra = SOkO; therefore R. (internal) may be used so that only three external 
resistors are needed (RF" RF2, RQ). For single supply operation of the UAF41 in bi-quad flIlers, bias pin 3 and pin II to 1/2 
+Vcc. 

SIMPLIFIED DESIGN '&QUATIONS "A" 

10' 1.592:1e 10' 
1. RFI = Rn =-w;-= -'-.-

2 "BP""QALP=QAHP 

S.Ox I04Q 

3. RG '" "BPQ, 

5 Ox 10· 
4 RQ= "BPQ, 

2Q'-_Q __ ' 

SIMPLIFIED DESIGN EQUAnONS "8" t 

MUlt be uRd for to ~ 1kHz 

.JiOx 10· 5.033:1e to' 
I RFI = RF2 =~=-,.--

Q 
2 ABP="3i6"LP= 3.16Q"H' 

50XI04Q 

3 kG'" "apOp 

4. RQ = _.......;s~.O:.:x..::.O~._ 
3.48Q, _ AS: Op _ I 

Burr-Brown Ie Data Book 

UAF41 CONFIGURATIONS AND DESIGN EQUATIONS 

NON INVERTING INPUT CONFIGURATION 

1npll 
81gRlI 

./e 

13 • 8 1 

FIGURE 3. Noninverting Input Configuration. 
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INVERTING INPUT CONFIGURATION 
SIMPLIFIED DESIGN EQUATIONS "A" 

109 1.592" 108 

I. RFI '" Rn "'~= --'0--

2 ABP"'OpALP"'QpAHP 

5.0" 104 Op 
J. RG '" --:;:;;;-

4R"'~ 
Q 20p+ ABP-I 

SIMPLIFIED DESIGN EQUATIONS "B" t 

Must be used ror fo ;>8kH:i: 

.J1O" 108 5.011" 10' 
I. RF1 " RF2 "'---:;:--- "'-'-0--

Op 
2. A B, "3.i6ALP '" 1 16 Op AHP 

RG= 158" 104 Op 

'BP 
5.0" 104 

4 RQ "'l.4IQp+ABP _1 

SIMPLIFIED DESIGN EQUATIONS "A" 

109 1.592" 108 

I RFI '" Rn '" W;'" -'-0--

1 RO=OpRFI • 

"0 
4. RG "'-

'BP 

SIMPLIFIED DESIGN EQUATIONS "B" t 

Must be used rOf ro ;;> 8kH:i: 

.JiG" 108 5.011" 107 "", 
RF1 =RF2"'---;---

Wo ro 

2 ABP=116QALP 

1. RQ = 3.16 Qp RFI 

RO 
4 RO=

'OP 

FIGURE 4. Inverting Input Configuration. 

BI-QUAD CONFIGURATION 

Input 
Signal RS" 

"Ellarnal 8ulilarl 

FIGURE 5. Bi-Quad Configuration. 

t To use equations "8" connect a S.49kO resistor between pins 12 and 13. 
Equations "8" are also valid for frequenCies below 8kHz. 

8, 

DETAILED TRANSFER FUNCTION EQUATIONS 
The following equations show the action of all the internal and external UAF41 
filter components. They are not required for the regular design proced ure but could 
be used if a detailed analysis is required. 

NONINVERTING IfIIPUT·COIFIGURATION 

R, 
1. Wo2 = RI RFI RF2 C. C2 

R. (RG + Rgl 

1+ RORQ 
,. Q= (tt2 RFt c.)'h 

RI RF2 C2 

3. Q ALP = Q AHP (~ ) = ADP tRI :F' eel)" 
2 2 F2 2 

1+ !.l. 
4. ALp::: t It, I 

RG(iG+iQ+R.;) 

• +!l 
R ., 

5. AHP"" it- ALp::: • 1 • 

• RO(iG + RQ + R;) 

6. ABP " ~ 
G 

Burr-Brown Ie Data Book 

INVERTII. IIPUT CONFIGURATION BI·QUAO CONFIGURATION 

R, 
I W 0 2

", Rl RFI Rt2 c. C2 

-2 Q=RQC2Wo 

Q ALP RQ 
3. AOP=woR F2 C2 =-

I<.i I 
6. A.,=(I +ro) 1 1 I 

1lo(R; + R2 + iiG) 
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ACTIVE FILTER DESIGN EXAMPLES USING THE DESIGN 
PROCEDURE OUTLINED IN DESIGN STEPS SECTION. 

Example I. 

It is desired to design a three-pole, O.5dB ripple, 
Chebyschev High-Pass Filter; the cutoff frequency f, = 
2kHz, Gain Aup = + I. 
Step-1. 
The type of transfer function (high-pass), the type of 
response (Chebyschev), number of poles (3), and the cut 
off frequency (f,) are chosen depending - upon the 
particular application and are stated in the example. 

Step-.l. 
Normalized low-pass filter parameters fn and Q are 
obtained from Table I (or from program shown in Table 
II). 

Complex Poles: 
fn = 1.068853 J 
Q= 1.7062 
Simple Pole: 
fn = 0.626456 

Step2· 
Now, since the actual response desired is high-pass, the 
low-pass to high-pass transformation must be made as 
previously discussed in Low-Pass Transformation. 

fn (high-pass) = f ( , Qup = QLP 
n low-pass) 

:. For Complex Poles: 

I 
fn = 1.068853 0.935582 

and Q= 1.7062 

For Simple Pole: fn = 0.6;6456 = 1.596281 

Step~. 
Now, determine the actual (denormalized) frequency. 
fo = f, x fn = 2kHz x 0.935582 = 1871.2Hz 

Step2· 
Refer to the Configuration Selection Guide. Since the 
gain required is positive, the HP output is not inverted 
with respect to the input. Therefore, the noninverting 
input configuration must be selected. Note that the HP 
output is not available with the Bi-Quad ,configuration. 

Step~. 

Since fo < 8kHz, Equations "A" would be used. 

Step..]. 
For the Complex Poles Stage of the filter, using the 
equations "A". 

1.592 X 10' 
RFI = RF2 = 1871.2 85.08kO 

Burr-Brown Ie Data Book 

Step-.!!. 
fo Q = 1871.2 x 1.7062 = 3.19 x 103 

:. fo Q < 10' 

:. Qp = Q = 1.7062 

~-.2. 
Asp = Qp X Aup = 1.7062 x I = 1.7062 

R = 5.0 X 104 X 1.7062 = 29 3kO 
G I. 7062 X 1.7062 . 

5.0 X 104 

RQ = 2 X 1.7062 _ 1.7062 _ I = 70.8kO 

The above obtained resistor values are for the complex 
pole pair of the first stage of the required active filter. The 
simple pole obtained as outlined below, using the 
uncommitted op amp in the UAF41 makes the second 
stage of the required filter. 

For the simple pole fn was obtained in step 3. 

fn = 1.596281 

The actual (denormalized) frequency = f, x fn 

= 2kHz x 1.596281 = 3192.6Hz 

Now f= _1_ 
, 271'RC 

:. RC = I 4.9851 x 10-' 
271'f 271' x 3192.6 

Choosing C = 2200pF (or any convenient value), 

4.9851 x 10-' 
R = 2200 x 10 12 = 22.66kO 

Note: 

R and/ or C may be chosen in any convenient manner to 
obtain the desired RC product. 

The overall circuit for the required filter is shown below: 

85.08kn 85.08kn 

14 
10 1 

• 12211O~F 
13 !-i 

In Ra I 
11 I 

29.3kn 22.lIIIkn 

RO 71.43kn 

FIGURE 6. Overall Circuit - Example I. 
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Example 2. 

It is desired to design a 4-pole Butterworth, Bandpass 
Filter, with ,Q = 25, f, = 19kHz and, A.p = I. 
Using the computer program shown in Table III, the 
following values of fn and Q are obtained. 

fn = 1.0142435, Q = 35.36541 
and 

fn = 0.9859565, Q = 35.35886 

Using the above shown values of Q and fn, we now will 
proceed to design the two stages of filter separately. 
Composite gain will be :51. Anyone of the three configu
rations shown in the Configuration Selection Guide can 
be used. We will select the noninverting input configura
tion. 

For Stag!<J.. 

fo = 19kHz x fn = 19kHz x 1.0142435 = 19270.6Hz 

Since fo > 8kHz, equations "B" would be used. 

R - R - 5.033 X 107 2.6118kO 
FI - F2 - 19270.6 

foQ = 19270.6 x 35.36541 = 6.815136 x lOs 

Since foQ l> lOs, locate the corresponding foQp from the 
Performance Curves. 

Divide foQp by fo to obtain Qp. 

Thus Qp = 48.78 

5.0 x 10' x 35.36541 
Ro = I x 48.78 36.25kO 

R _ 5.0 X 10' 
Q - 48.78 

3.48 x 47.78 - 35.37 -I 
298.70 

For Stage 2. 

Following the same procedure as shown for Stage 
above, the values shown below are obt~ined. 

foQ = 6.624 x lOs, using the Performance Curves; 

Qp = 48.04 

RFI = RF2 = 2.6867kO 

Ro = 36.8kO 

and RQ = 303.40 

The overall circuit for the required filter is shown below. 

-15V +16V -16V +16V 

FIGURE 7. Overall Circuit - Example 2. 
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Example 3. 

It is desired to design a 5-pole Bessel, Low-Pass Filter 
with f, = 3.3kHz and ALP = I. 

From Table I the following values of fo and Q are 
obtained. 

Complex Poles: 

f. = 1.55876 ] 
Q = 0.56354 
fn = 1.75812 ] 
Q = 0.91652 

Simple Pole: 

fn = 1.50470 

Using the above shown values of f. and Q, we now will 
proceed to design the three stages of filter separately. 

Anyone ofthe three configurations can be used. We will 
select inverting configuration. 

For Stag!?..!. 

fo = 3.3kHz x f. = 3.3kHz x 1.55876 = 5144Hz 

Since fo < 8kHz, equations" A "would be used. 
1.592 x 10· 

RFI = RF2 = 5144 3O.95kO 

foQ = 5144 x 0'.56354 = 2.9 x 10' 

foQ < lOs, :. Qp = Q = 0.56354 

Asp = Qp ALP = 0.56354 x I = 0.56354 

5 x 10' x 0.56354 
Ro = = 50kO 

0.56354 

5 x 10' 
RQ = 2 x 0.56354 + 0.56354 - I 72.4kO 

For Stage 2. 

fo = 3.3kHz x f. = 3.3kHz x 1.75812 = 5802Hz 

Since fo > 8kHz, equations "A" would be used. 

1.592 x 10· 
RFI = RF2 = 5802 27.44kO 

foQ = 5802 x 0.91652 = 5.32 x 10' 

foQ> lOS. :. Qp = Q = 0.91652 

Asp = Qp ALP = 0.91652 x I = 0.91652 

5 x 10' x 0.91652 
Ro = 0.91652 50kO 

5 x 10' 
2 x 0.91652 + 0.91652 _ I = 28.58kO 

For Stag~. 

f = 3.3kHz x f. = 3.3kHz x 1.50470 = 4966Hz 

For the simple pole, 

RC - I 3.2049 x IO-s 
- 2m 27T x 4966 

3300pF (or any convenient value) 
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3.2049 X 10-5 

R = 3300 X IO- Il 9.7Ik!l 

The overall circuit is shown below. 

FIGURE 8. Overall Circuit - Example 3. 

+15V 

10 

R. 
46.4kO 

UAF41 

R. 
4.02kO 

Out 

11kHz OUTPUT 

-15V Trim R. lor lrequancy. 
Trim R. lor mInimum distortIon. 

FIGURE 9. Using the UAF4I as an Oscillator. 
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TABLE III. Low-Pass to Bandpass BASIC Transfor
mation Program. 

20 INPUT "FN, 0, AND O(BANDPASS),,;F,O,OBP 
30 Y=FoSOR(1- (11(20 0) )"'2) 
40 X= -F/(2°0) 

50 PX=X:PY=Y 
60 FOR 1= 1 TO 2 
70 SX=PX/(2°0BP):SY=PY/(2°0BP) 
80 PX=(SX"'2-SY"'2)-1 :PY=2°SXoSY 
90 T=ATN(PY/PX) 
95 T=T -3.1415926# 

100 iF T >0 THEN 120 
110 T = 2°3.1415926# + T 
120 T=T/2 
130 A=SOR(SOR(PX"2 + PY"'2))*COS(T) 
140 B=SOR(SOR(PX"2 + PY"'2))*SIN(T) 
150 SX=SX+A:SY=SY+B 
160 F=SOR(SX"2 +SY"2) 
170 0= -F/(2*SX) 
180 PRINT "FN=";F;"O=";O 
190 IF Y=O THEN 220 
200 PX=X:PY= -Y 
210 NEXT I 
220 STOP 
230 END 
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BURR-BROWN® 

IElElI 4085 

HYBRID MICROCIRCUIT PEAK DETECTOR 

FEATURES: 
• STORES TRANSIENT VOLTAGES 

• COMPLETELY SELF-CONTAINED 

• ACCURATE TO ±O.OI% 

• LOW DROOP ERRORS 

• SMALL DIP PACKAGE 

NC NC Common 

Input --011 ... 
Adlull 

NC 

NC 

SlIlua 
Rlturn 

o 
I.oIIc 
Input 

DESCRIPTION 

The 4085 is a specialized sample! hold amplifier that 
tracks an input si}!nal until a maximum amplitude is 
reached. That maximum value is held at the analog 
output. and the digital Status output indicates that a 
peak has been detected. The unit can then be 
commanded to hold that value. ignoring additional 
peaks. or reset to a user-specified reference voltage. 
The 4085 detects positive-going peaks from -IOV to 
+IOV and is available in a hermetic metal package 
and a low-cost ceramic package. Three models are 
available. specified for temperature ranges 0 to 
+70°C (4085KG). -25°C to +85°C (4085BM). and 
-55°C to +125°C (4085SM). 

NC 

Ne 

SlIIua 
Oulput 

logic 
Powlr 
Supply 

NC 

NC 

Analog 
Oulput 

® 
logic 
Input 

Raference 
NC Voltage 

NC Optional 
Exlernal 
Capacitor 

Internlll ... 1 Airport Induatrlll Park· P.O. Box 11400· TUClon. Arlzonl85134· TIl. 16021 14fi.1111 . Twx: 91(1.952·1111 . Clble: BBRCORp· Telex: 66·6491 

PDS-379A 
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SPECIFICATIONS 
ELECTRICAL 
Specification at TA = +25°C and +15VDC and +5VOC power supplies unless otherWise noted -

MODEL 408$ I UNITS MODEL I 4085 UNITS 

I MIN I TYP l _MA~_ I I MIN I TYP L MAX 

ANALOG INPUT ANALOG OUTPUT 

Signal Inputs Voltage Range ±10 IVccl-3 V 
Operating Range ±10 IVccl-3 V Output Current 5 mA 
Absolute MaXimum Range ±VCC V Output ReSistance 02 05 n 
Input Offset Voltage Output NOise 10Hz to 100kHz 30 /JV, rms 

I adjustable to zero I 2 mV Output Load Capacitance 50 100 pF 
Input Offset Voltage Drift 15 50 J,Jv/oC 
Input 818S Current 15 50 pA 

STATUS OUTPUT Input ReSistance 1 Gil 
Input Capacitance 8 pF Collector-emitter Voltage +30 V 

D~ITAL INPUT Collector Current 20 mA 
DC Current Gam 50 100 rnA/rnA 

LogiC Levels VBE 065 V 
LogiC "'" +24 at 

SOnA, max V 
LogiC "0" +08 at VOLTAGE 

l00.A, max V Operating Range ±10 IVccl-3 V 
Truth Table LogIC Input A LogIC Input B Absolute MaXimum Range ±Supply V 

Peak Detect Mode 1 0 Discharge Current(4) 5 30 mA 
Hold Mode 
Reset 0 1 

POWER SUPPLY "" 
Voltage GaIn 1 0 VIV Rated Voltage :t15 V 

Operatllig Range ±8 ±18 V 
Current Dram dOUT :::: 01 ±20 mA 

DC Voltage Gam Error ±001 %ofFSR(1) Rated LogiC Supply Voltage(5) +SO±05 V 
DynamiC Accuracy to 300Hz ±OOI ±002 % of FSR LogiC Supply Current 
DynamiC Accuracy,to 100Hz :to 01 % of FSR {Logic A & B hlghl 30;t0 3 mA 
Temperature Coefficient of ILoglC A & B:::: OVI 44 ±O 5 mA 

Gain Error ±(l ppm/oC 
Feedthrough ±O 05 % of Step 

"D~ RANGE Droop I all Units at T A = +25°C )(2) ±OOS mV/msec 
TA ~ +70oC, 4085KG :to 5 mV/msec Specification 
TA = +85°C, 4085BM ±12 mV/msec 4085KG 0 +70 °C 
TA ~ +125°C, 4085SM ±120 mV/msec 4085BM -25 +85 °C 

Power Supply Sensitivity, ±Vee ±0005 %/% 4085SM -55 +125 °C 
Supply Operating 

Vanatlon 4085KG -25 +85 °C 
LogiC Supply :tOaDS %/% 4085BM -55 +90 °C 

Supply 4085SM -55 +125 °C 
Vanatlon Storage 

DYNAMIC 4085KG -30 +90 °C 
4085BM -60 +100 °C 

AcqUISition Time IBM, 8MI 500 ~sec 4085SM -60 +150 °C 
AcqUISition Time I KG I 800 Ilsec 
Slew Rate 05 V/p.sec 
Charge Offset(3) 05 1 mV 
Status Delay at 500Hz 07 1 msec 
Status Delay at 100Hz 12 2 msec 

NOTES 
1 FSR ~ Full Scale Range, 20V for the 4085 

I T - 25°C ~ 
100pAx21 11 ~I 

2. Equation for droop. Droop (mV/msec) = --3-3-0-0-P-F-+-, C-E-X-T-{-PF-)--

3 Charge Offset IS the charge transferred from the holding capacitor when the 4085 IS sWitched to the hold mode 
4 Any circUitry connected to the reference pin should be capable of sinking the deSired discharge current of the Internal 3300pF hQldlng capacitor plus 

any external capacitor The discharge current range IS the current limit imposed by an Internal FET sWitch U does not Imply that the loss of external circuitry 
must be designed to limit current to thiS range 

5 .. LogiC Supply. pm 8, may be connected to higher supply voltages for operation with MOS or CMOS logiC. Refer to "Operatmg Instructions" 
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MECHANICAL 
Pin numbers shown for reference only. 

f--'-o-o-o-o-o-o~o-o-::-o-o-:o-o'~umbers may not be marked on package. 

24 13 NOTE' 
8 1 Leads In true position .010'" (O.25mm) 1 1 12 R at MMC at seating plane. 

0000000000 

RT~A~ 
[C . 

1Je'T'ln 
DIM 1--;~IN,:,;CTH~E:;,S~+"'iM:ii'L;;L""IMtE,,T:tER;;S;-1 

MIN MAX MIN MAX 

1 310 1360 3327 3454 

770 810 1956 2057 

150 210 381 533 

o 018 021 046 053 

035 050 08B 1 27 

100 BASIC 254 BASIC 

110 130 279...1 330 

150 250 381 ~ 635 

600 BASIC 1524BASIC 

002 010 005.1 025 

085 216 

ORDER NUMBER 
4085KG 

CASE. Black Ceramic (alumina) 
MATING CONNECTOR: 245MC 
WEIGHT: 8.4 grams (0.3 Dzi 

_ r- H Pin numbers shown for reference only. 
L-I Numbers may not be marked on package 
~ ; •••• 0 •••• ·,;K NOTE: 

LA Leads in true position .010' (0.25mml 

OIM 

8 

c 
0 

G 

H 

K 

C 

R 

24 13 . •..••...•.. R at MMC at seating plane. 

INCHES 
MIN MAX 

1.3155 13815 

7.0 810 

.170 .250 

01. .021 

,100 BASIC 

.125 150 

160 .300 
.600 BASIC 

oso .110 

MII..L.IMETERS 
MIN MAX 

34.67 315.18 

20.07 20.57 

".32 6.315 

041 0.53 
254 BASIC 

3.18 3.81 

3.81 7.2 

1524 BASIC 

203 27. 

ORDER NUMBER: 
4085BM 
4085SM 

CASE Kovar, Gold or Nickel 
plated 

MATING CONNECTOR' 245MC 
WEIGHT' 84 grams (0.3 ozl 

TYPICAL PERFORMANCE CURVES 
ACQUISITION TIME 

400 
60\"/0 

t:~'" 
" :g 

'" 100 
'" E 
,:: 
c 
g 

o \~. :.r--r 
;;; 
5 
c-
" 

r" ~~I 
« 

V 
10 

0 5 10 15 
Inp' Input Voltage Step Change (Volts) 

STATUS OUTPUT DELAY 
10 

'" " " ill 1 0 
S 
~ 
'" 0 ., 
i 0.1 

'" 

l' 
<$,."v 

~f I'- G!v 

~~ .... 
10: "'<l- S ~ 

70v,,,, 

I r---~ 
0.Q1 I 

10 100 1k 
Input Frequency (Hz, Sine Wavel 
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20 

10k 

10 

1.0 

0.1 

~ 
~ 0.01 
w 

~ 
'" ~ 
" " " « 
" 'E 
" c 

'" 0 

5-96 

1 000 
001 

1.0 

0.1 

0.01 

0.001 
100 

ACQUISITION TIME 

~)I ~V- 1I 
~ 

~$ <:\':" V "'" V-
I <:\"'~I'" 

Iii I~ 

If 
0.1 1.0 10 100 1000 

Acquisition Time (msec) 

DYNAMIC ACCURACY 

I 
V 

1k 10k 100k 
Input Frequency (Hz, Sine Wave) 
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THEORY OF OPERATION 
In the Peak Detect Mode(SI closed, S2 open), the analog 
output tracks the analog input until a peak value is 
reached. When the input voltage falls below the magni
tude of the peak voltage, CR I becomes revt!rsed biased, 
and the feedback loop between Al and A2 is broken. At 
this point, the st~tus output transistor turns on and the 
magnitude of the peak voltage is held on the analog 
output. In the Hold Mode(SI open, S2 open), the current 
charging path from the output of A I to the capacitor is 
opened. The output voltage is equal to the voltage stored 

Input 

1toItI: 

-Offal 
AdIUII 

(1J 
CeII .. n 

NC 

1. Pin 21 Intarnilly conlllClld II NIl en 4085IIM Ind 4085IIM. 

6 

CD 
Laglc 
Input 

in the capacitor even though the input voltage may 
become larger than the peak voltage. In the Reset Mode 
(S I open, S2 open), the voltage on the capacitor will 
charge to whatever voltage is applied to the reference 
voltage input. If both S I and S2 are closed at the same 
time, the output of A I will be connected to the reference 
voltage input through a low impedance. This represents 
an illegal mode of operation, but will cause no damage to 
the unit. 

NC 

NC 

SIIIUI 
Output 

Laglc 
Pow .. 
Supply 

NC 

NC 

S2 

logic 
Input 

NC 
Rellrence 121 
Voltlgl 

Optional 
External (31 
Capaclllr 

2. Pin 13 mull bl conn .... II 1l1li .. powlr lupply _men or I ular .. paclfled referenci vaiIlDI. Rllir II Appllcltlen IlCIlen lor dahill. 
3. Exteml clPlcltar. all poIyllyrena (up III .a5OC~ polYPrIPlene. Dr teflon. 

FIGURE I. 4085 Functional Diagram and Pin Configuration. 
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FIGURE 2. Timing Diagram For Peak-Detect Operation. 
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OPERATING INSTRUCTIONS 
OFFSET VOLTAGE ADJUSTMENT 
The±2mV input offset voltage ofthe4085 may be nulled 
to zero by using the circuit shown in Figure 3. With the 
4085 in the Peak Detect Mode (logic input A = "I", logic 
input B = "0") apply zero volts to pin I. Adjust the 
potentiometer until the output voltage is zero volts. 
Disconnect pin 12 after adjustment is made. 

.15VOC I 
~ 2kn to 101m 

O>----·t".----·~~{ lllOppm/oC 
560kn I ~ 

lOW 10Mn ..1"\ 

FIGURE 3. Offset Adjust Circuit. 

POWER SUPPLY CONSIDERATIONS 

Pin 2 

Pin 3 

Pin 12 

The 4085 will operate as specified with power supplies 
from±8VDC to±18VDC. To minimize noise pickup, the 
supply inputs should be decoupled with l/LF tantalum 
capacitors located physically close to the unit. 

DIGITAL INPUTS AND LOGIC SUPPLY 
The digital inputs may be driven with TTL or CMOS 
logic. Pin 8 sho).lld be tied to the logic supply. The logic 
supply voltage (Vd may also be provided by connecting 
pin 8 through a resisto' of value R (kO) = 1.67 (Vee 
-Vd/VL to the +Vcc (Vee;;'" Yd. The logic threshold 
voltage is equal to O.4VL - 0.7V. ' 

INPUT FREQUENCY BANDWIDTH LIMITING 
It is recommended that the input bandwidth be limited as 
much as possible by an RC section such as that shown in 
Figure 4. This is to limit noise spikes at the input that may 
cause erroneous readings. If detecting large pulse heights, 
a 5/Lsec time constant should be used. This will not 
degrade acquisition time or tracking accuracy for fre
quencies up to 500Hz. For input frequencies greater than 
500Hz, a smaller time constant may be used. 

Vln Q-JoN ..... --:1:---0 Pin 1 
lkn ~ 471lOpF 

FIGURE 4. Input Bandwidth Limiting. 

STATUS OUTPUT CHARACTERISTICS 
The open-collector, open-emitter output transistor is a 
small signal, medium speed switching transistor similar 
to a 2N2222, To facilitate driving'a variety of devices, the 
configuration of the status output has been left to the 
user's discretion. 

"N oninverting" means logic "I" = peak has been de
tected. 

7.5kn 

Ullin 7l--+---. To TTL (I1n-aut = 101 

IRe1lllVl2.01m 
r.lllllr lor 15VOC 
CMOS 1 .. 1c.) 

FIGURE 5. Inverting TTL (CMOS) Status Output. 

IOkn +SVOC 

f}-_-.. To TTL 

FIGURE 6. Noninverting TTL Status Output. 

10kn +15VOC 

1Joi""' ..... -c. 9).._-~ To CMOS 

FIGURE 7. Noninverting CMOS Status Output. 

DESIGNING IN HYSTERESIS 
It may be desirable in some situations to have hysteresis 
in the circuit such that small peaks will not be detected, 
eliminating jitter in the Status output. This is possible 
through external components connected as shown in 
Figure 8. After a peak is detected, the input voltage must 
be slightly greater (determined by RI / R2) than the' 
previous peak to cause the output to resume tracking the 
input. This hysteresis voltage is expressed by: 

v - (Von - VE -0.9V) RI 
H- RI+R2 

The emitter voltage ofthe status transistor should be tied 
to a voltage sufficiently lower than the lowest expected 
peak to allow proper operation. 

HI 

+VLoaIC , 

R 

The internal comparator shown in the block diagram vln O--J\A. .... ~ 
(Figure I) has an output characteristic as follows. Input 
signal track: Zo", =00; peak hold: VOU1 = +Vee - 0.5V. 

Several configurations are illustrated in Figures 5, 6, and 
7. "Inverting" means logic "0" = peak has been detected. FIGURE 8. Hysteresis. 
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APPLICATIONS 
PEAK CATCHER 

This circuit detects and holds the first peak it encounters. 
After the first peak is detected, it automatically is 
switched to the Hold Mode. To reset the circuit for 
catching another peak, a lO~sec or longer positive logic 
pulse should occur at the Release Input. This will reset 
the peak detector to the desired voltage and put it in the 
peak -detect mode. 

FIGURE 9. Peak Catcher. 

NO-RIPPLE, FAST-SETTLING RMS-DC 
CONVERTER 

22Dn 

If a waveform is known, the rms value of the signal may 
be computed from the peak value. In this circuit, the rms 
value is computed by the output amplifier from the peak 
value held by the 4085. The output in the circuit shown is 
updated manually. It may be updated automatically by 
replacing the switch circuit with an oscillator plus timing 
logic. 

FIGURE 10. RMS-DC Converter. 

INTERFACING TO AID CONVERTER 

Interfacing to an AI D converter is straightforward. The 
gating of the AI D converter command allows a conver
sion only if a peak has been detected and permits 
completion of each conversion. If a peak occurs while the 
A I D is converting, it will not be detected. 

Burr-Brown Ie Data Book 5-99 

FIGURE I J. AI D Converter Interface. 

PEAK-TO-PEAK DETECTOR 

ADCIII 

Dlgnll 
Output 

End 
DlClnvIrl 

Figure 12 shows a circuit that will display the peak-to
peak voltage of an input waveform. The Status Output 
indicates that both positive and negative peaks have been 5 
detected and that the output is valid. The resistors around 
A3 should be matched to insure good common-mode 
rejection. 

Vlno---_:,.t 
A 
B 

FIGURE 12. Peak-to-Peak Detector. 

REFERENCE VOLTAGE 

In the Reset Mode the voltage applied to pin 13 places an 
initial charge on the holding capacitor at the input to A2 
(see Figure I). This threshold voltage may be any value 
between positive and negative 10 volts. For most appli
cations pin 13 will be tied to power supply common. This 
sets VRd to 0 volts. The 4085 will then capture peaks 
greater than 0 volts. 

Pin 13 must be connected to either power supply 
common or to a user-specified reference voltage. If this 
connection is not made the 4085 will appear to have 
excessive droop. 
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BURR-BROWN@) 

IElElI 4115/04 

WINDOW COMPARATOR 

FEATURES 

• ADJUSTABLE LIMITS FOR "HIGH", "LOW", AND "GO" 

• UP TO 200mA LOAD CAPABILITY (each outputl 
• INPUT PROTECTION 

DESCRIPTION 
Model 41 15/04 is a hybrid IC window comparator in 
a double width DIP. The unit has three inputs - one 
for a voltage that sets the upper limit, another for a 
voltage that sets the lower limit, and a signal input. 
There are three mutually exclusive outputs - HIGH, 
LOW and GO. When an output is ON it will sink up 
to 200mA of current. This input diode protected 
device is designed to work with input voltages of up 
to ±IOVDC, and will not be harmed by voltages to 
±15VDC. The 4115/04 will drive a variety of loads 
including lamps, relays, MOS circuitry, and high 
noise immunity logic as well as DTL and TTL 
devices. 

INSTALLATION 
Separate connections should be made from each 
power supply common (+15VDC, -15VDC and VK) 

to the 4115/04 common (pin 8). 

To avoid unwanted pickup or chattering it may be 
necessary to include bypass capacitors from the 
±15VDC supply pins (13 and 14) to the module 
common pin (8). 

APPLICATIONS 

• PRODUCTION LINE TESTING 

• TEMPERATURE CONTROLS 

• INDUSTRIAL ALARMS 

• LEVEL DETECTORS/CONTROLS 

Typical load r------------.., +VK 
I 411 5/04 HIGH 
I Wmdow Comparator ' 10 

~I,:~r t.u 02-;-1.,.,.,...-...-r--. 
Input 1 

1 
1 

Input t 034'1..,.,..+--+ 
~Ignal I 

I 
1 

Lower 51 
limit ..... lO';<I.,.,.,-...... """'~ COMMON 
Input I 1 8 

":"1 L ____________ -' 

Eu<E J 

HIGH ON 
GO OFF 
LOW OFF 

Et<Et<Eu 

OFF 
ON 
OFF 

O.F 
OH" 
ON 

Model 4115/04 Transfer Characteristics. 

International Airport Indull.lal Park • P.O. Box 11400 • Tucson. Arizona 85734 • T,I.: (8021746-1111 • Twx: 910-952·1111 • Cabl,: BBRCORP • T,llx: 66-8491 

PDS-400A 
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ELECTRICAL SPECIFICATIONS 
Typical performance al 25"C and with raled supply unless otherwise noted. 

MODEL 4115/04 Units 

INPUT 
All Inputs ±IOV inlo 6kO (min) 
Maximum Safe Input ±15 V 

ACCURACY 
D.C. Resolulion (min) ±D.2 mV 
Volta .. Offset (relerred 10 InpUI) 

al 2S"C (mu) ±2 mV 
VI Temperature (max) ±SO "V/'C 
Over Temperature RanlC (max) ±7 mV 
VI Power Supply ±SO "V/V 

Swilch.n, Speed 
Total Switching Time at 30mV 
OVerdrive 300 ,.sec 

OUTPUT 
Impedance 10 COMMON Irom all OulpUIS 

OFF stale >1 MO 
ON stale 3 n 

Load Supply Voila .. (V.) 010 +30 V 
Load Current 

Steady Stale +200 rnA 
Transient (absolute maximum) 

I Second Duration +400 rnA 
Saluralio .. Voltase (V,,) (max) 

al200mA 0.7 V 

TEMPERATURE RANGE 
Raled Specificallons -2S 10 +85 "c 
Derated Performance -40 10 +SS 'C 

Slorase -5510 +100 "c 
POWER SUPPLY REQUIREMENTS 
Raled Supply Volta .. ±15 VDC 
Derated Performance ±12to±18 VDC 
Quiescent Drain (max) ±3O rnA 

To achieve best results use stable quiet reference sources and drive sipl input from low 
Impedance source. Noise and drift in input sources readily masks the inherently blah 
resolution of the devICe. 

Burr-Brown Ie Data Book 5-101 
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MECHANICAL 
SPECIFICATIONS 

......... 
6.3!1imm 

~II' (0251 --u- 0 S I mm (0.021d.a. Iyp 

A d.mple appeal> 
over pm space I 

WEIGHT 024 Ol (6.80 grams) 
MATERIAL Black Exoxy 
PI N Pm matenal and plating compOSItion conform to 

Method 20031.0Iderab.hly) of Mi~Sld-883 (excepl 
paragraph 3 2) 

CONNECTOR Fits any commerc181 dual-m-Ime connector 
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BURR-BROWN @ 

1E3E31 4127 
lOG AMPlIfH R 

~~-::J 
1 4121KG 

~~~ffl_"'M~;:;:O"'~ ~ 

t,t,(% ~~~~ 

LOGARITHMIC AMPLIFIER 

FEATURES 
-ACCEPTS INPUT VOLTAGES OR CURRENTS OF 

EITHER POLARITY 

• WIDE INPUT DYNAMIC RANGE 
6 Decades of current 
4 Decades of voltage 

-VERSATILE 
Log. antilog. and log ratio capability 

-SMALL SIZE 
Double wide DIP 

-LOW COST 

DESCRIPTION 
Packaged in a ceramic double wide DIP, the 4127 is 
the first hybrid logarithmic amplifier that accepts 
signals of either polarity from current or voltage 
sources. A special purpose monolithic chip, 
developed specifically for logarithmic conversions, 

functions accurately for up to six decades of input 
current and four decades of input voltage. In 
addition, a newly developed current inverter and a 
precise internal reference allow pin programming of 
the 4127 as a logarithmic, log ratio, or antilog 
amplifier. 

To further increase its versatility and reduce your 
system cost, the 4127 has an uncommitted 
operational amplifier in its package that can be used 
as a buffer, inverter, filter, or gain element. 

The 4127 is available with initial accuracies (log 
conformity) of 0.5% and 1.0%, and operates over an 
ambient temperature range of -IO"C to +70"C. 

With its versatility and high performance. the 4127 
has many applications in signal compression. 
transducer linearization. and phototube buffering. 
Manufacturers of medical equipment. analytical 
instruments. and process control instrumentation 
will find the 4127 a low cost solution to many signal 
processing problems. 

r-------- - ---- - --- - - - -- -- ---- -- -- -, 

Ii Yl r ~ ill o-_-_~ 
r-:~i _I iC>_~ _~-l~y----,j ~ : 0 1 

I I 
: I 
I I 

L-O>-ii-----C?--"M--~t 14 :Ir-: -9--+--<~ 
I I ' I: 1.-t-6 
L---------tl;D~------- -- - - -- --' +15VDC 
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SPECIFICATIONS 

ELECTRICAL 
Typical specifications at +25°0 with rated supplies unless otherwise noted. 

MOOEL 4127KG I 4127JG 

ACCURACY(1). 'III 01 FSR 
Current Source Input. 1 nA to 1 rnA 0.5% max I 1% max 
Voltage Input. 1 mV to 10V 0.5% max 1% max 

INPUT 
Current Source Input. Pin 4 +1nA to +1mA 
Current Source Input, Pin 7 -lnA to -1mA 
Reference Current Input. Pin 2 +1 ",A to +1mA 
Absolute MaXimum Inputs ±10mA or ±Supply Volts 

OUTPUT 
Voltage ±10V 
Current ±5mA 
Impedance 1011 

FREQUENCY RESPONSE 
-3dS Small Signal at Current Input 
01100~A 90kHz 
ollO~A SOkH7 
011~A SkHz 
01100nA 2S0Hz 
0110nA BOHz 

Step Response to within ±1% of 
Final Value (lR = 1~A, A = 5) 10msec 

STABILITY 
Scale Factor Drift (~A/QC) ±O.OOOSA/oC 
Reference Current Drift (dIR/OC 1 ±O.OO1 IRloe for IA ;::: lILA 

±O.003 IRloe for 400nA < IR < 1 ~A 
Input Offset Current Dnft (.:1.18/o C) 10pA at +25°C, Doubles Every 100 e 
I "put Offset Voltage Dnft ±10",VloC 
Accuracy vs. Supply Vanatlon 

Reference Current ±O 001lAIV 
Input Offset Voltage ±300~VIV 

Input NOise - Current Input 1 pA. rms. 10Hz to 10kHz 
Input NOise - Voltage Input 10",V, rms, 10Hz to 10kHz 

UNCOMMITTED OP AMP CHARACTERISTICS 
Input Offset Voltage SmV 
Input Bias Current 40nA 
Input Impedance 1Mll 
Large Signal Voltage Gam BSdB 
Output Current SmA 

TEMPERATURE RANGE 
SpeCification O°C to +60oC 
Operatmg -10°C to +70oC 
Storage -55°C to +125°C 

POWER SUPPLY REQUIREMENTS 
Rated Supply Voltages ±1SVDC 
Supply Voltage Range ±14VDC to ±16VDC 
Supply Current Dram 

at QUiescent, max ±20mA 
at Full Load, max ±26mA 

NOTE 
1 Log conformity at 25°C 

Burr-Brown Ie Data Book 5-103 

MECHANICAL 

t:dPln numbers shown r---- .... + •••• + • • lor reference onlv 
I 2" 13 Numbers may nOI be 
B marked on package 

j t- : .......... ~' 
A~A~ 

Ft L 

Seating Plene' 

NOTE 
Leed, In true PO'ltlon within 010" 
( 25mm) A IF MMC et Sletlng plane 

lNCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 1310 1360 3327 3454 
e 770 8'0 1956 2057 

C 150 210 38' 533 

0 0'8 021 04. 053 

F 035 050 089 , " 
G 100 BASIC 254 BASIC 

H 110 130 279 330 

K 150 250 38' .3S 

L 600 BASIC 1524 BASIC 

N 002 010 OOS o 2S 

R 08. '05 2'. 2.7 

CASE: Ceramic 
MATING CONNECTOR 24SMC 
WEIGHT S6 grams (2 oz I 
ORDER NUMBER 4127KG 

PIN CONNECTIONS 

1 IAEF OUTPUT 
2 IREF INPUT 

4127JG 

3 NO PIN PRESENT 
4. +I INPUT • 
S CURRENT INVERTER OUTPUT' 
6. NO PIN PRESENT 
7. CURRENT INVERTER INPUT 
B NO PIN PRESENT 
9 OP AMP +INPUT 

10 OP AMP -INPUT 
11 OP AMP OUTPUT 
12. NO PIN PRESENT 
13. MAKE NO CONNECTION 
14. NEGATIVE SUPPLY 
1S NO PIN PRESENT 
16. NO PIN PRESENT 
17 NO PIN PRESENT 
1B. LOG OUTPUT 
19 GAIN ADJUST 
20 NO PIN PRESENT 
21 COMMON 
22 POSITIVE SUPPLY 
23. IAEF BIAS 
24 NO PIN PRESENT 

'Plns 4 and 5 are Internally 
connected 
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TYPICAL PERFORMANCE CURVES 

RELATIONSHIP OF REFERENCE CURRENT IR 

ANO EXTERNAL RESISTOR Rl 
100l'A 

'"'-
"-
~'" 

" 100nA 

Eo = -A I0910 l 
I IIR 

10nA 

10kl1 100kl1 lMI1 10MI1 100MI1 

Resistance 

LOG RELATIONSHIP OF ~AND OUTPUT 
'R 

VOLTAGE IN TERMS OF "A" 

Output 
Voltage 

4V 
Eo -Volts 

2V 

2V 

-4V· 

Input 

Current 'S 

1000 
IR 

~ 
~ 
~ 
u. 
~ 

B 
'" 

10V 

9V 

8V 

7V 

6V 

5V 

4V 

3V 

2V 

lV 

0 

RELATIONSHIP OF SCALE FACTOR "A" 

TO GAIN-SETTING RESISTOR R2 

I' 
/ 

/ 
/ 

/ 

V 
V Eo = -A I091011st_ r--

V I I IR 

o 20kl1 40kl1 60kl1 80kl1 

ReSistance 

Iisl 
RELATIONSHIP OF TR TO OUTPUT VOLTAGE 

FOR IR = lilA AND A = 5V AND 10V 

+10V 

+5V 

-5V 

-10V 

Output 
Voltage E =AIOgM 

a lilA 
A= 10V 

Input 
CUrrent 

DISCUSSION OF SPECIFICATIONS 

ACCURACY 

The deviation from the ideal output voltage defined as a per
cent of the full scale output voltage. 

INPUT/OUTPUT RANGE 

The log relationships of -A log _liS and -A log~ are sub-
R IRR 

ject to the constraints specified. The 4127 can be operated 
with inputs lower than those given, but the accuracy will be 
degraded. 

FREQUENCY RESPONSE 

The small-signal frequency response varies considerably with 
signal level and scaling, so the frequency response is specified 
under several different operating conditions. 

STABILITY 

The use of a monolithic transistor quad and low-drift op 
amps minimizes drift, but some drift remains in the scale
factor, reference current, and input offset. Input offset con
sists of a bias current plus the op amp input voltage offset 
divided by the signal source resistance. Also, there is some 
slight drift in conformity to the log function and in output 
amplifier offset, but this is generally negligible. 
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THEORY OF OPERATION 
The 4127 is a complete logarithmic amplifier that can be 
pin-programmed to accept input currents or voltages of 
either polarity. By making use of the internal current 
inverter, reference current generator, log ratio element, 
and uncommitted op amp, you can generate a variety of 
logarithmic functions, including the log ratio of two 
signals, the logarithm of an input signal, or the antilog of 
an input signal. The unique FET -input current-inverting 
element removes the polarity limitations present in most 
conventional log amplifiers. 

Utilizing the inherent exponential characteristics of 
transistor functions, the 4127 calculates accurate log 
functions for input currents f.rom I nA to I mA, or input 
voltages from I m V to I OV. Carefully matched 
monolithic quad transistors and temperature sensitive 
gain elements are used to produce a log amplifier with 
excellent temperature characteristics. 

A functional diagram of the 4127 circuit is shown in 
Figure I. In addition to the basic log amplifier, the4127 
contains a separate internal current source, a current 
inverter, and an uncommitted operational amplifier. The 
current inverter accurately converts negative input 
current to a positive current of equal magnitude. 

The 4127 is capable of accurately logging input current 
over a 120dB range but to use this full range, good 
shielding practice must be followed. A current source 
input is, by definition, a high impedance source and is 
therefore subject to electrostatic pickups. 

The input op amps A, and A3 have FET input stages for 
low noise and very-low input bias current. The op amp A, 
will make the collector current of Q, equal to the signal 
input current Is, and the collector current of Q, will be the 
reference input current IR. 

From the semiconductor junction characteristics, the 
base-to-emitter voltage will be 

IC = Collector current 
IL = Reverse saturation current 
q, m, K = Constants 
T = Absolute temperature 

If the transistors Q, and Q, are at the same temperature 
and have matched characteristics then 

The output op amp A, provides a voltage gain of 
approximately (RT + R,)j RT, and the value of(mKT)j q 
is about 26mV at room temperature. Since resistor RT 
varies with temperature to compensate for gain drift, the 
output voltage Eo expressed as a log will be 

E = -A log10 IS -o IR 

where A,., RT + R2 (26 mY) 0.!34 ' RT ,., 520n 
RT 

The external resistor R, sets the reference current IR and 
resistor R, sets the scale-factor "A". R, and R, must be 
trimmed to the desired values, but the approximate 
relationships are shown in Typical Performance Curves. 

The relationship between the input current Is and the 
output voltage Eo in terms of the externally adjusted 
parameters IR and "A" is illustrated in Typical 
Performance Curves. This relationship is, of course, 
restricted to values of Is between I nA and I mA and 
output voltages of less than ± I OV. 
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FIGURE 1. Functional Diagram. 
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CHOOSING THE OPTIMUM 
SCALE FACTOR AND 
REFERENCE CURRENT 

To minimize the effects of output offset and 
no~, it is usually best to use the full ± I OV 
output range. Once an output range of ±IOV 
has been chosen, then "A" and IR can be 
determined from the min/max of the input 
current IS. 

Eo = -A log.!s , where lmin < IS < Imax 
IR 

The output range of ±IOV for an input range 
of Imin to Imax means that 

I . I 
+10 = -A log...!!!!!l and -IO=-A log max 

IR IR 

Adding these two equations together 

I I· r.~~-
log max mm = 0, or IR = /Imaxlmin 

IR2 

The value for A can be found from: 

I 
10 = A logr;m~ax~= 

jlmax lmin 

In terms of the input current range for IS, the 
values for IR and A that will provide a full 
±IOVoutput swing are: 

10 
IR = /Imaxlmin and A = I 

log~ 
IR 

Example: Assume that Irnin is +lOnA and 

Imax is +l OOILA. 

This is an 80dB range. 

IR = jlmaxlmin 

J (10-4) (10-8) = 10-6, or lilA. 

I 
log~= 2 So A=S 

IR 

For an IR of lilA and A of 5, 

Burr-Brown Ie Data Book 

CONNECTION DIAGRAMS 

Transfer function is Eo = -A log~ where I I is a positive input current 
IR 

and IR is the resistor-programmed internal reference current (see 
Figure 2). 

·15VDC 

Reference 
Current 

18 

4127 

FO

' -=-
0 ~Dkn 

0 
+15VDC R4 " ·15VDC 

FIGURE 2. Transfer Function When I I is Positive. 

ADJUSTMENT PROCEDURE 

Gain 

R2 

"Needed only 
1111 <IDnA 

l. Refer to Choosing The Optimum Scale Factor and 
Reference Current. 

2. Apply I I = IR, adjust R I such that Eo = O. 

3. Apply I I = Imax, adjust R2 for the proper output voltage. 

4. Repeat steps 2 and 3 if necessary. 

Eo 

s. Ignore this step if I I min ;;. lOnA. Otherwise, apply I I = InA, 

make R3 = IkMn~nd adjust R4for the proper output voltage. 

Transfer function is Eo = -A logWwhere I I is a negative input current 
IR 

and IR is the resistor-programmed internal reference current (see 
Figure 3). 

IDkn 

+15VDC R4" ·15VDC 

Gain 
R2 

"Naaded only 
1111 <IDnA 

FIGURE 3. Transfer Function When I I is Negative. 

ADJUSTMENT PROCEDURE 
l. Refer to Choosing The Optimum Scale Factor and 

Reference Current. 

2. Apply II II = IR adjust RI such that Eo = O. 

3. Apply II II = Imax' adjust R2 for the proper output voltage. 

4. Repeat steps 2 and 3 if necessary. 

S. Ignore this step if I I I min I;;. IOnA. Otherwise, apply I I II = InA, 
make R3 = IkMn'"and adjust R4 for the proper output voltage. 

5-106 

* Single resistor recommended. Voltage divider network 
difficult to use due to amplifier offset voltage. RFSOO-I08, 
IGn resistor available from Burr-Brown. 
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CONNECTION DIAGRAMS [CONT] 

Transfer function is Eo " -A log--.!!., where EI is a positive input voltage and IR is the resistor-programmed internal 

reference current (see Figure 4). R4 I R 

Relerenca 
Currenl 

+15VDC 

+15VDC 

IODMn 

R3 

IDien 

-15VDC 

FIGURE 4. Transfer Function When EI is Positive. 

Gal. 
R2 

ADJUSTMENT PROCEDURE 

1. Refer to Choosing The Optimum Scale Factor and 
Reference Current. 

2. Apply EI "IR (lOk12), adjust RI such that Eo" O. 

3. Apply EI "Emax, adjust R2 for the proper output voltage. 

4. Apply EI "Ernin, adjust R3 for the proper output. 

5. Repeat steps 2 through 4 if necessary. 

Transfer function is Eo " -A log l!!! , where EI is a negative input voltage and IR is the resistor-programmed internal 

reference current (see Figure 5). R4 I R 

Relerenca 
Current 

EIo--....,.._-{ 

lOOMn 

IOkn 
+15VDC o--~""""--<)-15VDC 

Gain 
R2 

FIGURE 5. Transfer Function When El is Negative. 

ADJUSTMENT PROCEDURE 

1. Refer to Choosing The Optimum Scale Factor and 
Reference Current. 

2. Apply lEI! "IR (lOk12), adjust RI such that Eo" O. 

3. Apply IEII "Emax, adjust R2 for the proper output voltage. 

4. Apply lEI I " Emin, adjust R3 for the proper output. 

5. Repeat steps 2 through 4 if necessary. 

Transfer function is Eo" -A 10gl!!Iwith II and 12 negative; 1111;;;. InA, 1121;;;'I!lA (see Figure 6). 
Ilzl 

o· ',0(' ~:" ~ 
IDien .". 

+15VDC R4· ·15VDC 

·Needed only If 
II1I < I DnA 

t R5=R6±1% 

Gain 

ADJUSTMENT PROCEDURE 

1. Refer to Choosing The Optimum Scale Factor and 
Reference Current. 

2. No further adjustment is necessary ifII min;;;' 10nA, 
otherwise connect the R3 and ~network, with ~ "IOk12 
and R3 "109n. Adjust ~ for proper output voltage 
after adjusting gain errors. Since the voltage at pin 4 is in 
the range of iSm V, it is not practical to use a T - network 
to replace R3-

FIGURE 6. Transfer Function When I I and 12 are Negative. 
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Transfer function is Eo = -A 10gl!!Iwith II negative, 12 positive; III I;;;. InA, 12;;;' It/A (see Figure 7). 
12 

·15VDC 

4127 Gain 

+15VDC O--W..---o ·15VDC 

'Naadad only 
111111 <IDnA 

FIGURE 7. Transfer Function When I I is Negative, 
12 is Positive. 

ADJUSTMENT PROCEDURE 

1. Refer to Choosing The Optimum Scale Factor and 
Reference Current. 

2. No further adjustment is necessary if II I Irhin ;;;'IOnA, 
otherwise connect the R3 and R4 network, with R4 = 10kn 
and R3 = 109n. Adjust R4 for proper output voltage after 
adjusting gain errors. Since the voltage at pin 4 is in the 
range of ±5mV, it is not practical to use aT - network 
to replace R3' 

Transfer function is Eo = -A log ~ with I I and 12 positive; I I ;;;. InA, 12 ;;;. It/A (see Figure 8). 
12 

+15VDC 

-=- t 11 i 

~3' 
R • 

+15VDC "":" 4 10kn 

4127 

·15VOC 

• Nalded only 
Ifllli <IDnA 

Gain 

FIGURE 8. Transfer Function When I I and 12 are Positive. 

ANTILOG OPERATION 

The 4127 can also perform the antilog function. The 
output is connected through a resistor Ra into the current 
input, pin 4. The input Signal is connected through a gain 
resistor to pin 19 as shown in Figure 9. 

These connections form an implicit loop for computing the 
antilog function. From the block diagram of Figure I, the 
voltage at the inverting input of the output amplifier A2 
must equal E2, so 

RT 
E2 ~ ~R ES' Rr= 520n 

T 2 
Since the output is connected through Ra to pin 4, the 
current IS will equal Eo/Ra and E2 will be 

E2=_mKTk~ 
q RaIR 

Combining expressions for E2 gives the relationship 

~ mKT/.", Eo 
RT+ R2 ES =--q- RaIR 

ES Eo 
- A"=log RaIR 

Burr-Brown Ie Data Book 

ADJUSTMENT PROCEDURE 

I. Refer to Choosing the Optimum Scale Factor and 
Reference Current. 

2. No further adjustment is necessary if I I min;;;' 10nA, 
otherwise connect the R3 and R4network, with R4 = 10kn 
and R3 = 109n. Adjust R4 for proper output voltage after 
adjusting gain errors. Since the voltage at pin 4 is in the 
range of ±5mV, it is not practical to use a T - network 
to replace R 3. 

where 
RT+ R2 I 

A ~ RT (26mV) 0.434 

Eo = Ro IR Antilog - ES 
A 

Setting Ro and IR will set the scale factor. For example, an 

Ra of IMn and IR of It/A will give a scale factor of unity and 

Eo = Antilog ~ ES 
A 

Sat A 

Insart o.Olp F'batwaan 
Pin 18 and Pin 19 lithe 
unit olclllates. 

FIGURE 9. Antilog Operation. 

5-108 

-IOOMa 

+15VOC 10kll ·15VDC 
Offsat Adlust 
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BURR-BROWN® 

IElElI 4302 

Low Cost 
MULTIFUNCTION CONVERTER 

FEATURES 
• LOW COST 

• SMALL PACKAGE - Oual-in-line 

• RELIABLE HYBRID CONSTRUCTION 

• VERSATILE 

FUNCTIDNS 

MULTIPLY 
DIVIDE 
SQUARE 
SQUARE ROOT 
EXPONENTIATE 
ROOTS 
SINE IJ 
COSINE IJ 
TAN J IY/XI 

J'Xi+Yi 

ACCURACY 

±II.25% 
±O.25% 
±O.03% 
±O.07% 
±O.15% 1m = 51 
±O.2% 1m = .2) 
±O.5% 
±O.8% 
±O.6% 

±O.07% 
Typical accuracies expressed as a % of output full scale (+lOVDC) at 25°C 

DESCRIPTION 
Burr-Brown's multifunction converter model 4302 is 
a low cost solution to many analog conversion needs. 
Much more than just another multiplier / divider, the 
4302 out performs many analog circuit functions 
with a very high degree of accuracy at a very low total 
cost to the user. 

Inl8rnatlooal Alrporllnduslrlal Park· P.O. Box 11400· Tucson. Arizona 85734 . Tel. 16021 746·1 11 I . Twx: 910-952·1111 . Clbl,: BBRCORP . Telex: 66·6491 

PDS-326D 
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SPECIFICATIONS 
Performance typical at 2SoC and with rated lupply unle .. othe~ ~oted. 

ELECTRICAL 
MODEL 

TRANSFER FUNCTION 

RATED OUTPUT 
Voltage 
Current 
INPUT 
Signal Range 
Absolute Maximum 
Impedance (X/Y/Z) 
EXPONENT RANGE 

Roots (0.2 " m < I ) 

Powers (1 < m" 5) 

(m= I) 

POWER REQUIREMENTS 
Rated Supply 
Range 
Quiescent Current 
TEMPERATURE RANGE 
Operating 
Storage 

General specifications for the Model 
4302 Multifunction Converter are pre· 
sented on this page. These specifica· 
tions characterize the 4302 as a versatile 
three input multifunction converter. 

, 
4302 
Vz III 

Eo=Vy(v-; ) 

+10.0 V 
SmA 

0"" (Vx. Vy. VZ) ""+10 V 
(Vx. Vy. VZ) "±18 V 
100 kn/90 ill/I 00 kn 

m=~ Refer to 
Rl +R2 Functional 

m=RI +R2 Diagram 

R2 
below 

Rl = 0 n. R2 not used 

±IS VDC 
±12 to ±18 VDC 
±10mA 

-25"C to +85"C 
-25"C to +85"C 

VyO-~~IV~-o~ 
Vxo-________ ~rI 

MECH:ANICAL 

+12.7mm 

(0.80") ""'I 
20.3mm (0.50"),1 

dotover~ 
Pi~ci~1~~) 0 ~ 00 -r 

~ -" 6.4mm 

~rJ pin 14 (0.26") 

--t / O.Slmm 
pin 1 --.II-- (0.020") 

Row Spacing: 7.6mm (0.300") 
WaigM: 3.4 grams (0.12 oz.) 
Connector: 14-pin DIP 

0145MC 

Pin material and plating composition 
conform to Method 208 (solderabilitv) 
of MII-5td-202. 

PIN CONNECTIONS 

+IS VDC 414 1~ x Input 
YInput 413 24- Output 

4-12 34- -15 VDC me 
mB 11 Make No Conn. 

Common 410 ~ XOrroet Adj. 
Make No Conn. 4-9 6<>- mA 

Z orrs.t Adj. 4-8 14- Z Input 

(BOTTOM VIEW) 

4382 FUNCTIONAL DIAGRAM 

The following pages are applications' 
oriented to help you apply the 4302 
to your particular circuit function need. 
These pages contain dedicated circuit 
configurations in order to produce the 
functions of: multiplication, division, 
exponentiation, square rooting, squar· 
ing, sine, cosine, arctangent, and vector 
algebra. 

Vzo---------~~~~~ 

.. ... 
ROOTS POWERS 

(0.2< m< 1) (1< m<5) (m; 1) 

It is the purpose of this product data 
sheet to enable you to apply the 4302 
to your analog conversion needs quickly 
and efficiently. 

~ ~ 
Many of the foUowing circuit configurations using the 4302 re
quire a reference voltage for scaling purposes. The reference 
voltage is shown to be +15 VDC (+15 VDC REF.) since in 
most cases the +15 VDC power source for the 4302 has suf· 
ficient time and temperature related stability to achiev.e the 
specif'lOd typical accuracies. 

Burr-Brown Ie Data Book 5-110 

':' ,.. 

If the particular supplies which are available for powering the 
4302 do not have the necessary stability for the required con~ 
version accuracy, an additional + 1 5 VDC precision supply may 
be required. 

Vol. 33 



MULTIPLIER/DIVIDER FUNCTIONS 
MULTIPLIER------------
In multiplier applications the 4302 provides high accuracy 
at a low cost. The 4302 accepts inputs up to + 10 VDC and 
provides a typical accuracy of ±0.25% of full scale. 

FIGURE 1 

+ISVDCl)----~~r__\~~--~~--~ 
REF 

(I) Set RI so that with EI = E2 = +10.00 VDC, Eo = +10.00 VDC. 

Transfer Function 

ACCURACY 
Total Errors 

Typical at +2SoC 
Maximum at +2SoC 

(for input range) 

vs. Temperature 
Offset Errors (E I = EJ. = 0) 
Output Offset (at 25 C) 
VB. Temperature 

NOISE (10 Hz to I kHz) 

BANDWIDTH (EI' E2) 
Small Signal ( -3 dB) 
Full Output 

EI E2 
Eo=+--

10 

±2S mV 
±SOmV .. 

{ 10.03V '" EI '" 10 V 
0.01 V "'E2 '" 10V 
±I mV/oC 

±I0mV 
±0.2 mV/oC 

100 "V rms 

500 kHz 
60 kHz 

DIVIDER 
As a diVider, the 4302 outperforms many of the multiplier/ 
dividers on the market at a much lower cost. In the divider 
configuration the 4302 boasts a typical conversion accuracy 
of ±0.25% of full scale. 

-
Transfer Function 

ACCURACY 
Total Errors 

Typical at +2SoC 
Maximum at +2SoC 

(for EI '" E3 and input range) 

vs. Temperature 
Offset Errors (E I = 0, E3 = + I 0 V) 
Output Offset (at 25°C) 
vs. Temperature 

NOISE (10 Hz to I kHz) 
E3=+IOV 
E3=+0.1 V 

BANDWIDTH (EI' E3) 
Small Signal (-3 dB) 
Full Output 

(E3 = +10 V) 

Eo = +10 (E I /E3) 

±2S mV 
±SOmV .. 

{ 0.03V '" EI < 10 V 
0.1 V",E3 "'IOV 
±I mV/oC 

±IOmV 
±1 mV/oC 

100 "V rms 
300 "V rms 

500 kHz 

60 kHz 

+1SVDC 
REF ~~~~~~~ 

E3U-----I.~~~~1.!J 

-IS VDC 10 k!1 +IS VDC -IS VDC 10 k!1 +15 
VDC 

NOTES: 
(I) Set RI so that with EI = E3 = +10.00 VDC, Eo = +10.00 VDC. 

(2) Set R2 so that with EI = E3 = +0.10 VDC, Eo = +10.00 VDC. 

(3) Set R3 so that with EI = +0.01 VDC and with E3 = +0.10 VDC, 
Eo = + 1.00 VDC. 

(4) Repeat steps 1 through 3 as necessary to achieve the specified 
output voltages. 

• The input voltage may be extended below O.03V by connecting a 0.047 JJF capacitor between pins 11 and 5, 
causing a slight reduction in bandwidth. (Multiply and Divide Modes). 

EXPONENTIAL FUNCTIONS 
Model 4302 may be used as exponentiator over a range of 
exponents from 0.2 to 5. The exponents 0.5 and 2, square 
rooting and squaring respectively, are often used functions 
and are treated below. Other values of exponents (m) may 
be useful in terms of linearization of nonlinear functions or 
simply for producin.~ the mathematical conversions. Charac
teristics of m = 0.2 ond m = 5 are presented on the right. For 
other values of m the curves presented in Figure 3 may be 
used to interpolate the error for a nonspecified value of m. 

Burr-Brown Ie Data Book 5-111 

Transfer Function 

Total Conversion Error (typical) 
m=O.2 

0.5 VDC < EI '" 10 VDC 
0.1 VDC < EI '" 0.5 VDC 

m= S 

1.0 VDC < EI '" 10 VDC 
Exponent Range (continuous) 
Input Voltage Range 
Output Voltage Range 

Eo = 10(~~ r 
±2 m VDC 
±25 m VDC 

±IS m VDC 
0.2'" m< 5 
Oto+IOVDC 
o to +10 VDC 
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t 
Eo 

E
I

_ 

Exponentlator Transfer Characteristics 

NOTES: 
(1) Connect a 100 ,{l potentiometer as shown in Figure 4 for either 

rools (0.2'; m < I) or powers (I < m'; 5). 
(2) Sel RI so that with EI = +10.00 VDC, Eo = +10.00 VDC. 
(3) Select a + DC voltage level (EI) such that the output voltage 

(EO>, as acted upon by the desired exponent, will not exceed 
+10.00 VDC. A level which is mid-range for input values of 
interest is an appropriate one to use. Set Rl so that the out
put voltage (Eo) is the value expected for the chosen values of 
input (E I) and exponent (m). 

Use these connections 
....- when taking roots of 

small input levels. 

(4) Repeat steps (2) through (4) as necessary. 

• When taking roots of smaller mput levels, a modified transfer 
equation [Eo = (IOEI)ml will provide improved conversion 
accuracy. To achieve this transfer function: 1) apply a +1.5 VDC 
REF in place of the + IS VDC REF shown in Figure 4., 2) make 
R3 a 1.40 MSl resistor, and rearrange R~ and R3 as 1.5VDC REF 
and 3) follow all notes except in note (2) apply +O.IOVDC to pin 
7 to .et Rl to Eo = +I.OOVDC. 

SQUARE ROOT----------
As a Square Rooter (m = 0.5), the 4302 provides a typical 
total conversion accuracy of ±0.07%. Refer to Figure 5 and 
notes for connections and adjustments respectively. 

Transfer Function Eo=IO~ 
Total Convonion Error(Typlcal) 

0.5 VDC < EI .; 10 VDC ±7mV 
0.02 VDC < El .; 0.5 VDC ±55 mV 

Input Voltage Range Oto+IO VDC 
Output Voltage Range Oto+l0 VDC 

NOTES: 
(I) Connect pins 12, 11, and 6 together. Set RI such that with 

EI = +10.00 VDC; Eo = +10.00 VDC. 
(2) Connect 100 n resistors as shown in Figure 5. 
(3) For greater conversion accuracy, R2 & R3 may be replaced by 

a potentiometer as shown in Figure 4. 

SQUARE 
Configured as a Square Function Converter (m = 2), the 
4302 produces high conversion accuracies of typically 0.03%. 
Please refer to Figure 6 and accompanying notes. 

Transfer Function Eo= 10 (~~r 
Total Conversion Error (typical) 

0.1 VDC'; EI .; 10 VDC ±3mV 
Input Voltage Range Oto+IO VDC 
Output Voltage Range Oto+IOVDC 

NOTES: 
(I) Set RI such that with EI = +10.00 VDC, Eo = +10.00 VDC. 
(2) Connect 100 Sl resistors as shown in Figure 6. 
(3) For greater conversion accuracy R2 &. R3 may be replaced by 

a potentiometer as shown in Figure 4. 
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TRIGONOMETRIC FUNCTIONS 
SIIE-------------
Sine functions can be accurately generated from input volt· 
age levels representing angular displacement from 0 to 900 • 

Model 4302 confIgured as in Figure 7 will produce the sine 
power series approximations with modifled coefflcients to 
typically better than ±O.S% of full scale. In this circuit, the 
4302 is scaled so that when (P= 0, _Eo = 0 VDC, and when 
8 = 90, Eo = lQVOC. 

NOTES: 
(I) Adjust R4 if needod so that EI < I m VDC when Ee ; O. 
(2) Adjust R2 so that EI ; +0.8045 VDC when Ee ; +5.00 VDC. 
(3) Adjust R3 so that EI ; +5.709 VDC whon Ee; +10.00 VDC. 
(4) Repeat steps (2) and (3) as nocessary. 

FIGURE 7 

+15 Vdc 
REF 

137 k{l 

845 k{l 

Transfer Function Eo; 10 Sin 9Ee 

Power Series Approximation 

~ Ee ).827 
Eo; 1.5708Ee -\.5924 .366 

Total Conversion Error (typical) ±50mV 

Input Voltage Range (0 <; e <; 90°) o to +10 VDC 

Output Voltage Range (0 <;sin e <; I) o to +10 VDC 

10k{l 

10.0 k{l 

10.0 k{l 

Ee()---------------------e-----------------------J 36.6 k{l 

COSINE------------
Connected as in Figure 2, the Model 4302 will generate a 
cosine function of the input voltage. Typical accuracies of 
±0.8% can be expected from this confIguration. 

NOTES: 
(I) Adjust RI so that Eo; +10.00 VDC when Ee.:' O. 
(2) Adjust R2 so that Eo ; 0 when Ee ; + 10.00 VDC. 

Transfer Function Eo = 10 cos 9EO 

Power Series Approximation 
Eo; 10 + 0.3652 Ee -0.4276E 1.504 

Total Conversion Error (typical) ±80mV 

Input Voltage Range (0 <; e <; 90°) o VDC to +10 VDC 

Output Voltage Range (1 <; cos e <; 0) +10 VDC to 0 VDC 

+15 VDC REF 

20.5 k{l 

14.0 k{l 

10.0 k{l 

-15VDC 

37.4 k{l 

Ee()------------------~------------------------~ 
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ARCTANGENT 
Model 4302 and the associated circuitry shown below will 
produce the inverse tangent of a ratio. This application is 
particularly well suited to conversion from rectangular 
coordinates to polar coordinates where 

E 
E() = tan-l ~ 

Ex 

The accuracy of conversion depends upon the levels of the 
input signals. Please refer to table at right. 

NOTE: 

Transfer Function 

Power Series Approximation 

Total Conversion Error 
2< E I .E2 " 10VDC 
0.1 < EI. E2 "2 VDC 
0.03 < EI. E2 "0.1 VDC 

Input Voltage Range (EI' E2) 

7~[EI12 
Eo = tan [~ 

Eo= 

(~y.2125 
[E2l (900 ) 

+tEll y.2125 
I [E2l 

iSS m VDC 
±65 m VDC 
±340mVDC 

+0.01 VDC to +10 VDC (I) Set RI so that with E) = E2 = +)O.OOVDC. Eo = +4.500 VDC 

±I mVDC. OUtput Voltage Range 0 "E8 " 900 o VDC to +9 VDC 

VECTOR MAGNITUDE FUNCTION 
The model 4302 will produce the square root of the sum of 
the squares of two inputs. This function is companion to the 
arctangent of a ratio for the conversion of rectangular to 
polar coordinates. 

NOTES: 
I. Figure 10 shows one practical way to im
plement the transfer functlon Eo=v'EI2+E2z 
uslOg 4302. It shows use of model3S0lA op 
amp Model 3501'5 rated output IS ±IOV 
ThiS limits the range of El and E2• such that 
the conditions EI1!;,V 100· E2 and 
I ~~(~E,2/20) aod 
~:s;;,; to are always satisfied. 
(a) The above conditions Imply, 
OV ~ El :s;;;; IOV and -5V ~ E! :e;;; 5V 
(b) The above conditions also Imply that for 
applIcations where EI =1 E21 the range would 
be hmlted to 4.142V max. 

% Use of model 3621 as shown in Figure I I 

Transfer Function 

Input Voltage Range EI 
. E2 

(refer to notes I and 2) 

Output Voltage Range 

Conversion Error 

+15 VDC 

o to +lOVDC 
-IOVDC to + 10VDC 

Oto +lOVDC 

±7m VDC 

1I~ _____ T--""""T-oE., 

would directly substitute the eight IOkll re-- I~E~2~===============:::' ___ "::=====:::::::'-' __ ~::"' _____ J 
sistors and the two model 350 I A op amps. 
ThlS would reduce the number of 
components needed to Implement vector 
magnitude function and reduce overall COSt.1 El 

~-r~~~~-=~~ 

Burr-Brown Ie Data Book Vol. 33 



BURR-BROWN® 

IElElI 

Low Cost 
TRUE RMS-TO-OC CONVERTER 

FEATURES 
• LOW COST 

• HIGH ACCURACY 
to.2'/o :!:2mV 

• HIGH RELIABILITY 
Hybrid construction 

DESCRIPTION 
The Burr-Brown Model 4341 RMS-to-DC 
Converter features low cost without sacrificing 
performance. The 4341 computes a DC voltage 
proportional to the true rms value of signals which 
may be complex waveforms, DC levels, or a 
combination of both. 
The input and output are fully protected against 
overvoltages and short circuits. Provisions for the 
external adjustment of gain, offset voltage, DC
reversal error, and frequency response make the 4341 
versatile enough to fill the majority of your 
applications. 

4341 

Inllmllt ... 1 Airport IndullI1l1 PlrII· P.O. Bu114.· TUCIOII. ArlZGIII 85734· TIl. 1Il02l 74&1111 • Twx: 9111-862·1111 • Clble: IIRCORp· Tlllx: 118-8491 

PDS·323A 
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13 12 

r-----
I 
I 

~ 
+15VOcl 

I 

I 

0-4 
-15VOC I 

L-

FIGURE I. Simplified Schematic. 

_ Ein2 
- Eout 

* (_R __ ) Ein2 

Eout Q seR + 1 Eout 

2 log I Em I = 

/ 109Ein2 

~}----------------, 
-, 

I Capacitor 

I 

R2 

c: .. 
o 

-15VOC 

THEORY OF OPERATION 

The true rms value of a time-varying signal E (t) over a 
time period T is 

E,m. = V liT f Tlo [E(t)f dt 

The required operations are squaring, averaging and 
square rooting. A simplified schematic diagram of the 
4341 is shown in Figure I. The Al circuit produces a 
current h which is proportional to the rectified input 
voltage. The A2 circuit is a logarithmic amplifier which 
produces a voltage proportional to 2 log Em or log Em2• 

The logarithmic gain of the A2 circuit is derived from the 
inherent exponential characteristics of transistor 
junctions. By using proprietary monolithic components, 
the circuit provides an accurate log function over many 
decades which is relatively insensitive to temperature 
variations. Amplifier A4 uses the same techniques as A2 
to generate log Eout. 

Burr-Brown Ie Data Book 5-116 

Transistor QI produces a collector current h 
proportional to the antilog of its base-emitter voltage 
such that 

h 01 log-I (log E,/ - log Eout) 

= log-I (Jog Et/IEout) = E,/IEout 

The A3 circuit which contains the external capacitor 
takes the time average of the h signal and produces Eout 
which is directly proportional to the rms value of E, •. 

Figures 2 and 3 show the effects of the external filter 
capacitor on ripple magnitude and response time. ~s the 
frequency of the input approaches DC, the 4341 beglOS to 
act like a full wave rectifier such that the output is the 
absolute value of the input. While the 4341 will accurately 
convert DC input voltages, the averaging capacitor must 
be made very large to minimize ripple at low frequencies. 
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ELECTRICAL SPECIFICATIONS 
TypICal at zS"C with rated supply voltages, unless otherwise noted. 

MODEL 4341 

TRANSFER FUNCTION I L...(OC) - 1fT J T 0 E • .'(t) dt 

INPUT 
Peak Operating Voltage ±IOV 
Absolute Maximum Voltage ±Supply 
Impedance SkU 

OUTPUT 
Voltage o to +IOV 
Current +SmA. min 
Resistance Ill, max 

BANDWIDTH 
±I% of Theorellcal Output 80kHz 
-3dB 450kHz 

CONVERSION ACCURACY''' 
Input: sOOmv, rms to S.OV, rms 
Input: DC to 10kHz SIDe Wave ±O S% of Reachng, maxlll 

Input. (Omv, rms to 7V. rms 
Input: DC to 20kHz ±2mV ±O 2% Readmg 

STABILITY 
Accuracy vs. Temperature ±O ImV ±O.OI% of ReadlDg/"C 
Accuracy vs. Supply Voltage ±O.lmV ±O.OI% of ResdlDg/% of 

Supply Voltage Change 

TEMPERATURE8ANGE 
Operatmg 2S'C to +BS'C 
Storage -40'C to +8S'C 

POWER REQUIREMENTS 
Rated Voltage ±ISVDC 
Voltage Range ±14VDC to ±16VDC 
Quiescent Current ±12mA. typ./±24mA. max 

.. 

NOTES: 
I. After standard tnm procedure (see below) 
2. Model 4341 wIll convert DC IDputS. Lower frequency AC mputs require a large value of averagmg 

capacitor to mmlmlze npple at output. (see Figure 2). 

STANDARD TRIM PROCEDURE 

MECHANICAL 

1'127mm 

dot over ~I~ ~
fg.:;~ (o.~ I 

pin 1 

4.6mm ~ 
(0.18") 0000 -;1m 
~ (0.25") OJ- Pinl4 

1 / L.51mm 
pin 1 (0.02") 

Row Spacing. 7.6mm (0.30") 

Weight: 3.4 grams (0.12 oz.) 
Connector 14-Pin DIP 

0145MC 

Pm material and plating composition 
conform to Method 208 (solderability) 
of Mil-Std-202. 

If the 4341 is used to measure sine waves or distorted sine 
waves, only two trims are needed to achieve an accuracy 
of ±O.S% of reading from SOOmV, rms to SV, rms up to 
10kHz. Refer to Figure I. 

I. Set Em = S.OOOV, rms ±O.02% and adjust RI such that 
Eo = S.OOOVDC ±2mV. 
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2. Set E,n = SOOmV, rms ±O.02%and adjust R2 such that 
Eo = SOOmVDC ±O.2mV. 

3. Repeat Step I. 
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CHOOSING THE AVERAGING CAPACITOR 
A single-pole low-pass RC filter provides the averaging 
function. The time constant is 1/2 RC where R is IOk!l 
when the4341 is adjusted for unity gain. To select the best 
value of C, make a tradeoff between output ripple and 
response time. Figure 2 shows the ripple magnitude vs. 
frequency for several typical values of capacitor. 
Response time vs. capacitor value is shown in Figure 3. 
(N ote that rise times and fall times are different for the 
same value of capacitor). 

l!l 
"0 
> 1.0 c: 
"-
~ 

Ci 
.!O 
a: 
~ 
~ e 
~ 

0 

10Hz 30Hz 70Hz 100Hz 300Hz 700Hz 1 kHz 

1 QOV RMS Sine Wave Input Frequency 

FIGURE 2. Output Ripple Magnitude vs. Input Signal 
Frequency. 

While the ripple magnitude for signals other than sine 
waves can be analytically determined, it is tedious. The 
fastest method of choosing C is to apply a representative 
input signal and observe the output for various value of 
C. C can be lOO's of microfarads, but should have a 
leakage current less than 0.1 p.A to minimize gain errors. 
With very large values of C, the input signals with 
frequencies approaching DC level could be averaged. 
Since the output is always a positive voltage, C can be 
polar capacitor. 

10,000 

Averaging Capacitor Value 

FIGURE 3. Response Time vs. Value of Averaging 
Capacitor. 

EXPANDED TRIM PROCEDURE FOR GREATER ACCURACY 
If the 4341 is used in applications to measure complex 
waveforms, the followilig expanded trim procedure is 
recommenaed. (Refer to Figure 4). 

First set all potentiometers at mid turn position. 

I. DC Reversal Error - Apply +1O.000V ±lmV and 
-IO.OOOV ±lmV to Em alternatively, adjust R5 such 
that Eo readings are the same ±2mV. 

2. Gain Adjustment - Apply E,n = +1O.000VDC 
±lmV, adjust RI such that Eo = +1O.000VDC±lmV. 

3. Input Offset - Apply +1O.0mV ±o.lmV and -1O.0mV 
±o.lm V to Em, adjust R4 such that Eo readings are the 
same ±o.lmV. 

4. Offset - Ground Em, adjust R3 such that 
Eo = 0 ±o.1 m V. Repeat Step (3). 

5. Low Level Accuracy - Apply Em =+IO.OmV ±o.lmV, 
adjust R2 such that Eo = +IO.OmV ±o.lmV. 

NONUNITY GAINS 

1% 

+15VDC 

R4 ~ 
10k!1 ~ 

-15VD~ 

C Averaging 
Capacitor 

20% 20% +15VDC 

~~H~ 10M!1 t 
Range R3 

+15VDC ~-15VDC 10k!1 

1~:!1 -15VDC 

FIGURE 4. Expanded Trim Procedure (High Accuracy 
Applications) .. 

Gain values greater than unity can be achieved by inserting resistor Rx between pin 5 and pin 6. Rx = (A2 - I) x 10k + 2k 
where A is the desired value of gain (I < A :;;;; 10). (Rx is in ohms). 
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4423 BURR-BROWN® 

1E3E31 

PRECISION QUADRATURE OSCILLATOR 

FEATURES 
• SINE AND COSINE OUTPUTS 

• RESISTOR· PROGRAMMABLE FREtuENCY 

• WIDE FREQUENCY RANGE: O.OO2Hz to 20kHz 

• LOW DISTORTION: 0.2% max up to 5kHz 

• EASY ADJUSTMENTS 

• SMALL SIZE 

• LOW COST 

DESCRIPTION 
The Model 4423 is a precision quadrature oscillator. 
It has two outputs 90 degrees out of phase with each 
other, thus providing sine and cosine wave outputs 
available at the same time. The 4423 is resistor pro
grammable and is easy to use. It has low distortion 
(0.2% max up to 5kHz) and excellent frequency and 
amplitude stability. 

The Model 4423 also includes an uncommitted 
operational amplifier which may be used as a buffer, 
a level shifter, or as an independent operational 
amplifier. The 4423 is packaged in a versatile, small, 
low-cost DIP package. 

Inlernalional Airporllnduslrial Park - P.O. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952·1111 - Cable: BBRCORP - Telex: 66·6491 

PDS-365A 
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SPECIFICATIONS 
PrICes and SpcclflCations 
subject to change without notice 

SpecIfications tYPical at 2S"C and ±ISVDC 
Power Supply Unless Otherwise Noted 

ELECTRICAL 
MIN TYP MAX UNITS 

FREQUENCY 
Inlual Frequency (no adjustments) 2O.0k 205 210k Hz 
Frequency R.nge (using 2 R', only) 2k 10k Hz 
Frequency Ran .. (using 2 R', .nd 2 e,) .0.002 10k Hz 
Accuracy of Frequency Equation· ±I ±5 % 
Stabibty VI Temperature ±SO ±IOO ppm/'C 
Quadrature Phase Error ±o.1 degree 

DISTORTION 
Sine Output (Pin I) 

O.OO2Hz to 5kHz 02 % 
5kHz to 20kHz 05 % 

Cosine Output (pin 7) 
O.OO2Hz to 5kHz 0.2 % 
5kHz to 20kHz 0.8 % 

Distortion VI Temperature 0.015 %/"C 

OUTPUT 
Amplitude (Sine) 

At 20 kHz 6.5 7 75 V rm. 
VI Temperature 0.05 %/"C 
YO Supply 0.4 V/V 

Output Current 1.5 5 mA 
Output impeda ... I 0 

UNCOMMITTED OP AMP 
Input otT ... Volta .. 1.5 mV 
Input Bw Current 275 nA 
Input Imped .... I MO 
Open Loop Gain 90 dB 
Output Cuttent 5 mA 

POWER SUPPLY 
Rated Supply Volta .. ±15 VDC 
Supply Voltqe RaDIO ±12 ±18 VDC 
Qui ...... t Current ±9 ±18 mA 

TEMPERATURE RANGE 
SpecifICations 0 +70 ·C 
Opennon -25 +85 ·C 
St ....... -55 +125 ·C 

• May be trimmed Cor better a,,"CUracy. 

PIN CONNECTIONS 
1. E 1, Sine Output 
2. Frequency Adjustment 
3. Frequency Adjustment 
4. +In, Uncommitted Op Amp 
6. -In, Uncommitted Op Amp 
B, Output. Uncommlttlld Op Amp 
7. E2, COline Output 

Burr·Brown Ie Data Book 

8. Frequency Adjustment 
9. -V cc. -16VDC 

10. +Vce. +16VDC 
11. Common 
12. Frequency Adjustment 
13. Frequency Adjustment 
14. Frequency Adjustment 

5·120 

MECHANICAL 

Dot over 
Pin 1 

ROW SPACING· 7.6 (0.300") 

-r 
6.4mm 
(0.25") 

WEIGHT - 3.4 gm. (0.12 oz) 
CONNECTOR - 14 pin DIP connector 

Pin material and plating composition 
conform to method 2003 (solderability) 
of MIL-STD-883 (except paragraph 3,2). 

~
+ 

A4 
6 -

6 

FIGURE I. Equivalent Circuit. 
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TYPICAL PERFORMANCE CURVES 
+5% 

j 
u 
~ 0% 
= 
i e 
-< 

\ 
'\ 
~ ..... 

'" \ 
-5% -5% 

~-~~~:-:A::::-""':"::~:--:-IO::::!OkHZ 10Hz 100Hz 1kHz 10kHz 100kHz -SO 0 +50 +100 +ISO 
Frequency Frequency Temperature °c 

FIGURE 2. FIGURE 3. FIGURE 4. 

EXTERNAL CONNECTIONS 
1. 20 kHz Quadrature Oscillator 

The 4423 does not require any external component to 
obtain a 20 kHz quadrature oscillator. The connection 

The frequency f can be expressed by: 

42.05 R 
f = (C + 0.001) (3.785 +2R) 

where, f is in Hz diagram is as shown in Figure S. 
C is in ~F 5 

and R is in kn 

E,='O sin 2,,(20kh 

FIGURES. 

2. Resistor Programmable Quadrature Oscillator 

For resistor programmable frequencies in the 2 kHz to 
20 kHz frequency range, the connection diagram is 
shown in Figure 6. Note that only two resistors of equal 
value are required. The resistor Rcan be expressed by, 

R = 3.78Sf , R in kn 
42.05 - 2f f in kHz 

E 1= 10sin 271'ft 

FIGURE 6. 

3. Quadrature Oscillator Programmable to 0.002 Hz 

For oscillator frequencies below 2000 Hz, use of two 
capacitors of equal value and two resistors of equal value 
as shown in Figure 7 is recommended. Connections 
shown in Figure 7 can be used to get oscillator frequency 
in the 0.002 Hz to 20 kHz range. 
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.---------. 

E,= '0 lin 2"lt 

c 

FIGURE 7. 
For best results, the capacitor values shown in Table I 
should be selected with respect to their frequency ranges. 

20 kHz 2 kHz 200 Hz 
f to to to 

2 kHz 200 Hz 20Hz 

C 0 O.OI"F O.I"F 

20 Hz 2 Hz 0.2 Hz 0.02 Hz 
to to to to 

2 Hz 0.2 Hz 0.02 Hz 0.002 Hz 

I"F 10"F 100"F 1000"F 

TABLE I. 

After selecting the capacitor for a particular frequency 
the value of the required resistor can be obtained by using 
the resistor selection curve shown in Figure 8 or by the 
expression: 

3.78Sf (C + 0.001) 
R = 42.05 _ 2f (C + 0.001) 

where, 

Risinkn 
fis in Hz 

and C is in ~F 
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~ Ikn 

-' <: 
~ lOon 

'" ... 
>< 
,~ Ion 

W 

~ 

~~ I-¥ ,," r- ," 

/ / / 

~~ ~~ 
~ 

F-z,v'i F-~ ,,:'> ". 

O.OOIHz O.OIHz O.IHz 1Hz 10Hz 100Hz 1kHz 10kHz 100kH 
FREQUFNCY 

FIGURE 8. 
The curves shown in Figure 8 are provided only as a 
nomographic design aid. The selection of capacitor 
values is not limited to the values shown in Figure 8. Any 
suitable combination of Rand C values which satisfies 
the expression relating R, F and C as shown above, would 
work satisfactorily with the 4423. 

NOTES ON TYPES OF CAPACITORS TO USE: 

There are various kinds of capacitors available for use. 
There are polarized, also known as DC capacitors and 
non-polarized, also known as AC capacitors available. Of 
these two types, the polarized capacitors cannot be used 
with 4423 to set the frequencies. 

Commonly available non-polarized capacitors include 
NPO ceramic, silver mica, teflon, polystyrene, 
polycarbonate, mylar, ceramic disc etc. A comparison is 
shown in Table II. 

Capacitance Temperature DISSipation 
Range (pF) CoeffiCients Factor (%) 

ppmj"C 

N PO Ceram,lc 5pF - 0 I pF 30 005 
Sliver Mica 5pF - 0047 pF 60 005 
Teflon 0001 - 100 pF 200 001 
Polystyrene 0001- 500 pF 100 003 
Po)ycarbonate 0001 - 1000 pF 90 008 
Melahzed Teflon 0001 - 100 pF 60 01 
Metahzed 
Polycarbonate 0001 - 1000 pF 10 04 
Mylar 0.001 - 1000 pF 700 0.7 
Metahzed Mylar 0001 - 2000 pF 700 I 
Ceramic DISC 5pF - 0 5 pF 10.000 3 

TABLE II. 

For use with the 4423 oscillator, the choice of capacitors 
depends mainly on the user's application, error budget 
and cost budget. Note that the specifications of 4423 do 
not include the error contribution of the external 
components. The errors sourced by external components 
normally have to be added to the 4423 specifications. 

As a general selection criteria we recommend the use of 
the above table. Start from the top of the list in the above 
table. If the capacitor is found unsuitable due to it being 
too large in size, too expensive, or is not easily available, 
then move down in the list for the next best selection. In 
any case do not choose or use any capacitors with 
dissipation factors greater than I %. Such a capacitor 
would stop 4423 oscillation. 
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DISSIPATION FACTOR (OF) 

A capacitor can be modeled by an ideal capacitor in 
parallel with an internal resistor whose value depends on 
its dissipation factor (DF). Mathematically, the internal 
resistor R is given by, 

R= I 
2rrf C(DF) 

where R is in 0, f is the Hz, and C is in farads. 

For example, the DF of ceramic disc capacitors is of the 
order of 3%, which for a 0.01 J.lF capacitor would look 
like having an internal resistor of 530kO at I kHz. The 
530 kO value resistor is small enough to stop the 4423 
oscillator from oscillating. 

Some capacitor manufacturers use the terms "Power 
Factor" (PF) or "Q Factor" (Q) instead of the term 
"Dissipation Factor". These terms are similar in meaning 
and are mathematically related by, 

(DF) 
(PF) 

I 
Q=

(DF) 

OSCILLATION AMPLITUDE 
It takes a finite time to build up the amplitude of the 
oscillation to its final full scale value. There is a 
relationship between the amplitude build-up time and the 
frequency. The lower the frequency, the longer the 
amplitude build-up time. For example, typically it takes 
250 seconds at I Hz, 30 seconds at 10Hz, 4 seconds at 100 
Hz, 400 milliseconds at I kHz, and 40 milliseconds at 10 
kHz oscillator frequencies. 

There are two methods available to shorten this normal 
amplitude build-up time. But there is also a relationship 
between the amplitude build-up time and distortion at 
final amplitude value. When the amplitude build-up time 
is shortened, the distortion can get worse. 

One method to shorten the amplitude build-up time is to 
connect a resistor between pin 3 and pin 14. The lower this 
resistor is the shorter will be the time to build up 
amplitude of the oscillation, and worse will be the 
distortion of the output waveform. For example, a IOOkO 
resistor would shorten the amplitude build up time from 
15 seconds to I second at 20 Hz frequency, but. the 
distortion could be degraded from tpically 0.05% to 0.5%. 

The other method is to momentarily insert a I kO resistor 
via a reset switch bet wen pin 3 and pin 14. The amplitude 
of oscillation is built up instantaneously when the reset 
switch is pushed. There will be no degradation of 
distortion with this method since the I kO resistor does 
not remain in the circuit continuously. 
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DIGITAL-TO-ANALOG CONVERTERS 

Burr-Brown offers a broad variety of Digital-to-Analog (D/A) converter 
products engineered to meet the most critical requirements for stability and 
reliability. 

General purpose instrumentation D/As range in resolution from 12 to 18 
bits. These models include industry standard products-many originated by 
Burr-Brown-as well as more complete, higher accuracy solutions. Burr- 6 
Brown's products are carefully designed and manufactured to minimize 
product variations, making them ideal for test equipment, process control, 
and other industrial and analytical applications. 

PCM D/A converters are designed and tested to deliver excellent dynamic 
performance. The resolutions of these products are 16 and 18 bits. Typical 
applications are compact disc 'players, digital frequency synthesis, and 
telecommunications systems. 

High-speed D/A converters offer very fast settling current output. Models 
are available with TIL or ECL logic inputs. These products are ideal for 
very high frequency synthesis and control systems. 

Burr-Brown Ie Data Book 6-1 Vol. 33 



DIGITAL-TO-ANALOG CONVERTERS 
SELECTION GUIDES 
The Selection Guides show parameters for the high grade. Refer to the 
Product Data Sheet for a full selection of grades. Models shown in boldface 
are new products introduced since publication of the previous Burr-BrownIC 
Data Book. 

INSTRUMENTATION DIGITAL·TO·ANALOG CONVERTERS Boldface = NEW 

Settling 
Resolution Linearity Time Output Temp Q, B1(3) 

Description Model (Bits) Error (%FSR) (J.l.s) Range (V) Rangel') Pkg(2) Screen Page 

Very High DAC729 18 ±0.00075 5 5,10,20 UtBI') Com HCD Q,BI 6.1·80 
Resolution 

High Resolution DAC700 16 ±0.0015 1 -2mAU Com, Ind, Mil HCD Q,BI 6.1-43 
DAC701 16 ±0.0015 8 10 U Com,lnd, Mil HCD Q, BI 6.1-43 
DAC702 16 ±0.0015 1 ±1mAB Com, Ind, Mil HCD,PDIP Q, BI 6.1·43 
DAC703 16 ±0.0015 8 ±10 B Com, Ind, Mil HCD,POIP, Q, BI 6.1-43 

SOIC 

High Resolution DAC70BH 16 ±0.003 ±1mA, Ind HCD Q, BI 6.1·5 
o to -2mA U/B 

DAC71 16 ±0.003 8 ±1mA, Com HCD Q,BI 6.1-13 
-2mA, 10, 20 u/B 

DAC72BH 16 ±0.003 ±1mA, Ind HCD Q, BI 6.1·5 
-2mA, 10, 20 U/B 

Bus Interface, DAC705 16 ±o.o03 8 ±5V Com,lnd, Mil HCD Q, BI 6.1-53 
High Resolution DAC706 16 ±0.003 1 ±1mA Com,lnd, Mil HCD Q, BI 6.1-53 

DAC707 16 ±0.003 8 ±10 B Com, Ind, Mil HCD, PDIP Q, BI 6.1-53 
DAC708 16 ±0.003 ±1mA, U/B Com, Ind, Mil HCD Q, BI 6.1-53 

Oto-2mA 
DAC709 16 ±0.003 8 ±5,±10,10 U/B Com, Ind, Mil HCD Q, BI 6.1-53 

Dual, DAC725 16 ±0.003 8 ±5,±10,10 B Com,lnd HCD, PDIP Q,BI 6.1·72 
Bus Interface, 
High Resolution 

Low Cost, DAC71 0 16 ±0.003 8 typ ±1mA Com HCD 6.1-65 
High Resolution DAC711 16 ±0.003 8 typ ±10 Com HCD 6.1-65 

DAC1600 16 ±0.003 8 typ ±10 B Com PDIP 6.1-108 

Low Cost, DAC811 12 ±0.006 4 ±5,±10,10 U/B Com,lnd, Mil HCD, PDIP, Q, BI 6.1-90 
Bus Interface SOIC 

DAC1201 12 ±0.018 4typ ±5,±10,10 U/B Com PDIP 6.1-103 

CMOS, DAC7541A 12 ±0.012 Multiplying Com, Ind, Mil HCD, PDIP, Q,BI 6.1-112 
Industry Std SOIC 

DAC7545 12 ±0.012 2 Multiplying Com, Ind, Mil HCD, PDIP, Q,BI 6.1·120 
SOIC 

NOTES: (1) Temperature Range: Com = O°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to + 125°C. (2) HCD = Hermetic Ceramic 
DIP, PDIP = Plastic DIP, SOIC = Surface Mount Package. (3) Q indicates that optional reliability screening is available for the model. 
BI indicates that an optional 160 hour burn-in is available for the model. (4) U/B indicates the output voltage polarity range for the 
model: U = unipolar, B = bipolar. 

(Continued on next page.) 
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INSTRUMENTATION DIGITAL·TO·ANALOG CONVERTERS (Continued) 

Settling 
Resolution Linearity Time Output Temp a,BI(3) 

Description Model (Bits) Error (%FSR) (flS) Range (V) Range(1) Pkg(2) Screen Page 

Bus Interface DAC8012 12 ±0.012 Multiplying Com, Ind, Mil HCD, PDIP, a,BI 6.1·127 
SOIC 

Lowest Cost DAC1200 12 ±0.018 0.3,3 typ ±1mA,-2mA, PDIP 6.1-99 
Industry Std 10,20 U/B 

Low Cost DACSO 12 ±0.012 0.3,3 typ ±1mA,-2mA, Com,lnd HCD, PDIP Q, BI 6.1-27 
Industry Std 10,20 U/B 

DACS5H 12 ±0.012 0.3,3 typ ±1mA,-2mA, Com,lnd HCD Q, BI 6.1-35 
10,20 U/B 

Mlitary Temp DACS7H 12 ±0.012 0.3,3 typ ±1mA,-2mA, Mil HCD Q, BI 6.1-35 
Industry Std 10,20 U/B 

NOTES: (1) Temperature Range: Com = O°C to +70°C, Ind = -25°C to +S5°C, Mil = -55°C to + 125°C. (2) HCD = Hermetic Ceramic 
DIP, PDIP = Plastic DIP, SOIC = Surface Mount Package. (3) Q indicates that optional reliability screening is availableforthe model. 
BI indicates that an optional 160 hour burn-in is available for the model. (4) UlB indicates the output voltage polarity range for the 
model: U = unipolar, B = bipolar. 

AUDIO, COMMUNICATIONS, DSP DIGITAL·TO·ANALOG CONVERTERS Boldface = NEW 

Settling 
Resolution Linearity Time Output Temp a, B1(3) 

Model (Bits) Error (%FSR) (IlS) Range (V) Range (1 ) Pkg(2) Screen Page 
C/) 

DAC63 12 ±0.012 50ns ±5,10mA Ind 24-p HDIP NA 6.2-135 a: 
DAC65 12 ±0.012 40ns ±1.2, ±6.35mA Ind 24·p HDIP a 6.2·143 W 

t-
DACS12 12 ±0.012 50ns ±5,10mA Ind 24-p HDIP NA 6.2·146 a: 

W 
> 

Output Power 
Z 
0 Resolution MaxTHD+N Range Input Supply Dissipation (.) 

Model (Bits) (VOUT =±FS) (V) Format Range (V) Pkg (mW) Page 
~ 

PCM53 16 -8SdB(JG) ±10 (-V) Parallel ±15,+5 24-p DIP 600 6.2-152 0 
-8SdB (JP) ±1mA(-I) ..J 
-92dB (KP) « 

Z 
PCM54 16 -82dB (HP) ±3,±1mA Parallel ±5to±12 28-p DIP 300 6.2-164 « • 

-8SdB (JP) 0 
-92dB (KP) t-• ..J 

PCM55 16 -82dB (HP) ±3,±1mA Parallel ±5to±12 24-pSOIC 125 6.2-164 « 
-8SdB (JP) t-

NOTES: (1) Temperature Range: Com = O°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to + 125°C. (2) HCD = Hermetic Ceramic 
§ 

DIP, PDIP = Plastic DIP, SOIC = Surface Mount Package. (3) Q indicates that optional reliability screening is available for the model. 
C 

BI indicates that an optional 160 hour burn-in is available for the model. (4) U/B indicates the output voltage polarity range for the 
model: U = unipolar, B = bipolar. 

(Continued on next page.) 
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AUDIO, COMMUNICATIONS, DSP DIGITAL-TO-ANALOG CONVERTERS (Continued) Boldface = NEW 

Output Power 
Resolution MaxTHD+N Range Input Supply Dissipation 

Model (Bits) (Vour =±FS) (V) Format Range (V) Pkg (mW) Page 

PCM56 16 -82dB(P) ±3,±1mA Serial ±5to ±12 16-p DIP 260 6.2-172 
-88dB (P-J) Latched 
-92dB (P-K) 

PCM60 16 -82dB (P) 2.8Vp-p Serial +5 24-pSOIC 50 6.2-186 
-88dB (P-J) 2-Channel Latched 
-92dB (P-K) 

PCM58 18 -92dB(P) ±1mA Serial +5,-12 28-p DIP 400 6.2-180 
-94dB (P-J) Latched 
-96dB (P-K) 

PCM64 18 -96dB ±1mA Parallel +5,-15 42-p "Shrink" 400 6.2-194 
DIP 

NOTES: (1) Temperature Range: Com _ O°C to + 70°C, Ind a -25°C to +85°C, Mil = -55°C to + 125°C. (2) HCD = Hermetic Ceramic 
DIP, PDIP = Plastic DIP, SOIC = Surface Mount Package. (3) Q indicates that optional reliability screening is available for the model. 
BI indicates that an optional 160 hour burn-in is available for the model. (4) UtB Indicates the output voltage polarity range for the 
model: U = unipolar, B - bipolar. 

MODELS STILL AVAILABLE BUT NOT FEATURED IN THIS BOOK 

DAC10HT 
DAC90BG 
DAC90SG 
DAC800P-CBI-V 
DAC800P-CBI-I 
DAC800-CBI-V 
DAC800-CBI-1 
DAC850-CBI-V 
DAC850-CBI-1 
DAC851-CBI-V 
DAC851-CBI-1 
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BURR-BROWN® 

1E3E31 DAC70BH 
DAC72BH 

Monolithic 16-Bit 
DIGITAL-TO-ANALOG CONVERTERS 

FEATURES 
• 16-BIT RESOLUTION 
• ±D.003% MAXIMUM NONLINEARITY 
• LOW DRIFT ±7ppm/oC. (TYPICAL) 
• MONOLITHIC CONSTRUCTION 
• EXACT DAC70172 HYBRIO REPLACEMENT 
• MONOTONIC (AT 14 BITS) OVER FULL 

SPECIFICATION TEMPERATURE RANGE 
• CURRENT AND VOLTAGE MODELS 

DIGITAL 
INPUTS 

16·BIT 
LAOOER 

RESISTOR 
NETWORK 

AND 
CURRENT 
SWITCHES 

I 
I 

DESCRIPTION 
The DAC70BH/72BH are complete 16-bit digital
to- analog converters that include a precision buried
zener voltage reference and a low-noise. fast-setting 
output operational amplifier (voltage output mod
els), all on one small monolithic chip. A combina
tion of current-switch design techniques accomp
lishes not only 14-bit monotonicity over the entire 
specified temperature range but also a maximum 
end-point linearity error of ±0.OO3% of full-scale 
range. Digital inputs are complementary binary 
coded and are TTL-, LSTTL-, 54f74C-, 54f74HC
compatible over the entire temperature range. Out
puts of 0 to +IOV, ±IOV, 0 to -2mA, and ±lmA are 
available. 

These DjA converters are packaged in hermetic 24-
pin ceramic side-brazed packages. 

1---<...---.,.,._- REFERENCE OUTPUT 

SUMMING JUNCTION 
COMMON 

OUTPUT 
I I I _ I 
L~ ___ J 

VOLTAGE 
MODELS 

ONLY 

_ GAIN AOJUST 
4--- +Vcc ,/ 
+---Vcc 
- Voo 

Inlernational Airport Industrial Park· P.O. Bo, 11400· Tucson. Arizona 85734· Tel. 16021 746·1111 . Twx: 910-952·1111 • Cable: 88RCORp· Telex: 66·6491 

PDS-626A 
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SPECIFICATIONS 
ELECTRICAL 
Typical at TA = +25°C and rated power supplies unless otherwise noted. 

MODEL DAC70BH DAC72BH 

MIN TVP MAX MIN TVP MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolution, CSB, COB 16 Bits 
Digitallnputsl1l . V,H +2.4 +55 V 

V" 0 +0.4 V 
IIH VI = +2.7V +40 pA 
IlL VI = +O.4V -1.6 mA 

TRANSFER CHARACTERISTICS 

ACCURACY'" 
Linearity Error At +25°C ±0.OO3 %01 FSRI31 

Gain Error'4': Voltage ±0.05 ±0.15 % 
Current ±0.05 ±0.05 ±0.25 % 

Offset Error'4): Voltage. Unipolar ±0.10 ±2 mV 
Bipolar ±10 mV 

Current, Unipolar ±1 pA 
Bipolar ±1 ±5 pA 

Monotonicity Temperature Range (14 bits) -25 +85 'C 

DRIFT (OVER SPECIFIED 
TEMPERATURE RANGE) 
Total Bipolar Drift (Includes 

Gain, Offset, and Linearity Orift):151' Voltage ±5 ±11 ppm·ol FSR/'C 
Current ±10 ±40 ppm 01 FSR/'C 

Total Error Over Temperature Range: 
Voltage, Unipolar ±0.072 %01 FSR 

Bipolar ±O.O72 %01 FSR 
Current, Unipolar ±012 ±0.24 %01 FSR 

Bipolar ±0.12 ±0.24 %oIFSR 
Gam: Voltage ±5 ±20 ppml"C 

Current ±7 ±47 ppm/'C 
Ollset. Voltage, Unipolar ±1 ±2 ppm 01 FSRI"C 

Bipolar ±8 ppm 01 FSR/'C 
Current, Umpolar ±1 ±1 ppm 01 FSR/'C 

Bipolar ±5 ±35 ppm 01 FSR/'C 
Differential Linearity over Temperature ±1 ±1 ppm 01 FSR/'C 
Linearity over Temperature ±2 ±1 ppm 01 FSRI"C 

SETTLING TIME'" 
Voltage Models (to ±0.003% 01 FSR) 

Output: 20V Step 5 10 fJS 
1LSB Step(7) 3 5 fJS 

Slew Rate 10 VlpA 
Switching Transient!B) 500 mV 

Current Models (to ±0.003% 01 FSR) 
Output, 2mA step: 100 to 1000 load 15 1 fJS 

1kO load 50 3 fJS 

OUTPUT 

ANALOG OUTPUT 
Voltage Models 

Ranges: CSB Oto+10 V 
COB ±10 V 

Output Current ±5 mA 
Output Impedance (DC) 0.05 0 
Short Circuit Duration Indefinite to Common 

Current Models 
Ranges: CSB Oto-2 mA 

COB ±1 mA 
Output Impedance: Unipolar 4.0 kO 

Bipolar 2.45 . kO 
Compliance ±2.5 . V 

INTERNAL VOLTAGE REFERENCE 6.0 6.3 6.6 V 
Maximum External Current ±200 ±200 pA 
Temperature Coefficient of Drift ±7 ±10 ppml"C 
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ELECTRICAL (CONT) 
Typical at T ... = +25°C and rated power supplies unless otherwise noted. 

MODEL DAC70BH DAC72BH 

MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLY SENSITIVITY 
Unipolar Offset: ±15VDC ±Oool % 01 FSR/% Vee 

+5VDC ±Oool % 01 FSR/% VDD 
Bipolar Offset: ±15VDC ±0004 % 01 FSR/% Vee 

+5VDC ±.Oool % 01 FSR/% VDD 
Gain: ±15VDC ±Oool % 01 FSR/% Vee 

+5VDC ±O005 % 01 FSR/% VDD 

POWER SUPPLY REQUIREMENTS 
Voltage ±14 5, +4.75 ±15.0,+5.0 ±15.5, +5.25 . VDC 
Supply Draon: ±15VDC (no load) ±20 ±30 rnA 

+5VDC (logic supply) +5 ±10 rnA 

TEMPERATURE RANGE 
Specification -25 +85 . ·C 
Siorage -60 +150 ·C 

* Specification same as DAC70 

NOTES: (1) Digilal onputs are TTL, LSTTL, 54/74C, 54/74HC, and 54/74HTC compalible overlhe operaling vollage range of VDD = +5V 10 +15V and over 
the specified temperature range. The input switching threshold remains at the TTL threshold of 1 4V over the supply range of VOD = +5V to 
+15V. (2) Current-output models are specified and tested with an external output operatIOnal amplifier connected USing the internal feedback resistor in 
all paramelers excepl settling lime. (3) FSR means lull-scale range and is 20V lor Ihe ±10V range (COB-V), 10V lor Ihe 0 10 +10V range (CSB-V) FSR •• 
2mA lor Ihe ±lmA range (COB-I) and Ihe 0 10 -2mA range (CSB-I) (4) AdJuslable 10 zero wilh exlernal Irim pOlenliomeler (5) Wilh ga.n and zero 
errors adjusted to zero at +25°C (6) Maximum represents the 3u limit. Not 100% tested for this parameter. (7) LSB IS for 14-bit resolution. (8) At the 
malor cerry, 7FFFH 10 8000H and 6000H 10 7FFFH 

CONNECTION DIAGRAM MECHANICAL 

H Peckage-24-Pln Hermetic Cenunlc 

i 
; 

NOTES. 
(1) Can be tied to +Vcc 

instead of hevlng separate 
Veo supply. 

(2) Deeoupling capacltora are 
o 1pF ID l.o,.F 

(3) Potentiometers are 10kn 
to 100kO. 

(4) Skn (CSB), IOkn (COB) 

PIN ASSIGNMENTS 
Pm 

~ No V Model. 

<MSB< B.ll 1 B.llIMSB, 
B.12 2 B.12 
B.13 3 B.13 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 1238 1262 3145 3205 
B 586 602 1488 IS.29 

B.14 4 B.14 C 160 196 4.06 496 
B.15 5 B.15 D 016 020 0.41 051 
B.16 6 B.16 F 038 042 097 107 
B.,7 7 B.17 G .100 BASIC 254 BASIC 

B.18 8 B.18 H 067 .085 1.70 216 

B.19 9 B.19 
B.ll0 10 B.ll0 
B.ll1 11 B.lll 

J 008 012 020 030 
K 170 BASIC 432 BASIC 
L 600 BASIC 1524 BASIC 
N 040 060 102 152 

B.112 12 B.112 
B.113 13 Bil13 
B.114 14 B.114 
Bil15 15 Bil15 

ILSBI B.116 16 Bit16,LSB, ABSOLUTE MAXIMUM SPECIFICATIONS 
RF 17 VOUT 

+5VDC 18 +5VDC +Vee 10 Common •.........••••........•••..• ,., ...• OV 10 +16.5V 

-15VDC 19 -15VDC -Vee 10 Common .... , •....•.•..•....•...•.•.....••.. OV 10 -16.5V 

COMMON 20 COMMON +VDD 10 Common .. , .. , ................... , .•.•.•... OV to +16.5V 

lOUT 21 SUMMING JUNCTION Logic Inputs 10 Common .................•.•.•....•..•. OV to VDD 
GAIN ADJUST 22 GAIN ADJUST Maximum Power Dissipation ............................ 1000mW 

+15VDC 23 +15VDC Lead Temperalure (lOS) ...•.•.........•.•.•.•... , ........ 3OO·C 

63V REF OUT 24 6.3V REF. OUT 
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ORDERING INFORMATION 

MODELS 

Complementary Offset Binary Coding 

DAC70BH-COB-1 lOUT DAC 
DAC70BH-COB-IBI Burn-in Option!') 
DAC72BH-COB-1 lOUT DAC 
DAC72BH-COB-IBI Burn-In Option(1) 
DAC72BH-COB-V VOUT DAC 
DAC72BH-COB-VBI Burn-In Option (1 ) 

Complementary Straight Binary Coding 

DAC70BH-CSB-1 lOUT DAC 
DAC70BH-CSB-IBI Burn-In Option(1) 
DAC72BH-CSB-1 lOUT DAC 
DAC72BH-CSB-IBI Burn-in Optlon(1) 
DAC72BH-CSB-V VOUT DAC 
DAC72BH-CSB-VBI Burn-In Optlon(1) . NOTE. 1) 160 hours at 85 C or eqUivalent. See text 

DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

The DAC70BHj72BH accept complementary digital 
input codes in either binary format (CSB, Unipolar or 
COB, Bipolar). The COB models may be connected by 
the user for either complementary offset binary (COB) 
or complementary two's complement (CTC) codes (see 
Table I). 

TABLE 1. Digital Input Codes. 

Analog Output 

Digital Complementary Complementary Complementary 
Input Straight Binary Offset Binary Two's Complement 

Codes (CSB) (COB) (CTC)' 

OOOOH +Full Scale +Full Scale -1LSB 
7FFFH +112 Full Scale Bipolar Zero -Full Scale 
8000H +1/2 Full Scale -1LSB +Full Scale 

-1LSB 
FFFFH Zero -Full Scale Bipolar Zero 

*Invert the MSB of the COB code with an external Inverter to obtain GTC 
code. 

ACCURACY 

Linearity 

This specification describes one of the most important 
measures of performance of a Dj A converter. Linearity 
error is the deviation of the analog output from a 
straight line drawn through the end points (all bits ON 
point and all bits OFF point). 

Differential Linearity Error 

Differential Linearity Error (DLE) of a DI A converter is 
the deviation from an ideal ILSB change in the output 
from one adjacent output state to the next. A differential 
linearity error specification of ±1/2LSB means that the 
output step sizes can be between 1/2LSB and 3/2LSB 
when the input changes from one adjacent input state to 
the next. A negative DLE specification of no more than 
-I LSB (-0.006% for 14-bit resolution) insures monoto
nicity. 

Burr-Brown Ie Data Book 

Monotonicity 
Monotonicity assures that the analog output will increase 
or remain the same for increasing input digital codes. 
The DAC70BHj72BH are specified to be monotonic to 
14 bits over the entire specification temperature range. 

DRIFT 
Gain Drift 
Gain drift is a measure of the change in the full-scale 
range output over temperature expressed in parts per 
million per degree centigrade (ppm;oC). Gain drift is 
established by : (I) testing the end point differences for 
each D 1 A at tm .. , +25°C and tm,,; (2) calculating the gain 
error with respect to the +25°C value; and (3) dividing 
by the temperature change. 

Offset Drift 
Offset drift is a measure of the change in the output with 
FFFFH applied to the digital inputs over the specified 
temperature range. The maximum change in offset at tm .. 

or tm" is referenced to the offset error at +25°C and is 
divided by the temperature change. This drift is expressed 
in parts per million of full scale range per degree centi
grade (ppm of FSR/°C). 

SETTLING TIME 

Settling time of the D 1 A is the total time required for the 
analog output to settle within an error band around its 
final value after a change in digital input. Refer to Figure 
I for typical values for this family of products. 

Voltage Output 

Settling times are specified to ±0.OO3% of FSR (± 1/2LSB 
for 14 bits) for two input conditions: a full-scale range 
change of 20V (COB) or IOV (CSB) and a I LSB change 
at the "major carry," the point at which the worst-case 
settling time occurs. (This is the worst-case point since 
all of the input bits change when going from one code to 
the next). 

6.1-8 ~-. 33 
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FIGURE I. Final-Value Error Band Versus Full-Scale 
Range Settling Time. 

Current Output 

Settling times are specified to ±0.003% of FSR for a 
full-scale range change for two output load conditions: 
one for 100 to 1000 and one for 10000. It is specified 
this way because the output RC time constant becomes 
the dominant factor in determining settling time for 
large resistive loads. 

COMPLIANCE VOLTAGE 

Compliance voltage applies only to current output mod
els. It is the maximum voltage swing allowed on the 
output current pin while still being able to maintain spec
ified accuracy. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D I A converter 
output. It is defined as a percent of FSR change in the 
output per percent of change in either the positive supply 
(+Vu ), negative supply (-Vee) or logic supply (V",,) 
about the nominal power supply voltages (see Figure 2). 
It is specified for DC or low frequency changes. The 
typical performance curve in Figure 2 shows the effect of 
high frequency changes in power supply voltages. 

REFERENCE SUPPLY 

All models have an internal low-noise +6.3V reference 
voltage derived from an on-chip buried zener diode. This 
reference voltage is available to the user. A minimum of 
200/LA is available for external loads. Since the output 
impedance of the reference output is typically 10, the 
external load should remain constant. 

If a varying load is to be driven by the reference supply, 
an external buffer amplifier is recommended to drive the 
load in order to isolate the Bipolar Offset (connected 
internally to the reference) from load variations. 
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FIGURE 2. Power Supply Rejection Versus Power 
Supply Ripple Frequency. 

,ElURN-IN SCREENING 

Burn-in screening is an option available for the entire 
DAC70BH/72BH family of products. Burn-in duration 
is 160 hours at the maximum specified grade operating 
temperature (or equivalent combination of time and 

::c 
£D 

~ ::c 
£D 
o 
I"
o 
<C 
C 

temperature). • 

All units are tested after burn-in to ensure that grade • 
specifications are met. To order burn-in, add" BI" to the 
base model number. 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. These capacitors (l/LF to 
10/LF tantalum recommended) should be located close to 
the DAC70BH/72BH. Electrolytic capacitors, if used, 
should be paralleled with O.OI/LF ceramic capacitors for 
best high frequency performance. 

EXTERNAL OFFSET AND GAIN 
ADJUSTMENT 
Offset and gain may be trimmed by installing external 
offset and gain potentiometers. Connect these potentio
meters as shown in the Connection Diagram and adjust 
as described below. TCR of the potentiometers should 
be 100ppm/oC or less. The 3.9MO and 51OkO resistors 
(20% carbon or better) should be located close to the 
DAC70BH/72BH to prevent noise pickUp. If it is not 
convenient to use these high-value resistors, an equival
ent "T" network, as shown in Figure 3, may be substi
tuted in place of the 3.9MO. A O.OOI/LF to O.OI/LF 
ceramic capacitor should be connected from Gain Adjust 
(pin 22) to common to prevent noise pickUp. Refer to 
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O----N-I'-----O == />---"Nr. --J~-...J'N'.....--o 
3.9MO 1"0 ~ 1"0 

'Okol 
FIGURE 3. Equivalent Resistances. 
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/"','" /' RANGE OF ¥{ ~ GAIN ADJ. 

/f .. If 
"'<if 
/~ 

INPUT = . ~ ,.ir' GAINADJ. 
FFFFH J~ ROTATES 

/ 
.. .t THE LINE 
.. " INPUT = ooooH ZERO AOJ'lj 

ZERO ADJ. "'-IH-+-+-+""*IH--t-+-H-( 
TRANSLATES r
THE LINE I DIGITAL INPUT 

FIGURE 4. Relationship of Offset and Gain Adjust
ments for a Unipolar Dj A Converter. 

Figures 4 and S for relationship of offset and gain 
adjustments to unipolar and bipolar DjA converters. 

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) configurations, apply the digital 
input code that should produce the maximum negative 
output voltage. The COB model is internally connected 
for a 20V FSR range where the maximum negative out
put voltage is -IOV. See Table II for corresponding 
codes and the Connection Diagram for offset adjustment 
connections. Offset adjust should be made prior to gain 
adjust. 

I 
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Ringe 01 
. OIllIlAdj,l 

011111 Adl . ..L 
Trlnliliel -r
Ihe lin. 4 Olglill Inpul 

All bill 
logic 0 

0fI1II 

FIGURE S. Relation~hip of Offset and Gain Adjust
ments for a Bipolar D A Converter. 

GAIN ADJUSTMENT 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive out
put voltage. Adjust the gain potentiomenter for this pos
itive full scale voltage. See Table II for positive full scale 
voltages and the Connection Diagram for gain adjust
ment connections. 

INSTALLATION 
CONSIDERATIONS 
This Dj A converter family is laser-trimmed to 14-bit 
linearity. The design of the device makes the 16-bit reso
lution available. If 16-bit resolution is not required, bit IS 
and 16 should be connected to V"" through a single lkO 
resistor. 

Due to the extremely-high resolution and linearity of the 
D j A converter, system design problems such as ground
ing and contact resistance become very important. For a 
16-bit converter with a +IOV full-scale range, lLSB is 
IS3j.1V. With a load current of SmA, series wiring and 

TABLE II. Digital Input and Analog Output Relationships. 

VOLTAGE OUTPUT MODELS 

Analog Output 

Unipolar Bipolar 

Digital Input Code 16-bIt 15-bIt 14-bIt 16-bIt 15-bIt 14-bII 

One LSB (PV) lS3 30S 610 30S 610 1224 
ooooH (V) +999985 +999969 +999939 +9.99969 +9.99939 +999878 
FFFFH (V) 0 0 0 -10.0000 -10.0000 -10.0000 

CURRENT OUTPUT MODELS 

Analog Output 

Unipolar Bipolar 

Digital Input Code 16-bIt lS-blt 14-bII 16-bIt lS-blt 14-bII 

One LSB (PA) 0031 0.081 0.122 0031 0081 0.122 
ooOOH (mA) -199997 -199994 -199988 -099997 -0.99994 -0.99988 
FFFFH (mA) 0 0 0 +100000 +100000 +100000 
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connector resistance of only 30mO will cause the output 
to be in error by I LSB. To understand what.this means 
in terms of a system layout, the resistance of #23 wire is 
about 0.0210jft. Neglecting contact resistance, less than 
18 inches of wire will produce a I LSB error in the analog 
output voltage! 

In Figures 6, 7, and 8, lead and contact resistances are 
represented by R, through Rs. As long as the load resist
ance RL is constant, R2, simply introduces a gain error 
and can be removed during initial calibration. RJ is part 
of RI., if the output voltage is sensed at Common, and 
therefore introduces no error. If RL is variable, then R2 
should be less than Rl.mmj 2'6 to reduce voltage drops due 
to wiring to less than I LSB. For example, if RLmm is 
5kfl, then R, should be less than 0.080. RL should be 
located as close as possible to the D j A converter for 
optimum performance. The effect of R4 is negligible. 

In many applications it is impractical to sense the output 
voltage at the output pin. Sensing the output voltage at 
the system ground point is permissible with the DAC70 
family because the D j A converter is designed to have a 
constant return current of approximately 2mA flowing 
from Common. The variation in this current is under 
20!",A (with changing input codes), therefore R4 can be as 
large as 3fl without adversely affecting the linearity of 
the Dj A converter. The voltage drop across R4 (R4 X 
2mA) appears as a zero error and can be removed with 
the zero calibration adjustment. This alternate sensing 
point (the system ground point) is shown in Figures 6, 7, 
and 8. 

Figures 7 and 8 show two methods of connecting the 
current output models with external precision output op 
amps. By sensing the output voltage at the load resistor 

CS8-V MODELS 

R, ~ SkO "" I You, 

~f .,], 
COMMON ~ 

AlTERNATE SROUND R ~SENSE OUTP:'T 
SENSE CONNECTION ---~ / +V 

TO +Vee .1. 
+ r IpF i / COM ±ISVOC 

TO -Vee 

TO Voo 

+1= Ipr ~ -V SUPPLY 

~SYSTEM GROUND POINT 

COM +SVDC 
SUPPLY 

*R, = 2kO (VOLTAGE OUTPUT MODELS) 

FIGURE 6. Output Circuit for Voltage Models. 

CURRENT OUTPUT MODELS 

SYSTEM GROUND POINT 

TO Voo _-:-1"'-=--_+-_+_V" 
+ IpF COM 

+SVDC 
SUPPLY 

t R. should be equal to the .. tput impedance at the current output to com· 
pensate lor the bias current drift of A,. Use standard 10%. 1/ 4W corbon 
composition or equivalent resistors. 

FIGURE 7. Preferred External Op Amp 
Configuration. 

CURRENT OUTPUT MODELS 
SENSE 

OUTPUT 

~~\ 

R, j 

R, 

TO +Vee --1~--¥-'-'-t R5+R7 =RF+Rl 
±ISVDC I R, = RDAe 

TO -Vee --~~--+~~-t SUPP~ I 

SYSTEM GROUNO POINT 

TO VDD +V +SVDC I 
--:-::!-=---t---C"'O"'M; SUPPLY , 

FIGURE 8. Differential Sensing Output Op Amp 
Configuration. 

Burr-Brown Ie Data Book 6.1-11 Vol. 33 

::a:: 
to 
N 
t:: 
::a:: 
to 
o ..... o 
<C 
Q 

III 
C/) 
0: w 
I-
0: 
w 
> z o o 
<C o 
Z o 

~ z 
w :e 
:::> 
0: 

~ 
Z -



(i.e., by connecting RF to the output of A, at Rd, the 
effect of R, and R2 is greatly reduced. R, will cause a gain 
error but is independent of the value of Rl and can be 
eliminated by initial calibration adjustments. The effect 
of R2 is negligible because it is inside the feedback loop 
of the output op amp and is therefore greatly reduced by 
the loop gain. 

If the output cannot be sensed at Common or the system 
ground point as mentioned above, the differential output 
circuit shown in Figure 8 is recommended. In this circuit 
the output voltage is sensed at the load common and not 
at the 0/ A converter common as in the previous cir
cuits. The value of R6 and R7 must be adjusted for max
imum common-mode rejection at Rl . Note that if R3 is 
negligible, the circuit of Figure 8 can be reduced to the 
one shown in Figure 7. Again the effect of R. is negligi
ble. The 0/ A converter and the wiring to its connectors 
should be located to provide optimum isolation from 
sources of RFI and EM!. The key concept in elimination 
of RF radiation or pickup is loop area; therefore, signal 
leads and their return conductors should be kept close 
together. This reduces the external magnetic field along 
with any radiation. Also, if a single lead and its return 
conductor are wired close together, they present a small 
flux-capture cross section for any external field. This 
reduces radiation pickup in the circuit. 

APPLICATIONS 
DRIVING AN EXTERNAL OP AMP WITH 
CURRENT OUTPUT DACs 

The DAC70BH/72BH current output models will drive 
the summing junction of an op amp to produce an out
put voltage as shown in Figure 9. Use of the internal 
feedback resistor is required to obtain specified gain 
accuracy and low gain drift. 

FIGURE 9. External Op Amp Using Internal 
Feedback Resistors. 

Current output models can be scaled for any desired 
voltage range with an external feedback resistor, but at 
the expense of increased drifts of up to ±50ppm/oC. The 
resistors in the D/A converter ratio track to ±lppm/oC 
but their absolute TCR may be as high as ±50ppm/oC. 

An alternative method of scaling the output voltage of 
the D/A converter and preserving the low gain drift is 
shown in Figure 10. 

OUTPUTS LARGER THAN 20-VOL T RANGE 

For output voltage ranges larger than ±IOV, a high volt
age op amp may be employed with an external feedback 
resistor. Use lOUT values of ±lmA for bipolar voltage 
ranges and -2mA for unipolar voltage ranges (see Fig
ure II). Use protection (:liodes as shown when a high 
voltage op amp is used. 

'R,. R, TCR < ±lOppm/'C 

FIGURE 10. External Op Amp Using Internal and 
External Feedback Resistors to Maintain 
Low Gain Drift. 

FIGURE 11. External Op Amp Using External 
Feedback Resistors. 

VOUT 
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BURR-BROWN® 

IElElI DAC71 

Monolithic 16-Bit 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 16-BIT RESOLUTION 
• ±O.003% MAXIMUM NONLINEARITY 
• LOW DRIFT ±7ppm/oC. (TYPICAL) 
• MONOLITHIC CONSTRUCTION 
• EXACT DAC71 HYBRID REPLACEMENT 
• MONOTONIC (AT 14 BITS) OVER FULL 

SPECIFICATION TEMPERATURE RANGE 
• CURRENT AND VOLTAGE MODELS 

DIGITAL 
INPUTS 

16·BIT 
LADDER 

RESISTOR 
NETWORK 

AND 
CURRENT 
SWITCHES 

I 
I 
I 

DESCRIPTION 
The DAC71 is a complete l6-bit digital-to- analog 
converter that includes a precision buried-zener volt
age reference and a low-noise, fast-setting output 
operational amplifier (voltage output models), all on 
one small monolithic chip. A combination of cur
rent-switch design techniques accomplishes not only 
l4-bit monotonicity over the entire specified temper
ature range but also a maximum end-point linearity 
error of ±O.003% of full-scale range. Digital inputs 
are complementary binary coded and are TTL-, 
LSTTL-, 54f74C-, 54f74HC-compatible over the 
entire temperature range. Outputs of 0 to +IOV, 
±IOV, 0 to -2mA, and ±lmA are available. 

This D / A converter is packaged in a hermetic 24-pin 
ceramic side-brazed package. 

I-.-"""'v-...... REFERENCE OUTPUT 

SUMMING JUNCTION 
COMMON 

OUTPUT 

1_ 1 
L"': ___ J 

VOLTAGE 
MODELS 

ONLY 

- GAIN AOJUST 
"--+Vcc 
--Vee 

- Voo 

Inlernational Airport Induslrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. 16021 746·1111 • Twx: 910·852·1111 • Cable: BBRCDRp· Telex: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
TYPical at TA = +25°C and rated power supplies unless otherwise noted 

MODEL DAC71 

MIN TYP MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolution, ese, COB 16 Bits 
DIQltalinputs11J 

v'" +24 +55 V 

V" 0 +04 V 
IIH VI=+27V +40 pA 
IIL VI=+04V -16 mA 

TRANSFER CHARACTERISTICS 

ACCURACy'21 
Linearity Error At +25QC i0003 %of FSRf31 

Gam Errorl41 Voltage tOOl to 10 % 
Current to 05 ±025 % 

Offset Errorl41 

Voltage Unipolar iO 10 ±2 mV 
Voltage Bipolar ±5 mV 
Current Unipolar ±1 pA 
Current Bipolar t5 pA 

Monotonlclty Temperature 
Range (14 bits) 0 +70 'C 

DRIFT (OVER SPECIFIED 
TEMPERATURE RANGE) 
Total Bipolar Drift 

(Includes Gam, Offset, 
and lmearlty Dnft)'51 

Voltage t7 ±15 ppm of FSRI'C 
Current i15 ±50 ppm of FSRI'C 

Total Error Over 
Temperature Range 

Voltage, Unipolar ±0083 % of FSR 
Voltage, Bipolar ±0071 % of FSR 
Current, Unipolar ±023 % of FSR 
Current, Bipolar ±023 % of FSR 

Gain Voltage ±20 ppm/'C 
Current ±60 ppm/'C 

Offset Voltage, Unipolar ±1 ±2 ppm of FSR/'C 
Voltage, Bipolar ±10 ppm of FSR/'C 
Current, Unipolar ±1 ppm of FSRI'C 
Current, Bipolar ±40 ppm of FSR/'C 

Differential Llneanty over 
Temperature ±2 ppm of FSR/'C 

linearity over 
Temperature ±2 ppm of FSRI'C 

SETTLING TIMEI6) 

Voltage Models 
(to ±O 003% of FSR) 

Oulput 20V Step 5 10 IJ$ 
1lSB Stepl71 3 5 IJ$ 

Slew Rate 10 Vips 
SWitching TranslentlSI 500 mV 

Current Models 
(to ±o 003% of FSR) 

Output, 2mA step 
100 to 1000 load 1 IJ$ 
lkOload 3 IJ$ 

Burr-Brown Ie Data Book 

MODEL DAC71 

MfN TYP MAX UNfTS 

OUTPUT 

ANALOG OUTPUT 
Voltage Models 

Ranges CSB Oto+l0 V 
COB ±10 V 

Output Current ±5 mA 
Output Impedance (DC) 005 0 
Short Circuit Duration Indefinite to Common 

Current Models 
Ranges CSB Oto -2 mA 

COB ±1 mA 
Output Impedance 

Unipolar 40 kO 
Bipolar 245 kO 

Compliance ±25 V 

INTERNAL VOLTAGE 
REFERENCE 60 63 66 V 
MaXimum External 

Current ±200 pA 
Temperature Coefficient 

ofDnft tl0 ppm/'C 

POWER SUPPLY 
SENSITIVITY 
Unipolar Offset ±15VDC ±0001 % of FSR/% Vee 

+5VDC ±0001 % of FSR/% V" 
Bipolar Offset ±15VDC ±0004 % of FSR/% Vee 

+5VDC ±0001 %ofFSR/%V" 
Gain ±15VDC ±OOOI % of FSA/% Vee 

+5VDC ± 0005 %ofFSR/% V" 

POWER SUPPLY 
REQUIREMENTS 
Voltage ±145,+47 ±150,+50 ±155,+525 VDC 
Supply Drain 

±15VDC (no load) ±20 ±30 mA 
+5VDC (logIC supply) +5 +10 mA 

TEMPERATURE RANGE 
Specification 0 +70 'C 
Storage -60 +150 'C 

NOTES (1) Digital Inputs are TTL, LSTTL, 54/74C, 54/74HC, and 
54174HTC compatible over the operatmg voltage range of Voo = +5V to 
+15V and over the specified temperature range The Input sWitching 
threshold remains at the TTL threshold of 1 4V over the supply range of 
Voo = +SV to +15V. (2) Current-output models are specified and tested 
with an external output operational amplifier connected uSing the Internal 
feedback resistor In all parameters except settling time (3) FSR means 
full-scale range and IS 20V for the ±10V range (COB-V), 10V for the a to 
+10V range (CSB-V). FSR IS 2mA forthe tlmA range (COB-I) and theOto 
-2mA range (CSB-I) (4) Adjustable 10 zero with external trim potenti
ometer (5) With gam and zero errors adjusted to zero at +25°C. 
(6) MaXimum represents the 3u limit Not 100% tested for thiS parameter. 
(7) LSB IS for 14-blt resolution (8) At the major carry, 7FFFH to 8000H 
and 8000H to 7FFFH 
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PIN ASSIGNMENTS 

Pin 
I Models No 

,MSB, B,I' , 
BI12 2 
BI13 3 
BI14 4 
BIIS S 
BI16 6 
BI17 7 
BI18 8 
BI19 9 

B,I'O ,0 

B,I" " B,I,2 ,2 

B,I'3 ,3 

B,I'4 ,4 

B,I'S 'S 
,LSB, B,I'6 ,6 

RF 17 
+SVDC ,8 

-'SVDC ,9 
COMMON 20 

lOUT 2, 
GAIN ADJUST 22 

+1SVDC 23 
63V REF OUT 24 

CONNECTION DIAGRAM 

ORDERING INFORMATION 

MODELS 

V Models 

BII' ,MSB, 
BI12 
BI13 
Bil4 
BIIS 
BI16 
BI17 
BI18 
BI19 
B,I'O 
B,I1' 
B,I'2 
B,I'3 
B,I'4 
B,I'S 
B,I'6,LSB 
VauT 
+SVDC 
-'SVDC 
COMMON 
SUMMING JUNCTION 
GAIN ADJUST 
+1SVDC 
63V REF OUT 

·v~ 

NOTI::S 
(1) Can be tied to +Vcc 

Instead of having separate 
VOD supply 
(2) Oecouphng capacitors are 

01pFto1OpF 
(3) Potentiometers are 10kCl 

to100kCl 
(4) 5kO (CSB), 10kO (COB) 

Complementary Ollset Binary Coding 

DAC71-COB-1 lOUT DAC 
DAC71-COB+BI Burn-In Optlon'1J 
OAC71-COB-V VOUT DAC 
DAC71-COB+BI Burn-In Optlon'11 

Complemenlary Stralghl Binary Coding 

DAC71-CSB-1 lOUT OAe 
DAC71-CSB+BI Burn-In Optlon'11 
DAC71-CSB-V Siandard VOUT DAC 
DAC71-CSB-I-BI Burn-In OptlOn'1I 

NOTE 1) 160 hours al 8SoC or eqUivalenl See lexl 

Burr-Brown Ie Data Book 

MECHANICAL 

H P8cIuIge-24·Pln Hermetic Cenmlc 

NOTES: 
1. Leads In true position within 0,01" 

(.2Smm) Rand MMC at seating plane. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1238 1262 3145 3205 
B 586 602 1488 1529 
C 160 196 406 498 
D 016 020 041 051 
F 038 042 097 107 
G 100 BASIC 254 BASIC 
H 067 085 170 216 
J 008 012 020 030 
K 170 BASIC 432 BASIC 
L 600 BASIC 1524 BASIC 
N 040 060 102 152 

ABSOLUTE MAXIMUM SPECIFICATIONS 

+Vee to Common ................................... OV 10 +16.SV 
-Vee to Common .................................... OV 10 -16 SV 
+Voo to Common ................................... OVto+16SV 
Logic Inpuls 10 Common. .. .. .. .. . ...... .. .. .. .. .. .. ... OV to Vo. 
Maximum Power Dissipation ............................ 1000mW 
Lead Temperalure (10s) .................................. 300·C 

6.1-15 Vol. 33 
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DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

The DAC71 accepts complementary digital input codes 
in either binary format (CSB, Unipolar or COB, Bipo
lar). The COB models may be connected by the user for 
either complementary offset binary (COB) or comple
mentary two's complement (CTC) codes (see Table I). 

TABLE I. Digital Input Codes. 

Analog Output 

Digital Complementary Complementary Complementary 
Input Straight Binary Offset Binary Two's Complement 
Codes (CSB) (COB) (CTC)" 

0000" + Full Scale + Full Scale lLSB 
7FFF" ±1/2Full Scale Bipolar Zero - Full Scale 
8000H +1/2 Full Scale -lLSB + Full Scale 

-lLSB 
FFFF" Zero ~ Full Scale Bipolar Zero 

* Invert the MSB of the COB code with an external Inverter to obtain GTC 
code 

ACCURACY 

Linearity 
This specification describes one of the most important 
measures of performance of a D / A converter. Linearity 
error is the deviation of the analog output from a 
straight line drawn through the end points (all bits ON 
point and all bits OFF point). 

Differential Linearity Error 
Differential Linearity Error (DLE) of a D/ A converter is 
the deviation from an ideal ILSB change in the output 
from one adjacent output state to the next. A differential 
linearity error specification of ±I/ 2LSB means that the 
output step sizes can be between 1/2LSB and 3/2LSB 
when the input changes from one adjacent input state to 
the next. A negative DLE specification of no more than 
-ILSB (-0.006% for 14-bit resolution) insures monoto
nicity. 

Monotonicity 
Monotonicity assures that the analog output will increase 
or remain the same for increasing input digital codes. 
The DAC71 is specified to be monotonic to 14 bits over 
the entire specification temperature range. 

DRIFT 

Gain Drift 
Gain drift is a measure of the change in the full-scale 
range output over temperature expressed in parts per 
million per degree centigrade (ppm/°C). Gain drift is 
established by: (I) testing the end point differences for 
each D / A at tMIN, +25°C and tMAX; (2) calculating the 
gain error with respect to the +25°C value; and (3) divid
ing by the temperature change. 

Offset Drift 
Offset drift is a measure of the change in the output with 
FFFFH applied to the digital inputs over the specified 
temperature range. The maximum change in offset at 

tMIN or tMAX is referenced to the offset ·error at +25°C 
and is divided by the temperature change. This drift is 
expressed in parts per million of full scale range per 
degree centigrade (ppm of FSR/°C). 

SETTLING TIME 
Settling time of the D/ A is the total time required for the 
analog output to settle within an error band around its 
final value after a change in digital input. Refer to Figure 
I for typical values for this family of products. 
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~ at 0 o11-----~I----_+-_+-_+r_--1 u: o 
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.f 

0001L.----'""!!'~-...; ..... -~~--.... ~10~0 
001 

Settling Time (PS) 

FIGURE I. Final-Value Error Band Versus Full-Scale 
Range Settling Time. 

Voltage Output 
Settling times are specified to ±0.OO3% of FSR (±1/2LSB 
for 14 bits) for two input conditions: a full-scale range 
change of 20V (COB) or IOV (CSB) and a ILSB change 
at the "major carry," the point at which the worst-case 
settling time occurs. (This is the worst-case point since 
all of the input bits change when going from one code to 
the next). 

Current Output 
Settling times are specified to ±0.003% of FSR for a 
full-scale range change for two output load conditions: 
one for 100 to 1000 and one for 10000. It is specified 
this way because the output RC time constant becomes 
the dominant factor in determining settling time for 
large resistive loads. 

COMPLIANCE VOLTAGE 

Compliance voltage applies only to current output mod
els. It is the maximum voltage swing allowed on the 
output current pin while still being able to maintain speci
fied accuracy. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D/A converter 
output. It is defined as a percent of FSR change in the 
output per percent of change in either the positive supply 
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(+Vee), negative supply (-Vee) or logic supply (VDD) 
about the nominal power supply voltages (see Figure 2). 
I is specified for DC or low frequency changes. The typi
cal performance curve in Figure 2 shows the effect of 
high frequency changes in power supply voltages. 

OO~r-~Tn~~~~r-~Tn~~~~r-~Tn~ 

I I I !! I III ~ I 1: I ! II 
i 0 0251-+-++l+I!!I--+-1Tt+\llt--H+++IllI--i--'+i+Ill+--H~1+!I 

; I "I'", I I;, i: ! ! UI I c_ , -15V Supply 

I i' 
~ 0020 I-H+l+I!!I--+-t+l++llt--+-++++IllI--+++I++ll+--f'l...w!+1+!I 

~ : II I 
'0 : ' i I I 
i! 0 Olsl-+-++++IlII--+-4-I4tllI--+-++++IlII--+++I4tllI--H+++HlI 

,I ! 'I 
I, l'i,l I ~ 0 010 1-+-++++IlII--+++I4tllI--+-++++IlII--+++I4tllI--4I++++HlI 

~ I" : II' I I I~ - 'I J +15V 
'0 0 005I-H+l+I!!I--t-i ... '+++ illll--+++ Il4+Ht--+-++++!lIIt~S.:j!uP;;:PttIY~ 
i! ;: I I I ~ 

I Illi' i j.- ~~ 
O~~~==~~~~~~~ 

1 10 100 lk 10k lOOk 
Power Supply R,pple Frequency (Hz) 

FIGURE 2. Power Supply Rejection Versus Power 
Supply Ripple Frequency. 

REFERENCE SUPPLY 
All models have an internal low-noise +6.3V reference 
voltage derived from an on-chip buried zener diode. This 
reference voltage is available to the user. A minimum of 
200/lA is available for external loads. Since the output 
impedance of the reference output is typically 10, the 
external load should remain constant. 

If a varying load is to be driven by the reference supply, 
an external buffer amplifier is recommended to drive the 
load in order to isolate the Bipolar Offset (connected 
internally to the reference) from load variations. 

BURN-IN SCREENING 

Burn-in screening is an option available for the entire 
DAC71 family of products. Burn-in duration is 160 
hours at the maximum specified grade operating 
temperature (or equivalent combination of time and 
temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. These capacitors (I/lF to 
10/lF tantalum recommended) should be located close to 
the DAC71. Electrolytic capacitors, if used, should be 

paralleled with O.OI/lF ceramic capacitors for best high 
frequency performance. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external 
offset and gain potentiometers. Connect these potentio
meters as shown in the Connection Diagram and adjust 
as described below. TCR of the potentiometers should 
be 100ppm/oC or less. The 3.9Mfi and 51OkO resistors 
(20% carbon or better) should be located close to the 
DAC71 to prevent noise pickup. If it is not convenient to 
use these high-value resistors, an equivalent "T" net
work, as shown in Figure 3, may be substituted in place 
of the 3.9MO. A O.OOI/lF to O.OI/lF ceramic capacitor 
should be connected from Gain Adjust (pin 22) to com
mon to prevent noise pickup. Refer to Figures 4 and 5 
for relationship of offset and gain adjustments to unipo
lar and bipolar D/A converters. 

f>---J'N'.....--(J == ~~''''-~J-~'~~.---o 
3.9MCl I80kCl ~ I80kCl 

'OkCll 

FIGURE 3. Equivalent Resistances. 

+FULL -..I-rl
SCALE 

ILSB 

.1.. , 
"'" ,"/~ '"T ? .. , 

,0',"/ RANGE OF ¥{ '" GAIN ADJ. 
/f,.' 

"'<if ',0 
~ INPUT = ,~/i;' GAINADJ. 

RANGE OF ~ FFFFH "t" ROTATES 

ZERO ADJ'lll..-¥" THE LINE INPUT = OOOOH 

ADJ. ~~-+-+-+~IJ~I~I~~~I~,r r DIGITAL INPUT 

FIGURE 4. Relationship of Offset and Gain Adjust
ments for a Unipolar D/ A Converter. 

ILSB ..L 
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011111 Adl.l 

011111 AdI • ...L. 
Trlnllalel ..,
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~ ; 1. 1', 1':' •• 
Bipolar V ~/.. I ....... 
011111 \I/~ MSB ON 

/1'''' III Dlhars 
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All blls 
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FIGURE 5. Relationship of Offset and Gain Adjust
ments for a Bipolar Dj A Converter. 
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TABLE II. Digital Input and Analog Output Relationships. 

VOLTAGE OUTPUT MODELS 

Analog Output 

Unipolar Bipolar 

Digital Input Code 16-bit IS-bit 14-bit 16-bit 15-b.t 14-b.t 

One LSB (PV) 153 305 610 305 610 1224 
OOOOH (V) +999985 +999969 +999939 +999969 +999939 +999878 
FFFFH (V) 0 0 0 -100000 -100000 -100000 

CURRENT OUTPUT MODELS 

Unipolar 

DIQltallnput Code 16-b.t 15-b.t 

One LSB (PA) 0031 0061 
ooooH (rnA) -199997 -199994 
FFFFH (rnA) 0 0 

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) configurations, apply the digital 
input code that should produce the maximum negative 
output voltage. The COB model is intenially connected 
for a 20V FSR range where the maximum negative out
put voltage is -lOY. See Table II for corresponding 
codes and the Connection Diagram for offset adjustment 
connections. Offset adjust should be made prior to gain 
adjust. 

GAIN ADJUSTMENT 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive out
put voltage. Adjust the gain potentiomenter for this posi
tive full scale voltage. See Table II for positive full scale 
voltages and the Connection Diagram for gain adjust
ment connections. 

INSTALLATION 
CONSIDERATIONS 
This D/ A converter is laser-trimmed to 14-bit linearity. 
The design of the device makes the 16-bit resolution 
available. If 16-bit resolution is not required, bits 15 and 
16 should be connected to Voo through a single IkO 
resistor. 

Due to the extremely-high resolution and linearity of the 
D/ A converter, system design problems such as ground
ing and contact resistance become very important. For a 
16-bit converter with a ±IOV full-scale range, lLSB is 
l53/lV. With a load current of 5mA, series wiring and 
connector resistance of only 30mO will cause the output 
to be in error by lLSB. To understand what this means in 
terms of a system layout, the resistance of #23 wire is 
about 0.0210/ ft. Neglecting contact resistance, less than 
18 inches of wire will produce a ILSB error in the analog 
output Voltage! 

Analog Output 

14-b.t 16-bit 15-b.t 14-b.t 

0122 0031 0.061 0122 
-199988 -099997 -099994 -099988 

0 +100000 +100000 +100000 

In Figures 6, 7, and 8, lead and contact resistances are 
represented by Rl through R,. As long as the load resist
ance RL is constant, R2 simply introduces a gain error 
and can be removed during initial calibration. RJ is part 
of RL, if the output voltage is sensed at Common, and 
therefore introduces no error. If RL is variable, then R2 
should be less than RL MIN/2 16 to reduce voltage drops 
due to wiring to less than ILSB. For example, if RL MIN is 
5kO, then R2 should be less than 0.080. RL should be 
located as close as possible to the D/ A converter for 
optimum performance. The effect of R. is negligible. 

In many applications it is impractical to sense the output 
voltage at the output pin. Sensing the output voltage at 
the system ground point is permissible with the DAC71 
because the D/ A converter is designed to have a constant 

TO +Vcc 

TO -Vee 

TO Voo 
+ IpF 

VOUT 

±15VDC 
SUPPLY 

SYSTEM GROUND POINT 
+V 

COM +5VDC 
SUPPLY 

·R. = 2kn (VOLTAGE OUTPUT MODELS) 

FIGURE 6. Output Circuit for Voltage Models. 
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return current of approximately 2mA flowing from 
Common. The variation in this current is under 20j.lA 
(with changing input codes), therefore R. can be as large 
as 30 without adversely affecting the linearity of the 
D/A converter. The voltage drop across R. (R. X 2mA) 
appears as a zero error and can be removed with the zero 
calibration adjustment. This alternate sensing point (the 
system ground point) is shown in Figures 6, 7, and 8. 

Figures 7 and 8 show two methods of connecting the 
current output models with external precision output op 
amps. By sensing the output voltage at the load resistor 
(Le., by connecting RF to the output of AI at Rd, the 
effect of RI and R2 is greatly reduced. RI will cause a gain 
error but is independent of the value of RL and can be 
eliminated by initial calibration adjustments. The effect 
of R2 is negligible because it is inside the feedback loop 
of the output op amp and is therefore greatly reduced by 
the loop gain. 

If the output cannot be sensed at Common or the system 
ground point as mentioned above, the differential output 
circuit shown in Figure 8 is recommended. In this circuit 
the output voltage is sensed at the load common and not 
at the D / A converter common as in the previous circuits. 
The value of R. and R, must be adjusted for maximum 
common-mode rejection at RL. Note that if R3 is negligi
ble, the circuit of Figure 8 can be reduced to the one 
shown in Figure 7. Again the effect of R. is negligible. 

CURRENT OUTPUT MODELS 

TO Voo __ ~t"":"""-:-_+-_+:"':V:..t 
• lpF COM 

+tVDC 
SUPPLY 

H, 

~ H. Ihuuld bl equll 10 the autput Impedlnce 111111 currlnt aulpul 10 CIIII· 
PII1lll8 lor 1111 bll' current drift of A,. UII IIIndlrd 10%. 1I4W Clrl1en 
CDmpellUIR or Iqulnllnt rlllllOrl. 

FIGURE 7. Preferred External Op Amp 
Configuration. 

CURRENT OUTPUT MODELS 
SEIISE 

OUTPUT 

~-\ 
H, .) 

H, 

H.+R, =H.+H, 
±15VDC H. = HDAC 
SUPPLY 

TO VDD +V +5VDC 
--.-r"l-pF--+--co-M-i SUPPLY 

FIGURE 8. Differential Sensing Output Op Amp 
Configuration. 

The D/A converter and the wiring to its connectors 
should be located to provide optimum isolation from ... 
sources of RFI and EM!. The key concept in elimination ... 
of RF radiation or pickup is loop area; therefore, signal 
leads and their return conductors should be kept close 
together. This reduces the external magnetic field along 
with any radiation. Also, if a single lead and its return 
conductor are wired close together, they present a small 
flux-capture cross section for any external field. This 
reduces radiation pickup in the circuit. 

APPLICATIONS 
DRIVING AN EXTERNAL OP AMP WITH 
CURRENT OUTPUT DACs 

The DAC71 current output models will drive the sum
ming junction of an op amp to produce an output volt
age as shown in Figure 9. Use of the internal feedback 
resistor is required to obtain specified gain accuracy and 
low gain drift. 

Current output models can be scaled for any desired 
voltage range with an external feedback resistor, but at 
the expense of increased drifts of up to ±50ppm/oC. The 
resistors in the D/A converter ratio track to ±lppm/oC 
but their absolute TCR may be as high as ±50ppm/oC. 

An alternative method of scaling the output voltage of 
the D/A converter and preserving the low gain drift is 
shown in Figure 10. 
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OUTPUTS LARGER THAN 20V RANGE 
For output voltage ranges larger than ±IOV, a high volt
age op amp may be employed with an external feedback 
resistor. Use lOUT values of ±lmA for bipolar voltage 
ranges and -2mA for unipolar voltage ranges (see Fig
ure II). Use protection diodes as shown when a high 
voltage op amp is used. 

FIGURE 9. External Op Amp Using Internal 
Feedback Resistors. 

*R .. R. rCR < ±IOppm'"C 

FIGURE 10. External Op Amp Using Internal and 
External Feedback Resistors to Maintain 
Low Gain Drift. 

FIGURE 11. External Op Amp Using External 
Feedback Resistors. 

VOUT 
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11:11:11 DAC71-CCD 

High Resolution 
16-BIT DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 16-8IT. 4-OIGIT RESOLUTION 
• ±D.OO5% MAXIMUM NONLINEARITY 
• LOW DRIFT. ±7ppm/oC TYPICAL 
• CURRENT AND VOLTAGE MODELS 
• LOW COST 

6 3V Reference Out 

+15VDC 

GaIn Adjust 

Summing Junction 

Common 
5 
Q. -15VDC .5 

~ +5VDC 
2' c 

VOUT 

}~~' Jnputs 

DESCRIPTION 
The DAC71 is a high quality 16-bit hybrid IC D/ A 
converter available in a 24-pin dual-in-line ceramic 
package. 

The DAC71 with internal reference and optional 
output amplifier offers a maximum linearity error of 
±O.005% of FSR at room temperature and a maxi
mum gain drift of,±20ppm/oC over a temperature 
range of O°C to + 70°C. 
The DAC71-CCD accepts complementary 4-digit 
BCD TTL-compatible input codes. 

Packaged within the DAC71 are fast-settling switches 
and stable laser-trimmed thin-film resistors that let 
you select two output ranges: 0 to + IOVDC (DAC71-
CCD-V) and 0 to -1.25mA (DAC71-CCD-I). 

Jnlernllional Airport Induslrlal Park· P.O. Box 11400 . Tucson. Arizona 85734 . Tel. 16021 746·1111 • Twx: 910-952·1111 • Cabla' BBRCORP • Telax: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
TYPIcal at T A = 25°C and rated power supplies unless otherwise noted 

MODEL DAC71·CCD 

MIN TYP MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolution 4 DI91ts 
Logic Levels (TTL-Compatlble)(11 

Logical "1" (at +40pA) +24 +55 VDC 
Logical "0" (at -1 6mA) a +04 VDC 

TRANSFER CHARACTERISTICS 

ACCURACY 
lIneanty Error at 25°C ±0005 % of FSR '2I 
Gam Error(3) Voltage ±001 ±O 1 % 

Current ±005 ±025 % 
Offset Error(3) Voltage, Unipolar ±01 ±2 mV 

Current, Unipolar ±1 pA 
Monotonlclty, Temperature Range (14 bits) a +50 ·C 

DRIFT (Over specified temp range) 
Total Error over Temperature Range(4J 

Voltage, Unipolar ±0063 %of FSR 
Current. Unipolar ±023 %of FSR 

Gam Voltage ±20 ppm/·C 
Current ±60 ppmfOC 

Offset Voltage, Unipolar ±1 ±2 ppm of FSRfOC 
Current, Unipolar ±1 ppm of FSRfOC 

Differential Lmeanty over Temperature ±2 ppm of FSRfOC 
Lmeanty Error over Temperature ±2 ppm of FSRfOC 

SETTLING TIME 
Voltage Model (to ±O 005% of FSR) 

Output 20V Step 5 10 ps 
1 LSB Step(S) 3 5 ps 

Slew Rate 20 VIps 
Current Model (to ±0.005% of FSR) 

Output 2mA step, 100 to 1000 Load 1 ps 
1kO Load 3 ps 

SWitching Transient 500 mV 

OUTPUT 

ANALOG OUTPUT 
Voltage Model 

Range Oto+10 V 
Output Current ±5 mA 
Output Impedance (DC) 005 0 
Short-Circuit Duration Indefinite to Common 

Current Model 
Range Oto-125 mA 
Output Impedance, Unipolar 15 kO 
Compliance ±2.5 V 

INTERNAL REFERENCE VOLTAGE 60 63 66 V 
Maximum External Currentl6) ±200 pA 
Temperature CoeffiCient of Drrft ±10 ppmfOC 

POWER SUPPLY SENSITIVITY 
Unipolar Offset ±15VDC ±0001 %of FSR/%V, 

+15VDC ±0001 % of FSR/%V, 
Gain ±15VDC ±0001 % of FSR/%V, 

+5VDC ±O 0005 % of FSR/%Vs 

POWER SUPPLY REQUIREMENTS 
Voltage ±14 5, +4.75 ±15, +5 ±15 5, +5.25 VDC 
Supply Drain ±15VDC (no load) ±25 ±35 mA 

+5VDC (logic supply) ±20 ±35 mA 

TEMPERATURE RANGE 
Specification a +70 ·C 
Operating (double above Drrft Specs) -25 +85 ·C 
Storage -55 +100 ·C 

'NOTES (1) Adding external CMOS hex buffers CD4009A Will provide 15VDC CMOS Input compatibility. 
The percent change In output tJ.. Va as logiC 0 varies from 0 OV to +0 4V and logiC 1 changes from +2 4V to +5 OV 
on all Inputs IS less than a 006% of FSR (2) FSR means Full Scale Range and IS 20V for ±10V range, 10V for 
±5V range, etc (3) Adjustable to zero With external trrm potentiometer (4) With gain and offset errors 
adjusted to zero at 25°C (5) LSB IS for 14-blt resolution (6) MaXImum With no degradation of specifications 

Burr-Brown Ie Data Book 6.1-22 

MECHANICAL 

f 
B 

NOTE Leads in true position 
Within 0.10" (0.25mm) R at MMC 
at seating plane 

......... . 
24 13 

1 ~1 12 ---:-r-= -ro·········· ] 

',"":m_~:"~~~ 
Numbers may not be marked on 
package 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

1310 1360 3327 3454 

no B10 1956 2057 

C 150 210 3B' 533 

O'B 02' 046 053 

03' 050 '" 
100 BASIC 2 54 BASIC 

110 130 2 7. 3 30 

150 3B' , 35 

600 BASIC 1524 BASIC 

002 0'0 005 

OB' '05 267 

CASE. Ceramic 

MATING CONNECTOR: 245MC 

WEIGHT. 8-4 grams (0 3 oz ) 

HERMETICITY: Conforms to method 
1014, condition C, step 1 (fluorocarbon) 
of MIL·STD·883 (gross leak). 
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CONNECTION DIAGRAM 

10.FI 
-= 

+vs 

10kll 
10 

100kll 

-Vs 
10kll 

10 
100kll 

+vs 

-VS 

~----r------o+VL 

NOTE. Current Model 
does not contain A1 

DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

The DAC71 accepts comlementary digital input codes in 
decimal (CCD) format (see Table 1)_ 

TABLE L Digital Input Codes_ 

~ 
0 
0 
~ 
0 

F S bits ON 0110 U 
l) All 811s OFF 1111 

ACCURACY 

Linearity 

DIGITAL INPUT CODES 

ceo 

Complementary Coded 
Decimal 4 Digits 

0110 +Full Scale 

It" Zero 

'Inverllhe 
MSB of the 
COB code 

with an 
external 

Inverter to 
obtam eTC 

code 

This specification describes one of the truest measures of 
D 1 A converter accuracy. As defined it means that the 
analog output will not vary by more than ±O_005% max 
(CCD) from a straight line drawn through the end points 
(all bits ON and all bits OFF) at +25°C. 

Differential linearity 
Differential linearity error of a D 1 A converter is the 
deviation from an ideal ILSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±1/2LSB means that the output 
voltage step sizes can be anywhere from l/2LSB to 

PIN ASSIGNMENTS 

I Model Pin V Model 

(MSB)BI" 1 BI" (MSB) 
Bit 2 Bit 2 

BI'3 B" 3 
8114 4 BI,4 

B" 5 5 BI,5 

BI'6 6 B" 6 
Bit 7 Bit 7 
Blt8 Bit 8 
8119 BI19 

Blll0 10 Bit 10 
Bttll 11 Bit 11 

BI"2 12 BI"2 
Bit 13 13 BI"3 
8.114 14 Bit 14 

BI"5 15 Bit 15 
(LSB) BI116 16 B" 16 (LSB) 

R, 17 VOUT 
+5VDC lB +5VDC 

-15VDC 19 -15VDC 
COMMON 20 COMMON C lOUT 21 SUMMING JUNCTION 

GAIN ADJUST 22 GAIN ADJUST 0 
+15VDC 23 +15VDC 0 

63V REF OUT 24 6 3V REF OUT I ,.. 
..... 
0 « c 

31 2LSB when the input changes from one adjacent input &I 
stage to the next. 

Monotoniclty 
Monotonicity over O°C to +50°C is guaranteed. This 
insures that the analog output will increase or remain the 
same for increasing 14-bit input digital codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in parts per 
million per °C (see Figure 1)_ Gain Drift is established by: 
L testing the end point differences for each DAC71 

model at +25°C and the appropriate specification 
temperature extremes; 

+OOBr--------------------, 

Characteristic 

-00BO~----+~2~5~--------~+~70 
Temperature 1°C I 

FIGURE L Gain Orift Error (%) vs Temperature_ 
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2. calculating the gain error with respect to the +25°C 
value; and 

3. dividing by the temperature change. This is expressed 
inppmrC. 

Offset Drift is a measure of the actual change in output 
with all "I "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 FSR/°C). 

SETTLING TIME 

Settling time is the total time (including slew time) 
required for the output to settle within an error band 
around its final value after a change in input (see Figure 2). 

" ~ a: 0 1 I--'k--+-Pt----t----i 
,." 
~~ ,m 

~~ 
"0 V Models 

1 10 100 
Settling Time (ps) 

FIGURE 2. Full Scale Range Settling Time vs 
Accuracy. 

Voltage Output Models 
Settling times are 'specified to ±0.005% of FSR; one for 
maximum full scale range changes of 20V and one for a 
ILSB change. The ILSB change is measured at the major 
carry (Olll ... II to 1000 ... 00), the point at which the 
worst-case settling time occurs. 

Current Output Models 
Two settling times are specified to ±0.005% of FSR. 
Each is given for current models connected with two 
different resistive loads: IOn to lOon and 1000.0.. 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the output of the current models while 
maintaining specified accuracy. The typical compliance 
voltage of all current output models is +2.5V and 
maximum safe voltage swing permitted without damage 
is +5V. . 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D / A converter output. It is 
defined as a percent of FS R per percent of change in 
either the positive, negative, or logic supplies about the 
nominal power supply voltages (see Figure 3). 

"'" 01 Co 
Co 008 , 
m 006 
> 

-1SV Supply c 004 
.L-

" 0> ~ L c 002 
.11 +SV SUPPlY2 ~ ~ (.) 001 
"0 0008 oJ'. 
:;; 0006 
Co 0004 +1SV Supply 

g /' /'/ w 0002 
a: L L m 
"- 0001 
"0 1 10 100 1k 10k 100k 
oJ'. Power Supply Ripple Frequency I Hz', 

FIGURE 3. Power Supply Rejection vs Power Supply 
Ripple Frequency. 

REFERENCE SUPPLY 

All DAC7I models are supplied with an internal +6.3V 
reference voltage supply. This reference voltage (pin 24) 
has a tolerance of ±5% and is connected internally for 
specified operation. The zener is selected for a Gain Drift 
of typically ±3ppm/oC and is burned-in for a total of 168 
hours for guaranteed reliability. This reference may also 
be used externally but the current drain is limited to 
200/tA. An external buffer amplifier is recommended if 
the DAC71 internal reference is used externally in order to 
provide a constant load to the reference supply output. 

OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. These capacitors (l/tF tan
talum or electrolytic recommended) should be located 
close to the DAC71. Electrolytic capacitors, if used, 
should be paralleled with O.OI/tF ceramic capacitors for 
best high frequency performance. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external 
offset and gain potentiometers. Connect these poten
tiometers as shown in the Connection Diagram and 
adjust as described below. TCR of the potentiometers 
should be 100ppmrC or less. The 3.9Mn and 270kn 
resistors (20% carbon or better) should be locatt:d close 
to the DAC7I to prevent noise pickup. If it is not 
convenient to use these high-value resistors, an equivalent 
"T" network, as shown in Figure 4, may be substituted in 
place of the 3.9Mn. A O.OOI/tF to O.OI/tF ceramic 

3.9MO 
~ 

FIGURE 4. Equivalent Resistances. 
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capacitor should be connected from Gain Adjust (pin 22) 
to common to prevent noise pickup. Refer to Figure 5 
for relationship of offset and gain adjustments to unipolar 
and bipolar D / A converters. 

+Full Scale 

1LSB 

. .L 
'" ,,. 

","' "'./ --T 
~ , , 

"'", 0' / Range of 
~__ GainAdl 

:; 
Range of u. 

,1";"'\ 
All bits ,'V",'it" Gain Adl 
Logic 1_.t-' rotates 

OlfsetAdlll I ... '" the hne 

All bits 
LogIC 0 

OlfsetAdl ~~~~~~~+-~~~-( 
translates r
the hne I DIgItal Input 

FIGURE 5. Relationship of Offset and Gain Adjust
ments for a Unipolar D/ A Converter. 

onset Adjustment 
For unipolar configurations, apply the digital input code 
that should produce zero potential output and adjust the 
offset potentiometer for zero output. 

See Table II for corresponding codes and the Connection 
Diagram for offset adjustment connections. Offset adjust 
should be made prior to gain adjust. 

TABLE II. Digital Input and Analog Output 
Relationships. 

OUTPUT CODE 

DIGITAL INPUT CODE VOLTAGE CURRENT 

16-811 14-811 16-81t 14-BII 
Resolution Resolution Resolution Resolution 

Complementary Binary 4-0 19 11 4- 019 11 
Coded Decimal CCD Resolution Resolution 
o to +10V or 0 to -, 25m A NA NA 

One LSB ., OmV o 125,...A 
Full Scale 0110 01'0 -9999V -,24987mA 
All eitsOFF 1111 1,n Zero Zero 

Gain Adjustment 
For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive 
output voltage. Adjust the gain potentiometer for this 
positive full scale voltage. See Table II for positive full 
scale voltages and the Connection Diagram for gain 
adjustment connections. 

INSTALLATION 
CONSIDERATIONS 
Figure 6 shows the connection diagram for a voltage 
output DAC71. Lead and contact resistances are repre
sented by RI through Rs. As long as the load resistance 
Rd is constant. R2 simply introduces a gain error that 
can be removed during initial calibration. R3 is part of 
RL if the output voltage is sensed at Common (pin 20) 
and therefore introduces no error. If RL is variable then 
R2 should be less than RLm .. /216 to r~duce voltage drops 

due to wiring to less than lLSB. For example, if RLm .... 
SkO, then R2 should be less than 0.080. RL should be 
located as close as possible to the DAC7l for optimum 
performance . 

DAC71-CCD-V 

VOUT 

20
51kCl 

R. R'i 

17 ~] 
Common 20,~ ~ 

R. ~ Sense Output 

~~ __ 4-________ ~+~Vr-----~ 
To PIn 23~ 

COM ±15VDC 
Supply 

-v 
To PIn 19 ~'---t------------'-i ______ J 

+V,----, 
To PIn 18 -.------t----------; 

• 11lF COM +5VDC 
Supply 

FIGURE 6. Output Circuit for Voltage Models. 

Figures 7 and 8 show two methods of connecting current 

c 
o 
o • ,... 
£3 
oC c 

model DAC71s with the external precision output op _ 
amps. By sensing the output voltage at the load resistor • 
(i.e., by connecting RF to the output of AI at R I) the 
effect of RI and R2 is greatly reduced. RI will cause a 
gain error but is independent of the value of RL and can 
be eliminated during initial calibration. The effect of R2 
is negligible because it is inside the feedback loop of the 

DAC71-CCD-1 

To PIn 23,_-:-o.---____ +-~+±:v~----1 
r.-=-__ +-,C:::O:::M"'l ±15VDC 

-V Supply 
To PIn 19--'-----+----4 

To PIn 1S---,-r-:------!----+:..:V4 
• 11lF COM 

+5VDC 
Supply 

R, 

R, 

• R. should be equal to the output Impedance at Pm 21 to 
compenoete for the bIas current droft of A, Use standard 10% 
1I4W carbon composition or eqUivalent resistOrs 

FIGURE 7. Preferred External Op Amp Configuration. 
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output op amp and is therefore greatly reduced by the 
loop gain. If the output cannot be sensed at Common 
(pin 20), then the differental output circuit shown in 
Figure 8 is recommended. In this circuit the output 
voltage is sensed at the load common and not at the 
DAC common as in the previous circuits. The value of 
R6 and R7 must be adjusted for maximum common
mode rejection at R I • Note that if R3 is negligible, the 
circuit of Figure 8 can be reduced to the one shown in 
Figure 8 because Rs = (R7 + R,) II R6. In all three 
circuits the effect of R. is negligible. 

DAC71-CCD-1 

R5 + R7 = RF + R, 
R6 = ROAC R3 

R, 

fo Pin 23 
+v 

+ 11'F COM ±1SVDC 
+ 11'F 

To Pin 19 
-v Supply 

+v +SVDC 
To Pin 18 

+ Supply 11'F COM 

FIGURE 8. Differential Sensing Output Op Amp 
Configuration. 

The DAC71 and the wiring to its connectors should be 
located to provide optimum isolation from sources of 
RFI and EM!. The key word in elimination of RF 
radiation or pickup is loop area. Therefore, signal leads 
and their return conductors should be kept close together. 
This reduces the external magnetic field along with any 
radiation. Also, if a signal lead and its return conductor 
are wired close together, they present a small flux
capture cross section for any external field. This reduces 
radiation pickup in the circuit. 

NOTE: It is recommended that the digital input lines of 
the DAC71 be driven from inverters or buffers of TTL 
input registers to obtain specified accuracy. 

APPLICATIONS 
DRIVING AN EXTERNAL OP AMP WITH 
CURRENT OUTPUT DAC 

The DAC7!-CCD-I is a current output device and will 
drive the summing junction of an op amp to produce an 
output voltage (see Figure 9). The op amp output 
voltage is: 

VOUT = -lOUT RF 

Burr-Brown Ie Data Book 6.1-26 

FIGURE 9. External Op Amp Using Internal 
Feedback Resistors. 

where lOUT is the DAC7I output current and RF is the 
feedback resistor. Use of the internal feedback resistor 
(pin 17) is required to obtain specified gain accuracy and 
low gain drift. 

The DAC7I can be scaled for any desired voltage range 
with an external feedback resistor, but at the expense of 
increased drifts of up to ±25ppmj °C. The resistors in the 
DAC7I are chosen for ratio tracking of ±!ppmjOC and 
not absolute TCR (which may be as high at ±25ppmj°C). 

An alternative method of scaling the output voltage of 
the DAC7! and preserving the low gain drift is shown in 
Figure 10. 

'R" R, TCR < ±10ppm/OC 

FIGURE 10. External Op Amp Using Internal and 
External Feedback Resistors to Maintain 
Low Gain Drift. 

Vol. 33 



BURR-BROWN@ 

IElElI 
\ \ 
\ ' L -

DAC80 
DAC80P 
AVAILABLE IN 

DIE FORM 

Monolithic 12-Bit 
DIGITAL-TO-ANALOG CONVERTERS 

FEATURES 
• INDUSTRY STANDARD PINOUT 

• LOW POWER DISSIPATION: 345mW 

• FULL ±IOV SWING WITH Vcc = ±12VDC 

• DIGITAL INPUTS ARE TTL- AND CMOS-COMPATIBLE 

• GUARANTEED SPECIFICATIONS WITH ±12V AND 
±15V SUPPLIES 

• SINGLE-CHIP DESIGN 

• ±1I2LSB MAXIMUM NONLINEARITY, DoC to HO°C 

• GUARANTEED MONOTONICITY, DoC to HO°C 

• TWO PACKAGE OPTIONS: Hermetic side-brazed 
ceramic and low-cost molded plastic 

• SETTLING TIME: 4ps max to ±D.01% of Full Scale 

DESCRIPTION 
This monolithic digital-to-analog converter is pin
for-pin equivalent to the industry standard DAC80, 
first introduced by Burr-Brown. Its single-chip design 
includes the output amplifier and provides a highly 
stable reference capable of supplying up to 2.5mA to 
an external load without degradation of D / A 
performance. 

This converter uses proven circuit techniques to 
provide accurate and reliable performance over 
temperature and power supply variations. The use 
of a buried zener diode as the basis for the internal 
reference contributes to the high stability and low 
noise of the device. Advanced methods of laser 
trimming result in precision output current and 
output amplifier feedback resistors, as well as low 
integral and differential linearity errors. Innovative 
circuit design enables the DAC80 to operate at 
supply voltages as low as ±ll.4V with no loss in 

performance or accuracy over any range of output 
voltage. The lower power dissipation of this ll8-mil 
by l2l-mil chip results in higher reliability and 
greater long term stability. 

Burr-Brown has further enhanced the reliability of 
the monolithic DAC80 by offering a hermetic, side
brazed, ceramic package. In addition, ease of use 
has been enhanced by eliminating the need for a 
+5V logic power supply. 

For applications requiring both reliability and low 
cost, the DAC80P in a molded plastic package 
offers the same electrical performance over temper
ature as the ceramic model. The DAC80P is available 
with either voltage or current output. 

For designs that require a wider temperature range, 
see Burr-Brown models DAC85H and DAC87H. 
For designs that require complementary coded deci
mal inputs, see Burr-Brown model DAC80-CCD-V 
(-I). 

'"" t---<l>---- Reference 

Gain 
Adjustment 

Scalmg 
HH""",,IV.-<~IV-- Network 

Analog 
Output 

Offset 
~-____ AdJustmenl 

---+Supply 
----Supply 

InlemaliwlAlrporllndullrlal Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (602) 746·1111 . Twx· 91(1.952·1111 - Cable. BBRCDRP - T.lex: 66-8491 
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SPECIFICATIONS 
ELECTRICAL 
TYPical at +25'C and ±Vee: = 12V or 15V unless otherwise noted 

MODEL DAC80 

PARAMETER MIN TVP MAX UNITS 

DIGITAL INPUT 
Resolution 12 Bits 
Logic Levels (O'C to +70'C)'" 

V,H (Logic "1 ") +2 +165 VDC 
VIL (LogiC "0") 0 +0.8 VDC 
I'H (VIN = +24V) +20 "A 
III (V,N = +0.4V) -180 "A 

ACCURACY (at+25'C) 
Linearity Error ±114 ±1/2 LSB 
Differential Linearity Error ±1/2 ±3I4 LSB 
Gain Errorf21 ±01 ±03 % 
Offset ErrorC21 ±005 ±015 %01 FSR '3I 
DRIFT (O'C to +70'C)'4I 
Total bipolar drift (mcludes gain, 

offset, and linearity drifts) ±10 ±25 ppm 01 FSR/'C 
Total Error Over O°C to +70°C161 

Unipolar ±006 ±0.15 %01 FSR 
Bipolar ±008 ±012 %01 FSR 

Gain Including Internal Reference ±10 ±30 ppm/'C 
Excludmg Internal Reference ±5 ±10 ppm/'C 

Unipolar Offset ±1 ±3 ppm 01 FSRI'C 
Bipolar Offset ±7 ±15 ppm 01 FSRI'C 
Differential Lmeanty O'C to + 70'C ±1/2 ±3I4 LSB 
Lmesnty Error O'C to +70'C ±1/4 ±1/2 LSB 
Monotonlclty Guaranteed 0 +70 'C 

CONVERSION SPEED, VOUT model. 
SeHlIng Time to ±O 01% 01 FSR 

For FSR change (2kCl II 500pF load) 
with 10kCl Feedback 3 4 ". 
with 5kCl Feedback 2 3 ". 

For 1LSB Change 1 ". 
Slew Rate 10 VI". 
CONVERSION SPEED, lOUT moclol. 
Settling Time to ±O 01 % of FSR 

For FSR change. 10Cl to 100Cl load 300 ns 
1kCl load 1 ". 

ANALOG OUTPUT, VOUT models 
Ranges ±2 5, ±5, ±10, +5, +10 V 
Output Current'" ±5 I I mA 
Output Impedance (DC) 005 Cl 
Short CircUit to Common, Ouratlonm Indefinite 

ANALOG OUTPUT, lOUT model. 
Ranges. Bipolar ±O.96 ±10 ±104 mA 

Unipolar -1.96 -20 -204 mA 
Output Impedance Bipolar 2.8 3.2 37 kCl 

Unipolar 46 86 86 kCl 
Compliance -25 +25 V 

REFERENCE VOLTAGE OUTPUT +6.23 +630 +637 V 
External Current (constant load) 25 mA 
Drift vs Temperature ±10 ±20 ppm/'C 
Output Impedance 1 Cl 

POWER SUPPLY SENSITIVITY 
Vee: = ±12VDC or ±15VDC ±OO02 ±0.006 % FSRI % Vcc 

POWER SUPPLY REQUIREMENTS 
±Vcc ±11.4 ±165 VDC 
Supply Dram (no load). +Vee 8 12 mA 

-Vee 15 20 mA 
Power DiSSipation (Vee = ±15VDC) 345 480 mW 

TEMPERATURE RANGE 
Specification 0 +70 'C 
Operatmg -25 +85 'C 
Storage. Plastic DIP -60 +100 'C 

Ceramic DIP ~ +150 'C 

NOTES (1) Refer to "LogiC Input Compatibility" section (2) Adlustable to zero with 
external trim potentiometer. (3) FSR means full scale range and IS 20V. for ±10V range, 
10V for ±5V range for VOUT models; 2mA for lOUT models (4) To mamtaln drift spec, 
Internal feedback resistors must be used (5) Includes the effects of gam, offset and 
Imeanty drift Gam and offset errors externally adjusted to' zero at +25'C. (6) For ±Vcc 
less than ±12VDC, limit output current load to ±2.5mA to maintain ±10V full scale output 
voltage sWing For output range of ±5V or less. the output current IS ±5mA over entire ±Vcc 
range (7) Short Circuit current IS 4OmA, max 
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I. 

Hermetic Ceramic 24·Lead DIP 

0 
13 

,. 
A F...J~I 

INCHES MILLIMETERS 
MIN MAX MAx 

'" 015 021 053 ...... 
eDO SASIC 162 •• "'$IC' 

100 -00 

NOTE 
Leads In true pOSition 
Within a 010'" (025mm) 
A at MMC at sealing plane 

Pm numbers shown for 
reference only Numbers 
may not be marked on 
package 

PIN Pm matenal and 
plating composition co.,
form to method 2003 
(solderability) of MIL
STD-883 (except para
graph 3 2) 

HEAMETICITY Con
forms to Method 1014. 
Condition A 1 or A2 (fine 
leak) and Condl'tlon C 
(gross leak), Metal lid of 
package IS connected to 
-Vee Internally 

CASE CeramiC 

MATING CONNECTOR 
0245MC 
WEIGHT 4 1 grams 
(0 '50z) 

Molded Plastic 24·Lead DIP 

A 
,n,,n,,n,,n,,n,,n,,n,,n, ,,n,,,, 

D 0 0 
1 

B 

J 
':III~"-uu"Uv- ... 
. H F 

~fM@ 

'~L3 NOTE 
Leads In true POSition 
Within 0 010" (0 25mm) 

M A at MMC at seating plane 

INCHES MILLIMETERS PIN Pin matenal and .... MI' .... ..,. ..., plating composition con-

• t .... ,.t •• 1'.11 11.11 ' form to method 2003 .... .. " tI.t7 t4,., (solderability) of MIL-
e .t" •• 14 4.1' '.10 STD-883 (except para-

,at' ... .. graph 32J • ... .0'1 t.OI , .. ,. 
G ,.tOO IAIIC ........... te 
H .010 . 010 0.71 •• CASE PlastiC 

• Alli.J!.' 0.10 0." 

• ., 1.'4 a." MATING CONNECTOR 
.too IAII ,'.14 .... 11 0245MC 

o· , . .. ,.. 
WEIGHT 3 7 grams • • Ote .011 ••• 0.18 
(0 130z) 
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FUNCTIONAL DIAGRAM AND PIN ASSIGNMENTS 

Voltage Models Current Models 

(MSB) Bit 1 24 6 3V Reference Out (MSB) Blt1 6 3V Reference Out 

81t2 Gain Adjust 

+Vcc Blt3 +Vee 

Common Blt4 ' Common 

Summmg Junction Blt5 Scaling Network 

20VRange Blt6 Scaling Network 

10V Range Blt7 Scaling Network 

Bipolar Offset Blt8 Bipolar Offset 

Reference I n put BI19 Reference Input 

VOUT 81t10 lOUT 

Blt11 Blt11 -Vee 

(LSB) Bit 12 (LSB) Bit 12 NC' 

*Loglc supply applied to this pin has no effect 

BURN-IN SCREENING 
Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI"to the 
base model n.umber. 

ABSOLUTE MAXIMUM RATINGS 

+Vcc to Common 
-Vcc to Common 
DigItal Data Inputs to Common 
Reference Output to Common 
Reference Input to Common 
Bipolar Offset to Common 
10V Range R to Common 
20V Range R to Common 
External Voltage to DAC Output 
Lead Temperature, Soldering 
Max Junction Temperature 
Thermal ResIstance, 8J.: Plastic DIP 

CeramIc DIP 

OV to +18V 
OV to -18V 

-1V to +18V 

±Vcc 
±Vcc 
±Vcc 
±Vcc 
±Vcc 

-5Vto +5V 
+300°C,10s 

. 165°C 
100°C/W 

65°C/W 
Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. Exposure to absolute max
imum conditions for extended periods may affect device reliability. 

ORDERING INFORMATION 

Model Package Oulpul 
DAC80-CBI-1 CeramiC DIP Current 
DAC80Z-CBI-1 Ceramic DIP Current 
DAC80-CBI-V Ceramic DIP Voltage 
DAC80Z-CBI-V Ceramic DIP Voltage 
DAC80P-CBI-1 PlastiC DIP Current 
DAC80P-CBI-V Plastic DIP Voltaoe 
BURN-IN SCREENING OPTION 

Burn-In Temp. 
Model Packaae (160h)'" 

DAC80-CBI-V-BI Ceramic DIP +125°C 
DAC80P-CBI-V-B PI.,.io niP +""0,-, 

NOTE (1) Or eqUIvalent combmatlon See text 

DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

The DAC80 accepts complementary binary digital input 
codes. The CBI model may be connected by the user for 
anyone of three complementary codes: CSB, COB, or 
CTC (see Table I). 

TABLE I. Digital Input Codes. 

DIGITAL INPUT ANALOG OUTPUT 

CSB COB eTC' 
Comp. Compl. Compl 

MSB LSB Straight Offset Two's 

! ! Binary Binary Compl 

OOOOOOOOOOOO 
0111"1"'1' 
100000000000 +Full Scale +Full Scale -1LSB 
11'11111"11 +1/2 FUll Scale Zero -Full Scale 

112 Full Scale -1 LSB -1LSB -Full Scale 
Zero -Full Scale Zero 

• Invert the MSB of the COB code with an external inverter to obtain 
CTC code. 
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ACCURACY 
Linearity of aD/A converter is the true measure of its 
performance. The linearity error of the DAC80 is specified 
over its entire temperature range. This means that the 
analog output will not vary by more than ±1/2LSB, 
maximum, from an ideal straight line drawn between the 
end points (inputs all "I "s and all "0"8) over the specified 
temperature range of O°C to +70°C. 

Differential linearity error of aD/A converter is the 
deviation from an ideal ILSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±1/2LSB means that the output 
voltage step sizes can range from 1/2LSB to 3/2LSB 
when the input changes from one adjacent,input state to 
the next. 

Monotonicity over a O°C to +70°C range is guaranteed 
in the DAC80 to insure that the analog output will 
increase or remain the same for increasing input digital 
codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in parts per 
million per °C (ppm/oq. Gain drift is established by: I) 
testing the end point differences for each DAC80 model 
at O°C, +25°C and +70°C; 2) calculating the gain error 
with respect to the 25°C value and; 3) dividing by the 
temperature change. This figure is expressed in ppm/"C 
and is given in the electrical specifications both with and 
without internal reference. 

Offset Drift is a measure of the actual change in output 
with all "I "s on the input over the specified temperature 
range. The offset is measured at O°C, +25°C and +70°C. 
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 FSR("q. 

SETTLING TIME 

Settling time for each DAC80 model is the total time 
(including slew time) required for the output to settle 
within an error band around its final value after a change 
in input (see Figure I). 

it 03 
., 
Cl c: 
co 01 
0:: 

~~ 
5c? 003 

~~ 
"0 001 
E ., 
E 
" 0. 0003 RL == 

10000 to 
187SCl 

0001 
0,1 10 100 

Settling TIme (PS) 

FIGURE I. Full Scale Range Settling Time vs Accuracy. 

Voltage Output Models 
Three settling times are specified to ±0.01% of full scale 
range (FSR); two for maximum full scale range changes 
of 20V, IOV and one for a ILSB change. The ILSB 
change is measured at the major carry (0111 ... II to 
1000 ... 00), the point at which the worst case settling 
time occurs. 

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: 100 to 1000 and 10000 to 18750. Internal 
resistors are provided for connecting nominal load 
resistances of approximately 10000 to 18~00 for output 
voltage range of±IVand 0 to -2V (see Figures II and 12). 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the current output node in order to maintain 
specified accuracy. The maximum compliance voltage of 
all current output models is ±2.5V. Maximum safe 
voltage range of ± I V and 0 to -2V. (See Figures II and 
12). 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive or negative supplies about the nominal 
power supply voltages (see Figure 2). 

01 

~ 
5; ., 
g> 

6 00 

"0 
1 

#. 
[ 

~ 000 

~ 
"0 
#. 

0,000 

1 

1 
1 

, 
-Vee 

" ~ 

+Vee 

10 100 1k 10k 100k 

Power Supply Ripple Frequency (Hz) 

FIGURE 2. Power Supply Rejection vs Power Supply 
Ripple. 

REFERENCE SUPPLY 

All DAC80 models are supplied with an internal 6.3V 
reference voltage supply. This voltage (pin 24) has a 
tolerance of±l% and must be connected to the Reference 
Input (pin 16) for specified operation. This reference may 
be used externally also, but external current drain is 
limited to 2.5mA. 
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If a varying load is to be driven, an external buffer 
amplifier is recommended to drive the load in order to 
isolate bipolar offset from load variations. Gain and 
bipolar offset adjustments should be made under constant 
load conditions. 

LOGIC INPUT COMPATIBILITY 
DAC80 digital inputs are TTL, LSTTL and 4000B, 
54f74HC CMOS compatible. The input switching 
threshold remains at the TTL threshold over the entire 
supply range. 

Logic "0" input current over temperature is low enough 
to permit driving DAC80 directly from outputs of 4000B 
and 54f74C CMOS devices. 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 
Connect power supply voltages as shown in Figure 3. 
For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown. 
These capacitors (lI'F tantalum) should be located close 
to the DAC80. 

±12V OPERATION 
All DAC80 models can operate over the entire power 
supply range of ±1l.4V to ±16.5V. Even with supply 
levels dropping to ±1l.4V, the DAC80 can swing a full 
±IOV range, provided the load current is limited to 
±2.5mA. With power supplies greater than ±i2V, the 
DAC80 output can be loaded up to ±5mA. For output 
swing of ±5V or less, the output current is ±5mA, min. 
over the entire Vee range. 

Voltage Output Models 

+Vee 

10kO 
I--_""'"",~ to 

100kO 

-Vee 

I-~_"""_~ 1~~O 
100kO 

+vcc 

-Vee 

No bleed resistor is needed from +Vcc to pin 24, as was 
needed with prior hybrid Z versions of DAC80. Existing 
± 12V applications that are being converted to the mono
lithic DAC80 must omit the resistor to pin 24 to insure 
proper operation. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external 
Offset and Gain potentiometers. Connect these poten
tiometers as shown in Figure 3 and adjust as described 
below. TCR of the potentiometers should be 100ppm/oC 
or less. The 3.9MO and IOMO resistors (20% carbon or 
better) should be located close to the DAC80 to prevent 
noise pickUp. If it is not convenient to use these high 
value resistors, an equivalent "T" network, as shown in 
Figure 4, may be substituted. 

o--Nv--<) 

10MO 

o--Nv--<) 

39MO 

270kO 270kO 

~010kO 
180kll ':' 180kO 

~ 
FIGURE 4. Equivalent Resistances. 

Existing applications that are converting to the mono
lithic DAC80 must change the gain trim resistor on pin 
23 from 33MO to IOMO to insure sufficient adjustment 
range. Pin 23 is a high impedance point and a 0.00 II' I F to 
O.OII'F ceramic, capacitor should be connected from this 
pin to Common (pin 21) to prevent noise pickUp. Refer 
to Figure 5 for relationship of Offset and Gain adjust
ments to unipolar and bipolar D/A operation. 

Current Output Models 

+Vee 

10kO 
I--...... ....,.,.,.~ to 

100kO 

-Vee 

.-__ ~1~~O 

100kO 

+Vee 

-Vee 

FIGURE 3. Power Supply and External Adjustment Connection Diagrams 
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Unipolar ~~ ,.i Range of 
+ Full Scale ~ -:/. Goon Adjust 

"5 1LSB ~;JI'#.JOT 

S- " ~:':/ <5 ~ & .Jf! ' 
.Q Range 01 ~; ~~ ~~t~ ,... JF"" 
~ Offset .r a:: L 9 :f?-" Gain Adjust 

, the ~one All Bits 
« AdJust:11 .II' Rotates 

Offset Adlust ,..' Logic 0 
Translates t .--
the Lone I Digital Input 

Bipolar h + Full 1. 
Scale /.. Range of 

lLSBJ , ,.; Goon Adjust 
:; 
c. 
:; 
a 

Full Scale .(~ " T 
Range ~ ~I f '\--Gain Adjust 

All Bits '" ~I ,-/ Rotates 
Logic 1 " J. ~,. the line 

Range of BIP~'.r ,r I'MSB On. "-
Off Offset i- All Others '" All Bits 

set II ; Logic 0 
Adjust 1" Off 

Offset Ad,ust ." V Full Scale 
Translates • ' _ 
the Lone t T Digital Input 

FIG URE 5. Relationship of Offset and Gain Adjustments 
for a Unipolar and Bipolar D/ A Converter. 

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. Example: If the Full Scale Range is connected 
for 20V, the maximum negative output voltage is -lOY. 
See Table II for corresponding codes. 

TABLE II. Digital Input/ Analog Output. 

ANALOG OUTPUT 

DIGITAL INPUT VOLTAGE * CURRENT 

MSB LSB o to +10V ±10V Oto -2m": ±lmA 

6oooo000000b +9 9976V +99951V -19995mA -0 9995mA 
011111111111 +50000V o OOOOV -10000mA OOooOmA 
100000000000 +49976V -00049V -o9995mA +OOOOSmA 
111111111111 OOOOOV -10OOOOV OOOOOmA +l000mA 

One LSB 244mV 486mV o 488"A 0.488"A 

* To obtain values for other binary ranges 
o to +5V range divide 0 to +10V range values by 2 
±5V range' divide ±1 OV range value. by 2 
±2 5V range divide ±10V range values by 4 

Gain Adjustment 
For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum posittve 
output. Adjust the Gain potentiometer for this positive 
full scale output. See Table II for positive full scale 
voltages and currents. 

VOLTAGE OUTPUT MODELS 

Output Range Connections 
Internal scaling resistors provided in the DAC80 may be 
connected to produce bipolar output voltage ranges of 

± lOY, ±5V or ±2.5V or unipolar output voltage ranges 
of 0 to +5V or 0 to + lOY. See Figure 6. 

C To Reference Control Circuit Reference Input 
16 _~_~~ 17 Bipolar 

6 3kO * Offset 

Summing 21 Common 
fJunct,on 

From Weighted 20 18 
Resistor $5kO.! 5kO" 

-+-
Network _. -- • ¥I'r-- 19 -

_----- 15 Output ., 
- • Resistor Tolerances ±2% max 

FIGURE 6. Output Amplifier Voltage Range Scaling 
Circuit. 

Gain and offset drift are minimized because of the 
thermal tracking of the scaling resistors with other 
internal device components. Connections for various 
output voltage ranges are shown in Table III. Settling 
time for a full-scale range change is specified as 4/LS foT' 
the 20V range and 3/Ls for the lOY range. 

TABLE III. Output Voltage Range Connections for 
Voltage Models. 

Output Digital Connect Connect Connect Connect 
Range Input Codas Pin 15 10 Pin 17 to Pin 18 to Pin 1610 

±10 COBorCTC 18 20 15 24 
±5 COBorCTC 18 20 NC 24 

±2.5V COBorCTC 18 20 20 24 
OIo+IOV CSB 18 21 NC 24 
OIo+5V CSB 18 21 20 24 

CURRENT OUTPUT MODELS 

The resistive scaling network and equivalent output 
circuit of the current model differ from the voltage 
model and are shown in Figures 7 and 8. 

r----· 6~~t~~~r~~r~~,t 
Reference Input I 63kO" 

16 ~ .... -------17 
3kO" 

18J~~5-k-O~:~~~'-~-~'~'~--19 

15 20 
• Resistor Tolerances ±2% max. 

2kO" 

FIGURE 7. Internal Scaling Resistors. 

Oto 
2mA 

To 

--.... ----\.·16 Reference Input 

;---t-----+15 lOUT 

FIGURE 8. Current Output Model Equivalent Output 
Circuit. 
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Internal scaling resistors (Figure 7) are provided to scale 
an external op amp or to configure load resistors for a 
voltage output. These connections are described in the 
following sections. 

If the internal resistors are not used for voltage scaling, 
external RL (or RF) resistors should have a TCR of 
±25ppm/oC or less to minimize drift. This will typically 
add ±50ppm/oC plus the TCR of RL (or RF) to the total 
drift. 

Driving An External Op Amp 
The current output model DAC80 will drive the summing 
junction of an op amp used as a current-to-voltage 
converter to produce an output voltage. See Figure 9. 

5kO 

5kO 

JOUT 
66kO o to 

2mA 

FIGURE 9. External Op-Amp-Using Internal 
Feedback Resistors. 

Your = lour X RF 

0 
VOUT 

where lour is the DAC80 output current and RF is the 
feedback resistor. Using the internal feedback resistors 
of the current output model DAC80 provides output 
voltage ranges the same as the voltage model DAC80. To 
obtain the desired output voltage range when connecting 
an external op amp, refer to Table IV. 

TABLE IV. Voltage Range of Current Output 

Output Digital Connect Connect Connect Connect 
Range Input Codes 0 to Pm 17 to Pin 19to Pm 16 to 

:!:10V COB orCTC 19 15 0 24 
±5V COB orCTC 18 15 NC 24 

±25V COB orCTC 18 15 15 24 
o to +10V CSB 18 21 NC 24 
o to +5V CSB 18 21 15 24 

Output Larger Than 20V Range 
For output voltage ranges larger than ± IOV, a high 
voltage op amp may be employed with an external 
feedback resistor. Use lour values of ± ImA for bipolar 
voltage ranges and -2mA for unipolar voltage ranges. 
See Figure 10. Use protection diodes when a high voltage 
op amp is used. 

The feedback resistor, RF, 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 RF and the internal 
scaling resistor network. This will typically add 50ppm/ °C 
plus R,. drift to total drift. 

VOUT 

• For output voltage sWings up to 290V p-p 

FIGURE 10. External Op-Amp-Vsing External 
Feedback Resistors. 

Driving a Resistive Load Unipolar 
A load resistance, RL = Ru + RLS, connected as shown 
in Figure II will generate a voltage range, Vour , deter
mined by: 

Your = -2mA [(RL X Ro) -;- (RL + Ra)] 

r-+-~r---~----~~------~+ 

VOUT 

FIGURE II. Current Output Model Equivalent Circuit 
Connected for Unipolar Voltage Output 
with Resistive Load. 

The unipolar output impedance Ro equals 6.6kO (typ) 
and Ru is the internal load resistance of 9680 (derived 
by connecting pin 15 to pin 20 and pin 18 to 19). By 
choosing RLS = 2100, RL = ll780. RL in parallel with 
Ro yields IkO total load. This gives an output range of 0 
to -2V. Since Ra is not exact, initial trimming per 
Figure 3 may be necessary; also RLS may be trimmed. 

Driving a Resistive Load Bipolar 
The equivalent output circuit for a bipolar output voltage 
range is shown in Figure 12, RL = Ru + R LS . Your is 
determined by: 

Your = ±lmA [(Ro X Rc) -;- (Ro + Rc)] 

By connecting pin 17 to 15, the output current becomes 
bipolar (±lmA) and the output impedance Ro becomes 
3.2kO (6.6kO in parallel with 6.3kO). Ru is 12000 
(derived by connecting pin 15 to 18 and pin 18 to 19). By 
choosing RLS = 2550, RL = 14550. RL in parallel with 
Ro yields lkO total load. This gives an output range of 
±IV. As indicated above, trimming may be necessary. 
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~f--.---.----~~--------~+ 

VOUT 

RLS 

FIGURE 12. Current Output Model Connected for 
Bipolar Output Voltage with Resistive 
Load. 
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BURR-BROWN® 

IElElI DAC85H 
DAC87H 

MILITARY 
VERSION 

AVAILABLE 

Monolithic 12-Bit 
DIGITAL-TO-ANALOG CONVERTERS 

FEATURES 
• INDUSTRY STANDARD PINOUT 
• LOW POWER DISSIPATION: 345mW 
• FULL ±10V SWING WITH Vee = ±12VDC 
• DIGITAL INPUTS ARE TTL- AND CMOS-COMPATIBLE 
• GUARANTEED SPECIFICATIONS WITH ±12V AND 

±15V SUPPLIES 
• SINGLE-CHIP DESIGN 
• ±lI2LSB MAXIMUM NONLINEARITY, -55°C 10 

+125°C 
• GUARANTEED MONOTONICITY, -55°C TO +125°C 
• PACKAGE: Hermetic Side-brazed Ceramic DIP 
• SETTLING TIME: 4tJs max to ±0.01% of Full Scale 

DESCRIPTION 
These monolithic digital-to-analog converters are 
pin-for-pin equivalent to the industry standard 
DACS5 and DACS7 first introduced by Burr-Brown. 
Their single-chip design includes the output amplifier 
and provides a highly stable reference capable of 
supplying up to 2.5mA to an external load without 
degradation of D / A performance. 

These converters use proven circuit techniques to 
provide accurate and reliable performance over tem
perature and power supply variations. The use of a 
buried zener diode as the bias for the internal 
reference contributes to the high stability and low 
noise of the device. Advanced methods of laser 
trimming result in precision output current and 

output amplifier feedback resistors, as well as low 
integral and differential linearity errors. Innovative 
circuit design enables the DAC85 and DACS7 to 
operate at supply voltages as low as ±lI.4V with no 
loss in performance or accuracy over any range of 
output voltage. Ease of use has been enhanced by 
eliminating the need for a +5V logic power supply. 
The lower power dissipation of the lIS mil by 121 mil 
chip results in higher reliability and greater long 
term stability. 

Both models are available in a hermetic, side-brazed, 
ceramic DIP. The DACS5H is specified over the 
industrial temperature range of -25°C to +S5°C. 
The DAC87H is specified over the entire military 
temperature range of -55°C to +125°C. 

...., t--_>---- Reference 

Gain 
Adjustment 

Scaling 

t--<""""r"M-.....,.w-- Network 

Analog 

Output 
Offset 

~----- Adjustment 

---+Supply 

--- -Supply 

International Airport Industrial Park· PO. Box 11400· Tuc.on. Arizona 85734· T,I. \6021 746·1111 . Twx: 91()'952·1I11 . Cable: BBRCORp· Telex: 66·6491 

PDS-68IA 
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SPECIFICATIONS 
ELECTRICAL 
TYPical at +25'C and ±Vee = 12V or 15V unless otherwise noted 

MODEL DAC85H DAC87H 

PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

DIGITAL INPUT 
Resolution 12 · BII. 
Logic levels (O'C to +70'C)'" 

V," (logIC "I") +2 +165 · · VDC 
V" (logIC "0") 0 +08 · · VDC 
1," (V'N = +2 4V) +20 · pA 
III (V'N = +0 4V) -180 · pA 

ACCURACY (at 25'C) 
Linearity Error ±1/4 ±1/2 · · LSB 
Differential Lineanty Error ±1/2 ±3/4 · · LSB 
Gam Errorl21 ±01 ±02 ±01 % 
Offset Errorl21 ±05 ±01 ±005 %of FSR'" 

DRIFT (over specification 
temperature r8ng9)1041 

Total bipolar drift (mcldues gain, 
offset, and linearity drifts) ±10 ±25 ±30 ppm of FSR/'C 

Total Error {over specification 
temperature range l151 Unipolar ±0.2 · % of FSR 

Bipolar ±012 ±0.2 % of FSR 
Gain. Including Internal Reference ±20 · ppm/'C 

Excluding Internal Reference ±5 ±10 · · ppm/'C 
Unipolar Offsat ±3 · ppm of FSR/'C 
Bipolar Offset ±10 · ppm of FSR/'C 
Differential Linearity ±3/4 · LSB 
Linearity Error ±1/4 ±1I2 · · LSB 
Monotonlcity Guaranteed -25 +85 -55 +12S 'C 

CONVERSION SPEED, VOUT model. 
Settling Time to ±0.012% of FSR 

For FSR change (2kO II 500pF load): 
with 10kO Feedback 3 4 • · J.II 
with SkO Feedback 2 3 · · J.II 

For lLSB Change 1 • ps 
Slew Rate 10 • Vips 

CONVERSION SPEED, lOUT modele 
Settling Time to ±0.01% 01 FSR 

For FSR change: 100 to loon load 300 • ns 
lkO load 1 • PI 

ANALOG OUTPUT, VOUT modell 
Ranges ±2.5, ±5, ±10, +S, +10 • V 
Output Curront'" ±S • mA 
Output Impedance (DC) O.OS · 0 
Short Circuit to Common, Duratlon'7I Indefinite • 
ANALOG OUTPUT, lOUT modell 
Ranges: Bipolar ±0.96 ±1.0 ±1.04 • • · mA 

Unipolar :"'1.96 -2.0 -2.04 · • • rnA 
Output Impedance. Bipolar 2.6 3.2 3.7 · · · kO 

Unipolar 4.6 6.6 86 • · · kO 
Compliance -2.S +2.5 · · V 

REFERENCE VOLTAGE OUTPUT +6.23 +630 +6.37 · · · V 
External Current (constant load) 2.5 · mA 
Drift v. Temperature ±20 ±10 ppm/'C 
Output Impedance 1 · 0 

POWER SUPPLY SENSITIVITY 
Vee = ±12VDC or ±15VDC ±0002 ±0.006 · ±0004 % FSRI% Vee 

POWER SUPPLY REQUIREMENTS 
±Vcc ±114 ±16.5 · · VDC 
Supply Drain (no load) +Vee 8 12 · · mA 

-Vee 15 20 · · mA 
Power Dlssipat,on (Vee = ±ISVDC) 345 480 · · mW 

TEMPERATURE RANGE 
Spec,ficat,on -25 +85 -55 +12S 'C 
Storage -85 +150 · · 'C 

·Speclflcatlon same as DAC85H 
NOTES (1) Referto "Log'c Input Compatibility" .ecllon (2) Adjustable to zero with external trim potentiometer. (3) FSR means full scale range and i. 20V for ±10V 
range, 10V for ±5V range for VOUT model., 2mA for lOUT model.. (4) To maintain drift spec, internal feedback resl.tors must be used (5) Includes the effects of gain, 
offset and linearity drift Gam and offset errors externally adjusted to zero at +25'C (6) For ±Vcc Ie •• than ±12VDC, limit output current load to ±2 SmA to maintain 
±10V full scale output voltage swing For output renge of ±5V or less, the output current is ±5mA over entire ±Vcc range (7) Short ClrcU,t current 's 4OmA, max 
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FUNCTIONAL DIAGRAMS AND PIN ASSIGNMENTS 

Voltage Models Current Models 

(MSB) Bit 1 6 3V Reference Out (MSB) Bltl 6 3V Reference Qut 

8112 Gain Adjust Blt2 Gain Adjust 

Bit 3 +Vcc Blt3 +Vcc 

81f4 Common Blt4 Common 

Blt5 Summing Junction BitS Scaling Network 

Blt6 20V Range Blt6 Scaling Network 

Bit 7 10V Range Bit 7 Scaling Network 

Bit 8 Bipolar Offset Blt8 Bipolar Offset 

Bit 9 Reference Input Blt9 Reference Input 

Bit 10 VOUT Bltl0 lOUT 

Bit 11 -Vee 81tl1 -Vee 

ILSBI B,t 12 NC* (LSB) Bit 12 NC* 

*Loglc supply applied to this pin has no effect 

MECHANICAL 

PACKAGE (Hermetic DIP) 

24 

0 
13 

NOTE Leads In true position 
within 0010" (0 25mm) R at 

) MMC at seating plane Pm 
numbers shown for reference 

1 12 
only Numbers many not be 

• marked on package Metal lid 

I. ~~I 
of package 15 connected to 
-Vee Internally 

A CASE CeramIc 

11 

ABSOLUTE MAXIMUM RATINGS 

+Vee to Common 
-Vee to Common 
Digital Data Inputs to Common 
Reference Output to Common 
Reference Input to Common 
Bipolar Offset to Common 
10V Range R to Common 
20V Range R to Common 
External Voltage to DAC Output . 
Max Junction Temperature 
Lead Temperature, Soldenng 
Thermal ReSistance, OJA 

OV to +18V 
OV to -18V 

-1V to +18V 
±Vcc 
±Vee 
±Vee 
±Vcc 
±Vcc 

-5Vto +5V 
165'C 

+300°C, 10. 
65°C/W 

Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. Exposure to absolute max
Imum conditions for extended periods may affect device reliability. " l'l«_t~~~~~] J ~ oj ~'"""'". L-\--H G_ L M 

ORDERING INFORMATION 

INCHES MILllMETERS MATING CONNECTOR 

DIM MIN MAX MIN MAX 0245MC 
A 1185 1215 3010 3086 WEIGHT 41 grams (0 15 oz) 
c 105 170 267 432 PIN Pin matenal and plating 
D 015 021 38 53 
F 035 060 089 152 composition conform to 

G 100 BASIC 254 BASIC 
Method 2003 (solderability) of 

H 030 070 076 178 MIL-STD-883 (except 

J 008 012 020 030 paragraph 3 2) 

K 120 240 305 610 HERMETICITY Conforms to 
L 600 BASIC 1542 BASIC Method 1014, Condition A1 or 
M 10' 10' A2 (fine leak) and Condition C 
N 025 060 064 152 (gross leak) 

Burr-Brown Ie Data Book 

Model Output 

DAC85H-CBI-I Current 
DAC85H-CBI-IBI"' Current 
DAC85H-CBI-I/OM'" Current 
DAC85H-CBI-V Voltage 
DAC85H-CBI-VBI Voltage 
DAC85H-CBI-v/OM Voltage 
DAC87H-CBI-V Voltage 
DAC87H-CBI-VBI Voltage 
DAC87H-CBI-V/OM Voltaae 

NOTES (1) Bllndlcates burn-In screening 
option at +125°C for 160h or equivalent 
See text for details. (2) OM Indicates 
environmental screening See text for 
details 
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ENVIRONMENTAL SCREENING 

10M Screening 
Burr-Brown / QM models are envlronmentall! -,crcened 
ven,iOn, of our standard industrial producb, de'lgned In 
provide enhanced reliability. The ,creening, tabulated 
below, is performed to selected method, ,)f Mil -'> I D
XX3. Reference to these method, provides a comenlcnt 
method of commumcating the screemng level, and ba"c 
procedures employed: it doe, not Imply conformance III 
any other military standards or to any methods of Mil -
STD-883 otherthan those ,peclfied below. Burr-Brown \ 
detailed procedures may vary slightly, model-tn-model. 
from tho,e In MIL-STD-XX3. 

Screening Flow For 10M Models 

MIL-STD-883 
Screen Method ondition 

Internal VIsual 2010 B 

HIgh Temperature 
Storage 
(StabIlization Bake) 1008 C 

Temperature 
Cycling 1010 C 

Burn-In 1015 B 

Constant 
AcceleratIon 2001 E 

Hermetlclty 
Fine Leak 1014 AlorA2 
Gross Leak 1014 C 

External Visual 2009 

DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

Comments 
-~--

_. 

t 150°C, 24hrs 

··65 to '150°C, 
10 cycles 

4125"C, l60hrs 

30,000 Gs 

5 / 10 8 atm cc/sec 
60pslg,2hrs 

The DAC85H Series accepts complementary binary 
digital input codes. The CBI model may be connected by 
the user for anyone of three complementary codes: CSB, 
COB, or CTC (see Table I). 

TABLE I. Digital Input Codes. 

Digital Input Analog Output 

CSB COB CTC' 
Complementary Complemen. Complemen. 

MSB LSB 
Straight Offset Two's 

I I Binary Binary Complement 

000000000000 +Full Scale +Full Scale -ILSB 
011111111111 +1/2 Full Scale Zero -Full Scale 
100000000000 1/2 Full Scale -ILSB -ILSB +Full Scale 
111111111111 Zero -Full Scale Zero 

* Invert the MSB of the COB code with an external Inverter to obtain 
GTC code 

ACCURACY 

Linearity of a D / A converter is the true measure of its 
performance. The linearity error of the DAC85H Series 
is specified over its entire temperature range. This means 
that the analog output will not vary by more than 
±1/2LSB, maximum, from an ideal straight line drawn 

between the end points (inputs all "1"5 and all "O"s) over 
the specified temperature range. 
Differential linearity error of a 0/ A converter is the 
deviation from an ideal ILSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±1/2LSB means that the output 
voltage step sizes can range from I/2LSB to 3/2LSB 
when the input changes [rom one adjacent input state to 
the next. 

Monotonicity over the specification temperature range is 
guaranteed in the DAC85H Series to insure that th.e 
analog output will increase or remain the same for 
increasing input digital codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in parts per 
million per °c (ppm/°C). Gain drift is established by: I) 
testing the end point differences for each DAC85H 

Series model at minimum temperature, +25°C and 
maximum temperature; 2) calculating the gain error with 
respect to the +25°C value and: 3) dividing by the 
temperature change. This figure is expressed in ppm/oC 
and is given in the electrical specifications both wito and 
without internal reference. 
Offset drift is a measure of the actual change in output 
over the specification temperature range with all "I"s on 
the input. The offset is measured at +25°C, minimum 
temperature and maximum temperature. 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 
FSR/°Cj. 

SETTLING TIME 

Settling time for each DAC85H Series model is the total 
time (including slew time) required for the output to 
settle within an error band around its final value after a 
change in input (see Figure I). 

l 
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Settling Time (ps) 

100 

FIGURE L Full Scale Range Settling Time vs Accuracy. 
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Voltage Output Models 
Three settling times are specified to ±0.01% of full scale 
range (FSR); two for maximum full scale range changes 
of 20V, 10V and one for a ILSB change. The ILSB 
change is measured at the major carry (0111 ... II to 
1000 ... 00), the point at which the worst case settling 
time occurs. 

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: 100 to 1000 and 10000 to 18750. Internal 
resistors are provided for connecting nominal load 
resistances of approximately 1000n to 1800!} for output 
voltage range of ± I V and 0 to -2V. See Figure II. 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the current output node in order to maintain 
specified accuracy. The maximum compliance voltage of 
all current output models is ±2.5V. Maximum safe 
voltage swing permitted without damage to the DAC85 H 
Series is ±5V. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D j A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive or negative supplies about the nominal 
power supply voltages (see Figure 2). 

~ 
~ 

" 0> 
C 

01 

1! 001 
() 

"0 
if' 
Q; 
Co 

g 0001 
w 
a: 
~ 
"0 
if' 

00001 
1 

, 
-Vee 

1/ " +vcc 

10 100 lk 10k lOOk 

Power Supply Ripple Frequency (Hz) 

FIGURE 2. Power Supply Rejection vs Power Supply 
Ripple. 

REFERENCE SUPPLY 

All DAC85H Series models are supplied with an internal 
6.3V reference voltage supply. This voltage (pin 24) has a 
tolerance of ± 1% and must be connected to the Reference 
Input (pin 16) for specified operation. This reference may 
be used extern\illy also, but external current drain is 
limited to 2.5mA. 

If a varying load is to be driven, an external buffer 
amplifier is recommended to drive the load in order to 
isolate bipolar offset from load variations. Gain and 
bipolar offset adjustments should be made under constant 
load conditions. 

LOGIC INPUT COMPATIBILITY 

DAC85H Series digital inputs are TTL, LSTTL and 
4000B, 54j74HC CMOS compatible. The input switching 
threshold remains at the TTL threshold over the entire 
supply range. 

Logic "0" input current over temperature is low enough 
to permit driving DAC85H Series directly from outputs 
of 4000B and 54j74C CMOS devices. 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

Connect power supply voltages as shown in Figure 3. 
For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown. 
These capacitors (lI'F tantalum) should be located close 
to the DAC85H Series. 

±12V OPERATION 

All DAC85H Series models can operate over the entire 
power supply range of ± II.4V to ± 16.SV. Even With 
supply levels dropping to ±1I.4V, the DAC can ,wing a III 
full ± IOV range, provided the load current is limited to • 
±2.5mA. With power supplies greater than ±12V, the 
DAC output can be loaded up to ±5mA. For output 
swing of ±5V or less, the output current is ±5mA, min. 
over the entire V (c range. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external 
Offset and Gain potentiometers. Connect these poten
tiometers as shown in Figure 3 and adjust as described 
below. TCR of the potentiometers should be 100ppmjOC 
or less. The 3.9MO and IOMO resistors (20% carbon or 
better) should be located close to the DAC to prevent 
noise pickUp. If it is not convenient to use these high 
value resistors, an equivalent "T" network, as shown in 
Figure 4, may be substituted. 

Existing applications that are converting to the mono
lithic DAC85 H Series must change the gain trim resistor 
on pin 23 from 18M!} to 10M!} to insure sufficient 
adjustment range. Pin 23 is a high impedance point and 
a O.OOII'F to O.OII'F ceramic capacitor should be con
nected from this pin to Common (pin 21) to prevent 
noise pickUp. Refer to Figure 5 for relationship of Offset 
and Gain adjustments to unipolar and bipolar D j A 
operation. 

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. 
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Voltage Output Models Current Output Models 

+vcc 

10kO 
~-...-~,..,..-< to 

100kO 

-Vee 

,..-__ -< 1~~O 
100kO 

+Vcc 

-Vee 

FIGURE 3. Power Supply and External Adjustment Connection Diagrams. 

~ 

39MO 

270kO 270kO 

~010kO 
180kO -::- 180kO 

~ 
FIGURE 4. Equivalent Resistances. 

Unipolar :~ 1 
+ Full Scale I- /- Range of 

*' -:.-..... Gam Adjust 
- lLSB ~ ~ -'T :::I , ,# " .s Q) /*',,-'/ 
o (iiQ) ~-' g ~ ~ AIIBlts /£ ..... 
- Range of = t2. Logic 1 ,;<,Ai" 
::! Offset ~ L ~ ... ¥ Gam Adjust 
.. AdJust:11 oJ.f' Rotates 

# the Line All Bits 
Offset Adjust It Logic 0 
Translates • r-
the Lme t I DIQltallnput 

Bipolar 

:; 
Co :; 
o 

h + Full ..L 
ScaJe ,/ Range of 

1LSBJ ~ /<f; Gam Adjust 

Full ScaJe ~~.. T 
Ranqe ~"f "'---Gam Adjust 

All Bits I rI~/rI Rotates 
LogiC 1 " -:;~ the Line 

, ,'" ,...........'" R f Bipolar <f/: 'MSB On 
O~f~~~ 0 Offset t{- All Othe;s All Bits 
Adjust l;I' Off LogiC 0 

Offset Adjust 1 .T 1 '" Full Scale 
Translates • ,_ # 
the Line t T DIQltallnput 

FIGURE 5. Relationship of Offset and Gain Adjustments 
for a Unipolar and Bipolar D/ A Converter. 

For bipolar (COB, CTC) configurations, apply the digital 
input code th·at should produce the maximum negative 
output. Example: If the Full Scale Range is connected 
for 20Y, the maximum negative output voltage is -lOY. 
See Table II for corresponding codes. 

Gain Adjustment 
F or either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive 
output. Adjust the Gain potentiometer for this positive 
full scale output. See Table II for positive full scale 
voltages and currents. 

TABLE II. Digital Input/Analog Output. 

ANALOG OUTPUT 

DIGITAL INPUT VOLTAGE' CURRENT 

MSB LSB o to +10V +10V Oto -2mA 

boooooooooob +99976V +99951V -19995mA 
011111111111 +50oooV o OOOOV -10000mA 
100000000000 +49976V -00049V -09995mA 
111111111111 OOOOOV -100000V OOOoomA 

One LSB 244mV 488mV 0488~A 

*T 0 obtam values for other bmary ranges 
o to +5V range dIvide 0 to +10V range values by 2 
±5V range: diVide ±10V range values by 2 
±2 5V range dIVide ±10V range values by 4 

VOLTAGE OUTPUT MODELS 

Output Range Connections 

+1mA 

-09995mA 
o OOOOmA 

+00005mA 
+1000mA 
0.488~A 

Internal scaling resistors provided in the DAC85H Series 
may be connected to produce bipolar output voltage 
ranges of ±IOY, ±5Y or ±2.5Y or unipolar output 
voltage ranges of 0 to +5Y or 0 to + lOY. See Figure 6. 
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Reference Input C To Reference Control Circuit 

16 ---4--~#V 17 Bipolar 
63kCl' Offsel 

Summing r Junction 
21 Common 

'* ~~~~t~relghted 20 18 5kO. 

Network __ L .~.,.'--.I-... ~ 19 

~------15 Output 

..r:-V 
':' '" Resl')tor Tolerances ±2% max 

FIGURE 6. Output Amplifier Voltage Range Scaling 
Circuit. 

Gain and offset drift are minimized because of the 
thermal tracking of the scaling resistors with other 
internal device components. Connections for various 
output voltage ranges are shown in Table III. Settling 
time for a full-scale range change is specified as 4/Ls for 
the 20V range and 3/Ls for the IOV range. 

TABLE III. Output Voltage Range Connections for 
Voltage Models. 

Output Digital Connect Connect Connect Connect 

Range Input Codes Pm 15to Pin 17 to Pin 19to Pm 16 to 

:!:lO COBorCTC 19 20 15 24 

=5 COBorCTC 18 20 NC 24 

~2 5V COBorCTC 18 20 20 24 

o to +10V CSB 18 21 NC 24 

o to +-5V CSB 18 21 20 24 

CURRENT OUTPUT MODELS 

The resistive scaling network and equivalent output 
circUlt of the current model differ from the voltage 
model and are shown in Figures 7 and 8. 

To Reference 
Control Circuit 

Reference Input I S:;Cl' 

16~~.--------17 
3kCl' 2kCl' 

"N---19 18F 
15 • ReSistor TOleranc'-e-s-±7':2::%:-m-ax- 20 

FIGURE 7. Internal Scaling Resistors. 

Oto 
2mA 

To 

- ..... ---416 Reference Input 

r--+----~15 lOUT 

FIGURE 8. Current Output Model Equivalent Output 
Circuit. 

Internal scaling resistors (Figure 7) are provided to scale 
an external op amp or to configure load resistors for a 
voltage output. These connections are described in the 
following sections. 

If the internal resistors are not used for voltage scaling, 
external RL (or RF) resistors should have a TCR of 
±25ppmjOC or less to minimize drift. This will typically 
add ±50ppmjOC plus the TCR of RL (or RF) to the total 
drift. 

Driving An External Op Amp 
The current output model DAC85H will drive the sum
mingjunction of an op amp used as a current-to-voltage 
converter to produce an output voltage. See Figure 9. 

5kCl 

5kCl 

lOUT 

o to 
2mA 

20V Range 

lOV Range 

66kCl 

'" For fast settling 

FIGURE 9. External Op Amp-Using Internal 
Feedback Resistors. 

o 
VOUT 

VOUI = lOUT X RF • 
where lOUT is the DAC85H output current and RF is the • 
feedback resistor. Using the internal feedback resistors 
of the current output model DAC85H provides output 
voltage ranges the same as the voltage model DAC85H. 
To obtain the desired output voltage range when con
necting an external op amp, refer to Table IV. 

TABLE IV. Voltage Range of Current Output 

Output Digital G)nect Connect Connect Connect 
Range Input Codes A to Pin 17 to Pin 19 to Pin 16 to 

±10V COBorCTC 19 15 0 24 
±5V COB or CTC 18 15 NC 24 

±25V COB orCTC 18 15 15 24 
Oto +10V CSB 18 21 NC 24 
o to +5V CSB 18 21 15 24 

Output Larger Than 20V Range 
F or output voltage ranges larger than ± IOV, a high 
voltage op amp may be employed with an external 
feedback resistor. Use lOUT values of ±lmA for bipolar 
voltage ranges and --2mA for unipolar voltage ranges. 
See Figure 10. Use protection diodes when a high voltage 
op amp is used. 

The feedback resistor, RF, 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 RF and the internal 
scaling resistor network. This will typically add 50ppmj °C 
plus Rf drift to total drift. 
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VOUT 

* For output voltage swmgs up to 290V pwp 

FIGURE 10. External Op Amp-Using External 
Feedback Resistors. 

Driving a Resistive Load Unipolar 
A load resistance, RL = RLI + RLS , connected as shown 
in Figure II will generate a voltage range, YOUT , deter
mined by: 

YOUT = -2mA [(RL X Ro)';- (RL + Ro)] 

The unipolar output impedance Ro equals 6.6kO (typ) 
and Ru is the internal load resistance of 9680 (derived 
by connecting pin 15 to pin 20 and pin 18 to 19). By 
choosing RLS = 2100, RL = 11780. RL in parallel with 
Ro yields IkO total load. This gives an output range of 0 
to -2Y. Since Ro is not exact, initial trimming per 
Figure 3 may be necessary; also RLS may be trimmed. 

BURN-IN SCREENING 

Burn-in screening is an option available for the 
DAC85BH and DAC87BH. Burn-in duration is 160 
hours at +125°C ambient temperature (or equivalent 
combination of time and temperature). 

All ,units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "BI" to the 
base model number. 

Driving a Resistive Load Bipolar 
The equivalent output circuit for a bipolar output voltage 
range is similar to Figure II, RL = Ru + RLS. VOUT is 
determined by: 

YOUT = ±lmA [(Ro X RL)';- (Ro + RL)] 

By connecting pin 17 to IS, the output current becomes 
bipolar (± ImA) and the output impedance Ro becomes 
3.2kO (6.6kO II 6.3kO). RLI is 12000 (derived by con
necting pin 15 to 18 and pin 18 to 19). By choosing RLS = 
2550 (for a bipolar output connect RLS between pin 20 
and pin 21), RL = 14550. RL in parallel with Ro yields 
I kO total load. This gives an output range of ± I Y. As 
indicated above, trimming may be necessary. 

FIGURE II. Current Output Model Equivalent Circuit 
Connected for Unipolar Yoltage Output 
with Resistive Load. 
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BURR-BROWN® 

I EEl EEl I DAC700/702 
DAC701/703 

MILITARY 
VERSION 

AVAILABLE 

Monolithic 16-Bit 
DIGITAL-TO-ANALOG CONVERTERS 

FEATURES 
• MONOLITHIC CONSTRUCTION 
• VOUT AND louT MODELS 
• HIGH ACCURACY: 

linearity Error ±O.0015% of FSR max 
Differential linearity Error ±O.003% of FSR max 

DESCRIPTION 
This is another industry first from Burr-Brown-a 
complete 16-bit digital-to-analog converter that 
includes a precison buried-zener voltage reference 
and a low-noise, fast-settling output operational 
amplifier (voltage output models), all on one small 
monolithic chip. A combination of current-switch 
design techniques accomplishes not only 15-bit mon
otonicity over the entire specified temperature range 
but also a maximum end-point linearity error of 
±O.OOI5% of full-scale range. Total full-scale gain 
drift is limited to ±lDppmjOC maximum (LH and 
CH grades). 

DIGITAL 
INPUTS 

16·BIT 
LADDER 

RESISTOR 
NETWORK 

I 
I 

• MONOTONIC (at 15 bltsl OVER FULL 
SPECIFICATION TEMPERATURE RANGE 

• PIN·COMPATIBLE WITH DAC70. OAC71. DAC72 
• LOW COST 
• DUAL·IN·LlNE PLASTIC AND HERMETIC CERAMIC 
• 10M ENVIRONMENTAL SCREENING AVAII:ABLE 
• BURN·IN PROGRAM AVAILABLE I·BII 

Digital inputs are complementary binary coded and 
are TTL-, LSTTL-, 54j74C- and 54j74HC-compa
tible over the entire temperature range. Outputs of 0 
to +IDV, ±IDV, 0 to -2mA, and ±lmA are available. 

These D j A converters are packaged in hermetic 24-
pin ceramic side-brazed or molded plastic. The DIP
packaged parts are pin-compatible with the voltage 
and current output DAC71 and DACn model 
families. The DAC700 and DAC702 are also pin
compatible with the DAC70 model family. In 
addition, the DAC703 is offered in a 24-pin SOIC 
package for surface mount applications. 

t-~~-...... REFERENCE OUTPUT 

SUMMING JUNCTION 
COMMON 

OUTPUT 

AND 
CURRENT 
SWITCHES I I 

I _ I 
L': ___ J 

VOLTAGE 
MODELS 

ONLY 

- GAIN ADJUST 
4---+Vc(. 

""---Vcc 

- Voe 
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SPECIFICATIONS 
ELECTRICAL 
At T A = +25°C and rated power supplies unless otherwise noted 

MODEL DAC7021703J DAC700/7011702/703K DAC700/7011702/703B, S DAC70017011702l703L, C 

PARAMETER MIN TYP MAX MIN TYP MAl' MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolution 16 · • · Bits 
Digital Inputsm 

V," +2.4 +Vcc · · · · · · V 

V" -10 +0.8 · · · · · · V 
IIHI VI = +2 7V +40 · · · fJA 
ItL. V.=+04V -035 -05 · · · · · · mA 

TRANSFER CHARACTERISTICS 

ACCURACY'" 
Llneanty Errorl4' ±0.0015 ±0.006 · ±0003 · · to 00075 ±O 0015 %01 FSR(31 

Differential linearity 
Error·"· ±0.003 ±0.012 · ±0006 · · ±0.0015 ±0003 % 01 FSR 

Differential Linearity 
Error at Bipolar Zero 
(DAC7021703)'" ±0003 ±0006 to 0015 ±O 003 · · % 01 FSR 

Gam Error!SI ±007 ±0.30 · ±0.15 ±005 ±O 10 · · % 
Zero ErrorCSU61 ±005 ±0.10 · · · · · · % 01 FSR 
Monotonlclty Over Spec 

Temp Range 13 14 · 15 Bits 

DRIFT (over specification 
temperature range) 

Total Error Over 
Temperature Range 
(all models)m ±008 · ±O 15 ±005 ±O 10 · · % 01 FSR 

Tolal Full Scale Drift 
DAC700/701 ±10 · ±30 ±85 ±18 ±6 ±13 ppm of FSR/'C 
DAC702/703 ±10 · ±25 ±7 ±15 · · ppm of FSR/'C 

Gain Dnll (all models) ±10 ±30 · ±25 ±7 ±15 ±5 ±10 ppml"C 
Zero Dnft 

DAC700nOl ±25 ±5 ±15 ±3 · · ppm of FSRI'C 
DAC702/703 ±5 ±15 · ±12 ±4 ±10 ±25 ±5 ppm of FSR/'C 

Differential Linearity 
Over Temp 14) ±0012 +0009, · +0006, %oIFSR 

-0006 -0003 
Linearity Error 

Over Temp .4. ±0012 ±0006 · ±0003 % 01 FSR 

SETTLING TIME (10 
±O 003% 01 FSR)'" 

DAC701n03 (Vo", models) 
Full Scale Slep, 2kn load 4 · 8 · · · · pSec 
lLSB Slep al 
Worst-Case CoderS) 25 · · · pSec 

Slew Rale 10 · · · V/pSec 
DAC700/702 (lOUT models) 

Full Scale Step (2mA), 
10 to 1000 load 350 · 1000 · · · · nsec 
lkO load I · 3 · · · · IJsec 

OUTPUT 

VOLTAGE OUTPUT 
MODELS 

DAC701 (CSB Code) 010+10 · V 
DAC703 (COB Code) ±10 · · · V 

Output Current ±5 · · · mA 
Output Impedance 015 · · · 0 
Short CircUit to 

Common Duration Indefinite · · · CURRENT OUTPUT 
MODELS 

DAC700 (CSB Code)"o, 010-2 · · mA 
Output ImpedanceMO) 4 · · kO 

DAC702 (COB Code)""' ±1 · · · mA 
Output ImpedanceMOJ 245 · · · kO 

Compliance Voltage ±25 · · · V 
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ELECTRICAL (CONT) 

MODEL • ..." .... D.8 ft _~.C ... ~ .-
.... ", ... ,,'''" MIN !yP MAX MIN_ _TV~ MAX MIN TVP MAX MIN ~P MAX UNIT8 

REFERENCE VOLTAGE 
Voltage +6.3 +6.0 +6.3 +6.6 +6.24 +6.3 +6.36 · · · V 
Source Current Available 

lor External Loads +2.5 +1.5 · · · · · mA 
Temparature Coellicient ±10 · ±25 · ±15 · · ppmi"C 
Short Circuit to Common 

Duration Indellnite · · · 
POWER SUPPLY .8 
Voltage: +Vee 13.5 15 165 · · · · .. · · · · V 

-Veo 13.5 15 165 · · · · · · · · · V 
VDD +4.5 +5 +16.5 · · · · · · · · · V 

Current (no load): 
DAC700n02 

(lOUT models) 
+Vee +10 · +25 · · · · mA 
-Vee -13 · -25 · · · · mA 

VDD +4 · +8 · · · · mA 
DAC701n03 

(VOUT models) 
+Vee +16 · +30 · · · · mA 
-Vee -18 · -30 · · · · mA 

V .. +4 · +8 · · · · mA 
Power DISsipation 

(VDD = +5.0V)"" 
DAC700n02 365 · 790 · 630 · · mW 
DAC701n03 530 · 940 · 780 · · mW 

Power Supply Rejecllon: 
+Vee ±0.0015 ±o.o06 · · · ±O.OO3 · · lit 01 FSRllltycc 
-Veo ±0.0015 ±0.006 · · · ±OOO3 · · lit 01 FSMIoV", 

VDD ±O.OOOI ±0.001 · · · · · · lit 01 FSRllltyoo 

...... RANGE 

Specification. 
B. Cgredes -25 +85 · · 'C 
Sgrades -55 +125 "C 
J. K. L grades 0 +70 · · 0 +70 'C 

Slorage. Caramlc -1iO +150 · · · · 'C 
Plasllc. SOIC -80 +100 · · "C 

·SpeCiflC8tlon same as model to the left. 

NOTES (I) Dlgllal Inpuls are TTL. LSTTL. 54n4C. 54n4HC. and 54/74HTC compallble over Ihe operating voltage range 01 VDD = +SV 10 +15V and over the 
specified lemperalure range The Inpulswllchlng threshold remains althe TTL Ihreshold all 4V over the supply range 01 V .. = +5VIO +15V As logic ''0'' and logiC "I" 
Inputs vary over OV to +0 8V and +2.4V 10 +tOV respectively. Ihe change In the D/A converter output voltage will nol exceed ±O 0015% of FSR lor the LH and CH 
grades. ±O.003% 01 FSR for the BH grade and ±o 006% 01 FSR lor the KG grade (2) DAC700 and DAC702 (currenl-outpul models) are specified and tested wllh an 
external oulpul oparalionalamplilier connected USing the Internalleedback reslslor In all parameters excepl setlling lime (3) FSR meanslull-scale range and IS 20V 
for the ±10V range (DAC703). 10V for the 0 to +10V range (DAC701). FSR IS 2mA for the ±1mA range (DAC700) and Ihe 0 10 +2mA range (DAC702) (4) ±o 0015% 01 
lull-scale range Is eqUIValent to lLSB In 15-blt rasolullon ±O 003% 01 lull-scale range Is equivalent 10 lLSB In 14-bot resolullon ±O 006% ollull-scale range IS 
equlvalenl to lLSB In 13-bIt resolullon (5) AdJustable to zero Wllh external trim potenllomeler AdJusling Ihe gain potentlomeler rotales the transler funcllOn around 
,he zero pain' (6) Error at Inpul code FFFFH lor DAC700 and DAC701. 7FFFH for DAC702 and DAC703 (7) Wllh gain and zero errors adlusted to zero at 
+25'C (8) MaXimum represenlsthe 3 ... limit Not 100% lesled lor thiS parameter (9) AI the maJor carry. 7FFFH 10 8000H and 8000H 10 7FFFH (10) Tolerance on 
output Impedance and output current IS ±30% (11) Power diSSipation IS an addltional40mW when VDO IS operated at +15V 

MECHANICAL 

H Package 

[OJ] 
i. A F--J~i 

N~ 

J~: IL+DJG~ ---~;;-
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INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 1186 1215 30 10 3088 
B 600 820 1524 1575 
C 125 171 318 434 
D 015 021 038 053 
F 035 080 088 152 
G 100 BASIC 254 BASIC 
H 030 070 076 178 
J 008 012 020 030 
K 120 240 305 610 
L 600 BASIC 1524 BASIC 
M - 10' 10' 
N 025 080 0.64 152 

NOTE Leads in true posilion 
wllhln 010" ( 25mm) R al MMC 
at sealing plane 
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MECHANICAL 

U Package (DAC703 Only) INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

~B~~~ 
A 602 618 1529 1570 
A, 595 618 1511 1570 
B 266 302 726 767 
B, 270 285 6.86 724 
C 093 108 236 274 

t t 
D 015 019 038 048 
G 050 BASIC 127 BASIC 
H 026 034 066 066 

B J 008 012 020 030 

~ 
L 390 422 991 1072 
M 00 1QO 00 100 

N 000 012 000 030 

Pin 1-1 H H H H H H ~H~DH1~ NOTE Leads In true position 
wllhin 0 01" (0.2Smm) R al MMC al 
seating plane 

~ ~{o ,j_{ 
NJ t 

G 

MECHANICAL 

P Package 

o 
1 

o J 
"\."."."."." "''''''' " " " '-- Pin 1 

H F 

~ c'L' 
K! IN 

--I G I- Sealing D 
Plane M 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1233 1283 3132 3259 
B 538 575 1367 1461 
C 169 224 429 570 
D 015 023 038 058 
F 043 062 109 157 
G 100 BASIC 254 BASIC 

H 030 090 076 229 
J 008 015 020 038 
K 100 132 254 335 
L 600 BASIC 1524 BASIC 
M 00 W 00 W 
N 018 022 046 0.58 

NOTE Leads In true position 
Wllhln 010" ( 2Smm) R al MMC 
at seating plane 

PIN ASSIGNMENTS CONNECTION DIAGRAMS 

Hand P Packag •• 

Ptn # DAC700/702 DAC701/703 

1 Blt1 (MSS) Btt 1 (MSB) 
2 Blt2 Sit 2 
3 Blt3 Sit 3 
4 8114 Bit 4 
5 Blt5 Sit 5 
6 Blt6 Bit 6 
7 Sit 7 Sit 7 
8 BIt 8 elt 8 
9 Blt9 B,t 9 

10 Bit 10 Bit 12 
11 Blt11 Bit 11 

12 Bit 12 Bit 12 

'3 Bit 13 Sit .13 
14 elt 14 Bit 14 

15 Bit 15 SIt 15 
16 Bit 16 (LSB) Bit 16 (LSB) 
17 AFEeoeACK VOUT 

18 Voo Voo 
19 -Vo< -Vee 
20 Common Common 
21 lOUT Summing Junction (Zero Adjust) 
22 Gain Adjust Gam Adjust 
23 +Vo< +V" 
24 +6 3V Reference Output +6 3V Reference Output 
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+v" 

2701<0 

NOTES 
1 Can be tied to +Vcc Instead of 

havmg separate Voo supply 
2 Decouphng capaCItors are 0 1~F to 

10"F 
3 Potentiometers are 10kO to 100kO 
4 5kO (DAC700"DAC701), 10kO 

(DAC702, DAC703) 
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ORDERING INFORMATION 

Output 
Model Package Configuration 

DAC702JP,DAC703JP Plastic DIP ±lmA,±10V 
DAC702KP, DAC703KP Plastic DIP ±lmA,±10V 
DAC700KH,DAC701KH Ceramic DIP o to -lmA, 0 to +10V 
DAC702KH, DAC703KH Caramlc DIP ±lmA,±10V 
DAC700BH,DAC701BH Caramic DIP o to -lmA, 0 to +10V 
DAC702BH, DAC703BH Ceramic DIP ±lmA,±10V 
DAC700BH/OM,DAC701BH/OM Ceramic DIP o to -lmA, 0 to +10V 
DAC702BH/OM, DAC703BH/OM CeramIc DIP ±lmA,±10V 
DAC700LH, DAC701 LH CaramicDIP o to -2mA, 0 to +10V 
DAC700CH,DAC701CH CeramIc DIP o to -2mA, 0 to +10V 
DAC700SH, DAC701SH Ceramic DIP o to -lmA, 0 to +10V 
DAC702LH, DAC703LH CaramicDIP ±lmA,±10V 
DAC702CH, DAC703CH Ceramic DIP ±lmA,±10V 
DAC702SH, DAC703SH CeramIc DIP ±lmA,±10V 
DAC700SH/OM,DAC701SH/OM CaramlcDIP o to -lmA, 0 to +10V 
DAC702SH/OM, DAC703SH/OM CeramIc DIP ±lmA,±10V 

BURN-IN SCREENING OPTION 
See text for detaIls 

Output 
Modet Package Conllguratlon 

DAC702JP-BI PlastIC DtP ±lmA 
DAC703JP-BI Plasllc DIP ±10V 
DAC702KP-BI PlastIC DIP ±lmA 
DAC703KP-BI Plasllc DIP ±10V 

DAC703JU PlastIC SOIC ±10V 
DAC703KU PlasllcSOIC ±10V 
DAC703JU-BI PlastIC SOIC ±10V 
DAC703KU-BI PlastIC SOIC ±10V 

DAC700KH-BI CeramIC DIP Oto-lmA 
DAC700LH-BI Ceromlc DIP 010-2mA 
DAC700BH-BI CeramIc DIP Olo-lmA 
DAC700CH-BI CeramIc DIP O10-2mA 
DAC70OSH-BI CeramIc DIP Olo-lmA 

DAC701 KH-BI CeramIc DIP ,0 10 +10V 
DAC701LH-BI CeramIC DIP Oto +10V 
DAC701 BH-BI Caromlc DIP 010+10V 
DAC701CH-BI Ceramic DIP Oto +10V 
DAC701SH-BI CaramicDIP Oto+l0V 

DAC702KH-BI Caramic DIP ±lmA 
DAC702LH-BI Caramlc DIP ±lmA 
DAC702BH-BI CeramIc DIP ±lmA 
DAC702CH-BI Ceramic DIP ±lmA 
DAC702SH-BI Caromlc DIP ±lmA 

DAC703KH-BI CeramIc DIP ±10V 
DAC703LH-BI CeramIc DIP ±10V 
DAC703BH-BI Caramlc DIP ±10V 
DAC703CH-BI CeramIc DIP ±10V 
DAC703SH-BI CeramIc DIP ±10V 

NOTE. (1) Or equIvalent combInation of lIme and lemperatura 

ABSOLUTE MAXIMUM RATINGS 

+Vcc 10 Common.. .. . .. ... .. .. .. . .... .... .. . .. .. .... OV, +18V 
-Vee 10 Common.................................... OV, -18V 
Voo to Common ..................................... OV, +18V 
Dlgllal Data Inpula 10 Common. , , .. , . , .... ,. . . . . . . .. -tV, +18V 
Reference Oul 10 Common. , , .. , , .. Indeflnlle Short to Common 
Exlernal Voltage Applied 10 RF (DAC700n02) . . . . . •. . .•. .• ±18V 
Exlernal Voltage Applied 10 D/A Oulpul 

(DAC7011703) .................................... -5V to +5V 

Linearity Gain 
~rror,m •• Drill 

Temperature at25'C ma., 
Range "10 of FSR) (ppm/'C) 

O'C to+70'C ±O,OOB ±30 
O'Cto+70'C ±0.003 ±25 
O'Cto +70'C ±0003 ±25 
O'Cto+70'C ±0.003 ±25 

-25' C to +65'C ±0.003 ±15 
-25' C to +85'C ±0003 ±15 
-25'C to +85'C ±0003 ±15 
10M screening ±0003 ±15 
O'Cto +70'C ±00015 ±10 

-25'C to +65'C ±0.0015 ±10 
-55'C to +125'C ±0.003 ±15 

O'C to +70'C ±00015 ±10 
-25'C to +85'C ±00015 ±10 
-55'C to +125'C ±0003 ±15 
-55'C to +125'C ±0003 ±15 

{OM screening ±0003 ±15 

Linearity 
~rror, max Sum-In 

Tempereture at25'C Temp, 
Range "10 of FSR) (l60h)'" 

O'C to +70'0 ±0006 85'C 
O'Clo +70'C ±0006 85'C 
O'Cto+70'C ±0003 85'C 
O'Cto +70'C ±0003 85'C 

O'Cto +70'C ±0006 85'C 
O'Cto +70'0 ±o003 85'C 
O'Cto +70'C ±o.OO6 85'C 
O'C10 +70'C ±oOO3 85'C 

O'Cto +70'C ±OOO3 85'C 
O'C10 +70'C ±oOO15 85'C 

-25'C to +65'C ±0003 65'C 
-25' C 10 +85'C ±o 0015 85'C 
-55'C to +125'C ±0003 t25'C 

O'CIO +70'C ±0003 85'C 
O'Cto +70'C ±O 0015 85'C 

-25' C to +65'C ±0003 65'C 
-25' C 10 +85'C ±O.oo15 65'C 
-55'C to +125'C ±o003 125'C 

O'Cto +70'C ±0.003 85'C 
O'Clo+70'C ±O 0015 85'C 

-25' C 10 +85'C ±0003 85'C 
-25' C 10 +65'C ±00015 65'C 
-55'C 10 +125'C ±0003 125'C 

O'Clo+70'C ±OOO3 85'C 
O'C10 +70'C ±O 0015 65'C 

-25' C 10 +85'C ±OOO3 85'C 
-25' C 10 +65'C ±O 0015 65'C 
-55'C 10 +125'C ±0003 125'C 

VOUT (DAC7011703)........... . . . . .. Indefl""e Short to Common 
Power Dlaalpallon..................................... l0D0mW 
Storage Temperalure .. . .. .. .. .. .. .. .. . .... ... --60'C 10 +15O'C 
Lead Temperalure (soldering, lOs) ...... :............... 3OO'C 

'Slreaaes above Ihose listed under "Absolule MaxImum Rallngs" 
maycausepermanent damagelolhe devIce Exposureto absolute maxtmum 
conditions for extended periods may affect device reliability 
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DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

The DAC700/701/102/103 accept complementary digi
tal input codes in either binary format (CSB, Unipolar 
or COB, Bipolar). The COB models DAC702/703 may 
be connected by the user for either complementary offset 
binary (COB) or complementary two's complement 
(CTC) codes (see Table I). 

TABLE I. Digital Input Codes. 

Analog Output 

DAC7oon01 DAC7021703 DAC7021703 
Dogotal Complementary Complementary Complementary 
Input Straoght Binary Ollset Binary Two's Complement 

Codes (CSB) (COB) (CTC)' 

0000. + Full Scale + Full Scale -1LSB 
7FFF. +112 Full Scale BIpolar Zero - Full Scale 
8000. +1/2 Full Scale -1LSB + Full Scale 

-1LSB 
FFFF. Zero - Full Scale Bipolar Zero 

'I nvert the MSB of the COB code woth an external onverter to obtaon CTC 
code 

ACCURACY 

LInearity 
This specification describes one of the most important 
measures of performance of a D/A converter. Linearity 
error is the deviation of the analog output from a 
straight line drawn through the end points (all bits ON 
point and all bits OFF point). 

Differential Linearity Error 
Differential Linearity Error (DLE) of a D/ A converter is 
the deviation from an ideal lLSB change in the output 
from one adjacent output state to the next. A differential 
linearity error specification of ±1/2LSB means that the 
output step sizes can be between 1/2LSB and 3/2LSB 
when the input changes from one adjacent input stat~ to 
the next. A negative DLE specification of no more than 
-ILSB (-0.006% for l4-bit resolution) insures monoto
nicity. 

Monotonicity 
Monotonicity assures that the analog output will increase 
or remain the same for increasing input digital codes. 
The DAC700/70l/102/103 are specified to be mono
tonic to 14 bits over the entire specification temperature 
range. 

DRIFT 

Gain Drift 
Gain drift is a measure of the change 'in the full-scale 
range output over temperature expressed in parts per 
million per degree centigrade (ppm/°C). Gain drift is 
establ~hed by: (I) testing the end point differences for 
each D/ A at tm .. , +25°C and tmax; (2) calculating the gain 
error with respect to the +25°C value; and (3) dividing 
by the temperature change. 

Zero Drift 
Zero drift is a measure of the change in the output with 
FFFFH (DAC700 and DAC70l) applied to the digital 
inputs over the specified temperature range. For the bipo
lar models, zero is measured at 7FFFH (bipolar zero) 
applied to the digital inputs. This code corresponds to 
zero volts (DAC703) or zero milliamps (DAC702) at the 
'analog output. The maximum change in offset at tm .. or 
tmxx is referenced to the zero error at +25°C and is 
divided by the temperature change. This drift is expressed 
in parts per million of full scale range per degree centi
grade (ppm of FSR/°C). 

SETTLING TIME 

Settling time ofthe D/ A is the total time required for the 
analog output to settle within an error band around its 
final value after a change in digital input. Refer to Figure 
1 for ~ypical values for this family of products. 

1.0_--_-_ ..... ~--..,.._---., 

( 
'0 

.,,#
i~ 01.-------~_+----+_----~Hr------~ 
III .. 
~ '" 
~~ 
.. .!! 

~~ ,..!. 

~ ~ O.O1.--------*-----+---+-~~----~ 
LL:'O 

j 
0OO1~----~--~-~~-~~~ 

,0.01 100 

Settling Tome (poec) 

FIGURE 1. Final-Value Error Band Versus Full-Scale 
Range Settling Time. 

Voltage Output 
Settling times are specified to ±0.003% of FSR .(±1/2 
LSB for 14 bits) for two input conditions: a full-scale 
range change of 20V (DAC703) or 10V (DAC70l) and a 
lLSB change at the "major carry," the point at which the 
worst-case settling time occurs. (This is the worst-case 
point since all of the input bits change when going from 
one code to the next). 

Current Output 
Settling times are specified to±0.003% of FSR for a full
scale range change for two output load conditions: one 
for Ion to lOon and one for 1000n. It is specified this 
way because the output RC time constant becomes the 
dominant factor in determining settling time for large 
resistive loads. 
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COMPLIANCE VOLTAGE 

Compliance voltage applies only to current output mod
els. It is the maximum voltage swing allowed on the 
output current pin while still being able to maintain spec
ified accuracy. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a' 
change in a power supply voltage on the 0/ A converter 
output. It is defined as a percent of FSR change in the 
output per percent of change in either the positive supply 
(+Vce), negative supply (-Vee) or logic supply (Vuu) 
about the nominal power supply voltages (see Figure 2). 

It is specified for DC or low frequency changes. The 
typical performance curve in Figure 2 shows the effect of 
high frequency changes in power supply voltages. 

0.030 

! 0.025 
I 

> -15V Supply i .5 t 0.020 

G 
;; 
.,. 0.015 

I 
~ 0.010 

II 
ex: I +15VI '" u. 

Supply 
;; 0005 .,. 

i-' ~ u pi 

0 
1 10 100 1k 10k 

Power Supply RIpple Frequency (Hz) 

FIGURE 2. Power Supply Rejection Versus Power 
Supply Ripple Frequency. 

REFERENCE SUPPLY 

100k 

All models have an internal low-noise +6.3V reference 
voltage derived from an on-chip buried zener diode. This 
reference voltage, available to the user, has a tolerance of 
±5% (KH models) and ±I% (BH models). A minimum of 
1.5mA is available for external loads. Since the output 
impedance of the reference output is typically 10, the 
external load should remain constant. 

If a varying load is to be driven by the relerence supply, 
an external buffer amplifier is recommended to drive the 
load in order to isolate the Bipolar Offset (connected 
internally to the reference) from load variations. 

BURN-IN SCREENING 

Burn-in screening is an option available for the entire 
DAC700 through DAC703 family of products. Burn-in 

duration is 160 hours at the temperature shown below 
(or equivalent combination of time and temperature). 

Model Temp. Range Burn-In Screening 
DAC703KU-BI O°C to +70°C 160 hours at 85°C 
DAC700BH-BI -25°C to +85°C 160 hours at 85°C 
DAC702SH-BI -55°C to +125°C 160 hours at 125°C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

ENVIRONMENTAL SCREENING 

10M Screening 

Screening Flow For 10M Modell 

MIL·ITD·' 
Sc ... n Method ondilion 

Internal Visual 2010 B 

High Temperature 
Storage 
(Stabilization Bake) 1008 C 

Temperature 
Cycling 1010 C 

Burn·in 1015 B 

Constant 
Acceleration 2001 E 

Hermetlcity 
Fine Leak 1014 A10rA2 
Gross Leak 1014 C 

External Visual 2009 

Comments 

+150'C. 24hra 

-85 to +150'C. 
10 cycles 

+125'C. 1BOhra 

30.oo0Gs 

5 X 10-1 atm cclsec 
BOpsig. 2hra 

Burr-Brown /QM models are environmentally-screened 
versions of our standard industrial products, designed to 
provide enhanced reliability. The screening, tabulated 
below, is performed to selected methods of MIL-STD-
883. Reference to these methods provides a convenient 
method of communicating the screening levels and basic 
procedures employed; it does not imply conformance to 
any other military standards or to any methods of MIL
STD-883 other than those specified below. Burr-Brown's 
detailed procedures may vary slightly, model-to-model, 
from those in MIL-STD-883. 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. I/oiF tantalum capacitors 
should be located close to the D/ A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external 
zero and gain potentiometers. Connect these potenti
ometers as shown in the Connection Diagram and adjust 
as described below. TCR of the potentiometers should 
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be IOOppm/oC or less. The 3.9MO and 270kO resistors 
(±20% carbon or better) should be located close to the 
D I A converter to prevent noise pickup. If it is not con
venient to use these high-value resistors, an equivalent 
"T" network, as shown in Figure 3, may be substituted in 
place of the 3.9MO part. A O.OOI/-IF to O.OI/-lF ceramic 
capacitor should be connected from Gain Adjust to 
Common to prevent noise pickup. Refer to Figures 4 
and 5 fot the relationship of zero and gain adjustments 
to unipolar and bipolar D I A converters. 

o------"H......---<J == ~/''''-~Jr-~~'~I"~ 
3.9Mo 180kO , 180ko 

111tc°l 

FIGURE 3. Equivalent Resistances. 

+FULL + /' L 
SCALE .ftr- .. ~ 

lLSB ' ,,/..-~T " .. ~ 
~ ~ ,0'/"/ RANGE OF 
!;:i ~ ~ GAIN ADJ. :: ~ /f~ IT 

~ ~ ~/~~ 
~ ::::l INPUT = 0' ;0/ GAIN ADJ. 

RANGE OF ~ FFFFH r; ~ ROTATES 

ZERO A~J. 11 I#' ~;a THE LINE , INPUT = OOOOH , 
ZERO ADJ. KI/+'+-+-+-+--~+--i"""_+-{ 
TRANSLATESr- DIGITAL INPUT 
THE LINE I 

FIGURE 4. Relationship of Zero and Gain Adjust
ments for Unipolar DI A Converters, 
DAC700 and DAC701. 

lLSBt 

t +FULL l I I t .~.L'~ 
RANGE OF 

~ 
GAIN ADJ. 

CW /t//GAIN OFFSET 
!Ill ADJUST ADJUST 
..... C ~ ROTATES TRANSLATES ....... 

iLUT = FFFFH ~ ~ THE LINE THE LINE 

1/ II---f--+;;j t ~ 
q I \. INPUT = 0000.. RANGE AND 

~ OFFSET 

.-1?/' 
MSa ON ALL ADJUST 
OTHERS OFF lFFFH 

/~I 
/ // 
/,L -FULL SCALE 

j DIGITAL INPUT 

FIGURE 5. Relationship of Zero and Gain 
Adjustments for Bipolar D/A converters, 
DAC702 and DAC703. 

Zero Adjustment 
For unipolar (C:SB) configurations, apply the digital 
input code that produces zero voltage or zero current 
output and adjust the zero potentiometer for zero output. 

For bipolar (COB, CTC) configurations, apply the digi
tal input code that produces zero output voltage or cur
rent. See Table II for corresponding codes and the Con
nection Diagram for ze~o adjustment circuit connections. 
Zero calibration should be made before gain calibration. 

Gain Adjustment 
Apply the digital input that gives the maximum positive 
output voltage. Adjust the gain potentiometer for this 
positive full scale voltage. See Table II for positive full 
scale voltages and the Connection Diagram for gain 
adjustment circuit connections. 

INSTALLATION 
CONSIDERATIONS 
This D I A converter family is laser-trimmed to 14-bit lin
earity. The design of the device makes the 16-bit resolu
tion available. If 16-bit resolution is not required, bit 15 
and bit 16 should be connected to Voo through a single 
IkO resistor. 

Due to the extremely-high resolution and linearity of the 
D I A converter, system design problems such as ground
ing and contact r.esistance become very important. For a 
16-bit converter with a +IOV full-scale range, ILSB is 
153/-1V. With a load current of 5mA, series wiring and 
connector resistance of only 30mO will cause the output 
to be in error by ILSB. To understand what this means in 
terms of a system layout, the resistance of #23 wire is 
about 0.02LO/ft. Neglecting contact resistance, less than 
18 inches of wire will produce a ILSB error in the analog 
output voltage! 

In Figures 6, 7, and 8, lead and contact resistances are 
represented by R, through R,. As long as the load resist
ance RL is constant, R2 simply introduces a gain error 
and can be removed during initial calibration. RJ is part 
of RL, if the output voltage is sensed at Common, and 
therefore introduces no error. If RL is variable, then R2 
should be less than RLmml 2'6 to reduce voltage drops due 
to wiring to less than ILSB. For example, if RLmm is 5kO, 
then R2 should be less than 0.080. RL should be located 
as close as possible to the D/A converter for optimum 
performance. The effect of R4 is negligible. 

In many applications it is impractical to sense the output 
voltage at the output pin. Sensing the output voltage at 
the system ground point is permissible with the DAC700 
family because the D I A converter is designed to have a 
constant return current of approximately 2mA flowing 
from Common. The variation in this current is under 
20/-IA (with changing input codes), therefore R. can be as 
large as 30 without adversely affecting the linearity of 
the D/A converter. The voltage drop across R. (R. X 
2mA) appears as a zero error and can be removed with 
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TABLE II. D.igital Input and Analog Output Relationships. 

DIgital Input Code III-bit 

One LSB UN) 153 
oooOH (V) +999985 
FFFFH (V) 0 

Digital Input Code III-bit 

One LSB (PA) 0.031 
OOOOH (mA) -1.99997 
FFFFH (mA) 0 

DAC701 

VOLTAGE OUTPUT MODELS 

Analog Output 

DAC701 Unipolar DAC703 Bipolar 

15-bot 14-blt III-bIt IS-bIt 14-blt 

305 610 305 610 1224 
+999989 +9.99939 +9.99980 +999939 +9.99878 

0 0 -10.0000 -10.0000 -100000 

CURRENT OUTPUT MODELS 

DAC700 Unipolar 

15-blt 

0061 
-1.99994 

0 

VOUT 

Analog Output 

DAC702 BIpolar 

14-blt 16-blt IS-bot 14-bIt 

0.122 0031 0.061 0.122 
-199988 -0.99997 -0.99994 -0.99988 

0 +1.00000 +100000 +1.00000 

the output voltage is sensed at the load common and not 
at the D j A converter common as in the previous circuits. 
The value of R6 and R7 must be adjusted for maximum 
common-mode rejection at RL. Note that if R3 is negligi
ble, the circuit of Figure 8 can be reduced to the one 
shown in Figure 7. Again the effect of R4 is negligible. 

The DjA converter and the wiring to its connectors 
should be located to provide optimum isolation from 
sources of RFI and EMI. The key concept in elimination 
of RF radiation or pickup is loop area; therefore, signal 
leads and their return conductors should be kept close 

TO +Vee 
r-'---------,_ 

TO-Vee 

±15VDC 
SUPPlY 

SYSTEM BROUND POINT 

TO VDD _r--+----....:..+"-!V 
+ Ijd' COM +5VDC 

SUPPlY 

*R. = 2IcCl (DAC7D1 AND DAC7D3) 

FIGURE 6. Output Circuit for Voltage Models. 

the zero calibration adjustment. This alternate sensing 
point (the system ground point) is-shown in Figures 6, 7, 
and 8. 

Figures 7 and 8 show two methods of connecting the 
current output models (DAC700 or DAC702) with 
external precision output op amps. By sensing the out
put voltage at the load resistor (i.e., by connecting RF to 
the output of AI at Rd, the effect of RI and R2 is greatly 
reduced. RI will cause a gain error but is independent of 
the value of RL and can be eliminated by initial calibra
tion adjustments. The effect of R2 is negligible because it 
is inside the feedback loop of the output op amp and is 
therefore greatly reduced by the loop gain. 

If the output cannot be sensed at Common or the system 
ground point as mentioned above, the differential output 
circuit shown in Figure 8 is recommended. In this circuit 

DAC700/DAC702 

TO VDD -"7.:r::--:--+--:::+::V:-t 
+ lpF COM 

+5VDC 
SUPPlY 

R, 

R, 

t R. Ihauld ba'lIIull II Ibe aulput Impldlnce II Ihl current aulput 11 cam· 
pWllI ler I1Ie bin current drIft II A,. U.al1lndlrd IfI%. 1/4W carbin 

. cempllllOlli III' Iqulvlfllll nllillra. 

FIGURE 7. Preferred External Op Amp 
Configuration. 
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together. This reduces the external magnetic field along 
with any radiation. Also, if a single lead and its return 
conductor are wired close together, they present a small 
flux-capture cross section for any external field. This 
reduces radiation pickup in the circuit. 

DAC700/DAC702 
SENSE 

R, R, OUTPUT 

R,*::r---~-~"J-~ 

>-----------~., ,~~ 
R, 

TO +Vee ---,.------+-'-----'-1 R, + R, ; R, + R, 
±15VOC R, ; RoAe 
SUPPLY 

TO -Vee _----.c-----+--'<----'-1 

TO Voo ___ ~ ____ -+-__ ..... +..:...V 
+..,.lI'F COM 

+5VOC J 
SUPPLY 

FIGURE 8. Differential Sensing Output Op Amp 
Confjguration. 

APPLICATIONS 
DRIVING AN EXTERNAL OP AMP WITH 
CURRENT OUTP.UT D/As 
DAC700 and DAC702 are current output devices and 
will drive the summing junction of an op amp to produce 
an output voltage as shown in Figure 9. Use of the inter
nal feedback resistor is required to obtain specifie\l gain 
accuracy and low gain drift. 

FIGURE 9. External Op Amp Using Internal 
Feedback Resistors. 

DAC700 or DAC702 can be scaled for any desired volt
age range with an external feedback resistor, but at the 
expense of increased drifts of up to ±50ppm/oC. The 
resistors in the DAC700 and DAC702 ratio track to 
±lppm;oC but their absolute TCR may be as high as 
±50ppm/oC. 

An alternative method of scaling the output voltage of 
the D / A converter and preserving the low gain drift is 
shown in Figure 10. 

OR,. R, TCR < ±10ppm/·C 

FIGURE 10. External Op Amp Using Internal and 
External Feedback Resistors to Maintain 
Low Gain Drift. 

OUTPUTS LARGER THAN 20-VOLT RANGE 
For output voltage ranges larger than ±IOV, a high volt
age op amp may be employed with an external feedback 
resistor. Use lOUT values of ±lmA for bipolar voltage 
ranges and -2mA for unipolar voltage ranges (see Fig
ure II). Use protection diodes as shown when a high 
voltage op amp is used. 

FIGURE II. External Op Amp Using External 
Feedback Resistors. 

VOUT 
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DAC70S/706/707 
DAC708/709 

Microprocessor-Compatible 
16-BIT DIGITAL-TO-ANALOG CONVERTERS 

FEATURES 
• TWO·CHIP CONSTRUCTION 
• HIGH·SPEED 16-BIT PARALLEL. 8·BIT (BYTEI 

PARALLEL. AND SERIAL INPUT MODES 
• DOUBLE·BUFFERED INPUT REGISTER 

CONFIGURATION 
• VOUT AND louT MODELS 

DESCRIPTION 
The DAC708 and DAC709 arOo l6-bit converters 
designed to interface to an 8-bit microprocessor bus. 
l6-bit data is loaded in two successive 8-bit bytes 
into parallel 8-bit latches before being transferred 
into the DjA latch. The DAC708 and DAC709 are 
current and voltage output models respectively and 
are in 24-pin hermetic DIPs. Input coding is Binary 
Two's Complement (bipolar) or Unipolar Straight 
Binary (~nipolar, when an external logic inverter is 
used to invert the MSB). In addition, the DAC708/· 
709 can be loaded serially (MSB first). 

The DAC705, DAC706, and DAC707 are designed 
to interface to a l6·bit bus. Data is written into a 
l6-bit latch and subsequently the Dj A latch. The 

8-IIT 
DATA { 
INPUT 
PORT 

SERIAL 
lATA 
IIPUT 

UTCM EIIAILEl/{ 
1liiiE SELECT 

~ 
15IIP1irnf-"""""'-_--' 

DAC708j709 Block Diagram 

SIPIILlR 
a T 

• HIGH ACCURACY: 
Linearity Error ±O.003% of FSR max 
Differential Linearity Error ±O.006% of FSR max 

• MONOTONIC (TO 14 BITSI OVER SPECIFIED 
TEMPERATURE RANGE 

• HERMETICALLY SEALED 
• LOW COST PLASTIC VERSIONS AVAILABLE 

IDAC707JP/KPI 

DAC705 and DAC707 are voltage output models. 
DAC706 is a current output model. Outputs are 
bipolar only (current or voltage) and input coding is 
Binary Two's Complement (BTC). 

All models have Write and Clear control lines as 
well as input latch enable lines. In addition, DAC708 
and DAC709 have Chip Select control lines. In the 
bipolar mode, the Clear input sets the Dj A latch to 
give zero voltage or current output. They are all 
l4·bit accurate and are complete with reference, and 
for the DAC705, DAC707, and DAC709, a voltage 
output amphfier. All models are available with an 
optional burn-in, or environmental screening. 

UTcttElAIW\ 
.Qill. 
WRITE 

CONTROL 
LOGIC 

DAC705j706j707 Block Diagram 

InternatlOn.1 Airport Industrial Park· P.O. Box 11400· TUClon. Arizona 85734· Tel. 16021 746·1111 . Twx: 911).952·1111 . Cable. BBRCORP· Telex: 66·6491 

PD~·557D 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C, Vee'::;;;: ±15V, Voo = +SV, and after a 10-minute warm-up unless otherwise noted. 

MODEL 

INPUT 

DIGITAL INPUT 
Resolution 
Bipolar Input Code (all models) 
Unipolar Input Code'" (DAC708/709 only) 
Logic Levelsl21 VIH 

V" 
I," (V, = +2 7V) 
I" (V, = +0 4V) 

TRANSFER CHARACTERISTICS 

ACCURACY'" 
Linearity Error 
Differential Linearity Errorl51 

at Bipolar Zero l5, 6) 

Gain Errorl71 

Zero Errori71 

Monotonlclty Over Spec Temp Range 
Power Supply Sensitivity' +Vcc, -Vee 

Voo 

DRIFT (over Spec Temp range(31) 

Total Error over Temp Range 'SI 

Total Full Scale Drift 
Gam Drift 
Zero Dnft· Unipolar (DAC7081709 only) 

Bipolar (all models) 
Differential Llneanty Over Temp'S) 

Linearity Error Over Temp'51 

SETTLING TIME (to ±0.003% of FSR)'" 
Voltage Output Models 

Full Scale Step (2kn load) 
. 1LSB Step at Worst Case CodenOl 

Slew Rate 
Current Output Models 

Full Scale Step (2mA). 10 to lOOn load 
lkn load 

OUTPUT 

VOLTAGE OUTPUT MODELS 
Output Voltage Range 

DAC709: Unipolar (USB Code) 
Bipolar (BTC Code) 

DAC707 Bipolar (BTC Code) 
DAC705 Bipolar (BTC Code) 

Output Current 
Output Impedance 
Short Circuit to Common Duration 
CURRENT OUTPUT MODELS 
Output Current Range (±30% typ) 

DAC708 Unipolar (USB Code) 
Bipolar (BTC Code) 

DAC706 Bipolar (BTC Code) 
Unipolar Output Impedance (±30% typ) 
Bipolar Output Impedance (±30% typ) 
Compliance Voltage 

POWER SUPPLY REOUIREMENTS 

Voltage (all models) +Vee 
-Vee 
Voo 

Current (No load, +15V supplies) 
Current Output Models. +Vcc 

-Vee 
Voo 

Voltage Ouptut Models: +Vcc 
-Vee 
Voo 

Burr-Brown Ie Data Book 

DAC70SI706/707n081709KH, 
DAC707 JP DAC707KP 

MIN TYP I MAX I MIN I TYP I MAX 

+2.0 
-1.0 

13 

±5 

+13.5 
-13.5 
+45 

±0003 
±0.0045 

±0.07 
±005 

±0.0015 
±O 0001 

±0.08 
±10 
±10 

±5 

4 
2.5 
10 

±10 

015 
Indefinite 

+15 
-15 
+5 

+16 
-18 
+5 

+55 
+08 

1 
1 

±0006 
±0012 

±030 
±01 

±0.006 
±0001 

±30 

±15 
±0.012 

±0012 

+16.5 
-165 
+5.5 

+30 
-30 
+10 

14 

6.1-54 

±O 0015 
±0003 
±0.003 

±25 

* 

350 
1 

Oto+l0 
±5,±10 

±5 

Oto-2 
±1 
±1 
4.0 
2.45 
±25 

+10 
-13 
+5 

±0003 
±0.006 
±0.006 
±015 

* 

±0.15 
±25 
±25 
±5 
±12 

+0009, 
-0.006 
±0006 

+25 
-25 
+10 

DAC705170617071708/ 
709BH, SH 

MIN I TYP I MAX I 

14 

±O 0015 
±005 . 

±7 
±15 

. ±4 

±0003 
±0.10 

* 

±0003 

±0.10 
±15 
±15 
±3 
±10 . 

8 
4 

UNITS 

Bits 

V 
V 

pA 
pA 

%Of FSRI41 

% of FSR 
% of FSR 

% 
% of FSR 

Bits 
% of FSR/%Vcc 
% of FSR/%Voo 

% of FSR 
ppm of FSR/oC 

ppm/oC 
ppm of FSRrC 
ppm of FSRrC 

% of FSR 
%of FSR 

ps 
ps 

VIps 

ns 
ps 

V 
V 
V 
V 

mA 
n 

mA 
mA 
mA 
kn 
kn 
V 

V 
V 
V 

mA 
mA 
mA 
mA 
mA 
mA 
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ELECTRICAL (CONT) 

MODEL DAC70S170e17071708/708KH, DAC70S/706/7071708/ 
DAC707JP DAC707KP 709BH, SH 

I MIN I TYP I MAX I MIN I TYP I MAX I MIN I TYP I MAX I UNITS 

POWER SUPPLY REQUIREMENTS (CONT) 

Power DISSipation (±15V supplies) 
Current Output Models 370 800 . . mW 
Voltage Output Models 535 . 950 . . mW 

TEMPERATURE RANGE 

Specification BH grades -25 +85 ·C 
JP, KP, KH grades 0 +70 . . ·C 
SH grades -55 +125 ·C 

Storage CeramiC -S5 +150 -S5 +150 ·C 
Plastic -60 +100 . . ·C 

*Speclficatlon same as for models In column to the left 

NOTES (I) MSB must be Inverted externally prior to DAC708/7091nput (2) Digital Inputs are TTL, LSTTL, 54/74C, 54/74HC and 54174HTC compatible over the 
specified temperature range (3) DAC706 and OAC70S (current-output models) are specified and tested with an external output operational amplifier connected 
uSing the Internal feedback resistor In all tests (4) FSR means Full Scale Range For example, for ±IOV output, FSR = 20V (5) ±O 0015% of Full Spale Range IS 
equal to 1 LSB In IS-bit resolution ±O 003% of Full Scale Range IS equal to 1 LSB In 15-bIt resolullon ±O OOS% of Full Scale Range IS equal to 1 LSB In 14-blt 
resolution (S) Error at Input code OOOOH (For unipolar connection on DAC708/709, the MSB must be Inverted externally prior to D/A Input) (7) Adjustable to zero 
with external trim potentiometer Adjusting the gain potentiometer rotates the transfer function around the bipolar zero POint (8) With gain and zero errors adjusted 
to zero al +25·C (9) MaXimum represents the 3u limit Not 100% tested for this parameter (10) The bipolar worst-case code change IS FFFFH to OOOOH and OOOOH to 
FFFFH For unipolar (DAC7081709 only) It IS 7FFFH to 8000H and.8000H to 7FFFH 

CONNECTION DIAGRAMS 

DAC70S1709 

DAC70S/70S1707 

DATA 
INPUTS 

DAC708 
ONLY 

~D--------~---------------------{ 

DIGITAL 
COMMON 

+vcc~~~~~~~~~~ 
-Vcc--~--r-----'-~~-------------{ .y" 

LATCH ENABLE LINES { 

NOTES 1. Polenllomete,s a'e 10ka 10 100ka 
2 Deco.pllng capacitors are 0 I/lF to I OpF 
3 Bypass, 0 OD22pF to O.OI/lF 

Burr-Brown Ie Data Book 6.1-55 

1 Patln"o •• la, IS lDkO to l00kO 
2 Olcoupllng Clpacltor, .,e O.lpF Ie 1 OpF 

CONNECT FOR IOV RANSE 
LEAVE PIN 13 OPEN FOR 20V RANGE 

DO ILSB) 

DI 

D2 

D3 

04 

05 

06 DIGITAL 

D7 
INPUTS 

DB 

09 

DID 

Dll 

DI2 

DI3 
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DESCRIPTION OF PIN FUNCTIONS 

DAC70sn06/707 
Pin DAC708/709 

Designator Description # Designator Description 

Vou, (DAC707 Voltage output for DAC707 (±10V) and DAC705 (±5V) 1 A, Latch enable for D/A latch (Active low) 
and DAC705) or an mternal feedback resistor for use with an external 
R, (DAC706) output op amp for the DAC706. 

Voo Logic supply (+5V) 2 Ao Latch enable for "low byte" Input (Active low) When 
both Ao and At are logic "0", the senal input mode IS 

selected and the serial Input is enabled 

DCOM Digital common 3 A, Latch enable for "high byte" Input (Active low) When 
both Ao and A, are logic "0", the senal input mode IS 

selected and the serial Input is enabled 

ACOM Analog common 4 07 (015) Input for data bit 7 if enabling low byte (LB) latch or 
data bit 15 If enabling the high byte (HB) latch 

SJ (DAC705 Summing junction of the Internal output op amp for the 5 06 (014) Input for data bit 6 If enabling LB latch or data bit 14 If 
and DAC707) DAC705 and DAC707, or the current output for the enabling the HB latch 
lou, (DAC706) DAC706 Offset adjust circuit IS connected to the 

summing junction of the output amplifier Refer to Block 
Diagram 

GA Gain adjust pin Refer to Connection Diagram for gain 6 05 (013) Data bit 5 (LB) or data bit 13 (HB) 
adjust Circuit 

+Vcc Positive supply voltage (+15V) 7 04 (012) Data bit 4 (LB) or data bit 12 (HB) 

-Vee Negative supply voltage (-15V) 8 03 (011) Data bit 3 (LB) or data bit 11 (HB) 

CLR Clear line. Sets the mput latch to zero and sets the DIA 
latch to the input code that gives bipol'ar zero on the 

9 02 (010) Data bit 2 (LB) or data bit 10 (HB) 

D/A output (Active low) 

WR Wnte control line (Active low) 10 01 (09) Data bit 1 (LB) or data bit 9 (HB) 

A, Enable for D/A converter latch (Active low) 11 DO (08)/51 Data bit 0 (LB) or data bit 8 (HB) Serial Input when 
serial mode is selected 

Ao Enable for input latch (Active low) 12 DCOM Digital common 

015 (MSB) Data bit 15 (Most Significant Bit) 13 R" Feedback resistor for internal or external operational 
amplifier Connect to pm 14 when a 10V output range IS 

desired Leave open for a 20V output range 

014 Data blt14 14 VOUT Voltage output for DAC709 or feedback resistor for use 
R" (DAC708) with an external output op amp for the DAC708 Refer to 

Connection Diagram for connection of external op amp 
to DAC708 

013 Data bit 13 15 ACOM Analog com'mdn 

012 Data bit 12 16 SJ (DAC709) Summing Junction of the internal output op amp for the 
lou, (DAC708) DAC709, or the current output for the DAC708 Refer to 

Connection Diagram for connection of external op amp 
to DAC708 

011 Data bit 11 17 BPO Bipolar offset Connect to pin 16 when operating In the 
bipolar mode Leave open for unipolar mode 

010 Data bit 10 18 GA Gain adjust pm 

09 Data bit 9 19 +Vcc Positive supply voltage (+15V) 

08 Data bit 8 20 -Vee Negative supply voltage (-15V) 

07 Data bit 7 21 CLR Clear line. Sets the high and low byte mput registers to 
zero and, for bipolar operation, sets the DIA register to 
the input code that gives bipolar zero on the DIA output 
(In the unipolar mode, Invert the MSB prior to the D/A) 

06 Data bit 6 22 WR Write control line 

05 Data bit 5 23 CS Chip select control line 

04 Data bit 4 24 Voo Logic supply (+5V) 

03 Data bit 3 . 25 No Pin 

02 Data bit2 26 No pin 
(The DAC708 and DAC709 are in 24-pin packages) 

01 Data bit 1 27 No pin 

DO (LSB) Data bit 0 (Least Significant Bit) 28 No pin 
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MECHANICAL 

DAC708/709 DAC705n06l707 DAC707 JP/KP 

124 

A 

1 1 Pin 28 

A 

1 
I A 

I 
~~L.AA~l 

f IJ B 
B J Fil J '-PI~'~~v~ v v v v vv v 

Pin 1 Pin 1 

~ ~ ~ I u , ; ~ ~ -1:1- 'Seating 1-0 ~=L ~~ Plane 

NOTE Leads In true position 
within 010" ( 25mm) R at MMC 

U at seating plane 

Pin numbers shown for reference 
only Numbers are not marked 
on package 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX DIM 
A 1190 1210 3023 3073 A 
B 580 800 1473 1524 B 
C 140 185 356 470 C 
0 016 020 041 051 '0 
F 030 050 076 127 F 
G 100 BASIC 254 BASIC G 
H 035 065 069 165 H 
J 009 012 023 030 J 
K 165 165 419 470 K 
L 600 BASIC 1524 BASIC L 
N 040 060 102 152 N 

ABSOLUTE MAXIMUM RATINGS 

VDDtO COMMON" .. , .. , .. " .... , .. , ...... ,' .... OV, +15V 
+Vee to COMMON, .. , .. " .............. , ... , .. ,' OV, +18V 
-Vee to COMMON, , , , , , , , , , , , , , , , , , , , , , , • , , , , , " OV, -18V 
Digital Data Inputs to COMMON"",,"'" -0 5V, VDD +0,5 
DC Current any Input ............... , ...... " .... " ±10mA 
Reference Out to COMMON " Indefinite Short to COMMON 
VDU' (DAC707, DAC709) .',',' Indefinite Short to COMMON 

Burr-Brown Ie Data Book 

Plane 

AJ j~L3 
LL----I M 

INCHES MILLIMETERS 
INCHES MILLIMETERS DIM MIN MAX MIN MAX 

MIN MAX MIN MAX A 1440 1500 3658 3810 
1368 1485 3520 3721 B 0475 0520 1207 1320 

610 BASIC 1549 BASIC C 0170 0225 432 572 
160 205 406 521 D 0016 0024 040 060 
015 019 38 48 F 0047 0065 120 165 
045 055 114 140 G 0100 BASIC 254 BASIC 
100 BASIC 254 BASIC H 0050 0100 127 254 
035 095 69 241 J 0008 0014 020 035 
009 012 23 30 K 0130 0154 330 390 
155 195 394 405 L 0600 BASIC 1524 BASIC 
600 BASIC 1542 BASIC M O'C 1SDC O'C 15DC 
020 060 51 152 N 0020 0024 051 061 

External Voltage Applied to RF (pin 1, DAC706; pin 13 er 14, DAC708) "',.," ±18V 
External Voltage Applied to D/A Output (pin 1, DAC707; pin 14, DAC706) .,',' ±5V 
Power Dissipation. , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , ,,' , , , , , • , , , , , , , , , " l000mW 
Storage Temperatuns , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , " -60'C to +150'C 

Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device, Exposure to absolute maximum 
conditions for extended periods may affect device reliability, 

Lead Temperature (Soldering, lOS) ' .. ,"" .. , .. ," .. """ .. , .. , .. """ 300'C 

6.1-57 Vol. 33 

• 



ORDERING INFORMATION 

Temperature Input Output 

Model Range Configuration Configuration 

DAC705KH O'C to +70'C 16-blt port ±5Voutput 
DAC705KH-BI O'C to +70'C 16-blt port ±5Voutput 
DAC705BH -25'C to +85'C 16-blt port ±5Voutput 
DAC705BH-BI -25'C to +85'C 16-bit port ±5V'output 
DAC705BH/QM -25'C to +85'C 16-blt port ±5Voutput 
DAC705SH -55'C to +125'C 16-bit port ±5Voutput 
DAC705SH-BI -55'<:: to +125'C 16-bit port ±5Voutput 
DAC705SH/QM -55'C to +125'C 16-blt port ±5Voutput 

DAC706KH O'C to +70'C 16-blt port ±1mA output 
DAC706KH-BI O'C to +70'C 16-blt port ±lmA output 
DAC706BH -25' C to +85' C 16-bit port ±1mA output 
DAC706BH-BI -25' C to +85' C 16-bit port ±lmA output 
DAC706BH/QM -25' C to +85' C 16-bit port ±1mA output 
DAC706SH -55'C to +125'C 16-bIt port ±lmA output 
DAC706SH-BI -55'C to +125'C 16-bit port ±1mA output 
DAC706SH/QM -55'C to +t25'C 16-bIt port ±1mA output 

DAC707JP O'C to +7O'C 16-bit port ±10Voutput 
DAC707 JP-BI DOG to +70°C 16-blt port ±10Voutput 
DAC707KP O'C to +70'C 16-blt port ±10Voutput 
DAC707KP-BI O'C to +70'C 16-blt port ±10Voutput 
DAC707KH O'C to +7O'C 16-bIt port ±10Voutput 
DAC707KH-BI O'C to +70'C 16-blt port ±10Voutput 
DAC707BH -25'C to +85'C 16-blt port ±10Voutput 
DAC707BH-BI -25'C to +85'C 16-blt port ±10Voutput 
DAC707BH/QM -25'C to +85'C 16-bit port ±10Voutput 
DAC707SH -55'C to +125'C 16-blt port ±10Voutput 
DAC707SH-BI -55'C to +125'C 16-blt port ±10Voutput 
DAC707SH/QM -55'C to +125'C 16-blt port ±10Voutput 

DAC708KH O'C to +70'C 8-bit port ±1mAoutput 
DAC708KH-BI O'C to +70'C 8-blt port ±1mA output 
DAC708BH -25'C to +85'C 8-bit port ±1mA output 
DAC708BH-BI -25'C to +85'C 8-bIt port ±1mA output 
DAC708BH/QM -25'C to +85'C 8-blt port ±1mA output 
DAC708SH -55°C to +125°C a-bit port ±1mA output 
DAC708SH-BI -55'C to +125'C 8-blt port ±1mA output 
DAC708SH/QM -55'C to +125'C 8-blt port ±1mA output 

DAC709KH O'C to +70'C 8-bit port ±10Voutput 
DAC709KH-BI O'C to +70'C 8-bit port ±10Voutput 
DAC709BH -25'C to +85'C 8-blt port ±10Voutput 
DAC709BH-BI -25' C to +85' C 8-bIt port ±10Voutput 
DAC709BH/QM -25'C to +85'C 8-blt port ±10Voutput 
DAC709SH -55'C to +125'C 8-blt port ±10Voutput 
DAC709SH-BI -55'C to +125'C 8-bit port ±10Voutput 
DAC709SH/QM -55'C to +125'C 8-bl!..Q.ort ±10Vou.!Q.ut 
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DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

For bipolar operation, the DAC705j706j707j708j709 
accept positive-true binary two's complement input code. 
For unipolar operation (DAC708j709 only) the input 
code is positive-true straight-binary provided that the 
MSB tnput is inverted with an external inverter. See 
Table 1. 

TABLE I. Digital Input Codes. 

Analog Output 

Digital Unipolar Straight Blnaryl11 Binary Two's Complement 

Input (DAC7081709 only. connec- (Bipolar operation; 

Codes ted for Unipolar operation) all models) 

7FFFH +1/2 Full Scale -1 LSB'" +Full Scale 
OOOOH Zero Zero 
FFFFH +Full Scale -1LSB 
8000H +112 Full Scale -Full Scale 

(1) MSB must be Inverted externally (2) Assumes MSB IS Inverted 
externally 

ACCURACY 

Linearity 
This specification describes one of the most important 
measures of performance of a D / A converter. Linearity 
error is the deviation of the analog output from a 
straight line drawn through the end points (-Full Scale 
point and +Full Scale point). 

Differential Linearity Error 
Differential Linearity Error (DLE) of a D/ A converter is 
the deviation from an ideal ILSB change in the output 
when the input changes from one adjacent code to the 
next. A differential linearity error specification of 
±1/2LSB means that the output step size can be between 
1/2LSB and 3/2LSB when the input changes between 
adjacent codes. A negative DLE specification of -ILSB 
maximum (-0.006% for 14-bit resolution) insures mon
otonicity. 

Monotonicity 
M onotonicity assures that the analog output will increase 
or remain the same for increasing input digital codes. 
The DAC705j706j707j708j709 are specified to be mon
otonic to 14 bits over the entire specification temperature 
range. 

DRIFT 

Gain Drift 
Gain drift is a measure of the change in the full-scale 
range output over temperature expressed in parts per 
million per degree centigrade (ppm/oq. Gain drift is 
established by: (I) testing the end point differences at tm .. , 

+25°C and tm .. ; (2) calculating the gain error with 
respect to the +25°C value; and (3) dividing by the 
temperature change. 

Zero Drift 
Zero drift is a measure of the change in the output with 
OOOOH applied to the D / A converter inputs over the spec
ified temperature range. (For the DAC708j709 in unipo-

Burr-Brown Ie Data Book 

lar mode, the MSB must be inverted.) This code corres
ponds to zero volts (DAC705j707 and DAC709) or zero 
milliamps (DAC706 and DAC708) at the analog output. 
The maximum change in offset at tm .. or tm .. is referenced 
to tl1e zero error at +25°C and is divided by the tempera
ture change. This drift is expressed in FSR/oC. 

SETTLING TIME 

Settling time of the D / A is the total time required for the 
analog output to settle within an error ,band around its 
final value after a change in digital input. Refer to Figure 
I for typical values for this family of products. 
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Settling Time (ps) 

FIGURE I. Final-Value Error Band Versus Full-Scale 
Range Settling Time. 

Voltage Output 
Settling times are specified to ±O.003% of FSR (±1/2 
LSB for 14 bits) for two input conditions: a full-scale 
range change of 20V (±IOV) or lOY (±5V or 0 to lOY) 
and a ILSB change at the "major carry", the point at 
which the worst-case settling time occurs. (This is the 
worst-case point since all of the input bits change when 
going from one code to the next.) 

Current Output 
Settling times are specified to±0.003% of FSR for a full
scale range change for two output load conditions: one 
for IOn to lOon and one for 1000n. It is specified this 
way because the output RC time constant becomes the 
dominant factor in determining settling time for large 
resistive loads. 

COMPLIANCE VOLTAGE 

Compliance voltage applies only to current output mod
els. It is the maximum voltage swing allowed on the 
output current pin while still being able to maintain spec
ified accuracy. 
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POWER SUPPLY SENSITIVITY 
Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D/ A converi~r 
output. It is defined as a percent of FSR change in the 
output per percent of change in either the positive supply' 
(+Vtc), negative supply (-Vee) or logic supply (V",,) 
about the nominal power supply voltages (see Figure 2), 
It is specified for DC or low frequency changes. The 
typical performance curve in Figure 2 shows the effect of 
high frequency changes in power supply voltages. 

0030 

~0025 ~ 

; 
-15V Supply 1111111 

5 

~OO20 .. 
.<: 
U 
'0 
". 0015 

~ 
e w 0010 
a: 
(J) 
u. 1/ +15V 
'0 Supply 
".0005 -

"'" 
~V u~ 

0 
1 10 100 1k 10k' 100k 

Power Supply Ripple Frequency (Hz) 

FIGURE 2. Power Supply Rejection Versus Power 
Supply Ripple Frequency. 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, poWer 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. l/LF tantalum capacitors ' 
should be located close to the D/ A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external 
zero and gain potentiometers. Connect these potenti
ometers as shown in the Connection Diagram and adjust 
as described below. ·TCR of the potentiometers s·hould 
be IOOppm/oC or less. The 3.9MO and 270kO resistors 
(±20% carbon or better) should be located close to the 
D / A converter tQ prevent noise pickUp. If it is not con
venient to use these high-value resistors, an equivalent 
"T" network, as shown in Figure 3, may be substituted in 
place of the 3.9MO resistor. A OJ)(fi/LF to O.OI/LF 
ceramic capacitor should be connected. from GAIN 
ADJUST to ANALOG COMMON to prevent noise· 
pickUp. Refer to. Figures 4 and 5 for the relationship of 
zero and gain adjustments to unipolar D/A converters. 

O--_"·~""".--O = o---:--Nlr--Ir--.... ·II."' . .-.... O 3.9MO -.' lSOkO ,;;~ 
IOkO 

FIGURE 3. Equivalent Resistances. 

Ze'ro Adjustment 
For unipolar (USB) configurations, apply the digital 
input code that produces zero voltage or zero current 
output and adjust the zero potentiometer for zero out
put. 

For bipolar (BTC) configurations, apply the digital 
input code that produces zero output voltage or current. 
See Table II for corresponding codes and connection 
diagrams for zero adjustment circuit connections. Zero 
<:alibration should be made before gain calibration. 

.L +FULL _l_J 
SCALE f . ~ 

ILSB ? ; :' ~ ~ 
5 ~ r fI' ,. RANGE OF 

:= z ~ = :i '~. GAINAOJ :: ~ ~ .. ' 
; ~ ;':~ 

, ::! :::l INPUT= ... ;.. GAIN AOJ 
RANGE OF ~ oooo..:? ROTATES 

INPUT = FFFFH ZERO AOJ 11 I#''''.f THE LINE 

ZERO ADJ. • "IL'-+--+-+-_+-+I',JJ-+I -+-1 _+-1 -+-1 -it 
T~ANSLATES,-- 'DIGITAL INPUT 
THE LINE I 

FIGURE 4. Relationship' of Zero and Gain Adjust
ments for Unipolar D/A Converters, 
DAC708 and DAC709. 

RANBE AND 
OfFSET 
ADJUST 

FIGURE 5. Relationship of Zero and Gain Adjust
ments for Bipolar D/A Converters, 
DAC705/106/107 and DAC708/709. 
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TABLE II. Digital Input And Analog Output Voltage/Current Relationships. 

VOLTAGE OUTPUT MODELS 

Analog Outpul Analog Outpul 
Dlgllal 

'Unlpolar, 0 10 +10V 
Dlgllal 

Bipolar, ±10V Bipolar, ±5V 
Inpul Inpul 
Code 1I1 .. BII 15 .. BII 1 .... BII Unll. Coda 18-BII 15-BII 14 .. BII 18-BII 15-BII 14 .. BII Units 

One LSB 153 305 610 IlV One LSB 305 610 1224 153 305 610 IlV 
FFFFH +999985 +999969 +999939 V 7FFFH +999960 +999939 +999878 +499980 +499970 +499939 V 
OOOOH 0 0 0 V 8000H -100000 -10.0000 -100000 -50000 -50000 -50000 V 

CURRENT OUTPUT MODELS 

Analog Oulpul 
Digital 

'Unlpolar, 0 10 -2mA 
Inpul 
Code 1&-BII 15 .. BII 14 .. BII Unlls 

One LSB 0031 0061 0122 IlA 
FFFFH -199997 -199994 -199968 rnA 
OOOOH 0 0 0 rnA 

·MSB assumed to be Inverted externally 

Gain Adjustment 
Apply the digital input that gives the maximum positive 
output voltage. Adjust the gain potentiometer for this 
positive full-scale voltage. See Table II for positive full
scale voltages and the Connection Diagrams for gain 
adjustment circuit connections. 

INTERFACE LOGIC AND TIMING 

DAC70S/709 
The signals CHIP SELECT (CS), WRITE (~), regis
ter enables (Ao, A" and A,}and CLEAR (CLR), provide 
the control functions for the microprocessor interface. 
They are all active in the "low" or logic "0" state. CS 
must be low to access any of the registers. Ao and Al 
steer the input 8-bit data byte to the low- or high-byte 
input latch respectively. A, gates the contents ofthe two 
input latches through to the D / A latch in parallel. The 
contents are then applied to the input of the D / A conver
ter. When WR goes low, data is strobed into the latch or 
latches which have been enabled. 

The serial input mode is activated when both Ao andAI 
are logic "O"simultaneously. The DO (D8)/SI input data 
line accepts the serial data MSB first. Each bit is clocked 
in by a WR pulse. Data is strobed through to the D / A 
latch by A, going to logic "0" the same as in the parallel 
input mode. 

Each of the latches can be made "transparent" by main
taining its enable signal at logic "0". However, as stated 
above, when both Ao and Al are logic "0" at the same 
time, the serial mode is selected. 

The CLR line resets both input latches to all zeros and 
sets the D / A latch to OOOOH. This is the binary code that 
gives a null, or zero, at the output of the D/ A in the 
bipolar mode. In the unipolar mode, activating CLR will 
cause the output to go to one-half of full scale. 

The maximum clock rate of the latches is 10M Hz. The 
minimum time between write (WR) pulses for successive 
enables is 20ns. In the serial input mode (DAC708 and 
DAC709), the maximum rate at which data can be 
clocked into the input shift register is 10MHz. 
The timing of the control signals is given in Figure 6. 

Analog Oulpul 
Digital 

Bipolar, ±1mA 
Inpul 
Code 16 .. BII 15-BII 14 .. BII Units 

One LSB 0031 0061 0122 IlA 
7FFFH -099997 -099994 -099968 rnA 
8000H +100000 +100000 +100000 rnA 

LOGIC TIM INS • Plrilial or Serlll 0111 Input Over TamplrllUn 
ns. min ns. max 

low 0111 valid It and" Viii 80 lew Ci vilid II and" Viii 80 t.w iii, Ai. Ai valid II and DI Viii 80 
Iwp Wrllt pul •• wldltl III 
IOH 0111 hold II\tr and 01 Viii a 

TIMINS DIAGRAM I...-- ---l 
Ci __ ..... ~ lew I /'-__ _ 

~~~J:===t.W~,,-__ _ 
iii. AI. A! " I ~ t:: tow~ 
OO.:::DI5~.S:::-I----"'I* I *"---
Viiii _______ ~'(~~'(~~IcH~,_~------

I- Iwp:j 
FIGURE 6. Logic Timing Diagram. 

DAC706/707 
The DAC70S/706f707 interface timing is the same as 
that described above except instead of two 8-bit sepa
rately-enabled input latches, it has a single l6-bit input 
latch enabled by Ao. The D/ A latch is enabled by AI. 
Also, there is no serial-input mode and no CiITP 
SEi:EC'i' (CS) line. 

INSTALLATION 
CONSIDERATIONS 
Due to the extremely-high accuracy ofthe D/A conver
ter, system design problems such as grounding and con
tact resistance become very important. For a 16-bit con
verter with a +IOV full-scale range, ILSB is IS3/-1V. With 
a load current of SmA, series wiring and connector 
resistance of only 30mO will cause the output to be in 
error by lLSB. To understand what this means in terms 
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of a system layout, the resistance of typical I ounce 
copper-clad printed circuit board material is approxi
mately If2mO per square. In the example above, a IO 
milliinch-wide conductor 60 milIiinches long would cause 
a lLSB error. 

In Figures 7 and 8, lead and contact resistances are 
represented by R, through R,. As long as the load resist
ance RL is constant, R2 simply introduces a gain error 

DAC711511D71109 

_ALTERNATE 6ROUND 
~R. / SENSE CONNECTION 

I + +Vcc 

/ lpF""T"" ANALOS 
./ + CUMMON 

/' lpF 
SYSTEM -Vo. 
GROUND 

DIGITAL 
COMMON 

Voo 

±Vo. 
SUPPLY 

v •• 
SUPPLY 

FIGURE 7. DAC705j707j709 Bipolar Output Circuit 
(Voltage Out). 
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FIGURE 8. DAC706j708 Bipolar Output Circuit 
(with External Op Amp). 

and can be removed with gain calibration. R3 is part of 
RL if the output voltage is sensed at ANALOG COM
MON. 

Figures 8 and 9 show two methods of connecting the 
currrent output model with an external precision output 
op amp. By sensing the output voltage at the load resis
tor (connecting RF to the output of the amplifier at RL) 
the effect of R, and R2 is greatly reduced. R, will cause a 
gain error but is independent of the value of RL and can 
be eliminated by initial calibration adjustments. The 
effect of R2 is negligible because it is inside the feedback 
loop of the output op amp and is therefore greatly 
reduced by the loop gain. 

OAC706 OR OAC7,", 

FIGURE 9. Alternate Connection for Ground 
Sensing at the Load (Current Output 
Models). 

In many applications it is impractical to sense the output 
voltage at ANALOG COMMON. Sensing the output 
voltage at the system ground point is permissible because 
these converters have separate analog and digital com
mon lines and the analog return current is a near
constant 2mA and varies by only IO~A to 20~A over the 
entire input code range. R. can be as large as 30 without 
adversely affecting the linearity of the Df A converter. 
The voltage drop across R. is constant and appears as a 
zero error that can be nulled with the zero calibration 
adjustment. 

Another approach senses the output at the load as 
shown in Figure 9. In this circuit the output voltage is 
sensed at the load common and not at the D / A converter 
common as in the previous circuits. The value of R6 and 
R7 must be adjusted for maximum common-mode rejec
tion across RL. The effect of R. is negligible as explained 
previously. 

The D f A converter and the wiring to its connectors 
should be located to provide optimum isolation from 
sources of RFI and EMI. The key to elimination of RF 
radiation or pickup is small loop area. Signal leads and 
their return conductors should be kept close together 
such that they present a small flux-capture cross section 
for any external field. 

BURN-IN SCREENING 

Burn-in screening is an option available for the entire 
DAC705 through DAC709 family of products. Burn-in 
duration is 160 hours at the temperature shown below 
(or equivalent combination of time and temperature). 
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Temp. Range 
O°C to +70°C 

Burn-In Screening 
160 hours at 85° C 

Model 
DAC705KH-BI 
DAC705BH-BI 
DAC705SH-BI 

-25°C to +85°C 160 hours at 85°C 
-55° C to + 125° C 160 hours at 125° C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI"to the 
base model. 

ENVIRONMENTAL SCREENING 

10M Screening 
All BH and SH models are available with Burr-Brown's 
fQM environmental screening for enhanced reliability. 
The screening, tabulated below, is performed to selected 
methods of MIL-STD-883. Reference to these methods 
provides a convenient method of communicating the 
screening levels and basic procedures employed; it does 
not imply conformance to any other military standards 
or to any methods of MIL-STD-883 other than those 
specified below. Burr-Brown's detailed procedures may 
vary slightly, model-to-model, from those in MIL-STD-
883. 

SCREENING FLOW FOR /QM MODELS 

MIL-STD-883 
Screen Method Condition Comments 

Internal Visual 2017 B 

High Temperature 
Storage (Stabili-
zation Bake) 1008 C +150°C.24hrs 

Temperature -6510 +150°C. 
Cyclmg 1010 C 10 cycles 

Burn-In 1015 B +125°C, 160hrs 

Constant 
Acceleration 2001 

28-pln pkg B 10.000G 
24-pln pkg E 30.000G 

Hermetlclty 
Fme Leak 1014 A1orA2 

28-pln pkg 2 X 10-7 atmee/sec 
24-pln pkg 5 X 10-6 atmee/sec 

Gross Leak 1014 C 60pslg, 2hr 

External Visual 2009 

APPLICATIONS 
LOADING THE DAC709 SERIALLY ACROSS AN 
ISOLATION BARRIER 

A very useful application of the DAC709 is in achieving 
low-cost isolation that preserves high accuracy. Using 
the serial input feature of the input register pair, only 
three signal lines need to be isolated. The data is applied 
to pin II in a serial bit stream, MSB first. The WR input 

is used as a data strobe, clocking in each data bit. A 
RESET signal is provided for system startup and reset. 
These three signals are each optically isolated. Once the 
16 bits of serial data have been strobed into the input 
register pair, the data is strobed through to the Of A 
register by the "carry" signal out of a 4-bit binary syn
chronous counter that has counted the 16 WR pulses 
used to clock in the data. The circuit diagram is given in 
Figure 10. 

v,, 

+ 
POWER ISOLATED 1-------1 
SUPPLY POWER 
VOLTAGE SUPPLY 

DATA STROBE 

SERIAL INPUT 

Az' 

ANALOG 
OUTPUT 

I ":' 

!.. - ISOLATION BARRIER 

~"'---v-v-V-
~ ... ~ 

l-
I 

-------------~~ 
FIGURE 10. Serial Loading of Electrically Isolated 

DAC708j709. 

Burr-Brown Ie Data Book 6.1-63 Vol_ 33 

C/) 
a: 
w 
Ia: 
W 
> 
Z 
o o 

~ 
z 
o 

g 
w :e 
:::) 

~ 
~ 



CONNECTING MULTIPLE DAC707s TO A 16-BIT 
MICROPROCESSOR BUS 

Figure II illustrates the method of connecting multiple 
DAC707s to a 16-bit microprocessor bus. The circuit 
shown has two DAC707s and uses only one address line 
to select either the input register or the Dj A register. An 
external address decoder selects tne desired converter. 

FIGURE II. Connecting Multiple DAC707s to a 16-
Bit Microprocessor. 
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BURR-BROWN® 

IElElI DAC710 
DAC711 

Monolithic 16-Bit 
ROBOTICS DIGITAL-TO-ANALOG CONVERTERS 

FEATURES 
• DESIGNED SPECIFICALLY FOR CLOSED-LOOP 

SERVO-CONTROL APPLICATIONS 
• MONOTONIC TO 15 BITS OVER TEMPERATURE 
• MONOLITHIC CONSTRUCTION 

DESCRIPTION 
Robotics, numerical controllers, and other applica
tions that involve the driving of servomotors require 
OJ A converters that have very-good differential lin
earity around the zero output point. The DAC7lOKH 
(current output) and DAC711KH (voltage output) 
have been optimized for this characteristic. 

DAC710 and DAC711 are complete 16-bit OJ A 
converters on one chip. They include a precision· 
buried-zener voltage reference, a fast settling opera
tional amplifier (DAC711 only) as well as the OJ A 
converter circuits. A combination of current switch 
design techniques accomplishes a guaranteed mono-

DAC710 

6.3V REF OUT 

+Vcc 

GAIN ADJUST 

lOUT 

COMMON 

-Vcr 

Voo 

RFEEDBACK 

• VOUT AND lOUT MODELS 
• PIN-COMPATIBLE WITH DAC702. DAC703 
• VERY-LOW COST FOR MULTIPLE-CHANNEL 

APPLICATIONS 

tonicity of 15 bits around Bipolar Zero over the 
entire specification temperature range, OOC to + 70°C. 

Digital inputs are complementary binary coded and 
are TTL-, LSTTL-, 54j74C-, and 54j74HC-compa
tible over the entire temperature range. Outputs are 
±IOV for the DAC711KH and ±lmA for the 
DAC7IOKH. 

This OJ A family is pin-compatible with the voltage 
and current output DAC703 and DAC702 model 
families. These OJ A converters are packaged in 24-
pin ceramic side-brazed packages that are hermeti
cally sealed. 

DAC7I1 

6.3V REF OUT 

+Vcc 

GAIN ADJUST 
SUMMING 
JUNCTION 

'" COMMON ... = .... 
!!! -Vee .... 
~ 
CD 

Voo 
2i 

VOUT 

International Airport Industrial Park· P.O. Box 11400· Tucson, Arizona 85734· Tel. 16021746·1111 . Twx: 91 ()'952·1111 . Cable: BBRCORP· Telex: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C and rated powe~ supplies and after 10 minutes of warm-up time unless otherWise noted 

MODEL DAC710KH/DAC711KH 

MIN TYP MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolution 16 Bits 
Dlgrtallnputs(1). V," +24 +Vcc V 

V" -10 +08 V 
I'HI VI = +2 7V +40 /lA 
IlL, VI = +0 4V -035 -05 mA 

TRANSFER CHARACTERISTICS 

ACCURACyl21 

Differential Llnearrty Error (near bIpolar zero)f4)(SI +0 006, -0 003 % 01 FSA(3) 

Monotonrclty (near bipolar zero)14J 15 Bits 
Linearity Error ±00045 % of FSR 
Gam Error(6) ±015 ±030 % 
BIpolar Zero Errorl6U7I ±005 ±01 % of FSR 

DRIFT (over specifIcation temperature range) 
Differential Linearity Error (near bipolar zero) over 

Temperaturef4HS' +0009, -0 003 % of FSR 
Monotomclty (near bipolar zero) over Temperature(4) 15 BIts 
Linearity Error over Temperature ±0009 % of FSR 
Gain Drrft ±25 ±50 ppml"C 
Bipolar Zero Drift ±5 ±12 ppm of FSR/·C 

SETTLING TIME (to ±O 003% of FSR)'" 
DAC711 (Vou, Models) 

Full Scale Step (2kO load) 4 8 psec 
For lLSB Step Change at Worst-Case Code(9) 25 4 psec 
Slew Rate 10 V/psec 

DAC710 (Iou, Models) 
Full Scale Step (2mA) 100 to 1000 load 350 nsec 

lkO load 1 psec 

OUTPUT 

VOLTAGE OUTPUT 
DAC711 ±10 V 

Output Current ±5 mA 
Output Impedance 015 0 
Short Circuit to Common Duration Indefinite 

CURRENT OUTPUT 
DAC710 

Output Range (±30% typ) ±1 mA 
Output Impedance (±30% typ) 40 kO 
Compliance -25 +25 V 

REFERENCE VOLTAGE 
Voltage +63 V 
Source Current AvaIlable for External Loads +25 mA 
Short CirCUIt to Common DuratIon IndefInite 

POWER SUPPLY REQUIREMENTS 

Voltage +Vee +135 +15 +165 V 
-Vee -135 -15 -165 V 

Voo +45 +5 +165 V 
Current (No Load) 

DAC711 (Vou, Model)' +Vee +16 +30 mA 
-Vee -18 -30 mA 

Voo +4 +8 mA 
DAC710 (Iou, Model) +Vee +10 +25 mA 

-Vee -13 -25 mA 
Voo +4 +8 mA 

Power DISSipation (Vee = +5 OV) nO). DAC711 530 940 mW 
DAC710 365 790 mW 

Power Supply Rejection +Vee ±0003 ±0006 % of FSR/%Vcc 
-Vee ±0003 ±Q.006 % of FSR/%Vcc 

Voo ±O.OOOI ±0.001 % of FSR/%Vee 

TEMPERATURE RANGE 

SpecificatIon 0 +70 ·C 
Storage -60 +150 ·C 
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NOTES (1) D.g.lal .npuls are TTL-, LSTTL-, 54174C-, 54/74HC-, and 54174HTC-compal.ble over Ihe operatong vollage range of Voo = +5V 10 +15V and 
over the specified temperature range The Input sWitching threshold remams at the TTL threshold of 1 4V over the supply range of Voo :;:: +5V to +15V As 
logic "0" and logic "1" Inputs vary overOV to +0 8V and +2 4V to +10V. respectively. the change In the O/A converter output voltage will not exceed ±O 006% 
of FSR (2) DAC710KH IS specified and tested with an external output operational amplifier uSing the Internal feedback reSistor In all parameters except 
seltl.ng I. me (3) FSR means Full Scale Range and.s 20V forlhe DAC711KH and 2mA for Ihe DAC710KH (4) Th.s spec.f.cal.on.s for±2048 consecul.ve 
codes around the bipolar zero code, that IS, from 77FFH to 87FFH (5) ±O 003% of FSR IS 1LSB for 15-blt resolution (6) Adjustable to zero with external 
trtm potentiometer Adjusting the gain potentiometer rotates the transfer function around the bipolar zero pOint (7) Error at Input code 7FFFH • bipolar 
zero (8) Max.mum represenls Ihe 3u Iom.1 Nol 100% lesled for Ih.s parameler (9) AI Ihe malar carry, 7FFFH 10 8000H and 8000H 10 7FFFH (10) Power 
dissipation IS an additional40mW when Vee IS operated at +15V 

ORDERING INFORMATION 

Temperature 
Model Package Range Oulpul 

DAC710KH Hermetic Ceramic O·Clo +70·C Currenl, ±1mA 
DAC711KH Hermetic Ceramic O·C 10 +70·C Vollage 

BURN-IN SCREENING OPTION 
See lexl for deta.ls 

Temperalure Burn .. ln 
Model Package Range Temp, (160h)'" 

DAC710KH-BI Hermetic Ceramic O·C 10 +70·C 85·C 
DAC711KH-BI Hermetic Ceramic O·C 10+70·C 85·C 

NOTE (1) Or eqUivalent combination of time and temperature 

PIN ASSIGNMENTS 

Pin 
Function 

No. DAC710 

1 B.11 (MSB) 
2 B.12 
3 B.13 
4 B.14 
5 B.15 
6 B.16 
7 B.17 
8 B.18 
9 B.19 

10 B.110 
11 B.I11 
12 B.112 
13 B.113 
14 B.114 
15 B.115 
16 B.116 (LSB) 
17 RFEEDBACO< 
18 Voo 
19 -Vee 
20 Common 
21 lOUT 

22 Ga.n Adlusl 
23 +Vee 
24 +63V Ref Oul 

CONNECTION DIAGRAM 

Burr-Brown Ie Data Book 

DAC711 

B.11 (MSB) 
B.12 
B.13 
B.14 
B.15 
B.16 
B.17 
B.18 
B.19 
B.110 
B.111 
B.112 
B.113 
B.114 
B.115 
B.116 (LSB) 
VOUT 
Voo 
-Vee 
Common 
Summing Junction 

(Zero AdIUSI) 
Gam Adlusl 
+Vcc 
+63V Ref Oul 

MECHANICAL 

[[~l]J 
I.. A F~LJ 

NOTE 
Leads In true 
position 
within 0 010" 
(0 25mm) R al 
MMCalseal-

N:J ' .ng plane 

~=-=-=~l= '~L J~L~-~\L=O~s .... :. P'.ne 

----.l 0 INCHES MILLIMETERS 

H G DIM MIN MAX MIN MAX 

A 1.185 1.215 30.10 30.88 
B .800 .820 15.24 15.75 
C .125 .171 3.18 4.34 
D .015 .021 0.38 . a 
F .oa5 .080 0.88 1.62 
G .100 BASIC 2.14 BASIC 
H .oao .070 0.78 1.78 
J .008 .012 0.20 o.ao 
K .12 .240 3.06 1.10 
L .800 BASIC 11.24 BASIC 
M - - 10· - - 10· 
N .025 .010 0.14 1.52 

+Vcc 

27Oko 

~~------------~0~,OO~2~~-F~-+------~~~--~'<~ ..,... 
3.9MO 

-Vee 

L..----------1---------------- Voo IT/ 

+ 121 

::::: 
NOTES: 
1. CAN BE TIED TO +Vee INSTEAD OF 

HAVINS SEPARATE Voo SUPPLY, 
2. OECOUPLING CAPACITORS ARE D.11lF 

TO 1.I1pI', TANTALUM, 

6.1-67 

3. POTENT10METERS ARE 1OkO TO 
lOO1cn 

4. AMPLIFIER IN OAC711 ONLY. 
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ABSOLUTE MAXIMUM RATINGS 

Voo to Common . ......... . ......................... ov to +18V 
+Vcc to Common ........... . . . . . . . • . . . . ., . OV to +18V 
-Vee to Common ..... .. ........ . ... OV to -18V 
DIgItal Data Inputs (PinS 1-16)10 Common ......... -W to +18V 
Reference out (pm 24) 
to Common .. .. ...... . ........ Indefmlte Short to Common 
External Voltage Applied to R, (Pin 21. DAC710KH) ... . .. ±18V 
External Voltage Applied 
to D/A Output (Pin 17, DAC711 KH) . .. .... .. .... -5V to +5V 
Vou, (pIn 17, DAC711) ............. Indeflntte Short to Common 
Power DISSipation . ....... .. ................... IOOOmW 
Storage Temperature .... ... ... .. .. -eDoC to +150°C 
Lead Temperature (soldering, 10s) . ... .. ... ... 30QoC 

NOTE Stresses above those listed under "Absolute MaxImum Ratings" 
may cause permanent damage to the device Exposure to absolute 
maximum condItions for extended periods may affect device reliability 

DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

The DAC710f7IlKH accept complementary binary dig
ital input codes in bipolar format. They may be con
nected by the user for either complementary offset 
binary (COB) or complementary two's complement 
(CTC) codes (see Table I). 

ACCURACY 

Linearity 
Linearity error is the deviation of the analog output 
from a straight line drawn through the end points (all 
bits ON point and all bits OFF point). 

Differential Linearity 
For servomotor control applications, differential linear
ity error (DLE) is one of the most important perfor
mance measures of a D / A converter. DLE is the devia
tion from an ideallLSB change in the output when the 
input changes from one adjacent code to the next. A 
differential linearity error specification of +0.006% of 
FSR maximum means that an output step size can be 
between ILSB and 3LSB (at IS bits) when the input 
changes between adjacent codes. A DLE specification of 
-0.003% maximum ensures IS-bit monotonicity. 

Monotonlcity 
When a D/A converter is monotonic, the analog output 
increases or remains the same for an increasing input 
digital code. For ±2048 consecutive codes around 
bipolar zero, the DAC710KH and DAC711KH are 
monotonic to 15 bits over the entire specification 
temperature range. 

DRIFT 

Gain Drift 
Gain drift is a measure of the change in the full-scale 
range output over temperature expressed in parts-per
million per degree centigrade (ppm/"q. Gain drift is 
established by (I) testing the end point difference for 
each D / A at tm .. , + 2SoC and tm .. (2) calculating the gain 
error with respect to the +2SoC value, and (3) dividing 
by the temperature change. 

Zero Drift 
Zero drift is a measure of the change in the output with 
7FFFH (bipolar zero) applied to the digital inputs. This 
code corresponds to OV (DAC711 KH) or OmA 
(DAC7IOKH) at the analog output. The maximum 
change in offset at tm .. or tmax is referenced to the zero 
error at +2SoC and is divided by the temperature 
change. This drift is expressed in parts-per-million of 
full-scale range per degree centigrade (ppm of FSR/oq. 

TABLE I. Digital Input Codes. 

Digital 
Analog Output 

Input Complementary Olf1let • Complementary TWo'. 
Code. Binary (COB) Complement (CTC) 

0000.. + Full Scale -1LSB 
7FFFH Bipolar Zero - Full Scale 
8000H -1LSB + Full Scale 
FFFFH - Full Scale BIpolar Zero 

-Invert the MSa of the COB code With an external Inverter to obtain eTC 
code. 

SETTLING TIME 

Settling time ofthe D/ A is the total time required for the 
output to settle within an error band around its final 
value after a change in input. Refer to Figure I for typi
cal values. 

Voltage Output, DAC711KH 
Settling times are specified to ±0.003% of FSR for two 
input conditions: a full-scale range change of 20V and a 
±0.006% of FSR (±I LSB in 14 bits) change at the major 
carry, the point at which the worst-case setting time 
occurs. 

Current Output, DAC710KH 
Settling times are specified to ±0.003% of FSR for a full
scale range change for two output load conditions: one 
for Ion to lOon and one for 1000n. 

COMPLIANCE VOLTAGE 

Compliance voltage applies only to current output mod
els. It is the maximum voltage swing allowed on the 
output while maintaining specified accuracy. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D / A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive supply (+ V cc), negative supply (-V cd 
or logic supply (Vnn) about the nominal power supply 
voltages (see Figure 2). 

REFERENCE SUPPLY 

All models have an internal +6.3V reference voltage 
derived from an on-chip buried-zener diode. This refer
ence voltage, available at pin 24, has a tolerance of ±S%. 
A minimum of l.SmA is available for external loads. 
Gain and Zero adjustments should be made under con
stant load conditions. 

If a varying load is to be driven by the referenCe supply, 
an external buffer amplifier is recommended to drive the 
load in order to isolate the bipolar offset (connected 
internally to the reference) from load variations. 
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FIGURE 2. Power Supply Rejection Versus Power 
Supply Ripple Frequency. 

100k 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. The I!-IF tantalum capaci
tors should be located close to the D / A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external 
zero and gain potentiometers. Connect these potenti
ometers as shown in the Connection Diagram and adjust 
as described below. TCR of the potentiometers should 
be IOOppm/oC or less. The 3.9MD. and 270kD. resistors 
(±20% carbon or better) should be located close to the 
D / A converter to prevent noise pickup. If it is not con
venient to use these high-value resistors, an equivalent 
"T" network, as shown in Figure 3, may be substituted in 

place of the 3.9MD. part. A O.OOI!-lF to O.OI!-lF ceramic 
capacitor should be connected (even if GAIN ADJUST 
is not used) from GAIN ADJUST (pin 22) to COM
MON to prevent noise pickup. Refer to Figure 4 for the 
relationship of zero and gain adjustments. 

Zero Adjustment 
Apply the digital input code (7FFFH) that produces zero 
output voltage or current. See Table II for corresponding 
codes and the Connection Diagram for zero adjustment 
circuit connections. Zero calibration should be made 
before Gain calibration. 

Gain Adjustment 
Apply the digital input code (OOOOH) that gives the max
imum positive output voltage or current. Adjust the gain 
potentiometer for this positive full-scale voltage or cur
rent. See Table II for positive full-scale values and the 
Connection Diagram for gain adjustment circuit connec
tions. 

3.9MO 180kO 180kO 

~ =0-~-""f'r---1"-_J...I\I"""'-_.I'fo-o 

• 10kO 

-oF 

FIGURE 3. Equivalent Resistances. 
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TABLE II. Digital Input and Analog Output Relationships. 

Digital 
OAC710 Current Output 

Input 
Code 16-blt 15-blt 14-blt Units 

lLSB 0.031 0061 
OOaOH -099997 -099994 
7FFFH 0.00000 000000 
FFFFH +100000 +100000 

INSTALLATION 
CONSIDERATIONS 

0.122 
-0.99988 
0.00000 

+1.00000 

Due to the extremely high resolution and linearity of the 
D 1 A converter, system design problems such as grounding 
and contact resistance become very important. For a I6-bit 
converter with a +IOV full-scale range, ILSB is 153/.tY. 
With a load current of 5mA, series wiring and connector 
resistance of only 30mO will cause the output to be in error 
by ILSB. To understand what this means in terms of a 
system layout, the resistance of#23 wire is about 0.02In/ft. 
Ignoring contact resistance, less than six inches of wire 
will produce a ILSB error in the analog output voltage! 

In Figures 5, 6, and 7, lead and contact resistances are 
represented by RI through Rs. As long as the load resis
tance (Rd is constant, Rl simply introduces a gain error 
and can be removed during initial calibration. R3 is part of 
RL, if the output voltage is sensed at COMMON (pin 20), 
and therefore introduces no error. If RL is variable, then Rl 
should be less than RLm .. /2" to reduce voltage drops due 
to wiring to less than ILSB. For example, if RLm .. is 5kO, 
then Rl should be less than 0.080. RL should be located as 
close as possible to the D 1 A converter for optimum per
formance. The effect of R4 is negligible. 

In many applications it is impractical to sense the output 
voltage at pin 20. Sensing the output voltage at the system 
ground point is permissible with the DAC71O!7II 
because the D 1 A converter is designed to have a constant 
return current of approximatley 2mA flowing from pin 20. 
The variation in this current is under 20J.LA (with changing 
input codes), therefore R4 can be as large as 30 without 
adversely affecting the linearity of the DI A converter. The 
voltage drop across R4 (R4 X 2mA) appears as a zero error 
and can be removed with the zero calibration adjustment. 
This alternate sensing point (the system ground point) is 
shown in Figures 5, 6, and 7. 

Figures 6 and 7 show two methods of connecting the cur
rent output model (DAC7IOKH) with external precision 
output operational amplifiers. By sensing the output volt
age at the load resistor (i.e., by connecting RF to the output 
of AI at Rd, the effect of RI and Rl is greatly reduced. RI 
will cause a gain error but is independent of the value of RL 
and can be eliminated by initial calibration adjustments. 
The effect of Rl is negligible because it is inside the feed
back loop of the output op amp and is therefore greatly 
reduced by the loop gain. If the output cannot be sensed at 
COMMON (pin 20), or the system ground point as men
tioned above, then the differential output circuit shown in 
Figure 7 is recommended. In this circuit the output voltage 
is sensed at the load common and not at the D 1 A converter 
common as in the previous circuits. The value of R, and R, 

fJA 
mA 
mA 
mA 

Analog Output 

OAC711 Voltage Output 

16-blt 15-blt 14-blt 

305 610 1224 
+9.99960 +9.99939 +9.99876 
000000 000000 000000 

-100000 -100000 -10.0000 

R, 

R, 

TO PIN 23 

TO PIN 19 
SYSTEM GROUND POINT 

TO PIN 18 +V 
+. 

IpF +5VOC 
COM SUPPLY 

FIGURE 5. Output Circuit for DAC711. 

SYSTEM GROUND POINT 

+V 
TO PIN 181-+~r::--:-lfJ-::F-1--CO-M-t 

+5VOC 
SUPPLY 

Units 

fJV 
V 
V 
V 

RL 

R, 

FIGURE 6. Preferred External Op Amp Configuration 
for DAC71O. 

must be adjusted for maximum common-mode rejection at 
RL. Note that if R3 is negligible, the circuit of Figure 7 can 
be reduced to the one shown in Figure 6. Again, the effect 
of R. is negligible. 
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OAC71O 

TO PIN 23-.,.--.p----+.t---i 

TO PIN 19--~~-'---t""'4 ___ J 

TO PIN 18_+7:::'t=---:----+--+:..;V'-! 
l/lF COM 

+5VOC 
SUPPLY 

SENSE 
R, 

.""~ 

FIGURE 7. Differential Sensing Output Op Amp Con
figuration for DAC71O. 

The D / A converter and the wiring to its connectors 
should be located to provide optimum isolation from 
sources of RFI and EM I. The key concept in elimination 
of R F radiation pickup is small loop area. If a signal lead 
and its return conductor are wired close together, they 
present a small flux-capture cross section for external 
fields. 

APPLICATIONS 
DRIVING AN EXTERNAL OP AMP WITH 
CURRENT OUTPUT D/A'S 

DAC710KH is a current output device and will drive the 
summing junction of an op amp to produce an output 
voltage as shown in Figure 8. Use of the internal feed
back resistor (pin 17) is required to obtain specified gain 
accuracy and low gain drift. 

DAC710KH can be scaled for any desired voltage range 
with an external feedback resistor at the expense of 
increased drift with temperature. The resistors in the 
DAC7IOKH ratio track to ±lppm/oC but their absolute 
TCR may be as high as ±50ppm;oC. 

An alternative method of scaling the output voltage of 
the D / A converter and preserving the low gain drift is 
shown in Figure 9. 

OUTPUTS LARGER THAN 20V RANGE 

For output voltage ranges larger than ±IOV, a high volt
age op amp may be employed with an external feedback 
resistor. Use an lOUT value of ±lmA to calculate the out
put voltage range (see Figure 10). Use protection diodes 
as shown when a high voltage op amp is used. 

10kn 

-lmA 
TO 

+lmA 

FIGURE 8. External Op Amp Using Internal Feed
back Resistors (DAC7IO). 

'R,. R, TCR < ±10ppm/"C 

FIGURE 9. External Op Amp Using Internal and 

,.. ,.. 
...... --Q ,.. 
...... o 
c:r: 
Q 

External Feedback Resistors to Maintain • 
Low Gain Drift (DAC71O). • 

,.-----~ 

10kn 

-lmA 
TO 

+lmA 
VOUT 

FIGURE 10. External Op Amp Using External Feed
back Resistors (DAC71O). 

BURN-IN SCREENING 

Burn-in screening is an option available for the entire 
DAC71 I family of products. Burn-in duration is 160 
hours at 85°C (or equivalent combination of time and 
temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 
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BURR-BROWN® 

IElElI DAC725 

Dual 16-Bit 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• COMPLETE DUAL VOUT OAC 
• OOUBLE·BUFFEREO INPUT REGISTER 
• HIGH·SPEEO DATA INPUT (Serial or Parallel) 
• HIGH ACCURACY (±O.003% linearity Error) 
• 14·BIT MONOTONICITY OVER TEMPERATURE 
• PLASTIC AND CERAMIC PACKAGES 
• CLEAR INPUT TO SET ZERO OUTPUT 

DESCRIPTION 

is designed to interface to an 8·bit microprocessor 
bus. The hybrid construction minimizes the digital 
feed through typically associated with products that 
combine the digital bus interface circuitry with high
accuracy analog circuitry. 

The DAC725 is a dual l6·bit DAC, complete with 
internal reference and output op amps. The DAC725 

The l6·bit data word is loaded into either of the 
DACs in two 8-bit bytes per l6·bit word. The 
versatility of the control lines allow the data word to 
be directed to either DAC, in any order. The 
voltage·out DACs are dedicated to a bipolar output 
voltage of ± lOY. The output is immediately set to 
OV when the Clear command is given. This feature, 
combined with the bus interfacing and complete 
DAC circuitry, makes the DAC725 ideal for auto· 
matic test equipment, power control, servo systems, 
and robotics applications. 

8·blt 
Data 
Bus 

International Airport Industrial Park· P.O 80x 11400 - Tucson. Arizona 85734 - Tel. 1602) 746-1111 - Twx' 910-952-1111 - Cable: 88RCORP - Telex' 66-6491 

PDS-757A 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C, Vee = ±15V, Voo = +SV, and after a 10-mlnute warm-up unless otherwise noted 

MODEL DAC725JP, AH DAC725KP, BH 

-AnAM"."n MIN TYP M~X MIN TYP MAX UNITS 

INPUT 

DIGITAL INPUT I 16 Resolution · Bits 
Bipolar Input Code Blnal Twos v' '''",'''''0' · Logic Levelsl1 ( V," 

+20 'I +55 · · V 

V" -10 +08 · · V 
I," (V, = +2 7V) 1 · /1A 
I" (V, = +0 4V) 1 · /1A 

TRANSFER vn"""v, ~"'~, 'v~ 

ACCURACY 
linearity Error ±0003 ±0006 ±O 0015 ±0003 %01 FSR I21 

Differential Llneanty Errorl31 ±00045 ±0012 ±0003 ±0006 % of FSR 
at Bipolar Zero l41 ±0003 ±O 006 %01 FSR 

Gam Error '51 ±007 ±02 · ±015 % 
Bipolar Zero Errorl51 ±005 ±O 1 · · % of FSR 
Monotonlclty Over Temperature Range 13 14 Bits 
Power Supply SensitIvity ±Vcc ±O 0015 ±0006 · · % of FSR/OfoVcc 

Voo ±00001 ±0001 · · % of FSR/%Voo 

DRIFT (Over Spec Temp Range) 
Gam Dnft 

DAC725JP, KP ±10 · ppm/'C 
DAC725AH, BH ±10 ±25 · ±15 ppmfOC 

Bipolar Zero Dnft 
DAC725JP, KP ±5 · ppm of FSR/'C 
DAC725AH, BH ±5 ±15 · ±10 ppm of FSR/'C 

Oifferentlailineanty Error Over Temp(3) ±0012 +0009 % of FSR 
-0006 % of FSR 

Lmeanty Error Over Temp l31 ±0012 ±O 006 % of FSR 

SETTLING TIME (to ±O 003% of FSR)'·' 
20V Step (2kO load) 4 · 8 /1S 
1LSB Step at Worst-Case eadem 25 · 4 /1S 
Slew Rate 10 · VI/1s 

OUTPUT 

Output Voltage RangelS' ±10 · V 
Output Current ±5 · mA 
Output Impedance 015 · 0 
Short Circuit to Common Duration Indefmlte · 
POWER SUPPLY Den ." 
Voltage +Vce +114 +15 +165 · · · V 

-Vc< -114 -15 -165 · · · V 
Voo +45 +5 +55 * · · V 

Current (No load, ±15V sup pires) +Vee +29 +35 · · mA 
-Vee -35 -40 · · mA 

Voo +6 +10 · * mA 
Power DIssipation (±15V supplies) 920 1175 · · mW 

• "M~""ArURE RANGE 

Specification 
DAC725JP, KP 0 +70 · · 'C 
DAC725AH, BH -25 +85 · · 'C 

Storage -60 +150 · · 'C 

*Speclflcatlon same as DAC725JP/AH except where listed separately 
NOTES (1) DIgItal Inputs are TTL, LSTTL, 54/74C, 54/74HC and 54174HTC compatIble over the specIfIcatIon temperature range (2) FSR means 
Full-Scale Range For example, for ±10V output, FSR = 20V (3) ±O 0015% of FSR IS equal to 1 LSB rn 16-blt resolutIon ±O 003% of FSR IS equal to 1LSB In 
15-blt resolution ±O 006% of FSR IS equal to 1LSB In 14-blt resolution (4) Error at Input code OOOOH (BTC) (5) Adjustable to zero with external tnm 
potentiometer Adjusting the gam potentiometer rotates the transfer function around the bipolar zero POlOt (6) Maximum represents the 3u I1mlt Not 
tested for this parameter (7) The bipolar worst-case code change IS FFFFH to OOOOH (BTC) (8) MInimum supply voltage for ±10V output swmg IS 

approxImately ±13V Output swmg for ±12V supplies IS at least ±9V 
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MECHANICAL 

H Packlge - 28·pln Ceramic 

I' 
A 

1 

[ "11 14~ 

~ t-~J , , "K 
N ~ M "'""' JL, J L, Plane 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

J A 1386 1465 3520 3721 

LL-J 
B 610 BASIC 1549 BASIC 
C 160 205 406 521 
D 015 019 38 48 

NOTE Leads In true position F 045 055 114 140 
within 010" ( 25mm) Rat MMC G lQOBASIC 254 BASIC 

JJ =1 DIM MIN MAX MIN MAX 
A 1440 1500 3658 3810 
B 0475 0520 1207 1321 
C 0170 0225 432 572 
D 0016 0024 041 061 "~L F 0047 0065 120 165 
G 0100 BASIC 254 BASIC 
H 0050 0100 127 254 
J 0008 0014 020 036 at seating plane H 035 095 89 241 

NOTE Leads In true position K 0130 0154 330 391 Pm numbers shown for reference J 009 012 23 30 
within a 010" (0 25mm) R L 0600 BASIC 1524 BASIC only Numbers are not marked K 155 195 394 405 
at MMC at seating plane M O'C 15°C O'C 15"C on package L 600 BASIC 1542 BASIC 

N 0020 0024 051 061 N 020 060 51 152 

CONNECTION DIAGRAM 

Pin DeSignator Description 

CLR Clear Ime Sets the D/A reglstee to 
0000 (hex). which gives bipolar 
zero on the D/A output 

Voo LogiC supply (+5V) 

CLR A. Latch enable for D/A latch 
(active low) 

4 Ao Latch enable for "low byte" Input 

Voo (active low) 
A, Latch enable for "high byte" Input 

ACOM (active low) 
(A) 6 D,(D,,) Input for data bit 7 If enabling low 

byte (LB) latch, or data bit 15 
If enabling the high byte 
(HB) latch 

D.(D,,) Input for data bit 6 If enabling LB 
latch, or data bit 14 If enabling 

0 7 (D,~) CS(A) HB latch 
8 D,(D,,) Data bit 5 (LB) or data bit 13 (HB) 

D. (D,,) -Vee 9 D.(D,,) Data bit 4 (LB) or data bit 12 (HB) 
10 D3(D,,) Data bit 3 (LB) or data bit 11 (HB) 
11 D,(D,,) Data bit 2 (LB) or data blt 10 (HB) 

D.(D,,) +Vee 12 D, (D,) Data bit 1 (LB) or data bit 9 (HB) 
13 Do (D,) Data bit a (LB) or data bit 8 (HB). 

D. (D,,) CS(B) .14 DCOM Digital common 
15 Vou,(B) Voltage output for DAC B 

D, (D,,) WR(B) 16 ACOM (B) Analog common for DAC B 
17 SJ (B) Summmg Junction of the Internal 

D,(D,,) GA(B) 18 
op amp for DAC B 

GA(B) Gain adjust pin for DAC B 
19 WR(B) Write control line for DAC B 

D, (D,) SJ (B) 20 CS (B) Chip select control line for DAC B 
21 +Vee Positive supply voltage (+15V) 

Do (D,) 
ACOM 22 -Vee Negative supply voltage (-15V) 

(B) 23 Cs(A) Chip select control line for DAC A 

Vou, (B) 
24 WR(A) Write control line for DAC A 
25 Vou, (A) Voltage output for DAC A 
26 ACOM (A) Analog common for DAC A 
27 SJ (A) Summing Junction of the Internal 

op amp for DAC A 
28 GA(A) Gain adjust pin for DAC A 
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ABSOLUTE MAXIMUM RATINGS 

Voo to COMMON ....................................... OV. +15V 
+Vcc to COMMON................. . . ............ OV. +18V 
~Vcc to COMMON ...................................... OV. ~18V 
Digital Data Inputs to COMMON ................ -0 5V. Voo +0 5 
DC Current any Input........ ...................... ±10mA 
Reference Out to COMMON.. ....... Indefinite Short to COMMON 
VOUT...................... ......... IndefInite Short to COMMON 
External Voltage Applied to R, ............................. ±18V 
External Voltage Applied to D/A Output ...................... ±5V 
Power DISSipation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2000mW 
Storage Temperature ............................ -60°C to +150°C 
Lead Temperature (soldering, 105) ....................... 300°C 

NOTE These devices are sensitive to electrostatic discharge Appro
priate I C handlmg procedures should be followed 

Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device Exposure to absolute maxImum 
conditions for extended periods may affect device reliability 

ORDERING INFORMATION 

Temperature 
Model Package Range 

DAC725JP Plastic DIP O'C to +70'C 
DAC725KP Plastic DIP O'Cto +70'C 
DAC725AH Ceramic -25'C to +85'C 
DAC725BH Ceramic -25'C to +85'C 

BURN-IN SCREENING OPTION 
See text for details 

Burn-In Temp. 
Model Package (160h)'" 

DAC725JP-BI Plastic DIP +70'C 
DAC725KP-BI Plastic DIP +70'C 
DAC725AH-BI Ceramic +85'C 
DAC725BH-BI Ceramic +85'C 

NOTE. (1) Or equivalent combination See text 

DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

The DAC725 accepts positive-true binary twos comple
ment input code, as shown in Table l. The data is loaded 
into either DAC, 8 bits at a time. The data may also be 
clocked into the device in a serial format. 

TABLE l. Digital Input Codes. 

Digilallnput Codes 

7FFFH 
OOOOH 
FFFFH 
8000H 

ACCURACY 

Linearity 

Analog Oulput 

Binary Twos Complement 
(Bipolar Operalion, All Models) 

+ Full Scale 
Zero 

-1 LSB 
- Full Scale 

This specification describes one of the most important 
measures of performance of a D / A converter. Linearity 
error is the deviation of the analog output from a 
straight line drawn through the end points (minus full
scale point and plus full-scale point). 

Differential Linearity Error 
Differential Linearity Error (DLE) of a D/ A converter is 
the deviation from an ideal ILSB change in the output 
when the input changes from one adjacent code to 
the next. A differential linearity error specification of 
± I / 2LS8 means that the output step size can be between 
1/2LSB and 3/2LSB when the input changes between 
adjacent codes. A negative DLE specification of -ILSB 
maximum (-0.006% for 14-bit resolution) insures mon
otonicity. 

Monotonicity 
Monotonicity assures that the analog output will increase 
or remain the same for increasing input digital codes. 
The DAC725 is specified to be monotonic to 14 bits over 
the entire specification range. 

BURN-IN SCREENING 

Burn-in screening is an option available for both the 
plastic and ceramic packaged DAC725. Burn-in duration 
is 160 hours at the temperatures listed below, or at an 
equivalent combination of time and temperature 
according to the Arrhenius equation using leV activation 
energy. 

Plastic "-BI"models: +70°C 
Ceramic "-BI" models: +85°C 

In order to limit the juction temperature of the internal 
semiconductor devices below the Absolute Maximum 

it) 

~ o 
<C 
Q 

Rating, the burn-in temperatures should be as shown .• 
All units are tested after burn-in to ensure that grade • 
specifications are met. To order burn-in, add "-BI"to the 
base model number. 
DRIFT 

Gain Drift 
Gain drift is a measure of the change in the full-scale 
range output over temperature expressed in parts per 
million per degree centigrade (ppm/°C). Gain drift is 
established by: 
(I) testing the end point differences at tMI~, +25°C 

and tMAX, 
(2) calculating the gain error with respect to the +25°C 

value, and 
(3) dividing by the temperature change. 

The DAC725 is specified for Maximum Gain and Offset 
values at temperature. This tells the system designer the 
maximum that can be expected over temperature, 
regardless of room temperature values. 

Zero Drift 
Zero drift is a measure of change in the output with 
OOOOH applied to the D / A converter inputs over the 
specified temperature range. This code corresponds to 
zero volts analog output. 

The maximum change in offset at tMIN or tMAX is 
referenced to the zero error at +25°C and is divided by 
the temperature change. This drift is expressed in FSR/°C. 

SETTLING TIME 

Settling time of the D / A is the total time required for the 
analog output to settle within an error band around its 
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01 
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10 

Settling Time (Jis) 

100 

FIGURE I. Final-Value Error Band Versus Full-Scale 
Range Settling Time. 

final value after a change in digital input. Refer to Figure 
I for typical values for this family of products. 

Settling times are specified to ±O.003% of FSR (±Ij 2LSB 
for 14 bits) for two input conditions: a full-scale range 
change of 20V (± IOV), and a ILSB change at the "major 
carry;' the point at which the worst-case settling time 
occurs. This is the worst-case point since all of the input 
bits change when going from one code to the next. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D j A converter 
output. It is defined as a percent of FSR change in the 
output per percent of change in either the positive supply 
(+Vee), negative supply (-Vee) or logic supply (V",,) 
about the nominal power supply voltages (see Figure 2). 
It is specified for DC or low frequency changes. The 
typical performance curve in Figure 2 shows the effect of 
high frequency changes in power supply voltages. 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. I IlF to IOIlF tantalum capacitors 
should be located close to the D j A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external 
zero and gain potentiometers. Connect these potentio
meters as shown in the Connection Diagram and adjust 
as described below. TCR of the potentiometers should 
be 100ppmjOC or less. The 3.9MO and 270kO resistors 
(±20% carbon or better) should be located close to the 
D j A converter to prevent noise pickUp. If it is not 

0.030 

E 0.025 
iii 

> -15V Supply 
5 

~0.020 .. 
J:; 
() 

"0 
t' 0015 

£ 
e w 0010 
c: 
(/) 
"- Ii +15V 

~0005 Supply 

r-' ~V 
0 

up~ 

1 10 100 1k 10k 100k 

Power Supply RIpple Frequency (Hz) 

FIGURE 2. Power Supply Rejection Versus Power 
Supply Ripple Frequency. 

convenient to use these high-value resistors, an equivalent 
"T" network, as shown in Figure 3, may be substituted in 
place of the 3.9MO resistor. A O.OOIIlF to O.OIIlF low
leakage film capacitor should be connected from Gain 
Adjust to Analog Common to prevent noise pickUp. 
Refer to Figure 4 for relationship of Offset and Gain 
adjustments. 

Ol-------'·~~ -0 = f>-----"N 1 
39MO - 180k~ 

10k,O 

.~ 0 
180kO 

FIGURE 3. Equivalent Resistances. 

FIGURE 4. Relationship of Zero and Gain Adjustments 
for the DAC725. 
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Zero Adjustment 
By loading the code OOOOH, the DAC will force zero 
volts. Offset is adjusted by using the circuit of Figure 5. 
An alternate method would be to use the CLR control to 
set the DAC to zero volts. Zero calibration should be 
made before gain calibration. 

Gain Adjustment 
To adjust the gain of the DAC725, set the DAC to 
7FFF H for both DACs. Adjust the gain of each DAC to 
obtain the full scale voltage of +9.99969V as shown in 
Table II. 

TABLE II. Digital Input and Analog Output Voltages. 

Digital 
Bipolar, ±10V 

Input 
Code 16 Blls 15Bllo 14 Bill Unlls 

One LSB 305 610 1224 pV 
7FFFH +999969 +999939 +999878 V 
8000H -100000 -100000 -100000 V 

INTERFACE LOGIC AND TIMING 

The control logic functions are chip select (CS[A] or 
CS[8]), write (WR[A] or WR[B]), latch enable (Ao, A" 
A2), and clear (CLR). These pins provide the control 
functions for the microprocessor interface. There is a 
write and a chip select for both DAC A and for DAC B 
channels. This allows the 8-bit data word to be latched 

4 

6 

8 

9 

10 

11 

12 

13 

14 

FIGURE 5. Connections for Gain and Offset Adjust. 

from the data bus to the input latch or from the input 
latch to the DAC latch, of DAC A, DAC B, or both. 

The latch enable lines control which latch is being 
loaded. Line A, in combination with WR and CS enables 
the high byte of the DAC channel to be latched through 
the byte latch. The Ao line in conjunction with the WR 
and CS, latches the data for the low byte. When A;, CS, 
WR are low at the same time, the data is latched through 
the D/A latch and the DAC changes output voltage. 
Each latch may be made transparent by maintaining its 
enable signal at logic "0': 
The serial data mode is activated when both the Au and 
A, are at logic low simultaneously. The data (MSB first) 
is clocked i~ to pin 13 with clock' pulses on the WR pin. 
The data is then latched through to the DAC as a 
complete 16-bit word selected by A;.' 

TABLE III. Truth Table of Data Transfers. 

Ao A, A, WR(A) CS(A) 

1 1 0 0 0 DAC latch enabled, Channel A 
1 0 1 0 0 Input latch high byte enabled, Channel A 
1 0 0 0 0 High byte flows through to DAC, Channel A 
0 1 1 0 0 Low byte latched from data bus, Channel A 
0 1 0 0 0 Low byte flows through to OAe. Channel A 

0 0 1 1 1 Senal Input mode for byte latches 
X X X 1 0 No data IS latched 
X X X 0 1 No data IS latched 

"1" or "0" Indicates TTL Logic Level Channel A shown 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

Gain 
Adjust (A) 

270kO 

~00022i'F 

39MO 

Offset 
Adjust (A) 

Gain 
Adjust (8) 

270kO 

~ 00022i'F 

39MO 

Offset 
Adjust (8) 

+Vcc 

-Vee 

+Vcc 

+vcc 

-Vee 

+Vcc 

• 10kO to 100kO 
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The CLR line resets both input latches to all zeros and 
sets the DAC latch to OOOOH. This is the binary code that 
gives a null, or zero, at the output of the DAC. 

The maximum clock rate of the latches is 10M Hz. The 
minimum time between the write (WR) pulses for 
successive enables is 20ns. In the serial input mode, the 
maximum rate at which data can be clocked into the 
input shift register is IOMHz. The timing of the control 
signals is given in Figure 6. 

INSTALLATION 
CONSIDERATIONS 
Because of the extremely high accuracy of the D / A 
converter, system design problems such as grounding 
and contact resistance become very important. For a 
16-bit converter with a +IOV full-scale range, ILSB is 
1531.1V. With a load current of 5mA, series wiring and 
connector resistance of only 30mfl will cause the output 
to be in error by I LSB. To understand what this means in 
terms of a system layout, the resistance of typical 1 ounce 
copper-clad printed circuit board material is approxi
mately 1/2mfl per square. In the example above, a 10 
milliinch-wide conductor 60 milliinches long would cause 
a ILSB error in R2 and R3 of Figure 7. 

In Figure 7, lead and contact resistances are represented' 
as R2 through R6. As long as the load resistance (RL) 
remains constant, the resistances R2 and R3 will appear 

Logic Timing-Parallel or Senal Data Input 

Over Temperature 

ns, mIO ns, max 

low Dala valid 10 end of WR 80 
lew CS valid 10 end of WR 80 
lAw Ao. A,. A; valid to end of WR 80 
Iwp Write pulse Width 80 
IOH Dala hold after end of WR ° 

:.In_9_D_,a_9_ra_m_t- lew -1 /' ___ _ 
AO .... A--"A .... ,-.... F "--t,,.---

~ low-1 
DO--:D~1~5.-::S":"'1 -----k I * 

IOH-1 ~ 
WR----~'~~S""!~ y,.------

I-- Iwp :j 

FIGURE 6. Logic Timing Diagram. 

as gain errors when the output is sensed across the load. 
If the output is sensed at the DAC725 output terminal 
and the system analog common, R2 and R3 appear in 
series with RL • R. has a current through it that varies by 
only 1% of the nominal 2mA current for all code 

r---------- - ----- - - ----l 
I I 
I I 
I IOulA 
I ~~r-------~~R~,-------, 

8-B'1 
Dala 
Bus 

I 
I 
I 
I 

010 2mA t 
Typ 

_0104mA Typ 

.... --
I 

L...-____ ~I 
I = 2mA • L.-_--:=::;:==:::::~-" L __________ .!90.':!.:'I~) ____ A!!!!I'?ll.~m..!!!0.!lB.J 

voo Supply 
+VOD 

+vcc 
±vcc Supply 

FIGURE 7. System Wiring Example. 
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combinations. This IR drop causes an offset error, and is 
calibrated out as an offset error. 

The current through the digital common varies directly 
with the digital code that is loaded into the DAC. The 
current is not the same for each code. If this IR drop is 
allowed to modulate the analog common, there may be 
code-dependent errors in the analog output. 

The IR drop across R6 may cause accuracy problems if 
the analog commons of several circuits are "daisey 
chained" along the power supply analog common. All 
analog sense lines should be referenced to the system 
analog common. 

APPLICATIONS 
WAVEFORM GENERATION 

The DAC725 has attributes that make it ideal for very 
low distortion waveform synthesis. Due to special design 
techniques, the feed through energy is much lower than 
that found in other OJ A converters available today. In 

addition to the low feedthrough glitch energy, the input 
logic will operate with data rates of 10M Hz. This makes 
the DAC725 ideal for waveform synthesis. 

PROGRAMMABLE POWER SUPPLIES 

The DAC725 is an excellent choice for programmable 
power supply applications. The DAC outputs may be 
programmed to track or oppose each other. If the load is 
floating, and can be driven differentially, the dynamic 
range will be 17 bits, because the full-scale range doubles 
for the same sized LSB. The clear line (CLR) sets both 
DAC outputs to zero, and would be used at power-up to 
bring the system up in a safe state. The CLR line could 
also be used if an over-power state is sensed. 

ISOLATION 

The DAC725 has the ability to accept serial input data, 
which means that only six optoisolators are needed for 
two DACs. The data is clocked into the input latch using 
the WR pin. The 16-bit data word is latched into the 
DAC selected by A,. When A;; and A, are siinultaneously 
low. the serial mode is enabled. 
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BURR-BROWN® 

IElElI DAC729 

Ultra-High Resolution 
18-BIT DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 16-BIT LINEARITY GUARANTEED (K GRADEl 
• USER ADJUSTABLE TO 18-BIT LINEARITY 
• PRECISION INTERNAL REFERENCE 
• FAST SETTLING. LOW NOISE INTERNAL OP AMP 
• LOW DRIFT 
• HERMETIC 40-PIN CERAMIC PACKAGE 
• louT OR VOUT OPERATION 

DESCRIPTION 
The DAC729 sets the standard in very high accuracy 
digital-to-analog conversion. It is supplied from the 
factory at a guaranteed linearity of 16 bits, and is user
adjustable to 18-bit linearity (lLSB = FSRj 262144). 

To attain this high level of accuracy, the design takes 
advantage of Burr-Brown's thin-film monolithic DAC 
process, dielectric op amp process, hybrid capabil
ities, and advanced test and laser-trim techniques. 

The DAC729 hybrid layout is specifically partitioned 
to minimize the effects of external load-current
induced thermal errors. The op amp design consists 
of a fast settling precision op amp with a current 
buffer within the feedback loop. This buffer isolates 
the load from the precision op amp, which results in 
a fast settling (81's to 16 bits) output. The standard 
40-pin package offers full hermeticity, contributing 
to the excellent reliability of the DAC729. 

18-Blt 
lOUT 

DAC 

PreCISion 
10V 

Reference 

5kO 

5kO 

5kO 

5kO 

International AIrport Industrial Park· P.O. Box 1 t400 • Turson. Arizona B5734· Tel. 1602) 746·1111 • Twx' 910-952·1111 • Cable: BBRCORP • Telex: 66·6491 

POS-749B 
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SPECIFICATIONS 
ELECTRICAL 
TA::O: +25°C, Vee = ±15V. Voo = +5V, uSing Internal reference op amp, unless otherwise noted COB = ±10V FSR, esa = OV to +10V FSR, 30 minute warm-up. 

DAC729JH DAC729KH 

PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolution 18 · Bits 
Digltallnputs '1J : V," +24 +V, · · V 

V" 0 +08 · · V 
I(H, VIN = +2.7V +50 · pA 

IlL. VIN = +0 4V -300 · pA 

TRANSFER CHARACTERISTICS'" 

ACCURACY 
Linearity Errorl31 ±O 0015 ±O 00076 % of FSR (4) 

Differential Linearity Error ±0003 ±O 0015 % of FSR 
Gam Error 15) ±OOS ±010 · · % 
Offset Error(S' Vottage, coal61 ±5 ±10 · · mV 

ess l61 ±3 ±5 · · mV 
Current, COB ±5 · pA 

CSB ±1 · pA 
Power Supply Sensitivity, Unipolar ±15VDC ±00001 ±O 0005 · · % of FSR/%Vs 

+5VDC ±O 0001 ±00005 · · % of FSR/%Vs 
Bipolar Offset. ±15VDC ±O 0004 ±O 0015 · · % of FSR/%Vs 

+5VDC ±O 0001 ±0.0005 · · % of FSR/%Vs 
B'polar Ga'n ±15VDC ±O 0005 ±O 0015 · · % of FSR/%Vs 

+5VDC ±O 0001 ±00005 · · %of FSR/%Vs 
Output Noise (10Hz to 100kHz), Voltage Bipolar Offset 29 · /lVrms 

Bipolar Gain 37 · pVrms 
Current' Bipolar Offset 29 · nArms 

Bipolar Gam 3.0 · nArms 
Monotonlclty (O°C to +70°C) 15 16 16 17 Bits 
Differential Linearity Adjustment Resolutlon(7) 18 · Bits 

DRIFT (Over Specification Temperature Range) 
Gain Drift (Excluding Reference Drift) ±3 ±5 · · ppmfOC 
Offset Drift (Excluding Reference Orift) COB (Bipolar) ±2 ±5 · · ppm of FSR/oC 

CSB (Unipolar) ±2 ±3 · · ppm of FSR/oC 
Linearity Error (at DoC and +70°C) ±0.3 ±10 ±03 ±05 ppm of FSRfOC 
Differential Linearity Error (at O°C and +70°C) ±O.S ±20 ±OS ±10 ppm of FSR/oC 

STABILITY, LONG TERM (at +25°C) 
Gam (Exclusive of Reference) ±5 ±5 ppml1000hr 
Offset: COB (Exclusive of Reference) ±5 ±S ppm of FSR/1000hr 

CSB ±5 ±S ppm of FSR/1000hr 
Linearity ±2 ±2 ppm of FSR/1000hr 
Reference ±5 ±5 ppm/1000hr 

OUTPUT 

VOLTAGE OUTPUT MODE I I 
Ranges COB ±2.5, ±S, ±10 · V 

CSB Oto +10, 0 to +5 · V 
Output Current ±5 

I I mA 
Output Impedance 015 · 0 
Short Circuit Duration Indefinite to Common Indefinite to Common 

CURRENT OUTPUT MODE 
COB Ranges ±10 '. mA 

Output Impedance 286 · kO 
CSB Ranges Oto-2 · mA 

Output Impedance 4.0 · kO 
Output Current Tolerance ±01 · % of FSR 
Compliance Voltage -1 to +5 · V 

SETTLING TIME (To ±O 00076% of FSR)'" 
Voltage (Load = 2kO 1I100pF) Full-Scale Step 5 8 · · ps 

1LSB Step (Malor Carry)""' 4 7 · · ps 
Slew Rate 20 · Vips 
Switching Transient Peak 500 · mV 
SWitching Transient Energy 0.45 · V-fJS 

Current Full-Scale Step (2mA X 100 1I1pF) 300 · ns 

REFERENCE 
Output (Pin 32): Voltage +9.990 +10.000 +10.010 · · · V 

Source Current(11) +40 · mA 
Temperature Coefficient ±2 ±4 · · ppm/oC 
Short-Circuit Duration Indefinite to Common Indefinite to Common 

Power Supply Sensitivity 0,00025 0.003 I · I · %/V 
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ELECTRICAL (CONT) 

DAC729JH DAC729KH 

PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLY REQUIREMENTS 

Voltage +Vcc +135 +15 +165 · · · V 
-Vee -165 -15 -135 · · · V 

V .. +475 +5 +525 · · · V 
Current +Vcc +30 +40 · · mA 

-Vee -45 -60 · · mA 

VDD +18 +25 · · mA 
Power Dossopatoon (Rated Supploes) 122 183 · · W 

ENVIRONMENTAL SPECIFICATIONS 

Temperature Range Specification 0 +70 · · ·C 
Storage -60 +150 · · ·C 

*Speclflcatlon same as DAC729JH 

NOTES (1) TTL and CMOS compatoble (2) Specofoed for VDUT mode usong the onternal op amp (3) ±O 00076% of full-scale range os 1I2LSB for 16-bot 
resolutoon (4) FSR means full-scale range. 20V for ±10V range. etc (5) Adjustable to zero error woth an external potentoometer (6) COB' os 
complementary offset bonary (bopolar). CSB is complementary straoght bonary (uno polar) (7) Usong the MSB adlustment corcuot. the user may omprove the 
DAC Ioneanty to 1/2LSB of thos specofocatoon (8) Woth gaon and offset errors adjusted to zero at 25·C (9) Maxomum represents 3 sogma Iomot. not 100% 
productoon tested (10) At the malor carry. 20000 to lFFFF Hex and from lFFFF to 20000 Hex (11) Maxomum woth no degradatoon on specofocatoons 
External loads must be constant 

ABSOLUITE MAXIMUM RATINGS 

Voo to Common. . . . . . . . . . • . . . . . .. .........•........... ov to + 7V 
+Vee to Common. . . . . .. .. .. ... .. ..................... OV to +18V 
-Vee to Common.. .. .. .. .. .. .. .. .. .... ......... .. ... ov to -18V 
D090tal Data Inputs (pons 1-18) to Common ............ -0 5V to VDD 
Reference Voltage In (Pon 31) ....................... +9V to +IIV 
Reference Out (pon 32) to Common .... Indefonote Short to Common 
Extemal Voltage Apploed to 01 A Output (pon 29) ....... -5V to +5V 
Extemal Voltage Apploed to Feedback Resostors 

(pons 25. 26. 27. 28) ...................... ...... -15V to +15V 
VOUT (pon 23) •......................... Indefonote Short to Common 
Pow,r Dossopatlon .. .. .. .. .. .. . . . .. .. .. . . . .. . . . .. .. .... 3OO0mW 
Storage Temperature ............................ -60°C to +150°C 
Lead Temperature, Soldering ..........• ...... . ..... +300°C. 108 

CAUTION These deVices are sensitive to electrostabc discharge 
Appropriate I C handling procedures should be followed Stresses 
above those listed under "Absolute MaXimum Ratings" may cause 
permanent damage to the deVice Exposure to absolute maximum 
conditions for extended penods may affect device reliability 

PIN CONNECTIONS 

(MSB) Boll 1 40 VPOT 
Bot 2 2 39 Bot 1 AdJust 
Bit 3 3 38 Bot 2 Adjust 
Bot 4 4 37 Bot3 AdJust 
Bot5 5 36 Bot4AdJust 
Bot6 6 35 Reference Adjust 
Bot7 7 34 Goon AdJust 
Bot8 8 33 Reference Common 
Bot9 9 32 Reference Out 

Bot 10 10 31 Reference In 
Bot 11 11 30 Analog Common 
Bot 12 12 29 lOUT 
Bot 13 13 28 5kO Feedback 
Bit 14 14 27 5kO Feedback 
Bot 15 15 26 10kO Feedback 
Bol16 16 25 10kO Feedback 
Bot 17 17 24 Summing Junction 

(LSB) Bot18 18 23 VOUT 
Voo (5V) 19 22 +Vcc (15V) 

Digital Common 20 21 -Vee (15V). 

BURN-IN SCREENING 

Burn-in screening is an option available for the DAC729 
family of products. Burn-in duration is 160 hours at 
85°C (or equivalent combination of time and temp
erature). 

MECHANICAL 

I: A 2~ 

I[ : :: ::::: ::: ::: : :: : JIJ 
1 ~ 

~~ 
Seatong -t-D..I LG K 
Plane 

NOTE Leads In true position 
wothon 0 01" (0 25mm) Rat 
MMC at seatong plane 

DIM 

A 

B 

C 
D 
F 
G 
H 

J 
K 

L 

N 

INCHES 

MON MAX 

0 .. 0 2040 

600 630 
150 200 
016 020 

OSOTYP 
100 BASIC 

030 070 

009 012 

155 095 
600 BASIC 

040 060 

MILLIMETERS 

MON MAX 

5029 5182 
1549 1600 

381 508 
041 051 

127TYP 

254 BASIC 

078 178 

023 030 

394 495 
1524 BASIC 

102 152 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 
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THEORY OF OPERATION 
The DAC729 is an 18-bit digital-to-analog converter 
system, including a precision reference, low noise, fast 
settling operational amplifier, and an 18-bit current 
sourcej DAC chip contained in a hermetic 40-pin ceramic 
dual-in-line package. Refer to Figure II for a schematic 
diagram of the DAC729. 

THE INTERNAL REFERENCE 

The reference consists of a very low temperature 
coefficient closed-loop reference zener circuit that has 
been temperature-drift-compensated by laser-trimming a 
zener current to achieve less than IppmjOC temperature 
drift of V REF 

By strapping pin 32 (Reference Out) to pin 31 (Reference 
In), the DAC will be properly biased from the internal 
reference. The internal reference may be fine adjusted 
using pin 35 as shown in Figure 7. The reference has an 
output buffer that will supply 4mA for use external to 
the DAC729. This load must remain constant because 
changing load on the reference may change the reference 
current to the DAC. 

In systems where several components need to track the 
same system reference, the DAC729 may be used with an 
external lOY reference, however, the internal reference 
has lower noise (6/.1Vp-p) and better stability than other 
references available. 

THE OPERATIONAL AMPLIFIER 
To support a DAC of this accuracy, the operational 
amplifier must have a maximum gain-induced error of 
less than Ij3LSB, independent of output swing (the op 
amp must be linear!). To support 15 bits (I j 2-bit line
arity) the op amp must have a gain of 130,000V j V. For 
18 bits, the minimum gain is well over 500,000V jV. Since 
thermal feedback is the major limitation of gain for 
mono op amps, the amplifier was designed as a high 
gain, fast settling mono op amp, followed by a monolithic, 
unity-gain current buffer to isolate the thermal effects of 
external loads from the input stage gain transistors. The 
op amp and buffer are separated from the DAC chip, 
minimizing thermally-induced linearity errors in the 
DAC circuit. The op amp, like the reference, is not 
dedicated to the DAC729. The user may want to add a 
network, or 'select a different amplifier. The DAC729 
internal op amp is intended to be the best choice for 
accuracy, settling time, and noise. 

THE DAC CHIP 

The heart of the DAC729 is a monolithic current source 
and switch integrated circuit. The absolute linearity, 
differential linearity, and the temperature performance 
of the DAC729 are the result of the design, which utilizes 
the excellent element matching of the current sources and 
switch transistors to each other, and the tracking of the 
current setting resistors to the feedback resistors. Older 
discrete designs cannot achieve the performance of this 
monolithic DAC design. 

The two most significant bits are binarily weighted 
inter-digitated current sources. The currents for bits 3 
through 18 are scaled with both current source weighting 
and an R-2R ladder. The circuit design is optimized for 
low noise and low superposition error, with the current 
sources arranged to minimize both code-dependent 
thermal errors and IR drop errors. As a result, the 
superposition errors are typically less than 20/.1 V. 

The DAC chip is biased from a servo amplifier feeding 
into the base line of the current sources. This servo 
amplifier sets the collector current to be mirrored and 
scaled in the DAC chip current sources, as shown in 
Figure II. The reference current for the servo is estab
lished by the reference voltage applied to pin 31 feeding 
an internal resistor (20kO) to the virtual ground of the 
servo amplifier. 

DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

The DAC729 accepts complementary digital input codes 
in either binary format (CSB for Unipolar or COB for 
Bipolar; see Table I). 

TABLE I. Digital Input Coding. 

Digital Input 

00 0000 0000 0000 0000 
111111111111111111 

ACCURACY 
Linearity 

OAC Analog Oulpul 

COB 120V FSR 1 CSB I 10V FSR 

+ Full scal~19 999924V 1 + Full Scale 1 9 999962V 
- Full Scale -10V - Full Scale OV 

This specification describes one of the most important 
measures of performance of a D j A converter. Linearity 
error is the deviation of the analog output versus code 
transfer function from a straight line drawn through the 
end points (all bits ON point and all bits OFF point). 

Differential Linearity Error 
Differential Linearity Error (DLE) of a Dj A converter is 
the deviation from an ideal ILSB change in the output 
from one adjacent output state to the next. A differential 
linearity error specification of ±lj2LSB means that the 
output step sizes can be between Ij2LSB and 3j2LSB 
when the input changes from one adjacent input state to 
the next. A negative DLE specification of no more than 
-ILSB (-0.0015% for 16-bit resolution) insures mono
tonicity to 16 bits. 

Monotonicity 
Monotonicity assures that the analog output will increase 
or remain the same for increasing input digital codes. 
The DAC729KH is specified to be monotonic to 16 bits 
over the entire specification temperature range. 

DRIFT 

Gain Drift 
Gain drift is a measure of the change in the full-scale 
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range output over temperature expressed in parts per 
million per degree centigrade (ppm/°C). Gain drift is 
measured by: (I) testing the end point differences for 
each D/ A at tMIN, +25°C, and tMAX; (2) calculating the 
gain error with respect to the +25°C value; and (3) 
dividing by the temperature change. 
Offset Drift 
Offset drift is a measure of the change in the output with 
3FFFFH applied to the digital inputs over the specified 
temperature range. The maximum change in offset at tMIN 
or tMAX is referenced to the offset error at +25°C and is 
divided by the temperature change. This drift is expressed 
in parts per million of full-scale range per degree centi
grade (ppm of FSR/°C). 

SETTLING TIME 
Settling time of the D/ A is the total time required for the 
analog output to settle within an error band around its 
final value after a change in digital input. Settling time 
includes the slew time of the op amp. 

VOLTAGE OUTPUT 
Settling times are specified to ±0.00076% of FSR 
scale range change of 20V (COB) or IOV (CSB) and a 
I LSB change at the "major carry," the point at which the 
worst-case settling time occurs. (This is the worst-case 
point since all of the input bits change when going from 
one code to the next.) 

CURRENT OUTPUT 
Settling times are specified to ±0.00076% of FSR for a 
full-scale .range change with an output load resistance 
of IOn. 

COMPLIANCE VOLTAGE 

Compliance voltage applies only to the current output 
mode of operation. It is the maximum voltage swing 
allowed on the output current pin while still being able 
to maintain specified linearity. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D / A converter 
full-scale output. It is defined as a percent of FSR change 
in the output per percent of change in either the positive 
supply (+Vce), negative supply (-Vee) or logic supply 
(Vou) about the nominal power supply voltages (see 
Figure I). It is specified for DC or low frequency changes. 
The typical performance curve in Figure I shows the effect 
of high frequency changes in power supply voltages using 
internal reference, DAC, and op amp. 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown in 
Figure 2. These capacitors (lILF to IOILF tantalum recom
mended) should be located at the DAC729. 

0020 

0018 

0016 

0014 

:j 0012 
#. 
~ 0010 
w u- 0008 #. 17 

0006 17 
0004 

0002 

0000 
10 100 1k 10k 

Frequency (Hz) 

FIGURE I. Power Supply Sensitivity vs Frequency 
Using Internal Reference and Op Amp. 

40 

39 

38 

37 

36 

35 
18- 34 
Bit Reference Common 

DAG 
33 

32 
10 31 
11 30 
12 29 
13 28 
14 27 
15 26 
16 25 
17 24 

23 +15V 
22 

+10 
1pF 

FIGURE 2. Ground Connections and Supply Bypass. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 
Offset and gain may be trimmed by installing external 
offset and gain potentiometers. Connect these poten
tiometers as shown in Figure 3 and adjust as described 
below. TCR ofthe potentiometers should be 100ppm/oC 
or less. The 3.9MO and 5lOkO resistors (20% carbon or 
better) should be located close to the DAC729 to prevent 
noise pickup. If it is not convenient to use these high-value 
resistors, an equivalent "T" network, as shown in Figure 
4, may be substituted in place of the 3.9MO. A O.OOIILF to 
O.OIILF capacitor should be connected from Gain Adjust 
(pin 34) to common to shunt noise pickup. This capacitor 
should be a low leakage film type (such as Mylar or 
Teflon). 

Refer to Figures 5 and 6 for relationship of offset and 
gain adjustments to unipolar and bipolar D/ A converters. 
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+5V 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

40 

39 

38 

37 

36 

Gain Adjust 
+Vcc 

( 

35 270kO 10kO to 
34 ..l: l00kO 
33 r 00022pF 
32 V ( -Vee 

31~+vee 
~~<:j 10kO to 

28 39MO 100kO 

27 -Vee 
26 Offset Adjust 

25 

24 

23 

0--19 22 -0 +Vee ~ 15V 

~. 20 '-______ .... 21-0 -Vee ~ 15V 

*MylarTIoO or TeflonT" Film 

FIGURE 3. Gain and Offset Adjust Hook-Up. 

O~-_V"J", .... --o _ 0--..",,.,..--1-....... ""'--0 
180kO 3.9MO 180kO 

FIGURE 4. Equivalent Resistances. 

• 1-
+FuJI Jt / Scale I- ,II ". 

lLSB /(/r ,liT 
,II ... 

'5 !l, " ~ "." Range of 

~ ~ ~: ,II Gain Adj. 

~ ~ ,J(~·t 
~ '5 Input = ~.. Gain Adj. 

u.. 3FFFFH /-1' Rotates 

Range of 11 / ~~,t the Line 
OffsetAdl ~ 

~. .' I I Offset Adl 'r Translates Digital Input 
the line 

Input = OOOOOH 

II 

FIGURE 5. Relationship of Offset and Gain Adjust
ments for a Unipolar DjA Converter. 

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) configurations, apply the digital input 
code that should produce the maximum negative output 
voltage. See Table II for corresponding codes and Figures 
2 and 3 for offset adjustment connections. Offset adjust 
should be made pnor to gain adjust. 

Mylar"·, Teflon'" E I du Pont de Nemours & Co 

lLSB 1 
I .~ 
, +Full Scale ,.~ Range of 

T ~ ,II ~ • Gain AdJ 

~ JX'~ G!inAdJ ~ II {~./ t Rotates 

Input ~ 3FFFFH ~ fI" /I the line 

'5 '" ~ ~~-~ t-+-+-{ J ~ I'\(' /-I-+-i_ 
~ Bipolar V I. ,,;: I ;';'SB 0 Input ~ OOOOOH 

Offset 

~ Offset ~ ~ All Oth~;S Off 

R:nge of 1 'Ii' 
Offset Adl 1 /t V-FUll Scale 

Offset AdJ - '-_L.JL 

i~:n~~!es T D.gltallnput 

FIGURE 6. Relationship of Offset and Gain Adjust
ments for a Bipolar Dj A Converter. 

GAIN ADJUSTMENT 

F or either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive 
output voltage. Adjust the gain potentiometer for this 
positive full-scale voltage. See Table II for positive 
full-scale voltages and Figure 3 for gain adjustment 
connections. 

TABLE II. Output Range Connections and Gain 
Adjust Voltage . 

Output Connect Connect Connect 
Gain Adjust 

Range Code Pin 23 Pin 31 PJn 24 18 Bits 18 Bits 

±10V COB to Pin 25 to Pin 26 to Pin 29 9.9969V 9.99992V 
±5V COB to Pin 27 to Pin 26 to Pin 29 4.9998V 499996V 

±2.5V COB to Pin 27 to Pin 26 to Pins 24992V 249998V 
29 & 25 

Oto 10V CSB to Pins N/C to Pin 29 9.9998V 9.99996V 
25 & 26 

o to 5V CSB to Pins N/C to Pin 29 49999V 4.99998V 
27 & 28 

REFERENCE ADJUSTMENT 

The internal reference may be fine adjusted using pin 35 as 
shown in Figure 7. Adj usting the reference has a similar 
effect on the DAC as gain adjust, except the transfer 
characteristic rotates around bipolar zero for a bipolar 
connection as shown in Figure 8. 

LAYOUT/APPLICATIONS SUGGESTIONS 

Obviously, the management of IR drops, power supply 
noise, thermal stability, and environmental noise becomes 
much more critical as the accuracy of the system increases. 
The DAC729 has been designed to minimize these 
applications problems to a large degree. The basics of 
"Kelvin sensing" and "holy point" grounding will be the 
most important considerations in optimizing the absolute 
accuracy of the system. Figure 9 shows the proper 
connection of the DAC with the holy-point ground and 
the Kelvin-sensed-output connection at the load. 
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1 40 

2 39 R,=lMO 
Gives 20m V 

3 38 Adjustment Range 

4 37 
R, 

5 36 1MO 

6 Ref AdJ 3~ 

7 34 
Holy POint 

8 ~~~~nd?nneCtion 
9 Ref Out 

10 Ref In 31 

11 30 20kO /' ~ m 
12 29 

13 28 

14 27 

15 26 

16 25 

17 24 

18 23 

19 22 

,20 21 

FIGURE 7. VREF Adjust. 

+Full Scale / 

"' // Y (/\/ 
Jr / 

/.J4r Gain 
//// Adjust 

Input = 3FFFFH 
'l Rotates /,r the Line 

/. ilP 
-'L 

/' \ ooo! ~ 
~ 

(/'i 
1(// 

MSB On. All 

///l 
Others Off 2FFFFH 

V / / 
1,// -Full Scale 

1/ 
Digital Input 

Range of 
Gain Adjust 

_1 
Offset AdJ 
Translates 
the Line 

FIG URE 8. Effect of VREF Adjust on a COB Connected 
DAC729. 

The DAC729 has three separate supply common (ground) 
pins. Reference common (pin 33) carries the return 
current from the internal reference and the output IjV 
converter common. The current in pin 33 is stable and 
independent of code or load. Digital common (pin 20) 
carries the variable currents of the biasing circuits. Analog 
common (pin 30) is the termination of the R-2R ladder 
and also carries the "waste current" from the off side of 
the current switches. These three ground pins must be star 
connected to system ground for the DAC to bias properly 
and accurately. Good ground connections are essential, 
because an IR drop of just 391' V completely swamps out a 
lOY FSR 18-bit LSB. 
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18-
Bit 

10 DAC 

11 

12 

13 

14 

15 

16 

17 

+5V Voo 18 

0:j±-19 

lOkO 

Digital 11'F 20 ..... ------.... 
Common 

40 

39 

38 

37 

36 

35 

Common 

FIGURE 9. Typical Hook-Up Diagram with "Holy 
Point" Ground and Kelvin Sense Load, 
Using Internal Op Amp and Reference. 

When the application is such that the DAC must control 
loads of greater than ±5mA with rated accuracy, it is 
recommended that an external op amp or op amp buffer 
combination be used to dissipate the variable power 
external to the DAC729. This minimizes the temperature 
variations on the precision Dj A converter. Figure 10 
illustrates a method of connecting the external amplifier 
for ± lOY operation, while using an external reference. 

When driving loads to greater than ±lOV, care must be 
taken that the internal resistors are never exposed to 
greater than ±lOV, and that the summing junction is 
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13 

14 

15 

16 

17 

18 

19 

18-
Bit 

DAC 
Ref In 

20~ _____ ..l 

40 

39 

38 

37 

36 

35 
34 From System Reference 

Iih 
33 

32 

31 

30 

FIGURE 10. Using an External Op Amp with Buffer 
and External Reference for ±lOV Output. 
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SkCl-1 27 
10V Reference 

Reference 0-_-"R",5~",""""'W¥_--, 
r-_____ -Y~-+~~----~10~kCl~-~1025 

SkCl-2 28 Ad)ust 35 
~ _____ ~~-+~~ ________ ~10~k~Cl-~2~26 

R, 

Reference 0--+ ...... .-' DZI 63V 
Common 33 

IOAe 
0-20mA 

~ 

29 

lOUT 23 
Ladder 

Common 
30 

2kCl 4R 

Digital 
Common 

Reference r-------, 
In 

Gain 
Ad)ust 

34 

-Vee 21 
40 

VPOT 

IkCl 2kn 4kCl 

39 38 37 
B, B2 83 

Ad). Adj. Adj 

FIGURE II. DAC729 Simplified Schematic. 

clamped to insure that the voltage never exceeds ±5V. 
Clamping the summing junction with diodes (parallel 
opposing connection) to ground will give the best 
transient response and settling times. 

TRUE 18-BIT PERFORMANCE 
(DIFFERENTIAL LINEARITY ADJUSTMENT) 

To take full advantage of the DAC729's accuracy, the four 
MSBs have adjustment capabilities. A simplified sche
matic (Figure II) shows the internal structure of the DAC 
current source and the adjustment input terminal. The 
suggested network for adjusting the linearity is shown in 
Figure 12. This circuit has nearly twice the range that is 
required for the DAC729JH. The range is intentionally 
narrow so as to minimize the effect of temperature drift or 
stability problems in the potentiometers. The potenti
ometers are biased in an identical fashion to the internal 
DAC current sources to minimize power supply sensitivity 
and drift over temperature. Low leakage capacitors such 
as Mylar or Teflon film are essential. 
The linearity adjustment requires a digital voltmeter with 
7 digits of resolution on the IOV range (lJ.! V resolution) 
and excellent linearity. For the DAC, ILSB of the OV to 
IOV scale (10 FSR) is 38J.!V. To be 1/2LSB linear, the 
measurement must resolve 19J.!V. The meter must be 
properly calibrated and linear to Ippm of range. 

With the DAC connected for 0 to IOV output (Figure 13), 
the adjustment procedure is to set the DAC code and 
measure as follows. 

4kCl 

36 
B. 

Adj 0= Package Pin 

FOURTH MSB ADJUSTMENT (Pin 36) 
I. Set Code = II 1100 0000 0000 0000 
2. Measure VOUT 

3. Set Code = II 1011 II1I 1111 IIII 
4. Measure VOUT and record the difference. 
5. Adjust 4th MSB potentiometer to make difference 

+38J.!V. 
6. Repeat steps I through 5 to confirm. 

THIRD MSB ADJUSTMENT (Pin 37) 
I. Set Code = II 1000 0000 0000 0000 
2. Measure VOUT 

3. Set Code = 1101111111 IIII1III 
4. Measure VOUT and record the difference. 
5. Adjust 3rd MSB potentiometer to make difference 

+38J.!Y. 
6. Repeat steps I through 5 to confirm. 

SECOND MSB ADJUSTMENT (Pin 38) 
I. Set Code = II 00000000 0000 0000 
2. Measure VOUT 

3. Set Code = 10 1111 IIII IIII 1111 
4. Measure VOUT and record the difference. 
5. Adjust 2nd MSB potentiometer to make difference 

+38J.!V. 
6. Repeat steps I through 5 to confirm. 
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MSB ADJUSTMENT (Pin 39) 
I. Set Code = 10 0000 0000 0000 0000 
2. Measure VOUT 

3. Set Code = 01 IIII IIII IIII IIII 
4. Measure VOUT and record the difference. 
5. Adjust the MSB potentiometer to make difference 

+38!.,v. 
6. Repeat steps I through 5 to confirm. 

40 
V POT r\ 

~ Sit 1 Adjust 
00 1/JF'* 

Sit 2 Adjust 
00 

Sit 3 Adjust 

00 

38 -Vee ,... 
;;:F'* 

37 -Vee 
0-
1/JF'* 

150kO 150kO 
10MO - 100kO 

10MO 
100kO 

10MO 

150kO 150 kO 

100kO 

~ -Vee 10MO 
100 

1/JF'* 

Sit 4 Adjust kO 

00 

21 -Vee 
-Vee 

*Low Leakage Film Type 

FIGURE 12. Differential Linearity Adjustment Circuit 
for the 4MSBs. 
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11 
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~h 13 28 
14 27 
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17 24 Your 
18 23 
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FIGURE 13. 0 to IOV FSR. 

APPLICATIONS 
The DAC729 is the DAC of choice for applications 
requiring very high resolution, accuracy, and wide 
dynamic range. 

DIGITAL AUDIO 

The excellent linearity and differential linearity are ideal 

for PCM professional audio and waveform generation 
applications. 

The DAC729 offers superb dynamic range. Dynamic 
range is a measure of the ratio of the smallest signals the 
converter can produce to the full-scale range, usually 
expressed in decibels (dB). The theoretical dynamic range 
of a converter is approximately 6dB per bit. For the 
DAC729 the theoretical range is 108dB! The actual· 
dynamic range is limited by noise (signal-to-noise) and 
linearity errors. The DAC729's 6J.1 V typical noise floor, 
fast settling op amp, and adjustable 18-bit linearity 
minimize the limitation. 

Total harmonic distortion (THD) is the measure of the 
magnitude and distribution of the linearity error, differ
entiallinearity error, noise, and quantization error. The 
TH D is defined as the ratio of the square root of the sum 
of the squares of the harmonics to the values of the input 
fundamental frequency. The rms value of a DAC error 
can be shown to be 

Erms =; Vr-:-~---::l:--[-E-L(-i)-+-E-Q-(-i)]-2 
I = I 

where n is the number of samples in one cycle of any given 
sine wave, EL(i) is the linearity error of the DAC729 at 
each sampling point, and EQ(i) is the quantization error 
at each sampling point. The THD can then be expressed 
as 

v.!. . ~ [Ec(i) + EQ(i)]' 
THD = Erms = n, " 1 X 100% 

Errns Erms 

(2) 

where E rms is the rms signal-voltage level. 

This expression indicates that, in general, there is a 
correlation between the THD and the square root of the 
sum of the squares of the linearity errors at each digital 
word of interest. However, this expression does not mean 
that the worst-case linearity error of the Dj A is directly 
correlated to the THD. 

The DAC729 has demonstrated TH D of 0.0009% at full 
scale (at 1kHz). This is the level of distortion that is 
desired to test other professional audio products, making 
the DAC729 ideal for professional audio test equipment. 

The ability to adjust the linearity of the 4MSBs, the 
18-bit resolution, fast settling and low noise give the 
DAC729 unmatched performance. 

AUTOMATIC TEST EQUIPMENT 

The pin functions of the DAC729 are convenient for use 
in automatic test equipment systems. The ability to use 
internal or external reference and internal or external op 
amp means versatility for the system designer. For 
example, in automatic test systems with several DACs 
and ADCs, it is desirable to operate all of the high 
accuracy converters from the same reference, improving 
the tracking characteristics of those components to one 
another. The reference in the DAC729 is a very stable 
precision. reference, and is suitable for use as the system 
reference. 
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Test systems, and other large systems are the ideal 
application for a DAC of this accuracy, because the 
DAC will be calibrated in the environment in which it 
will be used. Since the environment is very stable, the 
manual calibration (Figure 12) may be adequate. How
ever, highly automated systems will go to an automatic 
calibration routine. Replacing the potentiometers in 
Figure 12 with VOUT DACs, and using sample and 
difference measurements, the major carry bit weights can 
be measured, and external DACs used to adjust the 
differential linearity of the DAC729. A successive 
approximation routine yields the fastest calibration. The 
output voltage of the external DACs will have to be level 
shifted, as the bit adjustment potentiometer must be able 
to achieve -Vee to give the full adjust range. 

Because the DAC129 feedback resistors have a tolerance 
of ±O.l%, the output range can be rescaled slightly with 
small-value fixed external resistors to give convenient 
ranges. A popular range is OV to +1O.24V which gives 
even 5m V steps at II bits. In this case the LSB size is 
39.06MV. Figure 14 shows how to connect two 2400 
resistors in series with the internal IOkO resistors to give 
a OV to 10.24V full-scale range. Another convenient 
range might be OV to +10.48576V which gives an even 
40MV LSB step size. 

THE HEART OF AN 18-BIT ADC 
The DAC729 makes a good building block in ADC 
applications. The key to ADC accuracy is differential 
linearity of the DAC. The ability to adjust to 18-bit 
linearity, coupled with the fast settling time of the 
DAC729 makes the design cycle for an 18-bit successive 
approximation ADC much faster, and the production 
more consistent. Figure 15 shows the DAC as the heart 
of a successive approximation ADC. The clock and 
successive approximation register could be implemented 
in 7400 series TTL, as a simple gate-array or standard 

To Holy 
Po lOt Ground 

10kO 

Ref In 

Ref Out 

DAC729 

SAR 

cell, or part of a local processor. 

With the DAC out of the way, the comparator is the 
toughest part of the ADC design. To resolve an 18-bit 
LSB, and interface to a TTL logic device, the comparator 
must have a gain of 500kVj V (5X actual) as well as .low 
hysteresis, low noise, and low thermally induced offsets. 
With this much gain, a slow comparator may be desired 
to reduce the risk of instability. 

The feedback resistors of the DAC are the input scaling 
resistors of the ADC. An OPA602 and an OPA633 make 
an excellent buffer for the input signal, giving a very high 
input impedance to the signal (minimizing IR drop) 
while maintaining the linearity. 

40 

39 

38 

37 

36 

35 

18· 
34 

Bit 33 

DAC 32 

10 31 

11 30 

12 
10kO 10kO 

13 28 

14 27 2400 
15 

26~ 16 25 

17 24 2400 o to 10 24V 

18 23 

19 22 

20 21 

FIGURE 14. OV to 1O.24V Using Internal Op Amp and 
Internal Reference. 

FIGURE 15. Block Diagram of an 18-Bit Resolution ±IOV tN ADC. 
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DAC811 

AVAILABLE IN 
DIE FORM 

Microprocessor-Compatible 
12-BIT DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• SINGLE INTEGRATED CIRCUIT CHIP 
• MICROCOMPUTER INTERFACE: DOUBLE-BUFFERED 

LATCH 
• VOLTAGE OUTPUT: ±IOV. ±5V. +10V 
• MONOTONICITY GUARANTEED OVER TEMPERATURE 
• ±1I2LSB MAXIMUM NONLINEARITY OVER 

TEMPERATURE 
• GUARANTEED SPECIFICATIONS AT ±12V AND ±15V 

SUPPLIES 
• TTL/5V CMOS-COMPATIBLE LOGIC INPUTS 

DESCRIPTION 
The DAC811 is a complete single-chip integrated 
circuit microcomputer-compatible 12-bit digital-to
analog converter. The chip includes a precision 
voltage reference, microcomputer interface logic, 
double-buffered latch, and a 12-bit D / A converter 
with a voltage output amplifier. Fast current switches 
and a laser-trimmed thin-film resistor network 
provide a highly accurate and fast D / A converter. 

Microcomputer interfacing is facilitated by a double
buffered latch. The input latch is divided into three 
4-bit nybbles to permit interfacing to 4-, 8-, 12- or 
16-bit buses and to handle right- or left-justified 
data. The 12-bit data in the input latches is trans
ferred to the D / A latch to hold the output value. 

Input gating logic is designed so that loading the last 
nybble or byte of data can be accomplished simultan
eously with the transfer of data (previously stored in 
adjacent latches) from adjacent input latches to the 
D / A latch. This feature avoids spurious analog 
output values while using an interface technique that 
saves computer instructions. 

The DAC81l is laser trimmed at the wafer level and 
is specified to ±I / 4LSB maximum linearity error (B, 
K, and S grades) at 25°C and ±1/2LSB maximu,m 
over the temperature range. All grades are guaranteed 
monotonic over the specification temperature range. 

The DAC811 is available in six performance grades 
and three package types, as well as offering environ
mentally screened versions for enhanced reliability. 
DAC811J and K are specified over the temperature 
range orooc to +70°C; DAC811A and B are specified 
over -25°C to +85°C; DAC811R and S are specified 
over -55°C to + 125°C. DAC811J and K are packaged 
in a reliable 28-pin plastic DIP or plastic SOIC 
package, while DAC8IlA, B, R, and S are available 
in a 28-pin O.6-inch wide dual-in-line hermetically
sealed ceramic side-brazed package (H package). 

4·MSB·s HSB's 

Inlarnational Airport Induslrlal Park· P.O. Box 11400· Tucson. Arizona 85734· Tal. (6021746·1111 . Twx: 911).952·1111 . Cable: BBRCORP· Talex: 66·6491 

PDS-S03E 
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SPECIFICATIONS 
ELECTRICAL 
T A = +25°C ±VCC = 12V or 15V unless otherwise noted 

MODEL 

PARAMETER 

INPUT 

DIGITAL INPUT 
Resolution 
Codes!11 
DIQltallnputs Over Temperature Rangel:>1 

V" 
I(H, VI"" +27V 

'lL. VI = +0 4V 
Digital Interface Timing Over Temperature Range 

twP, WA: pulse width 
tAW!, Nx and'['5Ac valid to end ofWR 
tDW. data valid to end of WA 
toH• data valid hold time 

TRANSFER CHARACTERISTICS 

ACCURACY 
Linearity Error 
Differential Linearity Error 
Gam Errorl31 

Offset Errorl3 -41 

Monotonlclty 
Power Supply Sensitivity, +Vcc 

-Vee 

DRIFT (over specification temperature range) (Hli 

Gam 
Umpolar Offset 
Bipolar Zero 
Lmeanty Error Over Temperature Range 
Monotonlcl1y Over Temperature Range 

CONVERSION SPEED 

SETTLING TIME!6! (to wlthm ±O 01% of FSR of 
fmal value, 2kO load) 

For Full Scale Range Change, 20V Range 
10V Range 

For 1LSB Change at Major Carry i7J 

Slew RatelGI 

OUTPUT 

ANALOG OUTPUT 
Voltage Range (±Vee = 15V)161, Umpolar 

Bipolar 
Output Current 
Output Impedance (at DC) 
Short CIrCUit to Common Duration 

REFERENCE VOLTAGE 
Voltage 
Source Current Available for External Loads 
Temperature Coefficient 
Short CirCUit to Common Duration 

POWER SUPPLY REQUIREMENTS 

Voltage, +Vee 
-Vee 

Voo 
Current (no load), +Vee 

-Vee 
Voo 

Potent.al at DCOM with Respect to ACOM I9J 

Power DISSipation 

TEMPERATURE RANGE 

Specification J, K 

A, B 
R, S 

Storage J, K 
A, B, R, S 

*Same as speCificatIOn to Immediate left 

I DAC811AH, JP, JU I OAC811BH. KP, KU I 
I MIN I TVP I MAX MIN TVP MAX I MIN 

+20 
00 

50 
50 
80 

±5 

+15 
+08 
+10 
±20 

±1/4 ±1/2 
±IJ2 ±3/4 
±OI ±02 

±005 ±015 
Guaranteed 

±O 001 ±O 003 
±O 002 ±O 006 
±O 0005 ±o 0015 

±10 ±30 
±5 ±10 
±5 ±10 

±1/2 ±3/4 
Guaranteed 

12 

o to +10 
±5, ±10 

02 
Indefinite 

+621 +631 +64 
+20 

±10 ±30 

+114 
-114 

+45 

-25 

-60 
-65 

Indefinite 

+15 +165 
-15 -165 
+5 +55 
+16 +25 
-23 -35 
+8 

625 

+15 
±05 
800 

+70 
+85 

+100 
+150 

±1/8 
±1/4 

±10 
±5 
±5 

±1/4 

±10 

±1/4 
±1/2 

±20 
±7 
±7 

±112 

±20 

+10 

-55 

DAC811RH DAC811SH 

TVP I MAX I MIN I TVP MAX I UNITS 

±1/4 
±1/2 

±15 
±5 
±5 

±1/2 

±10 

±1/2 
±3/4 

±30 
±10 
±10 
±3/4 

±30 

+125 

±118 
±114 

±15 
±5 
±5 

±1/4 

±10 

±1/4 
±1/2 

Bits 

VDC 
VDC 
pA 
pA 

nsec 
nsec 

LSB 
LSB 

% 

% of FSR/%Vee 
%of FSR/%Vcc 
% of FSR/%VDD 

±30 ppm/oC 
± 7 ppm of FSR/o C 
±7 ppm of FSR/oC 

±1/2 LSB 

±20 

t./sec 
t./sec 
psec 

V/t./sec 

rnA 

" 

rnA 
ppm;CC 

VDC 
VDC 
VDC 
rnA 
rnA 
rnA 
V 

rnW 

'C 
'C 
'C 
'C 
'C 

NOTES (1) USB = Unipolar Straight Binary, BOB = Bipolar Offset Binary (2) Refer to LogiC Input Compatibility section (3) Adjustable to zero with external 
tnm potentlonmeter (4) Error at Input code 00016 for both unipolar and bipolar ranges (5) FSR means Full Scale Range and IS 20V for the ±1 OV range (6) 
MaXimum represents the 3a limit Not 100% tested for thiS parameter (7)At the major carry, 7FF16 to 80016 and 80016 to 7FF16 (8) Minimum supply voltage 
required for ±10V output SWing IS ±13 5V Output sWing for ±11 4V supplies 15 at least -SV to +SV (9) The maximum voltage at which ACOM and OCOM may be 
separated without affecting accuracy specifications (10) Drift for the DAC811 KU IS Identical to the JU grade on SOIC only, guaranteed 
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TIMING DIAGRAMS ......... l'.,· .. ~·" 
r.:r.:~ ._ 

01,,-080 WR 

Write Cycle #2 

Write Cycle #1 ±IIZLSI 

MECHANICAL ABSOLUTE MAXIMUM RATINGS 
+V"" .•••••.•••.•••••••••••••••••••••••••••••••. Oto +18V 

s 

[J 
•• HPackage 

-VcctoACOM •••••••••••••••••••.••..•...••.••••• Oto-18V 
VootoDCOM ••..•••••.••••••••••••••••••••••••... 010+7V 
VDDtoACOM •••.••••••....•••••••••••••••••••••••••.• ±7V 

o. Pm numbers shown for ACOM to DCOM •••••.....••••.••.•••••••••••••••••••• ±7V 

I FJL 
reference only Numbers D.g.tallnputs (pins 2-14, 16-19) to DCOM ......... -o4Vlo+18V 

may not be marked on External Voltage Applied 10 10V Range Res.stor ........... ±12V 

A package REF OUT ........................... Indefinite short to ACOM 
External Voltage Applied to DAC Output .............. -5to+5V 

-===dNt 

Power Dissipation ................................. l000mW 
Lead Temperature, Soldering •..••••••.••••••••••• +3OO'C, lOs 

J~-'Oy 
Max Junction Temperature ........................... 185'C 
Thermal Resistance, 8,.: Plastic DIP & SOIC ........... lOO'CIW 

Ceram.c DIP .................. 65'CIW 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX U Package 
A 1386 1414 3520 3592 

NOTE C 108 188 274 422 Leads In true position 

0 015 021 038 053 within 0 010" (0 25mm) R at MMC 

I' 'If n n n n n nAn n n n n n 1f'1 F 035 080 089 152 at seating plane 
G l00SASIC 254 BASIC 
H 036 084 091 163 CASE Ceramic. hermetiC l J 008 012 020 030 MATING CONNECTOR 2803MC 
K 120 240 305 610 WEIGHT 4 8gm (0170z) 
L SOOSASIC 15248ASIC • 
M 10' 10' J N 025 080 064 152 I) 

P Package 
U't~,U ... ~!. u u u u U U u 11 

B41v.led 

I ..................... ,n,,n,,n,,n,,n,,n,,n, 

1 DO jJpmmmnnnnSiil ( ) i 
"::::.':''u' 'u''u''u' 'u''u''u''u''u''u'V 

H • -..11.-. N 

~ ~,3 
.1- ~r:~:"' I- "/.r· 

~~--1 
L--L~_jl 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX IN HES MILLIMETERS 

A 1400 1460 3558 3708 DIM MIN MAX MIN -MAX 

B 0530 0575 1346 1461 NOTE A 700 716 1778 18'9 
C 0169 0224 429 569 Leads In true POSition Within 010" NOTE Leads In true POSition B 288 302 726 767 
0 0015 0023 038 058 ( 25mm) R at MMC at seating plane within 010" ( 25mm) R at MMC C 093 109 238 277 
F 0043 0085 109 165 at seating plane 
G 0100SASIC 254SASIC 

0 018 BASIC 041 BASIC 

H 0030 0090 076 229 CASE CeramiC. hermetic Pin numbers shown for reference G 050 BASIC 127 BASIC 

J 0008 0015 020 038 MATING CONNECTOR 2803MC only Numbers may not be marked H 022 038 056 097 

K 0100 0138 254 345 WEIGHT 4 3gm (0150z) on package J 008 012 020 030 

L o SOO BASIC 1524 BASIC L 398 414 1011 1052 
M O'C 15"C O'C IS'C M 5° TYP 50 TYP 
N 0018 0022 046 058 N 000 012 000 030 
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PIN NOMENCLATURE 
PIN NAME FUNCTION PIN NAME FUNCTION 

Vee Logic Supply, +5V 14 .D. DATA, Blt5 

2 WR WRITE, command signal to load latches Logic 15, DC.oM DIGITAL C.oMMON, Vee supply return 
low loads latches 16 Do DATA, Bit 1, LSB 

3 LDAC L.oAD DIA C.oNVERTER, enables WR to load the 17 0, DATA, Bit 2 
D/A latch LogiC low enables 

18 0, DATA, Blt3 
4 N. NYBBLE A, enables WR to load Input latch A (the 

19 0, DATA, Blt4 most significant nybble LogiC low enables 

No NYBBlE S, enables WA to load Input latch B 20 +Vee Analog Supply Input, +15V or +12V 

LogiC low enables 21 -Vee Analog Supply Input, -15V or -12V 

6 No NYBBLE C, enables WR to load Input latch C (the 22 GAINADJ To externally adjust gam 
least significant nybble) LogiC low enables 

7 0" DATA, Bit 12, MSB, positive true 

0" DATA, Bit 11 

0, DATA, Bit 10 

10 D. DATA, Bit 9 

11 0, DATA, Bit 8 

12 D. DATA, Bit 7 

13 0, DATA, Blt6 

ORDERING INFORMATION 

Temperature 
Model Package Range 

DAC811JP Plastic DIP O°C to +70°C 
DAC811JU Plastic S.oIC O°C to +70°C 

DAC811KP Plastic DIP O°C to +70°C 
DAC811KU Plastic S.oIC O°C to +70°C 
DAC811AH Ceramic DIP 25°C to +85°C 
DAC811AH/OM Ceramic DIP -25° C to +85° C 
DAC811BH Ceramic DIP -25°C to +85°C 
DAC811 BH/OM Ceramic DIP -25'C to +85'C 
DAC811RH Ceramic DIP -55'C to +125'C 
DAC811RH/OM Ceramic DIP -55'C to +125'C 
DAC811SH Ceramic DIP -55'C to +125'C 
DAC811 SH/OM Ceramic DIP -55'C to +125'C 

BURN-IN SCREENING OPTION 
See text for details 

Temperature 
Model Package Range 

DAC811JP-BI Plastic DIP O°C to +70'C 
DAC811 JU-BI Plastic S.oIC O°C to +70'C 
DAC811 KP-BI Plastic DIP O'Cto +70°C 
DAC811 KU-BI Plastic S.oIC O'C to+70'C 

NOTE (1) Or eqUivalent combination of time and temperature 

DISCUSSION OF 
SPECIFICATIONS 
INPUT CODES 

The DAC811 accepts positive true binary input codes. 
DAC811 may be connected by the user for anyone of the 
following codes: USB (unipolar straight binary), BOB 
(bipolar offset binary) or, using an external inverter on 
the MSB line, BTC (binary two's complement), See 
Table I. 

LINEARITY ERROR 

Linearity Error as used in D / A converter specifications 
by Burr-Brown is the deviation of the analog output 
from a straight line drawn between the end points 
(inputs all "I's" and all "O's''). The DAC811 linearity 
error is specified at ±1/4LSB (max) at +25eC for B, K, 
and S grades and ±1/2LSB (max) for A, J, and R grades, 

23 AC.oM ANAL.oG C.oMM.oN, ±Vcc supply return 

24 VQut D/A converter voltage output 

25 10V RANGE Connect to Pin 24 for 1QV Range 

26 SJ SUMMING JUNCTI.oN of output amplifier 

27 BP.o BIP.oLAR .oFFSET Connect to Pin 26 for Bipolar 
Operation 

28 REF .oUT 6 3V reference output 

Linearity Error, Gain Drift 
max (+25°C) (ppm/OC) 

±1/2LSB 30 
±1/2LSB 30 

±1/4LSB 20 
±1/4LSB 20 

±1/2LSB 30 
±1/2LSB 30 
±1/4LSB 20 
±1/4LSB 20 

±1/2LSB 30 
±1/2LSB 30 
±1/4LSB 20 
±1/4LSB ±1 

linearity Error, Gain Drift, 
max (+25'C) (ppm/'C) 

±1/2LSB 30 
±1/2LSB 30 
±1/4LSB 20 
±1/4LSB 20 

DIGITAL INPUT ANAL.oG .oUTPUT 

USB BOB BTC' 
Unipolar Bipolar Binary 

MSB LSB Straight .offset Two's 

+ I Binary Binary Complement 

111111111111 +Full Scale +Full Scale -1 LSB 

100000000000 +112 Full Scale Zero -Full Scale 

011111111111 1/2 Full Scale -1 LSB -1 LSB +Full Scale 

000000000000 Zero -Full Scale Zero 

"Invert the MSB of the BOB code with external Inverter to obtam BTC 
code 

TABLE I. Digital Input Codes. 

DIFFERENTIAL LINEARITY ERROR 
Differential Linearity Error (DLE) is the deviation from 
a lLSB output change from one adjacent state to the 
next. A DLE specification of 1/2LSB means that the 
output step size can range from 1/2LSB to 3/2LSB when 
the input changes from one state to the next, Monotoni-
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city requires that DLE be less than ILSB over the 
temperature range of interest. 

MONOTONICITY 
A D / A converter is monotonic if the output either 
increases or remains the same for increasing digital 
inputs. All grades of DAC81I are monotonic over their 
specification temperature range. 

DRIFT 

Gain drift is a measure of the change in the full scale 
range output over the specification temperature range. 
Drift is expressed in parts per million per degree centi
grade (ppm/oq. Gain drift is established by testing the 
full scale range value (e.g., +FS minus -FS) at high 
temperature, +25°C, and low temperature; calculating 
the error with respect to the +25°C value and dividing 
by the temperature change. 

Unipolar offset drift is a measure of the change in output 
with all O's on the input over the specification tempera
ture range. Offset is measured at high temperature, 
+25°C, and low temperature. The maximum change in 
offset referred to the +25° C value divided by the temper
ature change is the offset drift. It is expressed in parts per 
million of full scale range per degree centigrade (ppm of 
FSR/°q. 

Bipolar zero drift is measured at a digital input of 800,6, 
the code that gives zero volts output for bipolar opera
tion. 

SETTLING TIME 
Settling Time is the total time (including slew time) for 
the output to settle within an error band around its final 
value after a change in input. Three settling times are 
specified to ±0.01% of Full Scale Range (FSR): two for 
maximum full scale range changes of 20V and IOV, and 
one for a ILSB change. The ILSB change is measured at 
the major carry (7FF '6 to 800,6 and 800,6 to 7FF'6), the 
input transition at which worst-case settling time occurs. 

REFERENCE SUPPLY 

DAC81I contains an on-chip 6.3V reference. This voltage 
(pin 28) has a tolerance of ±O.IV. The reference output 
may be used to drive external loads, sourcing at least 
2.OmA. This current should be constant for best perfor
mance of the D/A converter. 

POWER SUPPLY SENSITIVITY 
Power Supply Sensitivity is a measure of the effect of a 
power supply change on the D / A converter output. It is 
defined as a percent of FSR output change per percent 
of change in either the positive, negative, or logic supply 
voltages about the nominal voltages. Figure I shows 
typical power supply rejection versus power supply 
ripple frequency. 

BURN-IN SCREENING 

Burn-in screening is an option available for the plastic
DIP and plastic-SOIC package versions ofthe DAC811. 
Burn-in duration is 160 hours at 85°C (or equivalent 
combination of time and temperature). 
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All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 
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FIGURE I. Power Supply Rejection versus Power 
Supply Ripple Frequency. 

IQM SCREENING 

Burr-Brown /QM models are environmentally screened 
versions of our ceramic-package versions of Model 
DAC811, designed to provide enhanced reliability. The 
screening, tabulated below, is performed to selected 
methods of MIL-STD-883. Reference to these methods 
provides a convenient method of communicating the 
screening levels and basic procedures employed; it does 
not imply conformance to any other military standards 
or to any methods of MIL-STD-883 other than those 
specified below. Burr-Brown's detailed procedures may 
very slightly, model-to-model from those in MIL-STD-
883. 

SCREENING FLOW FOR DAC811/QM 

MIL-STD-883 
Screen Method Condition 

Internal Visual 2010 B 

High Temperature Storage 1008 C (150'C, 24Hr) 
(StabilIZation Bake) 

Temperature Cychng 1010 C 

,Burn-m 1015 B (leOh at 125'C) 

Constant Acceleration 2001 E 

Hermetlclty Fine Leak 1014 AlorA2 
Gross Leak 1014 C 

External Visual 2009 

OPERATION 
DAC81I is a complete single IC chip 12-bit D/ A conver
,ter. The chip contains a 12-bit D/ A converter, voltage 
reference, output amplifier, and microcomputer-compa
tible input logic as shown in Figure 2. 
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FIGURE 2. DAC811 Block Diagram. 

INTERFACE LOGIC 
Input latches A, B, and C hold data temporarily while a 
complete 12-bit word is assembled before loading into 
the D / A register. This double-buffered organizatioll 
prevents the generation of spurious analog output values. 
Each register is independently addressable. 

These input latches are controlled by NA, No, Ne and 
WR. NA, No, and Ne are internally NORed with WR so 
that the input latches transmit data when both NA (or 
NB , Nc) and WR are at logic "0". When either NA (or No, 
Ne) or WR go to logic "I ", the input data is latched into 
the input registers and held until both N A (or N D, Nc) 
and WR go to logic "0". 

The D/ A latch is controlled by LDAC and WR. LDAC 
and WR are internally NORed so that the latches 
transmit data to the D / A switches when both LDAC 
and WR are at logic "0". When either LDAC or WR are 
at logic "I ", the data is latched in the D / A latch and held 
until LDAC and WR go to logic "0". 

All latches are level-triggered. Data present when the 
control signals are logic "0" will enter the latch. When 
anyone of the control signals returns to logic "I", the 
data is latched. A truth table for llll latches is given in 
Table II. 

TABLE II. DAC811 Interface Logic Truth Table. 

WR N. N. NcLDAC OPERATION , X X X X No Operation 

0 0 , , , Enables Input Latch 4MSB's 

0 , 0 , , Enables Input Latch 4 Middle Bits 

0 , , 0 , Enables Input Latch 4 LSB's 

0 , , , 0 Loads D/A Latch From Input Latches 

0 0 0 0 0 All Latches Transparent 

"X" = Don't Care 

GAIN AND OFFSET ADJUSTMENTS 
Figures 3 and 4 illustrate the relationship of Offset and 
Gain adjustments to unipolar and bipolar D / A converter 
output. 

OFFSET ADJUSTMENT 
For unipolar (USB) configurations, apply the digital 
input code that should produce zero voltage output and 

adjust the Offset potentiometer for zero output. For 
bipolar (BOB, BTC) configurations, apply the digital 
input code that should produce the maximum negative 
output voltage and adjust the Offset potentiometer for 
minus full scale voltage. Example: If the Full Scale 
Range is connected for 20V, the maximum negative 
output voltage is -IOV. See Table III for corresponding 
codes. 

GAIN ADJUSTMENT 
For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive 
voltage output. Adjust the Gain potentiometer for this 
positive full scale voltage. See Table III for positive full 
scale voltages. 

±12V OPERATION 
The DAC811 is fully specified for operation on ±12V 
power supplies. However, in order for the output to 
swing to ±IOV, the power supplies must be ±13.5V or 
greater. When operating with ±.[2V supplies, the output 

S~ >.L +FULL SCALE ' ~ 
I- lLSB ./:":--T 
~ > 

~ ~~ ~;~k?:/ 
: '-ill ALL BITS "t,\ 
~ RANGE OF !!! ~ LOGIC 0 .;:'" GAIN ADJ. 

RANGE OF 
GAIN AOJ 

C oFFSET ADJ ~lJ / >J?f ROTATES 
OFFSET ADJ. ~,¥ THE LINE 
TRANSLATES .. Il:::_ ............. ___ ........ ...-.-, 

ALL BITS 
LOGIC I 

THE LINE f DIGITAL INPUT 

FIGURE 3. Relationship of Offset and Gain Adjustments 
for a Unipolar D / A Converter 

+FULL L 

~ SCALE ;'; RANGE OF 
T '>'/ T- GAIN ADJ 

lLSB~. ~. 
FULL SCALE ,1-1.'--- BAiN ADJ. 

ALL BITS RANGE "'/ ROTATES 
LOGIC 0 " ' ::{' THE LINE 

BIPOLAR v 1 >~.J f'MSB ON "-
RANGE OF OFFSET 1- ALL OTHERS ~ ALL BITS 

; 
C 

OFFSET AOJ'l /irL OFF LOGIC 1 
OFFSET ADJ. /. dULL SCALE 
TRANSLATES '" OFFSET 
THE LINE T DIGITALINPUT 

FIGURE 4. Relationship of Offset and Gain Adjustments 
for a Bipolar D/A Converter. 

TABLE III. Digital Input/Analog Output, ±Vee = ±15V. 

ANALOG OUTPUT VOLTAGE 

DIGITAL INPUT Oto +,OV ±5V ±'OV 

12-61t Resolution 
MSB LSB 
I I 
111111111111 +99976V +49976V +99951V 
,00000000000 +50000V OOOOOV OOOOOV 
011 11 1111 11, +49976V -0.0024V -00049V 
000000000000 O.OOOOV -50000V -'OOOOOV 

'LSB 2.44mV 244mV 488mV 
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swing should be restricted to ±8V in order to meet 
specifications. 

LOGIC INPUT COMPATIBILITY 

The DAC811 digital inputs are TTL, LSTTL, and 
54f74HC CMOS-compatible over the operating range of 
V DO. The input switching threshold remains at the TTL 
threshold over the supply range. 

The logic input current over temperature is low enough to 
permit driving the DAC811 directly from the outputs of 
4000B and 54J74C CMOS devices. 

INSTALLATION 
POWER SUPPLY CONNECTIONS 
Decoupling: For optimum performance and noise rejec
tion, power supply decoupling capacitors should be 
added as shown in the Connection Diagram, Figure 5. 

}-t--I---+-,-()tYcc 

FIGURE 5. Power Supply, Gain, and Offset 
Potentiometer Connections. 

These capacitors (l~F tantalum recommended) should 
be located close to the DAC81l. 

The DAC811 features separate digital and analog power 
supply returns to permit optimum connections for low 
noise and high speed performance. The Analog Common 
(pin 23) and Digital Common (pin 15) should be connec
ted together at one point. Separate returns mininuze 
current flow in low level signal paths if properly connec
ted. Logic return currents are not added into the analog 
signal return path. A ±0.5V difference between ACOM 
and DCOM is permitted for specified operation. High 
frequency noise on DCOM with respect to ACOM may 
permit noise to be coupled through to the analog output, 
therefore, some caution is required in applying these 
common' connections. 

The Analog Common is the high quality return for the 
D / A converter and should be connected directly to the 
analog reference point of the system. The load driven by 
the output amplifier should' be returned to the Analog 
Common. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 
Offset and Gain may be trimmed by installing external 
Offset and Gain potentiometers. Connect these poten
tiometers as shown in Figure 5. TCR of the potenti
ometers should be 100 ppm/oC or less. The 1.0MO and 
3.9MO resistors (200/,0 carbon or better) should be located 
close to the DAC811 to prevent noise pickup. If it is not 
convenient to use these high value resistors, an equivalent 
"T" network, as shown in Figure 6, may be substituted in 
each case. The Gain Adjust (pin 22) is a high impedance 
point and a O.OOI~F to O.OI~F ceramic capacitor should 
be connected from this pin to Analog Common to 
reduce noise pickup in all- applications, including those 
not'employing external gain adjustment. 

~=~ 
~2kO 

~=~IlIOkO""'IlIOkO 
3.9MO 

lOtto 

FIGURE 6. Equivalent Resistances. 

OUTPUT RANGE CONNECTIONS 
Internal scaling resistors provided in the DAC811 may be 
connected to produce bipolar output voltage ranges of 
±IOV and ±5V or unipolar output voltage range of 0 to 
+IOV. The 20V range (±IOV bipolar range) is internally 
connected. Refer to Figure 7. Connections for the output 
ranges are listed in Table IV. 

FROM 
5.38kn 

® 81POL~R '\M 
VOL lAGE REFERENCE RoPO OFFSET 

SUMMING 
JUNCTION 

4.2l1kn lOY RANGE 

FROM UIA 
CONVERTER 

RESISTOR TOLERANCES ±25% 

FIGURE 7. Output Amplifier Voltage Range Scaling 
Circuit. 
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Table IV. Output Range Connections. 

Output Digital Connect Connect 
Range Input Codes Pin 25 To Pin 27 To 

o to +10V USB 24 23 

±5V BOB or BTC 24 26 

±10V BOB or BTC NC 26 

APPLICATIONS 
MICROCOMPUTER BUS INTERFACING 
The DAC811 interface logic allows easy interface micro
computer bus structures. The control signal WR is 
derived from external device select logic and the I/O 
Write or Memory Write (depending upon the system 
design) signals from the microcomputer. 

The latch enable lines NA , NB, Nc and. LDAC determine 
which of the latches are enabled. It is permissible to 
enable two or more latches simultaneously as shown in 
some of the following examples. 

The double-buffered latch permits data to be loaded 
into the input latches of several DAC811's and later 
strobed into the D/A latch of all D/A's simultaneously 
updating all analog outputs. All the interface schemes 
shown below use a base address decoder. If blocks of 
memory are unused, the base address decoder can be 
simplified or eliminated altogether. For instance if half 
the memory space is unused, address line A15 of the 
microcomputer can be used as the chip select control. 

4-BIT INTERFACE 
An interface to a 4-bit microcomputer is shown in Figure 
8. Each DAC811 occupies four address locations. 
A 74LS139 provides the two to four decoder and selects 
these with the base address. Memory Write (WR) of the 

DBO 

OBI 

a: 
~ = DB2 ... 
:E 
co .. 
lil .. 083 
iii 

Viii 
~N 
A, 

A, 
Ao 

FIGURE 8. Addressing and Control for 4-Bit 
Microcomputer Interface. 

DAC811 

microcomputer is connected directly to the WR pin of 
the DAC8ll. A 8205 decoder is an alternative device to 
use instead of the 74LS139. 

8-BIT INTERFACE 
The control logic of DAC811 permits interfacing to 
right- or left-justified data formats illustrated in Figure 
9. When a l2-bit D / A converter is loaded from an 8-bit 

a R,ghl-Just,hed 

FIGURE 9. l2-Bit Data Formats for 8-Bit Systems. 

bus, two bytes of data are required. Figures \0 and 11 
show an addressing scheme for right-justified and left
justified data respectively. The base address is decoded 
from the high-order address bits. Ao and AI address the 
appropriate latches. Note that adjacent addresses are 
used. For the right-justified case XIOl6 loads the 8 LSB's 
and XOh6 loads the 4MSB's and simultaneously transfers 
input latch data to the D / A latch. Addresses XOOl6 and 
Xlh6 are not used. 

Left-justified data is handled in a similar manner, shown 
in Figure II. The DAC811 still occupies two adjacent 
locations in the microcomputer's memory map. 

INTERFACING MULTIPLE DAC811's 
IN 8-BIT SYSTEMS 
Many applications require that the outputs of several 
D / A converters be updated simultaneously such as 

.. ... .... = ... 
:E DAC811 co .. 
co 
~ 
iii 

FIGURE 10. Right-Justified Data Bus Interface. 
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automatic test systems. The interface shown in Figure 12 
uses a 74LS138 decoder to decode a set of eight adjacent 
addresses to load the input latches of four DAC8I1's. 
The example shows a right-justified data format. 

A ninth address using A3 causes all DAC811's to be 
updated simultaneously. If a particular DAC811 is 
always loaded last, for instance, D / A #4, A3 is not 
needed, thus saving 8 address spaces for other uses. 
Incorporate A3 into the Base Address Decoder, remove 
the inverter, connect the common LDAC line to Ne of 
D/ A #4, and connect GI of the 74LS138 to +SV. 

a: 

~ 
E DAC811 

I ... 
ii 

FIGURE II. Left-Justified Data Bus Interface. 

-= WR 

A .. 

T 
A. ....L BASE 

ADDRESS 
DECDDER 

CS 

'WR 
- lDAC 
-iiC DACBll 

(1) 

-{~ 
~ 

-'WR 
-

~~ tD-
4 YO~ G.A 

LiiAi: 
- iiC 

rf! !.;.. 

DACBll 
12) 

a: 
~ 
:::> ... 
E co ... 
co a: 
~ 
E 

A. 

A, 

Ao 

-

5 

It= G,. Yl~ 
G, Y2.!! r-

,6 Y3.!! r-
Y4 11 

74lS138 Y5 lD 

3 C Y6~ 
Y7.!... 

2 B 
1 A -w. 

ADDRESS BUS 
OPERATION LiiAi: 

AJ A. A, 

0 0 0 
0 0 0 
0 0 , 
0 0 , 
0 , 0 
0 , 0 
0 , , 
0 , , , X X 

A. 

0 LOAD alse - CIA., , LOAD 4 MSB O/A" 
0 LOAD 8 MSB O/A_2 , LOAD 4 USB O/A_2 
0 LOAD 8 USB - CIA _3 , l A 4Mse C/A_J 

0 LOAD 8 USB O/A_. , LOAD 4 USB CIA_4 
X LOAD CIA LATCH ALL OIA 

-
- Nt DAC811 

141 
-{~ 
~ 

FIGURE 12. Interfacing Multiple DAC 811's to 
an 8-Bit Bus. 

12· AND 16·BIT MICROCOMPUTER INTERFACE 

For this application the input latch enable lines, NA, No, 
Ne are tied low, causing the latches to be transparent. 
The D / A latch, and therefore DAC 811, is selected by the 
address decoder and strobed by WR. 
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BURR-BROWN® 

I EEl EEl I DAC1200KP""V 

Integrated Circuit 
12-Bit Resolution 

DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• COMPLETE D/A CONVERTER: 

INTERNAL REFERENCE 
±10V OUTPUT OPERATIONAL AMPLIFIER 

• ±II2LSB LINEARITY ERROR 
• MONOTONICITY GUARANTEED DoC TO HO°C 
• SETTLING TIME 711S, MAX 
• ±12V to ±15V POWER SUPPLY OPERATION 
• 24-PIN MOLDED PLASTIC DIP 
• LOWEST COST 12-BIT DAC 

6.3VREF OUT 

GAIN AOJUST 

+VCC 

COMMON 

'" 

DESCRIPTION 
The low price of DACI200KP-V makes this l2-bit 
resolution D / A converter the best value available 
for commercial applications. 

The DACl200 offers TTL input compatibility, guar
anteed monotonicity over O°C to +70°C and settling 
time of 7p.sec maximum. It comes complete with 
internal reference and output operational amplifier. 

This precision component is made possible using 
Burr-Brown's proprietary monolithic integrated cir
cuit process which has been optimized for converter 
circuits. A stable subsurface reference zener, laser
trimmed thin-film ladder resistors, and high speed 
current switches combine to give superior perfor
mance over the rated temperature range. 

.... 
~ 

SUMMING JUNCTION 

DACl200 is priced and specified for applications 
where high resolution and monotonocity are the key 
application parameters and where tightly specified 
performance over temperature is not required. 
Because of the low price, it is feasible to use a l2-bit 
D/A converter for new applications in communica
tions systems, control systems, medical systems, 
electronic games and personal computer peripher
als. 

~ 
~ 20VRANGE c .... a 
is 10V RANGE 

BIPOLAR OFFSET 

REF INPUT 

VOUT 

·VCC 

LOGIC SUPPLY 

International Airport Industrial Park· P.O. Box 1 t4oo· Tucson. Arizona B5734 • Tel. 1602) 746·1 t 11 • Twx: 910-952·1111 • Cable: BBRCORP . Telex: 66·6491 

PDS-620A 
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SPECIFICATIONS 
ELECTRICAL 
Typical at +25·C and ±Vcc = 12V or 15V. VDD = +5V unless otherwise 
noted 

MODEL DAC1200KP·V UNITS 

INPUTS 

DIGITAL INPUTS 
Input Codell• CSB.COB 
Resolution 12 BIts 
DIgItal LogIc Inputs"'. 

VIM. mm to max +2.4 to +Voo V 
Y,Lt min to max Oto+O.8 V 
IIH. VI = +2.7V. max +20 IlA 
III •• VI = +O.4V, max -400 IlA 

TRANSFER CHARACTERISTICS 

ACCURACY 
Linearity Error, maxI'! ±0.018 %of FSRc41 

Differential Linearity Error, max ±O024 %ofFSR 
Gain Error, max!!lIlI" ±O3 % 
Unipolar Offset Error"'"" ±2O mV 
Bipolar Offset Error, maxC5lcm ±4O mV 
Monotonlcity Over O°C to +70°CIl .. 12 BIts 
SensitIvity of Gain to Power 

Supply Variations: 
+Vcc and -Vee ±0003 %of FSRI'IIoVee 
Voo ±OOOO2 %of FSRI'IIoVoo 

TEMPERATURE COEFFICIENTS 
Gain ±IO ppml"C 
BIpolar Offset ±8 ppm of FSRI"C 

SETTLING TIME to ±O.012% 
of FSRc10l 

20V Step and 2kO Load. max 7 psec 

OUTPUT 

ANALOG OUTPUT 
Voltage Range. min ±2.5. ±5. ±IO. V 

+5.+10 
Currant, mlnmIH2I ±5 mA 
Impedance 0.05 0 

REFERENCE OUTPUT 
Voltagel1 3.1 +6.3 VDD 
Source Current AvaIlable 

for External Loads, max +15 mA 
Tempereture Coefficient ±IO ppml·C 

POWER SUPPLY REQUIREMENTS 

RATED VOLTAGE 
+VccI-Vccf141 +15/-15 V 
VDD 

(un +5 V 
CURRENT (no load). max'''' 
+VccI-Vee +12/-25 mA 
V .. +10 mA 

TEMPERATURE RANGE 

For parameters specified 
over temp. min to max Oto+70 ·C 

Storage, min to max -60 to +100 ·C 

NOTES' (I) CSB = Complementary StraIght BInary (unIpolar). COB = 
Complementary Offset BInary (bipolar). (2) DIgItal Inputs are TTL· 
compatible for VDD over the range of +4 5V to +Vee. DIgital Input specs are 
guaranteed over O·C to +70·C. These specs are tested at 25·C only 
(3) ±O.018% of FSR IS 3/4LSB at 12 bIts. (4) FSR means Full Scale 
Range and Is 20V for a ±IOV renge. (5) Adjustable to zero WIth external 
potentIometer. (6) Adjusting the Gain Adlust potentIometer rotates the 
transfer function about OV for Unipolar operation and about minus full 
scalo (-FS) for bIpolar operatIon (7) Error at onput code FFFH for 
unopolar operetlon (output at OV). (8) Error at input code FFFH for 
bipolar operation (output at monu. full scale. -FS) (9) Guarantead. 
Testod at 25·C only. (10) Guarantead. Not tosted (II) For operation 
with supply voltages of les. than ±13V. load current must bo limIted to 
ImA. (12) Output may be indefinItely shorted to Common without damage 
(13) Tolerance IS ±5%. (14) Range of operatton Is ±11.4V to ±165V. 
(IS) VDD may be opereted up to +Vee DIgItal Input logic threshold remains 
at +1.4V over the VDD renge. (16) Typical power supply currents are about 
70% of the maximum. 

ABSOLUTE MAXIMUM RATINGS 

+Vcc to Common .................................... 0 to +18V 
-Vee to Common •..•.......•••••.•....••••....••..•• 0 to -18V 
VOD to Common • • . . . • • . . . . . • • • • • • • • • • . . • • • • . . . • • . . • •• 0 to + 7V 
DIgItal Inputs (pins 1-12) to Common •••.•••••.•• -o.4V to +18V 
External Voltage Apploed to Range Resistors. • • • . • • . • • • • • •• ±12V 
REF OUT .•.••••••••...•••.•...•••. Indefinite short to Common 
External Voltage Apploed to Analog Output •.•.....•• -5V to +5V 
Power DISSipation ....•.....•.......••..•....•....•... 1000mW 
Operating Temperature ............................. 0 to +70·C 
Siorage Temperature ••....•..••••••••••....•• -6Q·C to +IOO·C 

NOTE: Stresses above those hsted under "Absolute MaXimum Ratings" 
may cause permanent damage to the deVice. Exposure to absolute 
maximum conditions for extended penods may affect deVice reliability 

PIN ASSIGNMENTS 

Pin Description Pin Description 

I BIt I (MSB) 13 LogIC Supply. VDD 
2 BIt 2 14 -Vee 
3 BI13 IS VOUT 

4 BI14 16 Reference Input 
5 B.15 17 BIpolar Offset 
6 B.16 18 10V Range 
7 B.17 19 20V Range 
8 Blt8 20 Summing Junction 
9 Blt9 21 Common 

10 BltlO 22 +Vee 
II Bltll 23 GaIn Adjust 
12 Bit 12 (LSB) 24 6 3V Reference Out 

CONNECTION DIAGRAM 

Outpul 
Range 

±IO 
±5 

±25V 
Oto +IOV 
Olo+SV 

? +Vee 

10MO lSAIN ADJ 
I)-""T...,....,...~ IOkO TO 

lOOkO 

-Vee 

OFFSET ADJ 
~~~--~~~~--·SIOkOTO 

IOOkO 

+Vee 

-Vee 

Output Voltage Range Connections 

Digital Connect Connect Connect Connect 
InputCodos Pin t5 10 Pin t710 Pin 19 10 Pin t8 10 

COB 19 20 IS 24 
COB 18 20 NC 24 
COB 18 20 20 24 
esa 18 21 NC 24 
CSB 16 21 20 24 

NOTES. (I) PIn 16 IS used only to connect the bipolar offset resIstor An 
external reference voltage may not be usod. (2) If connected to +Vcc. 
which is permiSSible, power diSSipation mcreases 75mW typo 100mW max. 
(3) Values shown are for ±15V supplies For supplies below ±13 5V use 
2 7MO In place of 3 9MO and 7 SMO In place of 10MO 
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MECHANICAL 

u," 
A 

B 

~ ~.! 
Pm1 _1 

I"-{ Hf'~ MILlIMf'fl-l,> 

'''' MA. '>'11"- MA, 

1.233 1.283 31.32 32.59 
.538 575 , 3 67 14 e 1 

~ I--'-~-~ .224 4.28 5.89 
0 015 .023 0.38 0.58 
F .043 .082 1.09 1.57 

G 100 BASIC 2.54 BASIC 
H .030 090 O.7_~H-¥. 
J .008 .015 0.20 0 38 
K .100 .132 2.54 3 35 
l .800 BASIC 15.2~6~ M 0" 15" 0°. 15° 
N 018 022 o 46 0.56 

NOTE 
Leads I n true POSI
tion wIthin 0 010" 
(0 25mm) Rat 
MMC at seating 
plane 

CASE PlastiC 
MATING CONNECTOR 

0245MC 
WEIGHT 3.7 grams 

10130z I 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

Decoupling: For optimum performance and noise rejec
tion, power supply decoupling capacitors should be 
added as shown in the Connection Diagrams. These 
capacitors (Ij.lF to IOj.lF tantalum) should be located 
close to the DAC1200. 

±12V OPERATION 

The DACl200 is fully specified for operation on ±12V 
power supplies. However, to use the ±IOV and 0 to +IOV 
ranges of the voltage output models, the power supplies 
must be ±13V or greater. All other voltage output ranges 
and all current output ranges provide satisfactory opera
tion with ±ll.4V supplies. The supplies should be bal
anced to obtain optimum performance. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and Gain may be trimmed by installing external 
Offset and Gain potentiometers. Connect these potenti
ometers as shown in the connection diagrams and adjust 
as described below. TCR of the potentiometers should 
be 100ppm/oC or less. The 3.9MO and IOMO resistors 
(20% carbon or better) should be located close to the 
DACI200 to prevent noise pick-Up. For operation with 

supplies of less than ±13.5V, use 2.7MO and 7.5MO 
resistors in place of the 3.9MO and 10MO resistors, 
respectively. If it is not convenient to use these high 
value resistors, an equivalent "T" network, as shown in 
Figure I, may be substituted in each case. The Gain 
Adjust (pin 23) is a high impedance point and a O.OOlj.lF 
to O.Olj.lF ceramic capacitor should be connected from 
this pin to Common (pin 21) to reduce noise pick-Up. 
Figures 2 and 3 illustrate the relationship of Offset and 
Gain adjustments to unipolar and bipolar D/A conver
ter output. 

f>--"N.r-O 
7.5MO OR 10MO 

f>--"N.r-O 
2.7MO OR 3.9MO 

2701<11 27Okl1 

~ 
lBOkn ':" lBOkn 

~ 
FIGURE I. Equivalent Resistances. 
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OFFSET A~J. It" THE LINE ALL BITS 
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> 
d.. 
~ 
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o 
('II ,.... 
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<C 
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C OFFSET AoJ'ljl ,J' ROTATES 

TRANSLATES III 
THE LINE f DIGITAL INPUT 1.....---___ ---' • 

FIGURE 2. Relationship of Offset and Gain Adjust
ments for a Unipolar D / A Converter. 

1 LSB / :FULL .L 
~./ SCALE/;' RANGE OF 
T . ~ :~/ T GAIN A~J. 

FULL·SCALE ,1l\- GAIN A~J. 
ALL BITS RANGE ... / ROTATES 
LOGIC 1 " ";~ THE LINE 

BIPOLAR ~ ["f \SB ON "'-
RANGE OF OFFSET J,"" ALL OTHERS "" ALL BITS 
OFFSET AoJ'l 'VL I OFF LOGIC 0 

OFFSET A~J. /. I :FULL SCALE 
TRANSLATES "OFFSET 
THE LINE T DIGITALIN PUT 

FIGURE 3. Relationship of Offset and Gain Adjust- I 

ments for a Bipolar D/A Converter. 

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 digi
tal input code that should produce the maximum nega~ 
tive output voltage and adjust the Offset potentiometer 
for minus full-scale voltage. Example: If the Full Scale 
Range is connected for 20V, the maximum negative out
put voltage is -IOV. See Table I for corresponding 
codes. Offset should be adjusted before gain. 

Gain Adjustment: For either unipolar or bipolar config
urations, apply the digital input that should give the 
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maximum posItive voltage output. Adjust the Gain 
potentiometer for this positive full-scale voltage. See 
Table I for positive full-scale voltages. 

TABLE I. Digital Input/ Analog Output. 

Digital Input Analog Output 

MSB LSB Oto+l0V 
I I 
000000000000 +99976V 
011111111111 +50000V 
100000000000 +49976V 
111111111111 OOOOOV 

One LSB 244mV 

To obtain values for other ranges 
o to +5V range: divide 0 to +10V range valuea by 2 
±5V range divIde ±10V range values by 2 
±2 5V range divide ±10V range values by 4. 

Burr-Brown Ie Data Book 

±10V 

+99951V 
OOOOOV 

-OO049V 
-100000V 

488mV 
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BURR-BROWN® 

IElElI DAC1201KP-V 

Monolithic Microprocessor-Compatible 
12-Bit Resolution 

DIGITAL-TO-ANALOG CONVERTER 

FEATURES DESCRIPTION 
• COMPLETE olA CONVERTER: 

INTERNAL REFERENCE 
±loV OUTPUT OPERATIONAL AMPLIFIER 

• MICROPROCESSOR INTERFACE LOGIC FOR A 4-, 8-, 

The low price of DACI20lKP makes this 12-bit reso
lution D/A converter the best value available for 
commercial applications requiring a microprocessor 
interface. 

12- DR 16-81T BUS 
• MoNoToNICITY GUARANTEED DoC to +7o°C 
• SETTLING TIME 7Jls, MAX 
• ±12V to ±15V POWER SUPPLY OPERATION 
• 28-PIN MOLDED PLASTIC DIP 
• LOWEST COST BUFFERED 12-BIT oAC 

4·MSBs 4-LSBs 

The DACI201 features microprocessor interface 
logic, TTL input compatibility, guaranteed mono
tonicity over O°C to +70°C and settling time of 7 JJ.S 
maximum. 

The interface logic is partitioned in 4-bit nibbles 
permitting 4-, 8-, 12- and 16-bit bus interface connec
tions for right- or left-justified input words. Dual 
rank latches permit flexible timing operations for 
microprocessor control of the DACI20L 

This precision component is made possible using 
Burr-Brown's proprietary monolithic integrated cir
cuit process which has been optimized for converter 
circuits. A stable subsurface reference zener, laser
trimmed thin-film ladder resistors, and high speed 
current switches combine to give superior perfor
mance over the rated temperature range. 

DACI201 is priced and specified for applications 
where high resolution and monotonocity are the key 
application parameters and where tightly specified 
performance over temperature is not required. 
Because of the low price, it is feasible to use this 
12-bit D / A converter for new applications in com
munications systems, electronic controllers, medical 
instrumentation, electronic games and personal com
puter peripherals. 

Inlernalional Airport Induslrial Park· P.O. Box 11400 . Tucson. Arizona B5734 . Tel. 16021 746·1111 . Twx: 910-952·1111 . Cable: BBRCORP . Telex. 66·6491 

PDS-62IB 
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SPECIFICATIONS 
ELECTRICAL 
TYPical at +25'C and ±Vcc = 12V or 15V, VDD = +5V unle .. otherwlae 
noted 

MODEL 
DACI201KP-V UNITS 

INPUTS 

DIGITAL INPUTS 
Input Code(1J USB,BOB 
Resolution 12 Bits 
Digital Logic InputsC2J 

VIH. min to max +24 to +Vcc V 
VIL. min to max Oto+0.8 V 
IIH. VI = +2 7V. max +20 pA 
I'L, V, = +04V, max ±30 pA 

TRANSFER CHARACTERISTICS 

ACCURACY 
Linearity Error, maxlll ±0018 .. of FSR'" 
Dlfferentlsl Linearity Error, max ±O024 "oIFSR 
Gam Error, maxClnftN ±O.3 .. 
Unopolar Ollaet Error'"'''' ±2O mV 
Bipolar Offset Error, maxCllI8.I ±40 mV 
Monotonoclty Over O'C to +70'C'" 12 Bits 
Sensitivity of Gain to Power 

Supply Va"atlons· 
+Vcc and -Vee ±O.002 .. 01 FSRI'IIIVcc 
Voo ±0.006 .. 01 FSRI'IIIV.., 

TEMPERATURE COEFFICIENTS 
Gain ±10 ppml"C 
Bipolar Zerol1OJ ±6 ppm of FSRI"C 

SETTLING TIME (to ±0.012" 
01 FSR)m, 

20V step and 2kCllosd, max 7 "s 

OUTPUT 

ANALOG OUTPUT 
Voltage Range, min"" ±5,±10,+10 V 
Current, mln"aJ ±5 mA 
Impedance 0.2 CI 

REFERENCE OUTPUT 
Voltagef1 4) +6.3 V 
Source Current Available 

lor External Losds, max +1.5 mA 
Temperature Coellicient ±10 ppmrC 

POWER SUPPLY REQUIREMENTS 

RATED VOLTAGE 
+Vcc/_Vcc"SlnIJ +15/-15 V 
VD. 1171 +5 V 
CURRENT (no losd), max"·' 
+Vcd-Vee +25/-35 mA 
VD. +15 mA 

TEMPERATURE RANGE 

For perameters specilled 
over temp. min to max Oto+70 ·C 

Storage, min to max -60 to +100 ·C 

NOTES: (1) USB = Unipolar Straight Binary, BOB = Bipolar Ollael 
Binary. (2) Digital Inputs are TTL-<:ompetlble lor Voo over the range 01 
+4.5V to 5.5V. Dlgllallnput specs are guarante8d over O"C to +70'C. The 
specs are tested at 25'C only. (3) ±O.~ 01 FSR Is 314LSB lor 12 
bits (4) FSR means Full-Scale Range and Is 20V lor a ±10V range. 
(5) Adjustable to zero with external potentiometer. (6) Adjusting the 
Gain Adjust potentiometer rotates the transfer lunctlon about OV lor 
unipolar operation and abou.! minus lull scale (-FS) lor bipolar oper
ation. (7) Error at Input code 000" lor unipolar operation (output at 
OV). (8) Error at Input code OOOH lor bipolar operation (output at minus 
lull scale, -FS). (9) Guaranteed Teeted at 25'C only. (10) Drift at OV 
outpul lor bipolar operation (Input code 100M). (II) Guaranteed. Not 
tested. (12) Minimum supply vollage required lor ±IOV output swing 
±13.SV. Output swing lor ±11.4V suppllee Is at least -8V to +8V. 
(13) Output may be Indelinitely shorted to Common without damage. 
(14) Tolerance is ±5... (15) The maximum voltage aeparatlon between 
ACOM and DCOM without allectlng accuracy Is ±O.5V. (16) Range 

01 operation I. ±11 4V to ±16.5V. (17) Range 01 operation IS +4.5V to 
+S.SV. (18) Typical power supply currents are approximately 70.. 01 
the maximum. 

ABSOLUTE MAXIMUM RATINGS 

+Vcc to ACOM ... . ........•.......•.........•••••• 0 to +18V 
-Vee to ACOM .••••...•.....•.. ". • • . • • . . . . . . . . • . . . • .. 0 to -18V 
VDD to DCOM ......•....•.•....................••..... 0 to +7V 
VD. to ACOM •..............•.............•..........•.... ±7V 
ACOM to DCOM .............•..•..••••...••............ ±7V 
Digital Inputs (pins 2-14, 16-19) to DCOM ........ -0 4V to +18V 
External Voltage Applied to 10V Range Resistor. • . . .. ..... ±12V 
REF OUT •••.•.....••............•••. Indeflnlt. short to ACOM 
Ext.rnal Voltage Applied to Analog Output . ........ -5V to +SV 
Power DISSipation •.•....................•......••.... 1000mW 
Operating Temperature ........................... O·C to +70'C 
Storage T~mperatur8 ... , ...................... -60°C to +100°C 

NOTE Stresses above those listed under "Absolute MaXimum Ratings" 
may cause permanent damage to the deVice Exposure to absolute maxl~ 
mum conditions for extended penods may affect deVice reliability 

MECHANICAL 

~I'---------A------------_I 

o 0 lJB 
~~=;=r;=;=rI 

~r.~ 
~ G I.- L Seating Plane .! ~ 0 

INCHES 
DIM MIN MAX 
A 1400 1460 
B 530 575 
C 169 224 
D 015 023 
F 043 065 
G 100 BASIC 
H 030 090 
J 006 015 
K 100 138 
L 600 BASIC 
M 0' 15' 
N 018 022 

MILLIMETERS 
MIN MAX 
3556 3708 
1346 1367 
429 570 
038 058 
109 165 
254 BASIC 
076 229 
020 038 
254 346 
1524 BASIC 

0' 15' 
046 056 

NOTE Leads," true posItion 
Within 0010" (0 2Smm) R at 
MMC at s.atlng plane 

CASE PlastiC 

MATING CONNECTOR 
2603MC 

WEIGHT 4 3gm (0 150z) 

Burr-Brown Ie Data Book 6.1-104 Vol. 33 



TIMING DIAGRAMS 

DB,,-DB, 

Write Cycle #1 

DtQltallnterface Timing Over Temperature Range 
twP, WR pulse width, min 50ns 

50ns tAw 1, Nx and LDAC valid to end of WR, min 

PIN NOMENCLATURE 

PIN NAME FUNCTION 

Vee LogiC Supply, +5V 

2 WR WRITE, command signal to load latches LogiC 
low loads latches 

3 LDAC LOAD D/A CONVERTER, enables WR to load the 
D/A latch LogiC low enables 

4 N. NYBBLE A, enables WR to load Input latch A (the 
most significant nybble LogiC low enables 

5 No NYBBLE e, enables WR to load Input latch B 
LogiC low enables 

No NYBBLE C, enables WR to load Input latch C (the 
least significant nybble) logiC low enables 

7 0" DATA, Bit 12, MSB, positive true 

0" DATA, Bit 11 

0, DATA, Bit 10 

10 0, DATA, Bit 9 

11 0, DATA, Bit 8 

12 0, DATA, Bit 7 

13 0, DATA, Bit 6 

MSB 

FIGURE I. DACI201 Block Diagram, 

I 

WR 

Write Cycle #2 

/ :1::----
--------

PIN 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

tow, data valid to end of WR, min 
tOH, data valid hold time, min 

NAME FUNCTION 

D. DATA, Bit 5 

DCOM DIGITAL COMMON, Vee supply return 

0, DATA, Bit 1, LSB 

0, DATA, Bit 2 

0, DATA, Bit 3 

0, DATA, Blt4 

+Vcc Analog Supply Input, +15V or +12V 

~Vcc Analog Supply Input, -15V or -12V 

GAIN ADJ To externally adjust gam 

ACOM ANALOG COMMON, ±Vcc supply return 

VOU1 D/A converter voltage output 

10V RANGE Connect to pin 24 for 10V Range 

SJ SUMMING JUNCTION of output amplifier 

BPO BIPOLAR OFFSET Connect to pm 26 for Bipolar 
Operation 

REF OUT 6 3V reference output 

OPERATION 
INTERFACE LOGIC 

80ns 
Ons 

Input latches A, B, and C hold data temporarily while a 
complete 12-bit word is assembled before loading into 
the D / A register. This double-buffered organization 
prevents the generation of spurious analog output values. 
Each register is independently addressable. 

These input latches are controlled by NA, NB, Nc and 
WR. NA, NB, and Nc are internally NORed with WR so 
that the input latches transmit data when both N A (or 
NB, Nc) and WR are at logic "0". When either NA (or NB, 
N c) or WR go to logic "I ", the input data is latched into 
the input registers and held until both NA (or NB, Nc) 
and WR go to logic "0", 

The D/ A latch is controlled by LDAC and WR, LDAC 
and WR are internally NORed so that the latches 
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transmit data to the D j A switches when both LDAC 
and WR are at logic "0". When either LDAC or WR are 
at logic "I", the data is latched in the Dj A latch and held 
until LDAC and WR go to logic "0". 

All latches are level-triggered. Data present when the 
control signals are logic "0" will enter the latch. When 
anyone of the control signals returns to logic "I ", the 
data is latched. A truth table for all latches is given in 
Table I. 

TABLE I. DACI201 Interface Logic Truth Table. 

WA N. N. Ne LDAC Operation 

1 X X X X No Operation 
0 0 1 1 1 Enables Input Latch 4MSBs 
0 1 0 1 1 Enables Input Latch 4 Middle Bits 
0 1 1 0 1 Enables Input Latch 4LSBs 
0 1 1 1 0 Loads D/A Latch From Input Latches 
0 0 0 0 0 All Latches Transparent 

"X" = Don't Care. 

GAIN AND OFFSET ADJUSTMENTS 

Figures 2 and 3 illustrate the relationship of Offset and 
Gain adjustments to unipolar and bipolar D/A conver
ter output. 

~ , . ..l 
+FULL SCALE , " 

~ ILSB ,':-:"T 
ii ~YI ~~:/ 
~ ~! ALL BlTS ,:j" 
~ RAlI6E OF 5'" LOGIC 0 .;.r IAII ADJ. 

C OFFSET AOJ "'11 / ,,~ ROTATES 
OFFSET ADJ. Il--~ THE LINE 
TRAIISLATES 
THE LINE f DIGITAL INrUT 

RAlI6E OF 
lAIN ADJ. 

ALL BITS 
LOGIC I 

FIGURE 2. Relationship of Offset and Gain Adjust
ments for a Unipolar DjA Converter. 

t-

1£ 
t= 
'" 

+FULL ...L 

I
x SCALE ,/; RAlI6E OF 
T ,,'/ T GAIN ADJ. 

IU.~ ~" 
FULL-SCALE ,1-1 ,-GAIN ADJUST 

ALL BITS RANG~ •• / ROTATES 
LOGIC 0 " I ~., THE LINE 

IlPOLAR' 1.,r ~SIO. "'-
RAilE OF OFFSET ;, 'i ALL OTHERS "- ALL BITS 
OFFSET ADJ.} , I OFF LOGIC I 

OFFSET ADJ. /4- L l-FULL SCALE 
TRUSLATES OFFSET 
THE LINE T OIIITALINPUT 

FIGURE 3_ Relationship of Offset and Gain Adjust
ments for a Bipolar D/A Converter. 

OFFSET ADJUSTMENT 

For unipolar (USB) configurations, apply the digital 
input code that should produce zero voltage output and 
adjust the Offset potentiometer for zero output. For 
bipolar (BOB, BTC) configurations, apply the digital 
input code that should produce the maximum negative 
output voltage and adjust the Offset potentiometer for 
minus full-scale voltage. Example: If the full-scale range 

is connected for 20V, the maximum negative output 
voltage is -IOV. See Table II for corresponding codes. 

TABLE II. Digital Input/ Analog Output, ±Vcc = ±15V. 

Digital Input Analog Output 

12·Bit Resolution 010+ 10V ±5V ±10V 
MSB LSB 
I I 
111111111111 +99976V +4.9976V +99951V 
100000000000 +5OO00V O.OOOOV OOOOOV 
011111111111 +49976V -0.0024V -00049V 
000000000000 O.OOOOV -50000V -100000V 

lLSB 244mV 244mV 488mV 

GAIN ADJUSTMENT 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive volt· 
age output. Adjust the Gain potentiometer for this posi
tive full-scale Voltage. See Table II for positive full-scale 
voltages. 

±12V OPERATION 

The DACI201 is fully specified for operation on ±12V 
power supplies. However, in order for the output to 
swing to ±IOV, the power supplies must be ±13.5V or 
greater. When operating with ±12V supplies, the output 
swing should be restricted to ±8V in order to meet speci
fications. 

INSTALLATION 
POWER SUPPLY CONNECTIONS 

Decoupling: For optimum performance and noise rejec
tion, power supply decoupling capacitors should be 
added as shown in the Connection Diagram, Figure 4. 

FIGURE 4. Power Supply, Gain, and Offset 
Potentiometer Connections. 
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These capacitors (lJLF to IOJLF tantalum recommended) 
should be located close to the DACI201. 

The DACI201 features separate digital and analog power 
supply returns to permit optimum connections for low 
noise and high speed performance. The Analog Com
mon (pin 23) and Digital Common (pin 15) should be 
connected together at one point. Separate returns min
imize current flow in low-level signal paths if properly 
connected. Logic return currents are not added into the 
analog signal return path. A ±0.5V difference between 
ACOM and DCOM is permitted for specified operation. 
High frequency noise on DCOM with respect to ACOM 
may permit noise to be coupled through to the analog 
output; therefore, some caution is required in applying 
these common conections. 

The Analog Common is the high quality return for the 
OJ A converter and should be connected directly to the 
analog reference point of the system. The load driven by 
the output amplifier should be returned to the Analog 
Common. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and Gain may be trimmed by installing external 
Offset and Gain potentiometers. Connect these potenti
ometers as shown in Figure 4. TCR of the potentiome
ters should be 100ppmjOC or less. The 1.0Mfl and 
3.9Mfl resistors (20% carbon or better) should be located 
close to the DACl20l to prevent noise pick-up. If it is 
not convenient to use these high value resistors, and equi
valent "T" network, as shown in Figure 5, may be substi
tuted in each case. The Gain Adjust (pin 22) is a high 
impedance point and a O.OOIJLF to O.OIJLF ceramic capaci
tor should be connected from this pin to Analog Com
mon to reduce noise pick-up in all applications, includ
ing those not employing external gain adjustment. 

OUTPUT RANGE CONNECTIONS 

Internal-scaling resistors provided in the DACl20l may 
be connected to produce bipolar output voltage ranges 
of ± IOV and ±5V or unipolar output voltage range of 0 

to +IOV. The 20V range (±IOV bipolar range) is inter
nally connected. Refer to Figure 6. Connections for the 
output ranges are listed in Table III. 

~ 
1.0MO ~ 

~2kO 

~ 
l!.OkO 

FIGURE 5. Equivalent Resistances. 

FROM 
5.38k0 

® .'VV' BIPOLAR 
VOLTAGE REFERENCE R.PO OFFSET 

SUMMING 
JUNCTION 

4.2Ik0 10V RANGE 

FROM OIA 
CONVERTER 

> I a. 
~ ,... 
0 
N ,... 
CJ « 
C 

RESISTOR TOLERANCES ±25'1o III 
L......---__ --.-.I 

FIGURE 6. Output Amplifier Voltage Range Scaling 
Circuit. 

TABLE III. Output Range Connections. 

Output Digital Connect Connect 
Range Input Codes Pin 25 To Pin 27 To 

o to +10V USB 24 23 

±5V BOB or BTC 24 26 

±10V BOB or BTC NC 26 
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BURR-BROWN® 

IElElI DAC1600 

FOR COMMERCIAL APPLICATIONS 

Monolithic 
16-Bit Resolution 

DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• COMPLETE DtA CONVERTER: 

INTERNAL REFERENCE 
±10V OUTPUT OPERATIONAL AMPLIFIER 

• 14-8IT ACCURACY (K GRADE): 
±0.003% FSR LINEARITY ERROR 
14·81T MONOTONICITY GUARANTEED O°C to 

+70°C 
• SETTLING TIME lOps, MAX 
• ±15V POWER SUPPLY OPERATION 
• 24·PIN MOLDED PLASTIC DIP 

DESCRIPTION 
The low prices of DACl600JP and DACl600KP 
make these very-high resolution D! A converters the 
best value available. 

OIGiTAl 
INPUTS 

16·BIT 
LAOOER 

RESISTOR 
NETWORK 

ANO 
CURRENT 
SWITCHES 

The DACl600 family offers TTL input compatibil
ity, guaranteed monotonicity (l3-bit, J grade; l4-bit, 
K grade) over O°C to +70°C and settling time of 
IOlLsec maximum. 

This precision component is made possible using 
Burr-Brown's proprietary monolithic integrated cir
cuit process which has been optimized for converter 
circuits. A stable subsurface reference zener, laser
trimmed thin-film ladder resistors, and high speed 
current switches combine to give superior perfor
mance over the rated temperature range. 

The DACl600 is priced and specified for applica
tions where high resolution and monotonocity are 
the key application parameters and where tightly
specified performance over temperature is not 
required. Because of the low price, it is feasible to 
use a l6-bit D! A converter for new applications in 
communications systems, electronic controllers, elec
tronic games, and personal computer peripherals. 

t-........ ~o/V-_- REFERENCE OUTPUT 

SUMMING JUNCTION 
COMMON 

OUTPUT 

__ GAIN AOJUST 
""'--+Vt.<. 
--Vee 
- Voo 

Inlernalion,l Airporl Industrial Park· P.O. Box 11400 . Tuc.on. Arizon. B5734 • Tel. 1602) 746·1111 . Twx' 91()'952·1111 • Cable BBRCORp· Telex. 66·6491 

PDS-622 
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SPECIFICATIONS 
ELECTRICAL 
Typical at +25°C. ±Vcc = 15V, Vee = +5V unless otherwise noted. 

MODEL DAC1600JP·V DAC1600Kp·V UNITS 

INPUTS 

DIGITAL INPUTS 
Input eadem COB 
Aesolutlon, max IS Bits 
Digital LogiC Inputs(2~ 

V,H. min to max +24 to +VOD V 
Y,Lt min to max -1.0 to +08 V 
I'HI V, = +2 7V, max +40 pA 
IlL. V, = +O.4V, max -05 mA 

TRANSFER CHARACTERISTICS 

ACCURACY 
Linearity Error, max '3) ±0006 ±0003 %01 FSR'.oIJ 
Differential Llneanty Error, 

max ±0012 ±O.OOS %01 FSR 
Gam Error, maxiSlI61 ±03 % 
Bipolar Zero Error, maxl!U 40 mW 
MonotontClty Over O°C to 

+70°CI7! 13 14 Bits 
Sensitivity of Gam to Power 

Supply Vanatlons 
±Vcc ±0.002 % of FSR/%Vcc 

V" ±O 0002 % of FSR/%Voo 

TEMPERATURE 
COEFFICIENTS 
Gam ±10 ppm/'C 
BIpolar Zero ±5 ppm of FSR/'C 

SETTLING TIME (to ±O 003% 
of FSR)"', 10V step and 2kO 
load, max 10 psec 

OUTPUT 

ANALOG OUTPUT 
Voltage Range, min ±10 V 
Current, mmlgj ±5 mA 
Impedance 015 0 

REFERENCE OUTPUT 
Voltage(1OJ +S3 V 
Source Current Available 

for External Loads, max +15 mA 
Temperature CoeffiCient ±10 ppm/'C 

POWER SUPPLY REQUIREMENTS 

RATED VOLTAGE 

iVCC'111 15 V 

Voo 1121 +5 V 
CURRENT, maxl131 

±Vcc 35 mA 
Voo B mA 

TEMPERATURE RANGE 

For parameters specIfied 
over temp, mm/max o to +70 'C 

Storage, mInImax -60 to +100 'C 

NOTES (1) COB = Complementary Offset Binary (2) Digital Inputs 
are TTL-compatible for Voo over the range of +4 5V to +Vcc Dtgttallnput 
specs are guaranteed over O°C to +70°C These specs are tested at 25°C 
only (3) ±O 003% of FSR IS 112LSB at 14 bits (4) FSR means Full 
Scale Range and IS 20V for a ±10V range (5) Adjustable to zero with 
external potentiometer. (6) Adjusting the gain potentiometer rotates the 
transfer function around Bipolar Zero, OV (Input Code 7FFFH ) (7) Guar-
anteed Tested at 2SoC only (8) Guaranteed Not tested (9) Output 
may be Indefinitely shorted to Common without damage (10) Tolerance 
is ±S% (11) Range of operation IS ±13 SV to ±16 SV (12) Voo may be 
operated up to +Vcc. Digital Input logiC threshold remainS at +1 4V over 
the Voo range (13) Typical power supply currents are about 50% of the 
maximum 

ABSOLUTE MAXIMUM RATINGS 

+Vee to Common ..................................... OV, +18V 
-Vee to Common .. , .................................. OV, -18V 
Voo to Common ...............................•...... av, +18V 
Digital Oat. Inputs to Common ....................... -1V, +18V 
Reference Out to Common ...•••.... Indefinite Short to Common 
External Voltage Applied to DIA Output .......•..... -5V to +5V 
VOUT ••••••••••••••••••••••••••••••• Indefinite Short to Common 
Power DiSSipation .................................... 1000mW 
Storage Temperature ......................... -60°C to +100°C 

NOTE: Stresses above those listed under "Absolute Maximum Rat
ings" may cause permanent damage to the deVice. Exposure to 
absolute maximum conditions for extended penods may affect 
deVice reliability. 

MECHANICAL 

. 
A A AAAA 

) 0 
1 

0 i 
"_".':' V V V V V V V 

NOTE: 
Leads In true pOSition within .010" 
(.2Smm) R at MMC al seating plane 

~ ~i--~ 
~ G ~ 'r:~~"' ~~D 

CONNECTION DIAGRAM 

ORDERING INFORMATION 

Linearity Error a 
Model Monotonlclty for 

DAC1600JP-V 13 bits 
DAC1600KP-V 14 bits 

IJ\jCHES MILLIMETERS 

"M "" MO' MIJIj MAX · 1.2U .. 2" ".32 Sf II · .• n 671 13.17 14." 
C .'" •• 14 ".21 1.70 
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+lIcc 

GAIN ADJUST 

NOTES 
1 Can be tied to +Vcc 

Instead of haVing sep
arate Voc supply 

2 Decouphng capaCItors 
are 1pF to 10pF 

3 Potentiometers are 
10kO to l00kO 
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PIN ASSIGNMENTS 

Pin DelCrlpllon Pin DelCrtplIon 

1 Bill (MSB) 13 BII13 
2 BI12 14 BII14 
3 Blt3 15 BillS 
4 BI14 16 BII 16 (lSB) 

5 BI15 17 Vo<" 
6 BI16 18 VDD 
7 BI17 19 -Vee 

8 BI18 20 Common 
9 BI19 21 Summing Junction (Zero Adjust) 

10 Blll0 22 Gain Adjust 
11 Blill 23 +Vee 
12 BII12 24 +6 3V Reference Output 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. I/LF to 10/LF tantalum 
capacitors should be located close to the D 1 A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external 
zero and gain potentiometers. Connect these potenti
ometers as shown in the Connection Diagram and adjust 
as described below. TCR of the potentiometers should 
be 100ppm/oC or less. The 3.9MO and 270kO resistors 
(±20% carbon or better) should be located close to the 
D 1 A converter to prevent noise pickup. If it is not con
venient to use these high-value resistors, an equivalent 
"T" network, as shown in Figure I, may be substituted in 
place of the 3.9MO part. A O.OOI/LF to O.OI/LF ceramic 
capacitor should be connected from Gain Adjust to 
Common to prevent noise pickup. See Figure 2 for rela
tionship of zero and gain adjustment. 

o------"N~ = O--_AN.r--1J---""".---o 
3.9MO 180110 ~ 1801<0 

IOkOl 

FIGURE I. Equivalent Resistances. 

Zero Adjustment 

Apply the digital input code that produces zero output 
voltage or current. See Table I for corresponding codes 
and the Connection Diagram for zero adjustment circuit 
connections. Zero calibration should be made before 
gain calib~ation. 

GaIn Adjustment 

Apply the digital input that gives the maximum positive 
output voltage. Adjust the gain potentiometer for this 
positive full scale voltage. See Table I for positive full 
scale voltages and the Connection Diagram for gain 
adjustment circuit connections. 

lLsa. 

t +FULL / I I t '~ALt /' 

~' RAIlIE OF 
6AIII ADJ. 

~ /,(//61111 OFFSET ~lI: ... ADJUST ADJUST 
~= ~ ROTATES TRAIISLATES 

IIIPUT = FFFFH ~ ~ THE LlIIE THE LlIlE 

l/, ". 
'I t 

# \. IIIPUT=_ RAIIGE AIIO 

~ OFFSET 

1'/ MSa 011 ALL ADJUST 
OTHERS OFF 7FFFH 

/1 

" "/ "/ -FULL SCALE 

"/ DIGITAL IIIPUT 

FIGURE 2. Relationship of Zero and Gain Adjustment. 

TABLE I. Calibration Table. 

Dlglt.llnput Delcrlption 16-bIt 

OnelSB OnelSB 305jlV 
OOOOH + Full Scale +999960V 
7FFFH Bipolar Zero OV 
FFFFH - Full Scale -10.00000V 

INSTALLATION 
CONSIDERATIONS 

Analog Oulput 

15-blt 15-blt 

610jlV 1224jlV 
999939V +999678V 

OV OV 
-1000000V -10.00QOOV 

This D 1 A converter family is laser-trimmed to l4-bit lin
earity. The design of the device makes the l6-bit resolu
tion available. If 16-bit resolution is not required, bit 15 
and bit 16 should be connected to V DD through a single 
IkO resistor. 

Due to the extremely-high resolution and linearity of the 
DI A converter, system design problems such as ground
ing and contact resistance become very important. For a 
16-bit converter with a 20V full-scale range, ILSB is 
305/LV. With a load current of 5mA, series wiring and 
connector resistances of only 60mO will cause the output 
to be in error by ILSB. To understand what this means in 
terms of a sytem layout, the resistance Qf #23 wire is 
about 0.02101 ft. Neglecting contact resistance, less than 
18 inches of wire will produce a l/2LSB error in the 
analog output Voltage! 

In Figure 3 lead and contact resistances are represented 
by R, through R,. As long as the load resistance RL is 
constant, R, simply introduces a gain error and can be 
removed during initial calibration. R2 is part of RL, if the 
output voltage is sensed at Common, and therefore 
introduces no error. RL should be located as close as 
possible to the D 1 A converter for optimum performance. 
The effect of R, is negligible. 
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In many applications it is impractical to sense the output 
voltage at the output pin. Sensing the output voltage at 
the system ground point is permissible with the DACI600 
family because the D j A converter is designed to have a 
constant return current of approximately 2mA flowing 
from Common. The variation in this current is under 
20",A (with changing input codes), therefore R3 can be as 
large as 30 without adversely affecting the linearity of the 
Dj A converter. The voltage drop across R3 (R3 X 2mA) 
appears as zero error and can be removed with the zero 
calibration adjustment. This alternate sensing point (the 
system ground point) is shown in Figure 3. 

TO +Vcc 

TO -Vee 

TO Voo 
+ II'F 

The Dj A converter and the wiring to its connectors 
should be located to provide optimum isolation from 
sources of RFI and EM!. The key concept in elimination 
of RF radiation or pickup is loop area; therefore, signal 
leads and their return conductors should be kept close 
together. This reduces the external magnetic field along 
with any radiation. Also, if a single lead and its return 
conductor are wired close together, they present a small 
flux-capture cross section tor any external field. This 
reduces radiation pickup in the circuit. FIGURE 3. Output Circuit. 
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BURR-BROWN® 

IElElI DAC7541A 

AVAILABLE IN 
DIE FORM 

Low Cost 12-Bit CMOS 
Four-Quadrant Multiplying 

DIGITAL-TO-ANALOG CONVERTER 

FEATURES DESCRIPTION 
• FULL FOUR·QUADRANT MULTIPLICATION 
• 12-BIT END·POINT LINEARITY 
• DIFFERENTIAL LINEARITY ±1I2LSB MAX OVER 

TEMPERATURE (K/B/T GRADES) 
• MONOTONICITY GUARANTEED OVER TEMPERATURE 

The Burr·Brown DAC7541A is a low cost 12-bit, 
four·quadrant multiplying digital·to·analog conver· 
ter. Laser·trimmed thin·fiIm resistors on a monolithic 
CMOS circuit provide true 12-bit integral and dif· 
ferentiallinearity over the full specified temperature 
ranges. 

• TTL·/CMOS·COMPATIBLE 
• SINGLE +5V TO +15V SUPPLY 
• LATCH·UP RESISTANT 
• 75211754117541A REPLACEMENT 
• PACKAGES: HERMETIC DIP. PLASTIC DIP. 

The DAC7541A is a direct, improved pin·for-pin 
replacement for 7521, 7541, and 7541A industry 
standard parts. In addition to standard IS·pin plastic 
and hermetic ceramic packages, the DAC7541A is 
also available in a surface·mount plastic IS·pin SOle. 

PLASTIC SOIC 
• LOW COST 

FUNCTIONAL DIAGRAM 

SPOT NMOS 
SWItches 

10kn 10kn 10kn 10kn 

20kn 20kn 20kn 20kn 20kn 

'"'""--t--+--t-i--ill--+--!----+-+ ___ ----o lOUT. 

L-;1r----...... +--....... H---H--....... I~-....... -+--~1:::0:-:kn:---O loun 

I f RFEEDBACK 

6 b 
Bit 1 (MSB) Bit 11 Bot 12 (lSB) 

DIgItal Inputs (DTLlTTLICMOS compatIble) SWItches shown for dIgItal Inputs "high" 
logIc A sWItch is closed to loun for its digital Input In a "high" state. 

Internatllnal Airport Industrial Park • P,O. BOll1400 • TUClDn. Arizona 85734 • Tel.: (8021748-1111 • TWI: 910.952·1111 • Clble: BBRCORP • Telex: 66-64111 

PDS~39A 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C, +VOD = +12V or +15V, VREF = +10V, VPIN 1 = VP1N 2 = OV unless otherwise specified 

MODEL DAC7541A 

PARAMETER GRADE T.=+25'C TA = TMINt TUAX '" UNITS TEST CONDITIONS/COMMENTS 

ACCURACY 
Resolution All 12 12 Bits 
Relative Accuracy J, A, S ±1 ±1 LSB max ±1 LSB = ±O 024% of FSR 

K, B, T ±1/2 ±1/2 LSB max ±1/2LSB = ±O 012% of FSR 
Dlfferentlsl Non-linearity J, A, S ±1 ±1 LSB max All grades guaranteed monotonic to 

K, B, T ±1/2 ±1/2 LSB max 12 bits, T MIN to T MAX 

Gain Error J,A, S ±6 ±8 LSB max Measured using mternal RFB and Includes 
K, B, T ±1 ±3 LSB max effect of leakage current and gain T C 

Gam error can be trimmed to zero 
Gain Temperature Coefficient 
(aGaln/a Temperature) All 5 ppm/'C max TYPical value IS 2ppm/'C 
Output Leakage Current Out, (Pin 1) J, K ±5 ±10 nAmax All digital Inputs = OV 

A,B ±5 ±10 nA max 
S, T ±5 ±200 nAmax 

Out, (Pin 2) J, K ±5 ±10 nAmax All digital Inputs = Voo 
A,B ±5 ±10 nAmax 
S, T ±5 ±200 nA max 

REFERENCE INPUT 
Voltage (Pin 17 to GND) All -10/+10 -10/+10 V min/max 
Input Resistance (Pin 17 to GND) All 7-18 7-18 kO minImax TYPical Input resistance = 11kO 

TYPical mput resistance temperature 
coefficient IS -50ppm/'C 

DIGITAL INPUTS 
V," (Input High Voltage) All 24 24 V min 
V" (Input Low Voltage) All 08 0,8 V max 
I'N (Input Current) All ±1 ±1 IlA max Logic Inputs are MOS gates 

liN typ (25'C) = 1 nA 
CIN (Input Capacltance)(2) All 8 8 pF max V1N:;:;OV 

POWER SUPPLY REJECTION 
.6.Galn/.6,Voo All ±001 ±002 % per % max Voo = +11 4V to +16V 

POWER SUPPLY 
Voo Range All +5 to +16 +5 to +16 V min to Accuracy IS not guaranteed over this range 

Vmax 
100 All 2 2 mAmax All dlgltalmputs VIL or VIM 

100 500 JJAmax All dlgltalmputs OV or Voo 

AC PERFORMANCE CHARACTERISTICS 
These characteristics are Included for design gUidance only and are not production tested 
Vee = +15V, VREF = +10V except where stated, VPIN 1 = VP1N 2 = OV. output amp is OPA606 except where stated 

PROPAGATION DELAY 
(from Digital Input change to Out, Load = 1000, CElIT = 13pF 
90% of Fmal Analog Output) All 100 - nstyp Digital Inputs = OV to Voo or Voo to OV 

DIGITAL-TO-ANALOG GLITCH VREF = OV, all digital Inputs OV to Voo or Voe 
IMPULSE All 1000 - nV-s typ toOV Measured usmg OPA606 as output 

amplifier 

MULTIPLYING FEEDTHROUGH 
ERROR (VAEF to Out,) All 1,0 - mVp-p max VREF = ±10V, 10kHz sine wave 

OUTPUT CURRENT SETTLING All 06 - /lStyp To 0 01% of Full Scale Range 
TIME Out, load = 1000, CEXT = 13pF 

All 10 - psmax Digital Inputs OV to Vee or Voe to ov 

OUTPUT CAPACITANCE 
COUT , (Pin 1) All 100 100 pFmax Digital Inputs = VIH 
COUT • (Pin 2) All 60 60 pFmax Digital Inputs = V," 
COUT> (Pin 1) All 70 70 pFmax Digital Inputs = V" 
COUT • (Pin 2) All 100 100 pFmax Dlgllal Inputs = V" 

NOTES (1) Temperature ranges are 0 to +70'C lor JP, KP, JU and KU versions; -25'C to +85'C for AH, BH versions, -55'C to +125'C for 
SH, TH versions (2) Guaranteed by design but not production tested 
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MECHANICAL 

H Package-18-Pln Hermetic DIP 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 960 2438 
B 220 310 559 787 
C 200 508 
0 014 023 036 058 
F 030 070 076 178 

G 100 BASIC 254 BASIC 
H 098 249 

J 008 015 020 038 
K 125 200 318 508 
L 290 320 737 813 

N 015 080 038 203 

P Package-18-Pln Plasllc DIP 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 840 940 2134 2388 
B 240 280 610 711 
C 210 533 
0 014 022 036 056 
G 100 BASIC 254 BASIC 
H 040 060 102 152 
J 008 015 020 038 
K 115 150 292 381 
L 280 300 711 762 
M 00 100 0" 1QO 

N 0020 0050 051 127 

U Package-la-Pin Plastic sOle 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 450 466 1143 1184 
A, 443 446 1125 1133 
B 286 302 726 767 
B, 270 285 686 724 
C 093 108 236 274 
0 015 019 038 048 
G 050 BASIC 127 BASIC 
H 026 034 066 086 
J 008 012 020 030 
L 390 422 991 1072 
M 00 1QO 00 100 

N 000 012 000 030 
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ABSOLUTE MAXIMUM RATINGS* 

Voo (pin 16) to Ground .. 
VREF (pin 17) to Ground 
VRPS (Pin 18) to Ground. 

+17V 
±25V 
±25V 

Digital Input Voltage (pins 4-15) to Ground 
VPIN " VPIN 2 to Ground. 

. -0.4V, Voo 
.. -O.4V, Voo 

Power Dissipation (any package): 
To +75°C 
Derates above +75°C ....... . 

Lead Temperature (soldering, 10s). 
Storage Temperature: Ceramic Package. 

. 450mW 
.. -6mW/oC 

+300°C 
. .... +150°C 

+125°C Plastic Package. 

* Stresses above those listed above may cause permanent 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 maxI
mum rating conditions for extended periods may affect device reliability 

PIN CONNECTIONS 

lOUT 1 RFEEOBACK 

lOUT 2 VREFERENCE 

Ground +VOD l8-Pln Plastic DIP 
Bit 1 (MSB) Bit 12 (LSB) (PSulllx) 

Bit 2 Bit11 l8-Pln Hermellc Ceramic DIP 

Blt3 Blt1Q (H Suffix) 

Bit4 Bit9 l8-Pln Plastic SOIC 

Blt5 Bit8 (U Suffix) 

Blt6 Bit 7 

ORDERING INFORMATION 

Temperature 
Model Package Range 

DAC7541AJP PlastiC DIP QOCto +70°C 
DAC7541AKP PlastiC DIP QOC to+70°C 
DAC7541AJU PlastiC SOIC QOCto +7QoC 
DAC7541AKU PlastiC SOIC O°C to +70°C 
DAC7541AAH Hermetic DIP -25°C to +85°C 
DAC7541ABH Hermetic DIP -25°C to +85°C 
DAC7541ASH Hermetic DIP -55°C to +125°C 
DAC7541ATH Hermetic DIP -55°C to +125°C 

BURN-IN SCREENING OPTION 
See text for details 

Temperature 
Model Package Range 

DAC7541AJP-BI PlastiC DIP O°C to +70°C 
DAC7541 AKP-BI PlastiC DIP QOCto +70°C 
DAC7541AJU-BI PlastiC SOIC QOC to +70°C 
DAC7541 AKU-BI PlastiC SOIC QOCto +70°C 
DAC7541 AAH-BI Hermetic DIP -25°C to +85°C 
DAC7541 ABH-BI Hermetic DIP -25°C to +85°C 
DAC7541 ASH-BI Hermetic DIP -55°C to +125°C 
DAC7541 ATH-BI Hermetic DI P -55°C to +125°C 

NOTE (1) Or equivalent combination of time and temperature 

CAUTION 

The DAC7541A is an ESD (electrostatic discharge) 
sensitive device. The digital control inputs have a special 
FET structure, which turns on when the input exceeds 
the supply by ISV, to minimize ESD damage. However, 
permanent damage may occur on unconnected devices 
subject to high energy electrostatic fields. When not in 
use, devices must be stored in conductive foam or 
shunts. The protective foam should be discharged to the 
destination socket before devices are removed. 

BURN-IN SCREENING 

Burn-in screening is an option available for the models 
in the Ordering Information table. Burn-in duration is 
160 hours at the indicated temperature (or equivalent 
combination of time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-Bl" to the 
base model number. <C 

Relative 
Accuracy (LSB) 

±1 
±1/2 
±1 

±1/2 
±1 

±1/2 
±1 

±1/2 

Relative 
Accuracy (LSB) 

±1 
±1/2 
±1 

±1/2 
±1 

±1/2 
±1 

±1/2 

Gain Error (LSB) 

±6 
±1 
±6 
±1 
±6 
±1 
±6 
±1 

~~~~-~:~~.~~. 
+85°C 
+85°C 
+85°C 
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+125°C 
+125°C 
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TYPICAL PERFORMANCE CURVES 
TA = +25°C, VOD = +15V unle~s otherwise noted 

GAIN ERROR VS SUPPLY VOLTAGE 
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LINEARITY VS SUPPLY VOLTAGE 

"r--

10 

Supply Voltage (V) 

DISCUSSION OF 
SPECIFICATIONS 
Relative Accuracy 

15 

15 

This term (also known as linearity) describes the transfer 
function of analog output to digital input code. The 
linearity error describes the deviation from a straight line 
between zero and full scale. 

Differential Nonlinearity 
Differential Nonlinearity is the deviation from an ideal 
ILSB change in the output, from one adjacent output 
state to the next. A differential nonlinearity specification 
of ± 1.0LSB guarantees monotonicity. 

Gain Error 
Gain error is the difference in measure of full-scale 
output versus the ideal DAC output. The ideal output 
for the DAC754lA is -(4095/4096) X (VREF). Gain error 
may be adjusted to zero using external trims. 

Output Leakage Current 
The measure of current which appears at Out, with the 
DAC loaded with all zeros, or at Out, with the DAC 
loaded to all ones. 
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FEEDTHROUGH ERROR VS FREQUENCY 

100 __ 

10_ 

100 1k 10k 100k 1M 

Frequency (Hz) 

SUPPLY CURRENT VS SUPPLY VOLTAGE 

1500 

1250 

1000 

750 

500 

250 .17L x'" 
'" ... '" 

.LJ'H~VDD 
10 

Supply Voltage (V) 

15 

Multiplying Feedthrough Error 

This is the AC error output due to capacitive feed through 
from VREFERENCE to Out, with the DAC loaded to all 
zeros. This test is performed at 10kHz. 

Output Current Settling Time 

This is the time required for the output to settle to a 
tolerance of ±0.5LSB of final value from a change in 
code of all zeros to all ones, or all ones to all zeros. 

Propagation Delay 

This is the measure of the delay of the internal circuitry 
and is measured as the time from a digital code change to 
the point at which the output reaches 90% of final value. 

Digital-to-Analog Glitch Impulse 

This is the measure of the area of the glitch energy 
measured in n V -seconds. Key contributions to glitch 
energy are digital word-bit timing differences, internal 
circuitry timing differences, and charge injected from 
digital logic. 
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The measurement is performed with VREFERENCE = 
Ground, an OPA606 as the output op amp, and C1 

(phase compensation) = OpF., 

Monotonicity 
Monotonicity assures that the analog output will increase 
or stay the same for increasing digital input codes. The 
DAC7541A is guaranteed monotonic to 12 bits. 

Power Supply Rejection 

Power supply rejection is the measure of the sensitivity 
of the output (full scale) to a change in the power supply 
voltage. 

CIRCUIT DESCRIPTION 
The DAC7541A is a 12-bit multiplying D/A converter 
consisting of a highly stable thin-film R-2R ladder 
network and 12 pairs of current steering switches on a 
monolithic chip. Most applications require the addition 
of a voltage or current reference and an output opera
tional amp lifer. 

A simplified circuit of the DAC7541A is shown in Figure 
1. The R-2R inverted ladder binarily divides the input 
currents that are switched between loUT I and lOUT 2 bus 
lines. This switching allows a constant current to be 
maintained in each ladder leg independent of the input 
code. 

The input resistance at V REFERENCE (Figure I) is always 
equal to RLDR (RLDR is the R/2R ladder characteristic 
resistance and is equal to value "R ''). Since RIN at the 
V REFERENCE pin is constant, the reference terminal can be 
driven by a reference voltage or a reference current, A C 
or DC, of positive or negative polarity. 

VREFERENCE 10kO 10kO 

20kCl 20kCl 

. 
• 

6 i 
6 

B.t1 (MSB) B.t2 

I 
I 
I 
6 

10kCl 

2~20kCl 
S12? 

. 
I 

6 
B,t3 B.t 12 (LSB) 

D.g.tal Inputs (DTLfTTL/CMOS Compat.ble) 

SWitches shown for digital Inputs "high" 

FIGURE I. Simplified DAC Circuit. 

EQUIVALENT CIRCUIT ANALYSIS 

lOUT 2 

lOUT 1 

RFEEDBACK 

Figures 2 and 3 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 I when inputs are high. The ILEAKAGE current source 
is the combination of surface and junction leakages to 
the substrate; the 1/4096 current source represents the 
constant one-bit current drain through the ladder termi-

nating resistor. The output capacitance is dependent 
upon the digital input code, and is therefore modulated 
between the low and high values. 

RFEEDBACK 

R = 10kCl 

r-----1 ..... - .... -<l IOUT1 

IREFERENCE 
_ R=10kCl 

o-~Ir .... ----<>----.... ----O lOUT 2 

f ~ I"., .. , 1. 90pF 
VREFERENcei 

114096 

-::=- T 
FIGURE 2. DAC7541A Equivalent Circuit (All Inputs 

Low). 

RFEEDBACK 

IREFERENCE 
R = 10kCl 

__ R=10kO 
~-----1>----.... ----<l>---oIOUT1 

V"""Ne, • ~1/4096 

~ ,. 
r----l.----O IOUT2 

,~ ImKA", .I 55pF 

FIGURE 3. DAC7541: EqUival:t Circuit (All Inputs BI 
High), 

DYNAMIC PERFORMANCE 

Output Impedance 
The output resistance, as in the case of the output 
capacitance, is also modulated by the digital input code. 
The resistance looking back into the lOUT I terminal may 
be anywhere between IOkO (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).The static accuracy and dynamic performance will 
be affected by this modulation, The gain and phase 
stability of the output amplifier, board layout, and 
power supply decoupling will all affect the dynamic 
performance of the DAC754IA. The use of a compensa
tion capacitor may be required when high-speed opera
tional amplifiers are used. It may be connected across 
the amplifier's feedback resistor to provide the necessary 
phase compensation to critically dampen the output. See 
Figures 4 and 6. 

APPLICATIONS 
OP AMP CONSIDERATIONS 

The input bias current of the op amp flows through the 
feed back resistor, creating an error voltage at the output 
of the op amp. This will show up as an offset through all 
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codes of the transfer characteristics. A low bias current 
op amp such as the OPA606 is recommended. 

Low offset voltage and Vos drift are also important. The 
output impedance of the DAC is modulated with the 
digital code. This impedance change (approximately 
IOk!l to 30k!l) is a change in closed-loop gain to the op 
amp. The result is that Vos will be multiplied by a factor 
of one to two depending on the code. This shows up as a 
linearity error. Offset can be adjusted out using Figure 4. 
Gain may be adjusted using Figure 5. 

MSB 

B, •••••••••• 812 

DAC7541A 

Single-Point Ground -=" 
+Vcc 

VOUT = -VREF (~+ ~ + ~ + ••• + ~ ) 
248 4096 

-10V -::; VREF -:; +10V 

o ~ VOUT ::; - !~:~ VREF 

Where BN = 1 If the BN digital Input IS high 
BN = 0 If the BN digital input IS low 

FIGURE 4. Basic Connection With Op Amp Vos Adjust: 

MSB 

Unipolar (two-quadrant) MUltiplying 
Configuration. 

8\ •••••••••• 8 12 Rl 

DAC7541A 

FIGURE 5. Basic Connection with Gain Adjust (allows 
adjustment up or down). 

UNIPOLAR BINARY OPERATION 
(TWO-QUADRANT MULTIPLICATION) 

Figure 4 shows the analog circuit connections required 
for unipolar binary (two-quadrant multiplication) oper
ation. With a DC reference voltage or current (positive 
or negative polarity) applied at pin 17, the circuit is a 

unipolar D/ A converter. With an AC reference voltage 
or current, the circuit provides two-quadrant multiplica
tion (digitally controlled attenuation). The input/ output 
relationship is shown in Table I. 
CI phase compensation (10 to 25pF) in Figure 4 may be 
required for stability when using high speed amplifiers. 
CI is used to cancel the pole formed by the DAC internal 
feedback resistance and. output capacitance at OUtl. 

TABLE I. Unipolar Codes. 

Binary Input Analog Output 

MSB LSB 
111111111111 -VREF (4095/4096) 
1000 0000 0000 -VREF (2048/4096) 
0000 0000 0001 -VREF (1/4096) 
0000 0000 0000 o Volts 

RI in Figure 5 provides full scale trim capability-load 
the DAC register to llll llll llll, adjust RI for VOUT = 
-VREF (4095/4096). Alternatively, full scale can be 
ajdusted by omitting RI and R, and trimming the 
reference voltage magnitude. 

BIPOLAR FOUR-QUADRANT OPERATION 

Figure 6 shows the connections for bipolar four-quadrant 
operation. Offset can be adjusted with the Al to A2 
summing resistor, with the input code set to 1000 0000 
0000. Gain may be adjusted by varying the feedback 
resistor of A,. The input/ output relationship is shown in 
Table II. 

OUT- REF ~+-+-+ ••• +~-1 V - +v (81 8 2 8 3 8 12 ) 

124 2048 

FIGURE 6. Bipolar Four-Quadrant Multiplier. 

TABLE II. Bipolar Codes. 

Binary Input Analog Output 

MSB LSB 
111111111111 +VREF (2047/2048) 
1000 0000 0000 o Volts 
011111111111 -VREF (1/2048) 
0000 0000 0000 -VREF (2048/2048) 
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DIGITALLY CONTROLLED GAIN BLOCK 

The 754lA may be used in a digitally controlled gain 
block as shown in Figure 7. This circuit gives a range of 
gain from one (all bits = one) to 4096 (LSB = one). The 
transfer function is: 

All bits off is an illegal state, as division by zero is 
impossible (no op amp feedback). Also, errors increase 
as gain increases, and errors are minimized at maj or 
carries (only one bit on at a time). 

Bits 1 1012 

~ 
,18 16 VDD 

DAC7541A 

OPA606 

FIGURE 7. Digitally Programmable Gain Block. 
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DAC7545 BURR-BROWN® 

IElElI 

CMOS 12-Bit Multiplying 
DIGITAL-TO-ANALOG CONVERTER 

Microprocessor Compatible 

FEATURES 
• FOUR-QUADRANT MULTIPLICATION 
• LOW GAIN TC: 2PPM/oC Iyp 
• MDNOTONICITY GUARANTEED OVER TEMPERATURE 
• SINGLE 5V TO 15V SUPPLY 

DESCRIPTION 
The DAC7545 is a low-cost CMOS, l2-bit four
quadrant multiplying, digital-to-analog converter 
with input data latches. The input data is loaded into 
the DAC as a 12-bit data word. The data flows 
through to the DAC when both the chip select (eS) 
and the write (WR) pins are at a logic low. 

Laser-trimmed thin-film resistors and excellent 
eM as voltage switches provide true l2-bit integral 
and differential linearity. The device operates on a 

• TTL/CMOS LOGIC COMPATIBLE 
• LOW OUTPUT LEAKAGE: 10nA max 
• LOW OUTPUT CAPACITANCE: 70pF max 
• DIRECT REPLACEMENT FOR AD7545. PM-7545 

single +5V to +15V supply and is available in 20-pin 
side-brazed DIP, 20-pin plastic DIP or a 20-lead 
plastic sale package. Devices are specified over the 
commercial, industrial, and military temperature 
ranges and are available with additional reliability 
screening. 

The DAC7545 is well suited for battery or other low 
power applications because the power dissipation is 
less than O.5mW when used with CMOS logic inputs 
and VI)!) = +5V. 

Input 
Data Latches 

D81,-DBo 
(Pms 4-15) 

International Airport Industnal Park· PO 80x 11400· Tucson. Arizona 85734· Tel (6021746·1111· Twx 91IJ.952·1111 . Cable 88RCORp· Telex. 66·6491 

PDS-747A 
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SPECIFICATIONS 
ELECTRICAL 
VREF = +10V, VOUT 1 = OV, ACOM = DeOM unless otherwise specifIed 

MODEL DAC7545 

VDD = +sv Voo= +15V 
UNITS 

PARAMETER GRADE T. = +25°C TMIN~TMAX '" TA = +25°C TMIN·TMAX '" (max) TEST CONDITIONS/COMMENTS 

STATIC PERFORMANCE 
Resolution All 12 12 12 12 Bits 
Relative Accuracy J, A, S ±2 ±2 ±2 ±2 LSB 

K, B, T ±1 ±1 ±1 ±1 LSB 
L, C, U ±1/2 ±1/2 ±1/2 ±112 LSB 

GL, GC, GU ±1/2 ±1/2 ±1/2 ±1/2 LSB 
Differential Nonllneanty J, A, S ±4 ±4 ±4 ±4 LSB 10-blt monotoniC, T MIN to T MAX 

K, B, T ±1 ±1 ±1 ±1 LSB 12-blt monotOniC, T MIN to T MAX 

L, C, U ±1 ±1 ±1 ±1 LSB 12-blt monotOniC, T MIN to T MAX 

GL, GC, GU ±1 ±1 ±1 ±1 LSB 12-blt monotoOlc, T MIN to T MAX 

Gam Error (with Internal RFB)(2) J, A, S ±20 ±20 ±25 ±25 LSB {D/A register loaded with 
K, B, T ±10 ±10 ±15 ±15 LSB FFFH Gam error IS adjustable 
L, C, U ±5 ±6 ±10 ±10 LSB usmg the CirCUits In Figures 

GL, GC, GU ±1 ±2 ±6 ±7 LSB 2 and 3 
Gain Temperature CoefflClent(31 

(l>.Gam/l>. Temperature) All ±5 ±5 ±10 ±10 ppml'C TYPical value IS 2ppm/oC for Voo :;;;; +5V 
DC Supply Rej8ctlon (3) 

(l>.Gam/l>.VDD) All 0015 003 001 002 %/% 1l.VOD = ±S% 
Output Leakage Current at Out 1 J, K, L, GL 10 50 10 50 nA DBD-DB" = OV, WR, CS = OV 

A, B,C,GC 10 50 10 50 nA 
S, T, U, GU 10 200 10 200 nA 

DYNAMIC PERFORMANCE 
Current Settling Tlmel31 All 2 2 2 2 fJS To 1/2LSB Out, load = 1000 

DAC output measured from failing 
edge of WR CS = OV 

Propagation Oelayl31 (from 
digital Input change to 90% of 
fmal analog output) All 300 250 ns Out1 load = 1000 CEXT = 13pF(41 

Glitch Energy All 400 250 nV-s(5) VREF = ACOM 
AC Feedthrough at lOUT 1 '" All 5 5 5 5 mVp_plSJ VREF = ±10V, 10kHz sine wave 

REFERENCE INPUT 
Input Resistance (pm 19 to AGND) All 7 7 7 7 kOI7f Input resistance TC = 300ppmf<>C(5) 

25 25 25 25 kO 

AC OUTPUTS 
Output Capacltancel31 COUTl All 70 70 70 70 pF DBD-DB" = OV, WR, CS = OV 

COUT 2 All 200 200 200 200 pF DBD-DB" = Voo, WR, CS = OV 

DIGITAL INPUTS 
V," (Input High Voltage) All 24 24 135 135 VI7f 

VIL (Input Low Voltage) All O.S OS 15 15 V 
hN (Input Current)IS) All ±1 ±10 ±1 ±10 fJA VIN =0 or Voo 
Input Capacltance(31 080-0811 All 5 5 5 5 pF VIN =OV 

WR CS All 20 20 20 20 pF VIN =OV 

SWITCHING 
CHARACTERISTICS'" 
Chip Select to Write Setup Time All 2S0 3S0 1S0 200 ns(71 See Timing Diagram 

tes 200 270 120 150 ns(S) 

Chip Select to Write Hold Time, tCH All 0 0 0 0 ns(71 

Write Pulse Width, tWR All 250 400 160 240 ns(7) tcs ~ tWR, tCH ~ 0 
175 2S0 100 170 ns(5) 

Data Setup Time, t05 All 140 210 90 120 nsm 

100 150 60 SO ns(51 

Data Hold Time, tOH All 10 10 10 10 nsm 

POWER SUPPLY, leo All 2 2 2 2 rnA All digital Inputs VIL or VIH 
All 100 500 100 500 fJA All digital inputs OV or VOD 
All 10 10 10 10 pAIS) All digital inputs OV or VOD 

NOTES: (1) Temperature ranges-J, K, L, GL: O'C to +70'C. A, B, C, GC: -25°C to +S5'C S, T, U, GU. -55'Cto +125°C (2) This mcludes the effect of 5ppm max. 
gain TC (3) Guaranteed but nottested. (4) DBD-DB" = OV to VOD or VDD to av. (5) Typical (6) Feedthrough can be further reduced by connecting the metal lid 
on the ceramic package (suffix H) to DGND. (7) Minimum. (S) Logic inputs are MOS gates. Typical input current (+25'C) is less than 1nA (9) Sample tested at 
+25°C to ensure compliance 
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MECHANICAL 

20-Pln Hermetic DIP (H Suffix) 

IA~ 

,,"J~[~~]] 
, 
B 

t 
F~~ r 

u-
I ~ Ill! Il1IIll! Ill! ~ ~ W:!l~-.-t C r .J 

• K 

* J G L 0 JL Seating Plane 

20-Pin Plastic DIP (P Suflix) 

NOTE Leads In true position 
within a 010" (0 2Smm) Rat MMC 
at seating plane 

Pin numbers shown for reference 
only Numbers may not be marked 
on package 

DIM 
A 
B 
C 
D 
F 
G 
J 
K 
L 
N 

INCHES MILLIMETERS 
MIN MAX MIN MAX 
990 1010 2515 2565 
285 305 724 775 
100 140 254 356 
016 020 041 051 

054 TYP 137 TYP 
095 105 241 267 
009 012 023 031 
170 BASIC 4.32 BASIC 
300 320 762 813 
025 045 064 114 

NOTE Leads In true position 
within a 010" (0 2Smm) Rat MMC 
at seatmg plane 

Pin numbers shown for reference 
only Numbers may not be marked 
on package 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 980 1020 2489 2591 
B 240 280 610 711 
C 210 533 
D 014 022 036 056 
G 100 BASIC 254 BASIC 
H 040 060 102 152 
J 008 015 020 038 
K 115 150 292 381 
L 280 300 711 762 
M 0° 10° 0° 10° 
N 000 020 000 051 

~ • 

~t,~l" 
C 
t 

\ t K 

Seating j 
, 

Plane 

;I~ R R R R:~=:J 
20-Pln sOle (U Suffix) 

NOTE Leads In true position 

ILl Tl within a 010" (0 2Smm) R at MMC 
at seating plane 

B, B 

r--~~ 
INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 
A 502 518 12 75 1316 
A, 495 518 12 57 1316 

~~ 
B 286 302 726 767 

Pin 1 B, 270 285 686 724 
C 093 108 236 274 
D 015 019 038 048 
G OSO BASIC 127 BASIC 

C \---Jf D 0 kJ J 
H 026 034 066 0.86 

008 012 020 030 

. NJ 390 422 991 1072 

ML_L~t M O· 10· 0° 10· 

...., G 000 012 000 030 
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PIN DESIGNATIONS 

DGND voo 

WR 

C§ 

DB, (LSB) 

DB, 

DB, DB, 

DB, DB, 

DB, 

ORDERING INFORMATION 

Model Package 

DAC7545JP Plastic DIP 
DAC7545KP PlastiC DIP 
DAC7545LP PlastiC DIP 
DAC7545GLP Plasllc DIP 
DAC7545JU PlastiC SOIC 
DAC7545KU Plastic sOle 
DAC7545LU PlastiC SOIC 
DAC7545GLU PlastiC SOIC 
DAC7545AH Ceramic Side Braze DIP 
DAC7545BH CeramiC Side Braze DIP 
DAC7545CH Ceramic Side Braze DIP 
DAC7545GCH Ceramic Side Braze DIP 

DAC7545SH Ceramic Side Braze DIP 
DAC7545TH CeramiC Side Braze DIP 
DAC7545UH Ceramic Side Braze DIP 
DAC7545GUH Ceramic Side Braze DIP 

BURN-IN SCREENING OPTION 
See text for details 

Model Package 

DAC7545JP-BI PlastiC DIP 
DAC7545KP-BI PlastiC DIP 
DAC7545LP-BI Plastic DIP 
DAC7545GLP-BI PlastiC DIP 
DAC7545JU-BI Plastic SOIC 
DAC7545KU-BI PlastiC SOIC 
DAC7545LU-BI Plastic SOIC 
DAC7545GLU-BI PlastiC SOIC 
DAC7545AH-BI Ceramic Side Braze DIP 
DAC7545ABH-BI CeramiC Side Braze DIP 
DAC7545CH-BI Ceramic Side Braze DIP 
DAC7545GCH-BI Ceramic Side Braze DIP 
DAC7545SH-BI Ceramic Side Braze DIP 
DAC7545TH-BI Ceramic Side Braze DIP 
DAC7545UH-BI Ceramic Side Braze DIP 
DAC7545GUH-BI Ceramic Side Braze DIP 

20-Pm Plaslie DIP 
(P Suffix) 

20-Pm Hermetic DIP 
(H Suffix) 

20-Pm SOIC 
(U Suffix) 

Temperature 
Range 

O'C to HO'C 
O°C to +70°C 
O'C to HO°C 
O'C to HO'C 
O'C to HO'C 
ooe to +70°C 
O°C to HO'C 
O'C to HO'C 

-25'C to +85'C 
-25°C to +85'C 
-25'C to +85'C 
-25'C to +85'C 
-55'C to +125'C 
-5Soe to +125°C 
-55'C to +125'C 
-5!j'C to +125'C 

Temperature 
Range 

O'C to HO'C 
O'C to HO°C 
O'C to HO'C 
O°C to HO'C 
O'C to HO'C 
O'C to HO'C 
O'C to HO'C 
O'C to HO'C 

-25'C to +85°C 
-25'C to +85'C 
-25'C to +85'C 
-25'C to +85°C 
-55'C to +125'C 
-55°C to +125'C 
-55'C to +125'C 
-55'C to +125'C 

NOTE. (1) Or equivalent combination of time and temperature. 

Burr-Brown Ie Data Book 

ABSOLUTE MAXIMUM RATINGS* 

T. = +25°C unless otherwise noted. 

Voo to DGND ... . ............................ -0.3V, +17 
Digital Input to DGND . . .............. -0.3V, Voo 
VR'B, VRE', to DGND ....... . ..... ±25V 
VPIN ,to DGND .. . ........... -0.3V, Voo 
AGND to DGND.... .... .......... -0.3V, Voo 
Power DIssipation Any Package to +75°C. 450mW 

Derates above +75°C by ... 6mW/oC 
Operating Temperature: 

CommerclBl-J, K, L, GL. 
Industrial-A, S, C, GC . 
Milltary-S, T, U, GU 

Storage Temperature. 
Lead Temperature (soldering, 10s) 

O°C to +70°C 
-25°C to +85°C 

-55°C to +125°C 
-65°C to +150°C 

+300°C 

* NOTE: Stresses above those listed above may cause 
permanent 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 opera
tional sections of this specification is not implied Expo
sure to absolute maximum rating conditions for extended 
periods may affect device reliability 

Relative Gain Error (LSB) 
Accuracy (LSB) Voo = +SV 

±2 ±20 
±1 ±10 

±1/2 ±5 
±1/2 ±1 
±2 ±20 
±1 ±10 

±1/2 ±5 
±1/2 ±1 
±2 ±20 
±1 ±10 

±1/2 ±5 
±1/2 ±1 
±2 ±20 
±1 ±10 

±1/2 ±5 
±1/2 ±1 

Relative ~~~~-~o~~s(~' Accuracy (LSB) 

±2 +85'C 
±1 +85'C 

±1/2 +85'C 
±1/2 +85'C 
±2 +85'C 
±1 +85'C 

±1/2 +85°C 
±1/2 +85'C 
±2 +125'C 
±1 +125'C 

±1/2 +125'C 
±1/2 +125'C 
±2 +125'C 
±1 +125'C 

±1/2 +125'C 
±1/2 +125'C 
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WRITE CYCLE TIMING DIAGRAM 

WR---- ..... ---Voo 

Data In Voo 
(OBo-OB,,) _____ , 1~:.ii;.."':'::'~_.7r 

BURN-IN SCREENING 

Burn-in screening is an option available for the ·models 
indicated in the Ordering Information table. Burn-in 
duration is 160 hours at the indicated temperature (or 
equivalent combination of time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

ESD PROTECTION 

The design of the DAC7545 includes ESD protection 
circuitry for the digital inputs. High voltage static charges 
are shunted to the supply and ground rails. However, 
permanent damage may occur on unconnected devices 
subject to high energy electrostatic fields. When not in 
use, devices must be stored in conductive foam or rails. 
The foam or rails should be discharged to the destination 
socket before devices are removed. 

DISCUSSION OF 
SPECIFICATIONS 
Relative Accuracy 

This term (also known as end point linearity) describes 
the transfer function of analog output to digital input 
code. Relative accuracy describes the deviation from a 
straight line after zero and full scale have been adjusted. 

Differential Nonlinearity 

Differential nonlinearity is the deviation from an ideal 
I LSB change in the output, for adjacent input code 
changes. A differential nonlinearity specification of I LSB 
guarantees monotonicity. 

Gain Error 

Gain error is the difference in measure of full-scale 
output versus the ideal DAC output. The ideal output 
for the DAC7545 is -(4095/4096) (VREF). Gain error 
may be adjusted to zero using external trims as shown in 
the applications section. 

Mode Select ton 

Write Mode 

CS and WR low. OAC responds 
to Data Bus (DBo-DB11) Inputs 

NOTES 
VOD = +SV, tR = tF = 20ns 
Voo = +15V, tR = tF = 40n5 

Hold Mode 

Either CS or WR high. data bus 
(080-0811) IS locked out, DAC 
holds last data present when 
WR or CS assumed high state 

Allmput signal rise and fall tImes measured from 10% to 90% of Voo 
Timing measurement reference level IS (V'H + Vld/2 

Output Leakage Current 

The current which appears at OUT I with the DAC 
loaded with all zeros. 

Multiplying Feedthrough Error 

The AC output error due to capacitive feed through from 
VREF to OUT I with the DAC loaded with all zeros. This' 
test is performed using a 10kHz sine wave. 

Output Current Settling Time 

The time required for the output to settle within ±0.5LSB 
of final value from a change in code of all zeros to all 
ones, or all ones to all zeros. 

Propagation Delay 

The delay of the internal circuitry is measured as the 
time from a digital code change to the point at which the 
output reaches 90% of final value. 

Digital-To-Analog Glitch Impulse 

The area of the glitch energy measured in nanovolt
seconds. Key contributions to glitch energy are internal 
circuitry timing differences and charge injected from 
digital logic. The measurement is performed with VRH = 
GND and an OPA600 as the output op amp and G, 
(phase compensation) = OpF. 

Monotonicity 

Monotonicity assures that the analog output will increase 
or stay the same for increasing digital input codes. The 
DAC7545 is guaranteed monotonic to 12 bits, except the 
J, A, S grades are specified to be IO-bit monotonic. 

Power Supply Rejection 

Power supply rejection is the measure of the sensitivity 
of the output (full scale) to a change in the power supply 
voltage. 

CIRCUIT DESCRIPTION 
Figure I shows a simplified schematic of the digital-to
analog converter portion of the DAC7545. The current 
from the VREF pin is switched from lOUT I to AGND by the 
FET switch. This circuit architecture keeps the resistance 
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at the reference pin constant and equal to RLllR, so the 
reference could be provided by either a voltage or 
current, AC or DC, positive or negative polarity, and 
have a voltage range up to ±20V even with Vnn = 5V. 
The R IIJR is equal to "R" and is typically IlkO. 

R R 

2R 2R 

R 

2R 

I 
I 
I 

DB9 

I 
I 
I 

2R 

DBO 
(LSB) 

R 

2R 

AGND 

FIGURE I. Simplified DAC Circuit of the DAC7545. 

The output capacitance of the DAC7545 is code depen
dent and varies from a minimum value (70pF) at code 
OOOH to a maximum (200pF) at code FFFH. 

The input buffers are CMOS inverters, designed so that 
when the DAC7545 is operated from a 5V supply (Von), 
the logic threshold is TTL-compatible. Being simple 
CMOS inverters, there is a range of operation where the 
inverters operate in the linear region and thus draw more 
supply current than normal. Minimizing this transition 
time through the linear region and insuring that the digital 
inputs are operated as close to the "rails as possible will 

" minimize the supply drain current. 

APPLICATIONS 
UNIPOLAR OPERATION 
Figure 2 shows the DAC7545 connected for unipolar 
operation. The high-grade DAC7545 is specified for a 
ILSB gain error, so gain adjust is typically not needed. 
However, the resistors shown are for adjusting full-scale 
errors. The value of RI should be minimized to reduce 
the effects of mismatching temperature coefficients 
between the internal and external resistors. A range of 
adjustment of 1.5 times the desired range will be adequate. 
For example, for a DAC7545JP, the gain error IS 

specified to be ±25LSB. A range of adjustment of 
±37LSB will be adequate. The equation below results in 
a value of 4580 for the potentiometer (use 5000). 

R = RLAIlIlER (3 X Gain Error) 
I 4096 

The addition of RI will cause a negative gain error. To 
compensate for this error, R, must be added. The value 
of R2 should be one-third the value of RI. 

The capacitor across the feedback resistor is used to 
compensate for the phase shift due to stray capacitances 
of the circuit board, the DAC output capacitance, and 
op amp mput capacitance. Eliminating this capacitor 
will result in excessive ringing and an increase in glitch 
energy. This capacitor should be as small as possible to 
minimIze settling time. 

The circuit of Figure 2 may be used with input voltages 
up to ±20V as long as the output amplifier is biased to 

VOUT 

FIGURE 2. Unipolar Binary Operation. 

handle the excursions. Table I represents tha analog 
output for four codes into the DAC for Figure 2. 

TABLE I. Unipolar Codes. 

Binary Code Analog Output 

MSB LSB 
111111111111 -V,. (4095/4096) 
1000 0000 0000 -V'N (2048/4096) = -1/2VIN 
0000 0000 0001 -V'N (1/4096) 
0000 0000 0000 OValts 

BIPOLAR OPERATION • 
Figure 3 and Table II illustrate the recommended circuit • 
and code relationship for bipolar operation. The DJ A 
function itself uses offset binary code. The inverter U I on 
the MSB line converts twos complement input code to 
offset binary code. The inverter U I may be omitted if the 
inversion is done in software. 

R3, R4, and R, 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 R. causes both offset and full
scale error. Mismatch of R, to R. and R, causes full
scale error. 

TABLE II. Twos Complement Code Table for Circuit of 
Figure 3. 

Data Input Analog Output 

MSB LSB 
0111 1111 1111 +V'N (2047/2048) 
0000 0000 0001 +V'N (1/2048) 
0000 0000 0000 aVails 
111111111111 -V'N (1/2048) 
1000 0000 0000 -V'N (2048/2048) 

DIGITALLY CONTROLLED GAIN BLOCK 
Figure 4 shows a circuit for a digitally controlled gain 
block. The feedback for the op amp is made up of the 
FET switch and the R-2R ladder. The input resistor to 
the gain block is the RFB of the DAC7545. Since the FET 
switch is in the feedback loop, a "zero code" into the 
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19 
V'N 0-.... ......,""'--1 

U, 
(See text) 

Voo 

Data Input 

FIGURE 3. Bipolar Operation (Twos Complement Code). 

DAC will re~ult in the op amp having no feedback, and a 
~aturated op amp output. 

+5V 

VOUT 

VOUT 
--::: DBll + 08,0 + DBg + •.• + DBo 

2 4 8 4096 

,-------{) V'N 

18 

19L... ____ ..,.." 
NOTE There must be 
at least 1LSB loaded 10 
the DAC or the amp Will 
saturate due to the lack 
of feedback 

FIGURE 4. Digitally Controlled Gain Block. 

APPLICATIONS HINTS 
CMOS DACs such as the DAC7545 exhibit a code
dependent out resistance. The effect of this is a code
dependent differential nonlinearity at the amplifier 
output which depends on the offset voltage Vas of the 
amplifier. Thus linearity depends upon the potential of 
lOUT and AGND being exactly equal to each other. 
Usually the DAC is connected to an external op amp 
with its noninverting input connected to AGND. The op 
amp selected should have a low input bias current and 
low Vos and Vas drift over temperature. The op amp 
offset voltage should be less than (25 X 1O-6)(v REF) over 
operating conditions. Suitable op amps are the Burr
Brown OPA37 and the OPAIII for fixed reference 
applications and low bandwidth requirements. The 
OPA37 has low Vas and will not require an offset trim. 
For wide bandwidth, high slew rate, or fast settling 
applications, the Burr-Brown OPA602, 1/4 OPA404, or 
OPA606 are recommended. 

Unused digital inputs should be connected to V"" or to 
DGND. This prevents noise from triggerIng the high 
impedance digital input. It is suggested that the unused 
digital inputs also be given a path to ground or VDll 

through a I M!l resistor to prevent the accumulation of 
static charge ,if the PC card is unplugged from the 
system. In addition, in systems where the AGND to 
DGND connection is on a backplane, it is recommended 
that two diodes be connected in inverse parallel between 
AGND and DGND. 

INTERFACING TO 
MICROPROCESSORS' 
The DAC7545 can be directly interfaced to either an 8-
or 16-bit microprocessor through its 12-bit wide data 
latch using the CS and WR controls. 

An 8-bit processor interface is shown in Figure 5. 
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. 

A"t-------------
Address Bus 

00· cs 
DB11 

CPU DB, 

WRD------t WFi 
DB, 
DB, 

8-Bit Data Bus 
0,1-------' 

D,I---------~------_,/ 

* Q" ; Decoded Address for DAC 
*'0, ; Decoded Address for Latch 

FIGURE 5. 8-Bit Processor Interface. 
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BURR-BROWN® 

IElElI DAC8012 

CMOS 12-Bit Multiplying 
DIGITAL-TO-ANALOG CONVERTER 

With Memory 

FEATURES 
• DATA READ BACK CAPABILITY 
• FOUR-QUADRANT MULTIPLICATION 
• lOW GAIN TC: 2PPM/oC Iyp 
• MONOTONICITY GUARANTEED OVER TEMPERATURE 
• SINGLE 5V TO 15V SUPPLY 
• lOW OUTPUT lEAKAGE (lOnA maxI 
• lOW OUTPUT CAPACITANCE (70pF maxI 
• DIRECT REPLACEMENT FOR PMI DACB012 

DESCRIPTION 
The DAC8012 is a CMOS, l2-bit, four-quadrant 
multiplying, digital-to-analog converter with input 
data latches and 3-state read back capabilities. The 

input data is loaded into the DAC as a l2-bit data 
word. The data is loaded into the DAC from the bus 
when both the data strobe (DS) and the readj write 
(RDj WR) pins are held low. Data may be read back 
from the DAC by holding DS low and (RDjWR) 
high. This read back feature enables the user to 
monitor the state of multiple DACs on a single bi
directional bus. 

Laser-trimmed thin-film resistors and excellent 
CMOS voltage switches provide true l2-bit integral 
and differential linearity. The device operates on a 
single +SV to +ISV supply and is available in 20-pin 
side-brazed DIP, 20-pin plastic DIP or a 20-lead 
plastic SOIC package. Devices are specified over the 
commercial, industrial, and military temperature 
ranges and are available with additional reliability 
screening. 

r-~~~,"-------L~--------~ OUT1 
VREF o-1f------------------j 

RD/WR ~f---...... ----__T'""'" 
DSo-1~--~--~_L_/ 

L~~~r------------------T() AGND 

International Airport Industnal Park· POBox 114110· Tucson. ArIZona B5734· Tel (602) 746·1111 . Twx 910·952·1111 . Cable BBRCORp· Telex 66·6491 

PDS-750B 
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SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS 
VAEF = +10V, VOUT 1 = av, AGND = DGND = OV unless otherwise noted 

DAC8012B, K, T(1) DAC8012A, J. sit) 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Voo = +SV or +15V 

STATIC ACCURACY 
Resolution 12 12 Bits 
Relative Accuracy TA = Full temperature range ±1/2 ±1 LSB 
Differential Nonllneant/2J TA = Full temperature range ±1 ±1 LSB 
Gain Errorl3)(41 TA = +25°C ±1 ±3 LSB 

TA = Full temperature Range ±2 ±4 LSB 
Gain Temperature CoeffiCient 

!::.Galn/ t::.. Temperaturel5JI6J ±5 ±5 ppm/'C 
DC Su pply Rejection TA = +25°C (.6. Voo = ±5%) 0002 0002 %1% 

llGaln/6VoD '" TA = Full temperature range 
(.6. Voo = ±5%) 0004 0004 %/% 

Output Leakage Current at OUT 1 T, ~ +25'C, RO/WR ~ OS ~ OV, 
all digital Inputs = OV 10 10 nA 

TA = Full temperature range 
S, T verSions 200 200 nA 

J, K, A, B versions 25 25 nA 

DYNAMIC PERFORMANCE 
Propagation Delay<5H7118J TA = +25°C 

(OUT 1 Load ~ 1000, Cm ~ 13pF) 300 300 ns 
Current Settling Tlmel5Jl8! TA = Full temperature range 

(to 1/2 LSB) lOUT' Load = 1000 1 1 ps 
Glitch EnergylSJ, VREF = AGND TA = +25°C 400 400 nVs 

TA = Full temperature range 500 500 nVs 
AC Feedthrough at lOUT 1 

15J1,1) TA = Full temperature range, 
VREF = ±10V, f = 10kHz 5 5 mVp-p 

REFERENCE INPUT 
Input Resistance 

(Pin 19 to GND)112J TA = Full temperature range 7 11 15 7 11 15 kO 

VDD = +SV 

ANALOG OUTPUTS TA = Full temperature range 
Output Capacltance lS) Voo = +5V or +15V 

COUT 2 OBo-DB" = OV, RDIWR = OS = OV 70 70 pF 
COUT' DBo-DB" :::: VOD, RD/WR = OS = OV 150 150 pF 

DIGITAL INPUTS 
Input High Voltage TA = Full temperature range 24 24 V 
I nput Low Voltage TA = Full temperature range 08 08 V 
Input Current l91 TA = +25°C 1 1 pA 

TA = Full temperature range 10 10 pA 
Input Capacitance IS) DBa-DB" TA = Full temperature range 12 12 pF 

RO/WR, OS TA = Full temperature range 6 6 pF 

DIGITAL OUTPUTS 
Output High Voltage 10 ~ 400pA 40 40 V 
Output Low Voltage lo=-16mA 04 04 V 
Three-State Output Leakage Current 10 10 pA 

SWITCHING CHARACTERISTICS"" See timing diagram 
Write to Data Stobe Setup Time TA = +25°C 0 0 ns 

TA =Full temperature range 0 0 ns 
Data Strobe to Write Hold Time TA = +25°C 0 0 ns 

TA = Full temperature range 0 0 ns 
Read to Data Strobe Setup Time TA = +25°C 0 0 ns 

TA = Full temperature range 0 0 ns 
Data Strobe to Read Hold Time TA = +25°C 0 0 ns 

TA = Full temperature range 0 0 ns 
Wrtte Mode Data Strobe Width TA = +25°C 180 180 ns 

TA = Full temperature range 250 250 ns 
Read Mode Data Strobe Width TA = +25°C 220 220 ns 

TA = Full temperature range 290 290 ns 
Data Setup Time TA = +25°C 210 210 ns 

TA = Full temperature range 250 250 ns 
Data Hold Time TA = +25°C 0 0 ns 

TA = Full temperature range 0 0 ns 
Data Strobe to Output Valid Tlme lS) TA = +25Q C 300 300 ns 

TA = Full temperature range 400 400 ns 
Output Active Time from Deselectlcn lSI 

TA = +25°C 215 215 ns 
TA = Full temperature range 375 375 ns 

POWER SUPPLY TA = Full temperature range 
(all digital inputs V,NL or V,NH) 2 2 mA 

Supply Current TA = Full temperature range 
(all digital inputs OV or Voo) 10 100 10 100 pA 
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ELECTRICAL CHARACTERISTICS (CONT) 

DAC8012B, K, 1(11 DAC8012A, J, S'" 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

VDD = +15V 

DIGITAL INPUTS 
Input High Voltage TA = Full temperature range 135 135 V 
Input Low Voltage TA = Full temperature range 15 15 V 
Input Current(91 TA = +25°C 1 1 IJA 

TA = Full tempNature range 10 10 IJA 
Input Capacltance(5) DBa-DB" TA = Full temperature range 12 12 pF 

RO/WR. OS TA = Full temperature range 10 10 pF 

DIGITAL OUTPUTS 
Output High Voltage 10 = 3mA 135 135 V 
Output Low Voltage 10 = -3mA 15 15 V 
Three-State Output Leakage Current 10 10 IJA 

SWITCHING CHARACTERISTICS"" See Timing Diagram 
Write to Data Strobe Setup Time TA = +25°C 0 0 ns 

TA = Full temperature range 0 0 ns 
Data Strobe to Wnte Hold rime TA:::: +25°C 0 0 ns 

TA = Full temperature range 0 0 ns 
Read to Data Strobe Setup rime T, = +25°C 0 0 ns 

TA = Full temperature range 0 0 ns 
Data Strobe to Read Hold Time TA = +25°C 0 0 ns 

TA :::: Full temperature range 0 0 ns 
Wnte Mode Data Strobe Width TA = +25°C 100 100 ns 

TA = Full temperature range 120 120 ns 
Read Mode Data Strobe Width TA == +25°C 110 110 ns 

T ... == Full temperature range 150 150 ns 
Data Setup Time TA == +25°C 90 90 ns 

TA == Full temperature range 120 120 ns 
Data Hold Time TA == +25°C 0 0 ns 

TA == Full temperature range 0 0 ns 
Data Strobe to Output Valid Time TA == +25°C 180 180 ns 

TA == Full temperature range 220 220 ns 
Output Active Time for Deselectlon TA = +25°C 180 180 ns 

TA = Full temperature range 250 250 ns 

POWER SUPPLY 
Supply Current TA == Full temperature range 

(all digital Inputs V1NL or V1NH) 2 2 mA 
TA = Full temperature range 
(all digital Inputs OV or Yeo) 10 100 10 100 IJA 

NOTES (1) T, = -55°C to +125°C for S. T grades T, = -25°C to +85°C for A. B grades T, = O°C to +70°C for J, K grades (2) 12-blt monotonic over full 
temperature range (3) Includes the effects of 5ppm max gain TC (4) USing Internal RFs DAC register loaded With 111111111111 (5) Guaranteed but 
not tested (6) TYPical value IS 2ppm/oC for Veo = +5V (7) From dlgttallnput change to 90% of final analog output (8) All digital Inputs = OV to Voo, or 
Voe to OV (9) LogiC Inputs are MOS gates, tYPical Input current (at +25°C) IS less than 1nA (10) Sample tested at +25°C to ensure compliance 
(11) Feedthrough can further be reduced by connecting the metal lid on the sldebraze package (Suffix H) to OGNO (12) ReSistor T C = +100ppm;oC 
max 

MECHANICAL 

IA~ 20-Pin Hermelic DIP (H Sultix) 

NOTE Leads In true POSition 
Within 0 010" (0 25mm) R at MMC 
at seating plane 

'mJ~[~~J] 
, Pin numbers shown for reference 

B only Numbers may not be marked 

t on package 

INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 

F~ t- A 990 1010 2515 2565 

* 
B 285 305 724 775 
C 100 140 254 356 

~ ~ jl.Ij Jl..I1IUi JUi j1.JI ~ ro!~---1 C 

LJ 
D 016 020 041 051 
F 054 TYP 137 TYP 

~ ,J • G 095 105 241 267 
K J 009 012 023 031 

• K 170 BASIC 432 BASIC 

L 300 320 762 813 

J G L 0 JL Seating Plane 

N 025 045 064 114 
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11~RRRR:~ 

[~~ 
~ ~ ~ ~ jtEl El El Pm 1 

1 :--H D 

Seating ~ 
Plane 

1 1 
-~~ 

t 

20-Pin Plastic DIP (P Suflix) 

B 

i 

• C 
t 
K , 

20-Pln SOIC (U Suffix) 

NOTE Leads 10 true position 
within 0 010" (0 25mm) R at MMC 
at seating plane 

Pm numbers shown for reference 
only Numbers may not be marked 
on package 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 980 1020 2489 2591 
B 240 280 610 711 
C 210 533 
D 014 022 036 056 
G 100 BASIC 254 BASIC 
H 040 060 102 152 
J 008 015 020 038 
K 115 150 292 381 
L 280 300 711 762 
M 0' 10' 0' 10' 
N 000 020 000 051 

NOTE Leads In true position 
within 0 010" (0 25mm) Rat MMC 
at seating plane 

Pin numbers shown for reference 
only Numbers may not be marked 
on package 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 502 518 1275 1316 
A, 495 518 1257 1316 
B 286 302 726 767 
B, 270 285 686 724 
c 093 108 236 274 
D 015 019 038 048 
G 050 BASIC ~~:B~ 

C l;-Jf D n hs-f J 
H 026 034 

r'lin n n n n n n n n---1 J 008 012 020 030 

~ LG 
NJ t L 390 422 991 1072 

ML~L~f M 0' 10' 0' 10' 

PIN DESIGNATIONS 

OUT1 

AGND 

DGND 

(MSB) DB" 

DB, 

DB, 

DB, 

DB, 

DB, 

Voo 

RD/WR 

DS 

DB, (LSB) 

DB, 

DB, 

DB, 

DB, 

20-PIn Plastic DIP 
(P Suffix) 

20-Pm Hermetic DIP 
(H Suffix) 

20-PIn SOIC 
(U Suffix) 

Burr-Brown Ie Data Book 

N 000 012 000 030 

ABSOLUTE MAXIMUM RATINGS 

(TA = +25°C, unless otherwise noted) 
Voo to DGND ........................................ -03V, +17V 
Digital Input Voltage to DGND ............... .......... -0 3V, Voo 
AGND to DGND ...................................... -0 3V, Voo 
VRFB, VREF to DGND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±25V 
VPIN 1 to DGND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0 3V. Vee 

Power Dissipation (any package) to + 75°C ................ 450mW 
Derates Above +75°C by .............................. 6mWrC 

Operating Temperature Range 
Military Grades S, T .......................... -55°C to +125°C 
Industrial Grades A. B ......................... -25°C to +85°C 
CommerCial Grades J, K .......................... O°C to +70°C 

Storage Temperature ............................ -65°C to +150°C 
Lead Temperature (soldenng, 10s) ........................ +300°C 

CAUTION 
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 
Do not apply voltages higher than Vee or less than GND potential on 
any terminal except VREF 

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 

6.1-130 Vol. 33 



ORDERING INFORMATION 

Temperature Relative 
Model Package Range Accuracy (LSB) Gain Error (LSB) 

DAC8012JP PlastiC DIP O'C to +70'C ±1 ±3 
DAC8012KP Plastic DIP O'C to +70'C ±lf2 ±1 
DAC8012JU PlastiC sOle DOG to +70"C ±1 ±3 
DAC8012KU PlastiC SOIC O'C to +70'C ±lf2 ±1 
DAC8012AH Side-brazed ceramiC DIP -25' C to +85' C ±1 ±3 
DAC8012BH Side-brazed ceramic DIP -25'C to +85'C ±lf2 ±1 
DAC8012SH Side-brazed ceramiC DIP -55'C to +125'C ±1 ±3 
DAC8012TH Side-brazed ceramiC DIP -55'C to +125'C ±lf2 ±1 

BURN-IN SCREENING OPTION 
See text for details 

Temperature Relative 
Model Package Range Accuracy (LSB) 

Burn-In Tem~. 
(160 Hours)' , 

DAC8012JP-BI Plastic DIP O'C to +70'C 
DAC8012KP-BI Plastic DIP O'C to +70'C 
DAC8012JU-BI Plastic SOIC O'C to +70'C 
DAC8012KU-BI Plastic SOIC O'C to +70'C 
DAC8012AH-BI Side-brazed ceramic DIP -25' C to +85' C 
DAC8012BH-BI Side-brazed ceramic DIP -25'C to +85'C 
DAC8012SH-BI Side-brazed ceramic DIP -55'C to +125'C 
DAC8012TH-BI Side-brazed ceramiC DIP -55'C to +125'C 

NOTE (1) Or equivalent combinatIOn of time and temperature 

TIMING DIAGRAM 

__ twsu ___ 
-tRSU--" 

RDfWR """\\: 
Write ""~ Cycle J 

_twRS _ __ lwH __ 

- ~r- l OS I \. 
_ tosu_ _toH _ 

3-State ..., ~VIH -' 3-State Data 
Data Bus Valid -,r--',.....V" 

BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI"to the 
base model number. 

ESD PROTECTION 

The design of the DAC8012 includes ESD protection 
circuitry for the digital inputs. High voltage static charges 
are shunted to the supply and ground rails. However, 
permanent damage may occur on unconnected devices 
subject to high energy electrostatic fields. When not in 
use, devices must be stored in conductive foam or rails. 
The foam or rails should be discharged to the destination 
socket before devices are removed. 

~ 

±1 +85'C 
±lf2 +85'C 
±1 +85'C 

±1/2 +85'C 
±1 +125'C 

±1i2 +125'C 
±1 +125'C 

±lf2 +125'C 

Read ~ Cycle "-
-tRDS __ -tRH---- NOTES 

Voo = +5V, tR ;;:;: tF = 20ns 

l Voo = +15V, tR = tF -:- 40ns 

\: j 
All mput signal flS8 and fall 
times measured from 10% to 
90% of VDn 

_lec"- ---tOTD~ 
Timing measurement 

f- -'~ 
reference level IS 

Data 

.lr- Valid VIH+ V1L .. 2 

DISCUSSION OF 
SPECIFICATIONS 
Relative Accuracy 

This term (also known as end point linearity) describes 
the transfer function of analog output to digital input 
code. Relative accuracy describes the deviation from a 
straight line after zero and full scale have been adjusted. 

Differential Nonlinearity 

Differential nonlinearity is the deviation from an ideal 
I LSB change in the output, for adjacent input code 
changes. A differential nonlinearity specification of I LSB 
guarantees monotonicity. 

Gain Error 

Gain error is the difference in measure of full-scale 
output versus the ideal DAC output. The ideal output 
for the DAC8012 is -(4095/4096) (VREF). Gain error 
may be adjusted to zero using external trims as shown in 
the applications section. 
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Output Leakage Current 

The current which appears at OUT, with the DAC 
loaded with all zeros. 

Multiplying Feedthrough Error 

The AC output error due to capacitive feedthrough from 
VREF to OUT, with the DAC loaded with all zeros. This 
test is performed using a 10kHz sine wave. 

Output Current Settling Time 

The time required for the output to settle within ±1/2LSB 
of final value from a change in code of all zeros to all 
ones, or all ones to all zeros. 

Propagation Delay 

The delay of the internal circuitry is measured as the 
time from a digital code change to the point at which the 
output reaches 90% of final value. 

Digital-To-Analog Glitch Impulse 

The area of the glitch energy measured in nanovolt
seconds. Key contributions to glitch energy are internal 
circuitry timing differences and charge injected from 
digital logic. The measurement is performed with VREF = 
GND. 

Monotonicity 

Monotonicity assures that the analog output will increase 
or stay the same for increasing digital input codes. The 
DAC8012 is guaranteed monotonic to 12 bits. 

Power Supply Rejection 

Power supply rejection is the measure of the sensitivity 
of the output (full scale) to a change in the power supply 
voltage. 

CIRCUIT DESCRIPTION 
DIGITAL-TO-ANALOG SECTION 

Figure 1 shows a simplified schematic of the digital-to
analog portion of the DAC8012. The current from the 
VREF pin is switched from lOUT I to AGND by the FET 
switch for that bit. This circuit architecture keeps 
the resistance at the reference pin constant and equal 
to R wR , so the reference could be provided by 

M 
T i fIll I i I :1-4-++--t---+---<> 

I I I I 
I I , I 

R 

2R 2R 
R'B 

AGND 
I I I I 

DB" 0810 089 DBo 
(MSB) (LSB) 

FIGURE I. Simplified Circuit of the DAC8012. 

either a voltage or current, AC or DC, positive or 
negative polarity, and have a voltage range up to ±20V 
even with Voo = 5V. The RWR is equal to "R" and is 
typically llkO. 

The output capacitance of the DAC8012 is code depen
dent and varies from a minimum value (70pF) at code 
OOOH to a maximum (200pF) at code FFFH . 

DIGITAL SECTION 

Figure 2 shows the basic current switch. Figure 3 shows 
the schematic of the input/ output buffers. When the DS 
and the RD/WR are held low, the latches are transparent 
and pass data from the data bus to the DAC. When the 
DS is held low and the RD/ WR line is held high, the 
three-state buffer becomes active and the data at the 
DAC is presented to the digital input/ output lines for 
data readback. 

To Ladder 

From 
Interface 

Logic 0--1 
AGND OUT1 

FIGURE 2. N-Channel Current Steering Switch. 

r-------R5 

.--------------<:r----,ToAGND 
SWItch 

r----f--

1 

To OUT 1 
SWItch 

WR WR 

FIGURE 3. Digital Input/Output Structure. 

The input buffers are CMOS inverters, designed so that 
when the DAC8012 is operated from a 5V supply (Voo), 
the logic threshold is TTL compatible. Being simple 
CMOS inverters, there is a range of operations where the 
inverters operate in the linear region and thus draw more 
supply current than normal. Minimizing the transition 
time through the linear region and insuring that the 
digital inputs are operated as close to the rails as possible 
will minimize the supply drain current. 

APPLICATIONS 
UNIPOLAR OPERATION 

Figure 4 shows the DAC8012 connected for unipolar 
operation. The high-grade DAC8012 is specified for a 
ILSB gain error, so gain adjust is typically not needed. 
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However, the resistors shown are for adjusting full-scale 
errors. The value of RI should be minimized to reduce 
the effects of mismatching temperature coefficients 
between the internal and external resistors. A range of 
adjustment of 1.5 times the desired range will be adequate. 
For example, for a DAC8012JP, the gain error is 
specified to be ±3LSB. A range of adjustment of 
±4.5LSB will be adequate. The equation shows a 
minimum value of 330 for the potentiometer. 

RI = (R1.ADDER /4096) X (3 X Gain Error) 

The addition of RI will cause a negative gain error. To 
compensate for this error, R, must be added. The value 
of R, should be one-third the value of R I. 

+5V R, 

V,N 
VOUT 

R, 

FIGURE 4. Unipolar Binary Operation. 

The capacitor across the feedback resistor is used to 
compensate for the phase shift due to stray capacitances 
of the circuit board, the DAC output capacitance, and 
op amp input capacitance. Eliminating this capacitor 
will result in excessive ringing and an increase in glitch 
energy in higher speed applications. This capacitor should 
be as small as possible to minimize settling time. 

The circuit of Figure 4 may be used with input voltages 
up to ±20V as long as the output amplifier is biased to 
handle the excursions. Table I represents the analog 
output for four codes into the DAC for Figure 4. 

TABLE I. Unipolar Output Code for Figure 4. 

Binary Code Analog Output 

MSBI I LSB 
1111 1111 1111 -V'N (4095/4096) 
1 000 0000 0000 -V'N (2048/4096) = -1/2V'N 
0000 0000 0001 -V'N (1/4096) 
0000 0000 0000 o Volts 

BIPOLAR FOUR-QUADRANT OPERATION 
Figure 5 and Table II illustrate the recommended circuit 
and code relationship for bipolar operation. The D / A 
function itself uses offset binary code. The inverter U I on 
the MSB line converts twos complement input code to 
offset binary code. The inverter U I may be omitted if the 
inversion is done in software. 

R3, R4, and Rs 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 Rs to R4 and RJ causes full
scale error. 

A, 

U, 
(See text) 

VDD 

FIGURE 5. Bipolar Operation (Twos Complement 
Code). 

TABLE II. Twos Complement Code Table for Circuit 
of Figure 5. 

Data Input Analog Output 

MSBI j LSB 
0111 1111 1111 +V'N (2047/2048) 
0000 0000 0001 +V'N (1/2048) 
0000 0000 0000 o Volts 
1111 1111 1111 -V IN (1/2048) 
1 000 0000 0000 -V IN (2048/2048) 

DIGITALLY CONTROLLED GAIN BLOCK 

Figure 6 shows a circuit for a digitally controlled gain 
block. The feedback for the op amp is made up of the 

N ,... 
o 
00 o 
c:( 
c 

FET switch and the R-2R ladder. The input resistor to III 
the gain block is the RFB of the DAC8012. Since the FET • 
switch is in the feedback loop, a "zero code" into the 
DAC will result in the op amp having no feedback and a 
saturated op amp output. The DAC8012 readback feature 
makes the DAC8012 especially good for this configuration 
when an automatic gain or automatic calibration routine 
is used. If the logic were set up to calibrate a value via 
logic external to the processor (successive approximation 
register), then when the calibration is done, the processor 
could read the DAC8012 to store away the calibration 
code. 

+5V 

VOUT 

.----------0 V,N 

20 

16 

DAC6012 

19 

DGND 

VOUT = -V1N 

OB11+ 0810 + DBg + '0' + 
2 4 6 

NOTE There must be at least 1LSB 
loaded In the DAC or the amp will 
saturate due to the lack of feedback 

AGND 

FIGURE 6. Digitally Controlled Gain Block. 
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APPLICATIONS HINTS 
CMOS DACs such as the DACSOl2 exhibit a code
dependent output resistance. The effect of this is a code
dependent differential nonlinearity at the amplifier 
output which depends on the offset voltage Vos of the 
amplifier. Thus linearity depends upon the potential of 
lOUT and AGND being exactly equal to each other. 
Usually the DAC is connected to an external op amp 
with its noninverting input connected to AGND. The op 
amp selected should have a low input bias current and 
low Vo; and Vos drift over temperature. The op amp 
offset voltage should be less than (25 X 10-') (VREF ) over 
operating conditions. Suitable op amps are the Burr
Brown OPA37 and the OPAlll for fixed reference 
applications and low bandwidth requirements. The 
OPA37 has low Vos and will not require an offset trim. 
For wide bandwidth, high slew rate, or fast settling 
applications, the Burr-Brown OPA602, 1/4 OPA404, or 
OPA606 are recommended. 

Unused digital inputs should be connected to VDD or to 
DGND. This prevents noise from triggering the high 
impedance digital input. It is suggested that the unused 
digital inputs also be given a path to ground or V DD 

through a I MO resistor to prevent the accumulation of 
static charge if the PC card is unplugged from the 
system. In addition, in systems where the AGND to 
DGND connection is on a backplane, it IS recommended 
that two diodes be connected in inverse parallel between 
AGND and DGND. 

INTERFACING TO 
MICROPROCESSORS 
Figure 7 shows the DACSOl2 interfaced to a 16-bit 
microprocessor. The interface requires only address decod
ing to select the DAC to be written to or read from. 

Figure S shows an interface scheme for using the 
DACSOl2 with an S-bit microprocessor. The data for the 
first 4 bits are written and latched into the external write 
latch and the next S bits are presented on the bus. The 
DACSOl2 is then instructed to pass the data through the 
internal DAC latch (WR + DS) and all S bits are 
transferred into the DAC. Reading data back is done in 
the same manner. 

68000MPU 

FIGURE 7. 16-Bit Microprocessor to DACSOl2 
Interface. 

A"I-___________________________ -.....J 
Address Bus 

Processor 
System 

Aol-----~ 

0, 

Do 

FIG.URE S. S-Bit Processor to DACSOl2 Interface. 

Burr-Brown Ie Data Book 

* ~ = Decoded address for latch to DAC operations 
* 92 = Decoded address for data bus to Input latch operation 
'" Q2 = Decoded address for output latch to data bus operation 
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BURR-BROWN® 

IElElI DAC63 

Ultra-High Speed 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 12-BIT RESOLUTION AND ACCURACY 

• 30nsec SETTLING TIME (MAJOR CARRY) 

• ECl-COMPATIBLE INPUTS 

• LOW GLITCH ENERGY 

• ±30ppm/oC MAX GAIN DRIFT 

• LINEARITY ERROR LESS THAN ±1/2LSB OVER 
SPECIFIED TEMP RANGE 

DESCRIPTION 
The DAC63 is an ultra-fast-settling l2-bit current 
output D j A converter in a 24-pin dual-in-line pack
age. The inputs are ECL-compatible and the output 
settles in 30nsec, typ (40nsec, max for C and T 
grades) to within ±O.OI2% of Full Scale Range for 
an MSB change. The DAC63 utilizes a monolithic 
l2-bit switch chip and a stable thin-film-on-sapphire 
resistor network to achieve fast settling time and 
excell~nt stability over temperature and time. Be
cause of the close thermal tracking of the current
switching transistors (all on one monolithic chip), 
the possibility of thermal-tail settling time problems 
are eliminated. An internal applications resistor for 
use with an external output op amp is included to 
convert the output current to insure excellent track
ing and therefore lower drift. The linearity is guaran
teed to be within ±lj2LSB over the specified temp
erature range of -25°C to +85°C for the CG, CM, 
BG, and BM grades and -55°C to +125°C for SM 
and TM grades. Gain drift is ±30ppmjOC max and 
bipolar offset drift is ±lOppm of FSRj °C max (high 
grades). Also included intern.ally is a +6.2V refer
ence. An output voltage compliance range of +2.0V 
to -O.5V allows the generation of an output voltage 

• ADJUSTABLE LOGIC THRESHOLD FOR IDEAL 
SWITCHING 

• INTERNALLY-BYPASSED SUPPLY LINES TO 
MINIMIZE SETTLING TIME 

• INTERNAL FEEDBACK RESISTOR FOR EXCELLENT 
THERMAL TRACKING 

• INDUSTRIAL AND MILITARY GRADES 

• HIGH RELIABILITY SCREENING AVAILABLE 

without using an external output amplifier. The 
device is available in both metal and ceramic bottom
brazed packages. 

FUNCTIONAL DIAGRAM 

·YCC 

<Yce 
LOGIC 
THRESHOLD 
SELECT 
BIPOLAR 
OFFSET 

ECL BIPOLAR 
CURRENT OFFSET 
SWITCHES lOUT DIGITAL AND 

INPUTS RESISTOR 
RFEEDBACK LADDER 

NETWORK 
GND 

GND 

GND 

GND 

GND 

Intern.lional Airport Industri.1 Park· PO Box 11400· Tucson. Arizona 85734· Tel (6021746·1111 . Twx 910·952·1111· Cable' BBRCORp· Telex 66·6491 

PDS-439B 
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SPECIFICATIONS 
ELECTRICAL 
At -+-2S"C and rated supplies unless otherwise specified 

MOOEL DAC63CG/CMITM DAC63BG/BM/SM 

PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolution 12 Bits 
I_ogle Inputsll1 EeL-compatible 

Logic "1" Voltage -078 -090 -096 V 
Current 60 330 IlA 

Logic "0" Voltage -162 -175 -185 V 
Current 100 nA 

LogiC Threshold Voltage -120 -133 -140 V 
Current 025 mA 

TRANSFER CHARACTERISTICS 

ACCURACY 
Llneanty Error ±0012 %01 FSR '31 

Differential Lmeanty Error ±0012 % of FSR 
Gain Error'21 ±002 ±O 1 % 
Offset Error(l!! Unipolar ±O 01 ±004 %of FSR 

Bipolar ±002 ±O 1 % of FSR 
Monotonlclty Temp Range (min) 

CG, CM, BG, BM -25 +85 'C 
TM,SM -55 +125 'C 

SETTLING TIME 11010 150Cl) 
1LSB Change 

Settling to ±O 012% of FSR 
CM/TM, BMISM 30 40 40 50 nsec 
CG, SG 30 40 35 45 nsec 

Full Scale Change 
Settling to 1:1% of FSR 17 20 nsec 

±O 1% of FSR 30 nsec 
±O 024% of FSR 

CMITM, BMISM 55 65 65 75 nsec 
CG,BG 35 50 40 55 nsec 

±O 012% of FSR 
CMITM, BM, SM 70 80 nsec 

CG, BG 40 nsec 
Glitch Energy '4, 250 LSB/nsec 

ORIFT (over specIfied temp range) 
Gam ±15 ±30 ±20 ±40 ppmrc 
Offset Unipolar ±o 3 ±O 6 ±DS t1 ppml'C 

Bipolar ±10 ±1S ppmfOC 

Llneanty Error 
(over specIfied temp range) ±O 012 ±O 025 %of FSA 

Differential Linearity Error 
(over specIfied temp range) ±O 025 ±OO5 %of FSA 

OUTPUT 

ANALOG OUTPUT 
Output Current 010 10, ±5 rnA 
Output Voltage Ranges 

with External Op Amp o to <-10, :t5 V 
Without External Op Amp'5, o to ..-1 5, to 5 V 

Output Impedance Without 
External Op Amp 

Unipolar Positive 150 Cl 
Negat,ve 200 Cl 

Bipolar 170 Cl 
Compliance Voltage -05 +20 V 

POWER SUPPLIES AND REFERENCE 

Internal Reference Voltage +62 V 
Internal Reference Drift ±15 ppml'C 
Power Supply Voltages ·'3 ±15 1-18 V 
Power Supply Current +-15V 26 31 mA 

-15V 38 46 mA 
Power Supply Sensitivity ..-15V 1:00035 %1%6V 

-15V -to 0004 %1%6V 
Power DISSipation 960 1160 mW 
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ELECTRICAL (CO NT) 

MODEL DAC63CG/CM/TM DAC63BG/BM/SM 

PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

PHYSICAL CHARACTERISTICS 

TEMPERATURE RANGE 
SpecIfication. CG. CM. BG. BM -25 +85 °C 

TM.SM -55 +125 °C 
Storage -65 +150 °C 

PACKAGE 
CG.BG 24-pln DIP bottom-brazed ceramic 
CM. TM. BM. SM 24-pln DIP metal 

*Speclflcatlon same 85 for OAC63CG/CM/TM 

NOTES (1) LogiC !nput voltages and currents are dependent on the logiC threshold voltage The logiC Input values given In each column are correct for the logiC 
threshold voltage given In that column (2) When used with an external output op amp or when the Internal Impedances/resistors are used as the load (3) FSR IS 

Full Scale Range, which IS 10mA for both the DAC63BG and DAC63CG (4) Refer to Output Glitch section (5) Refer to Figures 8 and 9 

MECHANICAL 

, .. A "I 

II JlJ 
\E~g.T'fS 1 rF rN 

m=mmH~~~ IJ [' 11. JGI. JI.o tEATING PLANE L ~ 
INCHES MILLIMETERS L 

DIM MIN MAX MIN MAX 

• 1.280 1.310 32.61 33.27 

• .780 .800 18.81 20.82 

C .153 .207 8.89 6.28 
0 .018 .020 ." .51 NOTES 

F .045 .065 1.14 1.40 1 LEADS IN TRUE. POSITION WITHIN 010' 

G .100 BASIC 2.54 BASIC (25MMl R~MMC AT SEATING PLANE 
H .087 .091 2.21 2.31 
J .009 .ou ... .-K .200 .210 5.08 6.33 
L .800 BASIC 15.24 BASIC 
N . 015 .036 .-. . .. 

PIN ASSIGNMENTS 

Pin No Function 

1 Blt1 (MSBI 
2 Blt2 
3 Blt3 
4 Blt4 
5 Blt5 
6 Blt6 
7 Blt7 
8 BitS 
9 Blt9 

10 Bit 10 
11 Blt11 
12 Bit 12 (LSBI 
13 GND 
14 GND 
15 GND 
16 GND 
17 GND 
18 Feedback ReSistor Connection 
19 Current Output 
20 Bipolar Offset 
21 Bipolar Offset 
22 LogiC Threshold 
23 +15VDC 
24 -15VDC 

'24 13 
000000000000 

Leads.n l'ue PQS.l'0n ... ,tl'>,n 010 

I 2!;mrN FI ~~ M"",C at ~<taT'ng pla"e 

DISCUSSION OF 
SPECIFICATIONS 
ACCURACY 

Linearity of aD/ A converter is one of the true measures 
of its performance. The linearity error of the DAC63 is 
specified over its entire temperature range. The analog 
output will not vary by more than ±1/2LSB from an 
ideal straight line drawn between the end points (inputs 
all "I "s and all "O"s) over the specified temperature 
range. 

Differential linearity error of aD/A converter is the 
deviation from an ideal ILSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±1/2LSB means that the output 
voltage step sizes can range from 1/2LSB to 3/2LSB 
when the input changes from one adjacent input state to 

. the next. 
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Monotonicity over the specified temperature range is 
guaranteed to insure that the analog output will increase 
or remain the same for increasing input digital codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in parts per 
million per °C (ppm/°C). Gain drift is established by: I) 
testing the end point differences for the DAC63 at tmm , 

+ 25°C, and tm,,; 2) calculating the gain error with 
respect to the +25°C value and; 3) dividing by the 
temperature change. This figure is expressed in ppm/oC 
and is given in the electrical specifications (includes 
internal reference). 

Offset Drift is a measure of the actual change in output 
around zero over the specified temperature range. The 
offset is measured at tmm, +25°C, and tmax• The maximum 
change in Offset is referenced to the Offset at +25°C and 
is divided by the temperature range. This drift is ex
pressed in parts per million of full scale range per °C 
(ppm of FSR/°C). 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the current output node in order to maintain 
specified accuracy. The maximum compliance voltage of 
the DAC63 is +2.0V and -0.5V. 

POWER SUPPLY SENSITIVITY 
Power supply sensitivity is a measure of the effect of a 
power supply change on the D; A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive or negative supplies about the nomi
nal power supply voltage. To insure precision operation, 
each supply lead should be bypassed to ground as close 
to the unit as possible with a I/,F CS-type tantalum 
capacitor. 

GROUNDING 

Care must be exercised when grounding the DAC63 
(pins 13, 14, 15, 16, and 17). In order to preserve the stated 
linearity and accuracy specifications it is necessary to use 
the ground pins as the analog ground reference point. 
Any voltage drop that develops between any of these five 
pins and the actual ground reference point will degrade 
the performance of the DAC63. To achieve fast settling 
performance it is recommended that pins 13 through 17 
be returned directly to a ground plane (see Figure I). The 
analog ground should be located as close to the DAC63 
as possible. Otherwise, the accuracy will be degraded by 
the voltage drop in the ground lines. 

OUTPUT 

FIG lJ REI. DAC63 Grounding 

DIGITAL INTERFACE, LOGIC THRESHOLD, 
AND NOISE IMMUNITY 

The DAC63 is compatible with conventional ECL logic 
families such as ECL 10,000. The circuit diagram shows 
that the equivalent circuit of each DAC63 digital input is 
the base of one side of a differential amplifier. The logic I 
input voltage is -0.S5V with a typical input current of 
S/,A. The logic 0 input voltage is -1.75V with an input 
current of less than SnA. 

The Logic Threshold function of the DAC63 is very 
important in dealing with noise in the ECL input-driving 
circuitry. The ECL 10,000 logic family has a noise 
immunity of 125mV maximum. It has a temperature 
coefficient of -1.4mV/oC and a power supply sensitivity 
of 16mV/%ll.V. With a realistic condition of a 5% power 
supply variation and a 25°C temperature change, the 
noise immunity would be degraded to IOmV. In addi
tion, a precision D / A converter is more susceptible to 
noise than is the ECL logic. Noise at levels acceptable to 
the logic can couple through the D / A, resulting in an 
unacceptably noisy output. 

Through the logic threshold input, the threshold voltage 
of the DAC63 is dynamically adjusted as the tempera
ture and power supplies vary to give maximum noise 
immunity at the analog output over a wide range of 
conditions. 

If an MCI01I5 line receiver (or similar logic function) is 
used to drive the DAC63 input, the logic threshold pin 
can be driven by the V BB output of the ECL gate. Refer 
to an ECL 10,000 data book for more detail. Figure 2 
shows alternate methods for generating the drive signal 
for logic threshold, pin 22. 

TO LOGIC 
THRESHOLO 

Ipln 221 

The gate Is an MCIOIOI. The lollowing logic types can also be used In this 
manner: MC10102. MC10103. MC10104. MC10105. MCI01D7. and MC10l08 
fAil ECL 10.0001. 

METHOO 2 MC10115 BIT 1 

BIT 2 

'''"' 1 } '"'~, OIGITAL DATA _ BIT 3 DIGITAL DATA 

BIT 4 

VB8 TO LOGIC 

THRESHOLO fpln 221 

FIGURE 2. Driving the Logic Threshold Input. 

SETTLING TIME 

Settling time for the DAC63 is the total time required for 
the output to settle within an error band around its final 
value after a digital input change. This time includes the 
digital delay of the internal switches. 
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The settling time of the DAC63 is determined by digitiz
ing the output waveform produced by toggling the 
inputs between Olllllllllll and 100000000000 continu
ously and verifying the output settles to within ±1/2LSB 
in the specified time. The testing technique used is de
scribed in detail in Application Note AN-liS which can 
be obtained from th.e factorv. 

Figure 3 shows a typical settling time curve of the 
DAC63 versus output error. This curve is for full-scale 
digital code changes. Figure 4 is a photograph showing 
typical output response characteristics of the DAC63. 

± 1 

e w 
'[ 
8 ±o02 

±001 

1 

2 

J 

~ 
\ , \ 

\ jC63CM, BM, TM, SM 

\ 
~, ", 

..... ..... 
DAC63CG.BG 

o 10 20 30 40 50 60 70 80 90 100 

Settling Time (nsec) 

FIGURE 3. Output Error vs Settling Time (typical). 

Snsec/dlv 

Snsec/dlv 

FIGURE 4. Full Scale Settling of DAC63 into 50n 
Load. 

In order to achieve minimum settling time it is necessary 
to observe the following good high frequency construc
tion techniques: 

1. The power supplies, including the logic threshold 
input (pin 22), should be bypassed by II'F CS-type 
tantalum capacitors. 

2. Use a ground plane to connect common ground 
points. 

3. Remove the ground plane from underneath signal 
lines where, it would add capacitance. 

4. Separate analog and digital signal leads to avoid cou
pling of the digital signal into the analog paths. 

5. Bring the source of the digital driving signal as close 
to the inputs of the DAC63 as possible. If the digital 
inputs are not clean it will be necessary to reshape 
them using registers or line drivers. Figure 6 shows 
how to interface the DAC63 to an input register. It is 
recommended that the logic power line be bypassed 
near the digital logic circuitry as a further measure to 
achieve clean signals. 

6. If possible, the DAC63 should be soldered directly 
into the printed circuit board since connector lead 
length will cause ringing in the output. 

OUTPUT GLITCH 

"Glitch" is defined as the difference in the waveforms at 
the output of the DAC if there is data skew and if there is 
not. The measurement of glitch is accomplished by 
measuring the area between these two waveforms. 

An output glitch of less than 2S0LSB-nsec is achievable 
with the DAC63 because it employs ECL circuitry with 
current switches that have virtually identical delay times 
for logic signals making either positive or negative tran
sitions. A glitch results when the digital data changes 
from one code to the next and the bits do not an switch 
at the same time. The delay time between the earliest and 
latest switching bits is caned skew time. Typicany during 
the skew time of the digital data, which includes the 
DAC switching, the digital code is undefined and the 
DAC output can go to any voltage between the fun scale 
extremes. The glitch creates a noisy output which can be 
troublesome in some applications such as precision d,,
plays and complex waveform generation. Figure 5 IS a 
photograph of a scope trace of the DAC output with a 
glitch occurring at the major carry transition. 

The DAC63 design has been optimized for low glitch 
energy. However, a further reduction in the output glitch 
can be achieved by adjusting the skew of the higher order 
bits of the driving circuitry and by adjusting the logic 
threshold. This can be done by connecting a variable 
capacitor from the data lines to ground on each of the 
first three significant bits (more than three lines may be 
adjusted if desired). Refer to Figure 6. It will be neces
sary to create a driving digital code pattern that causes a 
major carry transition around these bits. It is convenient 
to use a digital ramp from a counter for this purpose. 
Initially set the logic threshold exactly half-way between 
logic I and a logic O. This will be about -1.3V. Then 
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Input Digital Code 

FIGURE 5. Typical Glitch Repsonse of DAC63 at 
Major Carry Transition with a 1.6V Full 
Scak Range. 

examine the major carry transition associated with bit 3 
and adjust the capacitor for minimum glitch. Make the 
same adjustment to bit 2 and then to bit I. If done in this 
order, interactions will be minimized. Finally, fine tune 
the response by adjusting the logic threshold voltage (pin 
22) for minimum glitch. It may be necessary to repeat 
this procedure once or twice for complete optimization. 

f -li.2V 

(MSBI B ITI-

1T2-
IT3-

OUTPUT CONFIGURATIONS 
AND APPLICATIONS 
INFORMATION 
The DAC63 contains two 1.24kO resistors for generating 
the bipolar offset current and a IkO resistor which is 
primarily used as the feedback resistor when used with 
an external op amp. This thin-film network is con
structed on sapphire to provide excellent temperature 
tracking capability inherent in thin-film networks. These 
internal resistors along with other internal resistors 
cause the DAC63 output, in any mode, to be a ratio met
ric product of the reference. The feedback resistor has 
very low power sensitivity so that linearity is maintained 
independent of digital code changes. Because this resis
tor is constructed on a sapphire network, it is possible to 
have both superior tracking and low capacitance. Figure 
7 shows the DAC63 connected to an external op amp in 
unipolar and bipolar modes. With the Burr-Brown model 
OPA600 it is possible to achieve settling times to ±O.OI% 
accuracy in l50nsec. Many of the output accuracy and 
linearity specifications are given when connected to an 
external op amp. 

For highest speed operation, the DAC63 should be used 
without an external op amp. Figures 8 and 9 show how 
to connect the DAC63 for bipolar and positive unipolar 

I 

2 
BIT I (MSBI 

3 
BIT2 
BIT3 

IT4- MCI0176 CI ~ C2 ~ C* iff 
BIT4 

?if- ? 

B 
(LSBI B 

DATA S 

IT5-
IT6-

r- CLOCK 

1T7-r-
ITB-r-
IT9-r-

ITIO-
MCI0176 r-

ITlI-r-
ITI2-r-

TROSE 
-'- CLOCK 

NOTES' ! -li.2V 

I P~II·down resistors are all 510n 
2. CI. C2. C3 adjusled between 0 and 50pF for minimum glitch. 

3. Power and ground connections are not shown 

-=-

-li.2V 

~ 
MCI0116 

~ 
-5.2V 

FIGURE 6. DAC63 Interface to Input Latches Including Glitch-Adjust Circuitry. 
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operation. Figure 10 illustrates how to connect the 
DAC63 to construct a fast AI D converter. The ADC 
attempts to create a null at the DAC output, so it is 

Make this connection to 
20 oet Bipolar Operation GAIN ADJUST 

.-:-=----0 .. -..... ~ 

18 
6.2V 

19 

200n 1.5Mn 

OAC63 
+ 15V OFFSET ADJUST 

~100k!! 
'15V~ 

1/0 Relationships with 

possible to clamp the output voltage with a pair of 
diodes, thereby avoiding the negative compliance limit. 

Unipolar Bipolar 

Digital Codes """""" 
o OOOOV -50000V 

vs 011111111111 50000V o OOOOV 
Output Voltage 000000000000 99975V 49975V 

A Value R '59!! ,47n 

~'" ," upen vonnect 

Connection to Pin 19 

FIGURE 7. Bipolar and Unipolar Output Connections when Used with External Op Amp. 

OFFSET ADJ UST 
+15V 20 

·"'1 OFFSET 1.24kn KI r 1.24kn 20 
ADJUST + 

~~2V 19li ~26.2V 1.24kn 
1.5Mn l00kn ·15V 

·15V 

"C+ 19 t-
h --0 

VOUT lkn 18 
GAIN ADJUST VOUT 

lkn b8 
300n (~200n IlL GAIN 500n 

L ADJUST 10mA 

<D -0 
200n 500n ~ rl.6 -

Oto 10mA 17 Rs ,.., 
~ 

DAC63 ~4 
~6 13 

15 
1/0 Relationships for Voltage Output 

14 Configuration without External Op Amp 
-~ 

.,.).3 
Output Voltage 

DAC63 ulgltal Positive 
Input Code Umpolar Bipolar 

000000000000 o OOOOV ·0500V 
-=.?- 011111111111 o 7500V o OOOV 

11111111111' , 4996V o 500V 

FIGURE 8. Bipolar Voltage Output Without External 
Op Amp. 

.. 
FIGURE 9. PositIVe Umpolar Voltage Output Without 

External Op Amp. 
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I"F J{l-B. TANTALUM +..". --::-
I uF TANTALUM 

+ 
24 

Ikn 
BIT I 23 

22 
~ luF TANTALUM 

4.12kn 

.. I 
I ·15V 

0- I 19 
~ 12·BJT 0- I Ikn ::> LADDER Q 

I RESISTDR IB 
NETWORK .... 

I AND 
== a CURRENT 17 is I SWITCHES 

16 ANALOG 
I INPUT 

10 15 

11 14 

12 13 
BIT 12 +5V = 

Ikn 
Ikn BIT I 

"T 
I 

2.74kn I 2504 SAR ·15V I 
Ikn I I 

Ikn I I 
BIT 12 

~----- CLOCK 
"DAC63 Bits 2 through II are also connected 
to SAR Inputs Bit 21hrouuh Bit II respoctlvely. 

274kn 

·15V 

FIGURE 10. DAC63 Used in a Fast AI D Converter. 
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BURR - BROWN® 

IElElI DAC65 

ADVANCE INFORMATION 
SUBJECT TO CHANGE 

12-Bit Video 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES APPLICATIONS 
• FAST SETTLING: 35ns (0.012%) • DIRECT DIGITAL FREQUENCY 

• INTEGRAL LINEARITY ERROR: 1/4 LSB SYNTHESIZERS 

• DIFFERENTIAL LINEARITY ERROR: • FAST ATE SYSTEMS 
1/4 LSB • ARBITRARY WAVEFORM GENERATORS 

• HIGH SPECTRAL PURITY: -65dBC • HIGH-RESOLUTION VIDEO GRAPHICS 

• MONOLITHIC • DIGITAL-TO-ANALOG RECONSTRUCTION 

• 24-PIN DIP PACKAGE 

• QOC TO +70°C AND -55° TO +125°C 

DESCRIPTION 
The DAC65 is a fast-settling monolithic 12-bit digital
to-analog converter. Excellent linearity and accuracy 
are achieved with laser trimmed thin film nichrome 
resistor networks. The DAC features bipolar output 
voltage or current. It includes an internal voltage refer
ence and a resistor network which can be used with an 
external op amp. 

Low harmonic distortion and spurious products to
gether with a low quantizing noise floor make the 
DAC65 a good choice for direct digital frequency 
synthesizer applications. High accuracy and low gain 
drift allow its use in high-speed test equipment designs. 
Low-noise ECL logic is used to preserve clean analog 
output spectral performance. 

The DAC65 is available in two temperature ranges: 
OC to +70C (JO andKO) and-55Cto +125C (SO). It 
is packaged in a 24-pin ceramic DIP. 

• SPREAD SPECTRUM LOCAL 
OSCILLATOR 

Offset Trim 

0--...-
+15V 

0>----...., 
Common -L-

0--...-
-15V 

Gain Trim 

r--'---'-... ±6.25 rnA 

ECLData 
Input 

12 

Current 
Switches 

and 
Resistor 
Network 

Logic Threshold 

DAC 
Output 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tuceon Blvd. • Tucson, AZ 85706 
Tet: (602) 746-1111 • Twx: 910·952·1111 • cable: BBRCORP Telex: 66-6491 • FAX: (602) 889·1510 
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SPECIFICATIONS 
ELECTRICAL 
Tc = +25'C. ±Vcc = ±15V. AND 5-MINUTE WARM-UP IN A NORMAL CONVECTION ENVIRONMENT UNLESS OTHERWISE NOTED. 

DAC65JG DAC65KG/SG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

INPUTS 

DIGITAL INPUT 

Resolution 12 · Bits 
ECL Logic Input Levels: V" I. -1.15 -{l.88 · · V 

V," I," -1.81 -1.475 · · V 

I" V" 0.5 1.2 2.0 · · rnA 

I" V" 0.5 1.2 2.0 · · rnA 
Logic Threshold: Voltage -1.2 -1.3 -1.4 · · V 

Current 1.5 2.3 3.2 · rnA 

TRANSFER CHARACTERISTICS 

ACCURACY 

Linearity Error ±112 ±1/4 LSB 
Differential Linearity Error ±3I4 ±1/2 LSB 
Bipolar Gain Error ±a.12 ±1 ±a.08 ±0.125 %FSR(1) 

Trim Ran~e R,,," = 10k.Q ±5 · mV 
Bipolar Zero Error ±0.12 ±0.2 ±0.08 ±0.125 %FSR 

Trim Range R,,," = 10k.Q ±3 mV 
Monotonicity Guaranteed Guaranteed 
Power Supply Rejection ±V,c=±14Vto ±16V -{l.OOI2 ±a.l ±0.0035 %FSR/%Vcc 

SETTLING TIME 

Voltage OUlput: R, = 200Q (Internal) 
lLSB Change 

Settling to±O.OI2"1o FSR 30 40 30 40 ns 
Full Scale Change 

Settling to±l% FSR 17 17 ns 
±0.1% FSR 23 23 ns 

±0.024%FSR 30 30 ns 
±0.012%FSR 35 35 ns 

Glitch Energy Major Carry 250 LSB/ns 

DRIFT 

Bipolar Gain TMIN to TMAX ±15 ±20 ppm FSRI"C 
Bipolar Offset TMINto TMAX, ±0.3 ±0.5 ppml"C 
Linearity Error TMIN to TMAX ±.74 ±.5 LSB 
Differential linearity Error TMIN to TMAX ±1 ±.75 LSB 

REFERENCE 

Reference Oulput Voltage +6.24 +7.8 +9.36 V 
Reference Temperature Drift TMIN to TMAX ±15 · ppml"C 

OUTPUT 

ANALOG OUTPUT 

Bipolar Output Current R,=OQ ±6.25 · rnA 
Bipolar Oulput Voltage RL =- ±1.2 · V 
Oulput Impedance 200 · Q 
Internal Reslstors:R, Pin 18 to pin 20 750 · Q 

A, Pin 18 to pin 15 250 · Q 
Ratio Accuracy R/A, 0.01 · % 
Absolute Accuracy R1.R2 0.25 · % 

POWER SUPPLIES 

Rated Voltage tVee ±15 · V 
Derated Performance ±Vee ±13 ±16 · · V 
Current Quiescent: +Icc V 0 = + Full-Scate 24 24 rnA 

-Icc Vo = + Full-Scale 54 54 rnA 
Power Dissipation Vo = + Full-Scale 1.2 · W 

TEMPERATURE RANGE 

Specification JG.KG Case Temperature 0 +70 0 +70 ·C 
SG -55 +125 'C 

Operating JG.KG Case Temperature -25 +85 -25 +85 ·C 
SG -55 +125 ·C 

OJC 10 10 ·CIW 
OJA 25 25 ·CIW 

NOTES: • Same specifications as for DAC65JG. (1) FSR means Full Scale Range which is 2.5Vp-p. (2) Refer to Output Glitch section. 
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MECHANICAL 

G Package-24-Pln Ceramic DIP 

I" A ----.1°1 

1 
B 

... r-
U U r, U tJ H H H H I-' H H H 

H- ~G~ J~D l}~ J Plane 

PIN CONFIGURATION 

Bit 1 24 -Vce (-15V) 

Bit2 +Vcc (+15V) 

Bit3 Threshold Trim 

Btt4 Reference Out 

BitS Resistor 1 

Bit 6 DACOulput 

Bit 7 Resistor 2 

Bit 8 OffselTrim 

Bit 9 Gain Trim 

Bit 10 Ground 

Bit 11 Ground 

Bit 12 12 13 Ground 

Burr-Brown Ie Data Book 

INCHES MILUMETERS 
DIM MIN MAX MIN MAX 
A 1.238 1.262 31.45 32.05 
B .586 .602 14.88 15.29 
C .160 .196 4.06 4.96 
D .160 .196 4.06 4.98 
F .036 .042 0.97 1.07 
G .100 BASIC 2.54 BASIC 
H .067 .065 1.70 2.16 
I .006 .012 0.12 0.30 
J .006 .012 0.20 0.30 
K .170 BASIC 4.32 BASIC 
L .600 BASIC 15.24 BASIC 
N .040 I .060 1.02 1.52 

ORDERING INFORMATION 

NOTE: Leads In lrue 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. May 
not be marked on 
package. Case: 
Ceramic. Weight: 4.4 
grams (0.160z) 

DAC65 ()() Q 

Basic Model Number =r T 
Performance Grade Code------------' 

J. K: O'C to +70'C Case Temperature 
5: -5S'C to +125'C Case Temperature 

Package Code--------------...J 
G: 24·Pin Ceramic DIP 

Reliability SCreening---------------' 
0: Q-Screened 

ABSOLUTE MAXIMUM RATINGS 

tV" ...•..................•....•.........•...................•...........................•.............. ±IBV 
logic Input .................•.....•..•••....•...•.•...•••••.•.•.•••..•••••••.......•...... OV to -S.2V 
Case Temperature •••.•..•••.•......•...........•.......•....•...•.......... -5S'C to +12S'C 
Junction Temperature .....•..•.••.••.••••.••.•.............•.......•..................... +16S'C 
Storage Temperature ...................................................... -5S'C to +16S'C 
Slresses above these ratings may permanently damage the device. 
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BURR-BROWN® 

IElElI DAC812 

Ultra-High Speed 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 12-BIT RESOLUTION AND ACCURACY 

• 55nsec CURRENT OUTPUT SETTLING TIME 

• TTL-COMPATIBLE INPUTS 

• MONOTONIC OVER ENTIRE TEMPERATURE RANGE 

• LINEARITY ERROR LESS THAN ±1I2LSB OVER 
TEMPERATURE RANGE IC GRADE) 

• HERMETIC METAL PACKAGE 

DtA 
SWITCHES 

AND 
RESISTOR 

LADDER 
NETWORK 

'---------

-Vee 

BIPOLAR OFFSET 

RfeedbaCk 

Voo 

ANALOG COMMON 

ANALOG COMMON 

ANALOG COMMON 

ANALOG COMMON 

DIGITAL COMMON 

DESCRIPTION 
The DACSl2 is an ultra-fast-settling 12-bit current
output D / A converter with TTL-compatible inputs 
packaged in a 24-pin dual-wide dual-in-line hermetic 
metal package. 

The current output settles to ±O.OI2% of full scale 
range in 55nsec, typical (65nsec, max., C grade; 
SOnsec, max., B grade). 

The DAC812 utilizes a monolithic 12-bit switch chip 
with stable, compatible thin-film resistors to achieve 
fast settling time and excellent stability over temper
ature and time. An internal applications resistor for 
use with an external op amp is included to convert 
the output current into a voltage for OV to +IOV or 
-5V to +5V ranges. 

An output voltage compliance range of +4V to -4V 
allows the generation of an output voltage without 
using an external output amplifier. 

The DACSI2 comes in two drift grades. The linear
ity error of the C grade is guaranteed to be within 
±1/2LSB over the temperature range of -25°C to 
+S5°C. Gain drift of the C grade is ±20ppm/oC 
(max) and bipolar offset drift is ±lOppm of FSR/oC 
(max). The B grade has a linearity error of ±ILSB 
over the temperature range and a maximum gain 
drift and bipolar offset drift of ±40ppm/oC and 
±15ppm;oC, respectively. 

International Airport Industrial Park - P.O_ Box 11400 - Tucson. Arizona 85734 - Tel. 160Z) 746-1111 - Twx: 910-95Z-1111 - Cable: BBRCORP - Telex: 66-6491 

PDS-509C 
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SPECIFICATIONS 
ELECTRICAL 
At T A = +250 C, rated power supplies, and after 5-minute warm-up unless otherwise noted 

MODEL DAC812CM DAC.128M I 
MIN TYP MAX MIN TYP MAX I UNITS 

INPUT 

DIGITAL INPUT 
Resolution, csa, COB 12 · Bits 
Logic Inputs. V1H +2.0 +5.25 · · V 

V" 00 +0.8 · · V 
t,H, V, = +2 7V +40 · pA 
hL. V.=+04V -18 · mA 

TRANSFER CHARACTERISTICS 

ACCURACY 
Linearity Error ±0.006 ±0.012 ±0.009 ±0018 %01 FSR '11 

Differentlsilineanty Error ±0.012 ±0.018 %olFSR 
Gain Error(2) ±0.03 ±0.1 · · % 
Offset Error(2) Unipolar ±0.02 ±0.04 · · %olFSR 

Bipolar ±0.03 ±0.1 · · %olFSR 
Monotonicity Temp. Range (min) -25 +85 · · ·C 

CONVERSION SPEED 
Settling Time to ±1I2LSB Into 1500 

For FSR Change 55 65 · 80 nsec 
For 1LSB Change 25 · nsec 

DRIFT 
Gain ±10 ±20 ±20 ±40 ppml"C 
Offset: Unipolar ±0.25 ±0.5 ±05 ±1 ppm of FSR/· C 

Bipolar ±10 ±15 ppm 01 FSR/· C 
Linearity Error ±O 012 over Temp. Rang. (max) ±O 025 over Temp. Range (max) % 01 FSR 
Differentlsilineanty Error ±O 025 over Temp Range (max) ±O 04 over Temp. Range (max) % 01 FSR 

OUTPUT 

ANALOG OUTPUT 
Output Current' Unipolar Oto-10 · mA 

Bipolar -5 to +5 · mA 
Output Voltage Ranges 

With External Op Amp. Unipolar Oto+10 · V 
Bipolar -5 to +5 · V 

Output Impedance: Unipolar 170 · 0 
Bipolar 150 · 0 

Output Compliance -4 +4 · · V 

POWER SUPPLIES 

Power Supply Sensitivity. +Vcc ±0.004 · %FSR/%Vcc 
-Vee ±OOO1 · %FSR/%Vcc 

VDD ±0.OOO2 · %FSR/%VDD 
Power Supply Voltages' +Vcc +114 +15 +18 · · · V 

-Vee -18 -15 -14 · · · V 
VDD +4.5 +5 +55 · · · V 

Power Supply Current +Vcc +30 +40 · · mA 
-Vee -40 -SO · · mA 

VDD +25 +40 · · mA 
Powsr Dissipation 1.2 1.6 · · W 

PHYSICAL CHARACTERISTICS 

TEMPERATURE RANGE 
Specification -25 +85 · · ·C 
Storage -55 +1SO · · ·C 

PACKAGE 24-pin Hermetic Metal DIP 
0.6" Pin Row Spacing 

.. 
·Speclflcatlon the same as for DAC812CM 
NOTES: (1) FSR is lull-scale range. (2) Adjustable to zero with external potentiometer. Gain error is specified lor unadjusted operation using internal 
resistor network. See Figure 5 and Figure 6. 
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MECHANICAL 

iA=J 

or ] 
[] '--Dono' .. o,n 1 

NOTE 
Leads In true position within 
010" (25mm) R at MMC at 
seating plane 

~IIIIIIIII~ ~I-I 
I 0...1 I.- ~D L .-I 
ui" r-'-r-~'N~C~H:;:-:ES"'--r-:-:::-:-:=7.=~ 

C DIM MIN MAX 
MILLIMETERS 
MIN MAX 000000000000 

, 12 I~A_r'~3765~~1~3~85~~~-r~~ 
B 190 810 

3467 3518 

2007 2057 

24 13 
000000000000 

Pin numbers shown for refer
ence only Numbers may not 
be marked on package 

C 170 250 

o 016 021 

G 100 BASIC 

H 125 "0 
150 300 

600 BASIC 

R 080 110 

DISCUSSION OF 
SPECIFICATIONS 
ACCURACY 

432 635 

041 053 

254 BASIC 

318 J 81 

381 762 

1524 BASIC 

203 279 

Linearity of aD/ A converter is one of the true measures 
of its performance. The linearity error of the DACSI2 is 
specified over its entire temperature range. The analog 
output will not vary by more than ±1/2LSB (±ILSB for 
the BM model) from a best-fit straight line over the 
specified temperature range of -25°C to +85°C. 

Differential linearity error of aD/A converter is the 
deviation from an ideal ILSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±1/2LSB means that the output 
voltage step sizes can range from 1/2LSB to 3/2LSB 
when the input changes from one adjacent input state to 
the next. 

Monotonicity over a -25°C to +S5°C range is guaran
teed to insure that the analog output will increase or 
remain the same for increasing input digital codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in parts per 
million per °C (ppm/°C). Gain drift is established by I) 
testing the end point differences for the DACSI2 at tm .. , 

+25°C, and tm .. ; 2) calculating the gain error with 
respect to the +25°C value and; 3) dividing by the 
temperature change. This figure is expressed in ppm/DC 
and is given in the electrical specifications (includes 
internal reference). 

Offset Drift is a measure of the actual change in output 
around the minus full-scale point over the specified 
temperature range. The offset is measured at tmin, +25OC, 
and tm ... The maximum change in Offset is referenced to 
the Offset at +25°C and is divided by the temperature 

PIN ASSIGNMENTS 

Pin Function Pin Function 

1 Bit 1 (MSB. Data Input) 14 Digital Common 
2 Bit2 (Voo Common) 
3 Bit3 15 Analog Common 
4 Bit4 (±Vcc Common) 
5 BItS 16 Analog Common 

6 Blt6 17 Analog Common 
7 Bit7 18 Analog Common 
8 Bit8 19 vo. (Logic Supply) 
9 Bit9 20 lOUT (Current Output) 

10 Bitl0 21 R, (Application Resistor) 
11 Bitll 22 BPO (Bipolar Offaat) 
12 Bit 12 (LSB) 23 -Vee (Negative Analog 
13 No connection Supply) 

24 +Vcc (Positive Analog 
Supply) 

range. This drift is expressed in parts per million of full 
scale range per °c (ppm of FSR/°C). 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the current output node in order to maintain 
specified accuracy. The maximum compliance voltage of 
the DACSI2 is ±4.0V. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive or negative supplies about the nomi
nal power supply voltages. To insure precision opera
tion, each supply lead should be bypassed to ground as 
close to the unit as possible with a IJlF CS-type tantalum 
capacitor. 

GROUNDING 

Care must be exercised when grounding the DACSI2 
(pins 14, 15, 16, 17, and IS). In order to preserve the stated 
linearity and accuracy specifications it is necessary to use 
the ground pins as the analog ground reference point. 
Any voltage drop that develops between any of these five 
pins and the actual ground reference point will degrade 
the performance of the DAC812. To achieve fast settling 
performance it is recommended that pins 14 through IS 
be returned directly to a ground plane (see Figure I). The 
analog ground should be located as close to the DACSl2 
as possible. Otherwise, the accuracy will be degraded by 
the voltage drop in the ground lines. 

SETTLING TIME 

Settling time for the DACSI2 is the total time required 
for the output to settle within an error band around its 
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DAC812 

24 14 15 16 17 18 21 19 

I Iff. " K"" " GROUND PLANE 

YIIL-
15VDC 

- III + II VDC 

FIGURE 1. DAC812 Grounding Using Feedback Resis-
tor to Generate Output Voltage. 

final value after a digital input change. This time includes 
the digital delay of the internal switches. 

Figure 2 shows a typical settling time curve of the 
DAC812 versus output error. This curve is for full-scale 
digital code changes. Figures 3 and 4 show typical mea
sured settling time characteristics of the DAC812. 

In order to achieve the minimum settling time, It IS 
necessary to observe the following good high frequency 
construction techniques. 

I. The power supplies should be bypassed by l/LF CS
type tantalum capacitors. 

2. Use a ground plane to connect common ground 
points. 

3. Remove the ground plane from underneath signal 
lines where it would add capacitance. 

4. Keep analog and digital signal lines physically separ
ated to avoid coupling of the digital signal into the 
analog paths. 

±O2 

±01 
POSitive TranSition , 

±0.05 \ ±2LSB 

"""\ -, 
il' _\ Negative Transition 
i!-
"a: 

~- --' -J~"~ uen 
u'" - -- - -- ---<-_ 0 

-\ ±,!2LSB 
B-~ \ " 0 -- - - -- - - ----

±0.01 

±0.005 

10 20 30 40 50 60 70 80 90 100 

SettlIng TIme (nsec) 

FIGURE 2. DAC812 Typical Settling Time vs. Accuracy 

+ 
19 

OUTPUT 

23 

J 
-

--111~ 
15VOC 

~=~~~---------------

-2 

-3 

20 40 60 80 

Settling Time (nsec) 

FIGURE 3. Typical DAC812 Negative-to-Positive Full
Scale Output Characteristic. 
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ill 1 -en 
~ 

'" 0 -I I-u 
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-2 

-3 
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FIGURE 4. Typical Positive-to-Negative Full-Scale 
Output Characteristic. 
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5. Bring the source of the digital driving signal as close 
to the inputs of the DAC812 as possible. If the digital 
inputs are not clean it will be necessary to reshape 
them using registers or line drivers. It is recommended 
that the logic power line be bypassed near the digital 
logic circuitry as a further measure to achieve clean 
signals. 

6. If possible, the DAC812 should be soldered directly 
into the printed circuit board since connector lead 
length will cause ringing in the output. 

OUTPUT CONFIGURATIONS 
AND APPLICATIONS 
INFORMATION 
The DAC812 contains a 1.24kO resistor for generating 
the bipolar offset current and a IkO resistor which is 
used as the feedback resistor when used with an external 
op amp. This thin-film network is constructed on sapphire 
to provide excellent temperature tracking capability 
inherent in thin-film networks. These internal resistors 
along with other internal resistors cause the DAC8l2 
output, in any mode, to be a ratiometric product of the 

1.24kcl"" ~-----------: 

reference. The feedback resistor has very low power 
sensitivity so that linearity is maintained independent of 
digital-code changes. Because this resistor is constructed 
on a sapphire network, it is possible to have both superior 
tracking and low capacitance. 

Figure 5 shows the DAC812 connected to an external op 
amp in unipolar and bipolar modes. When the op amp is a 
Burr-Brown model OPA600 it is possible to achieve 
settling times to 0.1% accuracy in l50nsec. Output accuracy 
and linearity specifications are given when connected to 
an external op amp. 
For highest speed operation, the DAC812 should be used 
without an external op amp. Figure 6 shows how to 
connect the DAC812 for bipolar and unipolar operation. 
Figure 7 illustrates how to connect the DAC812 to con
struct a fast AID converter. 

+ :--CONNECT FOR BIPOLAR OPERATION 
_6.2V : 

GAIN ADJUST 

.r-
U-___ -4-__ --r ___ 499_k_n--4t __ '250n V

ou
, 

~+ 

~Ro r-----------~------~------------~I r,;;.-.--------+-----..... I Binary Digital 

~15Mn ~ t-ln~p_ut_C_o_d_e __ -t_~_-4 __ ~ ___ _i1 

f OFFSET ADJUST ~: 
-Vee ~,\.I"-- +Vcc FFFH 

IOOkn 

Unipolar Bipolar 

+9.9976V +4.9976V 
+5.0000V O.OOOOV 

O.OOOOV -S.OOOOV 

Value 01 A. 1690 1470 

Pin 22 Connection Open Connect to Pin 20 

FIGURE 5. Bipolar and Unipolar Output Connections with External Op Amp. 

Q-_____ ~O~N~~ /IPOLAR OPERATION rvee d 1.24kn 22 : IlIOkn Binary Digital 
Output Voltage 

6.2V I 1.5Mn OFFSET Input Code Unipolar Bipolar 
ADJUST' -Vee 

000.. -1.4996V -o.4996V 

r-- k 
VOUT 

7FFH -o.7500V O.OOOOV 
I2ij FFFH O.OOOOV +O.5000V 

lkn Pin 22 Connection Open Connect to Pin 20 
k 

<pt~n rr. L~500n 300n FOR BIPOLAR CONNECTION 
010 GAIN 1240n FOR UNIPOLAR CONNECTION 
IOmA 18 ADJUST 

~ ,i ~ 
DAC812 )oC~ 

>c~ 

FIGURE 6. Bipolar and Unipolar Output Connection with Resistor Load Only. 
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FIGURE 7. DAC812 Used in a Fast AID Converter. 
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BURR-BROWN® 

IElElI PCM53JP, KP 

DESIGNED FOR AUDIO 

16-Bit Monolithic 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• LOW COST 
• NO EXTERNAL COMPONENTS REQUIRED 
• 16-BIT RESOLUTION 
• 16-BIT MONOTONICITY. Iyp 
• 0_001% OF FSR TYP DIFFERENTIAL LINEARITY 

ERROR 
• 0_0025% max THO (FS Inpul. KP Grade. 16 Bils) 
• 0_02% max THO (-20dB Inpul. KP Grade. 16 Bils) 
• 3J.1sec SETTLING TIME. Iyp 
• 96dB DYNAMIC RANGE 
• ±IOV AUDIO OUTPUT 
• EIAJ STC-007 COMPATIBLE 
• INDUSTRY-STANDARD PINOUT 
• COMPACT. PLASTIC DIP PACKAGE 

RI 

+ AUDIO OUTPUT 
(VOLTAGE) 

OUTPUT 
OPERATIONAL 

AMPLIFIER 

DESCRIPTION 
The PCM53 family of converters are state-of-the
art, fully monolithic, digital-to-analog converter, 
that are designed and specified for digital audio 
applications. These devices employ a segmented 
architecture and ultra-stable, nichrome (NiCr), thin
film, well-matched resistors to provide monotoni
city, low distortion, and low differential linearity 
error (especially around bipolar zero) over long 
periods of time and over the full operating tempera
ture range. 

The PCM53 converters are completely self-con
tained with stable, low noise, internal, zener voltage 
reference; high speed current switches; resistor ladder 
network; and fast-settling, low noise, output opera
tional amplifier all on a single monolithic chip. A 
special, open-loop reference circuit helps provide the 
fast settling time required for critical audio applica
tions. The converters can be operated uSing two 
power supplies (±15V) instead of three separate 
supplies. Few external components are necessary for 
operation, and all critical specifications are 100% 
tested. This helps to assure the user of high system 
reliability and outstanding overall system perfor
mance. 

The current output models settle to within ±0.006% 
of FS R final value in typically 350nsec in response 
to a full-scale change in the digital input code. 

These converters are packaged in a high-quality 
molded plastic package and have passed operating 
life tests under simultaneous high-pressure, high
temperature and high humidity conditions. 

The letters V and I (e.g. PCM53JP-V and 
PCM53KP-I) refer to the voltage-output and current
output models respectively. 

International Airport Industrial Park· P.O. Box 11400 . Tucson. Arizona 85734 . Tel. 1602) 746·1111 Twx. 910·952·1111 • Cable' 88RCORP . Telex' 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
TA = +25°C rated power supplies unless otherwise noted 

MOOEL PCM53JP-I, -V PCM53KP-I, -V 

MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolution 16 Bits 

Dynamic Range 96 dB 

Logic Levels (TTL/CMOS Compatible Logic "1" at +4OI'A +24 +Vcc VDC 
Logic "0" at -0 SmA 0 +08 VDC 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gam Error ±O 1 ±25 ±10 % 
Bipolar Zero Error(1t ±10 ±200 ±50 mV 
Differentlailineanty Error at Bipolar Zero 0001 0005 0003 % of FSRI2) 

NOise (rms)(20Hz to 20kHz) at Bipolar Zero (YOUT models) 30 60 I'V 

TOTAL HARMONIC DISTORTION'" (16-Blt Resolution) 
Vo = ±FS at f = 420Hz 0002 0004 00025 % 
Vo = -20dB at 1 = 420Hz 002 004 002 % 
Vo = -60dB at 1 = 420Hz 19 40 20 % 

MONOTONICITY 16 Bits 

DRIFT (O°C to +70°C) 
Total Bipolar Dnft (Includes gam, offset, and Ilneanty drift) ±25 ±150 ppm 01 FSRfOC 

±O 1 ±068 % 01 FSR 
±001 ±006 dB 

Bipolar Zero Dnft ±4 ±20 ppm 01 FSRfOC 

SETTLING TIME (to ±O 006% 01 FSR) 
Voltage Models Output 10V Step 3 psec 

1LSB Step 1 psec 
Current Models Output (1mA Step) 100 to 1000 Load 350 nsec 

1kO Load l41 350 nsec 
Deglltcher Delay (THO Test)'S) 25 40 psec 
Slew Rate 10 V/p.sec 

WARM-UP TIME 1 Min 

OUTPUT 

ANALOG OUTPUT I ±1025 Voltage Models Output Voltage Range ±975 I ±10 ±990 ±10 1 V 
Output Current ±5 mA 
Output Impedance 01 0 
Short-Circuit Duration Indefinite to Common 

Current Models Output Current Range(±30%) 

I 
±1 

I 
mA 

Output Impedance (±30%) 24 kO 

POWER SUPPLY 

SENSITIVITY 
+Vee ±0001 % of FSR/%Vee 
-Vee ±0001 %01 FSR/%Ve<; 

Voo ±0001 % of FSR/% V ee 

POWER SUPPLY REQUIREMENTS 
Voltage ±Vee '" ±1425 ±15 ±1575 VDC 

Voo 
,., 

+475 +5 +1575 VDC 
(Vee may be connected to +Vcc supply voltage Result IS slightly 
Increased total power drsslpa~~~n of approXimately 40mW) 
Supply Draon (no load) +Ve<; +18 +30 mA 

-Vee '" -18 -30 mA 
Voo 

,., 
+4 +10 mA 

TEMPERATURE RANGE 

Specification 0 +70 °C 
Operating -25 +85 °C 

NOTES (1) Adjustable to zero With external potentiometer (2) FSR means Full-Scale Range and IS 20V for ±10V voltage output models and 2mA for 
±1mA current output models (3) The measurement of total harmonic distortion IS highly dependent on the charactenstlcs of the measurement circuit A 
block diagram of a measurement Circuit is shown In Figure 2 Burr-Brown may calculate THO from the measured IIneanty errors uSing equation 2 In the 
section on "Total Harmonrc DistortIon," but specifies that the maximum THO measured With the circuit shown In Figure 2 Will be less than the limits 
Indicated (4) Measured With an active clamp to provide a low Impedance for approXimately 200nsec (5) Deglltcher or Sample/Hold delay used 10 THO 
measurement test CirCUit See Figures 2 and 3 (6) See Connection Diagram and Pin ASSIgnments 
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ABSOLUTE MAXIMUM RATINGS 

DC Supply IYoltages ..................... ±18VDC 
Input Logic Voltage ... -1V to +Supply Voltage 
Storage Temperature. -55°C to +100°C 
Lead Temperature 

During Soldering. . ... . . ..... 10sec at +300°C 

MECHANICAL 

INCl-les MILLIMETERS 
mM M," MA< M," MA> 

• 1.211 1.21' 31.32 12.61 

• .• 81 .176 13.87 14 •• ' NOTE 
C .1" .114 4.21 1.70 Leads In true position 

. Otl ... .. 0 .• 1 within 010" (0 25mm R at 
F ... .012 LOt 1.&1 

G .100 BASIC 2.614 BASIC MMC at seatmg plane. 
H .oao .010 0.78 2.21 

J . 008 .01. 0.20 o.a • 
• • 1 ... 2.U 3.36 

.100 8A81 115.24 BASIC 

" 
., 

1 
., 

U' 
N .01' .022 0 .• 8 0.S8 

CONNECTION DIAGRAM 

'CURRENT OUTPUT MODELS DO NOT CONTAIN A, 

Burr-Brown Ie Data Book 

PIN ASSIGNMENTS 

Pin No. PCM53KP-V, PCM53JP-V PCM53KP-I, PCM53JP-1 

1 Sitl (MSS) Sit 1 (MSS) 
2 81t2 a,t 1 
3 81t3 SIt3 
4 81t4 Bit 4 
5 Bit 5 Sit 5 
6 Blt6 SIt6 
7 Bit 7 Bit 7 
8 SIt8 Bit 8 
9 Sit 9 B,t9, 

10 alt 10 Sit 10 
11 Brt 11 Bit 11 
12 Bit 12 Sit 12 
13 Bit 13 Bit 13 
14 Bit 14 Bit 14 
15 Sit 15 Bit 15 
16 S,116 (LSS) Sit 16 (LSS) 
17 ±10V AudiO Out Rl (10kO ±30%) 
18 Voo Voo 
19 -Vee -Vee 
20 Common Common 
21 Summing Junction lOUT, ±1mA ::L30% 

(AudiO Output) 
22 Test POint Test POint 
23 +Vcc +Vcc 
24 Reference Out {+6 3Vj Reference Out (+6 3V) 

ORDERING INFORMATION 

Output 
ModeJ No. Configuration 

PCM53JP-1 ±lmA 
PCM53KP-1 ±1mA 
PCM53JP-V ±10V 
PCM53KP-V ±10V 

THEORY OF OPERATION 
AND AUDIO SPECIFICATIONS 
The transfer function of an ideal binary D I A converter is 
a set of discrete output levels that lie on a straight line as 
shown in Figure I. The number of possible discrete output 
levels, or resolution, is equal to 2" where n is the number 
of digital inputs or "bits". The PCM53 has 216 or 65,536 
possible output levels. Another method of expressing reso
lution that is useful in audio applications is Dynamic 
Range. 

0000 ... 0000 ! ALL BITS ON, 

GAIN 
0000 ... 0001 DRIFT" • 

",H - H", I ':: . \ 
.... • => 0111 ... 1110 ... 
:i!5 

0111 ... 1111 I-- l- f--;;;! 
, BIPOLAR ZERO 

.... 
1000 ... 0000 OFFSET c:;; • is 
1000 ... 0001 DRIFT, • 
1111 ... 1110 tL 1111 ... 1111 I ,1 / 

·FSRI2 ANALOG OUTPUT I+FSRI2)·1 lSB 

'SEE TABLE I FOR DIGITAL CODE DEFINITIONS. 

FIGURE I. Input vs Output for an Ideal Bipolar 
D I A Converter. 
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DYNAMIC RANGE 

The Dynamic Range is a measure of the ratio of the smal
lest signals the converter can produce to the full-scale 
range and is usually expressed in decibels (d B). The theo
retical dynamic range of a converter is approximately 6 X 
n, or about 96dB for a 16-bit converter. The actual, or 
useful, dynamic range is limited by nOise and linearIty 
errors and IS therefore somewhat less than the theoretical 
limit. However, this does point out that a resolutIOn of at 
least 16 bits is required to obtain a 90dB minimum 
dynamic range, regardless of the accuracy of the conver
ter. Another specification that is useful for audio applica
tions IS Total Harmonic Distortion (THD). 

TOTAL HARMONIC DISTORTION 

TH D is useful in audio applications and is a measure of 
the magnitude and distribution of the Linearity Error, 
Differential Linearity Error, and Noise, as well as Quanti
zation Error. To be useful, THD should be specified for 
both high level and low level input signals. This error IS 
unadjustable and is the most meaningful indicator of D/ A 
converter accuracy for audio applications. 

B: LATCH ENABLE n n ~ I L.--~ L..-__ 

C: DEGLITCHER -I :- 500ngec 

CONTROL lU..-----,u 
--I r- 2.5~sec 

A: CLOCK 

FIGURE 3. Control Logic Timing for PCM53 
Distortion Test Circuit. 

If we assume that the error due to the test circuit is neglig
ible, then the rms value of the PCM53 error referred to the 
Input can be shown to be 

f,m, = Ii- £ [EL(i) + Ev(ill' (I) 
1=-1 

where n is the number of samples in one cycle of any given 
sine wave, El/i) IS the linearity error of the PCM53 at each 
sampling pOint, and EQ(I) is the quantization error at each 
sampling point. The THD can then be expressed as 

/ +. Q [EI (i) + Ev(i)]' 
frm\ 1=1 

THD = E,m, = E,m, x 100% 
(2) 

where E,m, is the rms signal-voltage level. 

The TH D IS defined as the ratio of the square root of the 
sum of the squares of the values of the harmonics to the 
value of the fundamental Input frequency and is expressed 
in percent or dB. A block diagram of the test circuit used 
to measure the THD of the PCM53 is shown in Figure 2. 
A timing diagram of the control logic is shown in Figure 
3. 

This expression indicates that, in general, there is a corre- ... 
latlOn between the TH D and the square root of the sum of .u 

BB 355DK 
ANALOG SWITCH OR EQUIVALENT 

(MP7512 OR EQUIVALENTI 
r---"" USE 400Hz HIGH·PASS 

FILTER AND 30kHz 
DISTORTION SHIBA SOKU 

METER MODEL 725 + ~~.,........... I 10kn 

Ll- J 5pF + 

VOUT LOW-PASS FILTER. OR EQUIVALENT 

SIMPLIFIED SCH~ '; [ ~ 
OF DEGL1TCHER OEGL1TCHER 

CONTROL 

"-
....... 

2X 
74LS161 
BINARY 

COUNTER 

2X 
2716 

PROM'S 

4X 
LATCH 
74LS75 

OUT 
(PCM52153) 

DEGL1TCHER CONTROL 

TIMING 
CONTROL SEE CONTROL LOGIC TIMING (Figure 3). 

LOGIC 

FIGURE 2. Block Diagram of Distortion Test Circuit. 
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the squares of the linearity errors at ·each digital word of 
interest. However, this expression does not mean that the 
worst-case linearity error of the 0/ A is directly correlated 
to the THO. 

For the PCM53 the test period was chosen to be 22.7 /lsec 
(44.1kHz) which is compatible with the EIAJ STC-007 
specification for PCM audio. The test frequency is 420Hz 
and the amplitude of the input signal is OdB, -20dB, and 
-60dB down from full scale. 

Figure 4 shows the typical TH 0 as a function of output 
voltage. 

Figure 5 shows typical THO as a function offrequency. 

10.0 

0 4. 
2. 
0," 

'" 1.0 

D.4 
O. 2 

O. I 

0.04 
0.02 

0.0 I 

0.004 
0.002 

0.00 I 

" ,\ 

" 14·01ts 

,\ , 
~ 

I(.Olts ~ 

-60 -50 -40 ·30 ·20 ·10 
OdS equals Full Scale Range IFSRI VOUT IdOl 

FIGURE 4. Total Harmonic Oistortion (THO) vs VOUT. 

0.1 
£ 0.05 
15 
'E 0.02 ! 
2i 

... 0'01'~~~~11~111~1111~1'~2Od~0~1 10.0051 

; .... 
0.00211tt1ittrt::***;f#~;;;;f-H1if1fuli~;J1 \~~II Sca,le) 
O.OOI'_ ..... .....I.j",I,OloI.IIol... .... .....I. ...... IoWoI ................... IoWoIII ...... I _ ...... 1 

100 Ik 
Frequency (Hz) 

10k 20k 
FIGURE 5. Total Harmonic OlstortlOn (THO) 

vs Frequency. 

DIGITAL INPUT CODeS 

The PCM53 accepts complementary digital input codes in 
binary format. It may be connected by the user for either 
complementary OffSet binary (COB) or complementary 
two's complement (CTC) codes. See Table I. 

TABLE I. Oigital Input Codes. 

DIGITAL INPUT CODES 

COB CTC' 

MSB LSB Complementary Complementary 

j j Offset Binary Two's Complement 

All bits ON 0000 000 +Full Scale -1LSB 
Mid Scale 0111 111 Zero -Full Scale 
All bits OFF 1111 .1111 ·Full Scale Zero 

1000 000, -1LSB +FuH Scale 

* A TTL Inverter must be connected between the MSB Input signal 
and bit 1 {pin 11 to obtam GTC Input code 

DETAILED THEORY OF 
OPERATION 
In the basic design, the three functions represented by 
the complete 0/ A converter-the voltage reference, the 
output amplifier, and the converter-are distributed 
among six major circuit blocks (Figure 6). Three 
blocks-the open loop reference. the current-offset cir
cuit, and the reference output amplifier-perform the 
reference functions. The 0/ A conversion is performed 
by two circuits called the upper converter and the lower 
converter, which are combined mto the voltage output 
by the on-chip output op amp. 

The prime requirements for a 0/ A converter circuit 
designed for PCM audio applications are that it have 
low differential hneanty error and monotonicity and 
that it stay that way over a useful temperature range. To 
obtain this performance at 14 to 16 bits, the converter 
combines segmentation with multiple R-2R networks. 

The upper converter, which generates the three most sig
nificant bits, is made up of seven equal current sources 
(QI REI through Q7 RE7), each providing 0.25mA. 
Together the sources form the upper converter current, 
IDAC.U. 

The three binary-coded MSBs (bits I, 2, and 3) are 
decoded by a three-to-seven-line circuit, which sequen
tially selects the equal current sources as the binary code 
formed by the bits changes through the eight values (000 
to Ill). Thus, as the code ranges through its values, IDAcu 

changes from 0 to 1.75mA. This scheme ensures mono
tonicity, reduces initial matching and tracking require
ments, and cuts the tracking errors that occur with 
temperature and time. 

Averaging Transistor and Resistor Shifts 

To further improve the tolerance of the upper converter 
to time and temperature change, the seven equal currents 
are turned on in the following order: Q4, Q" Q7, Q" QI, 
Q6, Q3. This sequence, which produces the zero-to-full
scale output, averages the shifts that occur in transistor 
parameters and in the value of the emitter resistors. 

The 13 least significant bits are produced by the lower 
converter, which uses nine more equal-current sources 
for the nine middle bits and emitter area rationing for 
the 4LSBs. However, rather than being summed directly 
by the current of the upper converter (which would have 
required i 6 - I equal current sources) the current sour-
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20 
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BIT 16 

!" 
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Ry MODIFIED 
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2R 
R 

L----~~~~e--~~-~~~~~~~~~~~~r· 

+Vcc 

2R 

SECONDARY 
LADDER 

• 1 • 1 .1 .1 •• 

2R 2R 

Bit 6 Bit 7 

. -
• 

·1. -

BITS 
9·16 

'CURRENT -Vee 
~ OFFSET BIT 4 BIT 5 

L--- OPEN.LOOP REFERENCE -=----.J I UPPER CONVERTER J I LOWER CONVERTER ______ _ 
BIT B 

(BITS 1-31 (BITS 4·161 

~ FIGURE 6. Simplified Circuit Diagram of the PCM53 l6-bit Digital-to-Analog Converter. 
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ce, are further divided bmanly by a pair of R-2R net
works, called the modified R-2R ladder and the secon
dary ladder. By diverting the LSB currents through the 
modified ladder, the lower converter produces IDAlL. 
This current consists of 2" - I discrete, 30nA steps for 
each 0.25mA segment of the upper converter. IDAllJ and 
IDA, I are added at the ,ummmgjunction, SJ, to form the 
h'A(, which has a range that vanes between 0 and 
1.99997mA. 

The modified R-2R ladder is wpenor to a conventional 
R-2R ladder because Ib output can be increased or 
decreased by laser-trimming of its output resistors (Rx 
and Ry). Such trimming does not change the binary cur
rent division in the ladder. The gain of the lower conver
ter can then be trimmed relative to the gain of the upper 
converter without interacting or in any way affecting the 
linearity of the lower converter. 

The initial values of the 16 current sources are deter
mined by the voltage at the output of the reference (the 
emitter of Q23), but the sources are set to the same value 
when the emitter resistors (R 1-R I6 ) are laser-trimmed. 
The sources are turned on and off by a differential switch 
pair (such as Q8A-Q8B) driven by the low-power Schottky 
TTL-compatible input circuit (typical of 0 7, R7, Q7, Z,). 

Constant Power 

To maintain 16-bit performance, the on-chip power 
dissipation-and therefore the chip temperature-must 
be kept constant during code changes. Therefore the cur
rent from both the ON side (QIB) and the OFF side (QIA) 
of each differential switch pair in the upper converter 
should come from +YCl , rather than one from +Ycc and 
one from ground. The on-side currents (when the bits are 
on) come from +Ycc and flow through A2 and the feed
back resistor, RFB, to the summing junction to form 
IDAcu. Transistor Q22 is used to provide the off-side cur
rent with a similar path to + Y cc. In the lower converter, 
the secondary R-2R ladder, which is connected between 
the OFF side of the differential switches and Q22, provides 
the same function by keeping the + Y Ll current and the 
analog ground current constant with code changes. 

The secondary ladder also significantly reduces linearity 
errors that would otherwise be caused by external ground 
wiring. Indeed, the secondary ladder makes possible the 
use of a single ground pin, which is the only way to make 
all the connections in a 24-pin package. 

Most converters use a closed-loop op amp for precision 
DC biasing of their current sources. However, switching 
transients can cause excessive settling time in the op 
amp. To ensure minimum settling time, the PCM53 uses 
an open-loop reference circuit, which incidentally does 
not require space-consuming capacitors for frequency 
compensation or suppression of switching transients. 

The reference voltage is generated by a Kelvin-sensed 
buried zener diode. Kelvin sensing is used because the 
elements of the buried zener, RA and RH, have a large 
and nonlinear temperature coefficient. The Kelvin-sensed 
connection removes from the reference path the large 

voltage drop, RBiz, caused by the ImA zener current I,. 
Instead it substitutes the voltage drop produced across 
RA by the base current of QB. 

Since this base current is only I}lA, the drop is negligible, 
and the true zener breakdown, Y f is sensed. In addition 
great care was taken to ensure that all temperature
sensitive parts of the open-loop reference were laid out 
along lines of thermal equilibrium" to prevent thermal 
settling tails. 

High-Speed Output Amplifier 

In voltage-output models, the output amplifier, A" 
which sums all of the output currents and converts them 
into the output voltage, YDAl , must bejust as accurate as 
the reference and current sources and Just as fast as the 
switching circuits. 

The amplifier is very fast, and it is well behaved when 
driving a capacitive load. It slews at lOY / w,ec and typI
cally settles to 0.003% of final value 10 Ie" than 4}lsec tor 
a 20Y step. For a step of ILSB at the maJor carry, It 

settles in 1.5}lsec. The thermal tails caused by tempera
ture gradients and resistor self-heating are Ie" than 
0.001% of full scale. 

Thermal tails occur when thermal gradients across the 
chip change as signal levels change. For example, when 
driving a load the output stage of the amplifier and its 
feedback resistor generate more heat at the full-scale 
output voltage than at zero. Therefore the temperature
sensitive differential input stage, which is close by on the 
chip, uses cross-coupled transistors and resistors to 
equalize thermal gradients. 

To achieve a ±IOY output swing when operating from 
±15Y, the output stage of the amplifier uses two transis
tor pairs connected in series. This scheme is necessary 
because the breakdown voltage of the npn transistors is 
limited to 20Y by the semiconductor process. 

In addition, the output stage is biased in a class AB 
condition, so that current is always flowing. Continuous 
current flow is essential to ensure that the open-loop 
gain, Ao, and closed-loop output impedance, Ro, remain 
constant for both positive and negative full-scale output 
swings at 103dB and 0.030, respectively. With lesser per
formance, errors would occur. If, for example, Ao 
changed from 94dB to 100dB for an output swing of 
-lOY to +IOY respectively, the output error would 
change by 100}l Y, and the change would be nonlinear. 
Likewise a nonlinear error approaching 200}l Y would 
occur if Ro changed from 0.040 to 0.080. 

DISCUSSION OF 
SPECIFICATIONS 
The PCM53 is specified to provide critical performance 
criteria for a wide variety of applications. The most criti
cal specifications for a 0/ A converter in audio applica
tions are Total Harmonic Distortion, Differential Linear
ity Error, Bipolar Zero Error, parameter shifts with time 
and temperature and settling time effects on accuracy. 
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The PCM53 is factory-trimmed and tested for all critical 
key specifications. 

The accuracy of a 0/ A converter is described by the 
transfer function shown in Figure I. The errors in the 
0/ A converter are combinations of analog errors due to 
the linear circuitry, matching and tracking properties of 
the ladder and scaling networks, power supply rejection, 
and reference errors. In summary, these errors consist of 
initial errors including Gain, Offset, Linearity, Differen
tial Linearity, and Power Supply Sensitivity. Initial Offset 
or Bipolar Zero errors may be adjusted to zero. Gain 
drift over temperature rotates the line (Figure I) about 
the bipolar zero point and Offset drift shifts the line left 
or right over the operating temperature range. Most of 
the Offset and Gain drift with temperature or time is due 
to the drift of the internal reference zener diode. The 
converter is designed so that these drifts are in opposite 
directions. This way the Bipolar Zero voltage is virtually 
unaffected by variations in the reference voltage. 

BIPOLAR ZERO ERROR 

Initial Bipolar Zero Error (Bit I "ON" and all other bits 
"OFF") is the deviation from zero volts out and is 
factory-trimmed to typically ±lOmV at +25°C. This 
error may be trimmed to zero by connecting the external 
trim potentiometer shown in Figure 8. 

DIFFERENTIAL LINEARITY ERROR 
Differential Linearity Error (OLE) is the deviation from 
an ideal ILSB change from one adjacent output state to 
the next. OLE is important in audio applications because 
excessive OLE at Bipolar Zero (at the "major carry") can 
result in audible crossover distortion for low level output· 
signals. Initial OLE on the PCM53 is factory-trimmed to . 
typically ±0.001% of FSR. 

STABILITY WITH TIME AND TEMPERATURE 

The parameters of a 0/ A converter designed for audio 
applications should be stable over a relatively wide 
temperature range and over long periods of time to 
avoid undesirable periodic readjustment. The most 
important parameters are Bipolar Zero Error, Differen
tial Linearity Error, and Total Harmonic Distortion. 
Most of the Offset and Gain drift with temperature or 
time is due to the drift of the internal reference zener 
diode. The PCM53 is designed so that these drifts are in 
opposite directions so that the Bipolar Zero voltage is 
virtually unaffected by variations in the reference volt
age. Both OLE and THO are dependent upon the 
matching and tracking of resistor ratios and upon VBE 

and hfE of the current-source transistors. The PCM53 
was designed so that any absolute shift in these compo
nents has virtually no effect on OLE or THO. The resis
tors are made of identical links of ultra-stable nichrome 
thin-film. The current density in these resistors is very 
low to further enhance their stability. 

POWER SUPPLY SENSITIVITY 
Changes in the DC power supplies will affect accuracy. 

The PCM53 power supply sensitivity is specified for 
±0.01% of FSR/%Vcc for all supplies. Normally, regu
lated power supplies with 1% or less ripple are recom
mended for use with the DAC. See also Power Supply 
Connections paragraph in the Installation and Operat
ing Instructions section. 

SETTLING TIME 

Settling time is the total time (including slew time) 
required for the output to settle within an error band 
around its final value after a change in input (see Figure 
7). 

1.0 

----\ I , Voltage 
0.3 R'l~ IW" Models-

~ 

I 0.1 Curient 

~i 0.03 
\:~e\: 

= .. .;-\ [1 !~ \ i 0.01 
R,; '2oon , \ \ i ~ 0.003 ,\ \. 0.001 

0.01 0.1 1.0 3.2 100 
Sallllng Time 1~lacl 

FIGURE 7. Full Scale Range Settling Time vs Accuracy. 

Settling times are specified to ±0.006% of FSR; one for 
a large output voltage change of lOY and one for a ILSB ..w 
change. The I LSB change is measured at the major carry ..... 
(0111...11 to 10000 ... 00), the point at which the worst-case 
settling time occurs. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown in 
the Connection Diagram. These capacitors (l,..F tantalum 
or electrolytic recommended) should be located close to the 
PCM53. 

EXTERNAL BIPOLAR ZERO ADJUST (OPTIONAL) 

In some applications the Bipolar Zero Error (offset) may 
require adjustment. This error may be adjusted to zero by 
installing an external potentiometer as shown in Figure 8. 
The potentiometer should have adequate resolution, at 
least 10 turns for full-scale adjustment. 

I+YCC 

"R, 101m 
21 -Mh---- TO 

lOOkn 
"R, ; 560kD FOR J GRADES 

R, ; 1.5MD FOR K GRADES ·Yce 

BIPOLAR 
ZERO 

ADJUST 

FIGURE 8. Optional External Bipolar Zero Adjust. 
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The TCR of the p{)tentiometer should be 100ppm/oC or 
less. The series resistor, R, (20% carbon or better) should 
be located close to the PCMS3 to prevent noise pickup. 
Refer to Figure 9 for the relationship of Bipolar Zero 
adjust on the D / A converter transfer function. 

ILSB • 
~ I ANALOG OUTPUT. 

1 [ -+FULL SCA~E : 

ALL BITS 
LOGIC I 

• 
ALL BITS 

t LOGIC 0 , 
BIPOLAR 

ZERO 

DIGITAL INPUT -

RANGE OF 
BIPOLAR ZERO 

ADJUST ,- . . 
~ ..... .. ~ 
"'''' u.>z ....... ....... 
~, 

I BIP~LAR ZERO ADJUST 
TRANSLATES THE LINE 

(MSB ON AND 
ALL OTHER BITS OFF) 

·FULL SCALE 

FIGURE 9. Effect of Bipolar Zero Adjustment on a 
Bipolar D / A Converter Transfer Function. 

ADJUSTMENT PROCEDURE 

. Apply the digital input code that should produce zero volts 
output (bit I or MSB "ON" and all other bits "OFF"). 
Adjust the bipolar zero potentiometer until zero volts is 
obtained. 

Table II shows the ideal plus and minus full scale voltages 
and LSB values for both 14- and 16-bits resolution. 

TABLE II. Digital Input and Analog Output 
Relationship. 

OUTPUT 
Voltage Model Current Model 

DIGITAL 16-81t 14-811 16-811 14-811 
INPUT CODE Resolution Resolution Resolution Resolution 

Complementarx 
BIpolar Offset 
Binary (COB) 
±10V (PCM53) 

One LSB +3051lV +122mV 00311lA o 1221lA 
All Bits On 

00 00 +999969V +999878V -0 99997mA -099988mA 
All Bits Off 

" 11 -1000000V -1000000V -100000mA +100000mA 

INSTALLATION CONSIDERATIONS 

If 14-bit resolution is desired, bit IS (pin IS) and bit 16 (pin 
16) should be connected to Vnn through a IkD resistor to 
insure that these bits remain off. 

Figure 10 shows the connection diagram for a PCMS3-V. 
Figures II and 12 show connection diagrams for PCMS3-I 
models. 

Lead and contact resistances are represented by R I through 
R1. As long as the load resistance (Rd is constant, R, 
simply introd uces a gain error. R, is part of R I if the output 
voltage is sensed at Common (pin 20) and therefore intro-

±15VDC 
SUPPLY 

FIGURE 10. Output CIrCUit for PCMS3-V. 

TO PIN 23_"'+....,...--:--::--+-::-+,.:V-r----, 
IIlF COM ±15VDC 

+ "'-I-:-JJ7F--+-="'_::.jv SUPPLY 
TO PIN 19-~----+----''-I 

+V +5VDC 
TO PIN 18 -+::clt:-:l=--JJ::-F --t--:C=OM::i SUPPLY 

FIGURE II. Preferred External Op Amp Configuration 
Using PCMS3-1. 

duces no error. If RL is variable, then R, should be less 
than RLmm/2 16 to reduce voltage drops due to wiring to less 
than I LSB. RL should be located as close as possible to the 
PCMS3 for optimum performance. 

The PCMS3 and the wiring to its connectors should be 
located to provide optimum isolation from sources of RFI 
and EM!. The key word in elimination of RF radiation or 
pickup is loop area; therefore, signal leads and their return 
conductors should be kept close together. This reduces the 
external magnetic field along with any radiation. Also, if a 
signal lead and its return conductor are wired close 
together they present a small flux-capture cross section for 
any external field. This reduces ~adiation pickup in the 
circuit. 
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IOAC 

CURRENT 
CONTROLLED 
BY 
DIGITAL 
INPUT 

lOko 

R, 

RI.. VOUT 

10Ae VARIES FROM -lmA to +lmA ITOLERANCE = ±30%) 

The equivalent output circuit for a current·output model Is shown above. 

12.4ko II lOko X Rd 
VOUT = ±lmA 

Vo", Is determined by: U ] 
12.4ko II lOkn + Rd 

FIGURE 12. Driving a Resistive Load With PCMS3-L 

Figures II and 12 show connection diagrams for PCMS3-\ 
models. 

APPLICATIONS 
Figures 13 and 14 show a circuit diagram and timing 
diagram of a single PCMS3-V used to obtain both left 
and right channel audio output in a typical digital audio 
system. The Sony CX-7934 and associated LSI logic 
contain all of the req uired circuitry for error detection, 

correction, and formatting of the digital data obtained 
from the Compact Disc prior to sending this information 
to the D 1 A converter. The CX-7934 is used in a parallel 
output mode where the left and right channel parallel 
data are time-shared. Since the digital inputs of the 
PCM53 are TTL-compatible, they can be connected 
directly to the parallel outputs of the CX-7934. Only a 
single inverter is required (Bit I) to convert the two's 
complement output code of the CX-7934 to offset binary. 
The audio output of the PCM53-V is alternately time
shared between the left and right channels. The design is 
greatly simplified because the PCMS3-V is a complete 
D 1 A converter. 

A samplel hold amplifier, or "deglitcher", is required at 
the output of the DI A converter for both the left and 
right channel, as shown in Figure 15. The S/H amplifier 
for the left channel is composed of A2, SW" and asso
ciated circuitry. A2 is used as an integrator to hold the 
analog voltage in C 1• Since the source and drain of the 
FET switch operates at a virtual ground when "c" and 
"B" are closed in the sample mode, there is no increase in 
distortion caused by the modulation effect of Ron by the 
audio signaL 

Figure 16 shows the deglitcher control signals for both 
the left and right channels which are produced by the 
timing control logic. A delay of 2.SJLsec (tw) is provided 
to eliminate the glitch and allow the output of the 
PCMS3-V to settle within a small error band around its 

0.. 
C"') 
It) 

:e o 
0.. 

r-----------------------+~15~V-------.-15-V--+5-V-----------;======~------------------------,~ 
IO"F I O"F I OeF 

:~ 

4 5 

22kl1 22kll 

LEFT CHANNEl 
OUTPUT TO LPF >---

~~r----J~ __ -.---~IV, __ -, 

2k x B RAM 

CX·7933 
ISONY) 

DAOI DAI6 

CX·7934 
ISONY) 

CX·7935 
ISONY) 

TIMING LEFT CHANNEl 
CONTROL DEGLITCHER 

LOGIC CONTROL 
RIGHT CHANNEL 

1...-___ ..1 OEGlITCHER CONTROL 

R3 [""- 1:1 

:~ s: L _-' 
SW2 

MP7512 
IMICRO POWER) 

• BURR·BROWN 
OPAI02AM 

RIGHT CHANNEl 
OUTPUT TO LPF 

FIGURE 13. A Single PCM52/53 Used to Obtain Both Left and Right Channel Output in a Typical Digital Audio 
System. 
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, , 
LRCKl-~ 

DATA ~ RIGHT X LEFT X RIGHT X LEFT 

2.5~.ec-J :'8.3~ec': 
RIGHT CHANNEL : 

DEGUTCHER 2.5 ''--~8.3 .. se • ..J 

x: 

CONTROL ,uS8C __ :, ~ r ~ 

I i r-L LEFT CHANNEL --;--, __ --'-....J~ ~. ----
DEGUTCHER 

CONTROL 

FIGURE 14. Timing Diagram for the Digital Audio 
System Using PCMS3 and Sony LSI 
Logic. 

RIGHT CHANNEL 
DEGUTCHER CONTROL 

A "LOW" SIGNAL ON THE OEGLITCHER 
CONTROL CLOSES SWITCH "A" WHILE A 
"HIGH" SIGNAL CLOSES SWITCH "8". 

FIG URE IS. A Sample/ Hold Amplifier (Deglitcher) is 
Required at the Digital-to-Analog Output 
for Both Left and Right Chann~ls. 

---- ---441kHz-- ----- .. --: 

DATA FOR DAe"'X RI6HTCMAMIIEtllATU X UfT CHUIIlL DATU ~IBHTtH".RDATU.l 

RIGHT --: it- I• 
CHANNEL;-,-, __ --->n".: _______ ~n'-_____ I 

OEBLITCHER 
COITRDl ~ :- Iw 

LEFT , :[l tL-
DE~~tr~::~,-:,----<-T-:"'1..- DELAY BETWEEN LEFT AND RIGHT CHANNEL 

CONTROL I I 

THE D£GlITCHER CONTROL SIGNALS ARE GENERATED BY THE TIMING 
CONTRDllDIIIC THE FAST SEnLiNG TIME OF THE PCM52/53 MAKES IT 
POSSIBLE TO MINIMIZE THE DELAY BETWEEN LEFT AND RIGHT CHANNELS 
TO A80UT U",.e WHICH REDUCES PHASE ERROR AT TIlE HIGHER AUDIO 
FREQUENCIES 

FIGURE 16. Timing Diagram for the Deglitcher 
Control Signals. 

final value before connecting it to the channel output. 

Due to the fast settling time of the PCMS3-V, it is possi
ble to minimize the delay between the left channel and 
right channel outputs when using a single D / A converter 
for both channels. This is important because the left and 
right channel data is recorded in phase and use of a 
slower D / A converter would result in significant phase 
error at the higher audio frequencies. 

A low-pass filter is required at the S / H output to remove 
all unwanted frequency components caused by the sam-

piing frequency as well as the discrete nature of the D A 
converter output. The filter must have a flat amplitude 
response over the entire audio band (0 to 20kHz) and a 
very-high attenuation above 20kHz. Most previous digi
tal audio circuits used a high-order (9-13 pole) analog 
filter. However, the phase response of an analog filter 
with these amplitude characteristics is nonlinear and can 
disturb the pulse-shaped characteristics of the transients 
contained in music. 

SECOND-GENERATION SYSTEMS 

One method of avoiding this problem and obtaining a 
linear phase response is to use an oversampling digital 
filter technique as shown in Figure 17. The Yamaha YM-
3SI1 and YM-2201 LSI chips provide all of the functions 
described for the Sony chip set and, in addition, contain 
an onboard digital oversampling filter which effectively 
multiplies the sampling frequency by a factor of two and 
sends the parallel data at a rate of 88.2kHz to the D/ A 
converter. Since the offset binary parallel data is directly 
available from the YM-2201, no external inverter i" 
required. Furthermore, since the deglitcher control sig
nal is also available from the YM-2201, no external tim
ing control logic is required for most applications. The 
timing diagram for this circuit is shown in Figure 18. 

This circuit requires a very fast D/ A converter since the 
sampling frequency is multiplied by a factor of two or 
more. This technique results in intermodulation products 
being created, by mixing the sampling frequency and 
components of the audio frequency, that are far outside 
the audio band of 0 to 20kHz. These unwanted frequen
cies are easily removed by a low-order linear-phase 
analog filter following the degIitcher circuit, since a 
sharp amplitude response is not required. A single 
PCMS3-V can be used for both the left and right channel 
as long as the oversampling rate of the digital filter is 
two. An oversampling rate of four can be used if a separ
ate PCMS3 is used for each channel. This would reduce 
the complexities of the analog filter required even further 
(at the expense of an additional D/ A converter). 

Another factor to consider when choosing a D / A con
verter for digital audio applications is that the linearity 
of the total harmonic distortion versus output signal 
should be good since a change in the background noise 
level can be audible. The design of the PCMS3 ensures 
that the linearity of the total harmonic distortion versus 
output signal level is very good over the full range of 
amplitude and frequencies. Also, no special grounding 
or shielding techniques are required to obtain good 
signal-to-noise ratio with the PCMS3. Some converters 
require a high frequency clock which can couple to the 
analog output of the D / A converter through the output 
wiring and ground circuitry. 

The PCMS3 D / A converters provide a complete solu
tion to one of the most critical portions of a digital audio 
system. Since the sound of the system can be affected by 
the D / A converter more than any other single compo
nent, the selection of which converter to use should be 
lI)ade with care. 
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+15V ·15V +5V 

PCM53 

YAMAHA YM-2201 

FIGURE 17. Oversampling Digital-Filter Technique Using Yamaha LSI. 

OATAFORDAC * RIGHTC/lUNElIlATU X lHTCHANIlfLDATAM XRtGHTCH •• ElDAUN+.IXlEfTCllANflElIlAUN."'0f 

IOATASELECTORJ:," J\ 

CONR~::~I ;. .. + _" .; 
CHANNEL I 

DECUTCHER : 
CONTROL i ;''w+- 's- --: 

lEFT : . II r---L 
DE~~~~::; "---'.-~-2-'3-''''...J" '-------' 

CONTROL Is = 2 18J;sec 

FIGURE 18. Timing Diagram for Digital Oversampling 
Technique when using Yamaha LSI. 
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BURR-BROWN® 

IElElI 

DESIGNED FOR AUDIO 

PCM54 
PCM55 

16-Bit Monolithic 
. DIGITAL-TO-ANALOG CONVERTERS 

FEATURES DESCRIPTION 
• LOW COST 
• NO EXTERNAL COMPONENTS REQUIRED 
• 16-BIT RESOLUTION 
• 15-BIT MONOTONICITY. TYP 
• 0.001% 01 FSR TYP DIFFERENTIAL LINEARITY 

ERROR 
• 0.0025% MAX THO (FS Input. KP Grade. 16 Bits) 

The PCM54 and PCM55 family of converters are 
state-of-the-art, fully monotonic, digital-to-analog 
converters that are designed and specified for digital 
audio applications. These devices employ ultra
stable nichrome (NiCr) thin-film resistors to provide 
monotonicity, low distortion, and low differential 
linearity error (especially around bipolar zero) over 
long periods of time and over the f~ll operating 
temperllture. • 0.02% MAX THO (-20dB Input. KP Grade. 16 Bits) 
These converters are completely self-contained with 
a stable, low noise, internal, zener voltage reference; 
high speed current switches; a resistor ladder net
work; and a fast settling, low noise, output opera
tional amplifier all on a single monolithic chip. The 
converters are operated using two power supplies 
that can range from ±5V (PCM55) to ±12V 
(PCM54). Power dissipation with ±5V supplies is 
typically less than 200mW. Also included is a provi
sion for external adjustment of the MSB error (dif
ferential linearity error at bipolar zero, PCM54 
only) to further improve THD specifications if 
desired. Few external components are necessary for 
operation, and all critical specifications are 100% 
tested. This helps assure the user of high system reli
ability and outstanding overall system performance. 

• 31ls SETTLING TIME. TYP (Voltage Out) 
• 96dB DYNAMIC RANGE 
• ±3V or ±lmA AUDIO OUTPUT 
• EIAJ STC-007-COMPATIBLE 
• OPERATES ON ±5V (PCM55) to ±12V (PCM54) 

SUPPLIES 
• PINOUT ALLOWS louT OPTION 
• PLASTIC DIP PACKAGE (PCM54) 
• PLASTIC MINI-FLATPAK (PCM55) 

A current output (lOUT) wiring option is provided. 
This output typically settles to within ±0.006% of 
FSR final value in 350ns (in response to a full-scale 
change in the digital input code). 

These converters are packaged in high-quality 
molded plastic packages and have passed operating 
life tests under simultaneous high-pressure, high
temperature, and high-humidity conditions. 

The PCM54 is packaged in 28-pin plastic DIP pack
age. The PCM55 is available in a 24-pin plastic 
mini-flatpak. 

tntern.t,on.1 Airport Industrial Park - P.O. Bo. 11400 - Tucson. Arizona B5734 - T,I (6021746-1111 - Tw. 910-952-1111 - C.ble BBRCORP - Tele. 66-6491 

PDS-619A 

Burr-Brown Ie Data Book 6_2-164 Vol. 33 



SPECIFICATIONS 
ELECTRICAL 
At +25°C, ±Vcc :;;;: 12V, unless otherwise noted 

MODEL PCM54HP PCM54JP PCM54KP 

MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

DIGITAL INPUT 

Resolution IS Bits 
Dynam Ie Range 96 dB 
Logie Levels (TTUCMOS Compatible)· 

V'H +2.4 +5.25 V 
VOL 0 +0.8 V 
111-1. VIN = +2,7V +40 J.lA 
I,L. Y,N ;;::: + O.4V -0.5 mA 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain Error ±2 % 
Bipolar Zero Error ±30 mV 
Differential Linearity Error at Bipolar Zero t11 ±0.001 % FSA(21 

NOise (rms) (20Hz to 20kHz) at Bipolar Zero 12 J.lV 

TOTAL HARMONIC DISTORTION'" 
(Ie-bit resolution) 
Vo; ±FS at I; 991Hz 0002 0.008 0.004 00025 % 
Vo; -20dB at I; 991Hz 002 0.04 0.1 002 % 
Vo; -SOdB at I; 991Hz 2.0 4.0 1.0 20 % 

MONOTONICITY 15 Bits 

SETTLING TIME (to ±0.006% 01 FSR) 
Voltage Output· SV Step 3 J.IS 

lLSB Step I J.IS 
Current Output (imA Step)· 100 to 1000 Load 350 ns 

1kO Load'·' 350 ns 
Deglttcher Delay (THO Test)'S) 25 4.0 J.IS 
Slew Rate 10 VlJ.IS 

WARM-UP TIME I Min 

ANALOG OUTPUT 

Voltage Output· Bipolar Range 
.1 ±3.0 1 

V 
Output Current ±2.0 mA 
Output Impedance 0.1 0 
Short~Clrcult Duration Indefmlte to Common 

Current Output'SI 

I I Bipolar Range (±30%) ±1 rnA 
Bipolar Output Impedance (±30%) 12 kO 

POWER SUPPLY REQUIREMENTS 

Voltage. +Vee +475 +12 +15.75 V 
-Vee -4.75 -12 -15.75 - V 

Supply Drain: +Vee +13 +20 rnA 
-Vee -IS -25 rnA 

TEMPERATURE RANGE 

Operating 0 +70 ·C 
Storage -55 +100 ·C 

·Speclficatlon same as PCM54HP 
NOTES. (1) Externally adjustable. If external adjustment IS not used, connect a O.01pF capacitor to Common to reduce noise pickup. (2) FSR means Full-Scale 
Range and IS 6V for ±3V output (3) The measurement of total harmonic distortion IS highly dependent on the characteristics of the measurement circuit 
Burr-Brown may calculate THO from the measured linearity errors using equation 2 in the section on "Total Harmonic Distortion" but specifies that the maximum THO 
measured with the cirCUit shown In Figure 2 Will be less than the limits indicated. (4) Measured with an active clamp to provide a low impedance for approximately 
200ns. (5) Deglltcher or sample/hold delay used in THO measurement test circuit. See Figures 2 and 3. (6) Output amplifier disconnected 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C, ±Vcc = 5V, unless otherwise noted. 

MODEL 

DIGITAL INPUT 

Resolution 
Dynamic Range 
Logic Levels (TTL/CMOS Compatible) V," 

V" 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gam Error 
Bipolar Zero Error 

i'HI Y,N = +2 7V 
IlL, VIN = + 0 4V 

Differential linearity Error at Bipolar Zero 111 

NOise (rms) (20Hz to 20kHz) at Bipolar Zero 

TOTAL HARMONIC DISTORTlON"'(I6-blt resolution) 
Vo = ±FS at f = 991Hz 
Vo = -20dB at I = 991Hz 
Vo = -60dB at I = 991Hz 

MONOTONICITY 

DRIFT 
Total Bipolar Drift 
Drift Over Operating Temperature Range 
Bipolar Zero Dnft 

SETTLING TIME (to ±0.006% 01 FSR) 
Voltage Output. 6V Step 

lLSB Step 
Current Output (ImA Step) 100 to 1000 Load 

1kQ Load l'" 

Deghtcher Delay (THO Test) 151 

Slew Rate 

WARM-UP TIME 

ANALOG OUTPUT 

Voltage Output Bipolar Range 
Output Current 
Output Impedance 
Short-CircUit Duration 

Current Output l61 Bipolar Range (±30%) 
Bipolar Output Impedance (±30%) 

POWER SUPPLY REQUIREMENTS 

Voltage +Vcc 
-Vee 

Supply Dram +Vcc 
-Vee 

TEMPERATURE RANGE 

Operating 
Storage 

* Specification same as PCM55HP 

MIN 

+24 
o 

PCM55HP 

TYP 

16 
96 

±20 
±30 

±OOOI 
12 

0002 
0.02 
19 

15 

±25 
±0.1 
±4 

3 
1 

350 
350 
25 
10 

MAX 

+5.25 
+0.8 
+40 
-0.5 

0.008 
0.04 
40 

4.0 

±20 J :310 I 
Indefinite to Common 

+475 
-475 

o 
-55 

I ±1 I 
1.2 

+5 
-5 
+13 
-16 

+75 
-75 
+20 
-25 

+70 
+100 

PCM55JP 

MIN TYP MAX 

0004 

UNITS 

Bits 
dB 
V 
V 

pA 
mA 

% 
mV 

% FSR I21 

pV 

% 
% 

% 

Bits 

ppm 01 FSR/·C 
% 

ppm 01 FSRI"C 

JiB 
JiB 
ns 
ns 
JiB 

V/JiB 

Min 

V 
mA 
o 

mA 
kO 

V 
V 

mA 
mA 

·C 
·C 

NOTES' (1) FSR means Full-Scale Range and IS 6V lor ±3V output. (2) Externally adjustable. II external adjustment I. not used, connect a O.OlpF 
capacitor to Common to reduce nOise pickup (3) The measurement of total harmonic distortion IS highly dependent on the characteristics of the 
measurement CircUit. Burr-Brown may calculate THO from the measured linearity errors uSing equation 2 In the section on "Total Harmonic Distortion" but 
specifies that the maximum THO measured with the circuit shown In Figure 2 will be less than the limits indicated. (4) Measured with an active clamp to 
provide a low Impedance for approximately 200n5 (5) Deglttcher or sample/hold delay used In THO measurement test CircuIt. See Figures 2 and 
3 (6) Output amplifier disconnected lOUT application. Close the feedback around the amplifier by connecting output of amplifier to the minus input 
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PIN ASSIGNMENTS 

Pin PCM54-DIP Pin PCM54-DIP 

1 Tnm 15 B.t 13 
2 B.tl (MSB) 16 Bit14 
3 Blt2 17 Sit 15 
4 NC 18 B.t 16 (LSB) 
5 B.t3 19 VOUT 

6 B.t4 20 R,a 
7 B.t5 21 SJ 
8 B.t6 22 Common 
9 B.t7 23 lOUT 

10 B.t8 24 NC 
11 B.t9 25 IBPo 
12 B.t 10 26 +Vee 
13 B.tll 27 MSB AdJust 
14 Bit12 28 -Vee 

MECHANICAL OUTLINES 

PCM54 INeMES MILLIMETERS 
D,M M., MAX MIN MAX 

II 1 ...... ' --- 38.80 

B --- .57&- --- '4.80 
C --- .... --- ,,7D 

I A I D .OU .01' 0.47 0 .... 
F .047 .OU 1.20 1.40 

E3J G .080 .110 2.21 2.71 
J .008 .015 0.20 0.S8 
K .100 --- U. ---
L --- .eoo --- 15.2. 
M O· ... O· ... 
N .020 --- 0.51 ---

~Jj'A ~~JLL_IJ 
M 

CONNECTION DIAGRAMS 

PCM54 r - - ------- -- - - ----:'1 
(Optlonall i l00kO Note I: 

Notu: 

! 
f __ ...J 

-Vee 

Audio 0 
Vour 

(II MSB error (BPI dlUerentlallinearlly errorl cln beldlusted to zero using this 
extarnlt clrcull 

12) Connect lor blPGllr operation I+Vee ;;, 8.5V lor unipolar operation). 
13) Cennect lor Vour operation. When VOUT amp II not baing uSad 110m model. 

terminate with an external 3kO leedblck rulstor batween pin 19 and pin 21 
Ind I 1 kO rulator bllWeen pin 21 and pin 22 to reduce pUllble noise eHects. 

Pin PCM55-Flatpak Pin PCM55-Flatpak 

1 Bitl (MSB) 13 Bit 13 
2 B.t2 14 B.t14 
3 B.t3 15 B.t15 
4 B.t4 16 B.t16 
5 BitS 17 Voltage Output 
6 B.t6 18 Feedback ReSistor 
7 B.t7 19 Summing Junction 
8 B.t8 20 Common 
9 B.t9 21 Current Output 

10 B.t 10 22 B.polar Offset 
11 B.tll 23 +Vee 
12 B.t 12 24 -Vee 

PCM55 

--- ·A 

01 
~nnGrttn3c.;'nn~ J,-((f:===,.,k ~ 

'---_____ T .-...JIB 
PCM55 

I 
Ii 

Notes: 
III Connect lor bipolar operation I+Vee ;;, 8.5V lor unlpollr operation). 

-Vee 

+Vee 

+ 
II'F 

Common 

Audio 

VOUT 0 

121 Connect lor VOUT operation. When VOUT amp Is not being uSad liouT model. 
larmlnlte with In external 3kO leedback resillor between pin 17 and pin 19 
Ind I I kO rllistor batween pin 19 end pll120 to reduce poulble noise &Hecta. 
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ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltages. .• . . . . . . . . . . . • • . . • . . . • . . . . . . . • . . . • •. ±18VDC 
Input LogIc Voltage ...•......•..••••..•.....•••.••.. -1V to +5 5V 
Power DissIpatIon. . • • . . . . • . . . . . . .. PCM54 800mW. PCM55400mW 
Storage Temperature . ........................... -55°C to +100°C 
Lead Temperature During Soldenng ................. 108 at +3000C 

ORDERING INFORMATION 

Model THO It FS PICkage 

PCM54HP 0008 28-pln DIP 
JP 0004 28-pln DIP 
KP 00025 28-pln DIP 

PCM55HP 0008 24-I.ad minI flat pak 
JP 0004 240Iead mIni flat pak 

DISCUSSION OF 
SPECIFICATIONS 
The PCM54 and PCM55 are specified to provide critical 
performance criteria for a wide variety of applications. 
The most critical specifications for a D/A converter in 
audio applications are Total Harmonic Distortion, Dif
ferential Linearity Error, Bipolar Zero Error, parameter 
shifts with time and temperature, and settling time 
effects on accuracy. 

The PCM54 and PCM55 are factory-trimmed and tested 
for all critical key specifications: 

The accuracy of a D/A converter is described by the 
transfer function shown in Figure I. Digital input to 
analog output relationship is shown in Table I. The 
errors in the' D/A converter are combinations of analog 
errors due to the linear circuitry, matching and tracking 
properties of the ladder and scaling networks, power 
supply rejection, and reference errors. In summary, these 
errors consist of initial errors including Gain, Offset, 
Linearity, Differe'ltial Linearity, and Power Supply 
Sensitivity. Gain drift over temperature rotates the line 
(Figure I) about the bipolar zero point and Offset drift 
shifts the line left or right over the operating temperature 
range. Most of the Offset and Gain drift with tempera~ 

TABLE I. Digital Input to Analog Output Relationship. 

ture or time is due to the drift of the internal reference 
zener ·diode. The converter is designed so that these drifts 
are in opposite directions. This way the Bipolar Zero 
voltage is virtually unaffected by variations in the refer
ence voltage. 

~ ... ~! ALL BITS ON, 

GAIN 
~ ... OOOI DRIFT "- • . \ 

I-

~ 0111 .. 1110 • 
!!! "" -"" ~ 

0111 ... 1111 ... 
\ BIPOLAR ZERO 

~ 
1000 ... ~ OFFSET I • 
1000 ... 0001 DRIFT,. 

1111 ... 1110 L.:" 
1111 ... 1111 • I .- / 

·FSR/2 ANALOG OUTPUT I+fSRI2) ·ILSB 

'SEE TABLE I FOR DIGITAL CODE DEFINITIONS. 

FIGURE I. Input vs Output for an Ideal Bipolar 
D / A Converter. 

DIGITAL INPUT CODES 
The PCM54 and PCM55 accept complementary digital 
input codes in any of three binary formats (CSB, unipo
lar; or COB, bipolar; or CTC, Complementary Two's 
Complement, bipolar). See Table II. 

TABLE II. Digital Input Codes. 

Analog output 

Digital Complementary Complementary Complementary 
Input StraIght BInary Offset BInary Two's Complement 
Codes (CSB) (COB) (CTC) , 

OOOOH + Full Scale + Full scale -1LSB 
7FFFH ... 1I2Full Scale Bi polar Zero - Full Scale 
8000H +112 Full Scale -1LSB + Full Scale 

-1LSB 
FFFFH Zero - Full Scale Bipolar Zero 

Invert the MSB of the COB code With an 9xternallnverter to obtain eTC 
code 

VOLTAGE OUTPUT MODE 

Analog Output 

Unrpolar' Bipolar 

Olgltllinput Cod. 16-brt 150brt 14-blt 16-bIt 15-blt 140brt 

One LSB (PV) 91.6 183 366 916 183 366 
OOOOH (V) +599991 +599962 , +5.99963 +299991 +299982 +299983 
FFFFH (V) 0 0 0 -30000 -30000 -30000 

CURRENT OUTPUT MODE 

Analog Output 

UnIpolar Bopolar 

Digital Input Code 16-bit 15-bit 14-blt 16-blt 15-bit 14-blt 

One LSB (PA) 0.031 0.061 0.122 0.031 0.061 0.122 
OOOOH (mA) -1.99997 -199994 -1.99968 -0.99997 ~.99994 -0.99996 
FFFFH (mA) 0 0 0 +1.00000 +1.00000 +1.00000. 

'NOTE: +Vcc mu.t be at lea.t +8.5VDC to allow oulput to swing to +S.OVDC. 
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BIPOLAR ZERO ERROR 
Initial Bipolar Zero Error (Bit I "ON" and all other bits 
"OFF") is the deviation from OV out and is factory
trimmed to typically ±lOmV at +25°C. 

DIFFERENTIAL LINEARITY ERROR 

Differential Linearity Error (DLE) is the deviation from 
an ideal ILSB change from one adjacent output state to 
the next. DLE is important in audio applications because 
excessive DLE at Bipolar Zero (at the "major carry') can 
result in audible crossover distortion for low level output 
signals. Initial DLE on the PCM54 and PCM55 is fac
tory trimmed to typically ±0.001% of FSR. This error is 
adjustable to zero using the circuit shown in the connec
tion diagram (PCM54 only). 

POWER SUPPLY SENSITIVITY 
Changes in the DC power supplies will affect accuracy. 

The PCM54 and PCM55 power supply sensitivity is 
shown by Figure 2. Normally, regulated power supplies 
with 1% or less ripple are recommended for use with the 
DAC. See also Power Supply Connections paragraph in 
the Installation and Operating Instructions section. 

10.0 

3.0 
\. •• -60dB 

1.0 

0.30 

£. 
~ 0.10 
'" .... 

0.03 ... 20dB 

0.01 

0.003 J 
" ... OdB 

0.001 

10 15 

±Vcc SUPPLIES (V) 

FIGURE 2. Effects of ±Vcc on Total Harmonic Dis
tortion (PCM54JP; Vccs with approxi
mately 2% ripple). 

SETTLING TIME 

Settling time is the total time (including slew time) 
required for the output to settle within an error band 
around its final value after a change in input (see Figure 
3). 

Settling times are specified to ±0.006% of FSR; one for 
a large output voltage change of 3V and one for a ILSB 
change. The ILSB change is measured at the major carry 

(0111 ... 11 to 10000.00), the point at which the worst
case settling time occurs. 

1.0 

1 , 
Voltage 

0.3 __ Oulpul-
e:. \ Currenl Mode 
a 

! 0.1 

.. ~ 
Oulpul 

E"i Mode 

"' .. 0.03 

L\ ~ !~ 
"E 0.01 
i! ftc = '2000 ~ :! 

0.003 

~ \ 0.001 
0.01 0.1 10 10.0 

Settling Time IlAI 

FIGURE 3. Full Scale Range Settling Time vs Accuracy. 

STABILITY WITH TIME AND TEMPERAURE 

The parameters of a DjA converter designed for audio 
applications should be stable over a relatively wide 
temperature range and over long periods of time to 
avoid undesirable periodic readjustment. The most 
important parameters are Bipolar Zero Error, Differen
tial Linearity Error, and Total Harmonic Distortion. 
Most of the Offset and Gain drift with temperature or 
time is due to the drift of the internal reference zener 
diode. The PCM54 and PCM55 are designed so that 
these drifts are in opposite directions so that the Bipolar'" 
Zero voltage is virtually unaffected by variations in the ..:IiI 
reference voltage. Both DLE and THD are dependent 
upon the matching and tracking of resistor ratios and 
upon VBE and hFE of the current-source transistors. The 
PCM54 and PCM55 were designed so that any absolute 
shift in these components has virtually no effect on DLE 
or THD. The resistors are made of identical links of 
ultra-stable nichrome thin-film. The current density in 
these resistors is very low to further enhance their stabil
ity. 

DYNAMIC RANGE 

The Dynamic Range is a measure of the ratio of the 
smallest signals the converter can produce to the full
scale range and is usually expressed in decibels (dB). The 
theoretical dynamic range of a converter is approxi
mately 6 X n, or about 96dB for a l6-bit converter. The 
actual, or useful, dynamic range is limited by noise and 
linearity errors and is therefore somewhat less than the 
theoretical limit. However, this does point out that a 
resolution of at least 16 bits is required to obtain a 90dB 
minimum dynamic range, regardless of the accuracy of 
the converter. Another specification that is useful for 
audio applications is Total Harmonic Distortion (THD). 

TOTAL HARMONIC DISTORTION 

THD is useful in audio applications and is a measure of 
the magnitude and distribution of the Linearity Error, 
Differential Linearity Error, and Noise, as well as Quan-
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tization Error. To be useful, tHO should be specified for 
both high level and low level input signals. This error is 
unadjustable and is the most meaningful indicator of 
O/A converter accuracy for audio applications. 

The THO is defined as the ratio of the square root of the 
sum of the squares of the values of the harmonics to the 
value of the fundamental input frequency and is expressed 
in percent or dB. The rms value of the PCM54/55 error 
referred to the input can be shown to be 

(I) 

f,m. = j -} £ [Edi) + Eq(i»)' ,., 

where n.is the number of samples in one cycle of any 
given sine wave, EL(i) is the linearity error of the PCM54 
or PCM55 at each sampling point, and EQ{i) is the quan
tization error at each sampling point. The THO can then 
be expressed as 

j :. ~ [EL(i) + EQ(i)t 
THO = Enn. = ,-, x 100% 

Enn. Enn. 
(2) 

where E,m. is the rms signal-voltage level. 

This expression indicates that, in general, there is a 
correlation between the THO and the square root of the 
sum of the squares of the linearity errors at each digital 
word of interest. However, this expression does not 
mean that the worst-case linearity error of the O/A is 
directly correlated to the THO. 

For the PCM54/55 the test period was chosen to be 
22.7/Js (44.1kHz) which is compatible with the EIAJ 
STC-007 specification for PCM audio. The test fre
quency is 420Hz and the amplitude of the input signal 
is OdB, -20dB, and -60dB down from full scale. 

Figure 4 shows the typical THO as a function of output 
voltage. 

10.0 

4.0 
2.0 

~ 
#- 1.0 
.5 .. \ ;;; 0.4 = 
~ 0.2 

~ c 

~ 14·BIII 
~ 0.1 

1\.\ V ;;; 

"i 0.04 

5 0.02 

~ = ; 0.01 

~ ... l~BIII 
0.004 
0.002 

0.001 
-80 -50 -40 -30 ·20 ·10 0 

OdB aquals Full Scala Ringe (FSR) VOUT (dB) 

FIGURE 4. Total Harmonic Distortion (THO) vs VOUT• 

Figure 5 shows typical THO as a function of frequency. 

0.1 

i! 0.05 

~ 
0.82 i .. 

.!! 0.01 (·2OdB) 
~ 
== 0.005 

J 
0.002 

~rll Sc~le) 
0.001 

100 lk 10k 
Frequency (Hz) 

FIGURE 5. Total Harmonic Distortion (THO) vs 
Frequency. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

20k 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection ~iagram. These capacitors (I/JF tan
talum or electrolytic recommended) should be located 
close to the converter. 

MSB ERROR ADJUSTMENT PROCEDURE 
(OPTIONAL) 

The MSB error of the PCM54 and PCM55 can be 
adjusted to make the differentiallinearlty error (OLE) at 
BPZ essentially zero. This is important when the signal 
output levels are very low because zero crossing noise 
(OLE at BPZ) becomes very significant when compared 
to the small code changes occurring in the LSB portion 
of the converter. 

Differential linearity error at bipolar zero is guaranteed 
to meet data sheet specifications without any external 
adjustment. However, a provision has been made for an 
optional adjustment of the MSB linearity point which 
makes it possible to eliminate OLE error at BPZ (PCM54 
only). Two procedures are given to allow either static or 
dynamic adjustment. The dynamic procedure is pre
ferred because of the difficulty associated with the static 
method (accurately measuring 16-bit LSB steps). 

To statically adjust OLE at BPZ, refer to the circuit 
shown in Figure 6 or the PCM54 connection diagram. 
After allowing ample warm-up time (20-30 minutes) to 
assure stable operation of the PCM54, select input code 
8000 hexadecimal (all bits on except the MSB). Measure 
the audio output voltage using a 6-1/2 digit voltmeter 
and record it. Change the digital input code to 7FFF 
hexadecimal (all bits off except the MSB). Adjust the 
100kO potentiometer to make the audio output read 
92/J V more than the voltage reading of the previous code 
(a lLSB step = 92/JV). 
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A much simpler method is to dynamically adjust the 
DLE at BPZ. Again, refer to Figure 6 or the PCM54 
connection diagram for circuitry and component values. 
Assuming the device has been installed in a digital audio 
application circuit, send the appropriate digital input to 
produce a -60dB level sinusoidal output. While measur
ing the TH D of the audio circuit output, adjust the 
100kO potentiometer until a minimum level of distortion 
is observed. 

FIGURE 6. MSB Differential Linearity at Bipolar Zero 
Adjustment Circuit (optional). 

INSTALLATION 
CONSIDERATIONS 
If the optional external MSB error circuitry is used 
(PCM54), a potentiometer with adequate resolution and 
a TCR of IOOppmj °C or less is required. Also, extra care 
must be taken to insure that no leakage path (either AC 
or DC) exists to pin 27 (PCM54). If the circuit is not 
used, pin I (PCM54) should be terminated to common 
with a O.OlI'F capacitor. 
The PCM converter and the wiring to its connectors 
should be located to provide the optimum isolation from 
sources of RFI and EMI. The important consideration 
in the elimination of RF radiation or pickup is loop area; 
therefore, signal leads and their return conductors should 
be kept close together. This reduces the external mag
netic field along with any radiation. Also, if a signal lead 
and its return conductor are wired close together they 
represent a small flux-capture cross section for any 
external field. This reduces radiation pickup in the cir
cuit. 

APPLICATIONS 
A samplej hold amplifier, or "deglitcher", is required at 
the output of the DjA converter for both the left and 
right channel, as shown in Figure 7. The SjH amplifier 
for the left channel is composed of A" SW I , and asso
ciated circuitry. A, is used as an integrator to hold the 
analog voltage in C I . Since the source and drain of the 
FET switch operates at a virtual ground when "C" and 
"B" are closed in the sample mode, there is no increase in 
distortion caused by the modulation effect of RON by the 
audio signal. 

Figure 8 shows the deglitcher control signals for both the 
left and right channels which are produced by the timing 
control logic. A delay of 2.51's (tw) is provided to elimi~ 
nate the glitch and allow the output of the PCM54-V to 
settle within a small error band around its final value 
before connecting it to the channel output. 

Due to the fast settling time of the PCM54-V, it is possi-

ble to minimize the delay between the left channel and 
right channel outputs when using a single DjA converter 
for both channels. This is important because the left and 
right channel data is recorded in phase and use of a 
slower DjA converter would result in signficant phase 
error at the higher audio frequencies. 

A low-pass filter is required at the S j H output to remove 
all unwanted frequency components caused by the sam
pling frequency as well as the discrete nature of the DjA 
converter output. The filter must have a flat amplitude 
response over the entire audio band (0 to 20kHz) and a 
very-high attenuation above 20kHz. Most previous digi
tal audio circuits used a high-order (9-13 pole) analog 
filter. However, the phase response of an analog filter 
with these amplitude characteristics is nonlinear and can 
disturb the pulse-shaped characteristics of the transients 
contained in music. 

LEFT CHANNEL 
DEGLITCHER 
CONTROL 

RIGHT CHANNEL 
DEGLITCHER CONTROL 

A 'lOW" SIGNAL ON THE OEGLITCHER 
CONTROL CLOSES SWITCH "A" WHilE A 
"HIGH" SIGNAL CLOSES SWITCH "8". 

FIGURE 7. A Samplej Hold Amplifier (Deglitcher is 
Required at the Digital-to-Analog Output 
for Both Left and Right Channels. 

I I 
---441kHz -----' 
~r--~.r--_-,\I __ ~,/-~-,r 

DATA FOR OAt ~ AIGMICKAIIIIHOAIU I l!FICMUI(LDAU. XAIGMICMAIIIIUDAIA_. 'X"HTC~UIIElDA1'" IX 

I 

RIGHT -l ":, 
DE~~I~~:~~-;---~rL,----_--~-

CONTROL Itt 

!:fi~L ______ ~~ LEFT 
CHANNEl 

DEGltTCMER 
CONTROL -.I ~ DELAY BETWHN LEFT AND RIGHT CHANNEl 

THE [!I:GUTCHER CONTROL SIGNALS ARE GENERATED BY THE TIMING CONTROL lOGIC THE FAST 
SETTLING TIME OF THE PCM54/55 MAKES IT POSSIBLE TO MINIMIZE THE DELAY BETWEEN LEFT 
AND RIGHT CHRNNELS TO ABOUT 45p"'. WHICH REDUCES PHASE ERROR AT THE HIGHER AUDIO 
FREQUENCIES 

FIGURE 8. Timing Diagram for the Deglitcher 
Control Signals. 
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BURR-BROWN@ 

113131 PCM56P 

DESIGNED FOR AUDIO 

Serial Input 16-Bit Monolithic 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• SERIAL INPUT 
• LOW COST 
• NO EXTERNAL COMPONENTS REQUIRED 
• 16·BIT RESoLUT1oN 
• 15·BIT MoNoToNICITY, TYP 
• 0.001% OF FSR TYP DIFFERENTIAL LINEARITY 

ERROR 
• 0.0025% MAX THO (FS Input, K Grade, 16 Bits) 
• 0.02% MAX THO (-2odB Input, K Grade, 16 Bits) 
• 1.5ps SETTLING TIME, TYP (Voltage Out) 
• 96dB DYNAMIC RANGE 
• ±3Vor ±lmA AUDIO OUTPUT 
• EIAJ STC·OO7·CoMPATlBLE 
• OPERATES ON ±5V to ±12V SUPPLIES 
• PINOUT ALLOWS lOUT OPTION 
• PLASTIC DIP PACKAGE 

DESCRIPTION 
The PCM56P is a state-of-the-art, fully monotonic, 
digital-to-analog converter that is designed and 
specified for digital audio applications. This device 
employs ultra-stable nichrome (NiCr) thin-film 
resistors to provide monotonicity, low distortion, 
and low differential linearity error (especially around 
bipolar zero) over long periods of time and over the 
full operating temperature. 

This converter is completely self-contained with a 
stable, low noise, internal zener voltage reference; 
high speed current switches; a resistor ladder net
work; and a fast settling, low noise output opera
tional amplifier all on a single monolithic chip. The 
converters are operated using two power supplies 
that can range from ±5V to ±12V. Power dissipation 
with ±5V supplies is typically less than 200mW. 
Also included is a provision for external adjustment 
of the MSB error (differential linearity error at 
bipolar zero) to further improve total harmonic 
distortion (THD) specifications if desired. Few 
external components are necessary for operation, 
and all critical specifications are 100% tested. This 
helps assure the user of high system reliability and 
outstanding overall system performance. 

The PCM56P is packaged in a high-quality 16-pin 
molded plastic DIP package and has passed oper
ating life tests under simultaneous high-pressure, 
high-temperature, and high-humidity conditions. 

16-Blt Input Latch 

16-Blt Senal-to-Parallel Conversion 

Clock LE Data 

InternatIOnal Airport Industnal Park· P.D Box 11400 • Tucson. Arizona B5734· Tel. (602) 7411·1111 • Twx. 911).952·1111 • Cable' BBRCDRP • Talax 66·6491 

PDS-700 
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SPECIFICATIONS 
ELECTRICAL 
TYPical at +25°C and nommal power supply voltages of ±5V unless otherwise noted 

MODEL PCMS6P/-J/-K 

MIN TYP MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolution 16 Bits 
Digital Inputs 11 ] V," +24 +V, V 

V" 0 +08 V 
Ih-!, VIN = +2 7V +10 pA 
IlL. VIN =: +0 4V -50 pA 

Input Clock Frequency 100 MHz 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gam Error ±20 % 
Bipolar Zero Error ±30 mV 
Differential Lmeanty Error ±OOOI % of FSRI21 

NOise (rms, 20Hz to 20kHz) at Bipolar Zero (VOUT models) 6 pV 

TOTAL HARMONIC DISTORTION 
Vo = ±FS at f = 991Hz PCM56P-K 0002 00025 % 

PCM56P-J 0002 0004 % 
PCM56P 0002 0008 % 

Vo = -20dB at f = 991 Hz PCM56P-K 0018 0020 % 
PCM56P-J 0018 0040 % 
PCM56P 0018 0040 % 

Vo = -60dB at f = 991 Hz PCM56P-K 18 20 % 
PCM56P-J 18 40 % 
PCM56P 18 40 % 

MONOTONICITY 15 Bits 

DRIFT (O°C to +70°C) 
Total Dnft(3) ±25 ppm of FSRfOC 
Bipolar Zero Dnft ±4 ppm of FSR/oC 

SETTLING TIME (to ±O 006% of FSR) 
Voltage Output 6V Step 15 ps 

lLSB 10 ps 
Slew Rate 12 Vips 

Current Output, 1mA Step 100 to 1000 load 350 ns 
1kO loadl4) 350 ns 

WARM-UP TIME 1 Min 

OUTPUT 

Voltage Output Configuration Bipolar Range 

.1 ±30 1 
V 

Output Current ±80 mA 
Output Impedance 010 0 
Short Circuit Duration Indefinite to Common 

Current Output Configuration 

I 
Bipolar Range (±30%) ±10 I mA 
Output Impedance (±30%) 12 kO 

POWER SUPPLY REQUIREMENTS'" 

Voltage +Vs and +VL +475 +500 +132 V 
~Vs and ~VL -475 -500 -132 V 

Supply Drain (No Load) +V (+Vs and +V, = +5V) +100 +170 mA 
-V (-Vs and -V, = -5V) -250 -350 mA 
+V (+Vs and +V, = +12V) +120 mA 
-v (~Vs and -VL = -12V) -270 mA 

Power DISSipation Vs and VL = ±5V 175 260 mW 
Vs and VL = ±12V 468 mW 

TEMPERATURE RANGE 

Specification 0 +70 °C 
Operation -25 +70 °C 
Storage -60 +100 °C 

NOTES (1) LogiC Input levels are TTL/CMOS-compatible (2) FSR means full-scale range and IS equivalent 
to 6V (±3V) for PCM56 In the VOUT mode (3) ThiS IS the combined dnft error due to gain, offset, and Ilneanty 
over temperature (4) Measured with an active clamp to provide a low Impedance for approximately 
200ns (5) All specifications assume +Vs connected to +VL and -Vs connected to -VL If supplies are 
connected separately, -VL must not be more negative than -Vs supply voltage to assure proper operation No 
similar restriction applies to the value of +VL with respect to +Vs 
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MECHANICAL 

Pin 1 

o----++------,.~ 

f1PfuTffl1t~ 'JGL jl-D f 1 

--- H Seating Plane 

NOTE Leads In true posItion 
within 010" ( 25mm) R at MMC 
at seating plane 

PINS Pin matenal and plating 
composition conform to method 
2003 (solderability) of M I L-STD-
883 (except paragrah 3 2) 

CASE PlastiC 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 740 800 1880 2032 
A, 725 785 1842 1994 
8 230 290 585 738 
8, 200 250 509 636 
C 120 200 305 509 
D 015 023 038 059 
F 030 070 076 178 
G 100 BASIC 254 BASIC 

H 002 005 051 127 
J 008 015 020 038 
K 070 150 178 382 
L 300 BASIC 763 BASIC 
M 0' 15' 0' 15' 
N ala 030 025 076 
P 025 050 064 127 
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ORDERING INFORMATION 

Model THO at FS ('!oj 

PCM56P 0008 Max 
PCM56P-J 0004 
PCM56P-K 00025 

PIN ASSIGNMENTS 

1 -Vs Analog Negative Supply 
2 lOG COM logic Common 
3 tVL logic Positive Supply 
4 NC No Connection 
5 ClK Clock Input 
6 lE latch Enable Input 
7 DATA Serial Data Input 
8 --VL logic Negative Supply 
9 VOUT Voltage Output 

10 RF Feedback Resistor 
11 SJ Summmg Junction 
12 ANA COM Analog Common 
13 lOUT Current Output 
14 MSB ADJ MSB Adjustment Terminal 
15 TRIM MSB Trim-pot Termmal 
16 +Vs Analog Positive Supply 

ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltages 
Input logic Voltage 
Power DIssipation 
Operating Temperature 
Storage Temperature 
lead Temperature DUring Soldering 

DISCUSSION OF 
SPECIFICATIONS 

±16VDC 
-tV to +VS/+VL 

850mW 
-25°C to +70°C 

-60°C to +100°C 
IDs at 300°C 

The PCM56P is specified to provide critical performance 
criteria for a wide variety of applications. The most 
critical specifications for a DjA converter in audio 
applications are Total Harmonic Distortion, Differential 
Linearity Error, Bipolar Zero Error, parameter shifts 
with time and temperature, and settling time effects on 
accuracy. 

The PCM56P is factory-trimmed and tested for all 
critical key specifications. 

The accuracy of a D j A converter is described by the 
transfer function shown in Figure 1. Digital input to 
analog output relationship is shown in Table I. The 
errors in the D j A converter are combinations of analog 
errors due to the linear circuitry, matching and tracking 
properties of the ladder and scaling networks, power 
supply rejection, and reference errors. In summary, these 
errors consist of initial errors including Gain, Offset, 
Linearity, Differential Linearity, and Power Supply 
Sensitivity. Gain drift over temperature rotates the line 
(Figure 1) about the bipolar zero point and Offset drift 
shifts the line left or right over the operating temperature 
range. Most of the Offset and Gain drift with temperature 

CONNECTION DIAGRAM 

NOTE: (1) MSB error (Bipolar Zero dlfferentiallinearily error) 
can be adjusted to zero using the external circuit shown in 
Figure 6. 

or time is due to the drift of the internal reference zener 
diode. The converter is designed so that these drifts are 
in opposite directions. This way the Bipolar Zero voltage 
is virtually unaffected by variations in the reference 
voltage. 

0111 
1111 I AIIBItsOn 1 

Gain 
0111 1110 Drift ...... • 
0000 

OO"k 
. \ 

~ 0000 0001 • "-
.!; 

0000 0000 
"j§ 

, Bipolar Zero c;, 1111 1111 Offset • <5 Drift 
1111 1110 \ • 
1000 

0001 L" 
1000 0000 • I ,\ / 

-FSR/2 Analog Output (+FSR12) -ILSB 

·See Table I for digital code definitions 

FIGURE 1. Input vs Output for an Ideal Bipolar DjA 
Converter. 

TABLE I. Digital Input to Analog Output Relationship. 

Digital Input Analog Output 

Binary Twos Voltage (V). Current (rnA). 
Comptement (BTC) DAC Output VOUT Mode lOUT Mode 

7FFF Hex + Full Scale +2999908 -0999970 
8000 Hex - Full Scale -3000000 +1000000 
0000 Hex Bipolar Zero 0000000 0000000 
FFFF Hex Zero -ILSB -0000092 +0030500pA 
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DIGITAL INPUT CODES 

The PCM56P accepts serial input data (MSB first) in the 
Binary Twos Complement (BTC) form. Refer to Table I 
for input output relationships. 

BIPOLAR ZERO ERROR 
Initial Bipolar Zero Error (Bit I "on" and all other bits 
"off") is the deviation from OV out and is factory
trimmed to typically ±30mV at +25°C. 

DIFFERENTIAL LINEARITY ERROR 
DIfferential Linearity Error (OLE) is the deviation from 
an ideallLSB change from one adjacent output state to 
the next. OLE i, important in audio applications because 
excessIve OLE at Bipolar Zero (at the "major carry") can 
re,ult in audible crossover distortion for low level output 
signab. InitIal OLE on the PCM56P is factory trimmed 
to typically ±O.OOI'li of FSR. The MSB OLE is adjust
able to !ero using the circuit shown in Figure 6. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 

The PCM56P power supply sensitivity is shown by 
Figure 2. Normally, regulated power supplies with 1% or 
less ripple are recommended for use with the DAC. See 
also Power Supply Connections paragraph in the Instal
lation and Operating Instructions section. 
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FIGURE 2. Power Supply Sensitivity. 

SETTLING TIME 
Settling time is the total time (including slew time) 
required for the output to settle within an error band 
around its final value after a change in input (see Figure 
3). 

Settling times are specified to ±0.006% of FSR: one for 
a large output voltage change of 6V and one for a lLSB 
change. The lLSB change is measured at the major carry 
(0000 hex to ffff hex), the point at which the worst-case 
settling time occurs. 
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FIGURE 3. Full Scale Range Settling Time vs Accuracy. 

STABILITY WITH TIME AND TEMPERATURE 

The parameters of a 0 I A converter designed for audio 
applications should be stable over a relatively wide 
temperature range and over long periods of time to 
avoid undesirable periodic readjustment. The most impor
tant parameters are Bipolar Zero Error, Differential 
Linearity Error, and Total Harmonic Distortion. Most 
of the Offset and Gain drift with temperature or time is ~ 
due to the drift of the internal reference zener diode. The" 
PCM56P is designed so that these drifts are in opposite 
directions so that the Bipolar Zero voltage is virtually 
unaffected by variations in the reference voltage. Both 
OLE and THO are dependent upon the matching and 
tracking of resistor ratios and upon V BE and hFE of the 
current-source transistors. The PCM56P was designed 
so that any absolute shift in these components has 
virtually no effect on OLE or THO. The resistors are 
made of identical links of ultra-stable nichrome thin
film. The current density in these resistors is very low to 
further enhance their stability. 

DYNAMIC RANGE 

The Dynamic Range is a measure of the ratio of the 
smallest signals the converter can produce to the full
scale range and is usually expressed in decibels (dB). The 
theoretical dynamic range of a converter is approximately 
6 X n, or about 96dB of a l6-bit converter. The actual, or 
useful, dynamic range is limited by noise and linearity 
errors and is therefore somewhat less than the theoretical 
limit. However, this does point out that a resolution of at 
least 16 bits is required to obtain a 90dB minimum 
dynamic range, regardless of the accuracy of the conver
ter. Another specification that is useful for audio applica
tions is Total Harmonic Distortion. 

TOTAL HARMONIC DISTORTION 

THO is useful in audio applications and is a measure of 
the magnitude and distribution of the Linearity Error, 
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Differential Linearity Error, and Noise, as well as Quanti
zation Error. To be useful, THO should be specified for 
both high level and low level input signals. This error is 
unadjustable and is the most meaningful indicator of 
D/A converter accuracy for audio applications. 

The TH 0 is defined as the ratio of the square root of the 
sum of the squares of the values of the harmonics to the 
value of the fundamental input frequency and is expressed 
In percent or dB. The rms value of the PCM56P error 
referred to the input can be shown to be 

t rm , = Jlin ~ [E, (i) + Ev(i)]' (I) 
I = 1 

where n " the number of samples in one cycle of any 
given ,inc wave, E, (i) is the linearity error of the 
PCM56P at each sampling point, and Ev(i) is the 
quantization error at each sampling point. The THO can 
then be expressed as 

(2) 

----------- X 100% 
Erms 

where Erms is the rms signal-voltage level. 

This expression indicates that, in general, there is a 
correlation between the TH 0 and the square root of the 
sum of the squares of the linearity errors at each digital 
word of interest. However, this expression does not 
mean that the worst-case linearity error of the D/A is 
directly correlated to the THO. 

For the PCM56P the test period was chosen to be 22.7p.s 
(44.lkHz), which is compatible with the EIAJ STC-007 
specification for PCMaudio. The test frequency is 
991Hz and the amplitude of the input signal is OdB, 
-20dB, and -60dB down from full scale. 

Figure 4 shows the typical TH 0 as a function of output 
voltage. 
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FIGURE 4. Total Harmonic Distortion (THO) vs Your. 

Figure 5 shows typical THO as a function of frequency. 
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FIGURE 5. Total Harmonic Distortion (THO) vs 
Frequency. 

20k 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 
For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. These capacitors (lp.F tan
talum or electrolytic recommended) should be located 
close to the converter. 

MSB ERROR ADJUSTMENT PROCEDURE 
(OPTIONAL) 

The MSB error of the PCM56P can be adjusted to make 
the differential linearity error (OLE) at BPZ essentially 
zero. This is important when the signal output levels are 
very low, because zero crossing noise (OLE at BPZ) 
becomes very significant when compared to the small 
code changes occurring in the LSB portion of the 
converter. 

Differential linearity error at bipolar zero and THO are 
guaranteed to meet data sheet specifications without any 
external adjustment. However, a provision has been 
made for an optional adjustment of the MSB linearity 
point which makes it possible to eliminate OLE error at 
BPZ. Two procedures are given to allow either static or 
dynamic adjustment. The dynamic procedure is preferred 
because of the difficulty associated with the static method 
(accurately measuring 16-bit LSB steps). 

To statically adjust OLE at BPZ, refer to the circuit 
shown in Figure 6 or the PCM56 connection diagram. 

470kO 100kO 200kO 
Tnm 

::~ _ 0", 

MSB Ad,ust 

FIGURE 6. MSB Adjustment Circuit. 
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After allowing ample warm-up time (5-10 minutlOS) to 
assure stable operation of the PCM56, select input code 
FFFF hexadecimal (all bits on except the MSB). Measure 
the audio output voltage using a 6-1/2 digit voltmeter 
and record it. Change the digital input code to 0000 
hexadecimal (all bits ofr' except the MSB). Adjust the 
100kO potentiometer to make the audio output read 
92J.1 V more than the voltage reading of the previous code 
(a lLSB step = 92J.1V). 

A much simpler method is to dynamically adjust the 
OLE at BPZ. Again, refer to Figure 6 for circuitry and 
component values. Assuming the device has been installed 
in a digital audio application circuit, send the appropriate 
digital input to produce a -80dB level sinusoidal output. 
While measuring the THO of the audio circuit output, 
adjust the 100kO potentiometer until a minimum level of 
distortion is observed. 

INPUT TIMING CONSIDERATIONS 
Figures 7 and 8 refer to the input timing required to 
interface the inputs of PCM56P to a serial input data 
stream. Serial data is accepted in Binary Twos Comple
ment (BTC) with the MSB being loaded first. Data is 
clocked in on positive going clock (CLK) edges and is 
latched into the DAC input register on negative going 
latch enable (LE) edges. 

stopped before the "17th" clock cycle occurs, however, 
the last serial input shift will not occur (the MSB will be 
in the bit 2 position). In any application where clock is 
noncontinuous, attention must be given to providing 
enough clocks to fully input the data word. 

Figure 7 refers to the general input format required for 
the PCM56P. Figure 8 shows the specific relationships 
between the various signals and their timing constraints. 

FIGURE 8. Input Timing Relationships. 

INSTALLATION The latch enable input must be high for at least one clock 
cycle before going low, and then must be held low for at 
least one clock cycle. The last 16 data bits clocked into 
the serial input register are the ones that are transferred 
to the DAC input register when latch enable goes low. In 
other words, when more than 16 clock cycles occur 
between a latch enable. only the data present during the 
last 16 clocks will be transferred to the DAC input 
register. 

~~~p~:~~x~~!~~e~or circuitry is used, a. 
One requirement for clocking in al: 16 bits is the 
necessity for a "17th" clock pulse. This automatically 
occurs when the clock is continuous (last bit shifts in on 
the first bit of the next data word). When the clock is 

Clock 

Data 

potentiometer with adequate resolutidn and a TCR of 
l00ppm/oC or less is required. Also, extra care must be 
taken to insure that no leakage path (either AC or DC) 
exists to pin 14. If the circuit is not used, pins 14 and 15 
should be left open. 

The PCM converter and the wiring to its connectors 
should be located to provide the optimum isolation from 
sources of RFI and EMI. The important consideration 
in the elimination of RF radiation or pickup is loop area; 

111 

Latch 
Enable 

(31 : • 1:Jr- - - - - - - - - - -- - - - - - -- - -- - - - - - - - - -- - - - --, 
, . 
___ • ______________ - --------------------_ • ..1 

p -- .. _ .. 

NOTES. (1) If clock IS stopped between input of IS-bit data words, latch enable (LE) must remain low until after the first clock of the next 
16-bit data word stream. (2) Data format is binary two's complement (BTC). IndiVidual data bits are clocked in on the corresponding 
positive clock edge. (3) Latch enable (LE) must remain low at least one clock cycle after going negative. (4) Latch enable (LE) must be 
high for at least one clock cycle before going negative. 

FIGURE 7. Input Timing Diagram. 
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therefore, signal leads and their return conductors should 
be kept close together. This reduces the external magnetic 
field along with any radiation. Also, if a signal lead and 
its return conductor are wired close together, they 
represent a small flux-capture::' ,cross section for any 
external field. This reduces radiation pickUp in the 
circuit 

APPLICATIONS 
Figure, 9 and 10 show a circuit and timing diagram for a 
,ingle PCM56P used to obtain both left- and right
channel output in a typical digital audio system. The 
audio output of the PCM56P is alternately time-shared 

Senal Data 

Clock 

Latch Enable 

Letl Channel 
Deglitcher Control 

Right Channel 
Deglltcher Control 

PCM56P 

A "low" signal on the deg/ltcher control closes sWitch "A", 

while a "high" signal closes sWitch "8" 

between the left and right channels. The design is greatly 
simplified because the PCM56P is a complete D/ A 
converter requiring no, external reference or output op 
amp. 

A sample/hold (S/ H) amplifier, or "deglitcher" is 
required' at the output of the D / A for both the left and 
right channel, as shown in Figure 9. The S/H amplifier 
for the left channel is composed of AI, SW I, and 
associated circuitry. Al is used as an integrator to hold 
the analog voltage in CI. Since the source and drain of 
the FET swtich operate at a virtual ground when "C" 
and "8" are connected in the sample mode, there is no 
increase in distortion caused by the modulation effect of 
Ro~ by the audio signal. 

22kCl 

R, 

MP7512 

22kCl 

R, 

22kCl 

22kCl 

Left Channel 
Output to LPF 

Right Channel 
Output to LPF 

• 1 OPA101AM or 1/4 OPA404KP 
or 1 OPA606KP 

FIGURE 9. A Sample/ Hold Amplifier (Deglitcher) is Required at the Digital-to-Analog Output for Both Left and 
Right Channels. 

Serial Data 

I I 
... � .. --------441kHz------.... ~1 
I I 

Ir-----------~ ,----------~Ir_----------~ ,----------~ 
Left Channel Right Channel Left Channel Right Channel 

LatchEnablel~, ----Jfl n __ ---Jn ___ rL 
~ ~ tw ~ 1 5J.1s DAC Settling Time 

Right Channel n ! : n 
Deglitcher Control _______ --1. L. -+1-+1--------------..... .. __________ __ 

I I I 

Left Channel ________ -+ll __ -ihL _______ ..,.... ________ ...... n .. _______ _ 
Deglltcher Control ., I . . 

I I 
I I 
~ r--

tOELAY 4 5ps max 

The deglltcher control signals are generated by timing control logic The fast settling time of the PCM56P makes It possible to 
minimiZe the delay between left and fight channels to about 4 511S, which reduces phase error at the higher audio frequencies 

FIGURE 10. Timing Diagram for the Deglitcher Control Signals. 
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Figure \0 shows the deglitcher controls for both left and 
right channels which are produced by timing control 
logic. A delay of 1.5Ms (tw) is provided to allow the 
output of the PCM56P to settle within a small error 
band around its final value before connecting it to the 
channel output. Oue to the fast settling time of the 
PCM56P it is possible to minimize the delay between the 
left- and right-channel outputs when using a single 0/ A 
converter for both channels. This is important because 
the right- and left-channel data are recorded in-phase 
and the u,e of a ,lower 0 I A converter would result in 
,ignificant pha,e error at higher frequencies. 

The obviou, ,olullon to the phase shift problem in a 
two-channel ,y,tem would be to use two D/ A converters 
(one per channel) and time the outputs to change 
.,Imultaneously. Figure II shows a block diagram of the 
final te,t circuitry used for PCM56P. It should be noted 
that no deglitching circuitry is required on the DAC 
output to meet specified THD performance. This means 
that when one PCM56P is used per channel, the need for 
all the sample/ hold and controls circuitry associated 
with a single OAC (two-channel) design is effectively 
eliminated. The PCM56P is tested to meet its THO 
specifications without the need for output deglitching. 

A low-pass filter is required after the PCM56P to 
remove all unwanted frequency components caused by 
the sampling frequency as well as those resulting from 
t he discrete nature of the 0/ A output. This filter must 
have a flat frequency response over the entire audio band 
(O-20kHz) and a very high attenuation above 20kHz. 

Most previous digital audio circuits used a higher order 
(9 13 pole) analog filter. However, the phase response of 
an analog filter with these amplitude characteristics is 
nonlinear and can disturb the pulse-shaped characteristic 
transients contained in music. 

SECOND GENERATION SYSTEMS 
One method of avoiding the problems associated with a 
higher order analog filter would be to use digital filter 
oversampling techniques. Overs amp ling by a factor of 
two would move the sampling frequency (88.2kHz) out 
to a point where. only a simple low-order phase-linear 
analog filter is required after the deglitcher output to 
remove unwanted intermodulation products. In a digital 
compact disc application, various VLSI chips perform 
the functions of error detection/ correction, digital filter
ing, and formatti'ng of the digital information to provide 
the clock, latch enable, and serial input to the PCM56P. 
These VLSI chips are available from several sources 
(Sony, Yamaha, Signetics, etc.) and are specifically 
optimized for digital audio applications. 

Oversampled circuitry requires a very fast D / A converter 
since the sampling freuqency is multiplied by a factor of 
two or more (for each output channel). A single PCM56P 
can provide two-channel oversampling at a 4X rate 
(176.4kHz/ channel) and still remain well within the 
settling time requirements for maintaining specified THO 
performance. This would reduce the complexities of the 
analog filter even further from that used in 2X over- ... 
sampling circuitry. ~ 

Programmable 
Low-Pass 

Filter :> z o o 
Use 400Hz High-Pass Distortion Meter - Gain Amp 

Filter and 30kHz Oto60dB 
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FIGURE II. Block Diagram of Distortion Test Circuit. 
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BURR-BROWW 

IElElI PCM58P 

Precision, 18-Bit Monolithic Audio 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
.18-BIT MONOLITHIC AUDIO D/A 

CONVERTER 

• VERY LOW MAX THD+N: -96dB Without 
External Adjustment; PCM58P-K 

• SERIAL INPUT FORMAT 100% 
COMPATIBLE WITH INDUSTRY STD 
16-BIT PCM56P 

• VERY FAST SETTLING, GLITCH-FREE 
CURRENT OUTPUT (200ns) 

• LOW-NOISE SCHMITT TRIGGER LOGIC 
INPUT CIRCUITRY 

• COMPLETE WITH REFERENCE 

• RELIABLE PLASTIC 28-PIN DIP 
PACKAGE 

Clock 0-
Control 
Logic 

Latch Enable 0-

i-

Data 
y 

DESCRIPTION 
The PCM58P is a complete, precision 18-bit digital
to-analog converter with ultra-low distortion overa very 
wide frequency range. The latched serial input data 
format of the PCM58P is totally based on the widely 
successful 16-bit PCM56P format (with the addition 
of two more data bits). The PCM58P features a very 
low noise and fast settling current output. The PCM58P 
is an excellent example of "latest generation" technol
ogy in the ever growing BURR-BROWN PCM product 
family of low-cost/high performance data converters. 

The PCM58P comes in a 28-pin plastic DIP package. 
A provision is made for external adjustment of the four 
MSBs to further improve the PCM58P's specifications, 
if desired. Applications include very low distortion 
frequency synthesis and high-end consumer and pro
fessional digital audio applications. 

Reference I VREF 

MSBAdj 

18·Blt 
IOUTDAC /' , 1"' II Serlal·to·Parallel 

Shift Register 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson. AZ 85706 
Tel: (602) 746-1111 • Twx: 910-952·1111 • cable: BBRCORP Telex: 66-649t • FAX: (602) 889-1510 

PDS·868 
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SPECIFICATIONS 
ELECTRICAL 
All Specifications at 2S'C, and ±Vee = +S.OV and -12.0V unless othelWise noted. 

PARAMETER CONDITIONS 

RESOLUTION 

DYNAMIC RANGE 

INPUT 

DIGfTAL INPUT 

Logic Fam,ly 
Logic Level: v," 

v" 
I," V~ = +2.7V 
I. V" = +Oo4V 

Data Format 
Input Clock Frequency 

DYNAMfC CHARACTERISTICS 

TOTAL HARMONIC DISTORTION + N'" Without MSB Adjustments 

PCM58P: 
f = 991 Hz (OdB)'" fs = 176.4kHz'" 
f = 991 Hz (-20dB) fs = 176.4kHz 
f = 991 Hz (-60dB) fs = 17604kHz 

PCM58P-J: 
f = 991 Hz (OdS) fs = 17604kHz 
f = 991 Hz (-20dB) fs = 176.4kHz 
f = 991 Hz (-60dB) fs = 176.4kHz 

PCM58P-K 
f = 991 Hz (OdB) fs = 176.4kHz 
f = 991 Hz (-20dB) fs = 176.4kHz 
I = 991Hz (-60dB) Is = 17604kHz 

TRANSFER CHARACTERISTICS 

ACCURACY 

Gain Error 
Bipolar Zero Error5) 

Gain Drift O'Clo 70'C 
Bipolar Zero Drift O'C t070'C 
Warm-up Time 

IDLE CHANNEL SNR'" 20Hz to 20KHz at BPZ'" 

POWER SUPPLY REJECTION 

OUTPUT 

ANALOG OUTPUT 

Output Range 
Output Impedance 
Internal Rfeedback 
Settling Time lmAStep 
Glitch Energy 

POWER SUPPLY REQUIREMENTS 

+Vee Supply Voltage 
-Vee Supply Voltage 
Supply Current +Ioc +Vcc = +S.OV 

-Icc -Vee = -12.0V 
Power Dissipation 

TEMPERATURE RANGE 

Specification 
Operating 
Storage 

PCM58PIP.J/P·K 

MIN TYP MAX UNITS 

18 BITS 

108 dB 

TTJCMOS COmp~tible 
+2.0 +Vcc V 
0.0 0.8 V 

+1.0 ItA 
-50 ItA 

Serial BTC'" 
16.9 20 MHz 

-94 -92 dB 
-74 -72 dB 
-40 -34 dB 

-96 -94 dB 
-80 -74 dB 
-40 -34 dB 

-100 -96 dB 
-82 -80 dB 
-42 -40 dB 

±1 ±2 % 
±10 mV 
25 ppml'C 
4 ppm 01 FSRI'C 

1 Minute 

+126 dB 

+72 dB 

±0.98 ±1.0 ±1.02 mA 
1.2 kG 
3 kll 

200 ns 
Meets all THD+N Specs Without Extemal Deglitching 

+4.75 +5.00 +5.50 V 
-10.8 -12.0 -13.2 V 

+10 mA 
-30 mA 
410 mW 

0 +70 'C 
-30 +70 'C 
-60 +100 'C 

0. 
CO 
It) 

:s 
o 
0. 

:> z o 
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0. en 
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CJf 
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NOTES: (1) Binary Two's Complement coding. (2) Ratio of (Distortion .... + NoiseR..,.) / Signal..... (3) D/A converter output frequency/signal level. (4) D/A converter l1li: 
sample frequency (4 x 44.1 kHz; 4 times oversampling). (S) Offset error at bipolar zero. (6) Measured using an OPA27 and 10kn feedback and an A·welghted filter. 0":;: 
(7) Bipolar Zero. 
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MECHANICAL 

P Package-28-Pln Plastic DIP 

Denotes Pin 1 

PIN ASSIGNMENTS 

PIN 

PI 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 

Pl0 
Pl1 
P12 
P13 
P14 
P15 
P16 
P17 
P18 
P19 
P20 
P21 
P22 
P23 
P24 
P25 
P26 
P27 
P28 

DESCRIPTION 

Decoupling Capacitor 
+Vcc Voltage Supply 
Decoupling CapacHor 
Decoupling Capacitor 
Bipolar Offset Point 
Current DAC lOUT 
Feedback Resistor 
Analog Common 
-Vee Voltage Supply 
Feedback ReSistor 
Digital Common 
No Connection 
+Vcc Voltage Supply 
No Connection 
Decoupling Capacitor 
Clock 
DAC Latch Enable 
No Connection 
Data Input 
-Vee Voltage Supply 
No Connection 
No Connection 
No Connection 
Bit 4 Adjust 
Bit 3 Adjust 
Bit 2 Adjust 
Bit 1 (MSB) Adjust 
Bit Adjust V POT 

Burr-Brown Ie Data Book 

MNEMONIC 

CAP 
+V .. 
CAP 
CAP 
BPO 
lour 
R~ 
ACOM 
-Vee 

R" 
DCOM 
NC 
+V .. 
NC 
CAP 
CLK 
LE 
NC 
DATA 
-Vee 
NC 
NC 
NC 
B4ADJ 
B3ADJ 
B2ADJ 
Bl ADJ 
VPOT 

INCHES MllUMETERS 
DIM MIN MAX MIN MAX 
A 1.350 1.450 34.29 36.83 
B .520 .575 13.21 14.61 
C .169 .224 4.29 5.70 
D .015 .023 0.38 0.58 
F .043 .062 1.09 1.57 
G .100 BASIC 2.54 BASIC 
H .030 .090 0.76 2.29 
J .008 .015 0.20 0.38 
K .100 .150 2.54 3.81 
l .600 BASIC 1524 BASIC 
M 0' IS' 0' IS' 
N .018 .040 0.46 I 1.02 

ORDERING INFORMATION 

NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers are shown 
for reference only. 
Numbers may not be 
marked on package. 
Case: plastic. 
Weight: 4.3 grams 
(0.150z.) 

~ -x 
Basic Model Number - T 

P: Plastic 
Performance Grade Code --------------' 

ABSOLUTE MAXIMUM RATINGS 

±V~Supply Voltages •••...•...•.••.••.••.••.•...•......•.......•.....•......••...••.• +6V; -16V 
Input Logic Voltage •..•...•..••...........••........•.•..•..•.......•..•.......•....• -tV to +Vcc 
Storage Temperature •••...•.........•.•••...........•••..•.••....•........ ~O'C to +1 OO'C 
Lead Temperature during soldering •...•........•...•......•...•....... 10s at +300'C 
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Use 400Hz High-Pass 
Filter and 30kHz Distortion !.--
Low-Pass Filter Analyzer 
Meter Settings 

(Shiba Soku Model 
725 or Equivalent) 

Binary Digital Code 
Counter (EPROM) 

t 
I II 

Timing 
Logic 

FIGURE L PCM58P Production THD+N Test Setup_ 

DISCUSSION OF 
SPECIFICATIONS 
TOTAL HARMONIC DISTORTION + NOISE 

Programmable Low-Pass 
Filter Gain Amp 

(Toko APQ-25 OdBto 60dB 
or Equivalent) 

t 
Parallel-to-Serial OUT 

Conversion (PCM58P) 

• Lat~ E!able I Clock 

Sampling Rate = 44_1 kHz X 4 (176.4kHz) 
Output Frequency = 991 Hz 

IDLE CHANNEL SNR 

LOW-PASS F1LTER 

_2~gCHARACTERISTIC 

i -40 

~ --60 
--60 

-100 

-120 
1 10' 10' 10' 104 10' 

Frequency (Hz) 

Another appropriate spec for a digital audio converter is idle 
channel signal to noise ratio (idle channel SNR). This is the 
ratio of the noise on the DAC output at bipolar zero in relation 

The key specification for the PCM58P is total harmonic 
distortion plus noise_ Digital data words are read into the 
PCM58P at four times the standard audio sampling frequency 
of 44_IkHz or 176AkHz such that a sinewave output of991 Hz 
is realized_ For production testing the output of the DAC 
.goes to a programmable gain amplifier to provide gain at 
lower signal output test levels and then through a 20kHz low 
pass filter before being fed into an analog type distortion 
analyzer_ See Figure 1, which shows a block diagram of the 
production THD+N test setup_ 

to the f.jll scale range of the DAC. The output of the DAC ... 
is haIKHimited from 20Hz to 20kHz and an A-weighted filter -= 
i. applied to m~ke this measurement. The idle channel SNR 

In terms of signal measurement, THD+N is the ratio of 
DistortionRMs + NoiseRMs / SignaiRMs expressed in dB_ For 
the PCM58P, THD+N is 100% tested at three different output 
levels using the test setup shown in Figure L It is signifi
cant to note that this test setup does not include any output 
deglitching circuitry. This means the PCM58P meets even 
it's -6OdB THD+N specification without use of external 
deglitchers. 

ABSOLUTE LINEARITY 

Even though absolute integral and differential linearity specs 
are not given for the PCM58P, the extremely low THD+N 
performance is typically indicative of 15-bit to 16-bit integral 
linearity in the DAC depending on the grade specified. The 
relationship between THD+N and linearity, however, is not 
such that an absolute linearity specification for every indi
vidual output code can be guaranteed. 

for the PCNI5;;'P is typically greater than +I26dB, making 
it ideal for low-noise applications. 

OFFSET, GAIN, AND TEMPERATURE DRIFT 

Although the PCM58P is primarily meant for use in dynamic 
applications, specifications are also given for more traditional 
DC parameters such as gain error, bipolar zero offset error, 
and temperature gain drift and offset drift. 

TIMING CONSIDERATIONS 
The PCM58P accepts TTL compatible logic input levels. 
Noise immunity is enhanced by the use of Schmitt trigger 
input architectures on all input signal lines. The data format 
of the PCM58P is binary two's complement (BTC) with the 
most significant bit (MSB) being first in the serial input bit 
stream. Table 1 describes the exact input data to voltage output 
coding relationship. Any number of bits can precede the 18 
bits to be loaded as only the last 18 will be transferred to 
the parallel DAC register after LE (p17; latch enable) has 
gone low. 

The individual DAC serial input data bit shifts transfer are 
triggered on positive CLK edges. The serial to parallel data 
transfer to the DAC occurs on the falling edge of LE (P17). 
Refer to Figure 2 for graphical relationships of these signals. 
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MAXIMUM CLOCK RATE 

The maximum clock rate of 16.9mHz for the PCM58P is 
derived by multiplying the standard audio sample rate of 
44.1kHz times sixteen (16X oversampling) times the stan
dard audio word bit length of 24 (44.1kHz x 16 x 24 = 
16.9mHz). Note that this clock rate accommodates a 24-bit 
word length, even though only 18 bits are actually being used. 

P16 (Clock) lJ1Jlilfl 
pI8(Oata)~ 

P17 (Latch Enable) l ... _ ... I ______ _ 

TABLE I. PCM60P Input/Output Relationships. 

DIGITAL INPUT ANALOG OUTPUT 

Binary Two's Voltage (V) • Current (mA) 
Complement (BTC) DAC Output VOU1 Mode lout Mode 

3FFFF Hex +FS +2.9999943 -0.9999981 
20000 Hex BPZ 0.0000000 0.0000000 
lFFFF Hex BPZ-1LSB -0.0000057 +0.0000019 
00000 Hex -FS -3.0000000 +1.0000000 

----------'/ L 
NOTES: (1) If clock is stopped between input of IS-bit data words. latch enable (LE) must remain low until after the first clock of the next IS-bit data word 
stream. (2) Data format is binary two's complement (BTC). Individual data bits are clocked In on the corresponding positive clock edge. (3) Latch enable 
(LE) must remain low at least one clock cycle after going negative. (4) Latch enable (LE) must be high for at least one clock cycle before going negative. 

FIGURE 2. PCM58P Timing Diagram. 

"STOPPED·CLOCK" OPERATION 

The PCM58P is normally operated with a continuous clock 
input signal. If the clock is to be stopped in between input 
data words, the last 18-bits shifted in are not actually shifted 
from the serial register to the latched parallel DAC register 
until LE (latch enable) goes low. If the clock input (PI6, 
CLK) is stopped between data words, LE (P17) must remain 
low until after the first clock cycle of the next data word 
to insure proper DAC operation. In either case, the setup and 
hold times for DATA and LE must still be observed as shown 
in Figure 3. 

INSTALLATION 
Refer to Figure 4 for proper connection of the PCM58P in 
the voltage-out mode using the internal feedback resistor. The 
feedback resistor connections (P7 and PI 0) should be connected 
to ACOM (P8) if not used. The PCM58P requires only a 
+5V and-12V supply. It is very important that these supplies 
be as "clean" as possible to reduce coupling of supply noise 
to the output. Power supply decoupling capacitors shown in 
Figure 4 should be used, regardless of how good the supplies 
are to maximize power supply rejection. All grounds should 
be connected to the analog ground plane as close to the 
PCM58P as possible. 

: .... >40ns-+-: 

-~-~ta-ut----'X LSB )::: X,-_M_SB ___ > 
~'l5:S' ;15';;' 

Clock 
Input, : 

~">40ns -..~ ... >40n8 .... lj>sns 
:...-->100ns---.: . 

: ~ ~::->15ns~ 

E~:e.-/ \ ..-: :_> One Clock Cycle _:_> One Clock Cycle _: 

FIGURE 3. PCM58P Setup and Hold Timing Diagram. 

FILTER CAPACITOR REQUIREMENTS 

As shown in Figure 4, other various decoupling capacitors 
are required around the supply and reference points with no 
special tolerances being required. Placement of all capaci
tors should be as close to the appropriate pins of the PCM58P 
as possible to reduce noise pickup from surrounding circuitry. 
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+5V 

Optional External Op-Amp 
�---------

1 ~I--~-r--~~ 

1 
1 
1 
1 
1 
1 

1 1 1 ________ ..1 

NOTE: Conect P7 and P10 to P8 
(ACOM) if internal feedback resis-

tor is not used -.Cf~r~'---+------I 

FIGURE 4_ PCM58P Connection Diagram_ 

MSB ADJUSTMENT CIRCUITRY 

With the optional bit adjustment circuitry shown in Figure 
4, even greater performance can be realized by reducing the 
first four major bit carry output errors to zero_ The most 
important adjustment for low level outputs would be the step 
between BPZ (bipolar zero; MSB on, all other bits off) and 
the code, which is one LSB less than BPZ (MSB off, all 
other bits on), since every crossing of zero would go through 
this bipolar rnajor carry point_ This MSB bit adjustment would 
be made by outputing a very low level signal sine wave and 
calibrating the lOOkn potentiometer circuit connected to P28 
and P27while monitoring the THD+N of the PCM58P until 
peak performance is observed_ 

1 
1 
1 
1 
1 

1 330kn I 
'- _____ 1 

Optional 
Bit 

Adjust 
Circuit 

3_3~Fl 

l 

-12V 

Bits 2 through 4 can also be adjusted if desired to obtain 
optimum full-scale, output THD+N performance_ An addi
tionallOOkn potentiometer adjustment circuit is required for 
every additional bit to be adjusted_ If bit adjustment is not 
performed, the respective pins on the PCM58P should be 
left open. 

Once bit adjustment is performed, the reference voltage at 
VPOT (P28) will track the internal reference, insuring that 
the THD+N performance of the PCM58P will remain unaf
fected by external temperature changes_ 
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BURR - BROWN@) 

IElElI PCM60P 

16-Bit CMOS Monolithic Audio 
DIGITAL-TO-ANALOG CONVERTE'R 

FEATURES 
• LOW COST 16-BIT 2·CHANNEL CMOS 

MONOUTHIC D/A CONVERTER 

• SINGLE SUPPLY +5V OPERATION 

• 50mW POWER DISSIPATION 

• GUTCH·FREE VOLTAGE OUTPUTS 
• LOW DISTORTION: -86dB MAX THD+N 

• COMPLETE WITH REFERENCE 

• SERIAL INPUT FORMAT 
• SINGLE OR DUAL DAC MODE 

OPERATION 

• PLASTIC 24·PIN SOIC PACKAGE 

Vcc(+5V) 

SDMSEL 

LRDAC 

LRCLK 
WDCLK 

CLK 

DATA 

DESCRIPTION 
The PCM60P is a low cost, dual output 16-bit CMOS 
digitaI-to-analog converter. The PCM60P features 
true glitch-free voltage outputs and requires only a 
single +SV supply. The PCM60P doesn't require an 
external reference. Total power dissipation is less than 
SOmW max. Low maximum Total Harmonic Distor
tion + Noise(-86dB max; PCM60P-J) is 100% tested. 
Either one or two channel output modes are fully user 
selectable. 

The PCM60P comes in a spl¢e~saving 24-pin plastic 
sOle package. PCM60P accepts a serial data input 
forinat and is compatible with other BURR -BROWN 
PCM products such as the industry standardPCM56P. 

Reference VAEF 

ACOM 

Vour LEFT 

VCCM 

Vour RIGHT 

DOOM 

InIIrnatlDnalAl.porlinduslrlllParfl • IIaIllng~POBoxll400 • 'IIIcIon,AZ85734 • SiIIet~6730S. 'IIIcIon8lvd. • ruc-,AZ II57lI6 
1'11:(802)748-1111 • Twx: 81M52-1111 • CIIbll:BIIRCORP TeIex:8H481' FAX: (602) 811801510 

POS·869A 
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SPECIFICATIONS 
ELECTRICAL 
All Specifications at 25'C, and +Vee = +5.00V unless otherwise noted. 

PCM60P/P.J 

PARAMETER CONDITIONS MIN TYP MAX 

RESOLUTION lB 

DYNAMIC RANGE 9B 

INPUT 

DIGITAL INPUT 

TTL Icompatlble cLos Logie Family 
Logic Level: V1H 11H = +40pA max +2.4 +5.25 

V" IlL = -40jJA max 0.0 0.8 
Data Format Serial BTC'" 
Input Clock Frequency 8.5 

DYNAMIC CHARACTERISTICS 

TOTAL HARMONIC DISTORTION + N'. 

PCMBOP: 
I = 991 Hz (OdB)'" fs = 176.4kHz(4) -88 -82 
I = 991 Hz (-20dB) f, = 176.4kHz -88 
f = 991 Hz (-60dB) fs = 176.4kHz -28 

PCM60P·J: 
I = 991 Hz (OdB) fs = 176.4kHz -92 -86 
f = 991 Hz (-20dB) f, = 176.4kHz -68 
f = 991 Hz (-BOdB) f, = 176.4kHz -28 

CHANNEL SEPARATION +80 +85 

TRANSFER CHARACTERISTICS 

ACCURACY 

Gain Error Vem = 2.8 Vp.p ±2 ±10 
Gain Mismatch Channel to Channel ±1 
Bipolar Zero ErrorS) ±30 
Gain Drift O'C to 70'C 100 
Warm-up Time 1 

IDLE CHANNEL SNRl" 20-20kHz; with A-weighted fifter +90 

OUTPUT 

ANALOG OUTPUT I I I Output Range 2.8 
Output Impedance 2 
Short Circuit Duration To Be Determined 
Settling Time Sufficient to Meet 17604kHz THD+N Specs 
Glitch Energy Meets all THD+N Specs Without External Output Deglitching 

POWER SUPPLY REQUIREMENTS 

+Vee Supply Voltage +4.75 +5.00 +5.25 
Supply Current +9.5 
Power Dissipation Vee = +5.00V 50 

TEMPERATURE RANGE 

Specification a +70 
Operating -80 +70 
Storage -60 +100 

UNITS 

Bits 

dB 

V 
V 

MHz 

dB 
dB 
dB 

dB 
dB 
dB 

dB 

% 
% 
mV 

ppm/'C 
minute 

dB 

Vp·p 
0 

V 
rnA 
mW 

'c 
'c 
'c 

D
O 
cg 
:E 
o 
D-

.. 
:> z 
o o 
<C 
C 
D
C/) 
Q 

tJf 
Z 

NOTE: 1) Binary Two's Complement coding. (2) Ratio of (Distortion, .... + Noise,....> / Signal, .... (3) D/A converter output frequency/signal level (on both left and right 0 
channels). (4) D/A converter sample frequency (4 x 44.1 kHz; 4 times oversampling per channel). (5) Offset error at bipolar zero. (B) Ratio of output at BPZ (Bipolar -
Zero) to the full scale range using a 20kHz low pass Iilter In addition to an A-weighted filter. !d: 
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MECHANICAL 

P Package-24-Pln SOIC 

~:'~ 
11 

B, B 

~~ll 

PIN ASSIGNMENTS 

PIN 

Pt 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 

Pl0 
Ptl 
P12 
P13 
Pt4 
Pt5 
Pt6 
Pt7 
PtS 
PI9 
P20 
P21 
P22 
P23 
P24 

DESCRIPTION 

Left/Right Clock 
Word Clock 
Clock 
Data 
No Connection 
No Connection 
Digital Common 
Analog Common 
No Connection 
Left Channel V wr 
Output Common 
Right Channel V wr 
+ V cc Analog Supply 
+ V" Analog Supply 
Reference Decouple 
No ConneCtion 
VREF Sense 
Voltage Reference 
+V" Analog Supply 
+V" Analog Supply 
+V" Digital Supply 
No Connection 
Single DAC Mode 
Left/Right DAC Select 

Burr-Brown Ie Data Book 

MNEMONIC 

LRCLK 
WDCLK 
CLK 
DATA 
NC 
NC 
DCOM 
ACOM 
NC 
LCHOut 
VCOM 
RCHOut 
+Vcc 
+Vce 
CReF 

NC 
VRE,SEN 
VREF 

+Vcc 
+Vcc 

, +Vcc 
NC 
SDMSEL 
LRDAC 

INCHES MILUMETERS 
DIM MIN MAX MIN MAX 
A .614 .630 15.60 16.00 
A. .610 TYP 15.5 TYP 
B .328 .346 8.33 8.80 
B. .331 TYP 8.4 TYP 
C - .098 2.50 
D .012 .020 0.30 0.50 
G .046 .054 1.17 1.37 
H .075 .115 1.91 2.92 
J .0039 .010 0.10 0.26 
L .453 .476 11.5 12.1 
M O· TYP O· TYP 
N .0039 0.10 

L-dJ ,---( -h._-.-t 
r-I- L.---::l_J"JJ 

M 

ORDERING INFORMATION 

NOTE: Leads In true 
position within 0.01" 
(O.25mm) R at MMC 
at seating plane. Pin 
matertal and plating 
composition conform 
to method 2003 
solderability of MIL· 
STD·883 (except 
paragraph 3.2) 

PCM60P ·X 
Basic Model Number =-r- T 

P: Plastic 
Performance Grade Code-------------' 

ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage •.••..•••.••..•.•..•••...•...•..••.•...•......••.••....•..•....•...••....•.. +1 OV 
Input Logic Voltage •....•...........••.•.•......•..........................•..... -3V to +5.25V 
Power Dissipation ............................................................................ 50mW 
Operating Temperature : ..••...•........•...........•.•.........•......•.•. -30·C to +70·C 
Storage Temperature ...................................................... ~O·C to +loo·C 
Lead Temperature (soldertng. lOs) ................................................ +300·C 

6.2-188 Vol. 33 



PACKAGE PIN NUMBERS SERIAL LEFT RIGHT 

P23 P24 P1 P2 DATA WORD CHANNEL CHANNEL 
SDMSEL LRDAC LRCLCK WDCLK INPUT OUTPUT OUTPUT 

0 X 0 0 Right Hold Hold 
0 X 0 1 Right Integrate Hold 
0 X 1 0 leI! Hold Hold 
0 X t 1 leI! Hold Integrate 

I 0 0 0 Inhibited V"", Hold 
I 0 0 I Inhibited V""" Hold 
I 0 I 0 leI! V"", Integrate 
I 0 I I leI! V"", Integrate 

I I 0 0 Right V,,,, Hold 
I I 0 I Right V"" Hold 
I I I 0 Inhibited V"", Integrate 
I I I I Inhibited V"", Integrate 

NOTE: Positive edge 01 CLK (P3) latches LRCLK (PI). WDCLK (P2). and DATA (P4). 

TABLE I. PCM60P Logic Truth Table. 

THEORY OF OPERATION 
The PCM60P is a dual output, l6-bit CMOS digital-to-analog 
audio converter. The PCM60P, complete with internal ref
erence, has two glitch-free voltage outputs and requires only 
a single +5V power supply. Output modes using either one 
or two channels per DAC are user selectable. The PCM60P 
accepts a serial data input format that is compatible with other 
BURR-BROWN PCM products such as the industry standard 
PCM56P. 

SDMSEL 

+Vcc VREF VREF 
SEN 

16·BitD/A 
Converter 

FIGURE 1. PCM60P Block Diagram 

ONE DAC TWO-CHANNEL OPERATION 

Normally, the PCM60P is operated with a continuous clock 
input in a two-channel output mode. This mode is selected Q. 
when SDM SEL is held low (P23; single DAC mode select). 0 
Refer to the truth table shown by Table 1 for exact control ~ 
logic relationships. Data for left and right channel output is IIIC 
loaded alternately into the PCM60P while the control logic ~ 
switches the left and right output amplifiers between the ... 
appropriate integrate and hold modes. Data word latching is 
controlled by WDCLK (P2; word clock) and channel selec-

RCH 

Your 

-

Burr-Brown Ie Data Book 6.2-189 Vol. 33 



TWO CHANNEL PER DAC OUTPUT MODE 

P3 (CLK) lJlJl ~ 
P2(WDCLK) ~ ~ ~ ~ L 
PI (LRCLK) ~ Load Right Channel Data I Load Left Channel Data L 
P4(DATA) J:IEJ ~ 

Pl0 (LCH OUT) Hold ~ Integrate ~ Hold 

Pl0 (LCH V OUT) =>==== 
P12 (RCH OUT) ~ HOld ~ Integrate L 
P12 (RCH Your) =>-c:-__ _ 
NOTES: P23 (Single DAC Mode Select) = 0; P24 (LJR DAC Select) = X; P2 (WDCLK) = 50% Duty Cycle; Serial Data is read in MSB First 
with BTC Coding (MSB = Bit 1). 

SINGLE CHANNEL PER DAC OUTPUT MODE 

P3 (CLK) lJlJl 
Both DACs 

P2 (WDCLK) -, 1 
Both DACs L- ---..l ~~ L 

Load Left DAC Data L Load Right DAC Data ,---______ 1 PI (LRCLK) ~ Both DACs 

P4(DATA) J:IEJ Both DACs 

~ integrate L P12 (RCH OUT) ~ RightDAC 
Hold 

=>====----P12 (RCH V OUT) 
Right DAC 

~ integrate L P12 (RCH OUT) ~ Left DAC 
Hold 

=>-c:--__ P12 (RCH V OUT) 
Left DAC 

NOTES: P23 (Single DAC Mode Select) = 1; P24 (LJR DAC Select) = 0 (Left DAC) or 1 (Right DAC). 

FIGURE 2. PCM60P Timing Diagram. 
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DIGITAL INPUT ANALOG OUTPUT 

Binary Two's Voltage (V) 
Complement (BTC) DAC Output (V) V ... Mode 

7FFFHex +FS +3,5629443 
0000 Hex BPZ +2,1629871 
FFFFHex BPZ-1 +0,7629871 
8000 Hex -FS +1.1000000 
2E5BHex VCOM . +2.6700000 

TABLE II.PCM60P Input/Output Relationships. 

tion is made by LRCLK (PI; left/right clock). The block dia
gram in Figure I shows how a single DAC output provides 
switched output to both integrate and hold amplifiers. Figure 
2 shows the timing for the single DAC two-channel mode 
of operation. Output between left and right channels in this 
mode is not in phase. See Figure 3 for proper connection of 
the PCM60P in the two-channel DAC mode. 

TWO DAC TWO·CHANNEL OPERATION 

In phase, two-channel output can be obtained by using two 
PCM60Ps and choosing the single DAC mode (setting P23 
SDM SEL high). With the use of a high or low input level 
on LRDAC (P24; left/right DAC select), each DAC can have 

C2 

C3 

its right channel output dedicated to either left or right data 
input with no additional input signals being required to latch 
the appropriate data from an alternating L/R data word input 
stream. In the single DAC mode, the PCM60P's left channel 
output is disabled and held at + V COM' In this mode both DACs 
share cornmoninputs for DATA, CLK, WDCLK,andLRCLK. 
Otherwise circuit connection is the same as the two-channel 
DACmode, with the exception ofLRDAC whose level selects 
whether the single DAC will output dedicated left or right 
channel data. 

INTEGRATE & HOLD OUTPUT AMPLIFIERS 

The PCM60P incorporates integrate and hold amplifiers on 
each output channel. This allows a single, very fast DAC to 
feed both amplifiers and reduce circuit complexity. It also 
serves to block the output glitch from the DAC to the indi
vidual channel outputs and effectively makes the PCM60P 
outputs "glitch-free." The PCM60P is a single +5V supply 
device with a voltage output swing of 2.8Vp-p The outputs 
swing asymmetrically around VCOM (+V cc - 2.33V). See 
Table II for exact input/output relationships. Since true CMOS 
amplifiers are used on the PCM60P, the load resistance on 
the outputs should not be less than lOOKO and the capacitive 
loads should not exceed lOOpf. For maximum low-distortion 
performance, output buffer amplifiers should be considered. 

LRDAC 

SDMSEL 

NC 

+vcc 

v.EF 

V.EFSEN 

NC C5 

L-----------------------------~--~--+_+VCC 

FIGURE 3. PCM60P Connection Diagram. 
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Use 400Hz High-Pass Programmable low-Pass 
Filter and 30kHz Filter Distortion Meter ..--- Gain Amp 
low-Pass Filter 

OdB to SOdB 
Meter Settings 

(Taka APQ-25 
or Equivalent) lOW-PASS FilTER 

-2~ .CHARACTERISTIC 

~ -40 

(Shiba Soku Model t 725 or Equivalent) 

Binary Digital Code Parallel-to-Serial OUT ~ -SO 
-80 Counter (EPROM) ~ Conversion (PCMSOP) 

t 1 

I I, 
Clock 

latchELle t 
-100 

-120 
1 10' 102 10' 10' 10' 

Frequency (Hz) 

Sampling Rate = 44.1 kHz X 4 (17S.4kHz) 
Timing 
logic 

FIGURE 4. THD + N Test Setup Diagram. 

DISCUSSION OF 
SPECIFICATIONS 
TOTAL HARMONIC DISTORTION + NOISE 

The key specification for the PCM60P is total harmonic 
distortion plus noise. Digital data words are read into the 
PCM60P at four times the standard audio sampling frequency 
of 44. 1kHz or 176.4kHz for each channel such that a sine
wave output of 991Hz is realized. For production testing the 
output of the DAC goes to a programmable gain amplifier 
to provide gain at lower signal output test levels and then 
through a 20kHz low pass filter before being fed into an analog 
type distortion analyzer. Figure 4 shows a block diagram 
of the production THD+N test setup. 

In terms of signal measurement, THD+N is the ratio of 
DISTORTIONRMS + NOISERMS / SIGNALRMS expressed in 
dB. For the PCM60P, THD+N is 100% tested at three dif
ferent output levels using the test setup shown in Figure 4. 
It is significant to note that this circuit does not include any 
output deglitching circuitry. This means the PCM60P meets 
even its --60dB THD+N specification without use of exter
nal deglitchers. 

ABSOLUTE LINEARITY 

Even though absolute integral and differential linearity specs 
are not given for the PCM60P, the extremely low THD+N 
performance is typically indicative of I4-bit to IS-bit integral 
linearity in the DAC depending on the grade specified. The 
relationship between THD+N and linearity. however. is not 
such that an absolute linearity specification for every indi
vidual output code can be guaranteed. 

Output Frequency = 991 Hz 

IDLE CHANNEL SNR 
Another appropriate spec for a digital audio converter is idle 
channel signal to noise ratio (idle channel SNR). This is the 
ratio of the noise on either DAC output at bipolar zero in 
relation to the full scale range of the DAC. The output of 
the DAC is band limited from 20Hz to 20kHz and an A
weighted filter is applied to make this measurement. 

OFFSET, GAIN, AND TEMPERATURE DRIFT 

The PCM60P is specified for otherimportant parameters such 
as channel separation and gain mismatch between output 
channels. And although the PCM60P is primarily meant for 
use in dynamic applications, typical specs are also given for 
more traditional DC parameters such as gain error. bipolar 
zero offset error, and temperature gain drift. 

i---SOns mln--..j 

P3 (ClK) 

P4(DATA) X X 
r----t 

P2(WDClK) '" 15ns min 

PI (lRCLK) X 
1+-1 

15n8 min 

FIGURE 5. PCM60P Setup and Hold Timing Diagram 
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TIMING CONSIDERATIONS 
The data format of the PCM60P is binary two's complement 
(BTC) with the most significant bit (MSB) being first in the 
serial input bit stream. Table 2 describes the exact input data 
to voltage output coding relationship. Any number of bits can 
proceed the 16-bits to be loaded as only the last 16 will be 
transferred to the parallel DAC register on the first positive 
edge of CLK (P3; clock input) after WDCLK (P2; word clock) 
has gone low. All inputs to the PCM60P are TTL level com
patible. 

WDCLK DUTY CYCLE 

The input signal that controls when data is loaded and how 
long each output is in the integrate mode is WDCLK (P2). 
It is therefore recommended that a 50% (high) duty cycle 
be maintained on WDCLK. This will ensure that each output 
will have enough time to reach it's final output value, and 
that the output level of each channel will be within the gain 
mismatch specification. Refer to Fignre 2 for exact timing 
relationships ofWDCLK to CLK andLRCLK and the outputs 
of the PCM60P. The WDCLK can be high longer than 50% 
as long as setup and hold times shown in Figure 5 are observed 
and the time high is roughly equivalent for both left and right 
channels. 

SETUP AND HOLD TIMES 

The individual serial data bit shifts, and the serial to parallel 
data transfer, and left/right control are triggered on positive 
CLK edges. The setup time required for DATA, WDCLK, 
and LRCLK to be latched by the next positive going CLK 
is 15ns minimum. A minimum hold time of 15ns is also 
required after the positive going CLK edge for each data bit 
to be shifted into the serial input register. Refer to Figure 
5 for the timing relationship of these signals. 

MAXIMUM CLOCK RATE 

The 100% tested maximum clock rate of 8.47mHz for the 
PCM60P is derived by multiplying the standard audio sample 
rate of 44.lkHz times eight (4X oversampling times two 
channels) times the standard audio word bit length of 24 
(44.lkHz x 4 x 2 x 24 = 8.47mHz). Note that this clock rate 
accommodates a 24-bit word length, even though only 16 
bits are actually being used. 

"STOPPED-CLOCK" OPERATION 

The PCM60P is normally operated with a continuous clock 
input signal. If the clock is to be stopped in between input 
data words, the last 16-bits shifted in are not actually shifted 
from the serial register to the latched parallel DAC register 
until the first clock after the one used to input bit 16 (LSB). 
This means the data is not shifted into the DHC latch until 
the start of the next 16-bit data word input unless at least 
one additional clock accompanies the 16 used to serially shift 
in data in the first place. In either case, the setup and hold 
times for DATA, WDCLK, andLRCLK must still be observed. 

INSTALLATION 
The PCM60P only requires a single +5V supply. The +5V 
supply, however, is used in deriving the internal reference. 
It is therefore very important that this supply be as "clean" 
lIs possible to reduce coupling of supply noise to the out
puts. If a good analog supply is available at greater than +5V, 
a zener diode can be used to obtain a stable +5V supply. A 
lOOIJF decoupling capacitor as shown in Figure 3 should be 
used regardless of how good the +5V supply is to maximize 
power supply rejection. All grounds should be connected to 
the analog ground plane as close to the PCM60P as possible. 

FILTER CAPACITOR REQUIREMENTS 

As shown in Figure 3, CREF (PI5) and VREF SEN (PI7) 
should have decoupling capacitors of .IIJF (C4) and IOIJF 
(C5) to + V cc respectively with no special tolerance being 
required. To maximize channel separation between left and 
right channels, 5% 300pF capacitors (C2 and C3) between 
V COM and left and right channel outputs are required in 
addition to a5% 31JF capacitor (CI) between V COM (Pll) and 
+5V. The ratio of 10K to I is the important factor here for 
proper circuit operation. Placement of all capacitors should 
be as close to the appropriate pins of the PCM60P as possible 
to reduce noise pickup from surrounding circuitry. 

APPLICATIONS 

a. 
o 
U) 

::5 
o a. 

Probably the most popular use of the PCM60P is in appli-
cations requiring single power supply operation. Forexarnple, ... 
the PCM60P is ideal for automotive compact disk (CD) and . ..:r.I 
digital audio tape (DAT) playback units. To use a more 
complex bipolar DAC requiring ±5V supplies in the +12V 
application for example would require driving a stable 
"floating" ground and regulating the +12V to +IOV. The 
single supply CMOS PCM60P would only require a +5V 
zener diode to regulate its 50mW max supply. The outputs 
could be AC coupled to the rest of the circuit for perfectly 
acceptable high dynamic performance. The PCM60P is ideal 
in any application requiring a minimum of additional circuitry 
as well as ultra low-power CMOS performance. 

Of course, the PCM60P is the D/A converter of choice in 
any application requiring very low power dissipation. Port
able battery powered test and measurement equipment re
quiring very low distortion digital to analog converters would 
be ideal applications for the CMOS PCM60P with its 50m W 
max power dissipation. 
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BURR-BROWNI!!> 

I E:IE:I I PCM64P 

ADVANCE INFORMATION 
Subject to Change 

18-Bit Audio 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 18-BIT MONOLITHIC AUDIO DIA CONVERTER 
• LOW -96dB MAX THD+N AT FS (16-BIT 

LINEARITY WITH EXTERNAL ADJUST) 
• VERY FAST SETTlING CURRENT OUTPUT (2oon8) 
• PARALLel INPUTS. 42-PIN PLASTIC "SHRINK" DIP 
• USER PROVIOES 10V REFERENCE AND OP AMP TO 

OPTIMIZE COST EFFECTIVENESS 
• -15V. +5V SUPPLIES. 415mW POWER 

DISSIPATION 

APPLICATIONS 
• HIGH ACCURACY DIRECT DIGITAL WAVEFORM 

SYNTHESIS 
• PROFESSIONAL AND HIGH END DIGITAL AUDIO 

DESCRIPTION 
The PCM64JP / KP is a precision 18-bit digital-to
analog converter that features 16-bit linearity and 
ultra low distortion over a very wide frequency 
range. It is based on the highly accurate and stable 
18-bit DAC729. The PCM64P greatly reduces cost 
by allowing the user to supply an external reference 
and current-to-voltage converter. This enables opti
mum cost/performance designs to be achieved when 
the very good temperature drift and stability specifi
cations of the DAC729 are not necessarily required. 

The PCM64P comes in a 42-pin double-wide plastic 
"shrink" DIP package. Applications include very 
low distortion frequency synthesis and very high end 
consumer and professional digital audio applications. 

Inllrnllianll Alrparllndualrlll Park • P.O. Box 11400 • Tuesan. ArlZllll 85734 • Tal.: (B02) 7411-1111 • Twx: 9111-952·1111 • cabla: BBRCOlIP • Talax: l1li-8481 

PDS-786 
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SPECIFICATIONS 
ELECTRICAL 
All specifications at +25°C, +VOD = +5 aov, and ~Vcc = -15 OV unless otherwise noted 

PARAMETER CONDITIONS 

RESOLUTION 

DYNAMIC RANGE 

INPUT 

DIGITAL INPUT 
Logic Family 
Logic Level VIH IIH = +10pA 

V" I.,~ -300pA 
Data Format 

DYNAMIC CHARACTERISTICS 

TOTAL HARMONIC DISTORTION + NOISE'" Fs = 1764kHz with external bits 1-4 adJustl31 

F ~ 991 Hz (ad B) 
F ~ 991Hz (-20dB) 
F ~ 991Hz (-60dS) 

TOTAL HARMONIC DISTORTION + NOISE Fs = 1764kHz without external bits adjust 
F ~ 991 Hz (ad B) 
F ~ 991Hz (-20dB) 
F ~ 991Hz (-60dB) 

NOISE 20Hz to 20kHz at bipolar zero 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain Error 
Bipolar Zero Error 

DRIFT 
Gam O·C to +70·C 
Bipolar Zero O·C to +70·C 

POWER SUPPLY SENSITIVITY 
+Vcc 
-Vee 
+Voo 

WARM-UP TIME 

OUTPUT 

ANALOG OUTPUT 
Output Range l41 

Internal RFEEDBACK 

Output Impedance 

SETTLING TIME 
1mA Step 100 to 1000 load 

REFERENCE REQUIREMENTS 

REFERENCE INPUT 
Input Voltage 
Input Current Unipolar 
Input Current Bipolar 

POWER SUPPLY REQUIREMENTS 

Voltage Range -Vee 
+VOD 

Current -Vee 
+VOD 

Power DISSipation -Vee = -15V, Voo = +SV 

TEMPERATURE RANGE 

Specification 
Storage 

PCM64P 

MIN TYP MAX 

18 

108 

_I I 
TTL Compat,ble 

+24 I I +525 
00 +08 

Paraliel CSB, COB, CTC'" 

-100 -96 
-86 -82 
-46 -42 

-96 -93 
-78 -76 
-38 -36 

3 

±O5 
±60 

±10 
±2 

±0003 
±0003 
±0001 

1 

-100.J. I +100 
10k, 10k, 5k, 5k 

I 30 I 

200 

9.9 10 101 
1 
2 

-145 -155 
+4 75 +525 

-22 
+17 
415 

a +70 
-50 +100 

UNITS 

Bits 

dB 

V 
V 

dB 
dB 
dB 

dB 
dB 
dB 

nArms 

% 
pA 

ppml'C 
ppm of FSR/·C 

%FSR/%Vcc 
%FSR/O/OVcc 
%FSR/OfoVOD 

minute 

mA 
0 

kO 

ns 

V 
mA 
mA 

V 
V 

mA 
mA 
mW 

·C 

'c 

Il.. 
~ 
CO 

== o 
Il.. 

::> z o o 

~ 
Il.. 
UJ 
C 

uf z 
o 
~ 
o 
Z 
::::» 
:::E 

NOTES (1) CTC code requires external inverSion of MSB bit Input (2) RatiO of DistortIon rms + NOise rms/Slgnal rms (3) Fs = Sample rate of DAC :E 
(4 X 441kHz) (4) Tolerance of lOUT and RFEEDBACK IS approximately ±1% 0 
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MECHANICAL 

mm =-[ _____ ~C 
, ~K 

jL D j L G Seating Plane 

OUTPUT DEGLITCHING CIRCUITRY 

C" 
331lF 

Deglltcher 
Control 

+5V 

-15V 

C" 
560pF 

8 

C" 
120pF 

NOTE Leads In true positIon 
within 0 01" (0 25mm) Rat MMC 
at seatmg plane. 

Pm numbers shown for reference 
only Numbers may not be marked 
on package 

DIM 

B 

C 
0 

G 
J 

L 
M 

INCHES 
MIN MAX 

1 520 
575 
200 

0165 023 
039 TYP 

070 BASIC 
007 014 
100 

600 TYP 
O'C 
020 

15"C 

R" 
10kO 

R" 
56kO 

MILLIMETERS 
MIN MAX 

3860 
1460 
510 

038 058 
100 TYP 

178 BASIC 
018 036 
254 
1524 TYP 

O'C 15"C 
051 

c" 

1_ 33pF r __________ I,_N_fr_o_m_p_in __ 35 ____________________________________________ ~ of PCM64P 

IC, AD7512 R" 
A, OPA606 56kO 
A,OPA671 
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ANALOG MULTIPLEXERS 

Use Burr-Brown analog multiplexers to realize a very low cost-per-channel 
solution to multiple-channel data conversion or analog distribution systems 
designs. Two types are offered-a low-cost, high-quality family of devices 
ranging from 4 to 16 channels that can accommodate either single-ended or 
differential signals, and a very fast switching family, single-ended or 
differential, for high-throughput rate applications. All are TTL- and CMOS
compatible, have input protection in excess of the maximum power supply 
voltages, and can be operated singly or in multi-tiered matrices. 
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ANALOG MULTIPLEXERS SELECTION GUIDE 
The Selection Guide shows parameters for all grades. Refer to the Product 
Data Sheet for additional information. Models shown in boldface are new 
products introduced since publication of the previous Burr-Brown IC Data 
Book. 

ANALOG MULTIPLEXERS Boldface = NEW 

Input On Settling 
Range Resistance Time Temp 

Description Model Channels (V) max (0) (to 0.01%) Rangel'l Pkg(·1 Page 

Protected HI3-0506A-5 16-channel ±15 Uk 3.5/ls Com 28-pPDIP 7-3 
Inputs single ended 

HI1-0506A-S 16-channel ±15 Uk 3.S/ls Com 2B-pCDIP 7-3 
single ended 

HI1-0S06A-2 16-channel ±15 1.Sk 3.S/ls Mil 2B-p CDIP 7-3 
single ended 

HI3-0S07A-S 8-channel ±15 Uk 3.5/ls Com 2B-p PDIP 7-3 
differential 

HI1-0S07A-S 8-channel ±1S 1.Bk 3.S/ls Com 2B-p CDIP 7-3 
differential 

HI1-0S07A-2 8-channel ±1S 1.Sk 3.S/lS Mil 28-p CDiP 7-3 
differential 

HI3-050BA-S B-channel ±1S Uk 3.S/ls Com 16-p PDIP 7-13 
single ended 

HI1-0S0BA-S 8-channel ±15 1.Bk 3.5/ls Com 16-p CDIP 7-13 
single ended 

HI1-050BA-2 8-channel ±1S 1.Sk 3.S/ls Mil 16-p CDIP 7-13 
single ended 

HI3-0509A-5 4-channel ±15 Uk 3.5/ls Com 16-p PDIP 7-13 
differential 

HI1-0509A-5 4-channel ±15 Uk 3.5/ls Com 16-p CDIP 7-13 
differential 

HI1-0509A-2 4-channel ±15 1.Sk 3.S/ls Mil 16-pCDIP 7-13 
differential 

High Speed MPC800KG 16 single or ±15 750 800ns Com CDIP 7-23 
8 differential 

MPC800SG 16 single or ±15 750 800ns Mil CDIP 7-23 
8 differential 

MPC801KG 8 single or ±15 750 800ns Com CDIP 7-30 
4 differential 

MPC801SG 8 Single or ±15 750 800ns Mil CDIP 7-30 
4 differential 

NOTES: (1) Temperature Range: Com = O°C to +70°C, Mil = -55°C to +125°C. (2) CDIP = Ceramic DIP, PDIP = Plastic DIP. 

MODELS STILL AVAILABLE BUT NOT FEATURED IN THIS BOOK 

MPC16S 
MPC4D 
MPC8S 
MPC8D 
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BURR-BROWN® 

IElElI HI-506A 
HI-507A 

MILITARY & DIE 
VERSIONS 
AVAILABLE 

Single-Ended 16-Channel/Differential 8-Channel 
CMOS ANALOG MULTIPLEXERS 

FEATURES FUNCTIONAL DIAGRAMS 

• ANALOG OVERVOLTAGE PROTECTION: 70Vp-p 
• NO CHANNEL INTERACTION DURING OV~RVOLTAGE 
• ESO RESISTANT 
• BREAK-BEfORE-MAKE SWITCHING 
• ANALOG SIGNAL RANGE: ±15V 
• STANDBY POWER: 7.5mW Iyp 
• TRUE SECOND SOURCE 

DESCRIPTION 
The H 1-506A is a 16-channel single-ended analog 
multiplexer and the HI-507A is an 8-channel differ
ential multiplexer. 

The H 1-506A and H 1-507 A multiplexers have input 
0\ er, oitage protection. Analog input voltages may 
exceed either power supply voltage without damaging 
the device or disturbing the signal path of other 
channels. The protection circuitry assures that signal 
fidelity i, maintained even under fault conditions 
that would destroy other multiplexers. Analog inputs 
can withstand 70Vp-p signal levels and standard 
ESD tests. Signal sources are protected from short 
circuits should multiplexer power loss occur; each 
input presents a IkD resistance under this condition. 
Digital inputs can also sustain continuous faults up 
to 4 V greater than either supply voltage. 

These features make the HI-506A and HI-507A 
ideal for use in systems where the analog signals 
orginate from external equipment or separately 
powered sources. 

The HI-506A and HI-507 A are fabricated with Burr
Brown's dielectrically isolated CMOS technology. 
The multiplexers are available in a hermetic ceramic 
DIP or plastic DIP. Commercial (O°C to +75°C) and 
military (-55°C to + 125°C) versions are available. 

In 1 o-tr--M.---~"'''~----I-O Oul 
1kO L _ 

In 2 o-t...JoN __ .-4t".~ ... 

• • • 

1kO 

1kO 

I I 
I I 
I I 
I I 
I I 

L __ _ 

In 16 o-t.-JW'-+-+-+-4t"1 .~.J I I I L __ _ 

Overvoltage 
Clamp and 

Signal 
Isolation 

*Dlgltallnput Protection 

HI-S06A 

Decoder/ 
Driver 

In 1A o-""'M ___ "'~:._----+OOutA 

• 1kO 

1kO 
In 8Ao-t---JVv--..-+ .... 

I I 

In 1Bo-~1~k'::0""1HI-t, -1~~-:r==::;"""1-o0ut B 
II' 
I. I 
II I 

• • 1kO 

'" In 88 o',.....""'.,.,.T'T ... ~.--' 
I II I 

Overvoltage 
Clamp and 

Signal 
Isolation 

HI-S07A 
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SPECIFICATIONS 
ELECTRICAL 
Supplies = +15V, -15V, v", (Pin 13) = Open, V" (Logic Level High) = +4 OV, VAL (Logic Level Low) = +0.8V unless otherwise specified. 

HI-506A-2/HI-507A-2 HI-506A-5/HI-507A-5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

ANALOG CHANNEL CHARACTERISTICS 
Vs, Analog Signal Range Full -15 +15 -15 +15 V 
RON. On Reslstance l1 ) +25°C 12 15 15 18 kO 

Full 15 18 18 20 kO 
Is (OFF), Off Input Leakage Current +25°C 003 003 nA 

Full 50 50 nA 
10 (OFF), Off Output Leakage Current +25°C 01 01 nA 

HI-506A Full 300 300 nA 
HI-507A Full 200 200 nA 

to (OFF) with Input Overvoltage AppJled l2 ! +25°C 40 40 nA 
Full 20 ~A 

10 (ON). On Channel Leakage Current +25°C 01 01 nA 
HI-506A Full 300 300 nA 
HI-507A Full 200 200 nA 

IOIFF Differential Off Output Leakage Current 
(HI-507A Only) Full 50 50 nA 

OIGITAL INPUT CHARACTERISTICS 
VAL, Input Low Threshold TTL Dnve Full 08 08 V 
VAH, Input High Threshold(3) Full 40 40 V 
VAL MOS Dnve 141 +25°C 08 08 V 
VAH +25°C 60 60 V 
lA, Input Leakage Current (High or Law)IS) Full 10 10 ~A 

SWITCHING CHARACTERISTICS 
tAo Access Time +25°C 05 05 ~s 

Full 10 10 ~s 

lOPENo Break-Before-Make Delay +25°C 25 80 25 80 ns 
tON (EN), Enable Delay (ON) +25°C 300 500 300 ns 

Full 1000 1000 ns 
he (EN), Enable Delay (OFF) +25°C 300 500 300 ns 

Full 1000 1000 ns 
Settling Time (O 1%) +25°C 12 12 ~s 

(001%) +25°C 35 35 ~s 

"OFF 150Iallon,,(6) +25°C 50 68 50 68 dB 
Cs (OFF), Channel Input Capacitance +25°C 5 5 pF 
Co (OFF), Channel Output Capacitance HI-506A +25°C 50 50 pF 

HI-507A +25°C 25 25 pF 
CA, Digital Input Capacitance +25°C 5 5 pF 
Gos (OFF), Input to Output Capacitance +25°C 01 01 pF 

POWER REQUIREMENTS 
Po, Power DISSipation Full 75 75 mW 
1+, Current Pm 1(71 Full 05 20 05 20 mA 
1-, Current Pm 27(71 Full 002 10 002 10 mA 

NOTES (1) Vou, = ±10V, lou, = -100"A (2) Analog overvoltage = ±33V (3) To drive from DTL/TTL CIrCUIts lkO pull-up resistors to +5 OV supply are 
recommended (4) VREF = +10V (5) Digital mput leakage IS primarily due to the clamp diodes TYPical leakage IS less than 1nA at 25°C (6) VEN -= 0 av, 
RL = 1kO, CL = 15pF, Vs 0:::: 7Vrms, f = 100kHz Worst-case Isolation occurs on channel 4 due to proXlmlt,Y of the output pins (7) VEN , VA = OV or 4 OV 

TRUTH TABLES 

HI-S06A 

A, A;, A, Ao EN 

X X X X L 
L L L L H 
L L L H H 
L L H L H 
L L H H H 
L H L L H 
L H L H H 
L H H L H 
L H H H H 
H L L L H 
H L L H H 
H L H L H 
H L H H H 
H H L L H 
H H L H H 
H H H L H 
H H H H H 

"ON" 
CHANNEL 

None 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
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HI-S07A 
"ON" 

CHANNEL 
A2 A1 Ao EN PAIR 

X X X L None 
L L L H 1 
L L H H 2 
L H L H 3 
L H H H 4 
H L L H 5 
H L H H 6 
H H L H 7 
H H H H 8 

7-4 

ABSOLUTE MAXIMUM RATINGSI1 ) 

Voltage between supply pins .................................. 44V 
VREF to ground, V+ to ground ..... . . . . . . . . . . . . . . ...... 22V 
V- to ground............. .......... ......... .. 25V 
Digital mput overvoltage 

VEN, VA VSUPPLV(+) ...... . 
VSUPPLV(-) ...................... . 
or 20mA, whichever occurs first 

Analog Input overvoltage 

+4V 
-4V 

Vs VSUPPLV(+) ....... , .................................... +20V 
VSUPPLV(+) .................. , ......................... -20V 

Continuous current, S or 0 ................................ , 20mA 
Peak current, S or 0 

(pulsed at lms, 10% duty cycle max) ....................... 40mA 
Power dlSSlpatlon* ............. ' ....................... 2 OW. 
Operatmg temperature range' 

HI-506A/507A-2 .............................. -55°C to +125°C 
HI-S06A/507 A-5.. . .. . . . . . . . . .. . . ....... O°C to +75°C 

Storage temperature range ................. , .... -65°C to +150°C 

*Oerate 20 OmW/oC above TA = +75°C 

NOTES 1 Absolute maximum ratmgs are limltmg values, applied indiVid
ually, beyond which the serviceability of the CirCUit may be Impaired 
Functional operation under any of these conditions IS not necessarily 
Implied 
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PIN CONFIGURATIONS 

+VSUPPLY 

NC 

NC 

In 16 

In 15 

In 14 

In 13 

In 12 

In 11 

In 10 

In 9 
Ground 

VREF 

Address A3 

MECHANICALS 

Top View 

27 

26 

25 

H11-506A (ceramic) 

H13-506A (plasllc) 

Out 

-VSUPPLY 

In 8 

In 7 
In 6 

In 5 
In 4 

In 3 
In 2 

In 1 

Enable 

Address Ao 

Address A, 

Address A2 

C A ~ 
Ceramic DIP Package 

[ 15 1 
B Pin numbers shown 

14~ for reference only 
Numbers many not 

~I""'" "'''' be marked on 

Pin 1 
package 

Ii" -9[' 
J~T!1!~~,o",.,; "", 

r,=L~ 
INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 
A 1 360 1470 3454 3734 

--L7j\\-
B 500 550 1270 1397 
C -- 200 -- 508 
D 015 021 038 053 
F 030 070 076 178 
G 100 BASIC 254 BASIC 

H 030 095 076 241 
NOTE Leads In true J 007 013 018 033 
position within 0010" K 100 -- 254 --

(0 25mm) R a1 MMC L 600 BASIC 1524BA$IC 
at seating plane M -- 15' -- 15" 

N 020 090 051 229 

ORDERING INFORMATION 

Temperature 
Model Package Range 

HI3-0506A-5 28-PIn PlastiC DIP O°C to +75°C 
HI1-0506A-5 28-PIn Ceramic DIP O°C to +75°C 
HI1-0506A-2 28-PIn Ceramic DIP -55°C to +125°C 
HI3-0507A-5 28-PIn PlastiC DIP O°C to +75°C 
H 11-0507 A-5 28-PIn Ceramic DIP O°C to +75°C 
HI1-0507A-2 28-PIn Ceramic DIP -55°C to +125°C 

BURN-IN SCREENING OPTION 
See text for details 

Temperature 
Model Package Range 

HI3-0506A-5-BI 28-PIn PlastiC DIP , O°C to +75°C 
HI1-0506A-5-BI 28-PIn Ceramic DIP O°C to +75°C 
HI1-0506A-2-BI 28-PIn Ceramic DIP -55°C to +125°C 
H 13-0507 A-5-BI 28-Pm PlastiC DIP O°C to +75°C 
HI1-0507A-5-BI 28-PIn Ceramic DIP O°C to +75°C 
HI1-0507A-2-BI 28-Pln Ceramic DIP -55°C to +125°C 

NOTE (1) Or equivalent combination of time and temperature 

Burr-Brown Ie Data Book 7-5 

Top View 

+VSUPPLY Out A 

Out B -VSUPPLY 

NC In 8A 

In 8B In 7A 

In 78 In SA 

In 6B In SA 

In 58 In 4A 

In 4B In 3A 

In 3B In 2A 

In 2B In 1A 

In 1B Enable 

Ground Address Ao 

VAEF Address A, 

NC Address A2 

H11-507A (ceramic) 

H13-507A (plastic) 

r -------1 Plastic DIP Package 
A- I 

28 

o 
Pin 1. 

INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 

A 1350 1450 3429 3683 

B 520 575 1321 1461 

C 169 22' 429 570 

D 015 023 038 058 
F 043 062 109 157 
G 100 BASIC 254 BASIC 

H 030 090 076 229 
J 008 015 020 038 
K 100 150 254 381 

L 600 BASIC 1524 BASIC 

M 0' 15' 0' 15' 
N 018 040 046 102 

Description 

16-Channel Single-Ended 
16-Channel Single-Ended 
16-Channel Single-Ended 

8-Channel Differential 
8-Channel Differential 
8-Channel Differential 

~~~~-~no~~.~p,· 
+85°C 
+125°C 
+125°C 
+85°C 

+125°C 
+125°C 

NOTE Leads In true 
position within 0 010" 
(0 25mm) R at MMC a1 
sealing plane 

Pin numbers are shown for 
reference only numbers 
may not be marked on 
package 

CASE PlastiC 

MATING 
CONNECTOR 2803MC 

WEIGHT 43 grams 
(0 150z) 
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DISCUSSION OF 
PERFORMANCE 
DC CHARACTERISTICS 

The static or DC transfer accuracy of transmitting the 
multiplexer input voltage to the output depends on the 
channel ON resistance (R",), the load impedance, the 
source impedance, the load bias current and the multi· 
plexer leakage current. 

Single-Ended Multiplexer Static Accuracy 

The major contributors to static transfer accuracy for 
,ingle-ended mUltiplexers are: 

Source resistance loading error 
Multiplexer ON resistance error 
DC offset error caused by both load bias current and 
multiplexer leakage current. 

Resistive Loading\Errors 

The source and load impedances will determine the input 
resistive loading errors. To minimize these errors: 
• Keep 10ading...l!Dpedance as high as possible. This 

minimizes the resisitive loading effects ;;[the'"source 
resistance and multiplexer ON resistance. As a guide
line, load impedances of lORn or greater will keep 
resistive loading errors to 0.002% or less for 1000n 
source impedances. A lO'n load impedance will 
increase source loading error to 0.2% OT more. 

• Use sources with impedances as low as possible. A 
10000 source resistance will present less than O~OOI% 
loading error and 10k!} source resistance will increase 
source loading error to 0.01% with a 10' load imped
ance. 

Input resistive loading errors are determined by the 
following relationship: (see Figure I) 

Source and Multiplexer Resistive Loading Error 

E - Rs + ROl\ X 100 
(Rs + RON) - Rs + RON + RL % 

where Rs = source resistance 
RL = load resistance 
Ro, = multiplexer ON resistance 

R" RON ISlAS -
r- - -, VM 

'0 I I Measured 
I 

ROFf I 
: Voltage 

I I Ll' _ _ ..J 

-

FIGURE I. H1-506A Static Accuracy Equivalent 
Circuit. 

Input Offset Voltage 

Bias current generates an input OFFSET voltage as 
a result of the IR drop across the multiplexer ON resistance 
and source resistance. A load bias current of IOnA will 

Burr-Brown Ie Data Book 7-6 

generate an offset voltage of 20,., V if a Ik!l source IS 
used. hi general, for the HI-506A, the OFFSET voltage 
at the output is determined by: 

VOl I " I = (Ill + Ie) (Ro, + Rs) 

where III = Bias current of device multiplexer is driving 
iJ = MUltiplexer leakage current 
R,,, = Multiplexer ON resistance 
R, = Source resistance 

Differential Multiplexer Static Accuracy 

Static accuracy errors in a differential multiplexer are 
difficult to control, especially when it is used for multi
plexing low-level signal> with full-scale range, of 10m V 
to 100mV. 

The matching properties of the multiplexer, source and 
output load playa very important part in determining 
the transfer accuracy of the mUltiplexer. The source 
impedance unbalance, common-mode impedance, load 
bias current mismatch, load differenital Impedance mis
match, and common-mode impedance of the load all 
contribute errors to the mUltiplexer. The multiplexer ON 
resistance mismatch, leakage current mismatch and ON 
resistance also contribute to differenital errors. 

Referring to Figure 2, the effects of these errors can be 
minimized by following the general guidelines descnbed 
in this section, especially for low-level multiplexmg 
applications . 

ISlAS A -
CeM: 

I - I L ______ -__ ..1 

FIGURE 2. HI-507A Static Accuracy Equivalent 
Circuit. 

Load (Output Device) Characteristics 

• Use devices with very low bias current. Generally, 
FET input amplifiers should be used for low-level 
signals less than 50mV FSR. Low bias current bipolar 
input amplifiers are acceptable for signal ranges higher 
than 50mV FSR. Bias current matching will determine 
the input offset. 

• The system DC common-mode rejection (CMR) can 
never be better than the combined CMR of the 
multiplexer and driven load. System CM R will be less 
than the device which has the lower CM R figure. 

• Load impedances, differential and common-mode, 
should be 10(()n or higher. 
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Source Characteristics 
• The source impedance unbalance will produce offset, 

common-mode and channel-to-channel gain-scatter 
errors. Use sources which do not have large impedanc~ 
unbalances if at all possible. 

• Keep source impedances as low as possible to minimize 
resitive loading errors. 

• Minimize ground loop!!. If signal lines are shielded, 
ground all shields to a common point at the system 
analog common. 

If the HI-S07A i, u,ed for multiplexing high-level ,ignab 
of IY to lOY full-,cale ranges, the foregoing precaution, 
,hould ,till be taken, but the parameters are not as 
critical a, for low-level signal applications. 

DYNAMIC CHARACTERISTICS 

Settling Time 

The gate-to-source and gate-to-drain capacitance of the 
CMOS FET ,witche" the RC time constants of the 
,ource and the load determine the settling time of the 
multiplexer 

Governed by the charge transfer relation i = C (dY/dt), 
the charge currents transferred to both load and source 
by the analog ,witches are determined by the amplitude 
and rise time of the signal driving the CMOS FET 
switches and the gate-to-drain and gate-to-source junction 
capacitance, as ,hown in Figures 3 and 4. Using this 
relatlOn,hlp, one can see that the amplitude of the 
,Witching transients seen at the source and load decrease 

HI·506A Channel 

Rs 

FIGURE 3. Settling Time Effects~HI-S06A. 

proportionally as the capacitance of the load and source 
Increase. The tradeoff for reduced switching transient 
amplitude is increased settling time. In effect, the amp
litude of the transients seen at the source and load are: 

dYI. = (ijC) dt 

where i = C (dY jdt) of the CMOS FET switches 
C = load or source capacitance 

The source must then redistribute this charge, and the 
effect of source resistance on settling time is shown in the 
Typical Performance Curves. This graph shows the 
settling time for a 20Y step change on the'input. The 

Burr-Brown Ie Data Book 7-7 

FIGURE 4. Settling and Common-Mode Effects
HI-S07A. 

,ettllng time for ,mailer step change, on the input will be 
Ie" than that ,hown in the curve. 

Switching Time 

This is the time required for the CMOS FET to turn ON 
after a new digital code has been applied to the Channel 
Addre" inputs. It is measured from the SO percent pOint 
of the add res, input Signal to the 90 percent point of the 
analog signal seen at the output for a lOY signal change 
between channel;. 

Crosstalk 

Crosstalk is the amount of signal feed through from the 
seven (HI-S07 A) or IS (HI-S06A) OFF channels appear
ing at the multiplexer output. Crosstalk is caused by the 
voltage divider effect of the OFF channel, OFF resistance 
and junction capacitances in series with the Ro, and R, 
impedances of the ON channel. Crosstalk is measured 
with a 20Yp-p 1000Hz sine wave applied to all OFF 
channels. The crosstalk for these multiplexers is shown 
in the Typical Performance Curves. 

Common-Mode Rejection (HI-S07A Only) 

The matching properties of the load, multiplexer and 
,ource affect the common-mode rejection (CMR) capa
bility of a differentially multiplexed system. CMR is the 
ability of the multiplexer and input amplifier to reject 
'Ignal, that are common to both Input,. and to pa" on 
only the Signal difference to the output. For the H 1-507 A 
protection is provided for common-mode signals of 
±20V above the power supply voltages with no damage 
to the analog switches. 

The CMR of the HI-S07 A and Burr-Brown's INAllO 
Instrumentation Amplifier (G = 100) is 1l0dB at DC to 
10Hz with a 6dBjoctave rolloff to 70dB at 1000Hz. This 
measurement of CMR is shown in the Typical Perfor
mance Curves and is made with a Burr-Brown INAIIO 
Instrumentation Amplifier connected for gains of 500, 
100, and 10. 
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Factors which will degrade multiplexer and system DC 
CMR are: 

• Amplifier bias current and differential impedance 
mismatch 

• Load impedance mismatch 
• Multiplexer impedance and leakage current mismatch 
• Load and source common-mode impedance 

AC CMR rolloffis determined by the amount of common
mode capacitances (absolute and mismatch) from each 
signal line to ground. Larger capacitances will limit 
CMR at higher frequencies; thus, if good CMR is 
desired at higher frequencies, the common-mode capaci
tances and unbalance of signal ines and multiplexer to 
amplifier wiring must be minimized. Use twisted-shielded 
pair signal lines wherever possible. 

TYPICAL DYNAMIC PERFORMANCE CURVES 
TYPical at +25°C unless otherwise noted 

;;; 
.3, 

~ 
,:: 

S 
; 
<JJ 

SETTLING TIME VS SOURCE RESISTANCE 
FOR 20V STEP CHANGE 

lkr-----,-----,-----,-----, 

100 

10 

01L-____ L-____ L-____ L-__ ~ 

001 01 10 100 

Source ReSistance (kO) 

SWITCHING WAVEFORMS 
Typical at +25°C unless otherWise noted 

CD 
:s 
c 
2 
-g 
iii" 
c: 
W 
"0 
o 
:;; 
Co 
o 
E 
E 
o 
U 

120 

100 

80 

0 

40 

20 

o 

BREAK-BEFORE-MAKE DELAY (to,,") 

VAH 4 OV 

II Address Drive 

~ L(V,) 
Output 

~c:-ov,,¥ov," 
-11-

tOPEN 

Burr-Brown Ie Data Book 

*Slmiiar connection for HI-SOlA 

7-8 

1 

CROSSTALK VS SIGNAL FREQUENCY 

10 100 lk 

Signal Frequency (Hz) 

COMBINED CMR VS FREQUENCY 
HI-507A and INA110 

illl II 
G'~I~M 

" " Irr'soo 
~, 

"1°0 

'G'JII" 
, '0 

"" 

10 100 lk 

Frequency (Hz) 

VA I~put 
., 

2V/D,v 

10n 160n 

10k 

10k 

'r ou~put \ I~ 

\1 o SV/Div , I 
y ~ 

100ns/D,v 
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SWITCHING WAVEFORMS (CONT) 

ENABLE DELAY (tON (EN), to" (EN)) 

ENABLE DRIVE , 
~ VAH ':: 40V 

-f ----~ .. _50_'A_' __ OV_ 
II 

IOn I I 
I 

Output 

I-Inl Thru ~l 
outLt 

\ 
In16 011 'f 2V1D,v ~ 

100ns/ON 
*$Imllar connection for HI~507A 

PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS 
Unless otherwise specified TA = +25°C, Vs = ±15V, VAH = +4V, VAL = 0 BV and VREF = Open 

ON RESISTANCE VS 
INPUT SIGNAL, SUPPLY VOLTAGE 

100JlA -
RON = V2/100pA .. V, -

ON RESISTANCE VS In r---o 
ANALOG INPUT VOLTAGE ~ 

}t~ 
Out 

14 

13 T I +12fC -=-g 12 

TA = +25°C i.-"" 
j 

11 
NORMALIZED ON RESISTANCE 

10 - VS SUPPLY VOLTAGE 

~ 09 T'I 
55'C 16 

-I ~-u> 
0: co;>. 15 
c 08 

1 1 
!S! +1 +125°C 2: TA 2': -55°C_ 0 "'- 1 4 

07 m '" ..... """ I I ~ ~ 
0: ~ 13 

06 c"" """ill 
-10 -8 -6 -4 -2 0 2 4 6 8 10 0> 1 2 

"0 0 

" ~-
11 N"O Analog Input (V) = ~ '" ~ E :;; 10 OW 

z~ 09 

08 
-±-5 ±-6 . 7 ±8 

ANALOG INPUT OVERVOLTAGE CHARACTERISTICS 

c 

~ 
o 

I 

8 

15 

12 

3 

-
~ 

r- ~naloJ InpJt ~ ./ 
Current (hN) ~~ ~ 

~.", ", 
..... ~ Output Off 

Lea~:~~~~;,ent 1 ::;iii o 0 
-±-12 115 ±18 ±21 ±24 -±-27 ±30 +33 '36 

Analog Input Overvoltage (V) 
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VIN = +5V 

..... ~ 

±9 ·10 '11 +12 +13 +14 '15 

Supply Voltage (V) 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCU.TS (CONT) 

c 

~ 
C> 

'" f 
'" ...J 

LEAKAGE CURRENT VS TEMPERATURE 
100nA 

~+08V 
10nA 

OffOutpu:= 
Current ~ 
10 (OFF) tl0V 

- On Leakage 

V 
~, 

V 

ffiJ ~IO(OFF) 
i I+10V 

lnA 

100pA 

10pA 
25 

Current 10 (ON) 

~ 

~ f 

/' V , "Uff Input 
Leakage Current § 

Is (OFF) _ 

±10V 

50 75 100 125 
Temperature (OC) 

ON-CHANNEL CURRENT VS VOLTAGE 

o 
100 

VtN -Voltage Across SWitch (V) 

SUPPLY CURRENT VS TOGGLE FREQUENCY 

" , 
VS=±15~:2 
Vs=t OV ~ 
~ 

lk 10k lOOk 1M 

Toggle Frequency (Hz) 

10M 

A3 

,-.... -1f--I A, 
A, 

Ao 

Test Circuit No 6* 

En 
+-08V 

'10V -=
f I+10V 

NOTE (1) Two measurements per 
channel +10V/-l0V and -10Vl+l0V 
(Two measurements per device for 
10(OFF) +10V/-l0V and -1OVl+l0V) 

+15V1+1OV 

-15V1-10V 

*Slmllar connection for HI-S07A 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (CONT) 

~ 

~ 
.= 
~ 
~ 

~ 
::i 

1000 

900 

80 0 

70 O~ 

BO 

50 

ol 
o , 

40 0 

300 

ACCESS TIME VS LOGIC LEVEL (High) 

f-- VREF Open for logic high levels BV I--
VREF ....:;: Logic high for logic high levels> 6V 

"""" ..... +40V 

3 4 5 B 9 10 11 12 13 14 15 

Logic Level High (V) 

-15V 

A, In1 

A, In2 thru 

HI-50BA 
In15 

A In1B 
A. 
En Out 

ISlmllar connection for HI~507A 

ACCESS TIME WAVEFORM 

r-- t- VA I~put 1 
2V /DlV 1 

V".. 40V Address 

~
r1Ve(VA) 

, 2 VAH OV 

1 -

II 
Output A 

\ rDll 

'~V Output 

1 90'" 
1 I 10V 

1 
-It, 1- I'loo. J 

20Dns/Otv 

I 
I 
1 
I 
I 
I - I L ____ J 

1£ r--

INSTALLATION AND 
OPERATING INSTRUCTIONS 

help common-mode capacitance balance and reduce_ 
qra) "gnal pickup. II ,hleld, are u,ed, all ,hleld, ,hould 

The ENABLE input, pin 18, is included for expan~lOn of 
the number of channel; on a ~Ingle node as Illustrated In 
Figure 5. With ENABLE line at a logic I, the channell' 
,elected by the 3-blt (H 1-507 A) or 4-blt (H 1-506A) 
Ch.lnnel Select Addre" (,hown In the Truth Table,). If 
FNABLF I, at logiC 0, all channel; are turned OFF, even 
If the Channel Addre" LInes are active. If the EN ABLE 
lIne i, not to be u,ed, 'Imply lIe it to +V ,upply. 

If the +15V and/or -15V ~upply voltage i, absent or 
,horted to ground, the HI-507A and HI-506A multi
plexer, will not be damaged; however, some signal 
feedthrough to the output will occur. Total package 
power dis~lpalIon must not be exceeded. 

For be,t settling speed, the Input wIrIng and Intercon
nection, between multiplexer output and driven device, 
should be kept as short as possible. When driving the 
digital inputs from TTL, open collector output with pull
up resistors are recommended (see Typical Performance 
Curve~, Access Time). 

To preserve common-mode rejection of the H 1-507 A, u,e 
twisted-shielded pair wire for signal lines and inter-tier 
connections and! or multiplexer output line,. This will 
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be connected a, clo,e a, po,,,ble to 'y,tem analog 
common or to the common-mode guard driver. 

~ Q- ln1 

6.. Q- In2 Out 
~ 0- In3 28t---------, 
8' I HI-506A 
~ I Group 1 
4: I Ch1-16 Group 1 
~ 0- [n16 18.I'E;:-n-a""bl-e----, 

A3 A ... A, AfJ 6-81t 

I r, -, Btnary To 
~2° I Counter Group I 
~2' I 2 

~ 1-12' I r---::-~ -, 1 
t-t-t-t-I , '2' I w I----' 1 12'~ ~8 

It..:-±- ~ t3 h-;l 1 
r.-~~-, ~1 To I 0- A3 A2 A, Ao Group I 

j g: 18 Group 4 3 1 
8' I HI-50BA Enable I 
~ I G;~~f/ I 
<C I Out J 

Multiplexer 
Output 

, Direct 
I r---' : L-f .... , I 
L_-I. ,>-1-0 

1,.' 
Buffered 
OPA602 

1/40PA404 

~ 0- 28)---------' 

Settling time to 0 01% for Rs _ 1000 
-Two HI-SOBA units In parallel 10~s 
-Four HI-507A units In parallel 12~s 

FIG lJ R F 5. 32- to 64-Channel, Single-Tier Expansion. 
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CHANNEL EXPANSION 

Single-Ended Multiplexer (HI-506A) 

Up to 64 channels (four multiplexers) can be connected 
to a single node, or up to 256 channels using 17 HI-
506A multiplexers on a two-tiered structure as shown in 
Figures 5 and 6. 

Differential Multiplexer (HI-507A) 

Single or multitiered configurations can be used to 
expand multiplexer channel capacity up to 64 channels 
using a 64 X I or an 8 X 8 configuration. 

Single-Node Expansion 

The 64 X I configuration is simply eight (HI-507 A) units 
tied to a single node. Programming is accomplished with 
a 6-bit counter, using the 3LSBs of the counter to 
control Channel Address inputs Ao, AI and A2 and the 
3 MSBs of the counter to drive an 8-of-1 decoder. The 
8-of-1 decoder then is used to drive the ENABLE inputs 
(pin 18) of the HI-507 A multiplexers. 

Two-Tier Expansion 

U sing an 8 X 8 two-tier structure for expansion to 64 
channels, the programming is simplified. The 6-bit 
counter output does not require an 8-of-1 decoder. The 
3LSBs of the counter drive the Ao, A, and A2 inputs of 
the eight first-tier multiplexers and the 3MSBs of the 
counter are applied to the Ao, A, and A2 inputs of the 
second-tier multiplexer. . 

Single vs Multitiered Channel Expansion 
In addition to reducing programming complexity, two
tier configuration offers the added advantages over 
single-node expansion of reduced OFF channel current 
leakage (reduced OFFSET), better CMR, and a more 
reliable configuration if a channel should fail ON in the 
single-node configuration, data cannot be taken from 
any channel, whereas only one channel group is failed (8 
or 16) in the multitiered configuration. 

Burr-Brown Ie Data Book 

'" 
~ Q- In1 
a ~ In2 
E 6- In3 

~ 
28 ",O::.;u;;.:t_--, 

00 HI-506A 
:; En 

.E I""\.. In16 18~ 
~~ +V 

..Q Ao A, AzA3 
~ 
<t 

i In1 

I 

Multiplexer 
Outputs 

Out Direct 
I 28 ~ 

: HI-506A I r ~~-1 

iD Too1he~M~~~6Ch rl 18~L:J-+ ~ 
~ Enable InlJuts In16 rw """, 
.B Q- In1 Ao A, AzA3 Buffered 
~ 0- In2 Out OPA602 or 
Sl. 0- In3 28F=-+t~r-I 1/40PA404 

00 HI-506A 

" g. 
-, r\.... En 
g " In16 18 roo 
~ Ao Al Az A3 . V 

; I I I 

Settling Time to 
001% IS 20ps 
with Rs = 1000 

4MSBs I 4LSBs 
8-Blt Channel 

Address Generator 

FIGURE 6. Channel Expansion Up to 256 Channels 
Using 16 X 16 Two-Tiered Expansion. 

BURN-IN SCREENING 

Burn-in screening is an option available for both plastic 
and ceramic package CMOS HI-050XA analog multi
plexers. Burn-in duration is 160 hours at the temperature 
(or equivalent combination of time and temperature) 
indicated below: 

Plastic "-BI" models: +850 C 
Ceramic "-BI" models: + 1250 C 

All units are 100% electrically tested after burn-in is 
completed. To order burn-in, add "-BI" to the base 
model number. 
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BURR-BROWN® 

IElElI HI-S08A 
HI-S09A 

MILITARY " DIE 
VERSIONS 
AVAILABLE 

Single-Ended 8-Channel/Differential 4-Channel 
CMOS ANALOG MULTIPLEXERS 

FEATURES 
• ANALOG OVERVOLTAGE PROTECTION: 70Vp-p 
• NO CHANNEL INTERACTION DURING OVERVOLTAGE 
• ESD RESISTANT 
• BREAK-BEfORE-MAKE SWITCHING 
• ANALOG SIGNAL RANGE: ±15V 
• STANDBY POWER: 7.5mW typ 
• TRUE SECOND SOURCE 

DESCRIPTION 
The HI-50SA is an S-channel single-ended analog 
mUltiplexer and the HI-509A is a 4-channel differ
ential mUltiplexer. 

The HI-50SA and HI-509A mUltiplexers have input 
overvoltage protection. Analog input voltages may 
exceed either power supply voltage without damaging 
the device or disturbing the signal path of other 
channels. The protection circuitry assures that signal 
fidelity is maintained even under fault conditions 
that would destroy other multiplexers. Analog inputs 
can withstand 70Vp-p signal levels and standard 
ESD tests. Signal sources are protected from short 
circuits should multiplexer power loss occur; each 
input presents a IkO resistance under this condition. 
Digital inputs can also sustain continuous faults up 
to 4V greater than either supply voltage. 

These features make the HI-50SA and HI-509A 
ideal for use in systems where the analog signals 
originate from external equipment or separately 
powered sources. 

The HI-50SA and HI-509A are fabricated with Burr
Brown's dielectric ally isolated CMOS technology. 
The multiplexers are available in a hermetic ceramic 
DIP or plastic DIP. Commercial (O°C to +75°C) and 
military (-55°C to + 125°C) versions are available. 

FUNCTIONAL DIAGRAMS 

In 1 ~f--"M'-_-"""t-----t-o Qui 
1kO L _ 

In 2 <>if-"",1k"'O-.... I", ..... I'iL'._-_ ... _ 
Decoder! 

I I Dnver • • • II 
II 
II 

In 8 00+-"..,.. ... """" ....... --' 
1kO I I I 

L __ _ 

Overvoltage 
Clamp and 

Signal 
Isolation 

·0191tal Input Protection 

HI-S08A Ao A, A, En 

In 1A 

• 1kO 

• 1kO 
In4A 

In 1B 
1kO • • 1kO 

In4B 

*OIQltallnput Protection 

HI-S09A AoA, En 

QuiA 

QulB 

Inllrnillonil ~Irporllnduslrlll Park· P.O. Box 11400 • Tucson. Arizona 85734 • Tel. 16021 7411-1111 • Twx: 910-952·1111 • Cabla: 88RCORP • Talax: 66·8491 
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SPECIFICATIONS 
ELECTRICAL 
Supplies = +15V, ~15V, VAH (Logic Level High) = +4 av, VAL (LogiC Level low) ::;: +0 BV unless otherWise specified 

H 1-508/H 1-509A-2 HI-508/HI-509A-5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

ANALOG CHANNEL CHARACTERISTICS 
Vs. Analog Signal Range Full -,.15 +15 ~15 +15 V 
RON, On Aeslstance(11 +25'C 12 15 15 1 B kO 

Full 15 1 B lB 20 kO 
Is (OFF), Off Input Leakage Current +25'C 003 003 nA 

Full 50 50 nA 

10 (OFF), Off Output Leakage Current +25'C 01 01 nA 
HI-SaBA Full 200 200 nA 

HI-509A Full 100 100 nA 
ID (OFF) with Input Overvoltage Applled (2) +25'C 40 40 nA 

Full 20 JiA 
10 (ON), On Channel Leakage Current +25'C 01 01 nA 

HI-SaBA Full 200 200 nA 
HI-509A Full 100 100 nA 

IOIFF Differential Off Output Leakage Current 
(HI-SagA Only) Full 50 50 nA 

DIGITAL INPUT CHARACTERISTICS 
VAL. Input Low Threshold Full OB OB V 
VAH • Input High Threshold l3) Full 40 40 V 
lA, Input Leakage Current (High or LOW)14! Full 10 10 JiA 

SWITCHING CHARACTERISTICS 
k Access Time +25'C as as JiS 

Full 10 10 JiS 
tOPEN. Break-Before-Make Delay +25'C 25 BO 25 BO ns 
to, (EN), Enable Delay (DN) +25'C 300 500 300 ns 

Full 1000 1000 ns 
lace (EN), Enable Delay (OFF) +25'C 300 500 300 ns 

Full 1000 1000 ns 
Settlmg Time (01%) +25'C 12 12 JiS 

(001%) +25'C 35 35 JiS 
"OFF 180IatlOn,,(51 +25'C 50 6B 50 68 dB 
Cs (OFF). Channel Input Capacitance +25'C 5 5 pF 
CD (OFF), Channel Output Capacllance HI-SaBA +25'C 25 25 pF 

HI-SagA +25'C 12 12 pF 
CA, Ol91tallnput Capacitance +25'C 5 5 pF 
Cos (OFF), Input to Output Capacllance +25'C 01 01 pF 

POWER REQUIREMENTS 
Po. Power DISSipation Full 75 75 mW 
1+, Current(61 Full as 20 as 20 mA 
1-, Current(6J Full 002 10 002 10 mA 

NOTES (1) Vou, = ±10V, lou,= ~100JiA (2) Analog overvollage = ±33V (3) To drive from DTLlTTL CIrCUIts, 1kO pull-up resistors to +5 OV supply are 
recommended (4) Digital mput leakage IS pnmarlly dueto the clamp diodes TYPical leakage IS less than 1nA at 25°C (5) VEN = 0 BV, RL = 1kO, CL = 15pF, 
Vs = 7Vrms, f = 100kHz Worst-case Isolation occurs on channel 4 due to proximity of the output pms (6) VEN , VA = OV or 4 OV 

TRUTH TABLES 

HI-50BA 

"ON" 
A, A, AD EN CHANNEL 

X X X L None 
L L L H 1 
L L H H 2 
L H L H 3 
L H H H 4 
H L L H 5 
H L H H 6 
H H L H 7 
H H H H B 

Burr-Brown Ie Data Book 

A, 

X 
L 
L 
H 
H 

HI-509A 

"ON" 
CHANNEL 

Ao EN PAIR 

X L None 
L H 1 
H H 2 
L H 3 
H H 4 

7-14 

ABSOLUTE MAXIMUM RATINGS(11 

Voltage between supply pms... .............. . .... 44V 
v+ to ground,." .. , ....... , ....... "" ...... ", ... "."" ... 22V 
V~ to ground., .. ", ............... , ....... "" .. " .. "." ... 25V 
Digital mput overvoltage VEN , VA VSUPPLY (+) .................. +4V 

VSUPPLY (-) .................. -4V 
or 20mA, whichever occurs first 

Analog Input overvoltage Vs VSUPPLY (+) ..................... +20V 
VSUPPLY (-) ..................... -20V 

Continuous current, S or 0 ................................. 20mA 
Peak current, S or 0 (pulsed at 1 ms, 10% duty cycle max) ..... 40mA 
Power dlssipatlon* ......................................... 1 28W 
Operating temperature range HI-50BA/509A-2 '" ~55'C to +125°C 

HI-50BA/509A-5 " ... " O'C to +75°C 
Storage temperature range ...................... -65°C to +150°C 

*Oerate 12 BmW/oC above TA = +75°C 

NOTE (1) Absolute maximum ratmgs are IImltmg values, applied 
individually, beyond which the serviceability of the circuit may be 
Impaired Functional operatIOn under any of these conditions IS not 
necessarily Implied 
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MECHANICAL 

r:" J::::::rn 
Pin 1 

-IFr- ---.l 

G -~D 

-
TI~~ 
~ H Seaflng Plane 

C A-=-::l e,! 
~ 

---. 
-1 C 

~ 
HJ Ll~D -::dPlane 

PIN CONFIGURATIONS 

Ao 
En 

-VSUPPLY 

In 1 
In 2 

Top View 

A, 

A, 
Ground 
+VSUPPLY 

In S 

Plastic DIP Package 

j--L--j 

~FL 
NOTE Leads In true position 
within OOtO" (0 2Smm) R at MMC 
at seating plane 
PINS Pm matenal and plating 
composition conform to method 
2003 (solderability) of MIL-STD-
BB3 (except paragraph 3 2) 

CASE PlastiC 

Ceramic DIP Package 

~~ 
NOTE Leads In true position 
within 0 010" (0 2Smm) R at MMC 
at seating plane 

Ao 
En 

-VSUPPlY 

In lA 
In 2A 

DIM 
A 
A, 
B 
B, 
C 
D 
F 
G 
H 
J 
K 
L 

M 
N 
P 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 

Top View 

INCHES 
MIN MAX 

740 800 
725 785 
230 290 
200 250 

'20 200 

0'5 023 
030 070 
100 BASIC 

002 005 
008 0'5 
070 'SO 
300 BASIC 
0' '5' 

0'0 030 
025 050 

INCHES 

MIN MAX 
760 885 
220 280 

200 

0'5 023 
030 070 
100 BASIC 
030 095 
008 0'5 
'00 

300 BASIC 

'5' 
020 050 

A, 
Ground 
+VSUPPLY 

In lB 
In 2B 

In 3 In 6 In 3A In 3B 
In 4 In 7 
Out In8 

Hll-S0BA (ceramic) 
H13-S08A (plastiC) 

ORDERING INFORMATION 

Model Package 

HI3-0SOBA-S 16-PIn PlastiC DIP 
Hll-OS0BA-S 16-Pin Ceramic DIP 
Hll-0SOBA-2 16-PIn Ceramic DIP 
HI3-0S09A-S 16-PIn PlastiC DIP 
Hll-OS09A-S 16-Pln Ceramic DIP 
Hll-0S09A-2 26-PIn Ceramic DIP 

BURN-IN SCREENING OPTION 
See text for details 

Model Package 

HI3-0S0BA-S-BI 16-Pln PlastiC DIP 
Hll-oSOBA-5-BI 16-PIn Ceramic DIP 
Hll-oS06A-2-BI 16-Pln Ceramic DIP 
HI3-0S09A-S-BI 16-Pin Plastic DIP 
Hll-oS09A-S-BI 16-Pin Ceramic DIP 
HI1-0S09A-2-BI 1E)..Pm Ceramic DIP 

Tempe""ure 
Range 

O·Cto +7S'C 
O'Cto +7S'C 

-5S'C to +12S'C 
O'Cto +7S'C 
O'Cto +7S'C 

-5S'C to +12S'C 

Temperature 
Range 

O'Cto +7S'C 
O·Cto +7S'C 

-5S'C to +125'C 
O'Cto +7S'C 
O·C to +7S'C 

-5S'C to +125'C 

NOTE (1) Or eqUivalent combination of time and temperature 

Burr-Brown Ie Data Book 7-15 

In 4A In 4B 
Out A OutB 

Hll-S09A (ceramic) 
H13-S09A (plastiC) 

Descrtptlon 

B-Channel Single-Ended 
B-Channel Single-Ended 
B-Channel Single-Ended 

4-Channel Differential 
4-Channel Differential 
4-Channel Differential 

Bum-In TemR. 
(180 Hours)' I 

+B5'C 
+12S'C 
+12S'C 
+BS'C 

+12S'C 
+12S'C 

MILLIMETERS 
MIN MAX 

'880 2032 
1842 '994 
585 738 
509 636 
305 50. 
038 as. 
076 178 
254 BASIC 

as' '27 
020 038 
178 382 
763 BASIC 

0' '5' 
025 076 
064 '27 

MILLIMETERS 
MIN MAX 
1930 2248 

55. 71' 
508 

038 058 
076 178 
254 BASIC 

076 24' 
020 038 
254 

762 BASIC 

'5' 
as' , 27 
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DISCUSSION OF 
PERFORMANCE 

DC CHARACTERISTICS 

The static or DC transfer accuracy of transmitting the 
mUltiplexer input voltage to the output depends on the 
channel ON resistance (RON), the load impedance, the 
source impedance, the load bias current and the multi
plexer leakage current. 

Single-Ended Multiplexer Static Accuracy 

The major contributors to static transfer accuracy for 
single-ended multiplexers are: 

Source resistance loading error 
Multiplexer ON resistance error 
DC offset error caused by both load bias current and 
multiplexer leakage current. 

Resistive Loading Errors 

The source and load impedances will determine the input 
resistive loading errors. To minimize these errors: 
• Keep 10adingJmpedance as high as Rossible. This 

minimizes the resisitive loading effects of the source 
resistance and multiplexer ON resistance. As a guide
line, load impedances of 1080 or greater will keep 
resistive loading errors to 0.002% or less for 10000 
source impedances. A 1060 load impedance will 
increase source loading error to 0.2% or more. 

• Use sources with impedances as low as possible. A 
10000 source resistance will present less than 0.001% 
loading error and IOkO source resistance will increase 
source loading error to 0.01% with a 108 load impe
dance. 

Input resistive loading errors are determined by the 
following relationship: (see Figure I) 

Source and MultiRlexer Resistive Loading Error 

Rs + RON 00 
E (Rs + RON) = Rs + RON + RL X I % 

where Rs = source resistance 
RL = load resistance 
RON = multiplexer ON resistance 

Input Offset Voltage 

Bias current generates an input OFFSET voltage as 
result of the IR drop across the multiplexer ON resistance 
and source resistance. A load bias current of 10nA will 
generate an offset voltage of 20IL V if a IkO source is used. 
In general, for the HI-508A, the OFFSET voltage at the 
output is determined by: 

VOFFSET = (18 + Ie) (RON + Rs) 
where Is = Bias current of device multiplexer is driving 

IL = Multiplexer leakage current 
RON = Multiplexer ON resistance 
Rs = Source resistance 

Burr-Brown Ie Data Book 7-16 

Differential Multiplexer Static Accuracy 

Static accuracy errors in a differential multiplexer are 
difficult to control, especially when it is used for multi
plexing low-level signals with full-scale ranges of 10m V 
to 100mV. 

The matching properties of the mUltiplexer, source and 
output load playa very important part in determining 
the transfer accuracy of the multiplexer. The source 
impedance unbalance, common-mode impeda~ce, load 
bias current mismatch, load differenital impedance mis
match, and common-mode impedance of the load all 
contribute errors to the multiplexer. The multiplexer ON 
resistance mismatch, leakage current mismatch and ON 
resistance also contribute to differenital errors. 

The effects of these errors can be minimized by following 
the general guidelines described in this section, especially 
for low-level multiplexing applications. Refer to Figure 2. 

Load (Output Device) Characteristics 

• Use devices with very' low bias current. Generally, 
FET input amplifiers should be used for low-level 
signals less than 50m V FSR. Low bias current bipolar 
input amplifiers are acceptable for signal ranges higher 
than SOmV FSR. Bias current matching will determine 
the input offset. 

• The system DC common-mode rejection (CMR) can 
never be better than the combined CMR of the 
multiplexer and driven load. System CMR will be less 
than the device which has the lower CMR figure . 

• Load Impedances, differenital and common-mode. 
should be 10100 or higher. 

ROFF 

____ ISlAS 

r- -
I 
I 
I 

l3'_ 

-, VM 

I Measured 
I Voltage 
I 
I 

_...J 

FIGURE I. HI-S08A DC Accuracy Equivalent Circuit. 

FIGURE 2. HI-509A DC Accuracy Equivalent Circuit. 
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Source Characteristics 
• The source imp'edance unbalance will produce offset, 

common-mode and channel-to-channel gain-scatter 
errors. Use sources which do not have large impedance 
unbalances if at all possible. 

• Keep' source imp'edances as low as p'ossible to minimize 
resistive loading errors. 

• Minimize ground 100p,2. If signal lines are shielded, 
ground all shields to a common point at the system 
analog common. 

If the HI-509A is used for mUltiplexing high-level signals 
of ±IV to ±IOV full-scale ranges, the foregoing pre
cautions should still be taken, but the parameters are not 
as critical as for low-level signal applications. 

DYNAMIC CHARACTERISTICS 

Settling Time 

The gate-to-source and gate-to-drain capacitance of the 
CMOS FET switches, the RC time constants of the 
source and the load determine the settling time of the 
mUltiplexer. 

Governed by the charge transfer relation i = C (dV j dt), 
the charge currents transferred to both load and source 
by the analog switches are determined by the amplitude 
and rise time of the signal driving the CMOS FET 
switches and the gate-to-drain and gate-to-source junction 
capacitances as shown in Figures 3 and 4. Using this 
relationship, one can see that the amplitude of the 
switching transients, seen at the source and load, decrease 
proportionally as the capacitance of the load and source 
increase. The tradeoff for reduced switching transient 
amplitude is increased settling time. In effect, the amp
litude of the transients seen at the source and load are: 

dV L = (ijC) dt 

where i = C (dV j dt) of the CMOS FET switches 
C = load or source capacitance 

The source must then redistribute this charge, and the 
effect of source resistance on settling time is shown in the 
Typical Performance Curves. This graph shows the 
settling time for a 20V step change on the input. The 
settling time for smaller step changes on the input will be 
less than that shown in the curve. 

HI-SOBA Channel 

Source -- j:{ T ~ -.. Load 

FIGURE 3. Settling Time Effects-HI-508A. 

Burr-Brown Ie Data Book 

~~~ 
0---+-+ 

~r.:* 

FIGURE 4. Settling and Common-Mode Effects
HI-509A. 

Switching Time 

This is the time required for the CMOS FET to turn ON 
after a new digital code has been applied to the Channel 
Address inputs. It is measured from the 50 percent point 
of the address input signal to the 90 percent point of the 
analog signal seen at the output for a IOV signal change 
between channels. 

Crosstalk 

Crosstalk is the amount of signal feethrough from the 
three (HI-509A) or seven (HI-508A) OFF channels 

<C 
CJ) 
o 

~ 
CO o 
It) 
..!. 
:x:: 

appearing at the multiplexer output. Crosstalk is caused 7 
by the voltage divider effect of the OFF channel OFF 
resistance and junction capacitances in series with the 
Ro, and R, impedances of the ON channel. Crosstalk is 
measured with a 20Vp-p 1kHz sine wave applied to all 
OFF channels. The crosstalk for these multiplexers is 
shown in the Typical Performance Curves. 

Common-Mode Rejection (HI-509A Only) 

The matching properties of the load, multiplexer and 
source affect the common-mode rejection (CMR) capa
bility of a differentially multiplexed system. CMR is the 
ability of the mUltiplexer and input amplifier to reject 
signals that are common to both inputs, and to pass on 
only the signal difference to the output. For the HI-509A, 
protection is provided for common-mode signals of 
±20V above the power supply voltages with no damage 
to the analog switches. 

The CMR of the HI-509A and Burr-Brown's INAIIO 
Instrumentation Amplifier is 1l0dB at DC to 10Hz (G = 
100) with a 6dBj octave rolloff to 70dB at 1000Hz. This 
measurement of CMR is shown in the Typical Perfor
mance Curves and is made with a Burr-Brown model 
INAIIO Instrumentation Amplifier connected for gains 
of 10, 100, and 500. 

Factors which will degrade multiplexer and system DC 
CMR are: 

7-17 Vol. 33 
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• Amplifier bias current and differential impedance 
mismatch 

• Load impedance mismatch 
• Multiplexer impedance and leakage current mismatch 
• Load and source common-mode impedance 
AC CM R rolloff is determined by the amount of common
mode capacitances (absolute and mismatch) from each 
signal line to ground. Larger capacitances will limit 
CMR at higher frequencies; thus, if good CMR is 
desired at higher frequencies, the common-mode capaci
tances and unbalance of signal lines and multiplexer-to
amplifier wiring must be minimized. Use twisted-shielded
pair signal lines wherever possible. 

TYPICAL DYNAMIC PERFORMANCE CURVES 
Typical at +25'C unless otherwise noted 

~ 
" E ,:: 
Cl 
S 

~ 
'" 

SETTLING TIME VS SOURCE RESISTANCE 
FOR 20V STEP CHANGE 

1kr-----~------~-----.------, 

100 

10 

01L-____ ~ ____ ~ ______ ~ ____ ~ 

001 01 10 100 

Source Resistance (kO) 

BURN-IN SCREENING 

Burn-in screening is an option available for both plastic 
and ceramic package CMOS HI-050XA analog multi
plexers. Burn-in duration is 160 hours at the temperature 
(or equivalent combination of time and temperature) 
indicated below: 

Plastic "-BI" models: +85°C 
Ceramic "-BI" models: +125°C 

All units are 100% electrically tested after burn-in is 
completed. To order burn-in, add "-BI" to the base 
model number. 

CROSSTALK VS SIGNAL FREQUENCY 

iii 
c 
Cl 01 iii 
0; 
c 
c 
~ 
.r: 
() 

5 
c: 
;t 
~ 

iii 
1;; 

e 
() 

10 100 lk 10k 

Signal Frequency (Hz) 

COMBINED CMR VS FREQUENCY 
HI-509A AND INA110 
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SWITCHING WAVEFORMS 
Typical at +25°C unless otherwise noted 

VAH 4 OV 

II Address Drive 

~ L (VA) 

~utPut 
50% 50% 

1 I 
-11-

ENABLE DRIVE 

VAH 40V 

~ - -- -~ ... O_% __ -,-O_V 

1 1 

1 90T: : 

Output 

~ 
1 -I\ON (EN) 1- I 

I I-Itw 
(EN) 

BREAK-BEFORE-MAKE DELAY (tOPEN) 

-
'HI-50BA In1f-__ ...... ~50V 
In2 Thru In7 

In81---~ VOUT 

1kO 
125pF 

Similar connection for HI-509A 

ENABLE DELAY (tON (Ei\J), tw (EN)) 

-

1kO 

VA Input 1 
- 2V Dlv 

I(' 
Output \ 

l\J o 5V i Olv , 

-Y 
1QOns/DIv 

f-- Labl~ Dn}e l 
2V/Dlv I 

-' Outf,.lut \ 
f'T 
i 

J 
I 
~ 

~ 

""" 

« 
en 
o 

~ 
CO o 
It) 
.!. 
x: 

·Slmllar connection for HI-S09A 
100ns/Olv _ 

'----------~------' 
PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS 
Unless otherwise specified TA = +25, Vs = ±15V, VAH = +4V, VAL = 0 BV and VREF = Open 

ON RESISTANCE VS ANALOG INPUT VOLTAGE, 
SUPPLY VOLTAGE - 1OOIlA -

RON = V2 /100pA .. V, -
ON RESISTANCE r----o VS ANALOG INPUT VOLTAGE In 

14 

f~ 
~ Out 

13 

~ 12 

ID 11 .."". 

~ 10 - NORMALIZED ON RESISTANCE 
~ 09 VS SUPPLY VOLTAGE 
a: 16 
C 

08 ~> 0 15 coO 

07 ~+i .... 2'_ 14 
06 

00", ..... 
""-IDID 

-10 ~-8 -6 -4 -2 0 2 4 6 8 10 a: ~ 13 

'" Co; 
+125°C 2":TA ;;::: ~55°C_ Analog Input (V) 0> 12 f--,,0 " VIN = +5V ",-

N"O 11 .... = '" ..... '" ~ E :;; 10 
0 03 zeo 09 

08 
±5 ±6 ' 7 ±8 ±9 ±10 ±11 ±12 ±13 .±14 -=15 

Supply Voltage (V) 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (CO NT) 

o 
100 lk 

, 
~ 

Vs ~ ±15V ____ J ~ 
Vs=±~ 

10k lOOk 1M 

SUPPLY CURRENT VS 
TOGGLE FREQUENCY 

10M 

A2 *HI-SOBA 

A, 

Ao 

En 

+ISUPPLY 

±10v/:04PF j-5V 
10MO 

ISUPPlY -= 

Toggle Frequency (Hz) *Slmllar connection for HI-S09A 

c 

~ 
() 

'" E 
~ 

'" ..J 

laOnA 

10nA 

Off Input "i9 Current 10 (OFF) 

lnA 

On Leakage t/ ~ Current 10 (ON) 

~ 

~ -' I' Off Input 

100pA /' ,/ 
Leakage Current 

Is (OFF) 

10pA 
25 50 75 

Temperature (OC) 

100 125 

LEAKAGE CURRENT VS 
TEMPERATURE 

~
n +08V 

Out 

I A 10 (OFF) 

±10V .=. -=- 'Fl0V 

f ~ 

ANALOG INPUT 
OVERVOLTAGE CHARACTERISTICS 

c 
e 
'5 
() 

1 

15 

12 -

I I 
I I 

~Analog Input 
Current (liN) 

~ 

.... ~ 

" 
6 

~ / 

"" ~ 
4 

'" Output Off 
Leakage Current 1 

10 (OFF) 7 o 
±12 ±15 ±18 ±21 ±24 ±27 ±30 +33 . 36 
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o 
c 
-0 
S. 

7-20 

15V/ 10V 

10V'=' 

f 1:'Fl0V 

En 
-08V 

NOTE (1) Two measurements per chan
nel +10V/~10V and ~10V/+l0V (Two 
measurements per deVice for lo(OFF) 
+10V/~10V and ~10V/+l0Vj 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (CO NT) 

~ 

< 

c 
~ 

o 
II 

'" u 

1000 

900 

800 

700 

600 

500 

~ -, 
400 

300 
3 

....... 
~ 

ACCESS TIME VS 
LOGIC LEVEL (High) 

5 6 9 10 11 12 13 14 15 

LogiC Level High (V) 

Vr,t< 40V Address 

~rlVe(VA) 
50°0 

I - OV 

10V~OU'PU'A 
90",c 
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INSTALLATION AND 
OPE'RATING INSTRUCTIONS 
The ENABLE input, pin 2, is included for expansion of 
the number of channels on a single node as illustrated in 
Figure 5. With ENABLE line at a logic I, the channel is 
selected by the 2-bit (HI-509A) or 3-bit (HI-508A) 
Channel Select Address (shown in the Truth Tables). If 
ENABLE is at logic 0, all channels are turned OFF, even 
if the Channel Adddress Lines are active. If the ENABLE 
line is not to be used, simply tie it to +VSUPPLY. 

If the + 15V and/ or -15V supply voltage is absent or 
shorted to ground, the HI-509A and HI-508A multi
plexers will not be damaged; however, some signal 
feedthrough to the output will occur. Total package 
power dissipation must not be exceeded. 

For best settling speed, the input wiring and intercon
nections between multiplexer output and driven devices 
should be kept as short as possible. When driving the 
digital inputs from TTL, open collector output with pull
up resistors are recommended. 

To preserve common-mode rejection of the HI-509A, use 
twisted-shielded pair wire for signal lines and inter-tier 
connections and/ or mUltiplexer output lines. This will 
help common-mode capacitance balance and reduce 
stray signal pickup. If shields are used, all shields should 
be connected as closely as possible to system analog 
common or to the .common-mode guard driver. 

CHANNEL EXPANSION 

Single-Ended Multiplexer (HI-SOBA) 

Up to 32 channels (four multiplexers) can be connected 
to a single node, or up to 64 channels using nine HI-
508A multiplexers on a two-tiered structure as shown in 
Figures 5 and 6. 

In1 A2 A,Ao 
In2 
In3 

HI-SOBA 
Group 4 
Ch2S-32 

Out 

2 Group1 

Enable 
S-Blt 

Binary 
Counter 

2 Group 4 

Enable 

To 
Group I 

2 

Out 
Bt---------' 

I 

Multiplexer 
Output 

DIrect 

I r---' 
I L"', I 
L_~ >_1-0 ..... 

Buffered 
OPA602 

1/40PA404 

Settlln9 Time to ±O 01% for Rs 0:: 100n 
-Two HI-SOBA units In parallel 10~s 
-Four HI-S09A units 10 parallel 12Jl5 

FIGURE 5. 32-Channel, Single-Tier Expansion. 
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OJ 

.8~ln1 
~ Q-ln2 Out 
'2.0-1n3 B 

S I HI-SOBA 
0.1 
""I 

2rO. Multiplexer ~0-1n8 
t: AoA, A2 V "j In1 Outputs 
« 
OJ III I Out DIrect 

~ I 
Ir---"-I HI-SOBA , , , I L .... ' I 

;; I En I J '..10 
To Other HI-50BA Ch -0. L.J , '" r InB V 1-' 

~g: In1 AoA1A2 Buffered 
In2 OPA602 

~6- In3 8 Out 
1/40PA404 

2J1 HI-SaBA il.1 
""I En 
~6- InB 

2:-0 
'" Ao A, A2 C +V « II 1 OJ 

I I 3LSBs 3MSBs 
Settling Time to 6-81t Channel 
• 0 01% IS 20ps With 

Address Generator R, lOOn 

FIGURE 6. Channel Expansion Up to 64 Channels 
Using 8 X 8 Two-Tiered Expansion. 

Differential Multiplexer (HI-S09A) 

Single or multi tiered configurations can be used to 
expand multiplexer channel capacity up to 32 channels 
using a 32 X I or 16 channels using a 4 X 4 configuration. 

Single-Node Expansion 

The 32 X I configuration is simply eight (HI-509A) units 
tied to a single node. Programming is accomplished with 
a 5-bit counter, using the 2LSBs of the counter to 
control Channel Address inputs Ao and A, and the 
3MSBs of the counter to drive a l-of-8 decoder. The 
l-of-8 decoder then is used to drive the ENABLE inputs 
(pin 2) of the HI-509A multiplexers. 

Two-Tier Expansion 

U sing a 4 X 4 two-tier structure for expansion to 16 
channels, the programming is simplified. A 4-bit counter 
output does not require a l-of-8 decoder. The 2LSBs of 
the counter drive the Ao and A, inputs of the four first
tier multiplexers and the 2MSBs of the counter are 
applied to the Ao and AI inputs of the. second-tier 
mUltiplexer. 

Single vs Multitiered Channel EXp'ansion 
In addition to reducing programming complexity, two
tier configuration offers the added advantages over 
single-node expansion of reduced OFF channel current 
leakage (reduced OFFSET), better CMR, and a more 
reliable configuration if a channel should fail in the ON 
condition (short). Should a channel fail ON in the 
single-node configuration, data cannot be taken from 
any channel, whereas only one channel group is failed 
(4 or 8) in the multitiered configuration. 
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BURR - BROWN® 

IElElI MPC800 

High Speed 
CMOS ANALOG MULTIPLEXER 

FEATURES 
.. HIGH SPEED 

1 DOn sec access time 
800nsec settling to 0.01 % 
250nsec settling to 0.1 % 

• USER-PROGRAMMABLE 
16-channel single-ended or 
8-channel differential 

• SELECTABLE TTL or CMOS COMPATIBILITY 

• WILL NOT SHORT SIGNAL SOURCES 
Break-before-make switching 

• SELF-CONTAINED WITH INTERNAL 
CHANNEL ADDRESS DECODER 

• 28-PIN HERMETIC DUAL-IN-LiNE PACKAGE 

A3 DECODER 

v- IN IA 

.---+-<IN IB 

"----r~- DUTB 

r---++<INBB 
I 
I 

I I 
L ___________ L _____ ~ 

INPUT BUFFER AND DECODERS MULTIPLEXER 
SWITCHES 

DESCRIPTION 
The M PC800 is a high speed multiplexer that is 
user-programmable for 16-channel single-ended 
operation or 8-channel differential operation and for 
TTL or CMOS compatibility. 

The M PC800 features a self-contained binary address 
decoder. It also has an enable line which allows the 
user to inhibit the entire multiplexer therehy facili
tating channel expansion by adding additional 
multiplexer,. 

High quality processing is employed to produce 
CMOS FET analog channel switches which have low 
leakage current, low ON resistance, high OFF 
resistance, low feedthrough capacitance, and fast 
settling time. 

Two models are available, the MPC800KG for 
operation from O"C to +7S"C and the MPC800SG 
for operation from -SS"C to + l2S"C. 

International Airport Industrial Park - PO. Box 11400 - Tucson. Arizona 85734 - Tel. (6021 746-1111 - Twx: 910-952-1111 - Cable: 88RCORP - Telex: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C and +Vcc = 15V unless otherwise noted -

MOOEL MPC800KG, MPC800SG 

PARAMETER MIN TYP MAX 

INPUT 
ANALOG INPUT 

Voltage Range -15 +15 
Maximum Overvottage -Vee -2 +VCC, +2 
Number of Input Channels 

Differential 8 
Smgle·Ended 16 

Reference Voltage Range(1) 6 10 
ON Charactenstlcs(2) 

ON Resistance (RON) at +25°C 620 750 
Over Temperature Range 700 1000 

RON Dnft vs Temperature See TYPical Performance Curves 
RON Mismatch 

I 

<10 

I 
ON Channel Leakage 004 

Over Temperature Range 06 100 
ON Channel Leakage Drift See TYPical Performance Curves 
OFF Characteristics 

I I 
OFF Isolation 90 
OFF Channel Input Leakage 001 

Over Temperature Range 038 50 
OFF Channel Input Leakage Dnft See TYPical Performance Curves 
OFF Channel Output Leakage I 0035 

I Over Temperature Range 048 100 
OFF Channel Output Leakage Dnft See TYPical Performance Curves 
Output Leakage (All 

channels dISabled)(3) 002 
Output Leakage with Overvoltage 

+16V Input <035 
-16V Input <065 

DIGITAL INPUTS 

Over Temperature Range 
T rLl4) 

Logic "0" IVALI 08 
Logic "1" (VAH) 24 
IAH 005 1 
IAL 4 25 
TTL Input Overvoltage -6 6 

CMOS 
Logic "0" (VAll a 3VREF 
Logic "1" (VAH) 07 VREF 
CMOS Input Overvol1age -2 +Vcc +2 
Address A3 Overvoltage -Vee -2 +Vcc +2 
Digital Input Capacitance 5 

Channel Select(5) 
Single-Ended 4-blt brnary code one of 16 
Dlfferentral 3-bit binary code one of B 
Enable Logic "0" Inhibits all channels 

POWER REQUIREMENTS 
Over Temperature Range 

Rated Supply Voltage ±15 
Maximum Voltage Between Supply PinS 33 
Total Power DIssipation 525 
Allowable Total Power Dlsslpatlon(6) 1200 
Supply Drain (+25°CI 

At 1MHz SWitching Speed +35, -39 
At 100kHz SWitching Speed +25, -29 

DYNAMIC CHARACTERISTICS 

Gain Error 1<000031 
Cross Talk(?) See TYPical Performance Curves 
TOPEN (Break before make delay) 20 
Access Time at +25°C 100 150 

Over Temperature Range 120 200 
Settling Tlme(8) 

taO 1% (20mVI 250 
to001%(2mV) 800 

Common-Mode Rejection (Differential] 
DC > 125 
60Hz >75 

Channel Input Capacitance. Cs loffl 25 
Channel Output Capacitance. Co loffl 18 
Input to Output Capacitance, Cos r off 002 

Burr-Brown Ie Data Book 7-24 

UNITS 

V 
V 

V 

!l 
!l 

n 
nA 
nA 

dB 
nA 
nA 

nA 
nA 

nA 

mA 
mA 

V 
V 
~A 
~A 
V 

V 
V 
V 
V 

pF 

V 
V 

mW 
mW 

mA 
mA 

% 

nsee 
nsec 
nsec 

nsee 
nsee 

dB 
dB 
pF 
pF 
pF 

MECHANICAL 

c: ~ 
2. I. l 

6 . 14 J 
LD~,,:e~,~ 

Pin numbers shown for reference only 

Numbers mey not be mark.ed on pack.age 

-lrF

, , J-C 

~~NK 
HJU-G -JLD Cse.",,:!, 

NOTE J-'~ Leads In true position within 010" 

~\M 
( 25mm)A @ MMC at ~eatln9 plane 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1360 1475 3454 3747 

6 500 550 1270 1397 

C 220 559 D 015 021 036 053 

F 030 070 07. 17. G 100 BAStC 254 BASIC H 030 095 07. 241 

J 007 013 018 '1033 

K 100 - - 254 

L .600 BASIC 1524 BASIC 
M 15° 15° 

N 020 090 051 229 

PIN CONFIGURATION 

TOP VIEW 

+Vee 
OUT B 

NC 
IN16/8B 
IN15/7B 
IN14/6B 
IN13/5B 
IN12/4B 
IN11/3B 
IN10/2B 

IN9/1B 
GNO 
VREF 

A3 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

28 
27 
26 
25, 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 

OUTA 
-Vee 
IN 8/8A 
IN717A 
IN6/6A 
IN5/5A 
IN4/4A 
IN3/3A 
IN2/2A 
IN1/1A 
ENABLE 
Ao 
A1 
A2 

Vol. 33 



MODEL MPC800KG, MPC800sG NOTES. 

PARAMETER MIN TYP MAX 

TEMPERATURE 

MPC800KG 
Specification 0 +75 
Storage -65 +150 

MPC800SG 
Specification -55 +125 
Storage -65 +150 

UNITS 

°C 
°C 

°C 
°C 

1 Reference voltage controls nOise Immunity, normally left open for 
TTL compatibility and connected to VOO for CMOS compatibility 

2 Y,N ~ ±10V, lOUT ~ 100~A 
3 Single-ended mode 
4. Logic levels specified for VREF (Pin 131 open 
5 For single-ended operation. connect output A I Pin 281 to output B 

I pin 21 and use A3 r pin 141 as an address line For differential operation 
connect As to -Vee 

6 Derate 8mWfCC above TA = +75°C 
7 lOY, p-p, sine wave on all unused channels See TYPical Performance 

Curves 
8 For 20V step I nput to ON channel, Into 1 k!l load 

TYPICAL PERFORMANCE CURVES 

CROSS TALK VS SIGNAL FREQUENCY 
1 .. 

c: 

'" tii 01 
Q; 
c: 
c: .. v 
L; 

001 U 
u. 
u. 
0 V 
0 0.001 
~ 
'" .. 

0.0001 .... 
V 

V " e 

1000 

< c: 

100 

1 

LEAKAGE CURRENTS 
VS TEMPERATURE 

"ON" CHANNEL 

f---"OIFF"OU~PUT 

l'\.r~ ....-ff"~ 
~ --

-- II: 
::; 
U 

COMBINED CMR VS FREQUENCY 
FOR MODEL 3630 AND MPC800 

o 
o 
CO 
o 
Q. 

u 0.00001 
100 1k 10k 100k 1M 10M 

001 
25 35 45 55 65 75 ~~~--~--~--~1oo~k~1M :E 

Signal Frequency (Hz) 
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z 
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II: 

500 

400 

300 

200 
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o 
25 

RON DRIFT VS TEMPERATURE 

35 45 55 65 
Temperature (oel 
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Temperature (oel Frequency (Hz) 

-

75 

7-25 

SETTLING TIME VS SOURCE RESIS-
1000 TANCE 110V STEP CHANGE RL -1k1l -

800 

~ 
c: 600 
Q) 

E 
,:: 
? 400 

~ 
200 

o 

liO O.01%) -
~ 

V 
7 \~O 

V 
I--

001 0.1 10 100 
Source ReSistance (kil) 

Vol. 33 

-
en 
a: 
w 
>< 
W 
...I 
Q. 

~ 
:,) 

:E 
G o 
...I 
c:r: 
Z 
c:r: 



DISCUSSION OF 
PERFORMANCE 

STATIC TRANSFER ACCURACY 

r he static or DC transfer accuracy of transmitting the 
multiplexer input voltage to the out rut depends on the 
channel 01'1/ resistance (Ro~), the load impedance, the 
,ource Impedance, the load bias current, and the 
multiplexer leakage current. 

Single-Ended Multiplexer Static Accuracy 

The major contnbutors to ,tatic transfer accuracy for 
single-ended multiplexers are: 

Source re,.,tance loading error 
Multiplexer ON resistance error 
DC offset error caused by both load bias current and 

multiplexer leakage current. 

RESISTIVE LOADING ERRORS 

I he ,ource and load impedance, "Ill determine the 01'\ 
re",tance loading error,. 10 mll1ll11l1e the,e error,: 

• Keell loading imlledance as high as Ilossible. This 
mllllmlfe, the re,l,tlve loading effect, of the ,ource 
resistance and multiplexer ON resistance. As a guide
hne, load Impedances of 1080 or greater will keep 
resistive loading errors to 0.002% or less for 10000 
source Impedances. A 1060 load impedance will 
I11crease source loading error to 0.2% or more. 

• Use sources with Imlledances as low as Ilossible. A 
10000 source resistance will present less than 0.002% 
loading error and 10kO source resistance will increase 
,ource loading error 0.02% with a 108n load 
impedance. 

I nput resistive loading errors are determined by the 
following relationship (see Figure I): 

Source and M uitilllexer Resistive Loading Error 

f - R, + R()~ x 100% 
(R, + R()~) - R, + Ro~ + RI. 0 

where R" = R'llllr" 
R, = Load Rc,"tance 
Ro, = Multiplexer 0:\ re,i;tance 

RSI RON _IBIAS 

ILl 
r-- -.., Vm , I 
I I , I MEASURED 

RSI6 I I VOLTAGE 
I I -= l.!~~ I 

RoFF _...J 

VCCI6 '=' 

FIGURE I. MPC800 Static Accuracy Equivalent Circuit 
(Single-ended Operation). 

Input Offset Voltage 
Bla, and leakage currents generate an input Offset 
voltage a, a re,ult of the I. drop acros, the multiplexer 

Burr-Brown Ie Data Book 7-26 

ON resistance and source resistance. A load bias current 
of IOnA, a leakage current of I nA, and an ON resi>tance 
017000 will generate an offset \ oltage of 19/1 V If a 10000 
,ource I' u,ed. and 118/lV If a IOkn ,ource I> u,ed. In 
general, for the M PC800 the Offset voltage at the output 
I> determined by: 

VmFSI I = (lB + I,.)(R()~ + R",""" where 

I" = Ria, current of deVice multiplexer " dri\ ing 
I, = Multiplexer leakage current 
R", = Multiplexer ON re,,,tance 
R""I1" = Source rC\I"ttancc 

Differential Multiplexer Static Accuracy 

Static accuracy errors in a differential multiplexer are 
difficult to control, especially when it is used for multi
plexing low level signals with full scale ranges of 10m V to 
100mV. 

The matching properties of the mUltiplexer, source and 
output load playa very important part in determining the 
transfer accuracy of the multiplexer. The source imped
ance unbalance, common-mode impedance. load bias 
current mismatch, load differential impedance mismatch, 
and common-mode impedance of the load all contribute 
errors to the multiplexer. The multiplexer ON resistance 
mismatch. leakage current mismatch and ON resistance 
also contribute to differential errors. 

Referring to Figure 2, the effects of these errors can be 
minimized by following the general guidelines described 
in this section, especially for low level multiplexing 
applications. 

I BIAS A RSIA RoNIA 
r"''N-o-''N'o-1II--....;;;;=--o----.... -.,- - - ~LiiA;"1 

~) I 
I 
I 

CCM I 
I 
I 

I I L _________ -' 

RoFF8B 

FI G U R E 2. M PC80(, Static Accuracy Equivalent Circuit 
(Differe ial OperatIOn). 

Load (Output Device) Characteristics 

• Use devices with very low bias current. Generally, FET 
input amplifiers should be used for low level Signals 
less than 50mV FSR. Low bias current bipolar input 
amplifiers are acceptable for Signal ranges higher than 
50mV FSR. Bias current matching will determine the 
input offset. 

• The system DC common-mode rejection (CMR) can 
never be better than the combined CMR of the 
multiplexer and driven load. System CM R will be less 
than the device which has the lower CMR figure. 

• Load impedances, differential and common-mode, 
should be 10,on or higher. 
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Source Characteristics 
• The ;,ource impedance unbalance wIll produce off;,et, 

common-mode and channel-to-channel gain scatter 
errors. Use sources whichdo not have large Impedance 
unbalances if at all possible. 

• Keep source imRedances as low as possible to minimize 
resistive loading error,. 

• M inlmi7e ground loop~ If signal line;, are shielded, 
ground all ,hield, to a common point at the 'yqem 
analog common. 

If the M PC800 i, u,ed for multiplexing high level 'Igna" 
of I Y to lOY full \Calc range" the foregoing precaution> 
,hould ,tIll be taken, but the parameter, arc not a, critical 
a, for low level ,ignal applicatIOn;, 

SETTLING TIME 
Settling tlmc I' the time rCljlllrcd for the multiplexer to 
rcach and maintain an output v. itllIn a 'pcclfied error 
band 0111\ Iinal \alue In re'pon,e to a ,tep Input I he 
,ettiing time of the M PC800 I' primarily due to the 
channcl capacitance and a combll1aUon of rC'I,tance;, 
v. hlch ll1c1ude the ,ource and load rc,i,tance,. 

If the parallel combination 01 the ,ource and load 
re'l\lance time, the total channel capacitance I' kept 
,mall. then the ,ettling time I' pnmanly affected by 
Internal RC\. For the M PC800 the internal capacitance 

FIGURE 3. Settling Time Effects (Single-ended). 

'FIGURE 4. Settling and Common-Mode Effects 
( Differential). 

Burr-Brown Ie Data Book 7-27 

I' approximately 20pF differential or 40pF ,ingle-ended 
With external capacitance neglected. the time con;,tant of 
,ource re;'I,tance in parallel With load re'l,tance and the 
Internal capacitance should be kept Ie" than 40mec Thl;, 
mean;, the ,ource re;'l,tance ;,hould be kcpt to Ie" than 
2kll ('h'lImc' 11Igh load rC'I,tancc) [0 111'"11[",n I,ht 
-'l'ttllng til1ll'''' 

ACCESS TIME 

Th" I' the time leljuired for the CMOS r E r to tllrn 0'\ 
after a new digital code ha, been applIed to the Channcl 
Addrc;,;, mput,. It I' mea,ured from the 50 percent pOint 
of the add re" ll1put "gnal to the 90 percent pomt 01 the 
analog ... Ignal ;,een at the output lor a lOY 'Ignal change 
between channel .... 

CROSSTALK 
Crosstalk i;, the amount of Signal feedthrough from the 7 
differential or 15 ;,ingle-ended OFF channe\;, appearing 
at t~e multiplexer output. Cros;,talk IS caused by the 
\oltage diVider effect of the OFF channel. OFF resl;,tance, 
and Junction capacitance;, in series with the R(), and 
R"""" Impedances of the 0:\ channel. Cro;,stalk is 
measured With a 20Y, pk-pk, 1000H7 sine wave applied to 
all OFF channels. The crosstalk for these multiplexers I;' 
,hown In the Typical Performance Curves. 

o o 
CO o a. 
:::!5 

COMMON-MODE REJECTION (DIFFERENTIAL 
MODE ONLY) _ 

The matchmg propertie;, of the load. multiplexer and 
source affect the common-mode rejection (CM R) 
capabIlity of a differentially multiplexed sy,tem. CM R IS 
the abilIty of the multiplexer and input amplifier to reject 
signals that are common to both mputs. and to pa;,;, on 
only the 'Ignal difference to the output. Protection IS 
pro\ Ided lor common-mode 'Igna\;' 01 ±2Y abmc the 
pov.n ,uppl~ \ oltage, v.lth no damagc to the analog 
,\\ ItchC'>. 

The CM R of the M PC800 and Burr-Brown';, model 3630 
Instrumentation Amplifier I' 120dB at DC to IOH7 with a 
6d BI octave rolloffto 80d B at 1000H1. This measurement 
ofCM R is shown in the Typical Performance Curves and 
is made with a Burr-Brown model 3630 mstrumentation 
amplifier connected for a gam of 1000 and With ;,ource 
unbalance of 10kO, I k!l and no unbalance. 

Factors which will degrade multiplexer and system DC 
CMR are: 

• Amplifier bias current and differential impedance 
mismatch. 
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• Load impedance mismatch. 

• M ultipl~xer impedance and leakage current mismatch. 

• Load and source common-mode impedance. 

AC CM R rolloff is determined by the amount of 
common-mode capacitances (absolute and mismatch) 
from each signal line to ground. Larger capacitances will 
limit CM R at higher frequencies; thus, if good CM R is 
de~ired at higher frequencies, the common-mode capac
itances and unbalance of signal lines and multiplexer to 
amplifier wiring must be minimiled. Use twisted-shielded 
pair signal lines wherever possible. 

INSTALLATION & OPERATING 
INSTRUCTIONS 
The ENABLE input, pin 18, is included for expansion of 
the number of channels on a single-node as illustrated in 
Figure 5. With the ENABLE line at a logic I, the channel 
is selected by the Channel Select Address (shown in the 
Truth Tables). If ENABLE is at logic 0, all channels are 
turned OFF, even if the Channel Address Lines are 
active. If the ENABLE line is not to be used, simply tie it 
to logic I. 

For the best settling time, the input wiring and mter
connections between multiplexer output and driven 
devices should be kept as short as possible. When driving 
the digital inputs from TTL. open collector output with 
pullup resistors are recommended. 

To preserve common-mode rejection of the MPC800 use 
twisted-shielded pair wire for signal lines and inter-tier 
connections and/ or multiplexer output lines. This will 
help common-mode capacitance balance and reduce 
stray signal pickup. If shields are used, all shields should 
be connected as close as possible to system analog 
common or to the common-mode guard driver. 

LOGIC LEVELS 

The logic level is user-programmable as either TTL
compatible by leaving the VRI r (pin 13) open or CMOS
compatible by connecting the VRI , to Vuu (CMOS 
~upply voltage). 

16-CHANNEL SINGLE-ENDED OPERATION 

To use the M PC800 as a 16-channel single-ended 
mUltiplexer, output A (pin 28) is connected to output B 
(pin 2) to form a single output. then all four address lines 
(Ao, AI. A2 and. A3) are used to address the correct 
channel. 

The M PC800 can also be used as a dual8-channel single
ended multiplexer by not connecting output A and B. but 
then only one channel in one of the multiplexers can be 
addressed at a time. 

a-CHANNEL DIFFERENTIAL OPERATION 
To use the M PC800 as an 8-channel differential multi
plexer, connect address line A3 to -Vee then use the 

Burr-Brown Ie Data Book 

remaining three address lines (Ao. AI and A2) to address 
the correct channel. The differential inputs are the pairs 
of A, and 81. A2 and B2, etc. 

TRUTH TABLES 
M PC800 used as 16-channel single-ended multiplexer or 
8-channel dual multiplexer. 

USE A3 AS DIGITAL 
ADDRESS INPUT "ON" CHANNEL TO 

ENABLE ~ ~ A1 Ao OUT A OUTB 

L X X X X NONE NONE 

H L L L L lA NONE 

H L L L H 2A NONE 

H L L H L 3A NONE 

H L L H H 4A NONE 

H L H L L 5A NONE 

H L H L H 6A NONE 

H L H H L 7A NONE 

H L H H H 8A NONE 

H H L L L NONE 18 

H H L L H NONE 28 

H H L H L NONE 38 

H H L H H NONE 48 

H H H L L NONE 58 

H H H L H NONE 68 

H H H H L NONE 78 

H H H H H NONE 88 

For 16-channel smgle-ended functIon, tie "out A" to "out B, for' 
dual S.channel function use the A3 address Pin to select between 
MUX A and MUX 8. where MUX A IS selected wIth As low 

M 1'(,800 1I,ed a, 8-channel differential multiplexer. 

~ CONNECT TO -VCC "ON" CHANNEL TO 

ENABLE ~ A1 AO OUTA OUTB 

L X X X NONE NONE 

H L L L lA 18 

H L L H 2A 28 

H L H L 3A 38 

H L H H 4A 48 

H H L L 5A 58 

H H L H 6A 68 

H H H L 7A 78 

H H H H 8A 88 

CHANNEL EXPANSION 

Single-tier Expansion 
Up to four M I'C800\ can be connected to a single node 
to form a 64-channel single-ended multiplexer or up to 
eight M I'C800\ can be connected to two nodes to form a 
64-channel differential mUltiplexer. Programming is 
accomplished with a siX-bit address and a I of 4 decoder 
for 64-channel ~ingle-ended expansion (see Figure 5) or 
an eight-bit address and a I of 8 decoder for 64-channel 
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differential expansion. The decoder drives the enable 
inputs of the M pe800. turning on only one multiplexer 
at a time. 

Two-tier Expansion 
Up to seventeen M re800'; can be connected in a two-tier 
,tructure to form a 256-channel ,ingle-ended multiplexer 
hee hgure 6) or up to nine M re800\ can be connected 
In a two-tier ,tructure to form a 64-channcl differential 
mUltiplexer. Programming i, accompli,hed with a 8-bit 
addrc". 

-,,
TO MULTIPLEXERS 3 ANO 4 
54·CHANNEl SINGLE·TlER 
EXPANSION ISingle·Endedl 

MULTIPLEXER 
OUTPUT 

FI(i I' Rf 5. 32- to M-ChanncL SlIlgle-ticr ["pamlOn. 

Burr-Brown Ie Data Book 

Single vs Multltiered Channel Expansion 

In addition to reducing programming complexity. two
tier configuration offers the added advantage, over 
single-node expansion of reduced OFF channel current 
leakage (reduced Off,et). better eM R. and a more 
reliable configuration If a channel ,hould fall In the 0:\ 
condition hhort). Should a channel fail ON in the ,ingle
nodc configuration. data cannot be takcn Irolll any 
channel. whcrca, only one-channel group i, lidled (8 or 
16) In the multitiered configuration. 

7-29 

..... +-++-II----lIN t AO AI AZ A3 
INZ 
IN3 

: MPC800 

I 
I 
f INI5 

--TO MULTIPLEXERS 3 THROUGH 15 
Z55·CHANNEL TWO·TlER 

EXPANSION ISlngle·Ended) 

HCil'Rr 6. Channel F"pan"on up to 256 Channch 
u"ng 16 " 16 I wo-ticred E 'pan"on. 
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BURR-BROWN'" 

IElElI MPC801 

High Speed 
CMOS ANALOG MULTIPLEXER 

FEATURES 
• HIGH SPEED 

8Dnsec access lime 
800nsec settling to 0.01 % 
250nsec settling to 0.1% 

• USER-PROGRAMMABLE 
8-channel single-ended or 
4-channel differential 

• SELECTABLE TTL or CMOS COMPATIBILITY 

• WILL NOT SHORT SIGNAL SOURCES 
Break-before-make switching 

• SELF-CONTAINED WITH INTERNAL 
CHANNEL ADDRESS DECODER 

.18-PIN HERMETIC DUAL-IN-LiNE PACKAGE 

A2 DECDDE 
/\2 ~ 0-
~t 

H 

l l 
~-

EN >-+~~~~---.-H 
An >--"----~H 
AI >-, --!-~~~ff-H--I 

DESCRIPTION 

I he M I'C80 I i, a high 'peed multiplexer that" 
user-programmable for 8-channcl "ngle-ended oper
ation or 4-channcl dlfterentlal operation and for 
TIL or CMOS compatibility, 

The M I'C80 I feature, a ,elf-contallled hinary addre,s 
decoder- It abo ha, an enable line which allo\\>, the 
u,er to IIlhlblt the entire multiplexer thereby fa
cilitating channel expan"on b~ addlllg additional 
multiplexer'> 

High quality proces,ing i, employed to produce 
CMOS FET analog channel switches which have low 
leakage current. lo\\> 0' resIStance. high OFF 
re,i,tance. low fcedthrough capacitance. and fast 
settling time, 

Two modeb arc a\ailahlc. the MI'C801 KG for 
operation from O"C to + 75"C and the M I'C80 I SG 
for operation from -55"C to +125"('. 

=----++< IN 4B 

I 
I I 
L ___________ L ______ , 

INPUT BUFFER AND DECDDERS MUl TlPlEXER 
SWITCHES 

Inlernational Airporl Induslrial Park, PD. Box I 14DD ' Tucson. Arizona 85734 ' Tet (6021 746,1111 ' Twx' 910·952·1111 • Cable: BBRCORP , Telex: 66,6491 

PDS464A 
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SPECIFICATIONS 
ELECTRICAL 
At TA - +25°C and !VCC ::: 15VDC unless otherwise noted 

MODEL 

PARAMETER 

INPUT 
ANALOG INPUT 

Voltage Range 
Maximum Overvoltage 
Number of Input Channels 

Differential 
Single-Ended 

Reference Voltage Aange( 1) 

ON Characterlstlcs(2} 
ON Resistance I RON I at +2Sc..C 

Over Temperature Range 
RON Drift vs Temperature 
RON Mismatch 
ON Channel Leakage 

Over Temperature Range 
ON Channel Leakage Drift 
OFF Characteristics 

OFF Isolation 
OFF Channel Input Leakage 

Over Temperature Range 
OFF Channel Input Leakage Drift 
OFF Channel Output Leakage 

Over Temperature Range 
OFF Channel Output Leakage Drift 
Output Leakage, All 

channels disabled 1(3) 

Output Leakage with Overvoltage 
+16V Input 
-16V Input 

DIGIT'AL INPUTS 

Over Temperature Range 
TTU4) 

LogIC "0'" rVAll 

LogiC "1" lVAHI 

IAH 
IAL 
TTL Input Overvoltage 

CMOS 
LogiC "0" I VAll 
LogIC "1" (VAHI 
CMOS Input Overvoltage 
Address A2 Overvoltage 
Dlgttallnput Capacitance 

Channel Select(5) 
Single-Ended 
DIfferential 
Enable 

POWER REQUIREMENTS 
Over Temperature Range 

Rated Supply Voltage 
MaXImum Voltage Between Supply PinS 

Total Power DISSipatIon 
Allowable Total Power Dlsslpatlon(S) 
Supply Dram +25°C 

At 1MHz SWItching Speed 
At 100kHz SWitching Speed 

DYNAMIC CHARACTERISTICS 

Gain Error 
Cross Talkm 
TOPEN I Break before make delay' 
Access Time at 25°G 

Over Temperature Range 
Settling Tlme(8) 

toO 1% ,20rnV 
to001% 2mV 

Common-Mode Rejection Differential 
DC 
60Hz 

OFF Channel Input Capacitance, Cs off 
OFF Channel Output Capacitance Co off 
OFF Input to Output Capacitance, Cos off 

Burr-Brown Ie Data Book 

I MPCB01KG. MPCBOISG 

MIN 

-15 
-Vee -2 

TYP MAX 

+15 
+VCC +2 

10 

500 750 
700 1000 

See TYPlca11 pe:/~~rnalnce Curves 

g; 50 

~"T~mr'::-
See TYPIcal Performance Curves 

I ~~O I 50 
See TYPical Performance Curves 

24 

-6 

07 VRE' 
-2 

-Vee -2 

002 

< 035 
<065 

005 
4 

08 

I 
20 
6 

o 3VREF 

+Vcc +2 
+Vcc +2 

3-blt bmary code one of 8 
2-blt binary code on of 4 

LogiC "0" inhibits all channels 

±15 
33 

360 
725 

+14, -12 5 
+125,-125 

1.< 0 0003J 
See TYPical Performance Curves 

20 
80 125 
110 150 

250 
800 

> 125 
>75 
19 
10 

0,D2 

7-31 
--------~ 

UNITS 

v 
V 

V 

!I 
!I 

!I 
nA 
nA 

dB 
nA 
nA 

nA 
nA 

nA 

rnA 
rnA 

V 
V 
V 
V 
pF 

V 
V 

rnW 
rnW 

rnA 
rnA 

% 

nsec 
nsec 
nsec 

nsec 
nsec 

dB 
dB 
pF 
pF 
pF 

MECHANICAL 

ITOPVIEW) 

r-~ 228'0381 l 0186MAX 

~ ______________________ , ___ 4iO 

~h~u1( ~un~t:ro 
!JL --< ~06OTVP J I~"'oroa 

018t0OO3 152 0100TYP 
0451+0076 254 

PIN CONFIGURATION 

TOPVIEW 

+Vcc [ 1 18 ~OUT A 

OUTB[ 2 17] -Vee 

IN8/4B 3 16] IN4/4A 

IN7/3B 4 15 ] IN3/3A 

IN6/2BI 5 14 b )N2/2A 

IN5/1B 6 13 b INI/iA 

GND 7 12 b ENABLE 

VRE' r 8 II b Ao 

A2 [ 9 10 b A1 
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ELECTRICAL (CONT) 
MODEL MCP801 KG, MPC801 SG 

PARAMETER MIN TYP MAX 

TEMPERATURE 

MPC801KG 
Specification a H5 
Storage -65 +150 

MPC801SG 
Specification -55 +125 
Stor,oe -65 +150 

UNITS 

°C 
°C 

°C 
°C 

NOTES 
1 Reference voltage Cuntrols nOise Immunity normally left I)per, If)' 

TTL compatibility and connected to VO" tor CMOS c()mpatlblll: y 

VIN • 10V lOUT 1 DOpA 

Single-ended mode 

Logic levels specified for VREF I pin 8 open 

For single-ended operation connect output A pin 18 to u\JIPtll,B 

pin 2 and use A2 pin 9 as an address lint-' For differential operal,I)' 
connect A2 to -Vr ( 

6 Derate BmW/DC above TA "" ~ 75°C 
lOV p-p SinE' wave on all 'jnllsed cnannpl,) SeE-' TypiCal Pprforrna'l\. e 
Curvps 

8 i-or20V step Input to ON channel. Into 1k!lload 

TYPICAL PERFORMANCE CURVES 

CROSS TALK VS SIGNAL FREOUENCY 
LEAKAGE CURRENTS 

VS TEMPERATURE 

01 

~ 
fj 00 
"-
() 
o 000 

~ 

~ 0 000 
w 
w 
o 

U 00000 

1 

1 

1 

V 
1 
100 

1000 

100 

V 
V 

ON CHANNEL 

0 OFF OU~PUT ~ 1 

u 

V 
1 

?U' V-

I 
~p 

r-
00 1 

lk 10k lOOk 1M 10M 25 45 55 

Signal Frequency Hz TemperatlHf' r: 

SETILING TIME vs SOURCE RESIS· 
TANCE 20V STEP CHANGE RL ~ 1 kll 

65 

--
-

,;OMBINED CMR VS FREOUENCY 
FOR MODEL 3630 AND MPC801 

G lUO(1 

lOOk 1M 
Frequenry Hz 

RON DRIFT VS TEMPERATURE 
1000 500r---~----r----;----'----' 

800 400 

~ 
600 

~ 
>--
CY 400 c 

" ;: 
Ul 

200 

TO 0 O~\l,!\ -f--t""" 
k:-::: 

\~ V 
f-

- 300 

,§ 
z 

200 ~ 

100 

-

001 0 , 10 100 25 35 45 55 

Tempf'fature C 
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DISCUSSION OF 
PERFORMANCE 
STATIC TRANSFER ACCURACY 

I h~ ,Wile or DC tran,fer accuracy of tran~mitting the 
multiplexer Input \oltage to the output depend~ on the 
channel 0:\ re,istance (R",). the Imld impedance. the 
,,,urce Impedance. the load bia, current. and the 
multiplexer leakage current. 

Single-Ended Multiplexer Static Accuracy 

rhe major contributor, to ,tatic transler accurac\, for 
,ingle-ended multiplexer, arc: • 

Source re",tance loading error 
Multiplexer 0:\ re~lstance error 
DC off~et error cau,ed by both load bia, current and 

multiplexer leakage current. 

RESISTIVE LOADING ERRORS 

I he ,,,urce and load Impedance, will determine the 0-"; 
rc"'tanc~ loading error,. 1o mll1iml/e th~ ... e error,: 

• Keep loading impedance as high as pos~ible. Thi, 
minimi/es the resi,tive loading effects of the ,ource 
re,istance and multiplexer ON resistance. As a guide
line. load impedances of 10'0 or greater will keep 
rcsisti\e loading errors to 0.002% or le~s for looon 
,ource impedance~. A 1060 load impedance will 
increa,c ~ource loading error to 0.20, or more. 

• U,e ,ource, with Impedances as low 'as possible. A 
10001l ,ource re,i,tance will pre,ent le,~ than 0.002' , 
loading error and 10kO source resiMance will increase 
,ource loading error 0.02'; with a lo'n load 
impedance. 

Input resiMive loading errors are determined by the 
following relation,hip (see Figure I): 

Source and Multiplexer Resi,tive Loading Error 

R .... = R\IHll"l.c 

RI = Load resistance 
R,,, = Multiplexer ON resi,tance. 

Input Offset Voltage 
Hia, and leakage currenh generate an input Offset 
\ oltage a, a re,ult of the I" drop acro" the multiplexer 
0\ re'''tanc~ and ,ource re,i,tance. A load biaS current 
of IOnA. a leakage current of I nA. and an 0:\ re,istance 
of 700n will generate an off,et voltage of 19j.1V if a 
1000n ,ource " used. and I I 8j.1 V if a 10k!! I, u,ed. In 
general. for the M I)C80 I the Off,et voltage at the output 
i, determined by: 

VOl!"\! I = (18 + II )(Ro, + R","~,) where 

III .= Hm, Current of device multiplexer i~ driving 
II = Multiplexer leakage current 
R,,, = Multiplexer ON resi,tance 
R" .... " = Source re,iMance. 

Burr-Brown Ie Data Book 7-33 

Differential Multiplexer Static Accuracy 
Static accuracy errors in a differential multiplexer are 
dlfl icult to control. c~pecially v. hen it IS u,cd for multi
plexing loll. Ic\el ,ignab with full scalc range, of 10m V to 
100mV. 

rhe matching propertic, of the mUltiplexer. ,ource and 
output load playa \"Cry important part in determimng the 
tran,ler accuracy of the multiplexer. I he ,ource Im
pedance unbalance. common-mode impedance. load bla, 
current mi,match. load differential Impedance mi,match. 
and common-mode impedance of the load all contnbute 
~rror, to the mUltiplexer. I he multiplexer ON re'l,tance 
ml'l11atch. leakagc current mi,match and 0'1; re'I,Wnce 
al", contribute to dlffcrential crror,. 

Rderrlng to hgule 1. thc eflech of the,e crror, can be 
I11lnll11l/Cd by follov.ing the general gUldellnc, de,cnbed 
In tim ,ection. e,pccmlly tor 10\\ Ie\d l11ultlplc'lIlg 
application,. 

Load (Output Device) Characteristics 

• lJ~e device~ with \ ery low bia, current. Generallv. FET 
input amplifiers ,hould be used for 10\\ level ~Ignal' 
les~ than 50mV FSR. I.ow bia, current bipolar II1put 
amplifiers are acceptable for ~ignal range, higher than 
50mV FSR. Bias current matching 11.111 determinc the 
input off,et. 

• The sy~tem DC common-mode rejectlOn'(CMR) can 
never be better than the com billed CMR of the 
multiplexer and driven load. System CM R will be Ie\> 
than the dev'lce which ha, thc lowcr eM R figure. 

• Load impedance,. differential and common-modc. 
should be 10liln or higher. 

RSI ROM _tBIAS 

ILl 
r-- Vm 
I I 
I I 
I I MEASURED 

RSB I I VOLTAGE 
":' 

I I 
ROFF ~t,!lA.! I 

-....I 

FIGURE I. M PC801 Static Accuracy Equivalent Circuit 
(Slnglc-ended Operation). 

IBIASA RSIA RONIA ..... ...,..,.O-""' ..... --=:;;:;..-cill-C -:;;O/":';;;~-' - - - ZL~~~ 
ILA) I ROI2 I 

I I 
I CDI2 I 

I~BI CCM: 

- I 
I - I L _________ ...J 

ROFF4B 

FIG URE 2. M PC80 I Static Accuracy Equivalent Circuit 
(Differential OperatIOn). 
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Source Characteristics 
• The sourcc impedance unbalance will produce off~et, 

common-mode and channel-to-channel gain scatter 
errors. Use sources which do not have large impedance 
unbalances if at all possible. 

• Keep source impedances as low as possible to minimize 
resistive loading errors. 

• Minimi7e ground loops. If signal lines are shielded, 
ground all ,hield~ to a common point at the system 
analog common. 

lfthc MPC80ll, u,ed lor multiplexing lllgh level ,ignab 
of I V to IOV full ,cale range" the foregoing precautions 
~hould ~till be taken, but the parameters are not as cntical 
as for low level ,ignal applications 
SETTLING TIME 
Settling time I, the time reqUired for the multiplexer to 
reach and maintain an output within a ~pecilied error 
band of Ih hnal value In re~pon~e to a ,tep input. The 
,etthng lime of the MPC801 I, primarily due to the 
channel capacitance and a combinatIOn of resi~tances 
\I hlch include the ,ource and load re'l,tance,. 

II the parallel combination of the ,ource and load 
rc,l,tance time, the total channel capacitance is kept 
,mall. then the ,etthng time I' primarily affected by 
Internal RC\. I-or the M PC801 the Internal capacitance 
I, approximately I OpF differential or 20pF ,ingle-ended. 

FIGURE 3 Setthn~ Time Effects (Single-ended). 

I I 
I I 

FIGURE 4. Set.tling and Common-Mode Effect, 
( Differential). 

With external capacitance neglected. the time conMant of 
,ource re,i,tance in parallel With load rcsl~tance and the 
Internal capacitance ,hould be kept Ie" than 40n,cc. Th" 
mcan, the ,ource re,i,tance ,hould be kept to Ie!>!> than 
4k!l (a"ume high load re,i,tance) to maintal!1 la,t 
,ettling time,. 

ACCESS TIME 

This is the time reqUired lor the CMO~ I- FT to turn 0:--'; 
after a new digital codc ha, been applied to the Channel 
Addre~s Input!>. It i, mea,ured from the 50 percent point 
of the address input "gnal to the <)0 percent point of the 
analog signal ,een at the output for a IOV !>!gnal change 
between channels. 

CROSSTALK 
Crosstalk is the amount of "gl"li leedthrough from the 3 
differential or 7 ,Ingle-ended OFF channels appearing at 
the multiplexer output. Cro!>!>talk is caused by the voltage 
divider elfect of the 01- F channel, OFF resistance, 
and junction capacitance, In ~enes with the R()~ and 
R","", Impedances of the ON channeL Crosstalk i, 
measured with a 20V, pk-pk, 1000H7 sine wave apphed to 
all OFF channels. The crosstalk for these multiplexers is 
shown In the Typical Performance Curves. 

COMMON-MODE REJECTION (DIFFERENTIAL 
MODE ONLY) 
The matching properties of the load, multiplexer and 
source affect the common-mode rejection (CM R) 
capability ofa differentially mUltlplexed system, CM R IS 
the ability of the multiplexer and input amplifier to reject 
signals that are common to both Inputs, and to pass on 
only the signal difference to the output. Protection is 
provided lor common-mode 'Ignab of ±2V ahovc the 
power ,uppl~ \ oltage, with 110 damage to the analog 
,wltch~. 

The CMR of the MPC801 and Burr-Brown's model 3630 
Instrumentation Amplifier is l20dB at DC to 10Hz with a 
6dB/ octave rolloffto 80dBat 1000Hz. This measurement 
of C M R is shown in the Typical Performance Curves and 
is made with a Burr-Brown model 3630 instrumentation 
amplifier connected for a gain of 1000 and with source 
unbalance of 10k!!, 1 k!! and no unbalance. 

Factors which will degrade multiplexer and system DC 
CMR are: 

• Amplifier bias current and differential impedance 
mismatch. 

• Load impedance mismatch. 

• Multiplexer impedance and leakage current mismatch. 
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• Load and ,ource common-mode impedance. 

AC CM R rollotf is determined by the amount of 
cOlllmon-mode capacitances (absolute and mi,match) 
from each "gnalline to ground. Larger capacitances will 
Illlllt CM R at higher fre4uencie,; thu,. If good CM R IS 
dC'lred at higher tre4uencles. the common-mode capac
Itance, and unbalance ot 'ignal lIne, and multiplexer to 
amplifier v. trlng must be mll1lmiled. U,e twisted-shielded 
pair ,'gnal line, wherever pos,ible. 

INSTALLATION & OPERATING 
INSTRUCTIONS 

The E~ABLE II1pUt. pin 12.1' lI1c1uded forexpan,ion of 
the number of channeb on a ,ingle-node as Illustrated in 
hgure 5 With the ENABLE lIne at a logic I. the channel 
i, ,elected by the Channel Select Address (,hown in the 
Truth Tablc\) If E~ABLE" at logic O. all channels are 
turned 01-1-. even If the Channel Addres, Line, are 
active. If the EN ABLE line is not to be used. ,imply tie it 
to logiC I 

For the be,t ,ettllng time. the Input v.iring and Inter
connections between multiplexer output and driven 
deVice, ,hould he kept a, ,hort as possible. When driving 
the digital input' from TTL. open collector output with 
pullup resi,tors are recommended. 

To pre,erve common-mode rejection of the M PC80 I use 
twi,ted-,hielded pair wire for ,ignal lines and inter-tier 
connections and or multiplexer output lines. This will 
help common-mode capacitance balance and reduce 
stray "gnal pickup. If shields are used. all ,hield, ,hould 
be connected as close as possible to ,y,tem analog 
common or to the common-mode guard driver. 

LOGIC LEVELS 

The logic level i, user-programmable as either TTL
compatible by leaving the V"'I (PIl1 8) open or CMOS
compatible by connecting the V"" to V"" (CMOS 
,"pply voltage). 

8-CHANNEL SINGLE-ENDED OPERATION 

To u,e the MPC801 as an 8-channel single-ended multi
plexer. output A (pin 18) is connected to output B(pin 2) 
to form a >Ingle output. then all three addre" line, (Ao. 
A,. and A,) are used to address the correct channel. 

The M PC80 I can aiso be u,ed as a dual channel ,inglc
ended multiplexer by not connecting output A and B. but 
then only one channel in one of the multiplexers can be 
addre,sed at a time. 

4-CHANNEL DIFFERENTIAL OPERATION 

To use the M pe801 as an 4-channel differential multi
plexer. connect address line A, to -Vn then u,e the 
remaining two address lines (All and At) to addre>s the 
correct channel. The differential inputs are the pairs of A, 
and B,. A, and B,. etc. 
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TRUTH TABLES 

M I'C80 I w,ed a, 8-channcl ,ingle-ended multiplexer or 
4-channcl dual multiplexer. 

USE A2 AS DIGITAL 
ADDRESS INPUT "ON" CHANNEL TO 

ENABLE A2 Al AO OUTA OUTB 

L X X X NONE NONE 

H L L L lA NONE 

H L L H 2A NONE 

H L H L 3A NONE 

H L H H 4A NONE 

H H L L NONE lB 

H H L H NONE 2B 

H H H L NONE 3B 

H H H H NONE 4B 

For 8-channel Single-ended function, tie "out A" to 'out B . for 
dual 4-channel function use the A2 address pin to select between 
MUX A and MUX 8, where MUX A IS selected With A2 low 

M PC 80 I med 'I'> 4-channel differential multiplexer. 

A2 CONNECT TO -VCC "ON" CHANNEL TO I 
ENABLE Al AO OUTA OUTB 

L X X NONE NONE 

H L L 1A 1B 

H L H 2A 2B 

H H L 3A 3B 

H H H 4A 4B 

CHANNEL EXPANSION 

Single-tier ExpanSion 

l' P to eight M PC80 I." can be connected to a 'lI1gle node 
to torm a 64-channel ,ingle-ended multiplexer or up to 
eight M I'C803 .., can be connected to tw 0 node, to I orm a 
32-channel differential mUltiplexer. Programming is 
accomplished with a 6-bit address and a I of 8 decoder 
(Figure 5). The decoder drive, the enable inputs of the 
M PC80 I. turning on only one multiplexer at a time. 

Two-tier Expansion 

Up to nine M PC80 I." can be connected In a two-tier 
structure to form a 64-channel single-ended multiplexer 
(Figure 6) or up to five MPC801's can be connected in a 
two-tier structure to form a 16-channel differential 
mUltiplexer. Programming is accomplished with a 6-bit 
address. 

SINGLE VS MUL TITIERED CHANNEL EXPANSION 

In addition to reducing programming complexity. two
tier configuration offers the added advantages over 
single-node expansion of reduced OFF channel current 
leakage (reduced Offset). better CM R. and a more 
reliable configuration if a channel should fail in the ON 
condition (short). Should a channel fail ON in the single-
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node configuration, data cannot be taken from any 
channel, whereas only one channel group is failed (4 or 8) 
in the multitiered configuration. 

~{o- INI AO Al A2 
~ 0- IN2 
!! 0- IN3 MPCBOI 

9 ENABLE 

! 0- INB 

!{C>-
_ INa 

I of B 
DECODER 

t • 
~ 

TO MULTIPLEXERS 3 -B 

MULTIPLEXER 
-. - -0 
I OUTPUT 
I 

f-ICil'RI 5 ()..I-Channel. Slngk-ller. Slngk-f nded 
r'pan\lon 
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SAMPLE / HOLD AMPLIFIERS 

Sample/hold amplifiers are a key part of the complete data acquisition 
solution. For any application requiring use of a sample/hold amplifier, con
sider the variety of products listed in the following Selection Guides. 
Products range from the SHC298, a low cost solution for your medium
speed 12-bit system, to the SHC600, a high-speed sample/hold optimized for 
high-bandwidth requirements. 

Use of a carefully selected sample/hold can increase the sampling bandwidth 
of an analog-to-digital converter by up to four orders of magnitude, while 
insuring that an accurate value of the signal is captured at a specific point in 
time. In many applications not viewed as requiring high bandwidth data 
acquisition, optimum performance and cost may still be achieved by using 8 
combinations of very high speed multiplexers, sample/holds, and analog-to-
digital converters. 
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SAMPLE / HOLD AMPLIFIERS 
SELECTION GUIDES 
The Selection Guides show parameters for the high grade. Refer to the 
Product Data Sheet for a full selection of grades. Models shown in boldface 
are new products introduced since publication of the previous Burr-Brown Ie 
Data Book. 

SAMPLE/HOLD AMPLIFIERS Boldface = NEW 

Gain Offset Charge Acq Droop 
Error Error Offset Time Rate Temp Q, BI(3) 

Description Model (%) (mV) (mV) (J.lS max) (J.lV/ms) Range(1) Pkg(2) Screen Page 

Fast, SHC76 ±0.02 ±3 ±6 typ 3 Ind, Com, Mil HMD 8-3 
H ig h Accu racy 

Fast, SHC85 ±0.01 ±2 ±2max 4.5 125 Com,Mil HMD Q 8-7 
Industry Std 

Low Cost, Fast SHC5320 NA ±0.5 ±1 typ 1.5 0.5 Com, Mil HCD BI 8-32 
Industry Std 

Lowest Cost SHC298. ±0.01 ±7 ±25 max 10 100 Com,lnd PDIP, BI 8-11 
Industry Std MC,SOIC 

HIGH-SPEED SAMPLEIHOLD AMPLIFIERS Boldface = NEW 

Gain Offset Ampl BW Acq Droop Input 
Error Error -3dB, Time Rate Temp Range Q(3) 

Description Model (%) (mV) (MHz) (J.lS max) (J.lV/J.ls) Range(1) (Vp-p) Pkg(2) Screen Page 

High Speed SHC803 ±0.1 ±3 16 0.35 ±5 Ind 20 HDIP Q 8-26 
.. with Buffer 

High Speed SHC804 ±0.1 ±3 16 0.35 ±5 Ind 20 HDIP Q 8-26 

Ultra-High SHC600 ±0.1 ±5 70 0.05 ±180 Ind 2.5 CDIP Q 8-18 
Speed 

SHC601 ±2 ±50 100 0.022 ±100 Ind 2.5 CDIP Q 8-22 

Very High SHC702 ±0.1 ±3 3 0.8 ±2 Ind 20 24-p DIP 9.2-118 
Accuracy, 
Fast 

NOTES: (1) Temperature Range: Com = O°Cto +70°C,lnd =-25°Cto +85°C, Mil =-55°Cto +125°C. (2) MC = Metal Can, PDIP 
= Plastic DIP, HCD = Hermetic Ceramic DIP, CD = Ceramic DIP, HMD = Hermetic Metal DIP, SOIC = Surface Mount Package. (3) 
Q indicates optional reliability screening is available for this model. BI indicates that an optional 160 hour burn-in is available for the 
model. 
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BURR-BROWN@ 

IElElI SHC76 

SAMPLE/HOLD AMPLIFIER 

FEATURES 
• FAST 16#-11 maxI ACQUISITION TIME (14·bltl 

• APERTURE JITTER 400ps 

DESCRIPTION 
The SHC76 is a fast, high-accuracy hybrid sample/
hold circuit suitable for use in high-resolution data 
acquisition systems. 

• TYPICAL POWER DISSIPATION LESS THAN Z50mW 
The SHC76 is complete with internal hold capacitor 
and incorporates an internal compensation network 
which minimizes sample-to-hold charge offset. The 
SHC76 is configured as a unity-gain inverter. • COMPATIBLE WITH HIGH RESOLUTION AID 

CONVERTERS ADC76, PCM75, AND ADC71 

3kO 

Summing 
Junction 

3kO 

High-resolution converters such as the ADC76 and 
ADC7l are compatible with SHC76 in forming 
complete, l4-bit accurate analog-to-digital conversion 
systems. 

The SHC76 comes in a l4-pin single-wide hermetic 
metal DIP. Power supply requirements are specified 
from ±14.5 V to ±15.5V with guaranteed operation 
from ±ll.4V to ±18V. Input voltage range is ±IOV. 
The SHC76 is available in two temperature ranges: 
KM, for O°C to +70°C; and BM, for -25°C to 
+85°C operation. 

Analog o-----~W_--_+---.M.-----------....., 
Input 

S/H 
Digital 
Input 

Logic 
Control ~""' __ .Q Analog 

Output 

Offset Adlust 

Internatlonll Airport Industrlll Plrk· P.O. Box 11400· Tucaan. Arlzon.85134· Tel. (6021 146-1111· Twx: 911).952·1111 . Cable: BBRCORp· Telex: 68·6491 

PDS-64IA 
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SPECIFICATIONS 
ELECTRICAL 
TYPical at +25'C and nominal power supply voltage 01 ±15V unle •• 
otherwise noted 

MODEL SHC78KMIBM 

PARAMETER MIN TYP MAX UNITS 

ANALOG INPUT 
Voltage Range ±10 V 
Overvoltage, no damage ±15 V 
Impedance 3000 Q 

DIGITAL INPUT 
(TTL-Compatible) 
Track Mode, LogiC "1" 20 5.5 V 
Hold Mode, LogiC "0" 0 '0.8 V 
I.H, VIH ::::; 2 4V 400 /lA 
IlL. VIL = 0 4V 1000 /lA 

ANALOG OUTPUT 
Voltage ±10 V 
Current 5 mA 
Short~ClrcUit Current 20 mA 
Impedance 1 Q 

DC ACCURACY/STABILITY 
Gam -1.00 VN 
Gam Error ±001 ±CO2 % 
Gam Nonlmeanty 
(±10V Output Track) ±COOl % 
Gam Temperature CoeffiCient 1 5. ppm/'C 
Offset Voltage'" ±3 mV 
Output Offset at TM1N, TMAx 

(Track) ±8 mV 

TRACK MODE DYNAMICS 
Frequency Response 

Small Signal (-3dB) 1.5 MHz 
Full Power BandWidth 0.5 MHz 

Slew Rate 30 VI/lS 
NOise in Track Mode 

(DC to 1 OMHz) 200 /lVrm. 

TRACK-TO-HOLD 
SWITCHING 
Aperture Time 30 ns 
Apsrture Uncertainty (Jitter) 0.4 ns 
Olfset Step (Pedestal) ±2 ±4 mV 

Pedestal at Temp 
KM grade ±4 mV 
BM grade ±6 mV 

SWitching TranSient 
Amplitude 200 mV 
Settling to 1 mV 0.5 2 /lS 
Settlong to 0.3mV 1.0 3 /lS 

HOLD MODE DYNAMICS 
Droop Rate 0.1 10 /lVi/lS 
Droop Rate at TMAX 100 /lVi/lS 
Feedthrough Relectlon 

(10V pop, 20kHz) 74 88 dB 

HOLD-TO-TRACK DYNAMICS 
AcqUISItion Time 

To ±O 01% 01 20V 1.5 3.0 /lS 
To ±C 003% of 20V 4.0 6.0 /lS 

POWER REQUIREMENTS 
Nominal Voltages lor Rated 

Performance ±145 ±150 ±15.5 V 
Operating Range(2) ±114 ±18.0 V 
Power Supply Relection 100 /lVN 
Supply Current. +V. 15 20 mA 

-V. -4 -10 mA 
Power DISSipation 300 500 mW 

TEMPERATURE RANGE 
Opsratong KM grade 0 +70 'C 

BM grade -25 +85 'C 
Storage -55 +125 'C 

NOTES (1) Adlustable to zero With external circUit. (2) Opsratlng to derated 
performance With VIN < Vs - 5V 

Burr-Brown Ie Data Book 8-4 

ABSOLUTE MAXIMUM RATINGS'" 

Voltage Betwean +Vcc .... -Voc Termonals.. ......... .. .... 40V 
Input Voltage.. ....... .... Actual Supply Voltage 
Dlfferentlallnput Voltage..... ......... ""'''''''' ±24V 
Digital Input Voltage ............... " -0 5V to +5.5V 
Output Current. contlnuojJsl21 . ... . ...... ' .. ±20mA 
Internal Power DISSipation . . . 450mW 
Storage Tempsrature Range . -65'C < TA < +150'C 
Output Short-Circuit Duratlon l31 Momentary to Common 
Lead Temperature (soldering, 10 seconds) . .. 3OO'C 

CAUTION These deVices are sensitive to electrostatiC discharge 
Appropriate I C handling procedures should be lollowed. 

NOTES (1) Absolute maximum ratings are limiting values, applied indi
vidually, beyond which the serviceability of the circuit may be Impaired 
Functional operatton under any of these conditions IS not necessarily 
Implied (2) Internal power diSSipation may limit output current to lesa 
than +20mA (3) WARNING: This device cannot wllhlland even a 
momentary lhort circuli 10 either supply. 

PIN ASSIGNMENTS 

Pin Deacrlpllon 

1 Digital Input 
2 No Connection 
3 No Connection 
4. Digital Ground 
5 No Connection 
6 Analog Ground 
7 Olfset Adjust 

MECHANICAL 

Pin _pilon 

8 Analog Output 
9 Offset Adjust 

10 No Connection 
11 +15VSupply 
12 Summing Junction 
13 Analog Input 
14 -15V Supply 

NOTE: Leads In true posItion 
Within 0.10" (0.25mm) R 
at MMC at sealing plane. 

INCHES MILLIMETERS 
aiM MIN MAX MIN MAX 

••• • •• 223S 

'9. 51. 124S 129S 

C ". ,.. ." .,. 
0 .,. 021 .41 .53 

100 BASIC 2!)4 BASIC ... , 9' 39. 

>5. 300 3.' '" 300 BASIC 7 62 BASIC 

os. ". , .3 3 .; 

Pin numbers shown for reference only 
Numbers are not marked on package 
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MECHANICAL 

Sample/Hold Digital Input 

NC 

NC 

Digital Common 

NC 

Analog Common 

,----- Offset Adjust 

DISCUSSION OF 
SPECIFICATIONS 
THROUGHPUT NONLINEARITY 

Defined as total Hold mode, nonadjustable, input to 
output error caused by charge offset, gain nonlinearity, 
droop, feed through, and thermal transients. It is the 
inaccuracy due to these errors which cannot be corrected 
by Offset and Gain adjustments. 

GAIN ERROR 

The difference between the input and output voltage 
magnitude (in the Sample mode) due to the amplifier 
gain errors. 

DROOP RATE 

The voltage decay at the output when in the Hold mode 
due to storage capacitor and FET switch leakage current 
and the input bias current of the output 3Jllplifier. 

FEEDTHROUGH 

The amount of output voltage change caused by an input 
voltage change when the sample/hold is in the Hold mode. 

APERTURE DELAY TIME 

The time required to switch from Sample to Hold. The 
time is measured from the 50% point of the Hold mode 
control transisition to the time at which the output stops 
tracking the input. 

APERTURE UNCERTAINTY TIME 

The nonrepeatibility of aperture delay time. 

Burr-Brown Ie Data Book 8-5 

-15V Supply 

Analog Input 

Summing Junction 

+15V Supply 

NC 

Offset Adlust ____ ---, 

10kO _-15V 

Analog Output 

ACQUISITION TIME 

The time required for the sample/hold output to settle 
within a given error band of its final value when the 
sample/hold is switched from Hold to Sample. 

CHARGE OFFSET (PEDESTAL) 

The output voltage change that results from charge 
coupled into the Hold capacitor through the gate capaci-
tance of the switching field effect transistor. This charge • 
appears as an offset at the output. : 

SAMPLE-TO-HOLD SWITCHING TRANSIENT 

The switching transient which appears on the output 
when the sample/hold is switched from Sample to Hold. 
Both the magnitude and the settling time of the transient 
are specified. 

I 
I 

__________ L ___ . 
I ... .. 

: .. .. 
I ... 
I~ AcquIsition· Droop 

I Time 
I 
I 

: Sample 

Hold 

FIGURE I. Definition of Acquisition Time, Droop and 
Sample-to-Hold Transient. 
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SAMPLED DATA ACQUISITION SYSTEM 
CALCULATIONS 

The rated accuracy of an AI D converter in combination 
with the aperture uncertainty of a sample I hold determine 
the maximum theoretical input slew rate (frequency) of a 
given sampled data system. 

Sine Wave fMAX = (2-N FSR) -:- (2 1t A t) 

A = max Input Signal Amplitude (peak-to-peak) 
FSR = Full-Scale Range of AI D Converter 
t = Aperture Uncertainty of S I H Gitter) 
N = Number of Bits Accuracy 

Given below are the maximum input frequencies of two 
AID converters in conjunction with the SHC76: 

SHC7613-bit Sine Wave fMAX = 

(0.000122 X 20V) -:- (2 X 7r X 20V X O.4ns) 

= 48.6kHz 

SHC7614-bit Sine Wave fMAX = 

(0.000061 X 20V) -:- (2 X 7r X 20V X O.4ns) 

= 24.3kHz 

The maximum throughput rate is determined by adding 
all critical conversion process times together. Throughput 
rate cannot exceed the maximum input frequency deter
mined by the accuracy and jitter specs without degrading 
system performance. Two samples per period of a sine 
wave are required to satisfy the Nyquist sampling theorem. 
A low-pass filter is required to cut off frequencies higher 
than the maximum throughput frequency to prevent 
aliasing errors from occurring. 

Throughput fMAX (2 samples) = 

1-:- [2 (S/H acquisition time + 
SI H settling time + AI D conversion time)] 

Table I is a listing of various AI D throughput rates using 
the SHC76 SI H amplifier (assuming two samples per 
period). 

TABLE I. AID Converter Throughput Rates. 

Accuracy Conversion Resolution Throughpul 
Converter (Blls) Speed (pa) (Blls) IMAX (kHz) 

ADC76KG 14 17 16 192 
14 16 15 200 
14 15 14 20.8 

ADC76JG 13 17 16 238 
13 16 15 25.0 
13 15 14 263 

ADC71KG 14 57 16 758 
14 54 15 794 
14 50 14 847 

ADC71JG 13 57 16 820 
13 54 15 8.62 
13 50 14 926 

Burr-Brown Ie Data Book 8-6 

APPLICATIONS 
Figures 2 and 3 show the SHC76 in combination with an 
ADC76 and ADC7I to provide 14-bit accurate AID 
conversion systems. 

-.,.....----,..--------~- +15V 
--t---,...----t---,------t----r- -15V 

Analog ~~~-., 
Input 

-10Vto 
+10V 

Convert 
Status 

13 

FIGURE 2. A 20kHz AI D Conversion System (I4-bit 
accurate). 

Analog ~':--:l:-~, 
Input 

-10Vto 
+10V 

Convert 
Status 

FIGURE 3. An 8.47kHz AID Conversion System 
(I4-bit accurate). 
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BURR-BROWN@ SHC85 
SHC85ET IElElI 

Fast Ie 
SAMPLE/HOLD AMPLIFIERS 

FEATURES 
• 14·PIN DIP PACKAGE 

• 5pS8C ACQUISITION TIME 

• COMPLETE WITH HOLDING CAPACITOR 

• ±0.01% ACCURACY 

• -55°C TO +125°C TEMPERATURE RANGE ISHC85ETI 

DESCRIPTION 
The SHC85 is designed to acquire and hold up to 
±IOVDC analog signals to an accuracy of ±O.OI % of 
full scale range in 5~sec for a 20-volt step or 
4.5~sec for a IOVDC step. Featuring internally 
compensated circuits normally found only in more 
expensive and larger sample/holds, the SHC85 
offers ultra-liner performance and fast acquisition 
speeds for the most demanding data acquisition and 
control applications. 

Two models are available: the SHC85 is specified for 
O·C to 70·C operation, and the SHC8SET is specified 
for ·S5·C to +125·C operation. 

The SHC85/SHC85ET are well suited for use in: 

Analog -15VIIC Mode Analog NIC Exl C Outpul 

Data Acquisition Systems 
Data Distribution Systems 
Analog Delay Circuits 
Pulse Amplitude Modulation Circuits 
Waveform Amplitude Measurement 

In Control Common 

Internallonal AlrportlndUltrll1 Park - PoD. lox 11400 - Tucson. Arlzana85734 - TIl. 16021 746-1111 - Twx: 910-952-1111 - Cabll: BBRCDRP - Tllex: 66-8491 

PDS·32IA 
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SPECIFICATIONS 

Typical at 25°C with rated supply and a l000pF Internal capacitor unless otherwise noted 

ELECTRICAL 
MODELS I SHC85 T SCH85ET 1 UNITS 

INPUT 

ANALOG INPUT 

Voltage Range ±10 ±10 V 
Maximum Safe Input Signal ±15 ±15 V 
Resistance 108 108 11 
Bias Current 50 50 nA 

DIGITAL INPUT ITTL CompatIble, 

Mode Control Voltage Current 
"Sample" - LogIc "1" +2 OV < e < +8V 50nA 
"Hold" - Logic "0" OV < e < +0.8V -50~A 

TRANSFER CHARACTERISTICS 

ACCURACY 125°C I 

Dynamic Nonlinearity, max ±0.01 ±001 % of 20V 
At min "Hold" TIme 1000 1000 /olsec 
Gain +10 +10 V/V 
Gain Error ±001 ±001 % of 20V 
Throughput Offset, max I adjust to zero) 2 2 mV 
Droop Rate. max 05 05 mV/msec 
Droop Rate, tYPical 0125 0125 mV/msec 
Throughput Nonlinearity ±0.OO5 ±0005 % of 20V 
NOise, rms 110Hz to 100kHz I 100 100 ~V 
Supply Rejection 10 to 50kHzI 100 100 ~V/v 

ACCURACY DRIFT 

Gain Dnft ±2 ±2 ppm of 20VloC 
OffsetDrrft ±25 ±25 ~VloC 

Droop Rate 
At 70oe. max 10 10 mV/msec 
Att +125°C, max -- 200 mV/msec 

DYNAMIC CHARACTERISTICS 

Bandwidth {Full POWBrI(1) 200 200 kHz 
Output Slew Rate 20 20 V/",sec 
Aperture Time 30 30 nsec 
AcqUISition Time (to ±O.Ol%1 

10V Step. max 45 4.5 J.lsec 
20V Step. max 5.0 50 J.tsec 

Feedthrough In Hold Mode ±0005 ±0005 % of step change 
Charge Offset, max, at OV Input ±2 ±2 mV 
Sample-to-Hold Transient 

Peak Amplitude 50 50 mV 
Settling to 1 mV 05 05 Ilsec 

OUTPUT 

ANALOG OUTPUT 

Voltage Range ±10 ±10 V 
Current Range ±10 ±10 mA 
Impedance 01 01 II 

TEMPERATURE 

SpecIficatIon o to +70 -55 to +125 °C 
Storage -55 to +125 -55 to +125 °C 

POWER SUPPLY 

Rated Voltage ±15 ±15 VDC 
Range ±14.5 to ±15.5 ±14.5 to ±15.5 VDC 
Current ±13 ±13 mA 

NOTE 
1. Small sIgnal bandWidth IS 3M Hz 

Burr-Brown Ie Data Book 8-8 

MECHANICAL 

NOTE' r-A=:j rlQ Leads In true 
position Within L .010" (.25mm) 
R@MMCat 

C Denotes Pm 1 seating plane. 

8L'~I~, ft 
L]r" 

,.1)12"'00 a 
0000000 

INCHES 
DIM MIN MAX 

A B60 BBO 

B 490 5'0 

C 110 250 

D 0'6 02' 

G 100 BASIC 

" 
,,, '55 

K ,SO 300 

L 300 BASIC 

R 080 120 

Case Kovar 

Pin numbers shown 
for reference only. 
Numbers may not be 
marked on package. 

MILLIMETERS 
MIN MAX 

2184 2235 

1245 1295 

• 32 635 

04' 053 

254 BASIC 

2 92 3 9' 

38' 762 

762 BASIC 

203 305 

Pin matenal and plating compOSItion conform to 
method 2003 ,solderability' of MIL-STD-883 ,except 
paragraph 32, Mating Connector 0145MC 

CONNECTION DIAGRAM 

NOTE: Pins 5, 8, 9, 10 and 11 are not 
internally connected. 
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DEFINITION OF SPECIFICATIONS 
DYNAMIC NONLINEARITY 
Thi, I, the total nonadJu,table input to output error. Thl, 
specification include, throughput nonlIneanty and error, 
due to droop, thermal tramient> and feedthrough, In 
,hort, all error, that cannot be adju,ted to 'ero for a lOY 
input change after a 5JJ.,ec aC4uI,ition time and a I m,ec 
hold time. Off\et error, mu,t be adju,ted to tero by the 
ofhet control and gain error, mmt be adju,ted to tero by 
a galn adju,tment ehewhere In the ,y,tem (gain adjust not 
Included in S H C8S). 

GAIN ACCURACY 
The dlf'fcrence due to amplifier gain error., between Input 
and Output voltage when In the ",ample" mode. 
DROOP RATE 
The voltage decay at the output when in the "hold" mode 
due to ,torage capacitor, FET .,witch leakage currenl'>, 
and output amphher bla, current. 

FEEDTHROUGH 
The amount of the input voltage change that appear, at 
the output when the amplifier I, in the "hold" mode (,ee 
Figure I). 
THROUGHPUT - NONLINEARITY 
The total charge otf\et and gaIn nonhnearity. That i" the 
inaccuracy due to the,e two error, that cannot be 
corrected by gain and off,et adjustment,. Throughput -
nonlinearity i, ,pecified over the 20Y input range. 
THROUGHPUT OFFSET 
The ,um of ,ample off,et and charge off,et. 

CHARGE OFFSET 
The off,et that re,ulb from charge tramferred from the 
holding capacitor to the gate capacitance of the ,witching 
FET. Thi, charge i, partially re,tored by a ,peclal 
compen,atlOn cirCUit when the unit goe, Into the "hold" 

ACQUISITION TIME 
The time re4ulred for the output to settle to it> final value 
within a given error band, when the Mode control IS 
switched from "hold" to ".,ample" (,ee Figure 2). 
APERTURE TIME 
The time re4uired to sWilch Irom ".,ample"to"hold".l he 
time is mea,ured from the 50' i pOint of the mode control 
tramitlon to the time at which the output stop" tracking 
the Input 

Sample 
Mode. 1'1 .... 
Contro.!...-..J ~ 

: : Sample-to-Hold Switching 
I I Transient and Charge Offset 

Analog ! -I f-/ 
Input - - t Ti~-,;;o~:-:.:-:.:-=-

I \\ 
Acquisition Time 

Feedthrough 
\ (change in solid line) 

\ ....... ;"" ",... ,~ 

FIGURE I. Example of Specifiction,. 
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mode. OPERATING IN~;;~~~~~I~~Time v, Full Scale Range Error._ 

OPTIONAL EXTERNAL CAPACITOR SELECTION 
The value of the external capacitor determine, the droop, 
charge off\et and aC4ulsllton lime of the sample, hold. 
Both droop and charge off,et will vary linearly with 
capacitance from the value, given In the specification 
table. 

Figure 3 show, the behavior of aC4ui,ition time with 
added external capacitance. The behavIOr of droop with 
external ·C is determIned by: 

Droop = dv dt = (0.5 x 10-") (1000pF + C",) 

Capacitors with high in,ulation re,i,tance and low 
dielectric absorption, ,uch a, teflon or poly,tyrene 
,hould be used as ,torage element> (polystyrene ,hould 
not be u,ed above +85"C). Care should be taken in the 
printed circuit layout to minimi7e leakage currents from 
the capacitor: thiS will milllmi7e droop errors. 

OFFSET ADJUSTMENT 
Connect a 2kU to 5kU multlturn potentiometer with a 

Burr-Brown Ie Data Book 8-9 

TCR of IsOppm "c or Ie» a, ,hown In the Connection 
Diagram. The offset .,hould be adjusted With the Input 
grounded. During the adjustment, the sample hold 
should be SWitchIng continuou,ly between the ",ample" 
and the "hold" mode. The error ,hould then be adjusted 
to 7ero where the unit I, In the "hold" mode. In this way, 
charge offset as well a, amphfier offset Will be adjusted. 

160 
u 

~ 80 

LU 
:;; 
i= 

40 

Z 20 0 
i= 
'!! 10 

:> 
d 5 
U 
« 

// 
20V /'/ Input Step 

.) ~ .... 10V 

:/" 
Input-

~ Step 

---: ~.-

o 00010002000400080.016003200640.128 
EXTERNAL CAPAC,TOR (I'F) 

FIGURE 3. AC4uI,itlon Time v, External Capacitor. 
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APPLICATIONS 

DATA ACQUISITION SYSTEM 
('he S HC85 make, an excellent device for reducing 

aperture time m a data aC4ui,ition 'ystem. When 
combined with Burr-Brown\ 16-channel MPC-16S 
Analog Multiplexer and ADC85 10- or 12-bit A D 
Converter. you can have a compact 16-channel data 
aC4ui'ltion 'y,tem with 50kHI to 65kHI throughput 
,ampiIng rate, and 0.02 percent (RSS) ,y,tem accuracy. 

~ 
w 
Z 
z 

5{ ~ « 3 
.. 4 
« .' 
~ 1~: 
.. 14 
~ 15 

" 16 o 
oJ 
« z « 

MPC 16S 

16-
Channe' 
Analog 
Mux 

Channel 
Address 

ADC85 
AID Converter 

Clock 

Ser,a' 

r.:::::::::1-.t"'l'l'I'I'I'I'I'I'I'I'I',.I Oat. 

PROGRAMMER 
LOGIC 

0' 

COMPUTER lID 

Parallel 
Digital Data 

ANALOG DATA ACQUISITION SYSTEM 
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SIMULTANEOUS SAMPLE/HOLD 
Time correlation of ,ampled data Signals may be 
implemented by using one sample, hold for each analog 
,ignal prior to input to an analog multiplexer. The 
SCH85 low aperture time of 30m,ec practically 
eliminated channel-to-channel time ,lew. The 
throughput ,ampling rate and the number of data 
channeb will determine the maximum Hold time and 
hence. the wor,t-case droop error of the ,ample hold in 
the last channel to be sampled pnor to the next "refre,h" 
or ,ample hold command. Thl' droop error may be 
minimi/ed by adding external capacitance to the SHC85 
a, ,hown in Figure 3. 

The droop error i, computed by: 

MAX DROOP ERROR (CHANNEL N)=(T x n) 
(Droop rate) 

Where T = I System Sampling Rate and n = number of 
multiplexer data channel,. 

EXAMPLE: 

For a IO-blt. 32-channel ,yMem With throughput ,ample 
rate of 50kH/. a!>!>ummg no external capacitance. the 
droop error of channel N i,: 

Droop Error (EI» = [( I 50kl'l) x 32] [(500 x 10 ')]= 320/lV. 

For ±IOV input ,ignal range and 10-bit reMllution. the 
resolution of ±I 2LSB i, ±9.77mV. Thi, droop error I, 
les, than 0.016LSB (negligible). and no external C need 
be added to reduce the droop of the SHC85. 
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BURR-BROWN® 

IElElI SHC298 
SHC298A 

Monolithic 
SAMPLE/HOLD AMPLIFIER 

FEATURES 
• 12-BIT THROUGHPUT ACCURACY 
• LESS THAN 10J,lS ACQUISITION TIME 
• WIDEBAND NOISE LESS THAN 20pVrms 
• RELIABLE MONOLITHIC CONSTRUCTION 
• 101°n INPUT RESISTANCE 
• TTL/CMOS-COMPATIBLE LOGIC INPUT 

Mode Control (S/H) Input 

Offset Adjust 
2 j-- -----Wk------l 

I I 
I 15 
I Output 
I , I 

Analog 3 I I 
Input I I I 

DESCRIPTION 
The SHC298 and SHC298A are high-performance 
monolithic sample/hold amplifiers featuring high 
DC accuracy with fast acquisition times and a low 
droop rate. Dynamic performance and holding per
formance can be optimized with proper selection of 
the external holding capacitor. With a IOOOpF 
holding capacitor, l2-bit accuracy can be achieved 
with a 6IJ.s acquisition time. Droop rates less than 
5m V / min are possible with a llJ.F holding capacitor. 

These sample/holds will operate over a wide supply 
voltage ranging from ±5V to ±18V with very little 
change in performance. A separate Offset Adjust pin 
is used to adjust the offset in either the Sample or 
the Hold modes. The fully differential logic inputs 
have low input current, and are compatible with 
TTL, 5V CMOS, and CMOS logic families. 

The SHC298AM is available in a hermetically sealed 
8-pin TO-99 package and is specified over a temper
ature range from -25°C to +85°C. The SHC298JP 
and SHC298JU are 8-pin plastic DIP and SOlC 
packaged parts specified over O°C to + 70°C. 

LogicW-I 1'/ 150n :6 Hold 
I Capacitor 

Logic 71 C1 J I 

The SHC298AJP, specified over ooe to +70°C, is 
available in an 8-pin plastic DIP. The SHC298A 
grade features improved Gain and Offset Error, 
improved drift over temperature, and faster 
Acquisition Time. 

Reference I 
I I 
~----------------~ 

The SHC298 family is a price-performance bargain. 
It is well suited for use with several 12-bit A/ D 
converters in data acquisition systems, data distri
bution systems, and analog delay circuits. 

International Airport Industrial Park • P.O. Box 11400 • Tucson. Arizona 85734 • Tel.: [6021 746-1111 • Twx: 910-952·1111 • Cable: BBRCORP • Telex: 66·6491 

PDS-373C 

Burr-Brown Ie Data Book 8-11 Vol. 33 

« 
CO 
0') 

~ 
0') 
C"II 
() 
:c en 

• 
en 
a: 
w 
u:: 
:J a. 
~ 
c 
..J 
o 
J: 
W 
..J a. 
:::E « en 



SPECIFICATIONS 
ELECTRICAL 
~eciflcations at TJ = +25°C, ±15V supplies, 1000pF holding capacitor, -11 5V S; V,N :5 +115, Rl = 10kO, Logic Reference Voltage = OV, and Logic Voltage = 
25V unless otherwise noted 

SHC298AM/JP/JU SHC298AJP 

~ARAMETER MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

~NALOG INPUT 
Resistance 1010 * Q 
Bias Current1t ) 10 50 * 25 nA 

~IGITAL INPUT Pin 7 PinS Circuit State 

~ode Control Truth Table OV +2.4V Sample (Track) 
OV +OSV Hold 

+2.4V +2.SV Hold 
+O.SV +2.SV Sample (Track) 

lAode Control and Mode Control Reference Input Current 10 pA 
Differential Logic Threshold OS 1.4 24 V 

TRANSFER CHARACTERISTICS 

.ACCURACY (+25°C) 
-hroughput Nonllneanty for Hold Time < 1ms ±0.010 ±0015 * * % of 20V 
Gam +10 · VIV 
Gain Error ±0.OO4 ±0.010 ±0.001 ±0.005 % 
Input Voltage Offset (adjust to zero)f11 ±2 ±7 ±1 ±2 mV 
Droop Ratel1l ±30 ±200 * ±100 pV/ms 
Charge Offset(2) ±15 ±25 * · mV 
NOise (rms) 10Hz to 100kHz 10 20 · * pV 
Power Supply Rejection ±25 ±100 · * pVIV 

ACCURACY DRIFT 
Gam Drift 3 4 1 2 ppm/oC 
Input Offset Dnft 15 70 · 25 pV/oC 
Charge Offset Drift C= 1000pF 50 150 * * pV/oC 

Charge Offset Dnft C = 10,000pF 20 50 · * pV/oC 

Droop Rate at TJ = +85°C 1 10 * · mV/ms 

DYNAMIC CHARACTERISTICS 
Full Power Bandwidth, C = 1000pF 75 125 * · kHz 
Full Power Bandwidth, C = 10,OOOpF 10 16 * · kHz 
Output Slew Rate, C = 1000pF 7 10 * * VIps 
Output Slew Rate, C = 10,000pF 1.4 2 * · VIps 
Aperture Time Negative Input Step 200 250 * * ns 

Positive Input Step 150 200 · · ns 
AcqUisition Time (C = 1000pF). to ±O 01%, 10V step 6 10 * · ps 

to ±O 01%, 20V step 8 12 * · fJS 
to ±0.1%, 10V step 5 9 4 6 ps 
to ±0.1%, 20V step 7 11 * * ps 

Sample/Hold Transient: Peak Amplitude 160 * mV 
Settling to lmV 1.0 15 * · ps 

Feedthrough (Response to 10V Input Step) ±0.OO7 ±0.015 ±0.004 ±0.0075 % of20V 

OUTPUT 

ANALOG OUTPUT 
Voltage Range ±11.5 * V 
Current Range ±2 * mA 
Impedance (In hold mode) 0.5 4 * · Q 

POWER SUPPLY 
Rate Voltage ±15 * VDC 
Range ±5.0 ±IS * * VDC 
Current!11 ±45 ±6.5 * * mA 

'Same as specifications for SHC298AM/JP/JU 
NOTES. (1) These parameters guaranteed over a supply voltage range of ±5V to = ±18V. (2) Charge offset is sensitive to stray capacitive coupling 
between input logic signals and the hold capacitor. 1pF, for instance, will create an additional O.SmV step with a 5V logic swing and a O.01pF hold capacitor 
Magnitude of the charge offset is Inversely proportional to hold capacitor value. 
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PIN DESIGNATIONS 

Tab TOP VIEW TOP VIEW 
TO-99 Mode Control (S/H) 

Input 

PLASTIC DIP AND SMALL OUTLINE 

+vcc 
+vcc 

Offset 

Hold Cap 
Adjust 

MECHANICAL 

"P" Package-Plastic DIP 

"U" Package-Small Outline Surface Mount 

r .'~~ 
I~A' 

Analog 
Input 

-Vee 4 

NOTE Leads 10 true position within 
001" (0 25mm) R at MMC at seating 
plane Pin numbers shown for 
reference only 

Numbers may not be marked on 
package Pin matenal an plating 
composItion conform to method 
2003 (solderability) of MIL-STD-
883 (except paragraph 3 2) 

NOTE. Leads 10 true position 
within 0 010" (0 25mm) R at MMC 
at seatlOg plane 

Pm numbers shown for reference 
only Numbers are not marked 
on package. 

~~ 
, 
C 
j 

LGJ JL D tN [~T1 
Pin 1 Identifier ~= ~ 

~ l--1 ~dJ( ~ u u ~ I 
~HI. M I, .I~ Pm 1 

L 

"M" Package TO-99 NOTE Leads in true position 
within 0010" (0 25mm) Rat MMC 

~ 
at seatl n9 plane 

Pin material and plating composl-

~ I~ 
tlon conform to method 2003 Lm- (solderability) of MIL-STD-883 
(except paragraph 32) G, - ---;;1 • T ~D"l11 N ~ K 

~~:~~ng IIIII 1 M '.. .~ ...l ..I 

~J 
8JA = 1500 elW 
8Jc = 45'C/W 

--'-- D 

Burr-Brown Ie Data Book 8-13 

Mode Control 
Input 

Mode Control 
Reference 

Hold Cap 

5 Output 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 355 400 903 1016 
A, 340 384 864 978 
B 230 290 585 737 
B, 200 250 509 636 
C 120 200 305 509 
D 015 023 038 059 
F 030 070 076 178 
G 100 BAStC 254 BASIC 

025 050 064 127 
006 015 020 038 
070 150 178 382 
300 BASIC 763 BASIC 

M 0' 15' 0' IS' 
010 030 025 076 
025 050 064 127 

8JA = 1300 C/W 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 185 201 470 511 
A, 178 201 452 511 
B 146 162 371 411 
B, 130 149 330 378 
C 054 145 137 369 
D 015 019 038 048 
G 050 BASIC 127 BASIC 
H 018 026 046 066 
J 008 012 020 030 
L 220 252 559 640 
M 0' 10' 0' 10' 
N 000 012 000 030 

8JA = ISO' C/W 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 335 370 851 940 
B 305 335 775 851 
C 165 185 419 470 
D 016 021 041 053 
E 010 040 025 102 
F 010 040 025 102 
G 200 BASIC 508 BASIC 
H 028 034 071 086 
J 029 045 074 114 
K 500 127 
L 110 160 279 406 
M 45° BASIC 45' BASIC 
N 095 105 241 267 
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ABSOLUTE MAXIMUM RATINGS 

Supply Vollage •...•..........••..••.....••.........•......• ±18V 
Power Dlsslpallon (Package Llmilallon) ...................• 500mW 
Junction Temperature, TJ MAX 

AM .................................................... 125'C 
JP, JU ................................................. loo'C 

Operating Temperature Range .... .............. .. -25°C to +85°C 
Siorage Temperalure Range .....................• -85'C 10 +150'C 
Inpul Voltage. . . . . . . • • . . . • • . . • • . . . . . • . • .. Equal 10 Supply Vollage 
LOglc-to-Loglc Reference Differential Voltage(1) .......... +7V. -30V 

BURN-IN SCREENING 

Burn-in screening is available for both plastic and TO-99 
metal can packages. Burn-in duration is 160 hours at the 
temperature (or equivalent combination of time and 
temperature) indicated below: 

Plastic "-BI" models: +85°C 
TO-99 "-BI" models: +125°C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

OUlpul Short CircUli Durallon •.••••.•...•...•...••...•.. Indefmlte 
Hold Capacllor Short CirCUit Durallon •......•..•.....•..••...•. lOs 
Lead Temperalure (soldering, lOs) ..•................•...... 3OO'C 

NOTE (1) Although the d,fferenllal voltage may nol exceed the 
limits given, the common-mode voltage on the logic pms may be 
equal to the supply voltages without causing damage to the Circuit 
For proper logic operation, however, one of the logic pins must 
always be at leasl 2V below the positive supply and 3V above the 
negative supply 

ORDERING INFORMATION 

Temperature 
Model Package Range 

SHC298AM TO-99 -25'C to +85'C 
SHC298JP 8-pin DIP O'C 10+70'C 
SHC298JU 8-leadSOIC O'Cto +70'C 
SHC298AJP 8-pm DIP O'Cto +70'C 

BURN-IN SCREENING OPTION 
See lexl for details 

Temperature 
Model Package Range 

SHC298AM-BI TO-99 -25'C to +85'C 
SHC298JP-BI 8-pln DIP O'C to +70'C 
SHC298JU-BI 8-lead SOIC O'Cto +70'C 
SHC298AJP-BI 8-pin DIP O'C to +70'C 

TYPICAL PERFORMANCE CURVES 

.., 

.s 
" E 
,:: 

500 

450 

400 

350 

300 

250 

200 

150 

100 

50 
o 

APERTURE TIME 

+Vcc = -Vee = 15V 
AVOUT :5 mV 
AV'N=j<lV 

I I "".~ 
Negative 

~ 
, 

f-- InpuISle~ --, 
..". "Positive _ -,," InpulStep 

;;..' I I 
I I 

:> 
§. 
c. 

~ 
:g 
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CHARGE OFFSET 
2 

1.8 

1.6 

1.4 

! 1.2 
., 1 
E 
j:: 0.8 

0.6 

04 

,0.2 
o 

SAMPLE-TO-HOLD 
TRANSIENT SETTLING TIME 

+Vcc = -Vee = 15V 
Seltling to lmV 

i....oo" , '" ..". 

-I--~ 

-50 25 0 25 50 75 100 125 150 - ~ 50 25 0 25 50 75 100 125 150 
Junction Temperature ("C) Hold Capacitor (PF) 

OUTPUT DROOP RATE ACQUISITION TIME 

Hold Capacitor (PF) Hold Capacilor (PF) 
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160 

140 

120 

100 
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Junction Temperature ('C) 

OUTPUT NOISE 

IIIIII 11111111 

IIIIII 11111111 
"Hold" Mode 

"-
"Semple" Mode 

40 

20 

o 111111111 II 
10 100 lk 10k lOOk 

Frequency (Hz) 

Vol. 33 



DYNAMIC SAMPLING ERROR GAIN ERROR CHARGE OFFSET 

0.3 
TJ = 25"C 

> 02 .s 
RL = 10KO 
Sample Mode 

I 

" 0.1 C> 
l!! 
(; 
> 0 :; 
S-
~ 

......... ..... 
ft ---- --- ~ i' 

16 

12 

08 

> .s 04 
Q. 0 
ell 
:2 -04 
o 

C, = 001pF 
T, = 25"C 

I 

TJ --55"C ~~ ---c:;... """"::P"" 
~,=125"C-

-01 

~ 
Q 

-02 E 

LSlfpe = 100001% 
.,- L......-
T1=y 

.. _-I 
-08 

Input Slew Rate (V/ms) 

POWER SUPPLY REJECTION 
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.~ 

<' Q 
0; E-
a: 1:' 
co ~ 0 5 13 
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iii' 
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25 

20 
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10 
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-5 

-10 

-1 5 

10 15 

Output Voltage (V) 

INPUT BIAS CURRENT 

r-.... 
....... 

'" ........ ........ 

-12 

-1.6 
15 10 5 5 10 15 

Input Voltage (V) 

FEEDTHROUGH REJECTION RATIO 
130 

120 

Ol 110 
~ 

100 

90 

80 

70 

60 

50 

111111111 11111 
Ch;:::O 1pFil 

C~~,,~ 01pF 

C, 1000pF 

+Vcc- Vee -15V. 
VIN = 1QV p-p 
TJ = 25°C 

50 25 0 25 50 75 100 125 150 10 100 1k 10k 100k 1M 

Frequency (Hz) Junction Temperature (OC) Frequency (Hz) 

PHASE AND GAIN 
(INPUT TO OUTPUT, SMALL SIGNAL) 

Ol 
~ -5 
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S- -10 
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II 
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g. , 
co 
OJ 
Cl 

Frequency (Hz) 

DISCUSSION OF 
SPECIFICATIONS 

THROUGHPUT NONLINEARITY 
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E 

Throughput nonlinearity is defined as total Hold mode, 
nonadjustable, input to output error caused by charge 
offset, gain nonlinearity, lms of droop, feedthrough, and 
thermal transients. It is the inaccuracy due to these errors 
which cannot be corrected by offset and gain adjustments, 
Throughput nonlinearity is tested with a IOOOpF holding 
capacitor, IOV input changes, IOJis acquisition time, and 
lms Hold time (see Figure I). 
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CHARGE OFFSET 

ro-. 
C,= 0.01pF 
TJ = 25°C 
VIN= OV 

I" 

0.01 01 1.0 10 

Logic Slew Rate (Vips) 

GAIN ACCURACY 

I 
I 

100 

Gain Accuracy is the difference between Input and 
Output voltage (when in the Sample mode) due to 
amplifier gain errors. 

DROOP RATE 

Droop Rate is the voltage decay at the output when in the 
Hold mode due to storage capacitor, FETswitch leakage 
currents, and output amplifier bias current. 

FEEDTHROUGH 
Feedthrough is the amount of the input voltage change 
that appears at the output when the amplifier is in the 
Hold mode. 
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Control 
Signal 

Sample 

Output 
Voltage 

Offset Error 

FIGURE I. Sample Hold Errors. 

APERTURE TIME 

TIme 

Time 

Aperture Time is the time required to sWitch from 
Sample to Hold. The time is measured from the SO'it 
point of the mode control transition to the time at which 
the output stops tracking the input. 

ACQUISITION TIME 

Acquisition Time is the time required for the sample! hold 
output to settle within a given error band of its final value 
when the mode control is switched from Hold to Sample. 

CHARGE OFFSET 

Charge Offset is the offset that results from the charge 
coupled through the gate capacitance of the switching 
FET. This charge is coupled into the storage capacitor 
when the FET is switched to the "hold" mode. 

OPERATING INSTRUCTIONS 
EXTERNAL CAPACITOR SELECTION 
Capacitors with high insulation resistance and low 
dielectric absorption, such as teflon, polystyrene or 
polypropylene units, should be used as storage elements 
(polystyrene should not be used above +8S"C). Care 
should be taken in the printed circuit layout to minimize 
AC and DC leakage currents from the capacitor to 
reduce chage offset and droop errors. 

Burr-Brown Ie Data Book 8-16 

The value of the external capacitor determines the droop, 
charge offset and acquisition time of the Sample. Hold. 
Both droop and charge offset will vary linearly with 
capacitance from the values given in the specification 
table for a 0.00 I /IF capacitor. With a capacitor of 0.0 I /IF 
the droop will reduce to approximately 2.S/lVjms and 
the charge offset to approximately l.5m V. The behavior 
of acquisition time with changes in external capacitance 
is shown in the Typical Performance Curves. 

OFFSET ADJUSTMENT 
The offset should be adjusted with the input grounded. 
During the adjustment, the sample! hold should be 
switching continuously between the Sample and the Hold 
mode. The error should then be adjusted to zero when the 
unit is in the Hold mode..ln this way, charge offset as well 
as amplifier offset will be adjusted. When a O.OOI/lF 
capacitor is used, it will not be possible to adjust the full 
offset error at the sample! hold. It should be adjusted 
elsewhere in the system. 

APPLICATIONS 

DATA ACQUISITION 

The SHC298 may be used to hold data for conversion 
with an analog-to-digital converter or used to provide 
Pulse Amplitude Modulation (PAM) data output (see 
Figures 2 and 3). 

Analog 
Multiplexer 

-15VDC 

FIGURE 2. Data Acquisition. 

To AID 
Converter 

PAM Output 

+15VDC 

PAM Output 

\" Analog Input / _ .., 

\---1 ~i 
~j ~ 

Mode Control Hold -.ll ____ -'n~ ___ ~n ____ -' 

FIGURE 3. PAM Output. 
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DATA DISTRIBUTION 

The SHC298 may be used to hold the output of a digital
to-analog converter whose digital inputs are multiplexed 
(see Figure 4). 

Digital 
Inputs 

Converter 

Digital 
Inputs 

Mode 
Control 

Logic 

FIGURE 4. Data Distribution. 

TEST SYSTEMS 

Storage 
Capacitor 

Analog 
5 Output 

Channel 1 

Channel 2 

Channel N 

The SHC298 is also well suited for use in test systems to 
acquire and hold data transients for human operators or 
for other parts of the test system such as comparators, 
digital voltmeters, etc. 

With a O.1J.LF storage capacitor, the output may be held 
10 seconds with less than 0.1% error. With a IJ.LF storage 
capacitor, the output may be held more than 15 minutes 
with less than 1% error. 

CAPACITIVE LOADING 

SHC298 is sensitive to capacitive loading on the output 
and may oscillate. When driving long lines, a buffer 
should be used. 

Burr-Brown Ie Data Book 8-17 

HIGH SPEED DATA ACQUISITION 

The minimum sample time for one channel in a data 
acquisition system is usually considered to be the acqui
sition time of the sample/hold plus the conversion time 
of the analog-to-digital converter. If two or more sample/ 
holds are used with a high-speed multiplexer, the acqui
sition time of the sample/hold can be virtually eliminated. 
While the first channel is in hold and switched on to the 
ADC, the multiplexer may be addressed to the next 
channel. The second sample/hold will have acquired this 
data by the time the conversion is complete. Then, the 
sample/ holds reverse roles and another channel is ad
dressed (see Figure 5) Fow low-level systems, and instru
mentation amplifier and double-ended multiplexer may 
be connected to the sample/ hold inputs. The settling 
time of the mUltiplexer, instrumentation amplifier, and 
sample/hold can be eliminated from the channel con
version time as before. 

ChI 

Ch2 

MUX 
I 

ChN 

Analog 
Input Address 

Analog-to-

(Ii 

I (0) 

:\ 
High 

Speed 
SWitch 

Digital Digital 
Converter Output 

Bl 

B2 

B12 

Mode Control-4-+----...J 

FIGURE 5 "Ping-Pong" Sample Holds. 
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BURR-BROWN® 

IE:JE:JI SHC600BH 

Ultra-High Speed 
SAMPLE/HOLD AMPLIFIER 

FEATURES 
• CLOSED-LOOP OUTPUT AMPLIFIER 
• ±o.01% FSR LINEARITY max 
• ACQUISITION TIME (2.5V STEPI: 

1% FSR 17ns typ 
0.1% FSR 27ns typ 
0.02% FSR 40ns typ 

• 300V! pS SLEW RATE 
• 24-PIN CERAMIC DIP 
• VERY LOW DISTORTION 

DESCRIPTION 
The SHC600 is a high speed sample/hold amplifier 
designed for use in ultra-fast, 12-bit data acquisition 
and signal processing systems. It acquires input step 
changes of 2.SV to 1% accuracy in I7ns and 0.02% 
accuracy in 40ns, typically. The closed-loop output 
amplifier provides a maximum linearity error of 
±0.01% with a low output impedance of 0.4n. The 
gain has been optimized to drive lOOn loads with a 
gain error of less than ±0.1%. 

In the sample mode the SHC600 operates as a unity
gain buffer with a small signal bandwidth of 70MHz. 
Input voltage range is ±2V. 

The hold command is ECL-compatible. 

APPLICATIONS 
• SUCCESSIVE-APPROXIMATION AoCs 
• IMPROVING FLASH AoCs 
• WAVEFORM DIGITIZERS 

• VIDEO 
• PEAK DETECTORS 
• BOXCAR INTEGRATORS 
• DOWN CONVERTERS 

Analog 
Input 

HOld Analog 
Common 

Output 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. 1602) 746·1111· Twx: 910·952·1111 . Cable: BBRCORp· Tele.: 66·649t 

PDS-644A 
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SPECIFICATIONS 
ELECTRICAL 
At +25'C and rated power suppllea and 1000 In parallel with 3pF load unless otherwise specified 

SHC800IIH 

PARAMETER MIN TYP MAX UNITS 

SAMPL~HOLDINPUTS 

ANALOG 
Voltage Range ±1.25 ±2 V 

R'N 1.5 MO 
Input Bias Current 20 35 pA 
DIGITAL (ECL Compallble) 
V'H (HOLD) -1.1 -0.8 V 
VOL (SAMPLE) -1.8 -15 V 
'-HI V1N = -11V 285 pA 
IlL.. VIN = -1 8V 0.5 pA 

SAMPL~HOLD OUTPUT 

Voltage Range ±125 ±2 V 
Output Current ±40 mA 
Short Circuit Protection Momentary (IS) 
Output Impedance (at DC) 04 0 
NOise In Track Mode (wldeband 200MHz Into 500 load) 400 pVrms 

SAMPLE/HOLD TRANSFER CHARACTERISTICS 

DC ACCURACY/STABILITY 
Gain +1 VN 
Gain Error ±0.1 % 

Temperature Coefficient ±5 ±20 ppm/'C 
Llneanty Error (±1 25V Input) ±0.002 . ±001 %ofFSR'" 
ZeroOllset ±2 ±5 mV 

Temperature CoeffiCient ±50 ±150 pVl'C 
Power Supply Sensitivity of Offset: Voo, (+5V) ±1 ±3 mVN 

VDDZ (-52V) ±4 ±13 mVN 
+Vee (+15V) ±5 ±10 mVN 
-Vee (-15V) ±9 ±15 mVN 

HOLD-TO-TRACK (SAMPLE) DYNAMICS 
AcquiSition Time (With 2 5V step)'" To within ±1% of FSR (25mV) 17 25 ns 

To within ±O 1% of FSR (2.5mV) 27 35 ns 
To within ±O 02% of FSR (0.5mV) 40 50 ns 

Switch Delay Time 2 ns 

TRACK (SAMPLE)-TO-HOLD DYNAMICS 
Aperture Delay Time 4 8 ns 
Aperture Uncertainty Oilier) 5 9 ps(rms) 
Offset Step (pedestal) ±2 ±10 mV 

Temperature Coefficient ±30 ±60 pYrc 
Sensitivity to VODa (-5.2V) ±2.5 ±10 mVN • SWitch Delay Time 2 ns 

SwltchingTranslent Amplitude 7 20 mVpk 
Settling to within ±1 mV 10 15 ns 

TRACK (SAMPLE) MODE DYNAMICS 
Frequency Response: Full Power BandWidth 40 MHz 

Small Signal BandWidth 70 MHz 
Output Slew Rate 200 300 Vips 
Harmonic Distortion (2.5Vp-p input at4MHz). RL =2000 -78 dB 

RL =500 -85 dB 

HOLD MODE DYNAMICS 
Droop Rate at +25'C casa temp ±60 ±180 pVlps 

at +85'C case temp ±15 ±4 mVips 
Feedthrough Rejection. 2.5V pop Input at 1 MHz 62 dB 

atl0MHz 58 dB 

POWER SUPPLY REQUIREMENTS 

Supply Voltagea. Voo, +4.75 +5.0 +5.25 V 

V""" -4.95 -5.2 -5.46 V 
+Vee +14.25 +15 +1575 V 
-Vee -14.25 -15 -1575 V 

QUiescent Current: V"", 40 55 mA 
VOo. -93 -120 mA 

+Vee 30 45 mA 
-Vee -15 -25 mA 

Power Dissipation 1.3 2.0 W 

TEMPERATURE RANGE 

Specification (caoe temperature) -25 +85 'c 
Storage -55 +125 'c 

NOTES: (1) FSR means Full-Scale Range. For SHCBOO FSR- 2.5V. 
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PIN ASSIGNMENTS 

1 Vee. (+5V) 13 Analog Inpul 
Vee, (-5 2V) 14 NIC' 
NIC' 15 NIC' 

4 Ve02 (-5.2V) 16 NIC' 
5 Hold Command 17 NIC' 
6 Digital Common 18 Analog Common 

Power Common 19 Analog Common 
+Vcc (+15V) 20 NIC' 
NIC' 21 NIC' 

10 Vee, (-5.2V) 22 +Vcc (+15V) 
11 Power Common 23 NIC' 
12 -Vee (-15V) 24 Analog Oulpul 

* NIC = No Internal Connection 

ABSOLUTE MAXIMUM RATINGS 

±~ ................................................ re~ 
Voo, ................................. , .................. +7.0V 
~.............. . .................... ~W 
Analog Inpu1. ........................................... ±50V 
Logic Input ................ ....................... VOD2 to +0 5V 
Case Temperature ................................ ...... +100°C 
Junction Temperature ............................ ...... +150°C 
Storage Temperature .......................... -40°C to +1OO°C 

Stresses above these ratings may cause 
permanent damage to the device. 

TYPICAL PERFORMANCE 
CURVE 

+2 

+1 

o 
-1 

-2 

:; -3 
a. 
.5 -4 
'C 

~ -5 
4l ii -6 

~ -7 

-8 

ANALOG INPUT BANDWIDTH 

r-L -1~JvJ-pl. , 
\ 

0.1 0.2 0.6 2 6 10 20 60 100 

Frequency (MHz) 
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MECHANICAL 

'-1" --A--~·I 

L~IU NOTE 
Leads in true posItion 
within 010" (25mm) R 
at MMC at seating plane 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1280 1310 3251 3327 
8 780 800 1981 2032 
C 153 207 389 526 
D 016 020 41 51 
F 045 055 114 140 
G 100 BASIC 2548ASIC 
H 087 091 221 231 
J 009 012 23 30 
K 200 210 508 533 
l 600 BASIC 1524 BASIC 
N 015 035 38 89 

ORDERING INFORMATION 

Basic Model Number _________ S--_H-'C600 TB H ]0 
Performance Grade Code -

B = -25°C to +85°C 

Package 
H = ceramiC DIP 

Reliability Screening ----------:--------' 
Q = Q-screened 

THEORY OF OPERATION 
The SHC600 is a high-speed sample/hold amplifier with 
low distortion, fast acquisition time and very low aperture 
uncertainty (jitter). A diode bridge sampling switch is used 
to achieve an acceptable compromise between speed and 
accuracy. The diode bridge switching transients are buffered 
from the analog input by a high input impedance buffer 
amplifier. Since the hold capacitor does not appear in the 
feedback of the diode bridge output buffer, the capacitor 
can acquire the signal in 25ns. The low-bias-current output 
buffer droop appears as only an offset error and does not 
affect linearity. 
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BURR-BROWN® 

IElElI SHC601BH 

Ultra-High Speed 
SAMPLE/HOLD AMPLIFIER 

FEATURES 
• l00MHz SAMPLE RATE 
• ±0.02% MAX LINEARITY ERROR 
• ACQUISITION TIME (2.5V STEP): 

1% FSR ans 
0.1% FSR 12ns 
0.02% FSR 22ns 

• 350V/IIs SLEW RATE 
• 900 FEMTO SECONDS RMS APERTURE 

UNCERTAINTY 
• REPLACES HTS-0010 

DESCRIPTION 
The SHC 601 is a high speed sample/hold amplifier 
designed for use in ultra-fast, 12-bit data acquisition 
and signal processing systems. It acquires input step 
changes of 2.5V to 1% accuracy in 8ns and 0.02% 
accuracy in 22ns, typically. The open-loop output 
amplifier provides a maximum linearity error of 
±0.02% with an output impedance of Ion. 
A 100MHz sample rate and extremely low aperture 
uncertainty (O.9ps rms) make the SHC601 suitable for 
RF signal processing applications. 

In the sample (track) mode the SHC601 operates as 
a unity-gain buffer with a small signal bandwidth of 
115MHz. 

APPLICATIONS 
• IMPROVING FLASH ADCs 
• WAVEFORM DIGITIZERS 
• VIDEO PROCESSORS 
• PEAK DETECTORS 
• BOXCAR INTEGRATORS 
• DOWN CONVERTERS 
• DAC DEGLITCHING 

Analog 
Input 

SHC60' 

Sample/Hold 
ECL 

Analog 
Common 

>--10 Output 

Internallonal Alrporllndullrlll Park • P.O. Box 11400 • Tuc.ln. Arlzan. 85734 • TIl.: (6021748-1111 • Twx: 911J.952·1111 • cabl.: BBRCORP • Tlllx: 118-t481 

PDS-784 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C ambient temperature, 10 SCFM airflow, and rated power supplies unless otherwise specified 

SHC601BH 

PARAMETER MIN TYP MAX UNITS 

SAMPLE/HOLD INPUTS 

ANALOG 
Voltage Range ±125 ±2 V 

R'N 100 kO 
Input BIBS Current 25 75 IJA 
DIGITAL (ECl Compatible) V," (HOLD) -11 -0.8 V 

V'f (SAMPLE) -18 -15 V 
hH, VIN = -11V 265 IJA 
hL, VIN = -1 BV 05 IJA 

SAMPLE/HOLD OUTPUT 

Voltage Range ±125 ±2 V 
Output Current ±40 mA 
Short Circuit Protection None 
Output Impedance (at DC) to 0 
NOise In Track Mode (wldeband 100MHz mto 500 load) 400 ,.Nrms 

SAMPLE/HOLD TRANSFER CHARACTERISTICS 

DC ACCURACY/STABILITY 
Gain, RL = 00(1) 096 098 100 VN 
Gain Temperature CoeffiCient ±28 ±40 ppml"C 
Llneanty Error (±1 25V Input) ±00095 ±002 % of FSRI21 

Zero Offset ·±2 ±5 mV 
Temperature CoeffiCient ±80 ±175 IJVI'C 

Power Supply Sensitivity of Offset Voo, (+5V) ±2 mVIV 
Voo, (-52V) ±4 mVIV 
+Vee (+15V) ±11 mVIV 
-Vee (-15V) ±20 mVIV 

HOLD-TO-TRACK (SAMPLE) DYNAMICS; R, = 1000, C, = 3pF 
AcqUISition Time (with 2 5V step)(21. To within ±1% of FSR (25mV) 8 11 ns 

To within ±O 1% of FSR (2 5mV) 12 16 ns 
To within ±O 02% of FSR (0 5mV) 22 ns 

SWitch Delay Time 15 ns 

TRACK (SAMPLE)-TO-HOLD DYNAMICS; R, = 1000, C, = 3pF 
Aperture Delay Time 4 7 ns 
Aperture Uncertainty (Jitter) 09 ps (rms) 
Offset Step (pedestal) ±5 ±20 mV 

Temperature Coefficient ±50 ±140 IJV/'C 
Sensitivity to V002 (-5 2V) ±06 mV/v 

SWitch Delay Time 15 ns 
SWltchlngTranslent Amplitude 7 25 mVpk 

Settlmg to wlthm ±1mV 9 14 ns 

TRACK (SAMPLE) MODE DYNAMICS 
Frequency Response Full Power Bandwidth (Vo = 2 5Vp-p) 38 45 MHz 

Small Signal Bandwidth (Vo = 100mVp-p) 100 115 MHz 
Output Slew Rate ±300 ±350 VII's 
HarmOniC Distortion (2Vp-p Input at 20M Hz) R, 2: 2500 -55 dBC 

HOLD MODE DYNAMICS 
Droop Rate at +~oC case temp ±20 ±100 IJV/IJS 

at +85°C case temp ±09 ±2 mVllJs 
Feedthrough Rejection 2 5Vp-p Input, R, = 1000, C, = 3pF at 10MHz 65 77 dB 

POWER SUPPLY REQUIREMENTS 

Supply Voltages Voo1 +475 +50 +525 V 
Voo2 -495 -52 -54 V 
+Vec +1425 +15 +1575 V 
-Vee -1425 -15 -1575 V 

QUiescent Current Voo, (+5V) 16 25 mA 
Voo, (-5 2V) 60 85 mA 
+Vee (+15V) 30 40 mA 
-Vee (-15V) 27 40 mA 

Power DISSipation (lOUT = Om A) 125 17 W 

TEMPERATURE RANGE 

Specification (3) -25 +85 'C 
Storage -55 +125 'C 

NOTES (1) Gain Accuracy Gain = R, (0 98V/v)/(R, + 100) (2) FSR means Full-Scale Range For SHC601 FSR= 2 5V (3) SHC601BH IS tested and 
specified In a forced air enVironment with a 10 SCFM airflow For a normal convection environment 8Je = 28 7°C/W and 8CA = 23 3°C/W Case temperature is 
measured on top surface of package 
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PIN ASSIGNMENTS 

1 VDD, (+5V) 13 Analog Input 
--2 VDD' (-5 2V) 14 NIC· 

3 NIC· 15 NIC· 
4 VDD' (-52V) 16 NIC· 
5 Hold Command 17 NIC· 
6 Digital Common 18 Analog Common 
7 Power Common 19 Analog Common 
8 +Vee (+15V) 20 NIC· 
9 NIC· 21 NIC· 

10 VDD, (-52V) 22 +Vee (+15V) 
11 Power Common 23 NIC· 
12 -Vee (-15V) 24 Analog Output 

• NIC = No Internal Connection 

ABSOLUTE MAXIMUM RATINGS 

+Vcc . .. ........ .. .. .. . .. 165V 
~.. . ....................... ~~ 
~ .... . ........... ~~ 
Analog Input . . . . .. ....... ... ........... .. ±5 OV 
Logic Input . . . ., . VOD2 to +0 5V 
Case Temperature.. .... .,. ..... . .... +100°C 
Junction Temperature ... ......... ... +150°C 
Storage Temperature .... .. ............ . -40°C to +100°C 

Stre.se. above these ratings may cause 
permanent damage to the device. 

MECHANICAL 

L~IO NOTE 
Leads In true positIOn 
within 010" ( 25mm) R 
at MMC at sealing plane 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1280 1310 3251 3327 
B 780 800 1981 2032 
C 153 207 389 526 
D 016 020 41 51 
F 045 055 114 140 
G 100 BASIC 254 BASIC 
H 087 091 221 231 
J 009 012 23 30 
K 200 210 508 533 
L SOOBASIC 1524 BASIC 
N 015 035 38 89 

ORDERING- INFORMATION 

BaSIC Model Number _________ L,-_H--'C601 j H JO 

Performance Grade Code -
B = -25°C to +85°C 

Package 
H = ceramic DIP 

Reliability Screening --------------,---' 
a = a-screened 

Burr-Brown Ie Data Book 

TYPICAL PERFORMANCE 
CURVES 

+5 
+4 
+3 
+2 

iii' +1 
~ 0 
'" ~ -1 
8. -2 
~ -3 
'S -4 
.e- -5 o -6 

-7 
-8 
-9 

-10 

-20 

-40 

1 

ANALOG INPUT BANDWIDTH 

Y,N = 100mVp-p 

10 

.... 

I' 
~ 
~ 

100 

Frequency (MHz) 

~ ... 

HARMONIC DISTORTION VS FREaUENCY 

R,-250Q 
V=2Vp-p (-) 

15Vp-p (---) 

L 
121 

r-

1000 

LL-
21 

l- I 

-60 L 
IL 31 :;: ~31 

-80 
01 

Frequency (MHz) 
10 

THEORY OF OPERATION 

100 

The SHC601 is a high'-speed sample/hold amplifier with 
low distortion, fa~t acquisition time and very low aper
ture uncertainty (jitter). A diode bridge sampling switch 
is used to achieve an acceptable compromise between 
speed and accuracy. The diode bridge switching tran
sients are buffered from the analog input by a high input 
impedance buffer amplifier. ·Since the hold capacitor does 
not appear in the feedback of the diode bridge output 
buffer, the capacitor can acquire the signal in 8ns. The 
low-bias-current output buffer droop appears only as an 
offset error and does not affect linearity. 

LAYOUT 
Each power supply pin should be bypassed with a IJlF 
tantalum capacitor connected directly from each pin to a 
heavy copper ground plane. All unused pins should be 
connected to ground and input and output connections 
should be short and direct in keeping with the high fre
quency performance of the SHC601. 

Good RF layout techniques should be used-a heavy 
two ounce copper ground plane is strongly recommended. 
Wire-wrap or "prototype" boards will not give satisfac
tory performance. 
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Longer input I output traces or capacitive loads (such as 
a flash ADC) may require decoupling with a series resis
tor of 10.0. to 50.0.. 

DISCUSSION OF 
PERFORMANCE 
HARMONIC DISTORTION 

Figure I shows the harmonic distortion at various 
frequency ranges. Figure 2 is a block diagram of the 
Harmonic Distortion Test. 

APERTURE JITTER 

An ECL signal with rising and falling edges of IV Ins is 

iii" 
"C 
-;-20 
o 
i' 
o 
t) -40 
is 
<..> 
c 
~ -60 
0; 
I 

-_ .............................................................................. _--.... _-_ ....... -
1 ~=~oo 

21 

J. 

V1N = 2Vp-p 

-80 ............ -: .................... (" .................. , ................... -....................... . 

iii" 0 
:;< 
~ 
o 
i' -20 
o 
;; 
is 
~ -40 
o 
E 
~ -60 

iD 
:;< 
~ 

g -20 
o 
;; 

~ -40 
C 
o 
E rn -60 
I 

iii" 
:;< 
~ 

Q 

~ -20 

is 
~ -40 
o 
E 
~ -60' 

5MHz 10MHz 15MHz 
Frequency 

............................................... __ ............ __ ....... -...... . 
1 

21 

! 
20MHz 40MHz 

Frequency 

21 

R, = 2500 

V," = 2Vp-p 

31 

A 

BOMHz 

R, = 2500 

V," = 2Vp-p 

31 

1 
50MHz 100MHz 150MHz 

Frequency 

100MHz 200MHz 
Frequency 

R,= 2500 

V1N = 2Vp-p 

300MHz 

Figure 1. Harmonic Distortion vs Frequency. 
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Figure 2. Harmonic Distortion Test Block Diagram. 

applied to both the SI H input and the analog input (see 
Figure 3). A delay line is used to compensate for the 
aperture delay time and can be made up of various coax 
lengths or by using a calibrated line such as an Allen 
Avionics Model VRMOII. Because of the variation in the 
other cable lengths, coax (A) length may have to be 
adjusted to locate the sample and hold point at the 
midpoint of the signal transition. 

In this test the midpoint of the ECL signal is held; 
approximately -1.3V. Once the cable delays have been 
adjusted, the scope presentation will consist of noise due 
to aperture jitter on the held value of -1.3V. The peak
to-peak value of the noise band around the held value, 
divided by four, gives the approximate rms value of the 
noise. When divided by the rate of change of the input 
signal, the result will be aperture jitter. 

It is important that the rate of change used is the 
effective slew rate seen at the switching mechanism 
inside the SHC601. For example, this signal will be 
slower than the pulse generator slew rate due to the slew 
rate limitations of an input buffer. The effective slew rate 
is determined by measuring the amount the held value 
changes versus a known change in delay of the delay line. 

For example: 

T"" 
o 
CD o 
::J: en 

Effective Slew Rate = O.35V Ins 

Noise band = 1.4mVp-p = 0.35mVrms 

If rms noise is in m V and slew rate in V I ns, the jitter will ~ 
be in ps rms: ~ 

(0.35mVrms) +- (0.35V Ins) = Ips rms 

To Scope AC-Coupled, 500 Termination 

-08V~ 
-13V -13V 

-1BV 
HOOns, 

SHC601 

Figure 3. Aperture Jitter Test Circuit. 
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SHC803BM, CM 
SHC804BM, CM 

Ultra-High Speed 
SAMPLE/HOLD AMPLIFIER 

FEATURES 
• 350nsec max ACQUISITION TIME 

• ±O.O1% THROUGHPUT NONLINEARITY 

• 150nsec max SAMPLE·TO-HOLD SETTLING TIME 

• INPUT BUFFER (SHC803) 

• 24-PIN HERMETICALLY·SEALED METAL PACKAGE 

HOLD HOLD ANALOG 
COMMON 

DESCRIPTION 
The SHC803 and SHCS04 are high speed sample/ 
hold amplifiers designed for use in fast 12-bit data 
acquisition systems and signal processing systems. 
The SHCS03 contains a fast-settling unity-gain am
plifier for buffering high impedance sources or for 
use with CMOS multiplexers. 

The SHCS04 acquires a IOV signal change in less 
than 350nsec to ±1/2LSB at 12 bits. Throughput 
nonlinearity error is guaranteed to be within 
±I/ 2LSB for 12-bit systems. Stability over tempera
ture is excellent, with only ±5ppm/oC of gain drift 
and ±4ppm of FSR/OC of charge offset drift over 
the -25 to +S5OC temperature range. 

The ±25psec maximum aperture uncertainty of 
SHCS03 and SHCS04 permits sampling (to ±O.OI% 
of Full Scale Range) of signals with rates of change 
of up to IOOV / Ilsec. These sample / holds have been 
optimized for use with Burr-Brown's high speed 12-
bit analog-to-digital converter, model ADCS03. To
gether these components are capable of accurately 
digitizing fast changing signals at sample rates as 
high as 500k samples per second. 

The digital inputs (HOLD and HOLD) are TTL
compatible. Power supply requirements are ±15V 
and +5V and the specification temperature range is 
-25°C to +S5°C. The SHCS03 and SHCS04 are 
packaged in a 24-pin dual-in-line hermetic metal 
package. SHCS04 is pin-compatible with other 
sample/holds on the market with similar perfor
mance characteristics. 

Internallonll Airport Industrial Pirie· P.O. Box 11400· Tuclon. Arizona 85734· Tel. (602) 741-1111 . Twx: 910-952·1111 • Cable: BBRCORp· Telex: 66.f1491 

PDS-SI2C 
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SPECIFICATIONS 
ELECTRICAL 
At +25'C. rated power supplies and a lkCl output load unless otherwise specified 

MODEL SHC803ISHC8048M 

PARAMETER MIN TYP MAX 

SAMPLE/HOLD INPUTS [wllhout Input _[ 

ANALOG 
Voltage Range ±1025 ±11 
R,. 1.00 

DIGITAL [HOLD. HOLD] 
V," +20 
VOL +0.8 
"H, VIN = +2 7V +80 
IlL. VIN = +0 4V -12 

SAMPLEIHOLD TRANSFER CHARACTERISTICS [without Input buffer] 

ACCURACY 
Sample Mode 

Gain -1 
Gain Error ±01 

Temperature CoeffiCient ±3 ±10 
Linearity Error ±0.001 ±OOOS 
Zero Offset ±1 ±5 

\' 
Temperature CoeffiCient ±1 ±2.5 

Hold Mode 
Charge Offset ±2 ±10 

Temperature Coefficient ±3 ±10 

Droop Rate at +25' C ±O5 ±5 
+85'C ±0.5 

Throughput Nonhnearity ±O.O1 
Power Supply Sensltlvlty,m ±Vcc ±0002 

Voo ±OOO3 

DYNAMIC CHARACTERISTICS 
AcqUIsition Time (with 10V step) 

to Within ±O.I% (±10mV) 220 
±O.O1% (±lmV) 250 350 

Sample-to-Hold Settling Time 
to Within ±O 01% (±lmV) 100 150 

Sample-to-Hold TranSient Amphtude 60 150 
Aperture Delay Tlme131 15 25 
Aperture Uncertainty ±10 ±25 
Sample Mode. Output Slew Rate 160 

Full Power Bandwidth 1 
Small Signal BandWidth 16 

Hold Mode Feedthrough RelecllOn 
(10V square wave Input) ±O03 ±O005 

SAMPLE/HOLD OUTPUT 

Voltage Range 
±10 25.1 ±11 I 

Output Current ±50 
Short CircUit Protection Indtflnlte to cemmer 
Output Impedance (at DC) 0.01 01 

INPUT BUFFER CHARACTERISTICS [SHC803 only] 

INPUT 
Offset Voltage ±1I2 ±5 

va Temperature ±15 ±25 
BIBS Current ±25 

Impedance 10"115 
VIN Range ±10.25 ±11 

DYNAMIC CHARACTERISTICS 
Full Power BandWidth 320 
Slew Ratel41 10 
Settling Time'" to ±2mV for 10V Step 2.5 

OUTPUT 
Vou<Range ±1025 
Output Current ±1025 

Burr-Brown Ie Data Book 8-27 
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MIN TYP MAX 

· · 

· 

±1 ±5 · 
±O5 ±3 
±0.5 ±1.5 

±1 ±5 
±2 ±4 · 

±01 

· 

· 

· 
· 

· 

· 
· · 
· 

· 

UNITS 

V 
kCl 

V 
V 

"A 
rnA 

VN 
% 

ppm/'C 
%ofFSRI1I 

mV 
ppm of FSR/' C 

mV 
ppm of FSRI' C 

"VI"oec 
mVlJIBeC 
%ofFSR 

% of FSRI%Vcc 
% of FSRI%VDD 

nsec 
nsec 

nsec 
mVpHlc 
nsec 
psec 

Vlpoec 

MHz 
MHz 

% 

V 
rnA 

CI 

mV 
ppm of FSR/' C 

nA 

ClllpF 
V 

kHz 
Vlpoec 
poec 

V 
rnA 
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ELECTRICAL [CO NT] 

MODEL SHC803/SHC804BM SHC803/804CM 

PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLY REQUIREMENTS 

Rated Voltage ±Vcc ±135 '±15 ±165 V 

Voe +4 75 +500 +525 V 
QUIescent Current (no load) 

SHC804 +Vcc 30 35 mA 
-Vee 15 20 mA 

Vee 5 10 mA 
SHC803 +Vcc 33 40 mA 

-Vee 18 25 mA 
Vee 5 10 mA 

Power DISSipation SHC804 700 875 mW 
SHC803 790 1100 mW 

TEMPERATURE RANGE 

Specification -25 +85 ·C 
Storage -55 +125 ·C 

'Speclflcatlon same as SHC803/SHC804BM, 

NOTES (1) FSR means Full Scale Range and IS 20V for SHC803 and SHC804 (2) Sensitivity of Offset plus Charge Offset (3) With respect to HOLD For 
H5'OS add 5nsec tYPIcal (4) WIth buffer connected to the sample/hold amplifier 

MECHANICAL 

r--A===:j o 11 o '--Denotes Pin 1 

( 1 
h-=;IIIIIIIIIIII 

G ......I I.- ---L-o 
ULH 

L ~ 0 0 0 0 0 0 0 0 0 0,;" 

2' 13 
000000000000 

CONNECTION DIAGRAMS 

VOUTg.----( 

Burr-Brown Ie Data Book 

CASE Nickel-plated steel 
MATING CONNECTOR 245MC 
WEIGHT 84 grams (0,30z) 
HERMETICITY Conforms to method 1014 

Condition C Step 1 
(fluorocarbon) of 
MIL-STD-883 (gross leak) 

R 
~L--J 

Pin numbers shown for reference only 
Numbers may not be marked on package 

NOTE Leads In true POSition Within 010" 
( 25mm) R at MMC at seating plane 

+15V 

COM ANALOG 

-15V POWER 
SUPPLY 

SIGNAL 
SOURCE 

VOUT V"---; 

8-28 

INCHES 
DIM MIN MAX 

A 1365 1385 

B 790 810 
c 170 250 
0 016 021 
G lao BASIC 

H 125 150 
K 150 300 L 600 BASIC 

A 080 110 

MILLIMETERS 
MIN MAX 

3467 3518 

2007 20.57 

432 635 
041 0.53 

254 BASIC 

3 " 381 
381 762 

1524 BASIC 

203 279 

COM ANALOG 
POWER 

-15VSUPPLY 
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ABSOLUTE MAXIMUM RATINGS 

Input Overvoltage . . . . . . .. .. .. .. .. .. . ... ±15V 
+Vee to Vee COMMON ............ 0 to +18V 
-Vee to Vee COMMON ............ 0 to -18V 
Voltage on Digital Inputs 

(pins II and 12) ............... -0.5V to +7V 
Power Dissipation .................. l500mW 
Voo to DCOM ........................ -0.5V 
Analog Output .... Indefinite Short to Vee COM 

NOTE: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent 
damage to the device. Exposure to absolute maxi
mum conditions for extended periods may affect 
device reliability. 

PIN ASSIGNMENTS 

Pin Name D .... rlptlon 

1 Sample/Hold Output Analog voltage output 
2 NC Not connected 
3 NC Not connected 
4 NC Not connected 
5 NC Not connected 
6 NC Not connected 
7 NC Not connected 
8 NC Not connected 
9 V •• LogiC supply 

10 DCOM LogiC supply common 
11 HOLD LogiC "I" = HOLD 
12 HOLD LogiC "0" = HOLD 
13 S/H In SHC804 Input, for SHC803 connect 

pin 13 to pin 14 
14 Buffer Out, SHC803 only Not connected for SHC804 
15 COM Signal common 
16 NC Not connected 
17 Buffer In, SHC803 only Not connected for SHC804 
18 NC Not connected 
19 NC Not connected 
20 NC Not connected 
21 COM Signal Common 
22 -Vee -15Vsupply 
23 Vcc COM Analog power common, connected 

laease 
24 +Vee +15Vsupply 

DISCUSSION OF 
SPECIFICATIONS 
Throughput Nonlinearity is defined as total Hold mode, 
nonadjustable, input to output error caused by charge 
offset, gain nonlinearity, droop, feedthrough, and ther
mal transients. It is the inaccuracy due to these errors 
which cannot be corrected by Offset and Gain adjust
ments. 

Gain Error is the difference between the input and out
put voltage magnitude (in the Sample mode) due to the 
amplifier gain errors. 

Droop Rate is the voltage decay at the output when in 
the Hold mode due to storage capacitor and FET switch 
leakage current and the input bias current of the output 
amplifier. 

Feedthroug!! is the amount of output voltage change 
caused by an input voltage change when the sample/ 
hold is in the Hold mode. 
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~perture Delay' Time is the time required to switch from 
Sample to Hold. The time is measured from the 50% 
point of the Hold mode control transition to the time at 
which the output stops tracking the input. 

Aperture Uncertainty. Time is the nonrepeatibility of 
;perture delay time. ---

Acquisition Time is the time required for the sample/ 
hold output to settle to within a given error band of its 
final value when the sample/hold is switched from Hold 
to Sample. 

Charge Offset (Pedestal) is the output voltage change 
that results from charge coupled into the Hold capacitor 
through the gate capacitance of the switching field effect 
transistor. This charge appears as an offset at the output. 

Sample-to-Hold Switching Transient is the switching 
triiilsient which appears on the output when the sample/ 
hold is switched from Sample to Hold. Both the magni
tude and the settling time of the transient are specified. 

.,ISAMPLE· TO·HOLO ! 
' TRANSIENT --------- ----.. 

I •• 
i ,~ 

:_ACOUISITIO~. 
t 

DROOP 
I TIME 
I 
I 
I SAMPLE 

HOLD 

FIGURE I. Definition of Acquisition Time, Droop 
and Sample-to-Hold Transient. 

OPERATION 
A simplified circuit diagram of SHC803/ 804 is shown on •• 
page I. The SHC803 includes a noninverting unity-gain 
op amp to serve as a source-impedance buffer when the 
sample/hold is used with CMOS analog multiplexers. 
The SHC804 and SHC803 are identical except for this 
buffer. 

In the Sample (track) mode the circuit acts as a unity
gain inverting amplifier. In the Hold mode, the capaci
tor, CH, holds the value of the output at the time the unit 
was switched to the Hold mode. Additional circuits 
compensate for switching transients and provide switch 
leakage current cancellation. The amplifier provides 
high current drive and low output impedance to external 
loads. 

GAIN, OFFSET, CHARGE OFFSET 

SHC803 and SHC804 have been internally-trimmed to 
eliminate the need for external trim potentiometers for 
Gain, Offset (in Sample mode) and Charge Offset (Ped
estal). System Gain and Offset errors can be adjusted 
elsewhere in the system, at an input amplifier preceding 
the sample / hold, or at an analog-to-digital converter fol
lowing the sample/hold. 
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INSTALLATION 
GROUNDING AND BYPASSING 
SHC803 and SHC804 have four COMMON pins (pins 
10, 15, 21, and 23) and all must be tied together and 
connected to the system analog common (VccCOM) as 
close to the package as possible. It is preferable to have a 
large ground plane surrounding the sample/hold and 
have all four common pins soldered directly to it. Note 
that the metal case is internally connected to pin 23; 
therefore, care must be taken to avoid a grou~d loop if 
the case is allowed to contact the ground plane. 
Most digital return currents pass through pin 10. Noise 
from the switch-drive circuit may couple directly into the 
main op amp summing junction, a very noise-sensitive 
node. Care must be taken to insure that no voltage dif
ferences occur between pin 10 and the other common 
pins. This is the reason pin 10 must be connected directly 
to the ground plane. 

For the same reason, the logic supply should be kept as 
. free of noise as possible. ±V cc supply lines (pins 24 and 

22) are internally bypassed to common with O.OI,.,F 
capacitors. It is recommended that the user install addi
tional external O.1,.,F to I,.,F tantalum bypass capacitors 
at each supply pin. 

SAMPLE/HOLD CONTROL 

A TTL logic "0" at pin 11 (or a logic "I" at pin 12) 
switches the SHC803j804 into the Sample (track) mode. 
In this mode, the device acts as a unity-gain inverting 
amplifier, the output following the inverse of the input. 
A logic "I" at pin 11 (or a logic "0" at pin 12) will switch 
the SHC803/804 into the Hold mode. The output vol
tages will be held constant at the value present when the 
Hold command is given. 

If pin 11 is used, pin 12 must be connected to the DCOM 
(pin 10). If pin 12 is used, pin 11 must be tied to V DD. 

Using the HOLD and fIOI]) inputs as a logic function 
may adversely affect the charge offset (pedestal). A clean 
digital signal (no overshoot) at the HOLD or HOLD 
inputs will also reduce charge offset errors. Pins 11 and 
12 present less than one standard TTL load (two LSTTL 
loads) to the digital drive circuit. 

OUTPUT LOADING 

Care must be taken when loading the output of the 
SHC803/804 to avoid possible oscillations, current lim
iting and performance variations over temperature. 

The maximum capacitive load to avoid oscillations is 
about 300pF. Recommended resistive load is 500n or 
more, although values as low as 250n may be used. 
Acquisition and sample-to-hold settling times are rela
tively unaffected" by resistive loads down to 250n in 
parallel with capacitive loads up to IOOpF. Higher capaci
tances will affect acquisition and ~ettling times. 

ANALOG SIGNAL SOURCE CONSIDERATIONS 

The output impedance of the signal source driving .the 
SHC804 will affect the accuracy of the sample and hold 
operation both statically (at DC) and dynamically. The 
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ouput impedance of the signal source should be low and 
remain low over a wide bandwidth. A small capacitor at 
the driving source may help to improve the charge offset 
errors that are affected by dynamic source impedance. 

SHC803 BUFFER AMPLIFIER 

The buffer amplifier incorporated in the SHC803 pro
vides appropriate drive characteristics to the sample/ 
hold amplifier. Again a 20pF to 50pF capacitor added to 
the output of the buffer amplifier may improve charge 
offset performance. 

The buffer amplifier is optimized for fast settling with 
IOV p-p signals. However, for step input signals greater 
than JOV, a protection network (Figure 2) is required to 
prevent the buffer from overload, resulting in excessive 
settling time. 

The data sheet for the Burr-Brown model ADC803 
analog-to-digital converter contains a sample printed 
circuit board layout incorporating many of the above 
considerations . 

2kn 

FIGURE 2. SHC803 Buffer Amplifier Protection For 
Input Steps Greater Than 10V. 

APPLICATIONS 
SIGNAL DIGITIZATION 

Sample/hold amplifiers are commonly used to hold 
input voltages to an A/ D converter constant during 
conversion. Digitizing errors result if the analog signal 
being digitized varies excessively during conversion. 

For example, the Burr-Brown ADC803 is a 12-bit succes
sive-approximation converter with a 1.5,.,sec conversion 
time. To insure the accuracy of the output data, the 
analog input signal to the A/ D converter must not 
change more than 1/ 2LSB during the conversion. 

The maximum rate of change for sine wave inputs is 
dv/dt (max) = 2rrAf(V/sec). If one allows a Ij2LSB 
change (2.44m V) for a ±IOV input swing to the A/ D 
converter, the allowable input rate-of-change limit would 
be 2.44mV/1.5,.,sec = 1.63mV/,.,sec. Thus the sampled 
sinusoidal signal frequency limit is 

f= (1.63 X J03)/2rrA = 259/ A(Hz) 

where A is the amplitude of the sine wave. For a ±JOV 
sine wave this corresponds to a frequency of 26Hz. 

A sample/hold in front of the A/D converter "freezes" 
the converter's input signal whenever it is necessary to 
make a conversion. The rate-of-change limitation calcu
lated above no lonller exists. If a sample/hold has 
acquired an input signal and is tracking it, the sample/ 
hold can be commanded to hold at any instant. There is 
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a short delay between the time the hold command is 
asserted and the time the circuit actually holds. This 
delay is called aperture delay. The hold command signal 
can usually be advanced in time to cause the amplifier to 
hold when one wants it to hold. 

The uncertainty in aperture delay, called aperture jitter, 
is a key consideration. For the S H C803 /804 there is a 
2Spsec maximum period during which the input signal 
should not change, for example, more than 1/2LSB for 
l2-bit systems. For a ±IOV input range (1/2LSB = 
2.44m V), the input signal rate of change limitation is 
2.44mV /2Spsec = 97.6V / J.Lsec. The equivalent input sine 
wave frequency is 

f = 97.6 X 10'/ 21T A = IS.S / A(MHz), 

60,000 times higher than using the A/ D alone. 

However, there are other considerations. The resampling 
rate of an ADC803 is l.SJ.Lsec (A/D conversion time) + 
0.3J.Lsec (sample/hold acquisition time) = 1.8J.Lsec. If one 
samples a sine wave at the Nyquist rate this permits 
sampling a frequency of 278kHz. The above analysis 
assumed that the droop rate of the sample / hold is negligi
ble-less than 1/2LSB during the conversion time-and 
that the large signal bandwidth response of the sample/ 
hold causes negligible waveform distortion. 

USING THE SHC804 WITH THE ADC803 

ADC803 is a l.SJ.Lsec, l2-bit successive approximation 
A/ D converter. Its input circuitry has been designed to 
minimize high frequency current transients that appear 
at the input of successive approximation A/D conver
ters. The SHC803 and SHC804 have been designed with 
a fast-settling, low output-impedance amplifier to further 
minimize the effects of high frequency transient currents 
present in an output load. 

A typical SHC804/ ADC803 connection for high-speed 
digitization is illustrated in Figure 3. A short delay must 
occur before the A/ D start command is asserted since 
the ADC803 makes its first conversion decision 100nsec 
after the start command is asserted. Because the SHC804 
sample-to-hold settling time is ISOnsec (maximum) the 
additional delay required is about SOnsec. This can be 
achieved using a one-shot or by using the delay provided 
by the six inverters of a hex inverter integrated cfrcuit. 
This combination can be triggered at rates of over SOOk 
samples per second. 

Using the input buffer of the SHC803 provides a high 
input impedance sample/hold for CMOS analog multi
plexers such as the high speed Burr-Brown MPC800. 
The high input impedance of the SHC803 buffer minimi
zes DC errors caused by the ON resistance of the multi
plexer switches and/ or relatively high impedance signal 
sources (Figure 4). The multiplexer can be switched to a 
new channel as soon as the SHC803 is switched to the 
Hold mode. The multiplexer/buffer combination settles 
to the new input value during the sample/hold acquisi
tion time and A/D conversion time. This "overlap" 
technique results in little or no loss in throughput rate. 
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V," 
SHC804 o----{13 

START CONVERSION 

ANALOG INPUT 
ADCB03 

AID CONVERTER 
START 

FIGURE 3. SHC804 and ADC803 Provide Sampling 
Rates Over SOOk Samples Per Second. 
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CH 16 : 4 
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CHANNEL 
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TO AID 
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FIGURE 4. Using SHC803 With The MPC800 Analog 
Multiplexer. 
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BURR-BROWN® 

IElElI SHC5320 

High Speed 
Bipolar Monolithic 

SAMPLE/HOLD AMPLIFIER 

FEATURES 
• 1.5Jlsec max ACQUISITION TIME TO 0.01% 
• 250nsec max HOLD MODE SETTLING TIME 
• 0.5JlV / Jlsec max DROOP RATE AT +25° C 
• TWO TEMPERATURE RANGES: 

0° C to +75° C IKHJ 
-55°C to +125°C ISHJ 

• FULL DIFFERENTIAL INPUTS 
• INTERNAL HOLDING CAPACITOR 
• 14·PIN CERAMIC DIP PACKAGE 

DESCRIPTION 
The SHC5320 is a bipolar monolithic sample/hold 
circuit designed for use in precision high-speed data 
acquisition applications. 

The circuit employs an input tranconductance ampli
fier capable of providing large amounts of charging 
current to the holding capacitor. thus enabling fast 
acquisition times. It also incorporates a low leakage 
analog switch and an output integrating amplifier 

-INPUT 0-. 

OFFSET 
AOJUST 

with input bias current optimized to assure low 
droop rates. Since the analog switch always dflves 
into a load at virtual ground, charge injection into 
the holding capacitor is constant over the entire 
input voltage range. As a result, the charge offset 
(pedestal voltage) resulting from this charge injec
tion can be adjusted to zero by use of the offset 
adjustment capability. The device includes an inter
nal holding capacitor to simplify ease of application; 
however, provision is also made to add additional 
external capacitance to improve the output voltage 
droop rate. 

The SHC5320 is manufactured using a dielectric iso
lation process which minimizes stray capacitance 
(enabling higher-speed operation), and eliminates 
latch-up associated with substrate SCRs. The 
SHC5320KH features fully specified operation over 
the temperature range of O°C to + 75°C, while the 
S H C5320S H operates over the temperature range of 
-55°C to +125°C. The device requires ±15V sup
plies for operation, and is packaged in a reliable 
l4-pm ceramic dual-in-line package. 

EXTERNAL 
HOLD 
CAPACITOR 

I 
• 

lDDpF 
I 

~---<"I-

+INPUTQ---
I >-..... ~o DUTPUT 

MDDE [> 
CONTRDL 01-----1 ~----~ 

REFERENCE BANDWIDTH 
CDMMDN CDNTROL 

InternatIOnal Airporllndustnal Park· P.D Box 11400· Tucson. Arizona B5734· Tel. (602) 746·1111· Twx. 910·952·1111 . Cable' BBRCORp· Telex 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C. rated power supplIes, gain = +1, and wIth Internal holding capaCitor, unless otherwise noted 

MODEL 

MIN TYP MAX MIN TYP MAX UNITS 

INPUT ""AnA .... en,,, """ 

ANALOG 
Voltage Range ±10 V 
Common-Mode Range ±10 V 
Input Resistance 1 5 Mel 
Input CapacItance 3 pF 
818S Current ±100 ±300 ±70 ±200 nA 
Bias Current Over Temperature Range ±300 ±200 nA 
Offset Current ±30 ±300 ±100 nA 
Offset Current Over Temperature Range ±300 ±100 nA 

DIGITAL (over temperature range) 
V1H (Logic "1") 20 V 
V1L (Logic "0") 08 V 
hH (VI = +5V) 01 /JA 
IlL (VI =OV) 4 10 /JA 
Logic "0" = SAMPLE 
Logic "1" = HOLD 

OUTPUT CHAR .. ", ~"'" """ 

Voltage Range ±10 V 
Current ±10 mA 
Output Impedance (Hold Mode) 1 el 
Capacitance Load for Stability 300 pF 
NOise, DC to 10MHz Sample Mode 125 200 IN rms 

Hold Mode 125 200 INrms 

DC '~"D ,~v'''TABILITY 

Gain, Open Loop, DC 3 X 105 2X 106 10' VIV 
Input Offset Voltage ±O 5 ±O 2 mV 0 
Input Offset Voltage Over Temperature Range ±15 ±2 mV C"II 
Input Offset Voltage Dnft ±5 ±20 ±15 /Jvrc M 
CMRR 11J 72 90 80 dB I.t) 
Power Supply ReJectlon l21 +Vee 80 dB 0 

-Vee 65 dB J: 
HOLD- ,v'''AMPLE MODE DYNAMIC ~n~~' ~no. II"" en 
AcqUISItion Time, A = -1, 10V Stepl31 

to ±O 01% 1 15 psec 
to ±O1% 08 12 psec 

SAMPLE MODE 

Gam-bandwidth Product (Gam = +1)141 
CH = 100pF 2 MHz 
CH = 1000pF 180 kHz 

Full Power Bandwldth lSI 600 kHz 
Slew Rate l6) 45 V/psec en Rise Tlme l4) 100 nsec IX Overshootl41 15 % 

" .. MPLE-TO-HOLD MODE DYNAMIC ChARA"'~"'''' '"'' 
W u:: 

Aperture Tlmel71 25 nsec :::::i Effective Aperture Time -50 -25 0 nsec 
Aperture Uncertainty (Aperture Jitter) 03 nsec D. 
Charge Offset (Pedestal)IB) (adjustable to zero) 1 mV :E Charge Transfer lS) 01 05 pC <C Sample-to-Hold TranSient Settling Time 

to ±O 01% of FSR 165 250 nsec C 
HOLD MODE ..J 
DrooplBJ 008 05 pV/psec 0 
Droop at MaXimum Temperature 1 2 100 17 pV/l1sec J: 
Dnft CurrentlBI 8 50 pA W onft Current at MaXimum Temperature 012 10 17 nA ..J Feedthrough, 10V p-p, 100kHz slnewave 2 mV D. 
POWER SUPPLIES :E 
+Vee +145 +15 +16 V 

~ -Vee -145 -15 -16 V 
tlcc (+Vce = 15V)19J 11 13 mA 
-Icc (-Vee = 15V)19) -11 -13 mA 
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ELECTRICAL (CO NT) 

MOOEL I SHC5320KH I SHC5320SH J 
I MIN I TYP j MAX I MIN J TYP 1 MAX 1 UNITS 

TEMPERATURE RANGE 

Specification 

I 
0 

I l +75 

I 
-55 1 1 +125 1 'c 

Storage -65 +150 'c 

• Specification same as grade to the left 
NOTES (1) VCM = ±5VDC (2) Based on a ±O 5V sWing for each supply with all other supplies held constant (3) Vo 10V step, RL 2kO, CL 
50pF (4) Vo = 200mV p-p, R, = 2kO, C, = 50pF (S) V'N = 20V p-p, R, ~ 2kO, C, = 50pF, unattenuated output (6) Vo 20V step, R, 2kO, C, 
50pF (7) Simulated only, not tested (8) VIN - OV, V1H ~ +3 SV, tR'/ 20nsec (VIL to V1H ) (9) Specified for zero differential mput voltage between pins 1 
and 2 Supply current will Increase with differential mput (as may occur In the Hold mode) to approximately + 28mA average at 20V differential 

ABSOLUTE MAXIMUM RATINGS'" 

Voltage Between +Vcc and -Vee Terminals 40V 
Input Voltage Actual Supply Voltage 
Differential Input Voltage ±24V 
Digital Input Voltage +8V, -15V 
Output Current, contlnuous l21 ±20mA 
Internal Power DISSipation 450mW 
Storage Temperature Range -65°C < TA < +150°C 
Output Short-circuit Duratlon l31 None 
Lead Temperature (soldering, 10 seconds) 300°C 

CAUTION: These devices are sensitive to electrostatic discharge. 
Appropriate I.C. handling procedures should be followed. 

NOTES (1) Absolute maximum ratings are Ilmltmg values, applied mdl
vldua"y, beyond which the serviceability of the Circuit may be Impaired 
Functional operation under any of these condItions IS not necessarily 
Implied (2) Internal power disSipation may limit output current to less 
than +20mA (3) WARNING: This device cannot withstand even a 
momentary short circuit to either supply. 

PIN ASSIGNMENTS 

Pm 1 -Input 14 Mode Control 
2 +Input 13 Supply Common 

Offset Adjust 
Offset Adjust 

12 NC 
11 External Hold Capacitor 

-Vee 10 NC 
Reference Common 
Output 

BURN-IN SCREENING 

9 -+-Vee 
8 Bandwidth Control 

Burn-in screening is an option available for the models 
in the Ordering Information table. Burn-in duration is 
160 hours at the indicated temperature (or equivalent 
combination of time and temperature), 

ORDERING INFORMATION 

Temperature Input Offset 
Model Range Over Temp. Range 

SHC5320KH O'C to +75'C ±15mW 
SHCS320SH O'C to +75'C +2mW 

BURN-IN SCREENING OPTION 
See text for details 

Temperature 8urn-ln Temp 
Model Range (160 hourS)(lI 

SHC5320KH-BI O'C to +75'C +125'C 
SHCS320SH-BI O'C to +7S'C +125'C 

NOTE (1) Or eqUivalent combmatlon of time and temperature 
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CONNECTION DIAGRAM 

TOP VIEW 

All units are tested after burn-in to emure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 
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MECHANICAL 

~ - A . --! 

~; : :: ::: 11 
.... Pin #, --I F 14-

NOTE: Leads in true position 
within 010" (.25mm) R 
at MMC at seating 
olane. 

fA f J J 

~ M ~- -- L- j 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A - .790 - 20.0 
B .220 .310 5.59 7.8 
C - .185 - 4.70 
o .014 .023 .36 0.58 
F .030 .07 0.76 1.78 
G .100 BASIC 2.54 BASIC 
H - .098 - 2.4 
J .008.012 0.20 0.3 
K .14 .260 3.5....!;! 6.6 
L .290 .320 7.37 8.1 
M O· 15° 0° 15° 
N .015 .060 0.38 1.52 
R .125 .200 3.!!;! 5.0 

TYPICAL PERFORMANCE CURVES 
±Vcc -- 15V 

TYPICAL SAMPLE/HOLD PERFORMANCE 
AS FUNCTION OF HOLDING CAPACITOR 

01 
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Charge Offset 
Error (mV) 

001~----~----~ ____ ~~ __ ~ 
100 1000 10k 100k 1M 

120 

"" " "" 
100 

.... 
O~ 

CH Value (pF) 

" "" ......... 

OPEN-LOOP GAIN 
AND PHASE RESPONSE 

" ~ 
-

....... .... 8 

-~ "" 

;;-
.§. 
~ 

'" ~ 
"0 
> 
c. 
2 
(f) 

"0 
"0 
I 

I 

........ 

CHARGE OFFSET 
VS MODE CONTROL (V, H) VOLTAGE 

20r-----~-----r-----,----__, 

1 5 

1 0 

05 

1000 

100 
<" 
~ 

4 

LogiC Level High (VI 

DRIFT CURRENT 
VS TEMPERATURE 

CH = 100pF lL 
)V 

V 

G ...... ICH = 100pF) '\ 0 
\I' 0 

(CH = 1100PF)" "G \ 
1 .' .' 

0 
........ 1"0.. ~ 1 

1 .' 
"" "" \ 

80 

10 100 

DISCUSSION OF 
SPECIFICATIONS 

lk 10k 

Frequency (Hz) 

WHAT IS A SAMPLE/HOLD AMPLIFIER? 

........ 
lOOk 

A sample/hold amplifier (also sometimes called a track
and-hold amplifier) is a circuit that captures and holds 
an analog voltage at a specific point in time under con-
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Temperature (OC) 

trol of an external circuit, such as a microprocessor. This 
type of circuit has many applications; however, its prim
ary use is in data acquisition systems which require that 
the voltage be captured and held during the analog-to
digital conversion process. Use of a sample/ hold effec
tively increases the bandwidth of a data acquisition sys
tem by a significant amount. For further discussion of 
this capability, refer to "Signal Digitization" in the 
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Applications section of this data sheet. 

The ideal sample/hold amplifier in its simplest form con
tains four primary components as illustrated in Figure I, 
although in actual practice they may not be internally 
connected exactly as shown. Amplifier AI, the input 
buffer, provides a high impedance load to the source 
circuit and supplies charging current to the holding 
capacitor CH. Switch SI opens and closes under external 
control to gate the buffered input signal to the holding 
circuit or to remove it so that the most recently sampled 
signal will be held. Amplifier A, serves to present a high 
impedance load to the holding capacitor and to provide 
a low impedance voltage source for external loads. A 

MODE 
CONTROL 
0>----------' 

FIGURE I. Ideal Sample/Hold Amplifier. 

minimum of three terminals are provided for the user: 
input, output, and mode control (or sample/hold con
trol). When SI is closed, the output signal follows the 
input signal, subject to errors imposed by amplifier 
bandwidth and other errors as discussed below. When SI 
is opened, the voltage stored on the holding capacitor 
will be held indefinitely (in the ideal case), and will 
appear at the output of the circuit until SI is again closed 
under command of the mode control signal. 

The following discussion of specifications covers the crit
ical types of errors which may be experienced in applica
tions of a sample/ hold amplifier. These errors are 
depicted graphically in Figure 2, and in the Typical Per
formance Curves. 

INPUT r-----'I FEED· r----l 
SETTLING I : THROUGH: I 

TIME -j v--- OUTPUT: .J,., ~ -
SAMPLE.TO.HOLD..L 11.;- - ~t I I 
TRANSIENT AND -- I I 
CHARGE OFFSET t' ::: 

I I I I 

~
I "APERTURE I I I : 

+ /1:· UNCERTAINTY: : : 1 
-,:;I I--APERTURE TI~;---A~QUISITION~ -

OFFSET HOLD TIME 

~ I I 
SAMPLE MODE CONTROL ~SA~M~PL~E--

FIGURE 2. Illustration of Sample/ Hold Specifications. 

Acquisition Time is the time required for the sample/ 
hold output to settle within a given error band of its final 
value after the sample mode is initiated. Included in this 
time are effects of switch delay time, slew rate of the 
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buffer amplifier, and settling time for a specified change 
in held voltage value. Slew rate limitations of the buffer 
amplifier will cause actual acquisition time to be highly 
dependent on the amplitude of the voltage to be acquired, 
relative to the value already held by the capacitor. There
fore, proper specification of sample/ hold amplifier per
formance includes definition of both output value step 
size and required error band accuracy. 

~perture Time (or aperture delay time) is the time 
required for switch SI to open and remove the charging 
signal from the capacitor after the mode control signal 
has changed from "sample" to "hold". This time is mea
sured from the 50% point of the Hold mode transition to 
the time at which the output stops tracking the input. 
This parameter is very important in applications for 
which the input signal is changing very rapidly when the 
Hold mode is initiated. 

Effective Aperture Time is the difference in propagation 
delay times of the analog signal and the mode control 
signal from their respective input pins to switch SI. This 
time may be negative, zero, or positive. A negative value 
indicates that the mode control propagation delay is 
shorter than the analog propagation delay, with the 
result that the analog value present on the capacitor at 
the time the switch opens occurred earlier than the appli
cation of the mode control signal by the amount of the 
effective aperture delay time. 

~perture Uncertainty (or aperture jitter) is the variation 
observed in the aperture time over a large number of 
observations. This parameter is important when the 
analog input is a rapidly changing signal, as aperture 
uncertainty contributes to lack of knowledge (at the out
put) about the true value of the input at the precise time 
the Hold mode is initiated. The maximum input fre
quency for a given acceptable error contribution due to 
aperture uncertainty is 

fm" = Maximum Fractional Error /21Tt" 

where Maximum Fractional Error (MFE) is the ratio of 
the maximum allowable error voltage to peak voltage, 
and tu is the aperture uncertainty time. For a bipolar 
±IOV signal and a maximum uncertainty error of 1/2LSB 
in a 12-bit system, the MFE is equal to 1/2LSB -7 VPEAK 

= 2.44mV -7 lOY = 0.000244V/V, since 1/2LSB = 
2.44m V for a 20V full-scale range. 
F or the same system operating with a unipolar OV to lOY 
signal, MFE would be 0.000122V/V. 

Charge Offset (pedestal) is the output voltage change 
that results from charge transfer into the hold capacitor 
through stray capacitance when the Hold mode com
mand is given. This charge appears as an offset voltage 
at the output, and in some sample/hold amplifiers may 
be a function of the input voltage. 

Charge offset is specified for the SHC5320 using only the 
internal holding capacitor. When an external capacitor 
is added, charge offset is calculated as Charge Transfer 
(pC) divided by total hold capacitance. Charge Transfer 
is also specified for the SHC5320, and total hold capaci-
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tance is the sum of the internal hold capacitor value 
(IOOpF) and the external hold capacitor. Since charge 
transfer is not a function of analog input voltage for the 
SHC5320, this error may be removed by means of the 
offset adjustment capability of the amplifier. 

Droop Rate is the change in output voltage over time 
during the Hold mode as a result of hold capacitor leak
age, switch leakage, and bias current of the output 
amplifier. Drpop rate varies with temperature and the 
quality of the external holding capacitor, if used. Careful 
circuit layout is also required to minimize droop. 

Drift Current is the net leakage current affecting the 
hold capacitor during the Hold mode. With knowledge 
of the drift current, droop can be calculated as: 

Droop (V / sec) = ID(pA) / CH(pF) 

Hold Mode Feedthroug)} is the fraction of the input 
signal which appears at the output while in the Hold 
mode. It is primarily a function of switch capacitance, 
but may also be increased by poor layout practices. 

Hold Mode Settling Time is the time required for the 
sample-to-hold transient to settle within a specified error 
band. 

OPERATING INSTRUCTIONS 
OFFSET ADJUSTMENT 

The offset should be adjusted with the input grounded. 
During the adjustment, the sample/hold should be 
switching continuously between the Sample and the 
Hold modes. The offset should then be adjusted to zero 
output for the periods when the amplifier is in the Hold 
mode. In this way, the effects of both amplifier offset 
and charge offset will be accounted for. 

SAMPLE/HOLD CONTROL 

A TTL logic "0" applied to pin 14 switches the SHC5320 
into the Sample (track) mode. In this mode, the device 
acts as an amplifier which exhibits normal operational 
amplifier behavior, with the relationship of output to 
input signal depending upon the circuit configuration 
selected (see the Installation section below). Application 
of a logic "I" to pin 14 switches,the SHC5320 into the 
Hold mode, with the output voltage held constant at the 
value present when the hold command is given. Pin 14 
presents less than one LSTTL load to the driving circuit 
throughout the full operating temperature range. 

ADDITION OF AN EXTERNAL CAPACITOR 

The SHC5320 contains an internallOOpF MOS holding 
capacitor, sufficient for most high-speed applications. If 
improved droop performance is desired (with increased 
acquisition time), additional capacitance may be added 
between pins 7 and 11. If an external holding capacitor 
CH is used, then a noise-bandwidth capacitor with a value 
of O.ICH should be connected from pin 8 to ground. The 
exact value and type of this bandwidth capacitor are not 
critical. 
Teflon® DuPont CorporatIOn 

Capacitors with high insulation resistance and low dielec
tric absorption, such as Teflon@ or polystyrene units, 
should be used as storage elements (polystyrene should 
not be used above +85°C). Care should be taken in the 
printed circuit layout to minimize leakage currents from 
the capacitor to minimize droop errors. • 

The value of the external capacitor determines the droop, 
charge offset, and acquisition time of the sample/ hold. 
Both droop and charge offset will vary linearly with total 
hold capacitance from the values given in the specifica
tion table for the internallOOpF capacitor. The behavior 
of acquisition time versus total hold capacitance is 
shown in the Typical Performance Curves. 

OUTPUT PROTECTION 

In order to optimize high-frequency performance of this 
device, output protection is not included. This high
frequency performance is mandatory for a good sample/ 
hold, which must absorb high-frequency changes in load 
current when driving a successive-approximation A/ D 
converter. Due to the lack of output protection, the out
put circuit will not tolerate an indefinite short to com
mon, but a momentary short is permissible. The output 
should never be shorted to supply. 

INSTALLATION 
LAYOUT PRECAUTIONS 

Since the holding capacitor is connected to virtual 
ground at one end (pin II) and to a low-impedance volt
age source at the other (pin 7), the SHC5320 does not 
require the use of guard rings and other careful layout 
techniques which are required by many sample/ hold cir
cuits. However, normal good layout practice should be 
observed, minimizing the possibility of leakage paths 
across the holding capacitor. As in all digital-analog cir- _ 
cuits, analog signal lines on the circuit board should : 
cross digital signal paths at right angles whenever pos-
sible. 

GROUNDING AND BYPASSING 

Pin 6 (REFERENCE COMMON) should be connected 
to the system analog signal common as close to the unit 
as possible. Likewise, pin 13 (SUPPLY COMMON) 
should be connected to the system supply common. If 
the system design prevents running these two common 
lines separately, they should be connected together close 
to the unit, preferalily to a large ground plane surround
ing the sample/ hold. Bypass capacitors (O.DlJLF to O.lJLF 
ceramic in parallel with lJLF to IOJLF tantalum) should be 
connected from each power supply terminal of the device 
to pin 13 (SUPPLY COMMON). 

OFFSET ADJUSTMENT 

Offset adjustment capability may be achieved by con
necting a IOkD., lO-turn potentiometer as illustrated in 
Figure 3. 
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4 SHC5320 

-Vee 
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FIGURE 3. Connection of Offset Adjustment 
Potentiometer. 

INPUT 

NONINVERTING MODE 

The most common application of the SHC5320 will util
ize the connection illustrated in Figure 4. In this mode of 
operation, the sample/ hold will operate as a unity-gain 
noninverting amplifier when in the Sample mode, and 
the output signal will track the input. The high band
width of the SHC5320 and the large open-loop gain 
assure that gain error will be minimized. 

When sampling lower-amplitude signals, the SHC5320 
may !llso be connected as a noninverting amplifier with 
gain, as illustrated in Figure 5. In this circuit the gain of 
the amplifier is equal to I + R,/ R I when sampling. 

r-------1~-------
I OPTIONAL 
111 EXTERNAL CH 

MODE 
CONTROL 

SIGNAL 
COMMON 

FIGURE 4. Noninverting Unity-Gain Connections. 

R, 

r-------1~-------
I OPTIONAL 

111 EXTERNAL CH 
R, 

I 

I ~ ~ I 

V 
.... 

7 2 I 
INPUT I r-V r> I 

14 6 81 
MOOE SIGNAL ..... 

CONTROL COMMON 
.,.. O.ICH 

-- ...J 

FIGURE 5. Noninverting Configuration with Gain = I + R,/ R,. 

INVERTING MODE 

Unlike most sample/holds, the SHC5320 may also be 
connected to act as an inverting amplifier, as shown in 
Figure 6. For this configuration, the gain is equal to 
-R,/R,. 

Burr-Brown Ie Data Book 8-38 

For further discussions of operational amplifiers and 
how to use them, consult the Burr-Brown/ McGraw-Hili 
Electronics Series of reference books, available through 
your local Burr-Brown sales office. 
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R, 

R, I 

~ INPUT 

r-V ~ I -
I 
I 

~ 
I 

2 14 

SIGNAL MODE 
COMMON CONTROL 

FIGURE 6. Inverting Configuration with Gam = -(R,/R,). 

INPUT OVERLOAD PROTECTION 

It is possible that the input transconductance amplifier 
of the S H C5320 will saturate when the unit is in the 
Hold mode, due to a nonzero differential signal appear
ing between pins I and 2. This differential signal may be 
the result of a rapidly changing input signal or applica
tion of a new channel from an input multiplexer. When 
the input buffer is saturated in this fashion, acquisition 
time may be degraded because of the time required for 
the buffer to recover from saturation. In addition, the 
input buffer, which is designed to provide large amounts 
o'f charging current to the output mtegrator, may draw 
large amounts of supply current which may exceed 
40mA peak in some applications. For these reasons, it is 
desirable to limit the differential voltage which may 
appear at the summing Junction of the input buffer. Fig
ures 7 and 8 illustrate possible methods of providing this 

R, 

INPUT 
OUTPUT 

FIGURE 7. Input Overload Protection-Inverting 
Configuration. 

R, 

INPUT R, 
OUTPUT 

FIGURE 8. Input Overload Protection-Noninverting 
Configuration. 
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voltage limitation for the inverting and noninverting 
configurations. The diodes may be Schottky diodes, 
which will provide the fastest clamping action and lowest 
clampmg voltage, but fast signal diodes such as 1 N914 
will also work in most applications. In each configuration 
the value of R I should be large enough to avoid excessive 
loading of the input signal source. Similarly, R2 should 
have a value of 2kO or greater to insure sufficient load 
current capability from the sample/ hold. If the value of R, 
becomes too large, however, the added capacitance of the 
diodes may change the sample/hold phase response 
enough to cause oscillation. 

APPLICATIONS 
SIGNAL DIGITIZATION 

Sample/ hold amplifiers are normally used to hold input 
voltages to an A/ D converter constant during conver
SIOn. Digitizing errors result if the analog signal bemg 
digitized varies excessively during conversion. 

For example, the Burr-Brown ADC80H-AH-12 is a 12-
bit successive-approximation converter with a 25j.1sec 
conversion time. To insure the accuracy of the output 
data, the analog input signal 10 the A/ D converter must 
not change more than 1/2LSB during conversion. 

The maximum rate of change of a sine wave of fre
quency, f, is dv / dt (max) = 2" Af(V / sec). If one allows a 
1/2LSB change (2.44mV) for a ±IOV input swing to the 
A/ D converter, the allowable input rate-of-change limit 
would be 2.44m V /25j.1sec = 0.0976m V / j.lsec. Thus the 
sampled sinusoidal signal frequency limit is 

f = (0.0976 X 103) /2" A = 15.5/ A (Hz), 

where A is the peak amplitude of the sine wave. For a 
±IOV sine wave, this corresponds to a frequency of 
1.6Hz, hardly acceptable for the majority of sampled 
data systems. 
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However, a sample/ hold in front of the A/ D converter 
"freezes" the converter's input signal whenever it is 
necessary to make a conversion. The rate-of-change lim-· 
itation calculated above no longer exists. If a sample/ 
hold has acquired an input signal and is tracking it, the 
sample/ hold can be commanded to hold it at any instant 
in time. There is a short delay (aperture delay) between 
the time the hold command is asserted and the time the 
circuit actually holds. The hold command signal can 
usually be advanced in time (or delayed, in the case of 
negative effective aperture delay) to cause the amplifier 
to hold the signal actually desired. 

Aperture uncertainty (also called aperture jitter) is also a 
key consideration. For the SHC5320 there is a 300psec 
period during which the signal should not change more 
than the amount allowed for aperture uncertainty in the 
system error budget, perhaps 1/ 2LSB for a 12-bit system. 
For a ±IOV input range (l/2LSB = 2.44mV), the input 
signal rate of change limitation is 2.44mV/03nsec = 
8.l3m V / nsec. The equivalent input sine wave frequency 
is 

f= 8.13 X 106 /21TA = 1.29/ A (MHz), 

a factor of almost 84,000 higher than using the A/ D 
alone. 

However, there are other considerations. The resampling 
rate of an ADC80H/SHC5320 combination is 26.5,.,sec 
(25,.,sec A/ D conversion time plus 1.5,.,sec S/ H acquisi
tion time). Sampling a sine wave at the Nyquist rate, this 
permits a maximum input signal frequency of 37.7kHz. 
The above analysis assumes that the droop rate of the 
sample/hold is negligible-less than 1/2LSB during the 
conversion time-and that the large signal bandwidth 
response of the sample/hold causes negligible waveform 
distortion. Both of these assumptions are valid for the 
SHC5320 in this application. 

DATA ACQUISITION 

The SHC5320 may be used to hold data for analog-to
digital conversion or may be used to provide pulse
amplitude modulation (PAM) data output (see Figures 9 
and 10). 

ANALOG 
INPUTS 

ANALOG 
MUlTIPLEXER 

(BURR·BROWN MPC SERIES) 

FIGURE 9. Typical Data Acquisition Configuration. 
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MOOE HOLD 
CONTROLIJ U u L 

SAMPLE 

FIGURE 10. PAM Output. 

DATA DISTRIBUTION 
The SHC5320 may be used to hold the output of a 
digital-to-analog converter and distribute several differ
ent analog voltages to different loads (see Figure II). 

HIGH-SPEED DATA ACQUISITION 

The minimum sample time for one channel in a data 
acquisition system is usually considered to be the acqui
sition time of the sample/hold plus the conversion time 
of the A/ D converter. If two or more sample/ holds are 
used with a multiplexer (such as the Burr-Brown MPC8S 
or MPCI6S) as shown in Figure 12, the acquisition time 
of the sample/hold can be virtually eliminated. While 
the first channel is in hold and switched into the A/ D 
converter, the multiplexer may be addressed to the next 
channel. The second sample/hold will have acquired this 
signal by the time the conversion is complete. Then, the 
sample/ holds reverse roles and another channel is 
addressed. In low level systems an instrumentation ampli
fier (such as the Burr-Brown INAIOI) and a differential 
multiplexer (such as the Burr-Brown MPC4D or 
MPC8D) may be required in front of the sample/hold. 
The settling and acquisition times of the multiplexer, 
instrumentation amplifier, and sample/ hold can be elim
inated from the total conversion time as before by oper
ating in this overlapped mode with the sample/holds. 

8-40 

SHC5320 

14 

MODE 
CONTROL 

SIGNAL 
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AID 
CONVERTER 
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FIGURE II. Typical Data Distribution Configuration. 

ANALOG 
INPUTS 

BURR-BROWN 
ANALOG 

MULTIPLEXER 

MODE 
CONTROL 

14 

~ 
SHC5320 

2 

141 61 

~ 
SHC5320 

2 

141 61 

1 

1 

ANALOG 
OUTPUTS 

CHANNEL 1 

CHANNEL 2 

ADDITIONAL SHC5320 UNITS 

SHC5320 
NO. I 

SHC5320 
NO.2 

SHC5320 

SIGNAL 
COMMON 

··0·· 

T· 

t-'---+-----1r-----<- CHANNEL N 

SIGNAL 
COMMON 

BURR-BROWN 
AID 

CONVERTER 
DIGITAL 
OUTPUT 

FIGURE 12. Typical Overlapped Sample! Hold Configuration. 
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ANALOG-TO-DIGITAL CONVERTERS 

The Burr-Brown Analog-to-Digital (AID) converter product line offers a 
broad selection of devices that enable you to choose the perfonnance and 
price range ideally suited for your application. For example, the high-per
fonnance 12-bit ADC80, which converts to 12-bit accuracy in 25!lS, was 
originated by Burr-Brown in 1975 and has become an industry standard. 
The recently introduced ADC603 is a 12-bit, 10MHz AID converter that 
offers the industry's highest perfonnance for RF signal processing applica
tions. A high-resolution converter, the ADC76, converts 16 bits to ±O.003% 
absolute accuracy in only 15!lS and is packaged in a 32-pin triple-wide dual
in-line package. Another perfonnance category is total hannonic distortion 
for audio digital recording. 

All devices are complete and fully specified, with a track record of high 
reliability proven both in the field as well as in internal qualification testing. 
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9 

Vol. 33 



ANALOG-TO-DIGITAL CONVERTERS 
SELECTION GUIDES 
The Selection Guide shows parameters for the high grade. Refer to the 
Product Data Sheet for a full selection of grades. Models shown in boldface 
are new products introduced since publication of the previous B urr-B rown IC 
Data Book. 

INSTRUMENTATION ANALOG-TO-DIGITAL CONVERTERS Boldface = NEW 

Cony NMC 
Resolution Linearity Input Time Reso- Temp a, BI(3) 

Description Model (Bits) Error (%FSR) Range (V) (Ils) lutlon Range.(1) Pkg(2) Screen Page 

Serial Output ADCB04 12 ±0.012 5,10,20 UtB(4) 17 12 Mil,lnd,Com HCD Q,BI 9.1-7B 

Low Cost ADC574A 12 ±0.012 10,20 UtB 25 12 Mil,lnd,Com HCD, PDIP Q, BI 9.1-52 
Data-Bus ADC674 12 ±0.012 10,20 UtB 15 12 MiI,lnd,Com HCD, PDIP Q, BI 9.1-62 
Interface ADC774 12 ±0.012 10,20 UtB 8 12 MiI,lnd,Com HCD,PDIP a,BI 9.1-75 

Sampling ADS807 12 ±0.012 10,20 UtB 10 12 MiI,lnd,Com HCD a,BI 9.1-86 
Data-Bus ADS808 12 ±0.012 10,20 UtB 10 12 MiI,lnd,Com HCD a,BI 9.1-86 
Interface 

Low Cost ADCBOAG 12 ±0.012 5,10,20 UtB 25 12 Ind HCD Q, BI 9.1-20 
ADC80MAH 12 ±0.012 5,10,20 UtB 25 12 Ind HCD a,BI 9.1-36 

Medium Speed, ADC84KG 12 ±0.012 5,10,20 UtB 10 12 Ind HCD a;BI 9.1-44 
Low Cost ADC85H 12 ±0.012 5,10,20 UtB 10 12 Com HCD a,BI 9.1-44 

Medium Speed, ADC87H 12 ±0.012 5,10,20 UtB 10 12 Mil HCD a,BI 9.1-44 
Low Cost, 
Mil Temp 

High-Resolution ADC700 16 ±0.003 5,10,20 UtB 17 14 Mil, Ind, Com HCD BI 9.1-72 
Data-Bus Interface 

High ADC71 16 ±0.003 5,10,20 Uta 50 14 Ind, Com CD Q, BI 9.1-4 
Resolution ADC72 16 ±0.003 5,10,20 Uta 50 14 Ind, Com MC Q, BI 9.1-4 

ADC76 16 ±0.003 5,10,20 Uta 17 14 Ind, Com CD,MC Q, BI 9.1-12 

NOTES: (1) Temperature Range: Com = O°C to +70°C,lnd = -25°C to +B5°C, Mil =-55°C to + 125°C. (2) HCD = Hermetic Ceramic 
DIP, PDIP = Plastic DIP, CD = Ceramic DIP, MC = Metal Can. (3) Q indicates optional reliability screening is available forthis model. 
BI indicates that an optional 160 hour burn-in is available for this model. (4) UtB indicates the input voltage range for the model: 
U = unipolar, B = bipolar. 
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AUDIO, COMMUNICATIONS, DSP ANALOG-TO-DIGITAL CONVERTERS 

Input Cony 
Resolution Linearity Range Tim4!! THD+N 

Description Model (Bits) Error (%FSR) (V) (ILS) (Typ dB) 

Ultra-High ADC600 12 ±0.012 ±1.25 0.1 68 
Speed ADC603 12 ±0.012 ±1.25 0.1 68 

High ADC803 12 ±O.O12 10V/20V 1.5 NA 
Speed ADC601 12 ±0.012 10V/20V 1.0 70 

Very High ADC701 16 ±0.0035 10V/20V 1.5 94 
Accuracy, 
High Speed 

Input Cony 
Resolution TypiCliI Range Time MaxTHD+N 

Model (Bits) Linearity (V) (ILS) (V'N =±FS) 

High PCM75 16 15-Bit ±2.5, ±5 17 -B4dB (JG) 
Performance 14-Bit ±10V -B8dB (KG) 

Low Cost PCM78 16 14-Bit ±1.25 4 68 

Temp 
Rangel') 

Com,lnd 
Com, Mil 

Ind, Mil 
Ind,MiI 

Com 

Output 
Format 

Parallel 
or Serial 

Serial 

Boldface = NEW 

Q13) 

Pkgl2) Sc~een Page 

Module 9.2-89 
Special 9.2-110 
HDIP 

HMD Q 9.2-124 
.HCD 9.2-107 

40-pDIP 9.2-118 

Pkg Page 

32-p DIP 9.2-136 

28-p DIP 9.2-145 

en a: w 
~ w 
> z 
8 
...I 

NOTES: (1) Temperature Range: Cor:n = O°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to + 125°C. (2) HCD = Hermetic Ceramic 

~ a c 
6 
J0;
G 

DIP, HMD = Hermetic Metal DIP. (3) Q indicates optional reliability screening is available for this model. 

MODELS STILL AVAILABLE BUT NOT FEATURED IN THIS BOOK 

ADC10HT 
ADC82AG 
ADC82AM 
ADC806 
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BURR-BROWN® 

IElElI 

16-Bit 

ADC71 
ADC72 

ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• 16-BIT RESOLUTION 
• ±O.003% MAXIMUM NONLINEARITY 
• COMPACT DESIGN 

32-pin Ceramic or Hermetic Metal Package 
.FAST CONVERSION SPEED 

50ps Maximum 
• LOW COST 

PARALLEL 
DIGITAL 
OUTPUT 

DESCRIPTION 
The ADC71 and ADC72 are low cost, high quality, 
16-bit successive approximation analog-to-digital 
converters. They use state-of-the-art IC and laser
trimmed thin-film components and are packaged in 
either a convenient 32-pin ceramic or metal dual-in-Iine 
package. The converter is complete with internal 
reference, clock, comparator, and thin-film scaling 
resistors, which allow selection of analog input 
ranges of±2.SV, ±SV, ±IOV, 0 to +SV, 0 to +IOV 
and 0 to +20V. 

Data is available in parallel and serial form with 
corresponding clock and status output. All digital 
inputs and outputs are TTL-compatible. 

Power supply voltages are ±ISVDC and +SVDC. 

...---.() SHDRT CYCLE 
,...---() CDNVERT CDMMAND 

} INPUT 
RANGE SELECT 

1---..... --1I-----<>CDMPARATOR IN 

L---~O REF OUT 1+ti.3VI 

1--------0 CLOCK OUT 

'---------------cSTATUS 

Inlemllional Airport Indualrial Park· P.O. BOI 11400· Tucson. Arizona 85734· Tel 16021746·1111 • Twx: 911H152·1111 • Cable' BBRCORP· Telex: 66·6491 

PDS-ll42 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C and rated power supplies unless otherwise noted. 

MODEL ADC71J, K/ADC72J, K ADC72A, B 

MIN TYP MAX MIN TYP MAX UNITS 

RESO~UTION 16 16 Bits 

INPUTS 

ANALOG 
Voltage Ranges: Bipolar ±2.5, ±5, ±10 ±2 5, ±5, ±10 V 

Unipolar '0 to +5, 0 to +10, 10 to +5, 0 to +10, V 
Oto +20 Oto +20 

Impedance (Doreet Input) en 
o to +5V, ±2.5V 2.5 25 kO a: 
o to +10V, ±5.0V 5 5 kO W o to +20V, ±10V 10 10 kO I-

DIGITAL'" a: 
Convert Command Positive pulse 50ns wide (min) trailing edge ("1" to "0" Initiates conversion) W 
Logic Loading 1 TTL Load > 
TRANSFEII v"ft"ftv' ~"'~ "v~ Z 
ACCURACY 0 
Gain Error(2J ±01 ±02 ±O 1 ±O 2 % 0 
Off5et(2) 0 

Unipolar ±005 ±O 1 ±005 ±O 1 % of FSR(3) <c Bipolar ±O 1 ±0.2 ±O 1 ±O2 % of FSR 
linearity Error. K, B ±0003 ±OO03 % of FSR 

Z J, A ±0006 ±OO06 % of FSR 
Inherent Quantization Error ±1/2 ±1/2 LSB 0 
Differential Linearity Error ±0003 ±0003 %of FSR ~ 
POWER SUPPLY SENSITIVITY 

~ ±15VDC 0.003 0003 % of FSR/%Vs 
+5VDC 0001 0.001 %of FSR/%Vs Z 
CONVERSION TIME'" W 
1481t5 50 50 ps ::E 
WARM-UP TIME 10 10 min ;:) 
DRIFT a: 
Gain (ADC71) ±15 I-
Gain (ADC72) ±10 ±20 ±7 ±15 ppm/oC en Offset 

~ Unipolar ±2 ±4 ±2 ppm of FSR/oC 
Bipolar ±8 ±10 ±5 ±10 ppm of FSR/oC 

Linearity ±2 ±3 ±2 ppm of FSRI"C 
No Missing Codes Temp Range 

JG, JM, AM (13 bits) 0 +50 0 +50 °C 
KG, KM, BM (14 bits) ±10 +40 +10 +40 °C 

OUTPUT 

DIGITAL DATA 
(All codes complementary) 
Parallel 

Output Codes(5). Unipolar CSB N 
Bipolar COB, CTC'·' t:: Output Drive 2 TTL Loads 

Serial Data Code (NRZ) CSB, COB 
,... ,.... 

Output Drive 2 TTL Loads 0 Status "1" during 
Status Output Drive 2 2 TTL Loads 0 
Clock Output Drive 2 2 TTL Loads e:( 
Frequencyl7l 350 350 kHz 

INTERNAL REFERENCE VOLTAGE 6.0 6.3 66 6.0 63 66 V 
Max External Current 

with No Degradation of Specs ±200 ±200 pA 
Temp Coelfieient (ADC72) ±10 ±5 ppml"C 
Temp Coefficient (ADC71) ±10 J'Prn/oC 

Burr-Brown Ie Data Book 9.1-5 Vol. 33 



SPECIFICATIONS 
ELECTRICAL (CONT) 
At +25"0 and ratad powar 8upplles unlees otherwise notad. 

MODEL ADC71J, KlADC72J, K 

IIIN TYP 

POWER SUPPLY REQUIREIIENTS 
Power Consumption 550 
Rated Voltage, Analog ±14.5 ±15 
Rated Voltage, Digital +4.75 +5 
Supply Drain +15VDC +45 
Supply Drain -15VDC -35 
Supply Drain +15VDC +70 

TEIlPERATURE RANOE 
Specification 0 
Oparatlng (derated specs) -25 
Storage -55 

NOTES: 

IIAX 

±15.5 
+5.25 

+70 
+85 
+125 

ADe72A,. 

MIN TVP MAX UNITS 

550 mW 
±14.5 ±15 ±15.5 VDC 
+4.75 +5 +5.25 VDC 

+45 mA 
-35 mA 
+70 mA 

-25 +85 'C 
-55 +85 'C 
-55 +125 'C 

1 DTLmL compatible. I e. Logic "0" = 0 BV. max Logic "1" = 2 OV. moo for mputs For digital outputs Logic "0" = +0 4V, max Logic "1" = 2 4V, min 
2 Adjustable to zero 
3. FSR means Full Scale Range For example, unot connected for ±10V range has 20V FSR 
4 Conversion time may be shortened With "Short Cycle" set for lower resolution. see "Additional Connections ReqUired" section 
5 See Table I CSB - Complementary Straight Binary COB - Complementary Offset Binary CTC - Complementary Two's Complement 
6. CTC codlnq obtamed by Inverting MSB I Pm 11 

MECHANICAL 

O ......... 32-PIn c:-Ic 
NOTE Leads In true position Within 0 10" Pin numbers shown for reference only 

(0 25mm) R at MMC ";t 88atong plane Numbers may not be marked on package 

r - .- - -• I I 
INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 
"j4J A 1678 1.712 4262 43.48 
~ L J B 1.079 1101 2741 '0.97 

I 
C 180 210 457 533 • \DENOTES ~N 

J ~ TF f' 
D 016 .020 41 51 
F 045 055 114 1.40 
G 100 BASIC 254 BASIC ~4Hl1 \Mfm ~~rn 
H 088 106 226 269 .JU duU'"" I ""---' I.. -ol -0 ..il... . Seating Plane J 009 .012 23 30 
K 200 210 508 533 

CASE. Ceramic HERMETICITY Conforms to Method 1014. L 900 BASIC 2286 BASIC 

MATING CONNECTOR' 2302MC CondItion C, Step 1 N 015 035 38 69 

WEIGHT: 13 grams (046 oz ) (fluorocarbon) of 
MIL-STD-883 (gross leak) 

II ..........-32-Pln Hermetic 11_ DIP 

NOTE Leads In true position within 010" 
( 25mm) R at MMC at seating plane 

eD 
_ 1-"" 

L 
••••• ,,000000000 Pm numbers shown for INCHES MILLIMETERS , " reference only. Numbers DIM MIN MAX MIN MAX 

may not be marked on A 1.720 1760 4388 44.70 
package B 1120 1180 28.45 29.48 

32 17 C 0110 0.250 .4.32 8.35 
0000000000 •• 0 ••• D 0.16 0.021 0.41 053 

G 100 BASIC 2.54 BASIC Cf Denotes Pin I 
I I H 0100 0.140 254 3.58 

K 0.150 0.300 381 7.62 r.:::;i (I!i Ii II ill Ii II LL:::J L 900 BASIC 2286 BASIC .-.1 D ........ 
R 0100 0.140 254 3.58 

CASE Nickel-plated kovar Contrastmg glass seal or square comer 
MATING CONNECTOR 2302MC denotes pin 1 
WEIGHT: 13 grams (0.46 oz.) 

ABSOLUTE MAXIMUM SPECIFICATIONS 

+Vcc to Common ................................... OV to +16.5V 
-VcctoCommon .................................... OVto-16.5V 
+Voo to Common ...................................... OV to +7V 
Analog Common to Digital Common •••••••••••••••••••••••• ±D.5V 
Logic Inpute to Common ............................... OV to Voo 
Maximum Power Dlaalpatlon •••••••••••••••••••.••••.••• l000mW 
Lesd Temparature (lOs) ••••••••••••••••••••••••••.••••••• 300"C 
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CONNECTION DIAGRAM 

(MSB) B", 

Bit 2 

Bit 3 

Bit 4 

Bit 5 

Bit 6 

Sit 7 

Bit 9 

Bit 10 

Bit 11 

Bit 12 

(LSB for 13 bits) B" 13 

(LSB for 14 bits) B" 14 

Bit 15 

Bit 16 

TOP VIEW 

SHORT CYCLE 

CONVERT COMMAND' 

. 5VDC SUPPL Y 

GAIN ADJUST 

·15VDC SUPPLY 

COMPARATOR IN 

BIPOLAR OFFSET 

10V 

20V 

REF OUT 63V 

ANALOG COMMON 

-15VDC SUPPLY 

CLOCK OUT 

DIGITAL COMMON 

STATUS 

SERIAL OUT 

'If an external clock IS used, connect the clock to Pin 31 (CONVERT COMMAND) 

ORDERING INFORMATION 

Model Temperature Range Nonlinearity 

ADC71JG O·C to +70·C ±OOO6% FSR 
ADC71KG O·Cto +70·C ±0003% FSR 
ADC72JM O·C to +70·C ±0006% FSR 
ADC72KM O·C to +70·C ±OOO3% FSR 
ADC72AM -25·C to +85·C ±OOO6% FSR 
ADC72BM -25·C to +85·C ±0003% FSR 

TYPICAL PERFORMANCE CURVES 
GAIN DRIFT ERROR (% OF FSR) 

VS TEMPERATURE 

POWER SUPPLY REJECTION VS 
POWER RIPPLE FREQUENCY 

+010r-------------------------------------~----~ 

01 

006 

004 

/ 
+008+---------~----------------------------r_--__1 -15V~C / 

ffi ,.006 
"-
o+004~fF~~~~----------------------~~~~+H~ 

w 

'" c 
'" .c 

L 
/ 

002 

~+002~Yf+H~+HHi~~~--------~~~~~~~YH~~ () 

e 0 
o 

00 1 

W -002~++hH++hH~~~----~----~~~~~~~H+H+~ 
~ -004~~~~--__ --------~--------------~~~+HfHH 
c -006t-----·----~---------+----------------~~--~ 

~ -008+---------~--------_+------------------r_--~ 

~ 0006 

l' 0004 
W 
ffi 0002 

./ 

/ 1 
/ +15VDC -.../ 

-010L-________ ~ ________ ~ ______________ ~ ____ ~ 

+5VDC ~ "-

-25·C +25·C 

Temperature {0C) 

DISCUSSION OF 
PERFORMANCE 
The accuracy of a successive approximation AI D con
verter is described by the transfer function shown in 
Figure I. All successive approximation AI D converters 
have an inherent Quantilation Error of ± I 12 LSB. The 
remaining errors in the AI D converter are combinations 
of analog errors due to the linear circuitry. matching and 
tracking properties of the ladder and scaling networks, 
power supply rejection. and reference errors. In summary, 

Burr-Brown Ie Data Book 

;J! 0001 
10 100 lk 10k lOOk 

Frpquency Hz 

these errors consist of initial errors including Gain. 
Offset, Linearity. Differential Linearity, and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line (Figure I) about the zero or minus full scale point (all 
bits Off) and Offset drift shifts the line left or right over 
the operating temperature range. Linearity error is 
unadjustable and is the most meaningful indicator of 
AI D converter accuracy. Linearity error is the deviation 
of-an actual bit transition from the ideal transition value 
at any level over the range of the AI D converter. A 
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Differential Linearity error of ±I / 2LSB means that the 
width of each bit step over the range of the Aj D converter 
is ILSB. ±lj2LSB. 

The ADC71/72 is also monotonic, assuring that the 
output digital code either increases or remains the same 
for increasing analog input signals. Burr-Brown also 
guarantees that these converters will have no missing 
codes over a specified temperature range when short
cycled for 14-bit operation. 

TIMING CONSIDERATIONS 
The timing diagram (Figure 2) assumes an analog input 
such that the positive true digital word 1001 1000 1001 
0110 exists. The output will be complementary as shown 
in Figure 2 (0110 0111 0110 1001 is the digital output). Fig
ures 2a and 2b are timing diagrams showing the relation
ship of serial data to clock and valid data to status. 

Convert 
Commandlll 

Inlernal Clock 

Sialus IEOCI 

MSB 

Bil2 

Bit 3 

--.J 
~- -J'D" 
= __ .r-L.J·T 
::::::_J LJ-T 

0000 ... 0000 

0000 ... 0001 
(;; 

B 0111...1101 h :g 0111 •. 1110 
!oa. 
~ 0111. .1111 ' .... ---;.-¥-I,--......,lh+-1 
~ 1000 ... 0000 Offset 

~ 1000 ... 0001 ~Erro\ 
is 1111..1110 f ~ 

1111 .. 1111 ~itS OFF T Ein ON i 
.FSR '\ ~1-""'An-a"'IOg.LI""np-ul-i""-.:l."'FSJ,R-. ...JILSB 

'See Tlble I for 2 Ein OFF 2 
dlgllal code definitions. 

.,1(;[' R F I Input" Output lor an Idcal Hlpolal ;\ J) 

COI1\ crlcr 

Bil4 

Bil5 
;J ______ -=I .. o= .. ~----------------------------~r--

. J~--------~I=··O·=· ~~==========================~r----
Bil6 

Bill 

BilB 

BI19 

BIIIO 
Bit 11 

Bit 12 

BilI3 

BilI4 

BilI5 

BII16 

= __ J L.JT = __ 'J---------,U·T 
==:J U'T 

J 1"0" 
___ J U'"l" 
:::::::::J~------------------------~~L_J~··I~··------------------

:::::::::J I "0" 

=='::J LJT 
___ J~-------------------------------~I=·o=··~~--~r---.-J 1"0' r--
_nJ L.!!!J 'r 

Optional External I 
Clock --lr-1J-Lf-1.f-lr-lr-1r-lf-lf-lf -If-1J -1f-1f-l.l-1J-1J-lr--

, , NOTES: 
200nsec. max --11- 1. The convert command must be at least SOnsec wide and musl remain low during a 

conversion. The conversion is initialed by the ··trailing edge" of the convert command. 
2.57", lor 16 bits. 

FIGURE 2. ADC71/72 Timing Diagram. 

SERIAL 
OUT 

CLOCK 
OUT 

1 
1- 4O-125n8 

FIGURE 2a. Timing Relationship of Serial Data to 
Clock. 
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BIT 16 \ lr':"BITi6 
\. ____ .J.{~ __ .!~I!... 

1 
1 
1 1 

4O-125ns -I L 
I 1 

STATUS 

FIG URE 2b. Timing Relationship of Valid Data to 
Status. 
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DEFINITION OF DIGITAL CODES 
PARALLEL DATA 

Two binary codes are available on the ADC71/72 
parallel output; they are complementary (logic "0" is 
true) straight binary (CSB) for unipolar input signal 
ranges and complementary offset binary (COB) for 
bipolar input signal ranges. Complementary two's 
complement (CTC) may be obtained by inverting MSB 
(Pin I). 

Table I shows the LSB, tranSitIOn values, and code 
definitions for each possible analog input signal range 
for 12-, 13- and 14-bit resolutions. Figure 3 shows the 
connections for l4-bit resolution, parallel data output, 
with ±IOV input. 

SERIAL DATA 

Two straight binary (complementary) codes are available 
on the serial output line: CSB and COB. The serial data 
is available only during conversion and appears with 
MSB occurring first. The serial data is synchronous with 
the internal clock as shown in the timing diagrams of 
Figures 2 and 2a. The LSB and transition values shown 
in Table I also apply to the serial data output except for 
the CTC code. 

TABLE I. Input Voltages. Transition Values. LSB Values. and Code Definitions. 

Binary BIN INPUT VOLTAGE RANGE AND LSB VALUeS 
Output 

Analog Input 
Voltage Range Defined As ±10V ±5V ~25V o to +10V o to+5V o to +20V 

Code COBll) COBP) COB(l) 
DeSignation orCTC(2) orCTC(2) orCTC(2) CSB(3) CSB(3) CSB(3) 

One least FSR 20V !.Q!" 5V 10V 5V 20V 

Significant 2i' 2" 2n 2n Tn 2n 2n 

Bit ·LSB n = 12 488mV 244mV 122mV 244mV 122mV 488mV 
n = 13 244mV 122mV 61O.V 122mV 61O.V 244mV 
n = 14 122mV 61O.V 305.V 610.V 305.V 122mV 

TranSition Values 

MSB LSB 
000 00014) +Full Scale +10V ·3/2LSB +5V ·3/2LSB +2 5V ·3/2LS8 ',0V ·3/2LSB +5V ·3/2LSB +20V ·3/2LSE 
011 111 Mid Scale 0 0 0 +5V +25V +10V 
111 110 -Full Scale ·10V +1/2LSB ·5V +1/2LSB ·2 5V +1J2LSB 0+ 1/2LSB 0+ 1/2LSB 0+ 1/2LSB 

Il)COB = Complementary Offset Binary (3) CSB = Complementary Straight Binary 
(2) CTC = Complementary Tw,?'s Complement - obtained bv (4) Voltages given are the nominal value 

inverting the most Significant bit MSB ( Pm 1 ) for tranSition to the code speCified 

: o;tt.d Une. Be - W - -

: external connlClionL 
I 
I 
I 
I 
I 
I 
I 

ADC71172 

r-
I 

r---
I 
I 
I 
I 

H-----------..... -----< +SVDe 

)-~~-___1t_--'"""1---t_----_-_-----~+15VDe 
lB1enla 

L-.-_IOO_k!~I. S :~~ST lDkllla 
L-.-____ +-__ --I-____ .~l00len 

OFFSET 
ADJUST 

!)--------+---I------+----l~_ ANALOG 
I.F 0; COMMON 

I.J--------...... ---I-----.... -..:..-..t'---=----~ .15VDe 

DIGITAL 
COMMON 

• Capacllar should be connlCled evan I'exlernal gain adjust Is not used. 

UJ 
a: w 
I
a: 
W 
> 
Z o 
o 
c 
C 
z o 

~ z 
w 
::& 
::;:) 
a: 
t; 
z -

-

FIGURE 3. ADC7I/72 Connections For: ±IOV Analog Input, 14-Bit Resolution (Short-Cycled), Parallel Data Output. 
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DISCUSSION OF 
SPECIFICATIONS 
The ADC71 I 72 is specified to provide critical perfor
mance criteria for a wide variety of applications. The 
most critical specifications for an AI D converter are 
linearity, drift, gain and offset errors, and conversion 
speed effects on accuracy. This ADC is factory-trimmed 
and tested f()r all critical key specifications. 

GAIN AND OFFSET ERROR 

Initial Gain and Offset errors arc factory-trimmed to 
typically ±O.I% of FSR (typically ±0.050( for unipolar 
offset) at 25"C. These errors may be trImmed to 7ero by 
connecting external trim potentiometer, as ,hown in 
Figure, (, and 7. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
The power supply sensitivity is specified for ±0.003% of 
FSR/%tlVs for ±15V supplies and ±0.001% of 
FSR/%tl Vs for +5V supplies. Normally, regulated power 
supplies with I % or less ripple are recommended for use 
with this ADC. See Layout Precautions, Power Supply 
Decoupling and Figure 4. 

@ 
·t5VOC 

+5VOC 
It"F • • 1+ ® t ANALOG 

@ t"F 
+ COr:,MON 

.. I ® rt"F 

DIGITAL COMMON @) • +15VOC 

1-1(; 1I R E 4. Recommended Power Supply Decoupling. 

LAYOUT AND 
OPERATING INSTRUCTIONS 
LAYOUT PRECAUTIONS 
Analog and digital common are not connected internally 
in the ADC71/72 but should be connected together as 
.close to the unit as possible, preferably to a large plane 
under the ADC. If these grounds must be run separately, 
use wide conductor patterns and a 0.0 I/LF to O.I/LF non
polarized bypass capacitor between analog and digital 
commons at the unit. Low impedance analog and digital 
commons returns are essential for low noise performance. 
Coupling between analog inputs and digital lines should 
be minimized by careful layout. The comparator input 
(Pin 27) is extremely sensitive to noise. Any connection 
to this point should be as short as possible and shielded 
by Analog Common or ±15VDC supply patterns. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with tantalum 
capacitors as shown in Figure 4 to obtain noise free 
·operation. These capacitors should be located close to the 
ADC. 

INPUT SCALING 

The analog input should be scaled as close to the 
maximum input signal range as possible in order to utilize 
the maximum signal resolution of the A, D converter. 
Connect the input signai as shown in Table II. See Figure 
5 for circuit details. 

TABLE II. ADC72 Input Scaling Connections. 

Input Connect 
SIgnal Output Pm 26 
Range Code To Pm 

·10V COBorCTC' 27 
·5V COBorCTC' 27 

'25V COBorCTC' 27 
o to +5V CSB 22 
010+10V CSB 22 
010 +20V CSB 22 

Obtained by inverting MSB Pm 1 

COMP.! 
IN 

~ 
BIPOLAlI + VREF 
OFFSET 

Connect 
PIn 24 

To 

Input 819 

Open 
Pm 27 
Pm 27 
Open 

Input Sig 

DIRECT 
INPUT 

Connect 
Input 
Signal 
To Pin 

24 
25 
25 
25 
25 
24 

FIGURE 5. ADC71/72 Input Scaling Circuit. 

OPTIONAL EXTERNAL GAIN 
AND OFFSET ADJUSTMENTS 
Gain and Offset errors may be trimmed to 7ero using 
external gain and offset trim potentiometers connected to 
the ADC as shown in Figures 6 and 7. Multiturn 
potentiometers with 100ppm; "C or better TCR's are 
recommended for minimum drift over temperature and 
time. These pots may be any value from 10k!} to lOOk!}. 
All resistors should be 20% carbon or better. Pin 29 (Gain 
Adjust) and Pin 27 (Offset Adjust) may be left open if no 
external adjustment IS reqUired. 

ADJUSTMENT PROCEDURE 

OFFSET - Connect the Offset potentiometer (make sure 
R, is as close to pin 27 as possible) as shown in Figure 6. 
Sweep the. input through the end point transition voltage 
that should cause an output transition to all bits Off 
(Eo,r:J). 

Adjust the Offset potentiometer until the actual end point 
transition voltage occurs at E():~. The ideal transition 
voltage values of the input are given in Table I. 

(j A 1:\ - Connect the Galll adju,t potentiometer a' ,how n 
In Figure 7. Sweep the Input through thc end pOint 
tramition \ oltage that ,hould cau,c an output tramltlon 
to all bit, on (E(~~). Adju,t the Gain potcntlOlllctcr until 
the actual end point tran,itlon \ oltagc occur, at E(i~ 

Tahlc I detaib the tran\ltlon \oltage Ic\cI, rCLJulrcd. 
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CONVERT COMMAND CONSIDERATIONS 

Convert command resets the converter whenever taken 
high. This insures a valid conversion on the first conver
sion after power-up. 

Convert command must stay low during a conversion 
unless it is desired to reset the converter during a 
conversion. 

lal +15VDC 

® 
1.8M!! 

""'" .. lDkHlo 1DOk!! 

CaMP. IN 

OFFSET AOJUST 

·15VOC 

Ibl +15VDC 

180kH lBOk!! 
27 10k!! 10 lOOkn 

CaMP IN 22k!! 
OFFSET ADJUST 

-=-=- ·15VOC 

I-I(il'RF O. 1\\0 Mcthod, 01 Connecling OpllOnal 
Olhel Adlll,1 \\ Ith a 0.4', 01 I-SR Rangc 
01 Adlll'tlllcnt. 

+15VDC 

GAIN ADJUST 270k!! f lOkI! 10 
~lOOkH 

r---. T O.Ol"F GAIN ADJUST 

~ ANALOG COMMON ·15VDC 

FIGURE 7. Connecting Optional Gain Adjust with a 
0.20'c Range of Adjustment. 
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ADDITIONAL CONNECTIONS REQUIRED 

The ADC7Ij72 may be operated at faster speeds for 
resolutions less than 14 or 13 bits, depending on the 
model selected, by connecting the Short-Cycle Input, pin 
32, as shown in Table III. Conversion speeds, linearity, 
and resolutions are show for reference. 

I AHI rill Short-CycleConnccllon,and '>pel'ltlcallon, 
lor 12-10 14-HII RC,otllll<lIl' 

Resolution I Btts I 16 14 13 

Connect Pm 32 to Open Pin 15 Pm 14 

Maxlmwm Conversion 
Speed lJ.tsec1(1) 57 50 465 
MaXimum on meanty 
at 25°C I%of FSR, 000312) 0003(2) 0006 

NOTES 
1 Max converSion time to maintain specIfied nonlinearity error 
2 BM and KM models only 

OUTPUT DRIVE 

12 

Pin 13 

43 

0006 

Normally all ADC7Ij72 logic outputs will drive two 
standard TTL loads; however, if long digital lines must 
be driven, external logic buffers are recommended. 

HEAT DISSIPATION 

The ADC7Ij72 dissipates approximately 1.3 watts 
(typical) and the packages have a case-to-ambient 
thermal resistance (OCA) of 25°CjW. For operation 
above 70° C, OCA should be lowered by a heat sink or by 
forced air over the surface of the package. See Figure 8 
for OCA requirement above 70° C. If the converter is 
mounted on a PC card, improved thermal contact with 
the copper ground plane under the case can be achieved 
using a silicone heat sink compound. On a 0.062" thick 
PC card with a 16 square inch (min.) area, this technique 
will allow operation to 85° C. 

25 

~ 
"" 10 
? 

60 70 

Amblenl Temperalure loCI 

1-1(jI'RF X.II, \ Reqlllrcmcnt AhO\c 70T 

9.1-11 Vol. 33 

(/) 
a: w 
I
a: 
W 
> 
Z o o 
c 
<i: 
z o 

2 z w 

== :::) 
a: 
ti z -

-



BURR-BROWN® 

113131 ADC76 

16-Bit 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES DESCRIPTION 
• 16-BIT RESOLUTION 
• LINEARITY ERROR ±O.003% MAX (KM. BMI 

The ADC76 is a low cost, high quality, l6-bit 
successive approximation analog-to-digital converter. 
The ADC76 uses state-of-the-art IC and laser-trimmed 
thin-film components and is packaged in a convenient 
32-pin dual-in-line package. The converter is complete 
with internal reference, short cycling capabilities, 
serial output, and thin-film scaling resistors, which 
allow selection of analog input ranges of ±2.SV, 
±5V, ±IOV, 0 to +SV, 0 to + IOV and 0 to +20V. 

• NO MISSING COOES GUARANTEEO FROM O°C TO 
HO°C 

• 15tts CONVERSION TIME (15-BITJ 
• SERIAL AND PARALLEL OUTPUTS 
• COMPACT DESIGN 

32-pin Ceramic or Hermetic Metal Package 
• LOW COST 

Parallel 
Digital 
Output 

It is specified for operation over two temperature ranges: 
O°C to +70°C (J, K) and -2SoC to +85°C (A, B). 

Data is available in parallel and serial form with 
corresponding clock and status output. All digital 
inputs and outputs are TTL-compatible. 

Power supply voltages are ±ISVDC and +SVDC . 

....-----'0 Short Cycle 
Convert Command 

tlnput 
f Range Select 

,;O:.}---'-----.() Comparator In 

r-:-=-l--------o Clock Rate ContrOl 

L..:.=_J--------o Clock Out 

L-------------o Status 
L--___________ O Serial Out 

Inlernation,l Airporllnduslrl,l Park· PO. 80x 11400 . Tucson. Arizona 85734 . Tel. 16021 746·1111 . Twx: 910-952·1111 . Cable: 88RCORP . Telex: 66·6491 

PDS-843 
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SPECIFICATIONS 
ELECTRICAL 
At +25·C and rated power supplies unless otherwise noted. 

MODEL ADC78J,K ADC78A,B 

MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTIO~ 16 
, 

Bils 

ANALOG INPUTS 

Voltage Ranges Bipolar ±25, ±5, V 
Unipolar o to +5, 0 to +10, V 

Oto +20 
Impedance (Direct Input) 

o to +5V, ±2.5V 2.5 kQ 
o to +10V, ±5.0V 5 kO 
o to +2OV, ±10V 10 kO 

DIGITAL INPUTS'" 

~~;I;:'~~,~;and Positive pulse SOns wide (min) trailing edge ("1"to "0" initiates conversion) 
1 TTL Load 

• n .. n .. r"n .. n .. n ..... "n ......... 

ACCURACY 
Gain Error''' ±01 ±02 % 
Offset Error. Unipolar'" ±o.05 ±0.1 · %01 FSR131 

Bipolar'21 ±o.1 ±0.2 · %oIFSR 
Linearity Error: K. B ±o003 %oIFSR 

J,A ±0.006 %ofFSR 
Inherent Quantization Error ±1/2 · LSB 
Differential Linearity Error ±oOO3 · %oIFSR 
Noise (3D', pop) ±o003 · %oIFSR 

POWER SUPPLY SENSITIYITY 
±15VDC 0.003 · %01 FSRI%V. 
+5VDC 0001 · %01 FSRI%V. 

CONYERSION TIME'" 
14 Bits 15 /IS 
15Bils 16 /IS 
16Bils 17 /IS 

WARM-UP TIME 5 · min 

DRIFT 
Gain ±15 ppml"C 
Offset: Unipolar ±2 ±4 · ppm 01 FSR/·C 

B'polar ±10 ppm 01 FSRI"C 
llneanty ±2 ±3 · ppm 01 FSR/·C 
No Missing Codes Temp Range 

J, A (14-bit) 0 +70 0 +70 ·C 
K, B (13-blt) 0 +70 -25 +85 ·C 

OUTPUT 

DIGITAL DATA 
(All codes complementary) 
Parallel 

Output Codes'5I: Unipolar CSB · 
Bipolar COB,CTC'" 

Output Drive 2 TTL Loads 
Serial Data Code (NRZ) CSB.COB · 

Output Drive 2 TTL Loads 
Status "1" dUring · 

Status Output Drive 2 TTL Loads 
I nternal Clock: Clock Output Drive 2 TTL Loads 

Frequency"' 933 1400 kHz 

POWER SUPPLY REQUIREMENTS 
Power Consumption 0.525 · W 
Rated Voltaga: Analog ±14.5 ±15 ±155 · VDC 

Digital +4.75 +5 +5.25 · VDC 
Supply Drain: +15VDC +14 mA 

-15VDC -17 mA 
+5VDC +10 mA 

TEMPERATURE RANGE 
Specilication 0 +70 -25 +85 ·C 
Storage -55 +125 · ·C 

'Speclflcatlon same as ADC76J, K. 
NOTES. (1) DTLlTTL compatible, i.e, Logic "0" = O.BV, max, Logic "1" = 2.0V, min lor inputs. For digital outputs LogiC "0" = 04V. max, Logic "1" = 2.4V, 
min. (2) Adjustment 10 zero See "Optional External Gain and Offset Adjustment" section. (3) FSR means Full Scale Range. For example, unot 
connected lor ±10V range has 20V FSR (4) Conversion lime may be shortened with "Short Cycle" set lor lower resolution and with use 01 Clock Rate 
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Control. See "Optional Conversion Time Adjustment" section. The Clock Rate Control (pin 23) should be connected to Digital Common for specified 
conversion time. Short Cycle (pin 32) should be left open for 16-bit resolution or connected to the n + 1 digital output for n-bit resolution. For example, 
connect Short Cycle to Bit 15 (pin 15) for 14-bit resolution. For resolutions less than 16 bits, pin 32 should also be tied to +5V through a 2kCl 
resistor. (5) See Table I. CSB-Complementary Straight Binary, COB-Complementary Offset Binary, CTC-Complementary Two's 
Complement. (6) CTC coding obtained by inverting'MSB (pin I). (7) Adjustable with Clock Rate Control from approximately 933kHi to 1.4MHz. See 
Figures 12 and 13 and Table III. 

MECHANICAL 

G Package-32-Pln Ceramic 

M Package-32-Pln Hermetic Metal DIP 

iF' 
u~, ... o========dJ 

c """'-- Denotes pm 1 

CJ I 
~IIIU U 11111111111 
T G ----..I I.- 0 ----I-

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 1.678 1712 42.62 4348 
B 1079 1101 2741 2797 
C 180 210 457 533 
o 016 020 41 51 
F 045 055 1.14 140 
G 100 BASIC 254 BASIC 
H 089 106 226 269 
J 009 012 23 30 
K 200 210 508 533 
L 900 BASIC 2286 BASIC 
N 015 035 38 .89 

i ) 
~--L~ 

NOTE 
Leads In true position within 010" 
( 25mm) R at MMC at sealing plane 

1 
I.-- Lo=J 

NOTE Leads In true position within 0 010" 
(0 25mm) Rat MMC at seating plane 

Pin numbers shown for reference only 
Numbers may not be marked on package 

CASE Ceramic 
MATING CONNECTOR 2302MC 
WEIGHT 13 grams (0 46 oz ) 
HERMETICITY Conforms to Method 1014, 

Condition C, Step 1 (fluoro
carbon) of MIL-STD-883 
(gross leak) 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 17201780 4369 44 70 
B 1.120 1160 28.45 29 46 
C 0170 0250 432 635 
o 016 0021 041 053 
G 100 BASIC 254 BASIC 
H 0100 0.140 2.54 356 
K 0150 0300 381 762 
L 900 BASIC 22 SS BASIC 
R 0100 0140 254 356 

~ __ ~_H I ~ Pm numbers shown for reference only l R ~ 0 •••••••••••• • ,:,-V Numbers may not be marked on package 

32 17 
0000000000000000 

ABSOLUTE MAXIMUM SPECIFICATIONS 

+Vee to Common ................................... OV to +16.5V 
-Vee to Common ..............••..••.••••.•.•••..... OV to -16.5V 
+VDD to Common .......•.............................. OV to +7V 
Analog Common to Digital Common ...............••••••..• ±0.5V 
Logic Inputs to Common. .. .. .. .. .. .. .. .. .. .. .. .. .. .... OV to VDD 
Maximum Power Dissipation ............................ 1000mW 
Lead Temperature (lOs) .................................. 300'C 
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CONNECTION DIAGRAM 

TOP VIEW 

MSB Bit 1 (11=====::;---;:=========162) SHORT CYCLE 
CONVERT COMMAND 

• 5VDC SUPPL Y 

GAIN ADJUST 

. 15VDC SUPPLY 

COMPARATOR IN 

BIPOLAR OFFSET 

lOV 

20V 

CLOCK RATE CONTROL 

ANALOG COMMON 

-15VDC SUPPLY 

CLOCK OUT 

DIGITAL COMMON 

Bit 12 

(LSB for 13 bits) Bit 13 

(LSB for 14 bits) Bit 14 

Bit 15 

~~~~i:~~~~~~~~~~~~~ STATUS [ SERIAL OUT 

ORDERING INFORMATION 

Model 1-24 25-99 100-249 

ADC76JG (16-blt) $16770 $15340 $117.70 
ADC76JM (13-blt) 17500 14700 12600 
ADC76KG (16-bit) 19250 17360 14150 
ADC76KM (14-bit) 22000 18500 15800 
ADC76AM (13-bit) 25500 21400 25200 
ADC76BM (14-blt) 30000 25200 21600 

TYPICAL PERFORMANCE CURVES 

ii 
til 
u.. 

'0 
~ 

e w 
:: 
a 
c 
iii 
(!l 

GAIN DRIFT ERROR (% OF FSR) 
VS TEMPERATURE 

018r-------------~ 
016 

·012 

·008 

·004 

~O 04 

-008 

·012 

-016 
-018 

-25 +25 +85 
Temperature (OC) 

THEORY OF OPERATION 
The accuracy of a successive approximation AI D con
verter is described by the transfer function shown in 
Figure I. All successive approximation AID converters 
have an inherent Quantization Error of ±1/2LSB. The 
remaining errors in the AI D converter are combinations 
of analog errors due to the linear circuitry, matching and 
tracking properties of the ladder and scaling networks, 
power supply rejection, and reference errors. In summary, 
these errors consist of initial errors including Gain, 

> 
~ 

01 
~ 
0 006 
~ 

> 
004 

'" ~ 002 
.c 
() 

'0 
001 

ce 

~ 0006 

~ 0004 
W 
a: 

0002 ~ 
'6 
oft n 001 

POWER SUPPL Y REJECTIDN VS 
SUPPL Y RIPPLE FREQUENCY 

/ 
-15VDC V 

V 
V 

/ . 15VDC ..1 
/ h/ 

./ 
'
5VDlY 

10 100 lk 10k lOOk 

Frequency (Hz) 

Offset, Linearity, Differential Linearity, and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line (Figure I) about the zero or minus full scale point 
(all bits Off) and Offset drift shifts the line left or right 
over the operating temperature range. Linearity error is 
unadjustable and is the most meaningful indicator of 
AID converter accuracy. Linearity error is the deviation 
of an actual bit transition from the ideal transition value 
at any level over the range of the AI D converter. A 
Differential Linearity error of±1/2LSB means that the 
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width of each bit step over the range of the AI D 
converter is ILSB, ±1/2LSB. 

The ADC76 is also Monotonic, assuring that the output 
digital code either increases or remains the same for 
increasing analog input signals. Burr-Brown also guaran
tees that this converter will have no missing codes over a 
specified temperature range when short cycled for 14-bit 
operation. 

TIMING CONSIDERATIONS 

0000 0000 

0000 .0001 

" " 0011 1100 0 
U 

"' 0011 1110 
0 
~ 0111 1111 
:; 
c. 1000 0000 :; 
0 

l'i 1000 0001 

5> 1111 1110 6 
1111 1111 

·See Table I for digital code definitions 

E1Non: 
I 

+FSR/2 

-lLSB 

The timing diagram in Figure 2 assumes an analog input 
such that the positive true digital word 1001 1000 1001 
0110 exists. The output will be complementary as shown 
in Figure 2 (0110 0111 0110 1001 is the digital output). 
Figures 3 and 4 are timing diagrams showing the rela
tionship of serial data to clock and valid data to status. 

FIGURE I. Input vs Output for an Ideal Bipolar AI D 
Converter. 

Internal Clock 

Slatus (EOG) 

MSB 

Blt2 

81t3 

Blt4 

BitS 

Blt6 

Blt7 

Blt8 

Blt9 

Bltl0 

Bltll 

Blt12 

Blt13 

Blt14 

Blt15 

f---------- MaXimum Throughput Tlme(21 _____________ .. 

"0" 

===J LJ"l" 
J 
J 
J _______ ~I="o="~~----------------------------~r--
--, 1"0" .__ 

- -

==_J LJ"l" 
.---------------~L_Jr,-'l'~'------------------------------==_J 

=':-':-J 
==_J 

U"l" 
1 "0" 

===J ==_J 
LJ"l" 

~----------------------------,~r,~'l'~'------------------
---J 1 "0" 

___ J U"l" 
--- J --- -

J 
J ___________________________________ =I'='O"~;_----~.--
T 1"0" r-

Bit 16 -- -1_ MSB",,--:;o 
Senal Data O~t - - _-_ ~~ 2 ,-4_""",,,-r6;:-r-:;-'I--:;o~ 10 11 14 bs-HiL 

: "0" "1" "1" "0" "0" "1" "1" "1" "0" "1" "1" "0" "0" "1" 

NOTES (1) The convert command must be at least 50ns Wide and must remam low dunng a conversIOn 
The conversion IS initiated by the "trailing edge" of the convert command 

(2) 17ps for 16 bits 

HGlIRI: 2 ADC76 liming Diagram. 

Senal 
Out 

Clock 
Out 

1 . 
1-40-125ns 

FIGURE 3. Timing Relationship of Serial Data to 
Clock. 

Burr-Brown Ie Data Book 

---"'\ )'''- - Brt;;; -
Bit 16 V I d ,,-----""2. __ ::.: __ 

Status 

I 
I 
1 

40-125ns_: 
I L',-

FIGURE 4. Timing Relationship of Valid Data to 
Status. 
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DIGITAL CODES 

Parallel Data 

Two binary codes are available on the ADC76 parallel 
output: they are complementary (logic "0" is true) straight 
binary (CSB) for unipolar input signal ranges, and 
complementary offset binary (COB) for bipolar input 
signal ranges. Complementary two's complement (CTC) 
may be obtained by inverting MSB (pin I). 

Table I ,hows the LSB, transition values, and code defi
nition, for each possible analog input signal range for 
12-, 13- and l4-bit resolutions. Figure 5 shows the con
nections for l4-bit resolutIOn, parallel data output, with 
±IOV input. 

Serial Data 

Two straight binary (complementary) codes are available 
on the serial output line; they are CSB and COB. The 
,erial data is available only during conversion and 
appear, with MSB occurring first. The serial data is syn
chronous with the internal clock as shown in the timing 
diagrams of Figures 2 and 3. The LSB and transition 
values shown in Table I also apply to the serial data 
output except for the CTC code. 

TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 

Binary (BIN) INPUT VOL TAGE RANGE AND LSB VALUES 
Output 

Analog Input 
Voltage Range Defined As "OV '5V !25V o to +lOV o to +5V 010 '20V 

Code eDBn) eDB(1) COSP) 
Designation orCTcm or CTC(2) or CTC(2) eSB(3) eSB(3) eSB))) 

One Least FSR WI tOY §l! 10V §l! 20V 
Significant 2" 2n 2" 2n 2" 2n ? 
Bit (LSB) n -= 12 488mV 244mV I 22mV 244mV 1 22mV 488mV 

n::;: 13 244mV I 22mV 6tO.V I 22m V 6tO.V 244mV 
n := 14 I 22mV 6tO.V 305.V 6tO.V 305.V I 22mV 

TransitIon Values 

MSB LSB 
000 000141 -Full Scale "OV ·3/2LSB '5V ·3/2LSB .2 5V ·3/2LSB + 10V ·3/2LSB '5V ·3/2LSB • 20V ·3/2LSB 
011 111 Mid Scale 0 0 0 ·5V '75V 'IOV 
111 110 ~FuU Scale ·IOV ·1/2LSB ·5V .1I2LSB ·25V"/2LSB O. 1/2LSB O' 1/2LSB o • 1f2LSB 

NOTES (') COB = Complementary Offset Binary 
(2) Complementary Two's Complement-obtained by inverting the most Significant bit, MSB (pin 1) 
(3) CSB = Complemenlary Stralghl Binary 
(4) Voltages given are the nominal value for transitIon to the code specified' 

: Dotted Lines 
, Are External 
: Connections 

ADC76 

I-
I 
r - - -
I 

I 
I 
I 

+5VDC 

>-==--+----..,...---t--------r---,------< +15VDC 
10kOto 
100kO Gain 

AdJust 

-Offset 
AdJust 

,OkOto 
100kO 

'pF 

IpF 

Analog 
Common 

-= }-----------------~~----~----------~----~----------~-15VDC 

}-______ Status Output to 
Control Logic 

IpF 

Digital 
Common 

• Capacitor should be connected even If external gain adjust IS not used 

FIGURE 5. ADC76 Connections for: ±iOV Analog Input, l4-Bit Resolution"(Short-Cycled), Parallel Data Output. 
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DISCUSSION 
OF SPECIFICATIONS 
The ADC76 is specified to meet critical performance 
criteria for a wide variety of applications. The most 
critical specifications for an AI D converter are linearity, 
drift, gain and offset errors, and conversion speed effects 
on accuracy. This ADC is factory-trimmed and tested 
for all critical key specifications. 

GAIN AND OFFSET ERROR 
Initial Gain and Offset errors are factory-trimmed to 
typically ±O.I% of FSR (±0.05% for unipolar offset) at 
25°C. These errors may be trimmed to zero by connecting 
external trim potentiometers as shown in Figures 10 
and II. 

POWER SUPPLY SENSITIVITY 
Changes in the DC power supply voltages will affect 
accuracy. The ADC76 power supply sensitivity is speci
fied at ±0.OO3% of FSR/%Vs for the ±15V supplies 
and ±0.OOI5% of FSR/%Vs for the +5V supply. Nor
mally, regulated power supplies with 1% or less ripple are 
recommended for use with this ADC. See Layout Pre
cautions, Power Supply Decoupling, and Figure 7. 

LINEARITY ERROR 
Linearity error is not adjustable and is the most meaning
ful indicator of AI D converter accuracy. Linearity is the 
deviation of an actual bit transition from the ideal 
transition value at any level over the range of the AI D 
converter. 

DIFFERENTIAL LINEARITY ERROR 
Differential linearity describes the step size between tran
sition values. A differential linearity error of ±0.003% of 
FS R indicates that the size of any step may not vary 
from the ideal step size by more than 0.003% of Full 
Scale Range. 

ACCURACY VERSUS SPEED 
In successive approximation AI D converters, the conver
sion speed affects linearity and differential linearity 
errors. Conversion speed and its effect on linearity and 
differential linearity errors for the ADC76 are shown in 
Figure 6. 

~ 
!l c: 0.01 .:; 
'iii? J Short Cycled to 13 Bits 

"'''' Short Cycled to 14 Bits !~ 0.006 ,!!O 

I'~ iS~ 1I2LSB 13 Bits 
-gg 

0.003 caw ---E 1I2LSB 14 Bits 
ca ., 

0.001 c: 
.:; 10 15 

Conversion Time (pa) 

FIGURE 6. Linearity and Differential LlOeanty 
Versus Conversion Time. 
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LAYOUT AND OPERATING 
INSTRUCTIONS ' 
LAYOUT PRECAUTIONS 
Analog and digital common are not connected internally 
in the ADC76, but should be connected together as close 
to the unit'as possible, preferably to a large plane under 
the ADC. If these grounds must be run separately, use 
wide conductor pattern and a O.QIJLF to O.IJLF nonpolar
ized bypass capacitor between analog and digital com
mons at the unit. Low impedance analog and digital 
common returns are essential for low noise performance. 
Coupling between analog inputs and digital lines should 
be minimized by careful layout. The comparator input 
(pin 27) is extremely sensitive to noise. Any connection 
to this point should be as short as possible and shielded 
by Analog Common or ±15VDC supply patterns. 

POWER SUPPLY DECOUPLING 
The power supplies should be bypassed with tantalum or 
electrolytic capacitors as shown in Figure 7 to obtain 
noise free operation. These capacitors should be located 
close to the ADC. 

@) 
-15VDC 

I 
.. 

+5VDC 

• 
1+ 

(§) lPF t Analog 

@ 
Common 

r1PF 

.. 
• G> I+

1PF 

® .. Digital Common 
+15VDC 

FIGURE 7. Recommended Power Supply Decoupling. 

INPUT SCALING 
The amilog input should be scaled as close to the 
maximum input signal range as possible in order to 
utilize the maximum signal resolution of the AID con
verter. Connect the input signal as shown in Table II. See 
Figure 8 for circuit details. 

TABl.E II ADC76 Input Scaling Connection, 

Input Connect 
Signal Output Pm 26 
Range Code To Pin 

'10V COB or CTC' 27 
'5V COB orCTC' 27 

'25V COB or CTC' 27 
o to '5V CSB 22 
Oto ·10V CSB 22 
Oto ·20V CSB 22 

Obtained by Invertmg MSB pin 1 

Connect 
Pm 24 

To 

Input 819 
Open 
Pm 27 
Pin 27 
Open 

IlliJut 819 

Direct 
Input 

FIGURE 8. ADC76 Input Scaling Circuit. 

Connect 
Input 

Signal 
To Pin 

24 
25 
25 
25 
25 
24 
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OUTPUT DRIVE 

Normally all ADC76 logic outputs will drive two standard 
TTL loads; however, if long digital lines must be driven, 
external logic buffers are recommended. 

INPUT' IMPEDANCE !' 

The input signal to the ADC76 should be low impedance, 
such as the output of an op amp, to avoid any errors que 
to the relatively low input impedance of the ADC76. 

If this impedance is not low, a buffer amplifier should be 
added between the input signal and the direct input to 
the ADC76 as shown in Figure 9. 

Analog 
Input Signal 

Connect to 
Pin 24 or Pin 25 

FIGURE 9. Source Impedance Buffering. 

OPTIONAL.EXTERNAL GAIN AND 
OFFSET ADJUSTMENTS 
Gain and Offset errors may be trimmed to zero using 
external gain and offset trim potentiometers connected 
to the ADC as shown in Figures 10 and II. Multiturn 
potentiometers with 100ppmjOC or better TCRs are 
recommended for minimum drift over temperature and 
time. These pots may be any value from IOkO to lOOkO. 
All resistors should be 20% carbon or better. Pin 29 
(Gain Adjust) and pin 27 (Offset Adjust) may be left 
open if no external adjustment is required; however, pin 
29 should always be bypassed with O.oIILF to Analog 
Common. 

la) 
laMO 

® f +'"'' '>fA .. 10kO to 100kO 
Comparator In Offset Adjust 

-15VDC 

(b) 

180kO laOkO +15VDC 
27 10kO to 100kO 

122kO 
Offset Adjust 

Comparator In -15VDC 

HGURE 10. Two Method, of Connecting Optional 
Ofhet AdJust. 

+15VDC 

Gam Adjust f ~ 10kOto 

~ 1. n no" l00kO 
1":"'\ T 001/JF Gam Adjust 

Analog Common ~ 
-15VDC 

FIGURE II. Connecting Optional Gain Adjust. 

ADJUSTMENT PROCEDURE 
Offset-Connect the Offset potentiometer (make sure R. 
is as close to pin 27 as possible) as shown in Figure 10. 

Sweep the input through the end point transition voltage 
that should cause an output transition to all bits off 
(Eor,!'), Figure I. 

Adjust the Offset potentiometer Until the actual end 
point transition voltage occurs at (Eor:). The ideal 
transition voltage vahtes of the input are given in Table I. 

Gain-Connect the Gain adjust potentiometer as shown 
in Figure II. Sweep the input through the end point 
transition voltage that should cause an output transition 
to all bits on (E7::). Adjust the Gain potentiometer until 
the actual end point transition voltage occurs at (E7::). 

Table I details the transition voltage levels required. 

CONVERT COMMAND CONSIDERATIONS 

Convert command resets the converter whenever taken 
. high. This insures a valid conversion on the first convers
sion after .power-up. 

Convert command must stay low during a converSIOn 
unless it is desired to reset the converter during a conver
sion. 

OPTIONAL CONVERSION TIME ADJUSTMENT 

The ADC76 may be operated with faster conversion 
t.mes for resolutions less than 14 bits by connecting the 
Short Cycle (pin 32) as shown in Table III. Typical con
version times for the resolution and connections are 
indicated. 

TABLE Ill. Short Cycle Connections for 12- to 16-Bit 
Resolutions 

Resolution (Bits) 16 15 14 13 12 

Connect Pm 32 to Open Pm 16 Pin 15 Pm 14 Pm 13 

Typical Conversion Time 17ps 16ps 15ps 131" 12ps 

Clock Rate Control may be connected to an external 
multiturn trim potentiometer with a TCR of±lOppmjOC 
or less as shown in Figure 12. The typical conversion 
time versus the Clock Rate Control voltage is shown in 

CJ) 
a: w 
I
a: 
W 
> 
Z o o 
c 
C( 
z o 

~ z w 
:::E 
;:) 
a: 
I
CJ) 
Z 

Figure 13. The effect of varying the conversion time and 
the resolution on Linearity Error and Differential Linear- BI 
ity Error is shown in Figure 6. • 

-~--1+15VDC 

@)---..... ~ 5kO Internal Clock 
Clock Rate Control Frequency Adjust 

FIGURE 12. Clock Rate Control, Optional Fine Adjust. 
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" E .= 
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() 

30 
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20 

15 r--.. 

10 
o 

: ............ j 

TYPical 

I 14-61t Operation 

16-61t Operation 

r--_, I 
r--.. --....L 

Control Voltage on Pm 23 IV) 

FIGURE 13. Conversion Time vs Clock Rate Control 
Voltage. 
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BURR-BROWN® 

IElElI ADC80AG 

General Purpose 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• INDUSTRY-STANDARD 12-81T ADC 
• LOW COST 
• ±O.D12% LINEARITY 
• 2511s MAX CONVERSION TIME 
• ±12V or ±15V OPERATION 
• NO MISSING CODES -25°C to +85°C 
• HERMETIC 32-PIN PACKAGE 
• PARALLEL AND SERIAL OUTPUTS 
• 595mW MAX DISSIPATION 

DESCRIPTION 
The ADC80 is a l2-bit successive-approximation 
analog-to-digital converter, utilizing state-of-the-art 
CM OS and laser-trimmed bipolar die custom designed 
for freedom from latch-up and optimum AC per
formance. It is complete with a comparator, a 
monolithic l2-bit DAC which includes a 6.3V refer
ence laser-trimmed for minimum temperature coeffi
cient, and a CMOS logic chip containing the succes
sive approximation register (SAR), clock, and all 
other associated logic functions. 

Internal scaling resistors are provided for the selection 
of analog input signal ranges of ±2.5V, ±5V, ± lOY, 
o to +5V, or 0 to + lOY. Gain and offset errors may 
be externally trimmed to zero, enabling initial end
poi~t accuracies of better than ±O.J2% (± l/2LSB). 

The maximum conversion time of 25/-1s makes the 
ADC80 ideal for a wide range of l2-bit applications 
requiring system throughput sampling rates up to 
40kHz. In addition, the ADC80 may be short-cycled 

for faster conversion speed with reduced resolution, 
and an external clock may be used to synchronize 
the converter to the system clock or to obtain higher
speed operation. 

Data is available in parallel and serial form with 
corresponding clock and status signals. All digital 
input and output signals are TTLI LSTTL-compa
tible, with internal pull-up resistors included on all 
digital inputs to eliminate the need for external pull
up resistors on digital inputs not requiring connec
tion. The ADC80 operates equally well with either 
±15V or ±12V analog power supplies, and also 
requires use of a +5V logic power supply. However, 
unlike many ADC80-type products, a +5V analog 
power supply is not required. It is packaged in a 
hermetic 32-pin side-brazed ceramic dual-in-line 
package. 

Clock 
Inhibit 0_-----, 

External 0_----. 
Clock 

Comparator 
In 

20V Range __ ~~-r~ 

10V Range 

Clock Out 

Bipolar o--...... _-~=5==~-_ 
Offset Reference Out 

Intern.llonal Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (802) 746-1111· Twx: 910-952·1111· Cable: B,BRCORP· Telex: 66-8491 

PDS.f>16 
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SPECIFICATIONS 
ELECTRICAL 
At TA ::::; +25°C, ±Vcc = 12V or 15V, VOD = +5V unless otherwise specified 

MODEL ADC80AG 

MIN TYP MAX UNITS 

RESOLUTION 
ADC80AG-12, ADC80~AGZ-12 tI 12 Bits 

ADCBOAG-10 10 Bits 

INPUT 

ANALOG 
Voltage Ranges Unipolar o to t-5, 0 to +10 

Bipolar !-25, 1-5, r10 V 
Impedance o to +5V, ±2 5V 245 25 255 kO 

o to T lOV, +5V 49 51 kO 

±10V 98 10 102 kO 

DIGITAL 
logic Characteristics (Over speCification temperature range) 

V'H (LogiC "1") 20 55 
V1L (LogiC "0") - 03 TO 8 
IIH (V IN - +27V) 150 "A 
I'L (VII'" = +04V) 500 "A 

Convert Command Pulse Wldth'2' 100 2000 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain Errorl31 ±O 1 ~O 3 % of FSA '4J 

Offset Errorl31 Unipolar ::to os ±O 2 % of FSA 

Bipolar ±O 1 ±O 3 % of FSA 

Linearity Error ADCBOAG-12. ADC80AGZ-12 :to 012 % of FSR 

ADC80AG-l0 ±O 048 % of FSR 

Differential Linearity Error :::1/2 :::3/4 LSa 
Inherent Quantization Error ±1/2 LSa 
POWER SUPPLY SENSITIVITY 
114V~ ± Vce~ 165V :to 003 ±OOOS % of FSA/%Vce 

+4 5V ~ Voo ~ +55V :to 002 ±OOO5 % of FSA/%Voo 

DRIFT 
Tolal Accuracy, Bipoiarisl :tl0 ±23 ppm/oC 

Gain ±IS :!:::30 ppm/oC 

Offset Unipolar ±3 ppm of FSR;oC 

Bipolar ±7 ±15 ppm of FSA/oC 

Linearity Error Dnft ±1 =3 ppm of FSA/oC 

Differential Linearity over Temperature Aange :!3/4 LSa 
No MIssing Code Temperature Range -25 +85 °c 
Monotonlclty Over Temperature Aange Guaranteed 

CONVERSION TIME1S1 

ADC80AG·12, ADCBOAGZ-12 15 22 25 "' ADCBOAG·lO 13 20 22 "' 
OUTPUT 

DIGITAL (Bits 1-12, Clock Out. Status, Senal Out) 

Output Codes '71 

Parallel Unipolar csa 
Bipolar COB, CTC 

Senal (NAZ)'SI csa, coa 
Logic Levels Logic 0 (ISINK 5 3 2m A) +04 

Logic 1 (ISOURCE::; BOtJA) +24 
Internal Clock Frequency 545 kH, 

INTERNAL REFERENCE VOLTAGE 
Voltage +62 +63 +64 
Source Current Available for External Loads ,gl 200 "A 
Temperature Coefficient :tl0 ±30 ppm/cC 

POWER SUPPLY REQUIREMENTS (For all models) 

Voltage ±Vee ±114 ±15 ±165 

Voo +45 +50 +55 
Current +Iee 85 rnA 

-Icc 21 26 rnA 
100 11 15 rnA 

Power DIssipation (:tVee = 15V) 450 595 mW 
Thermal ReSistance, BJA 50 °C/W 

TEMPERATURE RANGE (Ambient) 

Specification -25 +85 'C 
Operating (derated specs) -55 +125 'C 
Storage -65 +150 'c 

NOTES (1) ADC80AGZ·12 IS not recommended for new deSigns Standard ADC80AG·12 now meets the extended power supply range of the ADC80AGZ-12 

(2) Accurate conversIOn will be obtarned with any convert command pulse width of greater than lOOns, however, It must be limited to 2J1S (max) to assure the 

speCified conversion time (3) Gam and offset errors are adjustable to zero Sf¥! "OptIOnal External Gam and Offset Adjustment" section (4) FSR means Full-Scale 

Range and IS 20V for ±lDV range, 10V for ±5V and 0 to -+ toV ranges, etc (5) Includes dflft due to Itnearrty, gam, and offset drifts (6) ConversIOn lime 15 specified 

uSing mternal clock For operatton wIth an external clock see "Clock Options" section ThiS converter may also be Short·cycled to Jess than 12-btt resolution for 

shorter conversion time, see "Short Cycle Feature" section (7) CSB means Complementary Straight Bmary, COB means Complementary Offset Bmary, and CTC 

means Complementary Two's Complement codmg See Table I for addItional mformatlon (8) NRZ means Non-Return-to-Zero codmg (9) External loading must 

be constant durmg converSIOn, and must not exceed 200tJA for guaranteed speCIfication 
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CONNECTION DIAGRAM 

Pm 1 - Blt6 
Pm 2 - Bit 5 
Prn 3 - Btt 4 
Pin 4 - Bit 3 
Pin 5 - Bit 2 
Pon 6 - BIt 1(MSB) 
PIn 7 - N/C' 
PIn 8 - BIt 1 (MSB) 
Pin 9 - +5V DigItal Supply 
Pin 10 - DigItal Common 
Pin 11 - Comparator In 
Pin 12 - Bipolar Offset 
Pin 13 - Rl 10V Range 
Prn 14 - R2 20V Range 
Pin 15 - Analog Common 
Prn 16 - Gain Adjust 

* +5V applIed to pm 7 has 
no effect on CircUit 

MECHANICAL 

I 

~_J----=i!' __ ~ __ --'!L 
~- ----A---------J 

~IC 

Ptn 32 - Bit 7 
Prn 31 - Bit B 
Pm 30 - Bit 9 
Pon 29 - BIt IO(LSB-10 BIts) 
Pin 28 - Bit 11 
Pon 27 - BIt 12 (LSB-12 BIts) 
Pm 26 - Senal Out 
Pm 25 - -Vee 
Pon 24 - Ref Out (+6 3V) 
Prn 23 - Clock Out 
Pin 22 - Status 
Pm 21 - Short Cycle 
Pin 20 - Clock Inhibit 
Pin 19 - External Clock 
Pin 18 - Convert Command 
Pin 17 - +Vcc 

Leads In true position 
wlthon 010" ( 25MM) R 
at MMC at Seating Plane 

Seal nng IS connected 
to Pin 10 

~
F 

J l---~K 
I.-H .G ~I.-D Lsea~ng .--,--",,=;--r===:::-1 

Plane 
Pm numbers shown for 
reference only Numbers 
may not be marked on 
package 

CASE Ceramic, hermetiC 
MATtNG CONNECTOR 

2302MC 

WEtGHT 7 3gm (0 260z) 

ABSOLUTE MAXIMUM RATINGS 

+Vee to Analog Common , 0 to +16 5V 
-Vee to Analog Common 0 to -16 5V 
Voo to Digital Common. 0 to +7V 
Analog Common to Digital Common. . ±O 5V 
LogiC Inputs (Convert Command, Clock In) 

to Digital Common. -0 3V to Voo +0 SV 
Analog Inputs (Analog In, Bipolar Offset) 

to Analog Common .. ±16 SV 
Reference Output Indefinite Short to Common, 

Lead Temperature, Soldenng 
Momentary Short to Vee 

+300°C, lOs 

CAUTION These deVices are sensitive to electros,tatlc discharge 
Appropnate I C handling procedures should be followed 
Stresses above those listed under "Absolute MaXimum Ratings" 
may cause permanent damage to the devlc-e Exposure to absolute 
maximum conditions for extended penods may affect deVice relia
bility 
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TOP VIEW 

ORDERING INFORMATION 

Resolution 
Model (bIts) 

ADC80AG-IO 10 
ADC80AG-12 12 
ADCBOAG-12Q(1) 12 
ADC80AGZ-12 121 12 

NOTES (1) Q suffiX Indicates EnVironmental Screening, see Table IV for 
details (2) ADC80AGZ-12IS not recommended for new deSigns Stand
ard ADC80AG-12 now meets the extended power supply range of the 
ADC80AGZ-12 

TYPICAL PERFORMANCE 
CURVES 

POWER SUPPLY REJECTION 
VS POWER SUPPLY RIPPLE FREQUENCY 

01 
008 
006 

Q; l 004 
"- . 
~> 

e s 002 
W ~ 

/ +Vcc / 0> -Vee ffi ~ 001 
~00008 
°-0006 
cf. ~ OlOQ4 

0002 A 

0001 
+5V S~PPIY 

1 to 100 lk 10k 

Frequency ·Hz 
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LINEARITY ERROR VS CONVERSION TIME 

0200 

0175 
a: 
III ... 0150 
15 
;I 0125 

Ie 0100 
W 
~ 0075 
:a 
" 0050 c 
.:; 

0025 

0 

- r/l -j-~l 
- -

1/2LSB "-
for fi 

8-Blt Operation 

8 BII" 
f----t-- ' 
1 O-Blt Operation 

I \ ~ i-i 
1/2LSB for\ \ \ 12-811 Operation 

'Oi, ~ " 1/2LSB ror- ~ ~ ~-
- - -

12_i't\~ - -

2 4 6 10 12 14 16 18 20 22 24 26 
Conversu:," Time (ps) 

DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Under 
this definition of linearity (sometimes referred to as 
integral linearity), ideal transition values lie on a line 
drawn through zero (or minus full scale for bipolar 
operation) and plus full scale, providing a signficantly 
better definition of converter accuracy than the best
straight-line-fit definition of linearity employed by some 
manufacturers. 

DIFFERENTIAL LINEARITY ERROR VS CONVERSION TIME 

0200 .T 1-1 - -
1/2LSB 
for 8-Blt Operation 

8 Bits \ ...-IO-Blt Operallon 

0175 e w 0 ISO 
>-

1 \ 1\ l.). 
:ii a: 0125 

~ te 0100 
-'_ 0 

~ I' 0075 
c 

1/2LSB for 
10 Bits 

~~ 
1/2LSB for 
12 Blt'_1 

[- -

~ 
£ 0050 

o 0025 
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OOOH 

OOlH 

002H 

>- 7FDH 
::> 
Q. 7FEH >-
::> 
0 7FFH 
-' 
~ 800H 
l5 
Ci 

'J 12-Blt Operation 
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FIQURE I. ADCSO Transfer Characteristic 
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The zero or minus full-scale value is located at an analog 
input value 1/2LSB before the first code transition 
(FFFH to FFEH). The plus full-scale value is located at 
an analog valu(' 3/2LSB beyond the last code transition 
(oolH to OOOH). See Figure I which illustrates these 
relationships. A linearity specification which guarantees 
±1/2LSB maximum linearity error assures the user that 
no code transition will differ from the ideal transition 
value by more than ±1/2LSB. 

Thus, for a converter connected for bipolar operation 
and with a full-scale range (or span) of 20V (±IOV 
operation), the minus full-scale value of -IOV is 2.44mV 
below the first code transition (FFFH to FFEH at 
-9.99756V) and the plus full-scale value of +IOV is 
7.32mV above the last code transition (OOIH to OOOH at 

Terminology. _ 

+9.9926SV). Ideal transitions occur ILSB (4.SSmV) apart, • 
and the ±1/2LSB linearity specification guarantees that 
no actual transition will vary from the ideal by more 
than 2.44mV. The LSB weights, transition values, and 
code definitions for each possible ADCSO analog input 
signal range are described in Table I. 

TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 

Binary Output Input Voltage Range and LSB Values 

Analog Input Voltage Range Defined As ±IOV ±5V ±25V Oto +IOV Oto +5V 

Code Deslgnatton COB' orCTC" COBorCTC COB or CTC CSB'" CSB 

One Least Significant FSR/2" 20Vl2" lOVl2" 5V12" lOVl2" 5V12" 
Bit (LSB) n;;;:;8 7813mV 3906mV 1953mV 3906mV 1953mV 

n = 10 1953mV 977mV 488mV 977mV 488mV 
n= 12 488mV 244mV 122m" 244mV 122mV 

TransItion Values 
MSB LSB 
OOlH to OOOH +Full Scale + 1 OV - 3/2LSB +5V - 3/2LSB +2 5V - 3/2LSB + 10V - 3/2LSB +5V - 3/2LSB 
800H to 7FFH Mid Scale 0 0 0 +5V +25V 
FFFH to FFEH -Full Scale --10V + 1/2LSB -5V + 1/2LSB -2 5V + 1/2LSB 0+ 1/2LSB 0+ 1/2LSB 

·COB = Complementary Offset Binary "eTC = Complementary Two's Complement-obtained by usmg the complement of the most 
'''CSB = Complementary Straight Binary significant bit (MSB) MSB IS available on pm 8 
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CODE WIDTH (QUANTUM) 

Code width (or quantum) is defined !is the range of 
analog input values for which a given output code will 
occur. The ideal code width is lLSB, which for 12-bit 
operation with a 20V span is equal to 4.SSmV. Refer to 
Table I for LSB values for other ADC80 input ranges. 

DIFFERENTIAL LINEARITY ERROR AND NO 
MISSING CODES 
Differential linearity error is the difference between an 
ideal I LSB code width (quantum) and the actual code 
width. A specification which guarantees no missing 
codes requires that every code combination appear in a 
monotonically increasing sequence as the analog input is 
increased throughout the range, requiring thai every 
input quantum must have a finite width. If an input 
quantum has a value of zero (a differential linearity error 
of -I LSB), a missing code will occur but the converter 
may still be monotonic. Thus, no missing codes represent 
a more stringent definition of performance than does 
monotonicity. ADCSO is guaranteed to have no missing 
codes to l2-bit resolution over its full specification 
temperature range. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters have an inherent quantiza
tion error of ±1/2LSB. This error is a fundamental 
property of the quantization process and cannot be 
eliminated. 

UNIPOLAR OFFSET ERROR 
An ADCSO connected for unipolar operation has an 
analog input range of OV to plus full scale. The first 
output code transition should occur at an analog input 
value 1/2LSB above OV. Unipolar offset error is defined 
as the deviation of the actual transition value from the' 
ideal value, and is applicable only to converters operating 
in the unipolar mode. 

BIPOLAR OFFSET ERROR 
A/ D converter specifications have historically defined 
bipolar offset at the first transition value above the 
minus full-scale value. The ADCSO follows this conven
tion. Thus, bipolar offset error for the ADCSO is defined 
as the deviation of the actual transition value from the 
ideal transition value located 1/2LSB above minus full 
scale. ' 

",,,,IN ERROR 

The last output code transition (OOIH to OOOH) occurs for 
an analog input value 3/2LSB below the nominal plus 
full-scale value. Gain error is the deviation of the actual 
analog value at the last transition point from the ideal 
value. 

ACCURACY DRIFT VS TEMPERATURE 

The temperature coefficients for gain, unipolar offset, 
and bipolar offset specify the maximum change from the 
actual 2S0C value to the value at the extremes of the 

Specification temperature range. The temperature coeffi
cient applies independently to the two halves of the 
temperature range above and below +2s°C. 

POWER SUPPLY SENSITIVITY 
Electrical specifications for the ADCSO assume the 
application of the rated power supply voltages of +SV 
and ±12V or ±ISV. The major effect of power supply 
voltage deviations from the rated values will be a small 
change in the plus full-scale value. This change, of 
course, results in a proportional change in all code 
transition values (i.e., a gain error). The specification 
describes the maximum change in the plus full-scale 
value from the initial value for independent changes in 
each power supply voltage. 

TIMING CONSIDERATIONS 
Timing relationships of the ADCSO are shown in Figure 
2. It should be noted that although the convert command 
pulse width must be between lOOns and 2p.s to obtain the 
specified conversion time with internal clock, the ADC80 
will accept longer convert commancls with no loss of 
accuracy, assuming that the analog input signal is stable. 

Senal 
Data 

Symbol 

teo 
tep 
tew 
Iso 
t. 
tov 

--~----------------~~ 

~~-----------------L-B 

-II-tov , 
UTA .VII.II'IIII' .. ' 21 liT "IIT .. Ian 5'IIT alII' ,illT .Ian "IIT IDian In8111d 

Parameter Typ. Unlll 

Clock delay from convert command 30 ns 
Nominal clock period 165 /IS 
Nominal clock pulse Width 065 /IS 
Status delay from convert command 130 ns 
All bits reset delay from convert command 65 ns 
Data valid time from clock pulse high -5 ns 

FIGURE 2. ADCSO Timing Diagram (nominal values 
at +2SoC with internal clock). 

In this situation, the actual indicated conversion time 
(during which status is high) for 12-bit operation will be 
equal to approximately Ip.s less than the sum of the 
factory-set conversion time and the length of the convert 
command. The code returned by'the converter at the end 
of the conversion will accurately represent the analog 
input to the converter at the time the status returns to the 
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low state. In addition, although the initial state of the 
converter will be indeterminate when power is first 
applied, it is designed to time-out and be ready to accept 
a convert command within approximately 251's after 
power-up, provided that either an external clock source 
is present or the internal clock is not inhibited. 

During conversion, the decision as to the proper state of 
any bit (bit "n ") is made on the rising edge of clock pulse 
"n + I". Thus, a complete conversion requires 13 clock 
pulses with the status output dropping from logic "I" to 
logic "0" shortly after the rising edge of the 13th clock 
pulse, and with valid output data ready to be read at that 
time. A new conversion may not be initiated until 50ns 
after the fall of the last clock pulse (pulse 13 for 12-bit 
operation). 

Additional convert commands applied during conversion 
will be ignored. 

DEFINITION OF DIGITAL CODES 

Parallel Data 
Three binary codes are available on the ADCSO parallel 
output; all three are complementary codes, meaning that 
logic "0" is true. The available codes are complementary 
straight binary (CSB) for unipolar input signal ranges, 
and complementary offset binary (COB) and comple
mentary two's complement (CTC) for bipolar input 
signal ranges. CTC coding is obtained by complementing 
bit I (the MSB) of the COB code; the complement of bit 
I is available on pin S. 
Serial Data 
Two (complementary) straight binary codes are available 
on the serial output of the ADCSO; as in the parallel 
case, they are CSB and COB. The serial data is available 
only during conversion and appears with the most 
significant bit (MSB) occurring first. The serial data is 
synchronous with the internal clock as shown in the 
timing diagram of Figure 2. The LSB and transition 
values of Table I also apply to the serial data output, 
except that the CTC code is not available. All clock 
pulses available from the ADCSO have equal pulse 
widths to facilitate transfer of the serial data into 
external logic devices without external shaping. 

LAYOUT AND OPERATING 
INSTRUCTIONS 
LAYOUT PRECAUTIONS 

Analog and digital commons are not connected together 
internally in the ADCSO, but should be connected 
together as close to the unit as possible, preferably to an 
analog common ground plane beneath the converter. If 
these common lines must be run separately, use wide 
conductor pattern and a O.OII'F to O.II'F nonpolarized 
bypass capacitor between analog and digital commons at 
the unit. Low impedance analog and digital common 
returns are essential for low noise performance. Coupling 
between analog input lines and digital lines should be 
minimized by careful layout. For instance, if the lines 

must cross, they should do so at right angles. Parallel 
analog and digital lines should be separated from each 
other by a pattern connected to common. If external 
gain and offset potentiometers are used, the poten
tiometers and associated resistors should be located as 
close to the ADCSO as possible. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with II'F to IOI'F 
tantalum bypass capacitors located close to the converter 
to obtain noise-free operation: Noise on the power 
supply lines can degrade the converter's performance. 
Noise and spikes from a switching power supply are 
especially troublesome. 

ANALOG SIGNAL SOURCE IMPEDANCE 

The signal source supplying the analog input signal to 
the ADCSO will be driving into a nominal DC input 
impedance of 2.5k!1 to IOk!1 depending upon the range 
selected. However, the output impedance of the dnvlng 
source should be very low, such as the output Impedance 
provided by a wideband, fast-settling operational amplI
fier. Transients in A/ D input current are caused by the 
changes in output current of the internal D / A converter 
as it tests the various bits. The output voltage. of the 
driving source must remain constant while furnishing 
these fast current changes. If the application requires a 
sample/ hold, select a sample/ hold with sufficient band
width to preserve the accuracy or use a separate wide band 
buffer amplifier to lower the output impedance. 

INPUT SCALING 

The ADCSO offers five standard input ranges: OV to 
-t-5V, OV to +IOV, ±2.5V, ±5V, and :±:IOV. The input 
range should be scaled as close to the maximum input 
signal range as possible in order to utilize the maximum 

CJ) 
a: w .... 
a: 
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o o 
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signal resolution of the converter. Select the appropriate 
input range as indicated by Table II. The input circuit ... 
architecture is illustrated in Figure 3. External padding ~ 
resistors can be added to modify the factory-set input 
ranges (such as addition of a small external input resistor 
to change the lOY range to a 1O.24V range). Alternatively, 
the gain range of the converter may easily be increased a 
small amount by use of a low temperature' coefficient 
potentiometer in series with the analog input signal or by 
decreasing the value of the gain adjust series resistor in 
Figure 5. 

TABLE II. ADCSO Input Scaling Connections. 

Connect 
Input Connect Connect Input 

Signal Output Pin 12 Pin 14 Signal 
Range Code To Pin To To 

±10V COBo.CTC 11 Input Signal 14 
±5V COB o. CTC 11 Open 13 
±25V COB o.CTC 11 PU111 13 
010 +5V CSB 15 Pin 11 13 
010 +10V CSB 15 Open 13 

~ 
c( 
o 
CO o 
C 
c( 
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lOV Aange 
13 A2 

20V Aange 
14 5kO AI 5kO 

Camp In 

" From O/A Converter To 
SAA Bipolar 

~ Offset 

Analog -= 
Common ~ VREF 

FIGURE 3. ADC80 Input Scaling Circuit. 

CALIBRATION 

Optional External Gain And Offset Adjustments 
Gain and offset errors may be trimmed to zero using 
external offset and gain trim potentiometers connected 
to the ADC80 as shown in Figures 4 and 5 for both 
unipolar and bipolar operation. Multiturn potentiometers 
with 100ppm/oC or better TCR are recommended for 
minimum drift over temperature and time. These pots 
may be of any value between IOkO and 100kO. All fixed 
resistors should be 20% carbon or better. Although not 
necessary in some applications, pin 16 (Gain Adjust) 
should be preferably bypassed with a O.OIJ,LF nonpolarized 
capacitor to analQg common to minimize noise pickup at 
this high impedance point, even if no external adjustment 
is required. 

IA) (6) 

+Vcc +Vcc 

15MOto 

II ISMO f '"" '" ISOkO ISOkO ~ ,~o'" II 
Y/t4 • lOOkO lOOkO 

Offset Offset 
Comp In Adlust Comp I~ 1~2kO to Adjust 

2SkO 

-Vee -Vee 

FIGURE 4. Two Methods of Connecting Optional 
Offset Adjust. 

IA) 

+vcc 

Gain Adlust S 2MO to 1 
~~il;~:o 
~ ~ 

Analog -Vee 
Common 

(6) 

+Vcc 

j'OkO to 
16 27QkO 270kO lOOkO 

1 1: Gain Ad ust 
'c .,.. 0 OlpF 6 SkO to J 
~ 91kO 

~ -Vee 

FIG U R E 5. Two Methods of Connecting Optional Gain 
Adjust. 

Adjustment Procedure 
OFFSET-Connect the offset potentiometer as shown 
in Figure 4. Set the input voltage to the nominal zero or 
minus full-scale voltage plus 1/2LSB. For example, 
referring to Table I, this value is -IOV +2.44mV or 
-9.99756V for the -IOV to + IOV range. 
With the input voltage set as above, adjust the offset 
potentiometer until an output code is obtained which is 
alternating between FFEH and FFFH with approximately 

50% occurrence of each of the two codes. In other words, 
the potentiometer is adjusted until bit 12 (the LSB) 
indicates a true (logic "0") condition approximately half 
the time. 

GAIN-Connect the gain adjust potentiometer as shown 
in Figure 5. Set the input voltage to the nominal plus 
full-scale value minus 3/2LSB. Once again referring to 
Table I, this value is + IOV -7.32mV or +9.99268V for 
the -IOV to + IOV range. Adjust the gain potentiomter 
until the output code is alternating between OOOH and 
OOIH with an approximate 50% duty cycle. As in the case 
of offset adjustment, this procedure sets the converter 
end-point transitions to a precisely known value. 

CLOCK OPTIONS 

The ADC80 is extremely versatile in that it can be 
operated in several different modes with either internal 
or external clock. Most of these options can be imple
mented with inexpensive TTL logic as shown in Figures 
6 through 9. When operating with an external clock, the 
conversion time may be as short as 15J,Ls (800kHz 
external clock frequency) with assured performance 
within specified limits. When operating with the internal 
clock, pin 19 (external clock input) and pin 20 (clock 
inhibit) may be left unconnected. No external pull-ups 
are required due to the inclusion of pull-up resistors in 
the ADC80. Pin 20 (clock inhibit) must be grounded for 
use with an external clock, which is applied to pin 19. 

SHORT-CYCLE FEATURE 
A short-cycle input (pin 21) permits the conversion to be 
terminated after any number of desired bits has been 
converted, allowing shorter conversion times in applica
tions not requiring full 12-bit resolution. In these situa
tions, the short-cycle pin should be connected to the bit 
output pin of the next bit after the desired resolution. 
For example, when IO-bit resoltion is desired, pin 21 is 
connected to pin 28 (bit II). In this example, the 
co.nversion cycle terminates and status is reset after the 
bit 10 decision. Short-cycle pin connections and associ
ated maximum 12-, 10-, and 8-bit conversion times (with 
internal clock) are shown in Table II I. Also shown are 
recommended minimum conversion times (external clock) 
for these conversion lengths to obtain the stated accura
cies. The ADC80 is not factory-tested for these external 
clock conversion speeds and the product is not guaranteed 
to achieve the stated accuracies under these operating 
conditions; the recommended values are offered as an 
aid to the user. 

TABLE III. Short-Cycle Connections and Conversion 
Times for 8-, 10-, and 12-Bit Resolutions
ADC80 

Resolution (Bits) 12 10 8 

Connect pm 2110 Pin 90r NC Pin 28 Pin 30 

MaXimum ConverSion T1me!U 
tnternal Clock (ps) 25 22 18 

Minimum ConverSion Tlmenf 

External Clock tus) 15 13 10 

MaXimum linearity Error 
At +25°C (% of FSR) 0012 0048 020 

NOTE (1) ConverSIOn time to maintain ±1/2LSB linearity error 

Burr-Brown Ie Data Book 9.1-26 Vol. 33 



JL 18 28 10-Blt 
External 

Bltll 
28 10-Blt 

Bit 11 
Operation External Clock Operation 

Convert V Clock 
, 

Short 21 I 
Command ADC80 

Cycle I 
22 Status Short 21 

Clock 20 Cycle ADC80 Inhibit Opllonal 
Connection I 

External 19 

JL Clock ~5V 18 Conv Clock 20 

I Com Inhibit Digital 
Convert -= Common I Command 

FIGURE 6. Internal Clock-Normal 
Operating Mode. (Conversion 
initiated by the rising edge of 
the convert command. The 
internal clock runs only 
during conversion.) 

FIGURE 7. Continuous External Clock. (Conversion initiated by 
rising edge of convert command. The convert 
command must be synchronized with clock.) 

External 
Clock 

19 External Bit 11 28 
Clock 

ADC80 

Short 21 
Cycle 

Clock 20 
18 Conv Inhibit 

10-Blt 
Oper 

II 
I 
I 

Com -= 
Digital 

Common 

Digital 
Common 

+5V +5V 

2 t o 13 

CKR 

1 ~ 1/2 0 4 

74LS12 3 

+5V +5V 

200ns 

10 t 5 Jl... 18 Convert 
Q 

Command No 
Connection 

11 Necessary 
CLR 

Short 

"~ 9 + 1/2 Q 
12 ADCBO Cycle 

74LS123 Clock 20 
Inhibit 

22 
Status External 19 

Clock 

FIGURE 8. Continuous Conversion with 
External Clock. (Conversion is 
Initiated by 14th clock pulse. 
Clock runs continuously.) 

FIGURE 9. Continuous Conversion with 600ns between 
Conversions. (Circuit insures that conversion will start 
when power is applied.) 

TABLE IV. Screening Flow for ADC80AG-12Q. 
ENVIRONMENTAL SCREENING 

The inherent reliability of a semiconductor device is 
controlled by the design, materials, and fabrication of 
the device-it cannot be improved by testing. However, 
the use of environmental screening can eliminate the 
majority of those units which would fail early in their 
lifetimes (infant mortality) through the application of 
carefully selected accelerated stress levels. Burr-Brown Q 
models are environmentally screened versions of our 
standard industrial products, designed to provide 
enhanced reliability. The screening illustrated in Table 
IV is performed to selected methods of MIL-STD-883. 
Reference to these methods provides a convenient way 
of communicating the screening levels and basic pro
cedures employed; it does not imply conformance to any 
other military standards or to any methods of MIL
STD-883 other than those specified. Burr-Brown's 
detailed procedures may vary slightly, model-to-model, 
from those in MIL-STD-883. 

Burr-Brown Ie Data Book 9.1-27 

Screen 

Internal Visual 

High Temperature 
Storage 

(Stabilization Bake) 

Temperature Cycling 

Constant Acceleration 

Electrical Test 

Burn-In 

Hermetlclty 
Fine Leak 
Gross Leak 

Final Electrical 

Fmal Drift 

External Visual 

MIL-STD-883 
Method, Screening 

Condition Level 

Burr-Brown 
QC4118 

1008. C 24 hour, +150°C 

10tO. C 10 cycles, -65°C 
to +150°C 

2001. A 5000G 

Burr-Brown 
test procedure 

1015. B 160 hour, +125°C, 
steady-state 

1014. Alar A2 5 X 10-7 atm ccls 
1014. C bubble test only, 

precondillonlng omitted 

Burr-Brown 
test procedure 

Burr-Brown 
test procedure 

Burr-Brown 
QC5150 
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BURR-BROWN® 

IElElI ADC80H* 

AVAILABLE IN 
DIE FORM 

*Not Recommended for New Designs. Use ADC80AG. 

General Purpose 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• PIN-COMPATIBLE WITH INDUSTRY STANDARD ADCBo 
• <6oomW POWER DISSIPATION 
• 15psec CONVERSION TIME WITH EXTERNAL CLOCK 
• 25pSEC MAXIMUM CONVERSION TIME 
• ±0.012% INTEGRAL LINEARITY 
• 12-BIT RESOLUTION 
• FULLY SPECIFIED FOR OPERATION ON ±12V OR 

±15V SUPPLIES 
• NO MISSING CODES -25° C TO +85° C 
• PARALLEL AND SERIAL OUTPUTS 
• 32-PIN HERMETIC PACKAGE 

DESCRIPTION 
The ADC80H is a 12-bit successive-approximation 
analog-to-digital converter, utilizing state-of-the-art 
CMOS and laser-trimmed bipolar die custom de
signed for freedom from latch-up and optimum AC 
performance. It is complete with a comparator, a 
monolithic 12-bit DAC which includes a 6.3V refer
ence laser-trimmed for minimum temperature coeffi
cient, and a CMOS logic chip containing the succes
sive approximation register (SAR), clock, and all 
other associated logic functions. 

Internal scaling resistors are provided for the selec
tion of analog input signal ranges of ±2.SV, ±SV, 
±IOV, 0 to +SV, or 0 to +IOV. Gain and offset 
errors may be externally trimmed to zero, enabling 
initial end-point accuracies of better than ±O.OI2% 
(±1/2LSB). Like the industry standard ADC80, the 
ADC80H is completely specified for -2SoC to +8SOC 
operation. 

The maximum conversion time of 2SjLsec makes the 
ADC80H ideal for a wide range of 12-bit applica-

tions requiring system throughput sampling rates up 
to 40kHz. In addition, the ADC80H may be short
cycled for faster conversion speed with reduced reso
lution, and an external clock may be used to syn
chronize the converter to the system clock or to 
obtain higher-speed operation. 

Data is available in parallel and serial form with 
corresponding clock and status signals. All digital 
input and output signals are TTL/ LSTTL-compa
tible, with internal pull-up resistors included on all 
digital inputs to eliminate the need for external pull
up resistors on digital inputs not requiring connec
tion. The ADC80H operates equally well with either 
±ISV or ±12V analog power supplies, and also 
requires use of a +SV logic power supply. However, 
unlike other ADC80-type products, a +SV analog 
power supply is not required. It is packaged in a 
hermetic 32-pin side-brazed ceramic dual-in-line 
package. 

I~~~~;-----' 
EXT~~:~~o-___ ..., 
~~~~1-----' 

COMPARATOR 
IN 

20V RANGE o--~~~-+'" 

IOV RANGE 

BIPOLAR --.-,, __ -====1==:': __ 
OFFSET 0. REFERENCE OU I 

Inlernalional Airporllnduslrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. 16021 748·1111 . Twx: 910.952·1111· Cable: BBRCORP· Telex: 66·6491 

PDS·577B 
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SPECIFICATIONS 
ELECTRICAL 
T", = +2S0 C, ±Vcc = 12Vor 1SV, Voo = +sv unless otherWise speCified 

MODEL 

MIN TYP MAX UNITS 

RESOLUTION 12 B,1s 

INPUT 

ANALOG 
Voltage Ranges Unipolar Oto +5, Oto +10 V 

Bipolar ±2 5, ±5, ±10 V 
Impedance' ° to +5V, ±2 5V 23 kfl en ° to +10V, +5V 46 kfl 

±10V 92 kfl a: 
DIGITAL W 
Logic Characteristics (Over specification temperature range) I-

V'H (Logic "1 ") 2,0 5,5 V a: 
V" (Log'c "0") -0,3 +08 V W 
I,H (V'N = +2 7V) -150 /1A > I" (V'N =+OAV) 500 /1A Z 

Convert Command Pulse Width") 100 2000 nsec 0 
TRANSFER ... " .. " ..... , ""'" " ... " (.) 
ACCURACY Q Gain Error(2) ±01 ±0,3 % of FSRI31 

Offset Error(2J: Unipolar ±0,05 ±0,2 % of FSR C 
Bipolar ±0,1 ±0,3 % of FSR 

Linearity Error ±0,012 % of FSR Z 
Differential Linearity Error ±3/4 LSB 0 Inherent Quantization Error 1/2 LSB -
POWER SUPPLY SENSITIVITY E I +13,5V $ +Vee $ +16,5V or +11 ,4V $ +Vee $ +12,6V ±0,003 ±0,009 % of FSR/%Vee 
-16,5V $ -Vee $ -13,5V or -12,6V $ -Vee $ -11AV ±0,003 ±0,009 % of FSR/%Vee 
+4,5V $ Voo $ +5,5V ±0,002 ±0,O05 % of FSR/%Voo Z 
DRIFT W 
Total Accuracy, Bipolar'" ±10 ±23 ppm/'C :i 
Gain ±15 ±30 ppm/'C ~ 
Offset: Unipolar ±3 ppm of FSR/'C a: 

Bipolar ±7 ±15 ppm of FSR/'C t; Linearity Error Drift ±1 ±3 ppm of FSR/'C 
Differential Linearity over Temperature Range ±3/4 LSB 
No Missing Code Temperature Range -25 +85 'c ~ 

I Over Temperature Range Guaranteed 

yYn' .y,ITIME'" 15 22 25 /1sec 

OUTPUT 

DIGITAL(Bits 1-12, Clock Out, Status, Serial Out) 
Output Codes(6) 

Parallel. Unipolar CSB 
Bipolar COB, CTC 

Senal (NRZ)m CSB, COB 
Logic Levels' Logic 0 (Isonk::; 3.2mA) +0.4 V 

::E: Logic 1 (Isource::; SOpA) +2,4V V 
Internal Clock Frequency 545 kHz 0 
INTERNAL REFERENCE VOLTAGE 

CO 
(.) 

Voltage +62 +6,3 +64 Q 
Source Current Available for External Loads!81 200 fJA 
Temperature CoeffiCient ±10 ±30 ppmrc <C 
POWER SUPPLY REQUIREMENTS 
Voltage, ±Vcc ±114 ±15 ±165 V 

VDo +45 +50 +55 V 
Current, +Iee 5 8,5 mA 

-lee 21 26 mA 
100 11 15 mA 

Power DISSipation (±Vcc = 1SV) 450 595 mW 

TEMPERATURE RANGE (Amb,ent) 
SpecIfication -25 +85 'C 
Storage -65 +150 'C 
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NOTES (1) Accurate conversion will be obtained with any convert command pulse width of greater than 100nsec; however. It must be Ijmlted to 2psec 
(max) to assure the specified conversion time (2) Gain and offset errors are adjustable to zero See "Optional External Gain and Offset AdJustments" 
sectIon (3) FSA means Full-Scale Aange and IS 20V for ±10V range, 10V for ±5V and 0 10 +10V ranges, elc (4) Includes dnlt due 10 IIneanly, gaon, and 
offset drifts (5) ConverSion time IS specified USing Internal clock For operation With an external clock see "Clock Options" section ThiS converter may 
also be short~cycled to less than 12~blt resolution. for shorter conversion time. see "Short Cycle Feature" section (6) eSB means Complementary Straight 
Binary, COB means Complementary Offset Binary, and CTC means C'omplementary Two's Complement coding See Table I for additional ,lnforma~ 
tlon (7) NRZ means non~return~to-zero coding (8) External loading must be constant dUring converSion, and must not exceed 200pA for guaranteed 
speCification 

CONNECTION DIAGRAM 

PIn 1 -B116 
Pln2 -BIIS 
Pln3 -B114 
Pln4 -B113 
PInS -B112 
Pon 6 - BIt I (MSB) 
PIn 7 - N/C 
Pon 8 - BII I (MSB) 
PIn 9 - +SV Dlgllal Supply 
Pin 10 - Digital Common 
Pm 11 - Comparator In 
PIn 12 - BIpolar Offset 
PIn 13 - AI 10V Aange 
PIn 14 - A2 20V Aange 
Pin 15 - Analog Common 
PIn 16 - GaIn AdlUSI 

MECHANICAL 

.. 

I 

1---. 

11 1 

"J 

PIn 32- BI17 
PIn 31 - BI18 
PIn 30- BI19 
PIn 29 - BIt 10 
Pln28-Blll1 
PIn 27 - BIt 12 (LSB) 
PIn 26 - Senal Out 
PIn 25 - -Vee 
PIn 24 - Aef Oul (+6 3V) 
PIn 23 - Clock Oul 
PIn 22 - Slatus 
PIn 21 - Shorl Cycle 
PIn 20 - Clock Inhlbll 
PIn 19 - Exlernal Clock 
Pm 18 - Convert Command 
PIn 17 -+Vee 

Leads In true POSition 
wllh,n 010" ( 25MM) A 
at MMC al SeatIng Plane 

Pin numbers shown for 
reference only Numbers 
may not be marked on 
package 

SIR IS connected to 
PIn 10 

~t~~~:::;!IlIt~~~l~~ CASE CeramiC, hermetic I- MATING CONNECTOA 
~~~~~~~~~~~~ 2302MC 

WEIGHT 7 3gm (0260z) 
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TOP VIEW 

ABSOLUTE MAXIMUM RATINGS 

+Vee 10 Analog Common ....•.•..•..•.•.........••.. 0 10 +16 5V 
-Vee to Analog Common. . . . • . . . . . . . . . . . . . .. .... •. 0 to -16 5V 
Voo to Digital Common ........................... .... 0 to +7V 
Analog Common 10 DIgItal Common ..•....•.........•..•. ±O 5V 
LogIC Inpuls (Convert Command, Clock In) 

10 Dlgllal Common. . . . . . . . . . . . . .•• . . . • • . .. -0 3V to Voo +0 5V 
Analog Inpuls (Analog In, Bipolar Offsel) 

10 Analog Common •.••....•...••........•........•••• ±16 5V 
Reference Output. . . . . . . . . . . . . . . . .. Indefinite Short to Common, 

Momentary Short 10 Vee 
Power DISSipation. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. 1000mW 
Lead Temperature, Soldertng ..................... +300°C, 10sec 
Thermal ReSistance, BJA. • • • • • • • • • . • • • • • • • • • • • • • . • • • • • • •• 6O°C/W 
CAUTION These deVices are sensitive to electrostatic discharge 
Appropnate I C handling procedures should be followed 
Stresses above those hsted under "Absolute MaXimum Ratings" 
may cause permanent damage to the deVice Exposure to absolute 
maximum conditions for extended periods may affect deVice rella
blilly 

DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 
Linearity error is defined as the deviation of'actual code 
transition values from the ideal transition values. Under 
this definition of linearity (sometimes referred to as inte
gral linearity), 'ideal transition values lie on a line drawn 
through zero (or minus full scale for bipolar operation) 
and plus full scale, providing a significantly better defini
tion of converter accuracy than the best-straight-line-fit 
definition of linearity employed by some manufacturers. 
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The zero or minus full-scale value IS located at an analog 
input value 1/2LSB before the first code transition 
(FFFH to FFEH). The plus full-scale value is located at 
an analog value 3/2LSB beyond the last code transition 
(OOIH to OOOH). See Figure I which illustrates these rela
tionships. A linearity specification which guarantees 
±1/2LSB maximum linearity error assures the user that 
no code transition will differ from the ideal transition 
value by more than ±1/2LSB. 

... 7FOH 

~ = 
:: 7FFH +--------.-...... -----+--H = BOOH OFFSET : 

~ BOI H ::~FyS : : 

FFOHLZHE INE I I 
I I 

FFEH I I 
FFF I ~ MIDSCALE 

H I I I 
~I----~I+I--~II~~~+-~ 

1I2LSB.J ~ ZERO ..j ~ 3!2lSB 1----1 +FUll 
I : 1!2lSB : SCALE 

sri~~~ I- CALIBRATION TRANSITION .-:..: 

ANALOG INPUT 

FIGURE I. ADC80H Transfer Characteristic 
Terminology. 

CODE WIDTH (QUANTUM) 

Code width (or quantum) is defined as the range of 
analog input values for which a given output code will 
occur. The ideal code width is ILSB, which for 12-bit 
operation with a 20V span is equal to 4.88mV. Refer to 
Table I for LSB values for other ADC80H input ranges. 

DIFFERENTIAL LINEARITY ERROR AND NO 
MISSING CODES 

Differential linearity error is a definition of the differ
ence between an ideal ILSB code width (quantum) and 
the actual code width. A specification which guarantees 
no missing codes requires that every code combination 
appear in a monotonically increasing sequence as the 
analog input is increased throughout the range, requir
ing that every input quantum must have a finite width. If 
an input quantum has a value of zero (a differential 
linearity error of -ILSB), a missing code will occur but 
the converter may still be monotonic. Thus, no missing 
codes represent a more stringent definition of perfor
mance than does monotonicity. ADC80H is guaranteed 
to have no missing codes to 12-bit resolution over its full 
specification temperature range. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters have an inherent quantiza
tion error of ±1/2LSB. This error is a fundamental 
property of the quantization process and cannot be elim
inated. 

UNIPOLAR OFFSET ERROR 

An ADC80H connected for uniplolar operation has an 
analog input range of OV to plus full scale. The first 
output code transition should occur at an analog input 
value 1/2LSB above OV. Unipolar offset error is defined 
as the deviation of the actual transition value from the 

Thus, for a converter connected for bipolar operation 
and with a full-scale range (or span) of20V (±IOVopera
tion), the minus full-scale value of -IOV is 2.44mV 
below the first code transition (FFFH to FFEH at 
-9.99756V) and the plus full-scale value of +IOV is 
7.32mV above the last code transition (OOIH to OOOH at 
+9.99268V). Ideal transitions occur ILSB (4.88mV) 
apart, and the ±1/2LSB linearity specification guaran
tees that no actual transition will vary from the ideal by 
more than 2.44mV. The LSB weights, transition values, 
and code definitions for each possible ADC80H analog 
input signal range are described in Table I. 

ideal value, and is applicable only to converters operat-.. 
ing in the unipolar mode. • 

BIPOLAR OFFSET ERROR 

AI D converter specifications have historically defined 
bipolar offset at the first transition value above the 
minus full-scale value. The ADC80H follows this con
vention. Thus, bipolar offset error for the ADC80H is 

TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 

BInary (BIN) Output Input Voltage Range and LSB Values 

Analog Input Voltage Range Defined As ±10V ±SV ±2SV Oto+10V o to+SV 

Code DeSignation COB' orCTC" COB orCTC COBorCTC CSB'" CSB 

One Least Significant FSR/2" 20V/2" 10V/2" SV/2" 10V/2" SV/2" 
Bit (LSB) n=8 7813mV 3906mV 19 S3mV 3906mV 19 S3mV 

n = 10 19 S3mV 977mV 4.88mV 977mV 488mV 
n= 12 488mV 244mV 122mV 244mV 122mV 

Transition Values 
MSB LSB 
001 ... to 0001'1 +Full Scale +10V - 3/2LSB +SV- 3/2LSB +2 SV - 3/2LSB + 10V - 3/2LSB +SV - 3/2LSB 
800H to 7FFH Mid Scale 0 0 0 +SV +25V 
FFF ... to FFEH -Full Scale -10V + 1/2LSB -SV+ 1/2LSB -2 SV + 1/2LSB 0+ 1/2LSB 0+ 1/2LSB 

*COB = Complementary Offset Binary "GTC = Complementary Two's Complement-obtained by uSing the complement of the most 
h*CSB = Complementary Straight Btnary significant bit (MSB) MSB IS available on Pin 8 
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defined as the deviation of the actual transition value 
from the ideal transition value located 1/ 2LSB above 
qlinus full scale. 

GAIN ERROR 
The last output code transition (OOIH to OOOH) occurs for 
an analog input value 3/2LSB below the nominal plus 
full-scale value. Gain error is the deviation 'of the actual 
analog value at the last transition point from the ideal 
value. 

ACCURACY DRIFT VS TEMPERATURE 
The temperature coefficients for gain, unipolar offset, 
and bipolar offset specify the maximum change from the 
actual 2SoC value to the value at the extremes of the 
specification range. The temperature coefficient applies 
independently to the two halves of the temperature range 
above and below +2S°C. 

POWER SUPPLY SENSITIVITY 

Electrical specifications for the ADCSOH assume the 
application of the rated power supply voltages of+SV 
and ±12V or ±ISV. The major effect of power supply 
voltage deviations from the rated values will be a small 
change in the plus full-scale value. This change, of 
course, results in a proportional change in all code tran
sition values (i.e. a gain error). The specification describes 
the maximum change in the plus full-scale value from 
the initial value for independent changes in each power 
supply voltage. 

TIMING CONSIDERATIONS 
Timing'relationships of the ADCSOH are shown in Fig
ure 2. It should be noted that although the convert 
command pulse width must be between 100nsec and 
2ILsec to obtain the specific;d conversion time with inter
nal clock, the ADCSOH will accept longer convert com
mands with no loss of accuracy, assuming that the 
analog input signal is stable.ln this situation, the actual 
indicated conversion time (during which status is high) 
for 12-bit operation will be equal to approximately IlLsec 
less than the sum of the factory-set conversion time and 
the length of the convert command. The code returned 
by the converter at the end of the conversion will accu
rately represent the analog input to the converter at the 
time the convert command returns to the low state. In 
addition, although the initial state of the converter will 
be indeterminate when power is first applied, it is 
designed to time-out and be ready to accept a convert 
command within approximately 2S/Lsec after power-up, 
provided that either an external clock source is present 
or the internal clock is not inhibited. 

During conversion, the decision as to the proper state of 
any bit (bit "n '') is made on the rising edge of clock pulse 
"n + I". Thus, a complete conversion requires 13 clock 
pulses with the status output dropping from logic "I" to 
logic "0" shortly after the rising edge of the 13th 'c19ck 
pulse, and with valid output data ready to be read at that 
time. A new conversion may not be initiated until 

SOnsec after the fall of the last clock pulse (pulse 13 for 
12-bit operation). 
Additiorial convert commands applied during conver
sion will be illnored. 

~ 1-'" -j /- ... 
STATUS --.J 

BiT I 

8tH 

aIT3 

BIT 4 

: I ! 
lilT 12 

seRIAL 
DATA 

gaa -11--.., LJA 
OATAINVALla'BITIIBiTil8fT31.1f4IBIT5IaiTilaIT7'IIT"BtT"BIT1MBIT1U.I1I21 

Symbol' Paralll8l8r Typ. Unlll 

leo Clock dailY fralll conven CGlllllllnd 30 nBIC 
lep Nomlnll clICk plrlod f.65 plec 
lew Nomlnll clICk pul,a width 0.65 plac 
IsD SIIIO, dailY frolll coover! cDllllllnd 130 nne 
I. All bill FlBll dillY frolll convtn Cllllmand 65 nne 
IDv 0111 villd Ilml fralll clICk pulll hlah -35 nllc 

FIGURE 2. ADCSOH Timing Diagram (nominal values 
at +2SoC with internal clock). 

DEFINITION OF DIGITAL CODES 

Parallel Data 
Three binary codes are available on the ADCSOH paral
lel output; all three are complementary codes, meaning 
that logic "0" is true. The available codes are comple
mentary straight binary (CSB) for unipolar input signal 
ranges, and complementary offset binary (COB) and 
complementary two's complement (CTC) for bipolar 
input signal ranges. CTC coding is obtained by comple
menting bit I (the MSB) relative to its normal state for 
CSB or COB coding; the complement of bit I is available 
on pin S. 

Serial Data 
Two (complementary) straight binary codes are available 
on the serial output of the ADCSOH; as in the parallel 
case, they are CSB and COB. The serial data is available 
only during conversion and appears with the most signifi
cant bit (MSB) occurring first. The serial data is syn
chronous with the internal clock as shown in the timing 
diagram of Figure 2. The LSB and transition values of 
Table I also apply to the serial data output, except that 
the CTC code is not available. All clock pulses availablt! 
from the ADCSOH have equal pulse widths to facilitate 
transfer of the serial data into external logic devices 
without extc;.rnal shaping. 
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LAYOUT AND OPERATING 
INSTRUCTIONS 
LAYOUT PRECAUTIONS 

Analog and digital commons are not connected together 
internally in the ADC80H, but should be connected 
together as close to the unit as possible, preferably to an 
analog common ground plane beneath the converter. If 
these common lines must be run separately, use wide 
conductor pattern and a O.OI/olF to O.I/oIF nonpolarized 
bypass capacitor between analog and digital commons at 
the unit. Low impedance analog and digital common 
returns are essential for low noise performance. Cou
pling between analog input lines and digital lines should 
be minimized by careful layout. For instance, if the lines 
must cross, they should do so at right angles. Parallel 
analog and digital lines should be separated from each 
other by a pattern connected to common. If external 
gain and offset potentiometers are used, the potentiome
ters and associated resistors should be located as close to 
the ADC80H as possible. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with IIfF to IO/oIF 
tantalum bypass capacitors located close to the conver
ter to obtain noise-free operation. Noise on the power 
supply lines can degrade the converter's performance. 
Noise and spikes from a switching power supply are 
especially troublesome. 

ANALOG SIGNAL SOURCE IMPEDANCE 

The signal source supplying the analog input signal to 
the ADC80H will be driving into a nominal DC input 
impedance of 2.3kO to 9.2kO depending upon the range 
selected. However, the output impedance of the driving 
source should be very low, such as the output impedance 
provided by a wideband, fast-settling'operational ampli
fier. Transients in A / D input current are caused by the 
changes in output current of the internal D / A converter 
as it tests the various bits. The output voltage of the 
driving source must remain constant while furnishing 
these fast current changes. If the application requires a 
sample/hold, select a sample/hold with sufficient band
width to preserve the accuracy or use a separate wide
band buffer amplifier to lower the output impedance. 

INPUT SCALING 

The ADC80H offers five standard input ranges: OV to 
+5V, OV to +IOV, ±2.5V, ±5V, and ±IOV. The input 
range should be scaled as close to the maximum input 
signal range as possible in order to utilize the maximum 
signal resolution of the converter. Select the appropriate 
input range as indicated by Table II. The input circuit 
architecture is illustrated in Figure 3. Use of external 
padding resistors to modify the factory-set input ranges 
(such as addition of a small external input resistor to 
change the lOY range to a IO.24V range) will require 
matching of the eI!lternal fixed resistor values to individ
ual devices, due to the large tolerance of the internal 

input resistors. Alternatively, the gain range of the con
verter may easily be increased a small amount by use of a 
low temperature coefficient potentiometer in series with 
the analog input signal or by the decreasing the value of 
the gain adjust series resistor in Figure 5. 

TABLE II. ADC80H Input Scaling Connections. 

Input Connect 
Signal Output Pin 12 
Range Code To Pin 

±10V COBorCTC 11 
±5V COB or CTC 11 
±2,5V COBorCTC 11 
O10+5V CSB 15 
o to +10V CSB 15 

lOY RANBE 1::3--------, 
R2 

Connect 
Connect Input 

Pin 14 Signal 
To To 

Input S'gnal 14 
Open 13 
Pin ,1 13 
Pin 11 13 
Open 13 

20V RANGE ':"14:----.....,~--.... 
4.Bko RI 4.Bko 

COMP IN 

BIPOLAR 
OFFSET 
ANALOG 
COMMON 

11 FROM OIA CONVERTER 
TO 

>---~SAR 

~ 
~ V .. , 

FIGURE 3. ADC80H Input Scaling Circuit. 

CALIBRATION 

Optional External Gain And Offset Adjustments 
Gain and offset errors may be trimmed to zero using 
external offset and gain trim potentiometers connected 
to the ADC80H as shown in Figures 4 and 5 for both 
unipolar and bipolar operation. Multiturn potentiome
ters with lOOppm/oC or better TCR are recommended 
for minimum drift over temperature and time. These 

(AI (BI 

+Vcc +Vcc 

I.5MO- r 1.8Mo f'~n 11 180ko 180ko TO 11 • lOOkO ~ lOOkO 
OFFSET 

COMP IN 22ko- OFFSET COMP IN ADJUST 28kO ADJUST 
-Vee 

-Vee 

FIGURE 4. Two Methods of Connecting Optional 
Offset Adjust. 

(AI 
+vcc 

GAIN ADJUST 8.2Mo- f 10kO 
16 10MO TO 
~IOOkO 

~__ _ 1 GAIN 
._ .,..D.01/1f ADJUST 
.!L-.J -Vee 

ANALOG 
COMMON 

(BI 

16 270kO 27Oko 

,. ~O.oI"F 16.8k0-
!!..J ,i9.1kO 

+Vcc 

flOto 
TO 
lOOkO 
GAIN 
ADJUST 

-~ee 

FIGURE 5. Two Methods of Connecting Optional Gain 
Adjust. 
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pots may be of any value between IOkO and 100kO. All 
fixed resistors should be 20% carbon or better. Although 
not necessary in some applications, pin 16 (Gain Adjust) 
should be preferably bypassed with a O.OlJLF nonpolar
ized capacitor to analog common to minimize noise 
pickup at this high impedance point, even if no external 
adjustment is required. 

Adjustment Procedure 

OFFSET-Connect the offset potentiometer a~ shown 
in Figure 4. Set the input voltage to the nominal zero or 
minus full-scale voltage plus 1/2LSB. For example. refer
ring to Table I. this value is -lOY +2.44mV or -9.99756V 
for the -lOY to +IOV range. 
With the input voltage set as above. adjust the offset 
potentiometer until an output code is obtained which is 
alternating between FFEH and FFFH with approximately 
50% occurence of each of the two codes. In other words. 
the potentiometer is adjusted until bit 12 (the LSB) indi
cates a true (logic "0") condition approximately half the 
time. 
GAIN-Connect the gain adjust potentiometer as shown 
in Figure 5. Set the input voltage to the nom;nal plus 
full-scale value minus 3/2LSB. Once again referring to 
Table I, this value is +IOV -7.32mV or +9.99268V for 

the -lOY to +IOV range. Adjust the gain potentiometer 
until the output code is alternating between OOOH and 
OOIH with an approximate 50% duty cycle. As in the case 
of offset adjustment. this procedure sets the converter 
end-point transition to a precisely known value. 

CLOCK OPTIONS 

The ADC80H is extremely versatile in that it can be 
operated in several different modes with either internal 
or external clock. Most of these options can be imple
mented with inexpensive TTL logic as shown in Figures 
6 through 9. When operating with an external clock. the 
conversion time may be as short as l5JLsec (800kHz 
external clock frequency) with assured performance 
within specified limits. When operating with the internal 
clock. pin 19 (external clock input) and pin 20 (clock 
inhibit) may be left unconnected. No external pull-ups 
are required due to the inclusion of pull-up resistors in 
the ADC80H. Pin 20 (clock inhibit) must be grounded 
for use with an external clock, which is applied to pin 19. 

SHORT-CYCLE FEATURE 

A short-cycle input (pin 21) permits the conversion to be 
terminated after any number of desired bits has been 
converted. allowing shorter conversion times in applica-

JL 18 28 10·BIT 
~( EXTERNAL BIT II 28 10·BIT 

BIT II 
OPERATION 

CONVERT I, 
SHORT 21 COMMAND 
CYCLE 

AOC80H CLOCK 20 
INHIBIT OPTIONAL 

EXTERNAL 19 
CONNECTION 

CLOCK +5V 

FIGURE 6. Internal Clock-Normal 
Operating Mode. (Conversion 
initiated by the rising edge of 
the convert command. The 
internal clock runs only 
during conversion.) 

..IlSlJL 
EXTERNAL 
CLOCK 

19 EXTERNAL BIT II 28 
CLOCK 

AOC80H 

18 CONY. 
COM. 

SHORT 21 
CYCLE 

CLOCK 20 
INHIBIT 

IO·BIT 
OPER. 

I' I 
I 

DIGITAL 
COMMON 

DIGITAL 
COMMON 

FIGURE 8. Continuous Conversion with 
External Clock. (Conversion is 
initiated by 14th clock pulse. 
Clock runs continuously.) 
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; EXTERNAL CLOCK t OPERATION 
I CLOCK 

,. 
I 

AOCBOH I I 
22 

STATUS SHORT 21 
CYCLE 

I 

.JL 18 CONV. CLOCK 20 

I CONVERT COM. INHIBIT DIGITAL 

1 COMMAND 
~ COMMON 

FtGURE 7. Continuous External Clock. (Conversion initiated by 
rising edge of convert command. The convert 
command must be synchronized with clock.) 

+5V +5V +5V +5V 

2.2kO 33kO 2.2kO IOkO 

ZOOnsec 
Q 5 11. 18 CONVERT 

COMMAND 

3 CLR 

I t 112 ij 4 
74LSI23 

II CLR 

9 tll2 Q 12 

74LSI23 

AOC80H 

L--------------.!:.22"fSTATUS 

NO 
CONNECTION 
NECESSARY 

SHORT 21 ~ CYCLE 

CLOCK 20 
INHIBIT 

EXTERNAL 19 
CLOCK 

FIGURE 9. Continuous Conversion with 600nsec between 
Conversions. (Circuit insures that conversion will start 
when power is applied.) 
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tions not requiring full 12-bit resolution. In these situa
tions, the short-cycle pin should be connected to the bit 
output pin of the next bit after the desired resolution. 
For example, when IO-bit resolution is desired, pin 21 is 
connected to pin 28 (bit II). In this example, the conver
sion cycle terminates and status is reset after the bit 10 
decision. Short-cycle pin connections and associated 
maximum 12-, 10-, and 8-bit conversion times (with 
internal clock) are shown in Table III. Also shown are 
recommended minimum conversion times (external 
clock) for these conversion lengths to obtain the stated 
accuracies. The ADC80H is not factory-tested for these 
external clock conversion speeds and the product is not 
guaranteed to achieve the stated accuracies under these 
operating conditions; the recommended values are offered 
as an aid to the user. 

TABLE III. Short-Cycle Connections and Conversion 
Times for 8-, 10-, and 12-Bit Resolutions
ADC80H. 

Resolution (Blh) 12 10 a 
Connect Pin 21 to Pm 90r NC PIn 28 PIn 30 

Maximum Conversion TlmeclI 

Internal Clock (poec) 25 22 18 

MInimum ConverSion Timan, 
External Clock (poec) 15 13 10 

Maximum lIneanty Error 
At +25'C (% 01 FSR) 0012 0048 020 

NOTE (1) Conversion time to maintain ±1I2LSB Iineanty error 

ENVIRONMENTAL SCREENING 

The inherent reliability of a semiconductor device is con
trolled by the design, materials, and fabrication of the 
device-it cannot be improved by testing. However, the 
use of environmental screening can eliminate the major
ity of those units which would fail early in their lifetimes 
(infant mortality) through the application of carefully 
selected accelerated stress levels. Burr-Brown Q models 
are environmentally screened versions of our standard 
industrial products, designed to provide enhanced relia
bility. The screening illustrated in Table IV is performed 

to selected methods of MIL-STD-883. Reference to 
these methods provides a convenient way of communi
cating the screening levels and basic proced ures em
ployed; it does not imply conformance to any other mil
itary standards or to any methods of MIL-STD-883 
other than those specified. Burr-Brown's detailed proce
dures may vary slightly, model-to-model, from those in 
MIL-STD-883. 

TABLE IV. Screening Flow for ADC80H-AH-12Q 

MIL-ITD-aa3 
Method, Screening 

, 

Screen Condilion Lev.1 

Internal Visual Burr-Brown 
QC4118 

HIgh Temperature 
Storage 1008. C 24 hour. +150'C 

(StabIlizatIon Bake) 

Temperature Cycling 1010, C 10 cycles. -65'C 
to +150'C 

Constant Acceleration 2001. A 5000G 

Electrical Test Burr-Brown 
test procedure 

Burn-In 1015. B 160 hour, +125°C, 
steady-state 

Hermetlclty 
Fine Leak 1014, AI or {l\2 5 X 10-7 atm cc/sec 
Gross Leak 1014, C bubble test only, 

preconditiOning omitted 

Final Electrical Burr-Brown 
test procedure 

FmalDnft Burr-Brown 
test procedure 

External Visual Burr-Brown 
QC5150 
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BURR-BROWN@ 

IElElI ADC80MAH-12 

AVAILABLE IN 
DIE FORM 

Monolithic 12-Bit 
ANALOG-TO~DIGITAL CONVERTER 

FEATURES 
• INDUSTRY-STANDARD 12-BIT ADC 
• MONOLITHIC CONSTRUCTION 
• LOW COST 
• ±O.012% LINEARITY 
• 25ps MAX CONVERSION TIME 
• ±12V or ±15V OPERATION 
• NO MISSING CODES -25°C to +B5°C 
• HERMETIC 32-PIN PACKAGE 
• PARALLEL OR SERIAL OUTPUTS 
• 705mW MAX DISSIPATION 

DESCRIPTION 
The ADC80MAH-12 is a 12-bit single-chip successive
approximation analog-to-digital converter for low 
cost converter applications. It is complete with a 
comparator, a 12-bit DAC which includes a 6.3V 
reference laser-trimmed for minimum temperature 
coefficient, a successive approximation register 
(SAR), clock, and all other associated logic func
tions. 

Internal scaling resistors are provided for the 
selection of analog input signal ranges of ±2.SV, 
±SV, ±lOV, 0 to +SV, or 0 to + IOV. Gain and offset 
errors may be externally trimmed to zero, enabling 
initial end-point accuracies of better than ±O.l2% 
(±lj2LSB). 

The maximum conversion time of 2Sj.ls makes the 
ADC80MAH-12 ideal for a wide range of 12-bit 
applications requiring system throughput sampling 
rates up to 40kHz. In addition, this AjD converter 
may be short-cycled for faster conversion speed with 

reduced resolution, and an external clock may be 
used to synchronize the converter to the system clock 
or to obtain higher-speed operation. The convert 
command circuits have been redesigned to allow 
simplified free-running operation with internal or 
external clock. 

Data is available in parallel and serial form with 
corresponding clock and status signals. All digital 
input and output signals are TTLjLSTTL-compa
tible, with internal pull-up resistors included on all 
digital inputs to eliminate the need for external pull
up resistors on digital inputs not requiring connec
tion. The ADC80MAH-12 operates equally well 
with either ±ISV or ±12V analog power supplies, 
and also requires use of a +SV logic power supply. 
However, unlike many ADC80-type products, a 
+SV analog power supply is not required. It is 
packaged in a hermetic 32-pin side-brazed ceramic 
dual-in-Iine package. 

Clock 
Inhibit o-----~ 

EX~;:':~ 0------, 

g~~~ 0-----, 
Comparator' 0---.., 

In 
20V RangeC>-"""""..-+-['" 

10V Range 

Bit~:; O----....... ------1o----Ref-e-r-en-Oce Out 

Inlernational Alrporllndustrlal Par'· P.O. Box 11400· Tuclon. Arizona 85734· TIl. (602) 74B·1111 . Twx: 911J.952·1111 . Cable: BBRCORP· Telex. 66-6491 

PDS.@4A 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C, ±Vcc = 12V or 15V, Voo = +SV unless otherwise specIfied 

MODEL ADC8OMAH-12 

MIN TYP MAX UNITS 

RESOLUTION 12 Bits 

INPUT 

ANALOG 
Voltage Ranges Unipolar o to +5, 0 to +10 V 

Bipolar ±2 5, ±5, ±10 V 
Impedance o to +5V, ±2 5V 245 25 255 kO 

o to +10V, ±5V 49 5 51 kO 
±10V 98 10 102 kO 

DIGITAL 
Logic Characteristics (Over specification temperature range) 

V,_ (Logic "1") 20 55 V 
V" (Logic "0") -03 +08 V 
1,_ (VIN ~ +2 7V) 20 fJA 
1" (V'N ~ +0 4V) -20 fJA 

Convert Command Pulse Wldth(1) 100ns 20 fJs 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain Error l2 ) ±O 1 ±03 % of FSRI31 

Offset Errorl2J Unipolar ±005 ±O2 % of FSR 
Bipolar ±O 1 ±03 % of FSR 

linearity Error ±0012 % of FSR 

Differential Llneanty Error ±1/2 ±3/4 LSB 
Inherent Quantization Error ±1/2 LSB 

POWER SUPPLY SENSITIVITY 
114V';±Vee';165V ±O 003 ±O 009 % of FSR/%Vcc 
+4 5V :s; Voo :::; +55V ±O 002 ±0005 % of FSR/%Voo 

DRIFT 
Total Accuracy, BipOlarl41 ±10 ±23 ppm/oC 
Gain ±15 ±30 ppm/oC 
Offset Unipolar ±3 ppm of FSR/oC 

Bipolar ±7 ±15 ppm of FSR/oC 
linearity Error Dnft ±1 ±3 ppm of FSR;oC 
Differential Llneanty over Temperature Range ±3/4 LSB 
No MISSing Code Temperature Range -25 +85 °C 
Monotonlclty Over Temperature Range Guaranteed 

CONVERSlON TIME'" 22 25 fJS 

OUTPUT 

DIGITAL (Bits H2, Clock Out, Status, Senal Out) 
Output Codes(SI 

Parallel Untpolar CSB 
Bipolar COB, CTC 

Senal (NRZ)m CSB, COB 
LogiC Levels LogiC 0 (ISINK:5 32mA) +04 V 

LogiC 1 (lSOURCE:5 BOpA) +24 V 
Internal Clock Frequency 520 kHz 

INTERNAL REFERENCE VOLTAGE 
Voltage +620 +63 +640 V 
Source Current Available for External Loads(81 200 fJA 
Temperature Coefficient ±10 ±30 ppm/oC 

POWER SUPPLY REQUIREMENTS 
Rated Supply Voltages +5, ±12 or ±15 V 
Supply Ranges ±Vcc ±114 ±165 V 

Voo +4.5 +55 V 
Supply Drain +Iee (+Vee ~ 15V) 85 11 mA 

-Icc (-Vce = 15V) 21 24 mA 
100 (Vee ~ 5V) 30 36 mA 

Power DISsipation (±Vcc = 15V, Voo = 5V) 593 705 mW 
Thermal Resistance, 8JA 50 'C/W 

TEMPERATURE RANGE (Ambient) 
Specification -25 +85 °c 
Operating (derated specs) -55 +125 'c 
Storage -65 +150 'c 

NOTES: (1) Accurate conversion will be obtained with any convert command pulse width of greater than 100ns, however, It must 
be limited to 20ps (max) to assu're the specified conversion time. (2) Gain and offset errors are adjustable to zero See "Optional 
External Gain and Offset Adjustment" seclion. (3) FSR means Full-Scale Range and IS 20V for ±10V range, 10V for ±5V and 0 to 
+10V ranges, etc (4) Includes dnft due to linearity, gain, and offset drifts (5) Conversion time IS specified using Internal clock 
For operation with an external clock see "Clock Options" section. This converter may also be short-cycled to less than 12-blt 
resolution for shorter conversloh time, see "Short Cycle Feature" section (6) CSB means Complementary Straight Binary, COB 
means Complementary Offset Binary, and CTC means Complementary Two's Complement coding See Table I for additional 
Information (7) NRZ means Non-Return-to-Zero coding (B) External loadmg must be constant dunng converSion, and must 
not exceed 200p";-' for guaranteed specificatIOn 

Burr-Brown Ie Data Book 9.1-37 Vol. 33 

en 
a: w 
I
a: 
W 
> 
Z 
o 
(,) 

o 
<c 
z o 
~ 
I
Z w 
:E 
:::> 
a: 
~ z -.. 
N ,.. 

I 

::c 
<C 
:E 
~ 
(.) 
Q 
<C 



CONNECTION DIAGRAM 

Top View 

Pml Blt6 Pm 32 Blt7 
Pin 2 Blt5 Pm 31 Blt8 
Pm 3 Blt4 Pin 30 Blt9 
Pm 4 Blt3 Pin 29 Bit 10 (LSB-l0 Bits) 
Pm 5 Bit 2 Pm 28 Bltll 
Pin 6 Bit 1 (MSB) Pin 27 Bit 12 (LSB-12 Bits) 
Pin 7 N/C' Pin 26 SenalOut 
Pin 8 Bltl (MSB) Pin 25 -Vee 
Pin 9 +5V Digital Supply Pin 24 Reference Out (+6 3V) 
Pin 10 Digital Common 
Pin 11 Comparator In 
Pin 12 Bipolar Offset 
Pm 13 R110V Range 
Pin 14 R2 20V Range 
Pin 15 Analog Common 
Pin 16 Gam Adjust 

. +5V applied to pin 7 has 
no effect on CirCUit 

MECHANICAL 

~--A--~I 
I 

----r 
~ 

, I 
I 

Pin 23 Clock Out 
Pin 22 Status 
Pin 21 Short Cycle 
Pin 20 Clock Inhibit 
Pin 19 External Clock 
Pin 18 Convert Command 
Pin 17 +Vcc 

) I 

I 
B 

Leads In true position 
within 010" ( 25mm) R 
at MMC at seating plane 

I Seal nng IS connected 

_~ __ ~,.-..Ji~ to Pin 15 

t Pin 15 

I 

~ 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1584 1616 4023 4105 
8 885 905 2248 2299 
C 124 166 315 422 
D 016 020 041 051 
F 045 055 114 140 
G 100 BASIC 254 BASIC 
J 009 012 023 030 
K 165 175 419 445 
L 900 BASIC 2286 BASIC 
N 040 000 102 152 

ORDERING INFORMATION 

Model Reiglr.t!on 

ADC80MAH-12 12 
ADC80MAH-12/QM'" 12 
BURN-IN SCREENING OPTION 

Burn-In Temp. 
Model f160hl'" 

ADC80MAH-12-BI I +12S'C 
NOTE (1) Environmental Screenmg, see 

Table IV (2) Or eqUIvalent See text 

Burr-Brown Ie Data Book 

CASE Ceramic, hermetic 
MATING CON-

NECTOR 2302MC 
WEIGHT 8 4gm (0290z) 

ABSOLUTE MAXIMUM RATINGS 

+Vcc to Analog Common. 
~Vcc to Analog Common 
VOD to Digital Common, . 
Analog Common to Digital Common 

Oto+165V 
o to -16 5V 

o to +7V 
.,. ±OSV 

Logic Inputs (Convert Command, Clock In) 
to Digital Common .. ,. -0 3V to +Vcc 

Analog Inputs (Analog In, Bipolar Offset) 
to Analog Common . 

Reference Output. 

Lead Temperature, Soldenng . 
Maximum Junction Temperature 

. .... ±165V 
Indefinite Short to Common, 

Momentary Short to Vee 
+300'C, lOs 

+160'C 

CAUTION These devices are senSitIVe to electrostatic discharge. 
Appropriate I C handling procedures should be followed 

Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device Exposure to absolute maxI
mum conditions for extended penods may affect device reliability 

TYPICAL PERFORMANCE 
CURVES 

9.1-38 

01 
008 
006 

(p 1 004 
0. " ~> e!:: 002 
wo> 
ex: ~ 00 
ff?.:g 000 
o~ 000 
'" 0 0004 
o <f-

1 
8 
6 

0002 

000 1 
1 

POWER SUPPLY REJECTION 
VS POWER SUPPLY RIPPLE FREQUENCY 

-Vcc ........ / +Vcc~ 

/ 
~"' +5V Supply 

10 100 1k 10k lOOk 
Frequency (Hz) 
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·Converslon Time can be further reduced by uSing Short-Cycle feature 

DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Under 
this definition of linearity (sometimes referred to as 
integral linearity), ideal transition values lie on a line 
drawn through zero (or minus full scale for bipolar 
operation) and plus full scale, providing a significantly 
better definition of converter accuracy than the best
straight-line-fit definition of linearity employed by some 
manufacturers. 

:; 
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The zero or minus full-scale value is located at an analog 
input value Ij 2LSB before the first code transition 
(FFFH to FFEH). The plus full-scale value is located at 
an analog value 3j2LSB beyond the last code transition 
(OOIH to OOOH). See Figure I which illustrates these 
relationships. A linearity specification which guarantees 
±lj2LSB maximum linearity error assures the user that 
no code transition will differ from the ideal transition 
value by more than ±lj2LSB. 

Thus, for a converter connected for bipolar operation 
and with a full-scale range (or span) of 20V (±IOV 
operation), the minus full-scale value of - IOV is 2.44mV 
below the first code transition (FFFH to FFEH at 
-9.99756V) and the plus full-scale value of +IOV is 
7.32mV above the last code transition (OOIH to OOOH at 

+9.9926SV). Ideal transitions occur ILSB (4.SSmV) apart, _ 
and the ±lj2LSB linearity specification guarantees that 
no actual transition will vary from the ideal by more 
than 2.44mV. The LSB weights, transition values, and 
code definitions for each possible ADCSO analog input 
signal range are described in Table I. 

TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 

Binary Output Input Voltage Range and LSB Values 

Analog Input Voltage Range Def,"ed As ±10V ±5V ±25V Oto +10V Oto +5V 

Code DeSignation co ell I or CTC l21 COB or CTC COB or CTC CSBI3J CSB 

One Least Significant FSR/2" 20Vl2" 10Vl2" 5V12" 10Vl2" 5V12" 
Bit (LSB) n;8 78.13mV 3906mV 1953mV 3906mV 1953mV 

n; 10 1953mV 977mV 4.88mV 9.77mV 488mV 
n; 12 4.88mV 244mV 1.22mV 244mV 122mV 

Transition Values 
MSB LSB 
001H to OooH + Full Scale +10V - 3/2LSB +5V - 3/2LSB +2 5V - 3/2LSB +10V - 3/2LSB +5V - 3/2LSB 
800H to 7FFH Midscale 0 0 O' +5V +25V 
FFFH to FFEH - Full Scale -10V + 1I2LSB -5V + 1/2LSB -2 5V + 1I2LSB 0+ 1I2LSB 0+ 1I2LSB 

NOTES (1) COB; Complementary Offset B,"ary (2) GTC ; Complementary Two's Complement-obtained by using the complement of the most 
signoficant bit (MSB) MSB IS available on,pln 8 (3) CSB; Complementary Straight B,"ary 
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CODE WIDTH (QUANTUM) 

Code width (or quantum) is defined as the range of 
analog input values for which a given output code will 
occur. The ideal code width is ILSB, which for 12-bit 
operation with a 20V span is equal to 4.SSmV. Refer to 
Table I for LSB values for other ADCSO input ranges. 

DIFFERENTIAL LINEARITY ERROR AND NO 
MISSING CODES 

Differential linearity error is the difference between an 
ideal ILSB code width (qu~ntum) and the actual code 
width. A specification which guarantees no missing 
codes requires that every code combination appear in a 
monotonically increasing sequence as the analog input is 
increased throughout the range, requiring that every 
input quantum must have a finite width. If an input 
quantum has a value of zero (a differential linearity error 
of -I LSB), a missing code will occur but the converter 
may still be monotonic. Thus, no missing codes represent 
a more stringent definition of performance than does 
monotonicity. ADCSO is guaranteed to have no missing 
codes to 12-bit resolution over its full specification 
temperature range. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters have an inherent quantiza
tion error of ±1/2LSB. This error is a fundamental 
property of the quantization process and cannot be 
eliminated. 

UNIPOLAR OFFSET ERROR 

An ADCSO connected for unipolar operation has an 
analog input range of OV to plus full scale. The first 
output code transition should occur at an analog input 
value 1/2LSB above OV. Unipolar offset error is defined 
as the deviation of the actual transition value from the 
ideal value, and is applicable only to converters operating 
in the unipolar mode. 

BIPOLAR OFFSET ERROR 

AI D converter specifications have historically defined 
bipolar offset at the first transition value above the 
minus full-scale value. The ADCSO follows this conven
tion. Thus, bipolar offset error for the ADCSO is defined 
as the deviation of the actual transition value from the 
ideal transition value located I I 2LSB above minus full 
scale. 

GAIN ERROR 

The last output code transition (OOIH to OOOH) occurs for 
an analog input value 3/2LSB below the nominal plus 
full-scale value. Gain error is the deviation of the actual 
analog value at the last transition point from the ideal 
value. 

ACCURACY DRIFT VS TEMPERATURE 

The temperature coefficients for gain, unipolar offset, 
and bipolar offset specify the maximum change from the 

actual 25°C value to the value at the extremes of the 
Specification temperature range. The temperature coeffi
cient applies independently to the two halves of the 
temperature range above and below +25°C. 

POWER SUPPLY SENSITIVITY 

Electrical specifications for the ADCSO assume the 
application, of the rated power supply voltages of +5V 
and ±12V or ±15V. The major effect of power supply 
voltage deviations from the rated values will be a small 
change in the plus full-scale value. This change, of 
course, results in a 'proportional change in all code 
transition values (i.e., a gain error). The specification 
describes the maximum change in the plus full-scale 
value from the initial value for independent changes in 
each power supply voltage. 

TIMING CONSIDERATIONS 

Timing relationships of the ADCSO are shown in Figure 2. 

During conversion, the decision as to the proper state of 
any bit (bit "n") is made on the rising edge of clock pulse 
"n + I". Thus, a complete conversion requires 13 clock 
pulses with the status output dropping from logic "I" to 
logic "0" shortly after the falling edge of the 13th clock 
pulse, and with valid output data ready to be read at that 
time. 
Additional convert commands applied during conversion 
will be ignored. 

Status remains high until after the falling edge of the 13th 
clock pulse. This allows direct use of status for latching 
parallel data. ' 

oj r-tso --I r. tcp 

Status .....J 

-I I-t, 
Bit 1 W?a M ,v4?&i%i&'% 

I I 
8it2 ~ v£4j uk ??}@/&ZJ'~ 

I I 
Blt3 ~ WJ01eZ? _ 

I I 
Bit4i2li1 ~ 

: I I 
BIt 12 %QJ L.fl 
So erial Data In:a:t:~~16,t 21 Bit 31 Bit 41 B,I 51 Bit 61 Bit 71 B,t a I S,t 9 I B,t 101 Bit 1118>1 121 

ata 

Symbol Parameter Typ. Units 

tco Clock delay from convert command 153 ns 
Ice Nominal clock penod 181 ps 
tcw Nommal clock pulse Width 087 ps 
tso Status delay from convert command 186 ns 
t, All bits reset delay from convert command 141 ns 
tov Data valid time from clock pulse high -15 ns 

FIGURE 2. Timing Diagram (nominal values at +25°C 
with internal clock). ' 
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DEFINITION OF DIGITAL CODES 

Parallel Data 
Three binary codes are available on the ADC80 parallel 
output; all three are complementary codes, meaning that 
logic "0" is true. The available codes are complementary 
straight binary (CSB) for unipolar input signal ranges, 
and complementary offset binary (COB) and comple
mentary two's complement (CTC) for bipolar input 
signal ranges. CTC coding is obtained by complementing 
bit I (the MSB) relative to its normal state for CSB or 
COB coding; the complement of bit I is available on pin 8. 

Serial Data 
Two (complementary) straight binary codes are available 
on the serial output of the ADC80; as in the parallel 
case, they are CSB and COB. The serial data is available 
only during conversion and appears with the most 
significant bit (MSB) occurring first. The serial data is 
synchronous with the internal clock as shown in the 
timing diagram of Figure 2. The LSB and transition 
values of Table I also apply to the serial data output, 
except that the CTC code is not available. All clock 
pulses available from the ADC80 have equal pulse 
widths to facilitate transfer of the serial data into 
external logic devices without external shaping. 

LAYOUT AND OPERATING 
INSTRUCTIONS 
LAYOUT PRECAUTIONS 

Analog and digital commons are not connected together 
internally in the ADC80, but should be connected 
together as close to the unit as possible, preferably to an 
analog common ground plane beneath the converter. If 
these common lines must be run separately, use wide 
conductor pattern and a O.OI/LF to O.l/LF nonpolarized 
bypass capacitor between analog and digital commons at 
the unit. Low impedance analog and digital common 
returns are essential for low noise performance. Coupling 
between analog input lines and digital lines should be 
minimized by careful layout. For instance, if the lines 
must cross, they' should do so at right angles. Parallel 
analog and digita1 lines should be separated from each 
other by a pattern connected to common. If external 
gain and offset potentiometers are used, the poten
tiometers and associated resistors should be located as 
close to the ADC80 as possibly. Capacitive loading on 
comparator and input pins should be kept to a minimum 
to maintain converter performance. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with I/LF to IO/LF 
tantalum bypass capacitors located close to the converter 
to obtain noise-free operation. Noise on the power 
supply lines can degrade the converter's performance. 
Noise and spikes from a switching power supply are 
especially troublesome. 

ANALOG SIGNAL SOURCE IMPEDANCE 

The signal source supplying the, analog input signal to 
the ADC80 will be driving into a nominal DC input 
impedance of 2.3kO to 9.2kO depending upon the range 
selected. However, the output impedance of the driving 
source should be very low, such aS,the output impedance 
provided by a wideband;fast-settling operational ampli
fier. Transients in A/ D input current are caused by the 
changes in output current of the internal D / A converter 
as it tests the various bits. The output voltage of the 
driving source must remain constant while furnishing 
these fast current changes. If the application requires a 
sample/hold, select a sample/hold with sufficient band
width to preserve the accuracy or use a separate wide band 
buffer amplifier to lower the output impedance. 

INPUT SCALING 

The ADC80 offers five standard input ranges: OV to 
+5V, OV to +IOV, ±2.5V, ±5V, and ±IOV. The input 
range should be scaled as close to the maximum input 
signal range as possible in order to utilize the maximum 
signal resolution of the converter. Select the appropriate 
input range as indicated by Table II. The input circuit 
architecture is illustrated in Figure 3. External padding 
resistors can be added to modify the factory-set input, 
ranges (such as addition of a'small external input resistor 
to change the IOV range to a 1O.24V range). Alternatively, 
the gain range of the converter may easily be increased a 
small amount by use of a low temperature coefficient 
potentiometer in series with the analog input signal or by 
decreasing the value of the gain adjust series resistor in 
Figure 5. 

TABLE II. Input Scaling Connections. 

Connect 
Input Connect Connect Input 
Signal' Output Pin 12 Pin 14 Signal 
Range Code To Pin To To 

±10V COB orCTC 11 Input Signal 14 
±54V COB orCTC 11 Open 13 
±25V COB orCTC 11 Pin 11 13 
o to +5V CSB 15 P.n 11 13 
o to +10V CSB 15 Open 13 

10V Range -:"13::--------, 

R2 
20V Range -,-,----....,.,,.,-.--... 

14 5kO 
RISkO 

Comp In~I-1------+-~~I~ ~ ____ To 

BIpolar ..... SAR 
Offset 12 6'3kOt 
6~~~on 15:J.... VREF 

or 

FIGURE 3. Input Scaling Circuit. 
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CALIBRATION 

Optional External Gain And Offset Adjustments 
Gain and offset errors may be trimmed to zero using 
external offset and gain trim potentiometers connected 
to the ADC80 as shown in Figures 4 and 5 for both 
unipolar and bipolar operation. Multiturn potentiometers 
with 100ppm/oC or better TCR are recommended for 
minimum drift over temperature and time. These pots 
may be of any value between IOkO and 100kO. All fixed 
resistors should be 20% carbon or better. Although not 
necessary in some applications, pin 16 (Gain Adjust) 
;hould be preferably bypassed with aO.OlI-tF nonpolarized 
capacitor to analog common·to minimize noise pickup at 
this high impedance point, even if no external adjustment 
is required. 

(A) (B) 

+Vcc 
+Vcc 

15MOto 

f '"",' 11 18MO 11 180kO 180kO f '""" 'N¥ 100kO 100kO 
Offset Offset Comp In Adjust Comp I~ 122kOto Adjust 28kO 

-Vee -Vee 

FIGURE 4. Two Methods of Connecting Optional 
Offset Adjust. 

(A) (B) 

-rVcc +Vcc 

,,,' '''"'' """0 t 16 10MO 10kO to 16 270kO 270kO 10kO to 
~ 100kO 

Jo01/lI68kOto 

100kO 
Gam Gain 

o O1/1F Adjust Adlust 

~ 15 91kO 

Analog -Vee "':'" -Vee 
Common 

FIGURE 5. Two Methods of Connecting Optional Gain 
Adjust. 

Adjustment Procedure 
OFFSET ~Connect the offset potentiometer as shown 
in Figure 4. Set the input voltage to the nominal zero or 
minus full-scale voltage plus 1/2LSB. For example, 
referring to Table I, this value is -IOV +2.44mV or 
-9.99756V for the -IOV to +IOV range. 

With the input voltage set as above, adjust the offset 
potentiometer until an output code is obtained which is 
alternating between FFEH and FFFH with approximately 
50% occurrence of each of the two codes. In other words, 
the potentiometer is adjusted until bit 12 (the LSB) 
indicates a true (logic "0") condition approximately half 
the time. 

GAIN~Connect the gain adjust potentiometer as shown 
in Figure 5. Set the input voltage to the nominal plus 
full-scale value minus 3/2LSB. Once again referring to 
Table I, this value is +IOV -7.32mV or +9.99268V for 
the -lOY to + IOV range. Adjust the gain potentiometer 

until the output code is alternating between OOOH and 
OOIH with an approximate 50% duty cycle. As in the ca,e 
of offset adjustment, this procedure sets the converter 
end-point transitions to a precisely known value. 

CLOCK OPTIONS AND SHORT CYCLE FEATURE 

The ADC80 is extremely versatile in that it can be 
operated in several different modes with either internal 
or external clock. Most of these options can be imple
mented with inexpensive TTL logic as shown in Figures 
6 through 9. Pin 20 (clock inhibit) must be grounded for 
use with an external clock, which is applied to pin 19. 

A short-cycle input (pin 21) permits the conversion to be 
terminated after any number of desired bits has been 
converted, allowing shorter conversion times in applica
tions not requiring full 12-bit resolution. In these situa
tions, the short-cycle pin should be connected to the bit 
output pin of the next bit after the desired resolution. 
For example, when IO-bit resolution is desired, pin 21 is 
connected to pin 28 (bit Il). In this example, the 
conversion cycle terminates and status is reset after the 
bit 10 decision. Short-cycle pin connections and associ
ated maximum 12-, 10-, and 8-bit conversion times (with 
internal clock) are shown in Table Ill. Shorter conversion 
times are possible with an external clock applied to pin 
19. With increasing clock speed, linearity performance 
will begin to degrade as indicated in the Typical Perfor
mance Curves. These curves should be used only as 
guidelines because guaranteed performance is specified 
and tested only with the internal clock. 

TABLE Ill. Short-Cycle Connections and Conversion 
Times for 8-, 10-, and 12-Bit Resolutions~ 
ADC80MAH-12. 

Resolution (Bils) 12 10 8 

Connect pm 21 to Pm 9 or NC Pin 28 Pin 30 

MaXimum Conversion TlmefH 

. Internal Clock (/Is) 25 22 18 

MaXimum linearity Error 
at +2S'C (% of FSR) 0012 0048 020 

NOTE (1) ConverSion time to mamtaln ±1/2LSB Imeanty error 

External 
Clock 

19 External 
Clock 

Bit 11 28 10-Bit 
,Operation 

I 

ADC80 

Short 21 
Cycle 

Clock 20 

I 

18 Conv Inhibit 

Digital 
Common 

Com ":" 
Digital 

Common 

FIGURE 6. Continuous Conversion with External 
Clock. (Conversion is initiated by 14th 
clock pUlse. Clock runs continuously.) 
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e---!! Convert 
No 

+5V 
Command 

Connection 
Jl 18 

Blt11 
28 10-Blt 

Operation 
Necessary Convert I' 

Command 21 

Short 

~}J 
q, 

'ADC80 Cycle 

Clock 
Inhibit 

External ~, 

Short 
Cycle 

ADC80 
Clock 20 
Inhibit Optional 

Connection 
External 19 
Clock +5V 

Clock 

FIGURE 7. Contmuous ConverslOn. FIGURE 8. Internal Clock-Normal Operating Mode. 
(Conversion initiated by the rising edge of 
the convert command. The internal clock 
runs only during conversion.) 

External Bit 11 28 10-Blt 
Clock Operation 

1/ 
ADC80 I 

'-------"-1 Status Short 21 
Cycle 

18 Conv Clock 20 ----------..:.:::.t Com Inhibit Digital 
"":' Common 

FIGURE 9. Continuous External Clock. (Conversion intitiated by rising edge of 
convert command. The convert command must be synchronized with 
clock.) 

ENVIRONMENTAL SCREENING TABLE IV. Screening Flow for'ADC80MAH-12/QM. 

The inherent reliability 'of a semiconductor device is 
controlled by the design, materials, and fabrication of 
the device-it cannot be improved by testing, However, 
the use of environmental screening can eliminate the 
majority of those units which would fail early in their 
lifetimes (infant mortality) through the application of 
carefully selected accelerated stress levels. Burr-Brown Q 
models are environmentally screened versions of our 
standard industrial products, designed to provide 
enhanced reliability. The screening illustrated in Table 
IV is performed to selected methods of MIL-STD-883. 
Reference to these methods provides a convenient way 
of communicating the screening levels and basic pro
cedures employed; it does not imply conformance to any 
other military standards or to any methods of MIL
STD-883 'other than those specified, Burr-Brown's 
detailed procedures may vary slightly, model-to-model, 
from those in MIL-STD-883. 

BURN-IN SCREENING 
Burn-in screening is an option available for the 
ADC80MAH. Burn-in duration is 160 hours at the 
maximum specified grade operating temperature (or 
equivalent combination of time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 
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Electrical Test 

Burn-In 

Hermetlclty 
Fine Leak 
Gross Leak 

Ftnal Electrical 

Ftnal Drift 

MIL-STO-883 
Method, 

Condition 

1008, C 

test procedure 

1015, B 

1014, A1 or A2 
1014, C 

Burr-Brown 
test procedure 

Burr-Brown 
test procedure 

Screening Level 

24 hour, +150'C 

160 'lOur, +125'C, 
steady state 

5 X 10-7 atm eels 
bubble test only, 
pre-conditioning 

omitted 
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BURR-BROWN® 

113131 ADC84 
ADC85H 
ADC87H 

IC ANALOG-TO-OIGITAL CONVERTERS 

FEATURES 
• INDUSTRY STANDARD 12·BIT AID CONVERTERS 
• COMPLETE WITH CLOCK AND INPUT BUFFER 
• HIGH SPEED CONVERSION: lOps (max) 
• REDUCED CHIP 'COUNT -HIGH RELIABILITY 
• LOWER POWER DISSIPATION: 450mW (typ) 
• ±O.012% MAX LINEARITY 

DESCRIPTION 
The ADC85H Series of analog-to-digital converters 
utilize state-of·the·art IC and laser-trimmed thin· 
film components, and are packaged in a 32-pin 
hermetic side-brazed package. 

Complete with internal reference and input buffer 
amplifier, they offer versatility and performance 
formerly offered only in larger modular or rack
mount packages. 

Thin-film internal scaling resistors are provided for 
the selection of analog input signal ranges of ±2.5V, 
±5V, ± IOV, 0 to +5V or 0 to + IOV. Gain and offset 
errors may be externally trimmed to zero, offering 

• THREE TEMPERATURE RANGES: 
O°C to +70°C 
-25° C to +850 C 
-55°C to +125°C 

• NO MISSING CODES OVER FULL TEMPERATURE 
RANGE 

• PARALLEL AND SERIAL OUTPUTS 
• ±12V or ±15V POWER SUPPLY OPERATION 
• HERMETIC 32·PIN CERAMIC SIDE·BRAZED DIP 

initial accuracies of better than ±O.OI2% (±1/2LSB). 

The fast lOJ's conversion speed for l2-bit resolution 
makes these ADCs excellent for a wide range of 
applications where system throughput sampling rates 
of 100kHz are required. In addition, they may be 
short cycled and the clock rate control may be used 
to obtain faster conversion speeds at lower reso
lutions. 

Data is available in parallel and serial form with 
corresponding clock and status signals. All digital 
input and output signals are CMOS/TTL-compat
ible. Power supply voltages are ±12VDC or ±15VDC 
and +5VDC. 

International Airport Indusl"al Park· P.O. 80x 11400· Tucson. Arizona 85734· Tel. (602) 746·1111 . Twx: 910·952·1111 . Cable: 88RCORp· Telex: 66·6491 

PDS-714A 
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SPECIFICATIONS 
ELECTRICAL 
SpeCified at +25°C and rated supplies unless otherwise noted 

MODEL ADC84KG-12'" ADC85H-12 ADC87H-12 

MIN TYP MAX MIN TYP MAX MIN TYP 

RESOLUTION 12 · 
INPUTS 

ANALOG I I 
Voltage Ranges Bipolar ±2.S, ±S, ±10 · · Unipolar Oto+S,Oto+l0 · · Impedance (Direct Input) 0 to +5V, ±2 SV 245 25 255 · · · · · o to +10V, ±5V 49 5 51 · * · · · ±10V 98 10 102 · · · · · Buffer Amplifier Impedance 100 · · Bias Current 50 · · Settling Time to 

o 01% for 20V step(21 2 · · 
DIGITAL I3f 

Convert Command PositIVe pulse 50ns (min), tralilOg edge initiates conversion 
LogiC Loadmg 1 I I I · I I I · 
TRANSFER CHARACTERISTICS 

ACCURACY 
Gain Error(4) ±O 1 ±025 · · · Offset Errorl41 Unipolar ±O 05 ±02 · · · Bipolar ±O 1 ±025 · · · Linearity Error l6J ±O 012 · Inherent Quantization Error ±05 · · Differential Lmeanty Error ±O5 · · No Missing Codes Temperature Range 0 +70 -25 +85 -55 

POWER SUPPLY SENSITIVITY 
Gam and Offset ±ISV ±O 004 · · +5V ±OOOI · · 
DRIFT 
Gam ±30 ±15 
Offset Unipolar ±3 ±3 

Bipolar ±15 ±7 
Linearity ±3 ±2 
Monotonlclty Guaranteed · · 
CONVERSION TIME 10 · 
DIGITAL OUTPUT13' 

(All Codes Complementary) 
CSB I Parallel Output Codes Unipolar · * 

Bipolar COB, CTC · * 
Output Dnve 2 I · · Senal Data Codes (NRZ) CSB, COB · * 

Output Dnve 2 I · · Status LogiC "1" during conversion · · Output Dnve 

I It I · · Internal Clock Output Dnve · * 
Freql.1ency(71 * · 

INTERNAL REFERENCE VOLTAGE 

Reference Output +62 +63 +64 * * · · * 
Max External Current With No Degradation 200 · Tempco of Dnft ±20 ±5 ±10 ±5 

POWER SUPPLY REQUIREMENTS 

Rated Supply Voltages +5, ±12 or ±15 · · Supply Ranges Voo +475 +525 · · · ±Vcc ±114 ±165 · * · Supply Drain +Icc 20 · -Icc 25 · 100 10 * 
Total Power DISSipation 450 725 * * · 
TEMPERATURE RANGE 

SpeCification 0 +70 -25 +85 -55 
Operating (with Derated Specs) -25 +85 -55 +125 
Storage -65 +150 * * · 
PACKAGE Hermetic CeramiC * · 

*Speclflcatlon IS the same as ADC84KG-12 

Burr-Brown Ie Data Book 9.1-45 

MAX 

· 

· · · 

· · · · 
+125 

±15 
±5 
±10 
±2 

* 

· * 
±10 

· · · · * 
* 

+125 

.' 

UNITS 

Bits 

V 
V 

kO 
kO 
kO 
MO 
nA 

JlS 

TTL Load 

% 
% of FSR(5) 

% of FSR 
% of FSR 

LSB 
LSB 
'C 

% of FSR/%Vs 
% of FSR/%Vs 

ppm/oC 

ppm of FSR/'C 
ppm of FSR/'C 
ppm of FSR/'C 

J1S 

TTL Loads 

TTL Loads 

TTL Loads 
TTL Loads 

MHz 

V 
JlA 

ppm/'C 

V 
V 
V 

mA 
mA 
mA 
mW 

'c 
'c 
'c 
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NOTES: (1) Model ADCS4KG-l0 IS the 88me as model ADC84KG-12 axcept for the following: (a) Resolution: 10 bits (max). (b) Linearity Error: ±O.04S% Of 
FSR (max). (c) Conversion Time: 6pe (max). (d) Internal Clock Frequency: 1.9MHz (typ). (2) If the buffer is used. delay Convert Command until amplifier 
settles. (3) DTLlTTL compatible. For digital inputs Logic "0" = O.SV (max) and Logic "I" = 2.0V min. For digital outputs Logic "0" = 0.4V (m,x) and Logic 
"I" = 2.4V (min). (4) Adjustabla to zero. (S) FSR means Full Scale Range. (S) The error show~ .is the same as ±1I2LSB max linearity error in % of 
FSR. (7) Internal clock is externally adjustable. 

CONNECTION DIAGRAM-ADC85H SERIES 

MECHANICAL 

32 

(LSB for 12 bits) Bit 12 

Bltl1 

(LSB for 10 bits) Bit 10 

Blt9 

BitS 

Bit 7 

Blt6 

BitS 

Blt4 

Blt3 

Bit 2 

Bit 1 (MSB) 

Bltl(MSB) 

Short Cycle 

Digital Common 

Vee 

ORDERING INFORMATION 

RlItIOIutlon Temperature 
Model (Blta) Range 

~DCS4KG-l0 10 O·C to+70·C 
ADC84KG-12 12 0·Cto+70·C 
!ADC8SH-12' 12 -2S· C to +S5· C 
ADC85HQ-12' 12 -25· C to +S5· C 
~DCS7H-12 12 -55·C to +125·C 

DC87HQ-l·2· 12 -55·C to +125·C 
Environmental screening See Table II 

Burr-Brown Ie Data Book 

Top View 

Serial Out 

-Vee 
Buffer In 

Buffer Out 

+Vcc 

Gain Adjust 

Anal'og Common 

R, 20V Range 

R, 10V Range 

Bipolar Offset 

Comparator In 

Convert Command 

Status 

Clock Out 

Reference Out (+6 3V) 

Clock Rate Control 

Pin numbers shown for 
reference only Pin numbers 
may not be marked on package NOTE Leads In true posItion 

within 010" (0 25mm) R at MMC 
at seating plane 

PIN Pin matenal and plallng 
composition conform to 
method 2003 (solderability) of 
MIL-STD-S63 (except 
paragraph 3 2) 
HERMETICITY Conforms to 
Method 1014. Condition AI or 
A2 (fine leak) and Condition C 
(gross leak) Metal lid of 
package IS connected to -Vee 
Internally 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
N 

INCHES 
MIN MAX 
1580 1620 

660 900 
138 166 
016 020 

O4OTYP 
100 BASIC 
044 056 
009 012 
165 165 
900 920 
040 060 

ORDERING INFORMATION 
BURN-IN SCREENING OPTION 
See text 

Burn-In Temp. 
Model (taGh)'" 

!ADC84KG-12-BI +125·C 
!ADC85H-12-BI +125·C 
ADC87H-12-BI +125·C 

NOTE (1) Or eqUivalent combination See text 

9.1-46 

MILLIMETERS 
MIN MAX 
4013 4115 
2235 2286 
351 472 
041 051 

102 TYP 
254 BASIC 
112 142 
023 030 .,9 470 

2266 2337 
102 152 
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THEORY OF OPERATION 
The accuracy of a successive approximation AI D conver
ter is described by the transfer function shown in Figure 
I. All successive approximation AI D converters have an 
inherent Quantization Error of ± I I 2LSB. The remaining 
errors in the AI D converter are combinations of analog 
errors due to the linear circuitry, matching and tracking 
properties of the ladder and scaling networks, power 
supply rejection, and reference errors. In summary, these 
errors consist of initial errors including Gain, Offset, 
Linearity, Differential Linearity and Power Supply Sen
sitivity. Initial Gain and Offset errors may be adjusted to 
zero. Gain drift over temperature rotates the line (Figure 
I) about the zero or minus full scale point (all bits OFF) 
and Offset drift shifts the line left or right over the 
operating temperature range. Linearity error is unadjust
able and is the most meaningful indicator of AI D 
converter accuracy. Linearity error is the deviation of an 
actual bit transition from the ideal transition value at 
any level over the range of the AI D converter. A 
Differential Linearity error of ±1/2LSB means that the 
width of each bit step over the range of the AI D 
converter is ILSB ±1/2LSB. 

The ADC84, ADC85H and ADC87H are also monotonic, 
assuring that the output digital code either increases or 
remains the same for increasing analog input signals. 
Burr-Brown also guarantees that these converters will 
have no missing codes over a specified temperature 
range. Figure 2 is the timing diagram. 

000 000 . 
Gi 

000 001 "0 
0 
U 
III all 101 
0 
S2. all 110 

" "0 
all 111 0 

U I :; 100 000 I ~ 
~ I 0 100 001 
:s 

111 110 I c;, 
0 I 

111 111 On 
E'N 

+FSR -ILSB 

E'NOff 2 

• See Table I for digital code definitions 

FIGURE I. Input vs Output for an Ideal Bipolar AID 
Converter. 

Convert41J 

Command 

MaXimum Throughput TlmeC21 

Conversion Time 

MSB 

Blt2 

Blt3 

Bit 4 

Blt5 

Blt6 

Blt7 

Blt8 

Blt9 

Bltl0 

Bltll 

LSB 

Senal131 

Data Out 
"0" ",.. . .,.. 

NOTES (1) The convert command must be at least 50ns Wide and must remain low during a conversion The conversion IS Initiated by the 
"trailing edge" of the convert command (2) 10 5pS for 12 bits and 6 4/ls for 10 bits (3) Use trailing edge of clock to strobe senal output 

FIGURE 2. Timing Diagram. 
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DIGITAL CODES 

Parallel Data 
Three binary codes are available on the ADC85H series 
parallel output: 
• complementary (logic "0" is true) straight binary (CSB) 

for unipolar input signal ranges; 
• complementary two's complement (CTC) for bipolar 

input signal ranges; 
• complementary offset binary (COB) for bipolar input 

signal ranges. 

Table I describes the LSB, transition values and code 

definitions for each possible analog input signal range 
for 8-, 10-, and 12-bit resolutions. 

Serial Data 
Two straight binary (complementary) codes are available 
on the serial output line; they are CSB and COB. The 
serial data is available only during conversion and 
appears with the most significant bit (MSB) occurring 
first. The serial data is synchronous with the internal 
clock as shown in the timing diagram of Figure 2. The 
LSB and transition values shown in Table I also apply to 
the serial data output except for the CTC code. 

TABLE 1. Input Voltages, Transition Values, LSB Values, and Code Definitions. 

Binary Output Input Volhllle Range and LIB Value. 

Analog Input Voltage Ranges Defined As ±10V ±SV ±2SV Oto +10V o to +SV 

Code DeSignation coaCH or CTC f2j coel11 or CTCuU eoen) or CTCl21 c5el31 esel31 

One Least Significant Bit (LSB) FSR/2" 20Vl2" 10V/2" SV/2" 10Vl2" SVl2" 
n=8 7813mV 3906mV 19S3mV 3906mV 19 S3mV 
n = 10 19S3mV 977mV 488mV 977mV 488mV 
n = 12 488mV 244mV 122mV 244mV 122mV 

Transition Values 
MSB LSB 
000 OOO/'u +Full Scale +10V - 3/2LSB +SV - 3/2LSB +2 SV - 3/2LSB +10V - 3/2LSB +SV -3/2LSB 
011 111 Mid Scale 0 0 0 +SV +2SV 
111 110 -Full Scale -10V + 1I2LSB -SV + 1I2LSB -2 SV + 1I2LSB 0+ 1I2LSB o +1I2LSB 

NOTES (1) COB = Complementary Offset Binary (2) CTC = Complementary Two's Complement-obtained by uSing the complement of the 
most-significant bit (MSB) MSB IS available on Pin 13 (3) Complementary Straight Binary (4) Voltages given are the nominal value for transition to the 
code specified 

ENVIRONMENTAL SCREENING 

The inherent reliability of a semiconductor device is 
controlled by the design, materials, and fabrication of 
the device-it cannot be improved by testing. However, 
the use of environmental screening can eliminate the 
majority of those units which would fail early in their 

TABLE 11. Screening for ADC85HQ-12 and 
ADC87HQ-12. 

MIL-STD-883 
Screen Method, Condition Screening LaVeI 

I nternal Visual Burr-Brown OC4118' 

High Temperature Storage 1008. C 24 hour. +150'C 
(Stablllzalion Bake) 

Temperature Cycling tOl0.C 10 cycles. -65'C 
to +150'C 

Constant Acceleration 2001. A SOOOG 

8urn-1n lOIS. B 160 hour. +12S'C 
steady-state 

Electncal Test Burr-Brown 
test procedure 

Hermetlclty Fine Leak 1014. Alar A2 5 X 10-' atm cels 
Gross Leak tOI4.C bubble test only. 

precondltJonlng 
omitted 

Final Electrical Burr-Brown 
test procedure 

Final Dnft Burr-Brown 
test procedure 

External Visual OC5150· 

* Available upon request 

lifetimes. Burr-Brown Q models are environmentally 
screened versions of our standard industrial products, 
designed to provide enhanced reliability. The screening 
illustrated in Table II is performed to selected methods 
of MIL-STD-883. Reference to these methods provides 
a convenient way of communicating the screening levels 
and basic procedures employed; it does not imply con
formance to any other military standards or to any 
methods of MIL-STD-883 other than those specified. 
Burr-Brown's detailed procedures may vary slightly, 
model-to-model, from those in MIL-STD-883. 

DISCUSSION OF 
SPECIFICATIONS 
The ADC85H series is specified to provide critical 
performance criteria for a wide variety of applications. 
The most critical specifications for an AI D converter are 
linearity, drift, gain and offset errors, and conversion 
speed effects on accuracy. These ADCs are factory
trimmed and tested for all critical key specifications. 

GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory-trimmed to 
±O.l% of FSR (±0.05% for unipolar offset) at 25°c' 
These errors may be trimmed to zero by connecting 
external trim potentiometers as shown in Figures 6 and 7. 
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ACCURACY DRIFT VS TEMPERATURE 

Three major drift parameters degrade AI D converter 
accuracy over temperature: gain, offset and linearity 
drift. The worst-case accuracy drift is the summation of 
all three drift errors over temperature. Statistically, these 
errors do not add algebraically, but are random variables 
which behave as root-sum-squared (RSS) or Ia errors as 
follows: 

RSS = V fg' + fa' + fe' 
where fg = gain drift error (ppm 1°C) 

fa = offset drift error (ppm of FSRI 0c) 
fe = linearity error (ppm of FSR/°C) 

For the ADC85H-12 operating in the unipolar mode, the 
total RSS drift is ± 15.42ppm/oC and for bipolar opera
tion the total RSS drift is ±16.7ppm/°C. 

ACCURACY VS SPEED 
In successive approximation AI D converters, the conver
sion speed affects linearity and differential linearity 
errors. The power supply sensitivity specification is a 
measure of how much the plus full-scale value will 
change from the initial value for independent changes in 
each power supply. This change results in a proportional 
change in all code transition values (i.e., a 'gain error). 

The conversion speeds are specified for a maximum 
linearity error of ±1/2LSB with the internal clock. 
Faster conversion speeds are possible but at a sacrifice in 
linearity (see Clock Rate Control Alternate Connections). 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
Normally, regulated power supplies with 1% or less 
ripple are recommended for use with these ADCs. See 
Layout Precautions and Power Supply Decoupling. 

01 
008 
006 , 
004 Q) ~ c.. 

~> 002 e c 

/+Vcc-L 
w;; -Vee 
a: g 001 
fe~ 0008 
cO 0006 
",'0 0004 

"' 0002 A 

0001 
~+5V~PPIY 

1 10 100 lk 10k lOOk 

Frequency (Hz) 

FIGURE 3. Power Supply Rejection vs Power Supply 
Ripple Frequency. 

LAYOUT AND OPERATING 
INSTRUCTIONS 
LAYOUT PRECAUTIONS 
Analog and digital commons are not connected internally 
in the ADC85H series, but should be connected together 
as close to the unit as possible, preferably to a large 
ground plane under the ADC. If these grounds must be 
run separately, use a wide conductor pattern and a 
O.01JlF to O.lJlF nonpolarized bypass capacitor between 
analog and digital commons at the unit. Low impedance 
analog and digital common returns are essential for low 
noise performance. Coupling between analog inputs and 
digital lines should be minimized by careful layout. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with tantalum or 
electrolytic type capacitors as shown in Figure 4 to 
reduce noise during operation. These capacitors should 
be located close to the ADC. I/lF electrolytic type 
capacitors should by bypassed with O.OIILF ceramic 
capacitors for improved high frequency performance. 

31 ~ .. -15VDC 
+5VDC .. J:.f 16 11lF 

TV 26 I+ . Ana 
Dig 

Com .. 15 11lF 
Com 

I+ .. +15VDC 28 

FIGURE 4. Recommended Power Supply Decoupling. 

ANALOG SIGNAL SOURCE IMPEDANCE 
The output impedance of the driving source should be 
very low, such as the output impedance provided by a 

rn a: w 
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> 
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<c 
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a: 
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wideband, fast-settling operational amplifier or a sample I • 
hold. For instance, a 741 operational amplifier will not • 
be fast enough to accurately drive this ADC. Recom
mended amplifiers include the Burr-Brown models 
OPA602 and OPAIII. 

INPUT SCALING 

The analog input should be scaled as close to the 
maximum input signal range as possible in order to 
utilize the maximum signal resolution of the AI D conver
ter. Connect the input signal as shown in Table III. See 
Figure 5 for circuit details. 
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Buffer 
Inpul 

Comp 
In 

Bipolar 
Offset 

_ Oul Input ~
Uffer DIrect 

30 + 29-r-----l 
R, 25 24 R, 

26"""J.. R, 

= 
22------------~------~~'~ 

23-, 
, VREF Converter 

FIGURE 5. Input Scaling Circuit. 

TABLE Ill. Input Scaling Connections. 

For 
Buffered 
I"PUll1 > 

Input Connect Connect Connect 
Signal Output Pin 23 Pin 25 Pin 29 
Range Code To Pin To To Pin 

±10V COB orCTC 22 Input 25 
Slgnal'3I 

±5V COB orCTC 22 Open 24 
±2,5V COB orCTC 22 Pin 22 24 

o to +5V CSB 26 Pin 22 24 
o to +10V CSB 26 Open 24 

For 
Direct 
Input~21 

Connect 
Input 
Signal 
To Pin 

25 

24 
24 
24 
24 

NOTES: (1) Connect to p,n 29 or Input s'gnal as shown In next two 
columns, (2) II tho buller amplifier Is not used, pin 30 must be connected 
to ground (pin 28), (3) The input signal is connected to pin 30 if the 
buffer amplifier is used. 

OPTIONAL EXTERNAL GAIN AND OFFSET 
ADJUSTMENTS 

Gain and Offset errors may be trimmed to zero using 
external gain and offset trim potentiometers connected 
to the ADC as shown in Figures 6 and 7. Multiturn 
potentiometers with 100ppm(OC or better TCRs are 
recommended for minimum drift over temperature and 
time. These pots may be any value from IOkfl to 100kfl. 
All resistors should be 20% carbon or better. Pin 27 
(Gain Adjust) should be bypassed with O.OIItF to reduce 
noise pickup and Pin 22 (Offset Adjust) may be left open 
if no external adjustment is required. 

Adjustment Procedure 
OFFSET-Connect the Offset potentiometer as shown 
in Figure 6. Sweep the input through the end point transi
tion voltage that should cause an output transition to all 
bits off (E<j~F). 

Adjust the Offset potentiometer until the actual end 
point transition voltage occurs at EOlJ. The ideal transi
tion voltage values of the input are given in Table I. 

GAIN-Connect the Gain adjust potentiometers as shown 
in Figure 7. Sweep the input through the end point 
transition voltage that should cause an output transition 
voltage to all bits on (E7~). Adjust the Gain poten
tiometer until the actual end point transition voltage 
occurs at E 7~ . 

Table I details the transition voltage levels required. 

(a) (b) 

+15VDC +15VDC 

18MO 
22~ 

10kO to 
100kO 
Offset 
Adjust 

180kO 180kO 10kO to 

22~ ~f~~~ 
Comp In r 2kO Adjust 

-= -15VDC* 

Comp In 

-1'5VDC 

FIGURE 6. Two Methods of Connecting Optional 
Offset Adjust. 

(a) 
-t-15VDC j 

Gain 
Adjust 10MO 

27~ 

1001J.1F 
26...1 

Ana. 
Com -15VDC 

10kOto 
100kO 

Gam 
Adjust 

Ib) 
+15VDC 

270kO 270kO 
27 _ 

26Ta 01J.1Ft 8kO 

- -15VDC 

10kO to 
100kO 
Gain 

Adjust 

FIGURE 7. Two Methods of Connecting Optional Gain 
Adjust. 

Clock Rate Control Alternate Connections 
If adjustment of the Clock Rate is desired for faster 
conversion speeds, the Clock Rate Control may be 
connected to an external multiturn trim potentiometer 
with TCR of ±100ppm(OC or less as shown in Figure 8. 
If the potentiometer is connected to --15VDC, conversion 
time can be increased as shown in Figure 8. If these 
adjustments are used, delete the connections shown in 
Table IV for pin 17. See Typical Performance Curves for 
nonlinearity error vs. clock frequency, and Figure 9 for 
the effect of the control voltage on clock speed. Operation 
with clock rate control voltage of less than --IVDC is 
not recommended. 

+

5VDCi Clock 
Rate 17 __ __ __ __ 2kO or 
Control 5kO 

= 

Clock 
Frequency 
Adjust 

FIGURE 8. 12-Bit Clock Rate Control Optional Fine 
Adjust. 
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FIGURE 9. Conversion Time vs Clock Speed Control. 

Additional Connections Required 
The ADC85H series may be operated at faster speeds for 
resolutions less than 12 bits by connecting the Short 
Cycle input, pin 14, as shown in Table IV. Conversion 
speeds, linearity and resolution are shown for reference. 
Specifications for lO-bit units assume connections as 
shown below. 

Converter Initialization 
On power-up, the state of the ADC internal circuitry is 
indeterminate. One conversion cycle is required to initial
ize the converter after power is applied. 

Burr-Brown Ie Data Book 9.1-51 

TABLE IV. Short Cycle Connections and Specifications 
for 8- to 12-Bit Resolution. 

Resolution (Bits) 12 10 8 

Connect Pm 17 to (1) Pin 15 Pin 28 Pm 28 
Connect Pm 14 to Pin 16 Pm 2 Pm 4 
Maximum Conversion Speed (PS)12) 10 6 45 
Maximum Nonlinearity at 25°C (% of FSR) 0012(3) 0048141 020141 

NOTES (1) Connect only If clock rate control IS not used (2) Maximum 
converSion speeds to maintain ±1I2LSB nonlinearity error (3) 12-blt 
models only, (4) 10- or 12-bit models 

Output Drive 
Normally all ADC84, ADC85H, and ADC87H logic 
outputs will drive two standard TTL loads; however, if 
long digital lines must be driven, external logic buffers 
are recommended. 

BURN-IN SCREENING 
Burn-in screening is an option available for the models 
indicated in the Ordering Information detail. Burn-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI"to the 
base model number. 
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BURR-BROWN® 

IElElI ADC574A 

Microprocessor-Compatible 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• COMPLETE 12-BIT AID CONVERTER WITH 

REFERENCE. CLOCK. AND B-. 12-. OR 16-BIT 
MICROPROCESSOR BUS INTERFACE 

• IMPROVED PERFORMANCE SECOND SOURCE FOR 
574A-TYPE AID CONVERTERS 

ConversIon TIme: 25ps max 
Bus Access TIme: 150ns max 
Ao Input: Bus ContentIon DurIng Read Operation 

ElimInated 
• DUAL IN-LINE PLASTIC AND HERMETIC CERAMIC 
• FULLY SPECIFIED FOR OPERATION ON ±12V OR 

±15V SUPPLIES 
• NO MISSING CODES OVER TEMPERATURE: 

DoC to +75°C: ADC574AJH. KH. JP. KP Grades 
-55°C to +125°C: ADC574ASH. TH Grades 

DESCRIPTION 
The ADCS74A is a 12-bit successive approximation 
analog-to-digital converter, utilizing state-of-the-art 
CMOS and laser-trimmed bipolar die custom
designed for freedom from latch-up and for optimum 

CONTROL 
INPUTS 

BIPOLAR ~ 
OFFSET 

AC performance. It is complete with a self-contained 
+ lOY reference, internal clock, digital interface for 
microprocessor control, and three-state outputs. 

The reference circuit, containing a buried zener, is 
laser-trimmed for minimum temperature coefficient. 
The clock oscillator is current-controlled for excel
lent stability over temperature. Full-scale and offset 
errors may be externally trimmed to zero. Internal 
scaling resistors are provided for the selection of 
analog input signal ranges of OV to +lOV, OV to 
+20V, ±SV, and ±lOV. 

The converter may be externally programmed to 
provide 8- or 12-bit resolution. The conversion time 
for 12 bits is factory set for 2Sj.ls maximum. 

Output data are available in a parallel format from 
TTL-compatible three-state output buffers. OutPUt 
data are coded in straight binary for unipolar input 
signals and bipolar offset binary for bipolar input 
signals. 

The ADCS74A, available in both industrial and 
military temperature ranges, requires supply volt
ages of +SV and ±12V or ±ISV. It is packaged in a 
28-pin plastic DIP, or hermetic side-brazed ceramic 
DIP. 

CONTROL LOGIC 
STATUS 

~ .... 
CLOCK z ..... 

J... ". ..... K 20V RANGE 

J '1. J "lI i ~MPARATOR H:fB 
IOV RANGE 

;:::1:1: 

i~ 
PARALlEl c 

-= 12·BIT UtA I(- DATA 

CONVERTER..J ... OUTPUT 
REFERENCE ; 
INPUT = 

I I 
... 

REFERENCE 0 IOV 
OUTPUT REFERENCE ..... 

International Airport IndustrIal Park • P.O. Box 11400 • Tucson. Arizona 85734 • Tal.: (6021746-1111 • Twx: 910-952·1111 • Clbla: BBRCORP • Talax: 66-&491 

PDS-550C 
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SPECIFICATIONS 
ELECTRICAL 
T. = +25°C, Vee = +12V or +15V, VEE. = -12V or -15V, VLOGIC = +5V unless otherwIse specified 

MODEL ADC574AJP, ADC574AJH, ADC574ASH ADC574AKP, ADC574AKH, ADC574ATH 

MIN TYP MAX MIN TYP MAX 

RESOLUTION 12 · 
INPUTS 

ANALOG I I 
Voltage Ranges: UnIpolar o to +10, 0 to +20 · BIpolar ±5,±10 · Impedance 0 to +10V, ±5V 47 5 5.3 · · · ±10V, OV to +20V 94 10 106 · · · 
DIGITAL (CE, CS, RIC, Ao, 12/8) 

Over Temperature Range 
Voltages Logic 1 +20 +55 · · Logic 0 -05 +0.8 · · Current -5 0.1 +5 · · · Capacitance 5 · 
TRANSFER CHARACTERISTICS 

ACCURACY 
At+25°C 

Linearity Error ±1 ±1/2 
UnIpolar Ollset Error (adjustable to zero) ±2 · Bipolar Ollset Error (adjustable to zero) ±10 ±4 
Full-Scale Calibration Error11 

(adjustable to zero) ±025 · No Missing Codes Resolution (Dill. LInearity) 11 12 
Inherent Quantization Error ±1/2 · TMINtoTMAX 
LInearity Error: J, K Grades ±1 ±1I2 

S, TGrades ±1 ±1/2 
Full-Scale Callbretlon Error 

Without Initial Adjustment'''. J, K Grades ±047 ±037 
S, TGrades ±O75 ±O.S 

Adjusted to zero at +2SoC: J, K Grades ±O22 ±0.12 
S, TGrades ±05 ±0.25 

No Missing Codes Resolution (0111. LInearity) 11 12 

TEMPERATURE COEFFICIENTS (T MIN to T MAX)'" 
Unipolar Ollset. J, K Grades ±10 ±5 

S, TGrades ±5 ±2.5 
Max Change All Grades ±2 ±1 

Bipolar Offset All Grades ±10 ±5 
Max Change: J, K Grades ±2 ±1 

S, TGrades ±4 ±2 
Full-Scale Calibration J, K Grades ±45 ±25 

S, TGrades ±50 ±25 
Max Change: J, K Grades ±9 ±5 

S, T Grades ±20 ±10 

POWER SUPPLY SENSITIVITY 
Change in Full-Scale Calibration 

+13.5V < Vee < +16.5V or +11 4V < Vee < +12 6V ±2 ±1 
-16 5V < VEE < -13 5V or -12.6V < VEE. < -11.4V ±2 ±1 
+4.SV < VLOGIC < +S.5V ±1I2 · 

CONVERSION TIME'~ 
8-BltCycle 10 13 17 · · · 12-Blt Cycle 15 20 25 · · · 
OUTPUTS 

DIGITAL (DB" - DBo, STATUS) I I I (Over Temperature Range) 
Output Codes. Unipolar Unipolar Straight Binary (USB) 

Bipolar Bipolar Ollset BInary (BOB) 
Logic Lavels. LogIc 0 (ISINK = 1.6mA) +04 · Logic 1 (ISOURCE = SOOpA) +2.4 · Leakage, Data Bits Only, Hlgh-Z State -S 01 +S · · · Capacitance 5 · 
INTERNAL REFERENCE VOLTAGE 
Voltage +9.9 +10.0 +101 · · · Source Current Available for External Loads'" 2.0 · 
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ELECTRICAL (CONT) 
TA :::; +25°C, Vee = +12V or +15V, VEE = -12V or -15V, VLOGIC = +5V unless otherwise specified 

MODEL ADC574AJP, ADC574AJH, ADC574ASH ADC574AKP, ADC574AKH, ADC574ATH 

MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLY REQUIREMENTS 

Voltage. Vee +11.4 +16.5 · · V 

V" -114 -16.5 · · V 
VLOGIC +45 +5.5 · · V 

Current Icc 3.5 5 · · mA 
lEE 15 20 · · mA 

!LOGIC 9 15 · · mA 
Power Dissipation (±15V Supplies) 325 450 · · mW 

TEMPERATURE RANGE (Ambient T MIN, TMAX) 

Specification. J, K Grades 0 +75 · · 'C 
S, T Grades -55 +125 · · 'C 

Storage -65 +150 · · 'C 

'Same specification as ADC574AJP, AJH, ASH 
NOTES (1) With fixed son resistor from REF OUT to REF IN This parameter IS also adjustable to zero at +25'C (see Optional External Full Scale and Offset 
Adjustments sectron) (2) FS In this specification table means Full Scale Range That IS, for a ±10V Input range, FS means 20V, for a 0 to +10V range, FS means 10V 
The term Full Scale for these specifications Instead of Full-Scale Range IS used to be consistent with other vendors' 574 and 574A type specification tables (3) USing 

Internal reference (4) See Controlling the ADC574A section for detailed information concerning digital tlmmg (5) External loading must be constant dunng 
converSion The reference output requires no buffer amplifier with either ±12V or ±15V power supplies 

ORDERING INFORMATION 

Package Temperature Linearity Error, 
Model (DIP) Range max (TMIN to TMAX) 

ADC574AJP Plastic O'C to +75°C 
ADC574AKP Plastic O°C to +75'C 
AOC574AJH Ceramic O'Cto +75'C 
ADC574AKH Ceramic O~Cto +75'C 
ADC574ASH Ceramic -55'C to +125'C 
ADC574ATH Ceramic -55'C to +125'C 

BURN-IN SCREENING OPTION 
See text for details 

Package Temperature 
Model (alP) Range 

ADC574AJP-BI Plastic O'Cto +75'C 
ADC574AKP-BI PlastiC DOC to +75°C 
ADC574AJH-BI Ceramic O'C to +75'C 
ADC574AKH-BI Ceramic O°Cto +75°C 
ADC574ASH-BI Ceramic -55'C to +125'C 
ADC574ATH-BI Ceramic -55'C to +1 25'C 

NOTE (1) Or eqUivalent combtnation of time and temperature 

ABSOLUTE MAXIMUM RATINGS 

Vee to Digital Common ............................ 0 to +1S.5V 
,VEE to Digital Common ............................ 0 to -16' 5V 
VLOGIC to Digital Common .......... , ............. , ... 0 to -t7V 
Analog Common to Digital Common ... ', ........ , ...... ,. ±1V 

Control Inputs (CE, Cs, Ao, 12/8, RIC) 
to Digital Common ...... , .. , . . . . . . . . .. -0.5V to VLOGIC +0 5V 

Analog Inputs (REF IN, BIP OFF.,lOV'N) 
to Analog Common ................................. , ±165V 

20V'N to Analog Common. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±24V 
REF OUT. . . . . . . . . . . . . . . . . . . . . . .. Indefinite Short to Common, 

Momentary Short to Vcc 
Max Junction Temperature., .•. ," .... '.-,............... +165°C 
Power Dissipation .............. , ... ; . . . . .. . . . . . . . . .• 1000mW 
Lead Temperature (soldering, 10s) . . . . . . . . . . . . . . . . . . . .. +300'C 
Thermal Resistance, 8JA. Ceramic .. , .... , , ....... , . . . .. 50°C/W 

PlastiC ...................... 100°CIW 

CAUTION: These d.evlces are sensitive to electrostatic discharge. 
Appropriate I.C_ handtlng procedures should be fotlowed. . 

±1LSB 
±1/2LSB 
±1lSB 

±1/2LSB 
±1LSB 

±1/2LSB 

Burn·ln Temp. 
(160 HOurs)'" 

+85'C 
+85'C 
+125'C 
+125'C 
+125'C 
+125'C 

CONNECTION DIAGRAM 
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MECHANICAL 

H Package [Ceramic) • 

D 
,. 

NOTE Leads In true position 
within 0 01" (0 25mm) Rat MMC 

INCHES MILLIMETERS at seating plane 
DIM MIN MAX MIN MAX 
A 1386 1414 3520 3592 
C 108 166 274 422 I 'Pin 1 FJL Pin numbers shown for reference 
D 015 021 038 053 only Numbers may not be marked 
F 035 060 089 152 A on package 
G 100 BASIC 264 BASIC 

=r~ H 036 064 091 163 
J 008 012 020 030 J1 ~. K 120 240 305 610 

JrH H 1 ~o I ~G r I I \~~e~ Plane 

CASE Ceramic, hermetic 
L 600 BASIC 1524 BASIC 
M 10" 10' LL~M~ 

WEIGHT 48 grams (017 oz) 

N 025 060 064 152 

P Package [Plastic) 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 1350 1450 3429 3683 
B 520 575 1321 1461 
C 169 224 429 570 
D 015 023 038 058 
F 043 062 109 157 
G 100 BASIC 254 BASIC 
H 030 090 076 229 
J 008 015 020 038 
K 100 lSO 254 381 
L 600 BASIC 1524 BASIC 
M 0' 15' 0' 15' 
N 018 040 046 102 

DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Ideal 
transition values lie on a line drawn through zero (or 
minus full scale for bipolar operation) and plus full scale. 
The zero value is located at an analog input value 
1/2LSB before the first code transition (OOOH to OOIH). 
The full-scale value is located at an analog value 3/2LSB 
beyond the last code transition (FFEH to FFFH) (see 
Figure I). 

Thus, for a converter connected for bipolar operation 
and with a full-scale range (or span) of 20V (±IOV), the 
zero value of -IOV is 2.44m V below the first code transi
tion (OOOH to OOIH at -9.99756V) and the plus full-scale 
value of +IOV is 7.32mV above the last code transition 
(FFEH to FFFH at +9.99268) (see Table I). 

NO MISSING CODES 
(DIFFERENTIAL LINEARITY ERROR) 

A specification which guarantees no missing codes 
requires that every code combination appear in a mono
tonically-increasing sequence as the analog input is 
increased throughout the range. Thus, every input code 
width (quantum) must have a finite width. If an input 
quantum has a value of zero (a differential linearity error 
of -I LSB), a missing code will occur. 
ADC574AKP, KH, and TH grades are guaranteed to 
have no missing codes to 12-bit resolution over their 
respective specification temperature ranges. 

802H 

NOTE Leads In true position 
within 010" (25mm) R at MMC at 
seating plane 

Pin numbers are shown for 
reference only Numbers may not 
be marked on package 

CASE PlastiC 
WEIGHT 4.3 grams (0 150z ) 

~ 
~ ~H+-------------~~---------+--~ 
;! FF OFFSET 
!l!7H ERROR II 
.. 7FEH SHIFTS I : 

002H[ZHE LINE : I 
001 H (BIPOLAR : : MIDSCALE 

OFFSET..... r-(BIPOLAR 
000- I TRANSlTIoNI: I ZERO) 

~I----~I~!--~I!~----~I--~ 
1I2LSB..j ~ ZERO -l I- 3/2LSB I--l +FULL 

ZERO (-FULL.SCALE 1I2LSB +FULL-SCALE SCALE 
(-FULL CALIBRATION CALIBRATION 
SCALEI TRANSITIONI TRANSITION 

ANALOG INPUT 

FIGURE I. ADC574A Transfer Characteristic 
Terminology. 

UNIPOLAR OFFSET ERROR 

An ADC574A connected for unipolar operation has an 
analog input range of OV to plus full scale. The first 
output code transition should occur at an analog input 
value 1/2LSB above OV. Unipolar offset error is defined 
as the deviation of the actual transition value from the 
ideal value. The unipolar offset temperature coefficient 
specifies the change of this transition value versus a 
change in ambient temperature. 
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TABLE I. Input Voltages, Transition Values, and LSB Values. 

Binary (BIN) Output 

Analog Input Voltage Range Defined As 

One Least Significant Bit (LSB) .FSR 
2" 

n=8 
n = 12 

Output Transition Values 
FFEH to FFFH + Full-Scale Calibration 
7FFH to 800H Midscale Calibration (Bipolar Offset) 
OOOH to 001 H Zero Calibration (- Full-Scale Calibration) 

BIPOLAR OFFSET ERROR 

AI D converter specifications have historically defined 
bipolar offset as the first transition value above the 
minus full-scale value. The ADC574A specification, 
however, follows the terminology defined for the 574 
converter several years ago. Thus, bipolar offset is 
located ncar the midscale value of OV (bipolar zero) at 
the output code transition 7FFH to 800H. 

Bipolar offset error for the ADC~74A is defined as the 
deviation of the actual transition value from the ideal 
transition value located Ij2LSB below OV. The bipolar 
offset temperature coefficient specifies the maximum 
change of the code transition value versus a change in 
ambient temperature. 

FULL SCALE CALIBRATION ERROR 

The last output code transition (FFEH to FFF H) occurs 
for an analog input value 3/2LSB below the nominal 
full-scale value. The full scale calibration error is the 
deviation of the actual analog value at the last transition 
point from the ideal value. The full-scale calibration 
temperature coefficient specifies the maximum change of 
the code transition value versus a change in ambient 
temperature. 

POWER SUPPLY SENSITIVITY 

Electrical specifications for the ADC574A assume the 
application of the rated power supply voltages of +5V 
and ±12V or ±15V. The major effect of power supply 
voltage deviations from the rated values will be a small 
change in the full-scale <;alibration value. This change, of 
course, results in a proportional change in all code tran
sition values (i.e. a gain error). The specification describes 
the maximum change in. the full-scale calibration value 
from the initial value for a change in each power supply 
voltage. 

TEMPERATURE COEFFICIENTS 

The temperature coefficients for full-scale calibration, 
unipolar offset and bipolar offset specify the maximum 
change from the +25°C value to the value at TMIN or TMAx. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters have an inherent quantiza
tion error of ±lj2LSB. This error is a fundamental 

Input Voltage Range and LSB Values 

±10V +SV o to +10V Oto +20V 

20V 10V 10V 20V 
2- 2" Y 2" 

78.13mV 39.06mV 3906mV 7813mV 
488mV 244mV 244mV 488mV 

+10V - 3/2LSB +SV - 3/2LSB +10V - 3/2LSB +10V - 3/2LSB 
o -1/2LSB o -1/2LSB +SV -1/2LSB ±10V - 1/2LSB 

-10V + 1I2LSB -SV + 1/2LSB o to + 1/2LSB o to +1/2LSB 

property of the quantization process and cannot be elim
inated. 

CODE WIDTH (QUANTUM) 

Code width, or quantum, is defined as the range of 
analog input values for which a given otuput code will 
occur. The ideal code width is lLSB. 

INSTALLATION 
LAYOUT PRECAUTIONS 

Analog (pin 9) and digital (pin 15) commons are not 
connected together internally in the ADC574A, but 
should be connected together as close to the unit as pos
sible and to an analog common ground plane beneath 
the converter oh the component side of the board. In 
addition, a wide conductor pattern should run directly 
from pin 9 to the analog supply common, and a separate 
wide conductor pattern from pin 15 to the digital supply 
common. Analog common (pin 9) typically carries +8mA. 

If the single-point system common cannot be established 
directly at the converter, pin 9 and pin 15 should still be 
connected together at the converter; a single wide con
ductor pattern then connects these two pins to the sys
tem common. In either case, the common return of the 
analog input signal should be referenced to pin 9 of the 
ADC. This prevents any voltage drops that might occur 
in the power supply common returns from appearing in 
series with the input signal. 

Coupling between analog input and digital lines should 
be minimized by careful layout. For instance, if the lines 
must cross, they should do so at right angles. Parallel 
analog and digital lines should be separated from each 
other by a pattern connected to common. 

If external full scale and offset potentiometers are used, 
the potentiometers and associated resistors should be 
located as close to the ADC574A as possible. If no trim 
adjustments are used, the fixed resistors should likewise 
be as close as possible. 

POWER SUPPLY DECOUPLING 

Logic and analog power supplies should be bypassed 
with IOILF tantalum type capacitors located close to the 
converter to obtain noise-free operation. Noise on the 
power supply lines can degrade the converter's perfor
mance. Noise and spikes from a switching power supply 
are especially troublesome. 

Burr-Brown Ie Data Book 9.1-56 Vol. 33 



ANALOG SIGNAL SOURCE IMPEDANCE 

The signal source supplying the analog input signal to 
the ADCS74A will be driving into a nominal DC input 
impedance of either Skn or IOkn. However, the output 
impedance of the driving source should be very low, such 
as the output impedance provided by a wide band, fast
settling operational amplifier. Transients in A/ D input 

. current are caused by the changes in output current of 
the internal D / A converter as it tests the various bits. 
The output voltage of the driving source must remain 
constant while furnishing these fast current changes. If 
the application requires a sample/hold, select a sample/ 
hold with sufficient bandwidth to preserve the accuracy 
or use a separate wide band buffer amplifier to lower the 
output impedance. ' 

RANGE CONNECTIONS 
The ADCS74A offers four standard input ranges: OV to 
+IOV, OV to +20V, ±SV, and ±IOV. If a lOY input range 
is required, the analog input signal should be connected 
to pin 13 of the converter. A signal requiring a 20V range 
is connected to pin 14. In either case the other pin of the 
two is left unconnected. Full-scale and offset adjust
ments are described below. 

To operate the converter with a 1O.24V (2.SmV LSB) or 
20.48V (SmV LSB) input range, insert a 120n 1% metal
film resistor in series with pin 13 for the 1O.24V range, or 
a 240n 1% metal-film resistor in series with pin 14 for the 
20.48V range. Offset and gain adjustments are still 
performed as described below. However, you must recal
culate full-scale adjustment voltages proportionately. A 
fixed metal-film resistor can be used because the input 
impedance of the ADCS74A is trimmed to less than ±6% 
of the nominal value. 

CALIBRATION 
OPTIONAL EXTERNAL FULL-SCALE AND 
OFFSET ADJUSTMENTS 

Offset and full-scale errors may be trimmed to zero using 
external offset and full-scale trim potentiometers con
nected to the ADCS74A as shown in Figures 2 and 3 for 
unipolar and bipolar operation. 

CALIBRATION PROCEDURE
UNIPOLAR RANGES 

If adjustment of unipolar offset and full scale is not 
required, replace R, with a son, 1% metal film resistor 
and connect pin 12 to pin 9, omitting the adjustment 
netw('rk. 

If adjustment is required, connect the converter as 
shown in Pigure 2. Sweep the input through the end
point transition voltage (OV + 1/2LSB; +1.22mV for the 
lOY range, +2.44mV for the 20V range) that causes the 
output code to be DBO ON (high). Adjust potentiometer 
RJ until DBO is alternately toggling ON and OFF with 
all other bits OFF. Then adjust full scale by applying an 
input voltage of nominal full-scale value minus 3/2LSB, 
the value which should cause all bits to be ON. This 

value is +9.9963V for the lOY range agd +19.9927V for 
the 20V range. Adjust potentiometer R, until bits 
DBI-DBIi are ON and DBO is toggling ON and OFF. 

+VCC UNIPOLAR 
OFFSET 
ADJUST 

R, 
lOOkn 

-Vee 

loon 

FULL·SCALE 
ADJUST 

lOV RANGE 
ANALOG /..() 
INPUT 

'0 
20V RANGE 

FIGURE 2. Unipolar Configuration. 

AOC574A 

CALIBRATION PROCEDURE-BIPOLAR RANGES 

If external adjustments of full-scale and bipolar offset 
are not required, the potentiometers may be replaced by 
son, 1% metal film resistors. 

If adjustments are required, connect the converter as 
shown in Figure 3. The calibration procedure is similar 
to that described above for unipolar operation, except 
that the offset adjustment is performed with an input 
voltage which is 1/2LSB above the minus full-scale value 
(-4.9988V for the ±SV range, -9.9976V for the ±IOV 
range). Adjust RJ for DBO to toggle ON and OFF with 
all other bits OFF. To adjust full-scale, apply a DC input 
signal which is 3/2LSB below the nominal plus full-scale 
value (+4.9963V for ±SV range, +9.99:>7V for ±IOV 
range) and adjust R, for DBO to toggle ON and OFF 
with all other bits ON. 

FULL·SCALE ADJUST 

ADC574A 

BIPOLAR 
OFFSET ADJUST ~1\A ....... ---1 

ANALOG ..() IOV RANGE 

~
INPUT : 

_ ' '0 20V RANGE 

ANALOG COMMON 

FIGURE 3. Bipolar Configuration. 
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CONTROLLING THE ADC574A 
The Burr-Brown ADC574A can be easily interfaced to 
most microprocessor systems and other digital systems. 
The microprocessor may take full control of each con
version, or the converter may operate in a stand-alone 
mode, controlled only by the RIC" input. Full control 
consists of selecting an 8- or 12-bit conversion cycle, 
initiating the conversion, and reading the ouptut data 
when ready-choosing either 12 bits all at once, or 8 bits 
followed by 4 bits in a left-justified format. The five 
control inputs (12/8, CS, Au, RIc' and CEI are all 
TTL/CMOS-compatible. The functions of the control 
inputs are described in Table II. The control function 
truth table is listed in Table III. 

TABLE II. ADC574A Control Line Functions. 

Pin 
Designation Definition 

TABLE III. Control Input Truth Table. 

CE CS RIC 12/8 Ao Operation 

0 X X X X None 
X 1 X X X None 

1- 0 0 X 0 Initiate 12-blt conversion 

1- 0 0 X 1 Initiate a-bit converSion 
1 t 0 X 0 Initiate 12-blt conversion 
1 t 0 X 1 Initiate a-bit conversion 
1 0 

., 
X 0 Initiate 12-blt conversion 

1 0 ... X 1 Initiate a-bit conversion 
1 0 1 1 X Enable 12-blt output 
1 0 1 0 0 Enable 8 MSBs only 
1 0 1 0 1 Enable 4 LSBs plus 4 

trallmg zeros 

Function 

CE (Pon 6) Chip Enable Must be high ("1") to either initiate a conversion or read output data 0-1 edge may be used to Initiate a 
(acllve high) conversion 

CS (Pon 3) Chip Select Must be low ("0") to either Initiate a converSion or read output data 1-0 edge may be used to initiate a 
(active low) converSion 

RIC (Pin 5) Read/Convert Must be low ("0") to Initiate either 8 or 12-blt conversions 1-0 edge may be used to Initiate a converSIOn Must 
(""1" = read) be high ("1") to read output data 0-1 edge may be used to initiate a read operation 
(""0" = convert) 

Ao (Pin 4) Byte Address In the start-convert mode, Ao selects a-bit (Ao = "1") or 12-bit (Ao = "0") conversion mode When reading output 
Short Cycle data in two a-bit bytes, Ao = "0" accesses 8 MSBs (high byte) and Ao = "1" accesses 4 LSBs and trailing "Os" 

(low byte) 

12/8 (Pin 2) Data Mode Select When readmg output data, 12/8= "1" enables all 12 output bits Simultaneously 12/8= "0" Will enable the MSB's 
("T' = 12 blls) or LSB's as determined by the Ao hne 
("'0" = 8 bits) 

STAND-ALONE OPERATION 

F or stand-alone operation, control of the converter is 
accomplished by a single control line connected to RI C. 
In thiS mode CS and Ao are connected to digital com
mon and CE and 12/8 are connected to YLOGle (+5Y). 
The output data are presented as 12-bit words. The 
stand-alone mode is used in systems containing dedi
cated input ports which do not require full bus interface 
capability. 

Conversion is initiated by a high-to-low transition of 
RIC. The three-state data output buffers are enabled 
when RIC is high and STATUS is low. Thus, there are 
two possible modes of operation; conversion can be 
initiated with either positive or negative pulses. In either 
case the RIC pulse must remain low for a minimum of 
SOns. 

Figure 4 illustrates timing when conversion is initiated 
by an RI C pulse which goes low and returns to the high 
state during the conversion. In this case, the three-state 
outputs go to the high-impedance state in response to the 
falling edge of RI C and are enabled for external access 
of the data after completion of the conversion. Figure 5 
illustrates the timing when conversion is initiated by a 
positive RIC pulse. In this mode the ouptut data from 
the previous conversion is enabled during the positlve 
portion of RIC. A new conversion is started on the fal
ling edge of RIC, and the three-state outputs return to 

RIC r- IH,,-1lr--___ _ 

STATUS 
f~=L, ~ 
~ IHo, ---1 IH, 

DATA VALID ~ HIGH·Z STATE PDATA VALID 
DBlI-DBO .' . 

FIGURE 4. RIC Pulse Low - Outputs Enabled After 
Conversion. 

RIC ~------------------
IH'H H-loS---1/,---__ ----,\. 

STATUS ________ ---J. ~Io _1"-
too, t;I ~ tHO' ...j 

DBlI_DBO~\.!D~Al!.!lA~V~ALl!.IlD~"'I-I ____ HI_GH_'Z_S_TA_T_E __ . __ 

FIGURE 5. RIC Pulse High - Outputs Enabled Only 
While Riels High. 

the high-impedance state until the next occurrence of a 
high RIC pulse. Table IY lists timing specifications for 
stand-alone operation. 
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TABLE IV. Stand-Alone Mode Timing. 

Symbol Parameter Min Typ 

tHRL Low RIC Pulse Width 50 
to, STS Delay from RIC 
tHOR Data Valid After RIC Low 25 

tH' STS Delay After Data Valid 300 400 
t.,IRH High RIC Pulse Width 150 
tODR Data Access Time 

FULLY CONTROLLED OPERATION 

Conversion Length 

Max Unlll 

ns 
200 ns 

ns 
1000 ns 

ns 
150 ns 

Conversion length (8-bit or 12-bit) is determined by the 
state of the Ao input, which is latched upon receipt of a 
conversion start transition (described below). If Ao is 
latched high, the conversion continues for 8 bits. The full 
12-bit conversion will occur if Ao is low. If all 12 bits are 
read following an 8-bit conversion, the 3LSBs (OBO
OB2) will be low (logic 0) and OB3 will be. high (logic I). 
Ao is latched because it is also involved in enabling the 
output buffers. No other control inputs are latched. 

CONVERSION START 

The converter is commanded to initiate conversion by a 
. transition occurring on any of three iogic inputs (CE, 
CS, and RIC) as shown in Table III. Conversion is 
initiated by the last of the three to reach the required 
state and thus all three may be dynamically controlled. If 
necessary, all three may change states simultaneously, 
and the nominal delay time is the same regardless of 
which input actually starts conversion. If it is desired 
that a particular input establish the actual start of con
version, the other two should be stable a minimum of 
SOns prior to the transition of that input. Timing rela
tionships for start of conversion timing are illustrated in 
Figure 6. The specifications for timing are contained in 
Table V. 

TABLE V. Timing Specifications. 

Symbol Parameter 

Convert Mode 
tDse STS delay from CE 

tHEe CE Pulse Width 

tssc c:s to CE setup 

tHSC CS low dUring CE high 

tSRC RIC to CE setup 
tHRC RIC low dunng CE high 

tSAC Ao to CE setup 

tHAC Ao valid dunng CE hIgh 
t, Conversion time, 12 bit cycle 

8 bit cycle 

Read Mode 

too Access time from CE 

tHO Data valId after CE low 

tHe Output float delay 

tSSR CS to CE setup 

tSRR RIC to CE setup 
tSAR Ao to CE setup 

tHSR CS valid after CE low 

tHRR RIC high after CE low 

tHAR Ao valid after CE low 

tH' STS delay after data valid 

Min 

50 
50 
50 
50 
50 

0 
50 
15 
10 

25 

50 
0 

50 
0 
0 

50 
300 

NOTE Speclftcatlons are at +25°C and measured at 50% level of tranSitions 

1,.--------""1 
CE~~--IHEC--~~'-: ---

RIC 

A, 

I 
I 

--'1 "'-lAC 

STS--"""'-..,.--I 
1------

HIGH IMPEDANCE 
0811-080---+--------------

FIGURE 6. Conversion Cycle Timmg. 

The STATUS output indicates the current state of the 
converter by being in a high state only during conver
sion. During this time the three state output buffers 
remain in a high-impedance state, and therefore data 
cannot be read during conversion. During this period 
additional transitions of the three digital inputs which 
control conversion will be ignored, so that conversion 
cannot be prematurely terminated or restarted. How
ever, if Ao changes state after the beginning of conver
sion, any additional start conversion transition will latch 
the new state of Ao, possibly resulting in an incorrect 
conversion length (8 bits vs 12 bits) for that conversion. 

Typ Max Units 

60 200 ns 
30 ns 
20 ns 
20 ns 
0 ns 

20 ns 
ns 

20 ns 
20 25 ps 
13 17 ps 

15 150 ns 
35 ns 

100 150 ns 
0 ns 

ns 
25 ns 

ns 
ns 
ns 

400 1000 ns 
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READING OUTPUT DATA 
After conversion is initiated, the output data buffers 
remain in a high-impedance state until the following four 
logic conditions are simultaneously met: R/ C high, STA
TUS low, CE high, and CS low. Upon satisfaction of 
these conditions the data lines are enabled according to 
the state of inputs 12/8 and Ao. See Figure 7 and Table V 
for timing relationships and specifications. 

R/C--r-+--------f----. 

A, 

STS ---1-------.. 

tHS 

DBII-DBD ___ !-_:::HI::GH:;:.Z:....-_~~~;......--I---.. 

FIGURE 7. Read Cycle Timing. 

In most applications the 12/8 input will be hard-wired in 
either the high or low condition, although it is fully TTL
and CMOS-compatible and may be actively driven if 
desired. When 12/8 is high, all 12 output lines (DBO
DBII) are enabled simultaneously for full data word 
transfer to a l2-bit or l6-bit bus. In this situation the Ao 
state is ignored. 

Processor 

Converter 

FIGURE 8. l2-Bit Data Format for 8-Bit Systems. 

When 12/8 is low, the data is presented in the form of 
two 8-bit bytes, with selection of the byte of interest 
accomplished by the state of Ao during the read cycle. 
Connection of the ADC574A to an 8-bit bus for transfer 
of left-justified data is illustrated in Figure 8. The Ao 
input is usually driven by the least significant bit of the 
address bus, allowing storage of the output data word in 
two consecutive memory locations. 

When Ao is low, the byte addressed contains the 8MSBs. 
When Ao is high, the byte addressed contains the 4LSBs 
from the conversion followed by four logic zeros which 
have been forced by the control logic. The left-justified 
formats of the two 8-bit bytes are shown in Figure 8. The 
design of the ADC574A guarantees that the Ao input 
may be toggled at any time with no damage to the con
verter; the outputs which are tied together as illustrated 
in Figure 9 cannot be enabled at the same time. 

In the majority of applications the read operation will be 
attempted only after the conversion is complete and the 
STATUS output has gone low. In those situations 
requiring the earliest possible access to the data, the read 
may be started as much as 1.15/-Ls (tDD max + tHS max) 
before STATUS goes low. Refer to Figure 7 for these 
timing relationships. 

BURN-IN SCREENING 
Burn-in screening is available for both plastic and ceramic 
package ADC574As. Burn-in duration is 160 hours at 
the temperature (or equivalent combination of time 
and temperature) indicated below: 

Plastic "-BI" models: +85°C 
Ceramic "-BI" models: +125°C 

All units are 100% electrically tested after burn-in is 
completed. To order burn-in, add "-BI" to the base 
model number (e.g., ADC574AKP-BI). See Ordering 
Information for pricing. 
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ADDRESS 
BUS 

ADC574A 
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DIGITAL 
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FIGURE 9. Connection to an 8-bit Bus. 
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BURR-BROWN® 

I lEI lEI I ADC674A 

Microprocessor-Compatible 
ANALOG-TO-DIGITAL CONVERT·ER 

FEATURES 
• COMPLETE 12-BIT AID CONVERTER WITH 

REFERENCE, CLOCK, AND 8-, 12-, OR 16-BIT 
MICROPROCESSOR BUS INTERFACE 

• IMPROVED PERFORMANCE SECOND SOURCE FOR 
ADC574A/674A-TYPE AID CONVERTERS 

Conversion Time: 1511s max 
Bus Access TIme: lOOns max 
Ao Input: Bus Contention During Read Operation 

Eliminated 
• FULLY SPECIFIED FOR OPERATION ON ±12V OR 

±15V SUPPLIES 
• NO MISSING CODES OVER TEMPERATURE: 

DOC to +75°C: ADC674AJH, KH, JP, KP Grades 
-55°C to +125°C: ADC674ASH, TH Grades 

DESCRIPTION 
The ADC674A is a 12-bit successive approximation 
analog-to-digital converter, utilizing state-of-the-art 
CMOS and laser-trimmed bipolar die custom
designed for freedom from latch-up and for optimum 
AC performance. It is complete with a self-contained 

CONTROL } 

+ IOV reference, internal clock, digital interface for 
microprocessor control, and three-state outputs. 

The reference circuit, containing a buried zener, is 
laser-trimmed for minimum temperature coefficient. 
The clock oscillator is current-controlled for excel
lent stability over temperature. Full-scale and offset 
errors may be externally trimmed to zero. Internal 
scaling resistors are provided for the selection of 
analog input signal ranges of OV to +IOV, OV to 
+20V, ±5V, and ±lOV. 

The converter may be externally programmed to 
provide 8- or 12-bit resolution. The conversion time 
for 12 bits is factory set for 15ILs maximum. 
Output data are available in a parallel format trom 
TTL-compatible three-state output buffers. Output 
data are coded in straight binary for unipolar input 
signals and bipolar offset binary for bipolar input 
signals. 

The ADC674A, available in both industrial and 
military temperature ranges, requires supply volt
ages of +5V and ±12V or ±15V. It is packaged in a 
28-pin plastic DIP, or hermetic side-brazed ceramic 
DIP. 

CONTROL LOGIC 
STATUS INPUTS 

BIPOLAR 
OFFSET 

I .u.. 
o-.-,.,.,.. .... -...,.,..,.-~~--Ki-[~C!;ilO!§CKC}----f~~:lI~:ll ~ r-

20V RANGE 

lOV RANGE 

REFERENCE 
INPUT 
REFERENCE 
OUTPUT 

I i_ + COMPARATOR III n IV i ~ 
L-=-__ < 12·BIT OIA KA Ie III 

CONVERTER 1'"..-------' fil 
o----------;::~~ j!!! 

I lOV I 
REFERENCE 

o 

-

PARALLEL 
DATA 
OUTPUT 

International Alrplrt Industrial Park • PO. Box 11400 • TUClon. Arizona 85734 • Tel.: (8021746-1111 • Twx: 911J.952·1111 • Clble: BBRCORP • TIIII: 66-6491 

PDS·55IC 
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SPECIFICATIONS 
ELECTRICAL 
TA :=::; +25°C, Vee::: +12V or +15V, VEe;:::; -12V or -15V, VLOGle::: +SV unless otherwise specified. 

MODEL ADC874AJP, ADC874AJH, ADC874ASH ADC874AKP, ADC674AKH, ADC874ATH 

MIN TYP MAX MIN TYP MAX 

RESOLUTION 12 · 
INPUTS 

ANALOG II 
Voltage Ranges Unipolar o to +10, 0 to +20 · Bipolar ±5,±10 · Impedance. 0 to +10V, ±5V 4.7 5 53 · · · ±10V, OV to +20V 94 10 106 · · · 
DIGITAL (CE, CS, RIC, Ao, 12/8) 

Over Temperature Range 
Voltages Logic 1 +2.0 +55 · · Logic 0 -05 +0.8 · · Current -5 01 +5 · · · Capacitance 5 · 
TRANSFER CHARACTERISTICS 

ACCURACY 
At +25°C 

Llneanty Error ±1 ±112 
Unipolar Offset Error (adjustable to zero) ±2 · Bipolar Offset Error (adjustable to zero) ±10 ±4 
Full-Scale Calibration Error(1) 

(adjustable to zero) ±0.25 · No Missing Codes Resolution (Dlff. Linearity) 11 12 
Inherent Quantization Error ±1/2 · TMIN to TMAX 

Linearity Error J, K Grades ±1 ±1/2 
S, T Grades ±1 ±1/2 

Full-Scale Calibration Error 
Without Initial AdjustmentC11• J, K Grades ±0.47 ±037 

S, T Grades ±0.75 ±05 
Adjusted to zero at +25°C. J, K Grades ±022 ±012 

S, T Grades ±0.5 ±025 
No Missing Codes Resolution (Diff Linearity) 11 12 

TEMPERATURE COEFFICIENTS (T M'N to T MAX)'" 
Unipolar Offset J, K Grades ±10 ±5 

S, T Grades ±5 ±25 
Max Change All Grades ±2 ±1 

Bipolar Offset: All Grades ±10 ±5 
Max Change J, K Grades ±2 ±1 

S, T Grades ±4 ±2 
Full-Scale Calibration J, K Grades ±45 ±25 

S, T Grades ±50 ±25 
Max Change J, K Grades ±9 ±5 

S, T Grades ±20 ±10 

POWER SUPPLY SENSITIVITY 
Change in Full-Scale Calibration 

+13 5V < Vee < +16 5V or +11.4V < Vee < +12 6V ±2 ±1 
-16.5V < VEE < -13 5V or -12 6V < VEE < -114V ±2 ±1 
+4.5V < VI-QGle < +5 5V ±1/2 · 

CONVERSION TIME'" 
8-Bit Cycle 6 8 10 · · * 
12-Bit Cycle 9 12 15 · · · 
OUTPUTS 

DIGITAL (DB" - DBo, STATUS) I I I (Over Temperature Range) 
Output Codes: Unipolar Unipolar Straight Binary (USB) 

Bipolar Bipolar Offset Binary (BOB) 
Logic Levels: Logic 0 (ISINK = 1 SmA) +0.4 * 

Logic 1 (l",uRO' = 500iJA) +2.4 * 
Leakage, Dala Bits Only, High-Z State -5 0.1 +5 · * · Capacitance 5 · 
INTERNAL REFERENCE VOLTAGE 
Voltage +9.9 +10.0 +10.1 · · * 
Source Current Available for External Loads!51 2.0 · 
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UNITS 

Bits 

V 
V 

kO 
kCl 

V 
V 

iJA 
pF 

LSB 
LSB 
LSB 

%01 FS(2J 

Bits 
LSB 

LSB 
LSB 

%ofFS 
%of FS 
%ofFS 
%of FS 

Bits 

ppm/oC 
ppm/oC 

LSB 
ppm/oC 

LSB 
LSB 

ppm/oC 
ppm/oC 

LSB 
LSB 

LSB 
LSB 
LSB 

iJS 
iJS 

V 
V 

iJA 
pF 

V 
mA 
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ELECTRICAL (CONT) 
TA:C:: +25<>C, Vee = +12V or +15V, Vee = -12V or -15V, VLOGle = +sv unless otherwise specified 

MODEL ADC674AJP, ADC674AJH, ADC674ASH ADC674AKP, ADC674AKH, ADC674ATH 

MIN TYP M,AX MIN TYP MAX UNITS 

POWER SUPPLY REQUIREMENTS 

Voltage' Vee +114 +165 , , V 
VEE -114 -165 , , V 
VLOGle +45 +55 , , V 

Current Icc 35 5 , , rnA 
lEE 15 20 , , rnA 
ILOGIC 9 15 . , rnA 

Power Dissipation (±15V Supplies) 325 450 . . mW 

TEMPERATURE RANGE (Ambient T MIN, TMAX) 

Specification J, K Grades 0 +75 . , 'C 
S, T Grades -55 +125 , , 'C 

Storage -65 +150 . , 'C 

'Same specification as ADC674AJP, AJH, ASH. 
NOTES (1) With fixed 500 resistor from REF OUT to REF IN This parameter is also adjustable to zero at +25'C (see Optional External Full Scale and Offset 
Adjustments section) (2) FS in this specification table means Full Scale Range That is, for a ±10V ,nput range, FS means 20V, for a 0 to +lQV range, FS means lOV 
The term Full Scale for these specifications instead of Full-Scale Range is used to be consistent with other vendors' 674A type specification tables (3) Using Internal 
reference (4) See Controlling the ADC674A section for detailed Information concerning digital timing (5) External loading must be constant during conversIon 
The reference output reqUIres no buffer amplifier With eIther ±12V or ±15V power supplJes 

ORDERING INFORMATION 

Package Temperature Linearity Error. 
Model (DIP) Range max (TMIN to TMAX) 

ADC674AJP Plastic O'C to+75'C 
ADC674AKP Plastic O'C to+75'C 
ADC674AJH Ceramic O'Cto +75'C 
ADC674AKH CeramIc O'Cto +75'C 
ADC674ASH Ceramic -55'C to +125'C 
ADC674ATH Ceramic -55'C to +125'C 

BURN-IN SCREENING OPTION 
See text for details. 

Package Temperature 
Model (DIP) Range 

ADC674AJP-BI PlastIC O'Cto +75'C 
ADC674AKP-BI Plastic O'Cto +75'C 
ADC674AJH-BI CeramIc O'Cto +75'C 
ADC674AKH-BI Ceramic O'Cto +75'C 
ADC674ASH-BI Ceramic -55'C to +125'C 
ADC674ATH-BI Ceramic -55'C to +125'C 

NOTE (1) Or equivalent combInation of time and temperature 

ABSOLUTE MAXIMUM RATINGS 

Vee to Digital Common ............................ 0 to +16.5V 
VEE to Digital Common ............................ 0 to -16.5V 
VLOGIC to Digital Common. . . . . . . . . . .. . . . . . . . . . . . . . . .. 0 to + 7V 
Analog Common to Digital Common ................•..... ±lV 

Control Inputs (CE, CS, A., 12/8, RIC) 
to Digital Common .................... -0 5V to VLOGIC +O.5V 

Analog Inputs (REF IN, BIP OFF, 10V,N) 
to Analog Common .................................. ±16.5V 

20V,N to Analog Common. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±24V 
REF OUT ............... , . . . . . . .. Indefinite Short to Common, 

Momentary Short to Vcc 
Max Junction Temperature............................ +l65°C 
Power Dissipation. . .. . .. . .. .. . .. .. . . . .. . . .. .. . . .. . .• 1000mW 
Lead Temperature (soldering, 10s) . . . • . . . . . . . . . . . . . . . .. +300'C 
Thermal Resistance, 8JA: Ceramic. . • . . . . . . . . . . . . . . . . . .. 50°C/W 

PlastiC .......•.............. 100'CIW 

CAUTION: The.e device. are sensitive to electrostatic discharge. 
Appropriate I.C. handling procedures should be followed. 

±1LSB 
±1I2LSB 
±1LSB 

±1/2LSB 
±1LSB 
±1LSB 

Burn-In Temp. 
(160 HOUrs)'" 

+85'C 
+85'C 
+125'C 
+125'C 
+125'C 
+125'C 

CONNECTION DIAGRAM 
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MECHANICAL 

H Package [Ceramic] 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1386 1414 3520 3592 
C 108 166 274 422 

to:] ::S~:::,::~r,;:'~~ 
I ' j L I'" '-- Pm numbers shown for reference 

D 015 021 038 053 Pm 1 F only Numbers may not be marked 
F 035 060 089 152 A • on package 
G 100 BASIC 254 BASIC 
H 036 064 
J 008 012 
K 120 240 
L 600 BASIC 
M 10' 
N 025 060 

091 163 
020 030 
305 610 
1524 BASIC 

10' 
064 152 

rN 

J~ J1 ~. 
LH JL D JGL \ Seating Plane L L~f 

CASE' Ceramic, hermetiC 
WEIGHT 48 grams (0 17 oz ) 

P Package [Plastic] 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1350 1450 3429 3683 
B 520 575 1321 1461 

C 169 224 429 570 
D 015 023 038 058 
F 043 062 109 157 
G 100 BASIC 254 BASIC 
H 030 090 076 229 
J 008 015 020 038 
K 100 150 254 381 
L 600 BASIC 1524 BASIC 

M o· 15' o· 15' 
N 018 040 046 102 

DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Ideal 
transition values lie on a line drawn through zero (or 
minus full scale for bipolar operation) and plus full scale. 
The zero value is located at an analog input value 
Ij2LSB before the first code transition (OOOH to OOIH). 
The full-scale value is located at an analog value 3j2LSB 
beyond the last code transition (FFEH to FFFH) (see 
Figure I). 
Thus, for a converter connected for bipolar operation 
and with a full-scale range (or span) of 20V (±IOV), the 
zero value of-lOY is 2.44mV below the first code transI
tion (OOOH to OOIH at -9.99756V) and the plus full-scale 
value of +IOV is 7.32mV above the last code transition 
(FFE H to FFFH at +9.99268) (see Table I). 

NO MISSING CODES 
(DIFFERENTIAL LINEARITY ERROR) 

A specification which guarantees no missing codes 
requires that every code combination appear In a mono
tonically-increasing sequence as the analog Input is 
Increased throughout the range. Thus, every input code 
width (quantum) must have a finite width. If an input 
quantum has a value of zero (a differential linearity error 
of -I LSB), a missing code will occur. 

ADC674AKP, KH, and TH grades are guaranteed to 
have no missing codes to 12-bit resolution over their 
respective specification temperature ranges. 

FFFH 

FFEH 

FFo" 

NOTE Leads In true POSition 
Within 010" ( 25mm) Rat MMC at 
seating plane 

Pin numbers are shown for 
reference only Numbers may not 
be marked on package 

CASE PlastiC 
WEIGHT 43 grams (0 150z ) 

802H 
I.. ... 
I.. 
~ 800H I 
~ 7FF OFFSET 
'" "ERROR I I 
.. 7FE" SHIFTS I : 

002" ilHE LINE : I 

001" (BIPOLAR : : MIDSCALE 
OFFSET ~ ~(BIPoLAR 

000" I TRANSlTIoNI , I ZERO) 

II2LSB --I fo- ZERo'~I---I-:I-:~_-~11 '-::3/-::2::-:LS::B7I,--;-, I +FULL 

ZERO (-FULL-SCALE II2LSB +FULL.SCALE SCALE 
(-FULL CALIBRATION CALIBRATION 
SCALE) TRANSITION I TRANSITION 

ANALOG INPUT 

FIGURE I. ADC674A Transfer Characteristic 
Terminology. 

UNIPOLAR OFFSET ERROR 

An ADC674A connected for unipolar operation has an 
analog input range of OV to plus full scale. The first 
output code transition should occur at an analog input 
value Ij2LSB above OV. Unipolar offset error is defined 
as the deviation of the actual transition value from the 
ideal value. The unipolar offset temperature coefficient 
specifies the change of this transition value versus a 
change In ambient temperature. 

Burr-Brown Ie Data Book 9.1-65 Vol. 33 

en 
0:: 
W 
t
o:: 
W 
> 
Z o o 
o 
~ 
z o 

~ z w 
== ::) 
0:: 
t; 
Z 



TABLE I. Input Voltages, Transition Values, and LSB Values. 

Binary (BIN) Output 

Analog Input Vollage Range Defined AI. 

One Least Sigmficant Bit (LSB) f§f!. 
2" 

n=8 
n = 12 

Output Transition Values 
FFEH to FFFH + Full-Scale Calibration 
7FFH to 800H MIdscale Calibration (Bipolar Ollset) 
OOOH 10 001H Zero Calibration (- Full-Scale Calibration) 

BIPOLAR OFFSET ERROR 

A/ D converter specifications have historically defined 
bipolar offset as the first transition value above the 
minus full-scale value. The ADC674A specification, 
however, follows the terminology defined for the 574 
converter several years ago. Thus, bipolar offset is 
located near the midscale value of OV (bipolar zero) at 
the output code transition 7FFH to 800H. 

Bipolar offset error for the ADC674A is defined as the 
deviation of the actual transition value from the ideal 
transition value located 1/2LSB below OV. The bipolar 
offset temperature coefficient specifies the maximum 
change of the code transition value versus a change in 
ambient temperature. 

FULL SCALE CALIBRATION ERROR 

The last output code transition (FFEH to FFFH) occurs 
for an analog input value 3/2LSB below the nominal 
full-scale value. The full scale calibration error is the 
deviation of the actual analog value at the last transition 
point from the ideal value. The full-scale calibration 
temperature coefficient specifies the maximum change of 
the code transition value versus a change in ambient 
temperature. 

POWER SUPPLY SENSITIVITY 

Electrical specifications for the ADC674A assume the 
application of the rated power supply voltages of +5V 
and ±12V or ±15V. The major effect of power supply 
voltage deviations from the rated values will be a small 
change in the full-scale calibration value. This change, of 
course, results in a proportional change in all code tran
sition values (i.e. a gain error). The specification describes . 
the maximum change in the full-scale calibration value 
from the initial value for a change in each power supply 
voltage. 

TEMPERATURE COEFFICIENTS 

The temperature coefficients for full-scale calibration, 
unipolar offset and bipolar offset specify the maximum 
change from the +25°C value to the value at TMIN or TMAx. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters have an inherent quantiza
tion error of ±1/2LSB. This error is a fundamental 

Input Voltage Range and LSB Value. 

±10V +SV Oto +10V o to +20V 

20V ...12Y. ...1JlY.. ~ 
2" 2" 2" 2" 

7813mV 3906mV 3906mV 7813mV 
488mV 2.44mV 244mV 488mV 

+10V - 3/2LSB +SV- 3/2LSB +10V - 3/2LSB +10V - 3/2LSB 
o -1I2LSB 0-1I2LSB +SV -1I2LSB ±10V - 1I2LSB 

-10V + 1I2LSB -SV+ 1/2LSB 010+ 1I2LSB 010 +1I2LSB 

property of the quantization process and cannot be elim
inated. 

CODE WIDTH (QUANTUM) 

Code width, or quantum, is defined as the range of 
analog input values for which a given output code will 
occur. The ideal code width is ILSB. 

INSTALLATION 
LAYOUT PRECAUTIONS 

Analog (pin 9) and digital (pin 15) commons are not 
connected together internally in the ADC674A, but 
should be connected together as close to the unit as pos
sible and to an analog common ground plane beneath 
the converter on the component side of the board. In 
addition, a wide conductor pattern should run directly 
from pin 9 to the analog supply common, and a separate 
wide conductor pattern from pin 15 to the digital supply 
common. Analog common (pin 9) typically carries +8mA. 

If the single-point system common cannot be established 
directly at the converter, pin 9 and pin 15 should still be 
connected together at the converter; a single wide con
ductor pattern then connects these two pins to the sys
tem common. In either case, the common return of the 
analog input signal should be referenced to pin 9 of the 
ADC. This prevents any voltage drops that might occur 
in the power supply common returns from appearing in 
series with the input signal. 

Coupling between analog input and digital lines should 
be minimized by careful layout. For inst'ance, if the lines 
must cross, they should do so at right angles. Parallel 
analog and digital lines should be separated from each 
other by a pattern connected to common. 

If external full scale and offset potentiometers are used, 
the potentiometers and associated resistors should be 
located as close to the ADC674A as possible. If no trim 
adjustments are used, the fixed resistors should likewise 
be as close as possible. 

POWER SUPPLY DECOUPLING 

Logic and analog power supplies should be bypassed 
with lOpF tantalum type capacitors located close to the 
converter to obtain noise-free operation. Noise on the 
power supply lines can degrade the converter's per
formance. Noise and spikes from a switching power 
supply are especially troublesome. 
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ANALOG SIGNAL SOURCE IMPEDANCE 

The signal source supplying the analog input signal to 
the ADC674A will be driving into a nominal DC input 
impedance of either 5kO or IOkO. However, the output 
impedance of the driving source should be very low, such 
as the output impedance provided by a wideband, fast
settling operational amplifier. Transients in A/ D input 
current are caused by the changes in output current of 
the mternal D / A converter as it tests the various bits. 
The output voltage of the driving source must remain 
constant while furnishing these fast current changes. If 
the application requires a sample/hold, select a sample/ 
hold with sufficient bandwidth to preserve the accuracy 
or use a separate wide band buffer amplifier to lower the 
output impedance. 

RANGE CONNECTIONS 
The ADC674A offers four standard input ranges: OV to 
+IOV, OV to +20V, ±5V, and ±IOV. If a lOY input range 
IS required, the analog input signal should be connected 
to pm 13 of the converter. A signal requiring a 20V range 
IS connected to pin 14. In either case the other pin of the 
two IS left unconnected. Full-scale and offset adjust
ments are described below. 

To operate the converter with a 10.24V (2.5mV LSD) or 
20.48V (5mV LSD) input range, insert a 120n 1% metal
film resistor in series with pin 13 for the 10.24V range, or 
a 240n 1% metal-film resistor in series with pin 14 for the 
20.48V range. Offset adjustments are still performed as 
described below. A fixed metal-film resistor can be used 
because the input impedance of the ADC674A is trimmed 
to typically less than ±2% of the nominal value. 

CALIBRATION 
OPTIONAL EXTERNAL FULL-SCALE AND 
OFFSET ADJUSTMENTS 

Offset and full-scale errors may be trimmed to zero using 
external offset and full-scale trim potentiometers con
nected to the ADC674A as shown in Figures 2 and 3 for 
unipolar and bipolar operation. 

CALIBRATION PROCEDURE
UNIPOLAR RANGES 

If adjustment of unipolar offset and full scale is not 
required, replace R, with a 50n, 1% metal film resistor 
and connect pin 12 to pin 9, omitting the adjustment 
network. 

If adjustment is required, connect the converter as 
shown in Figure 2. Sweep the input through the end
point transition voltage (OV + 1/2LSD; +1.22mV for the 
lOY range, +2.44mV for the 20V range) that causes the 
output code to be DBO ON (high). Adjust potentiometer 
Rl until DBO is alternately toggling ON and OFF with 
all other bits OFF. Then adjust full scale by applying an 
input voltage of nominal full-scale value minus 3; 2LSB. 
the value which should cause all bit~ to be ON. Thl~ 
value is +9.9963V for the 10V range and +19.9927V for 
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the 20V range. Adjust potentiometer R2 until bits DBI
DBII are ON and DBO is toggling ON and OFF. 

+VCC, UNIPOLAR 
OFFSET 
ADJUST 

R, 
lOOkp 

-Vee 

lOOn 

FULL·SCALE 
ADJUST 

lOV RANGE 
ANALOG ,..0 
INPUT 

'0 
20V RANGE 

FIGURE 2. Unipolar Configuration. 

AOC674A 

CALIBRATION PROCEDURE-BIPOLAR RANGES 
If external adjustments of full-scale and bipolar offset 
are not required, the potentiometers may be replaced by 
500, 1% metal film resistors. 

If adjustments are required, connect the converter as 
shown in Figure 3. The calibration procedure is similar 
to that described above for unipolar operation, except 
that the offset adjustment is performed with an input 
voltage which is 1/2LSB above the minus f';lll-scale value 
(-4.9988V for the ±5V range, -9.9976V for the ±IOV 
range). Adjust Rl for DBO to toggle ON and OFF with 
all other bits OFF. To adjust full-scale, apply a DC input 
signal which is 3/2LSB below the nominal plus full-scale 
value (+4.9963V for ±5V range, +9.9927V for ±IOV 
range) and adjust Rz for DBO to toggle ON and OFF 
with all other bits ON. 

FULL·SCALE ADJUST 

AOC674A 

BIPOLAR 
OFFSET ADJUST .....""" ...... ,....,, 

ANALOG 

~
INPUT : 

_ ' '0 20V RANGE 

ANALOG, COMMON 

FIGURE 3. Bipolar Configuration. 
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CONTROLLING THE ADC674A 
The Burr-Brown ADC674A can be easily interfaced to 
most microprocessor systems and other digital systems. 
The microprocessor may take full control of each con
version, or the converter may operate in a stand-alone 
mode, controlled only by the RIC input. Full control 
consists of selecting an 8- or 12-bit conversion cycle, 
initiating the conversion, and reading the ouptut data 
when ready-choosing either 12 bits all at once, or 8 bits 
followed by 4 bits in a left-justified format. [he five 
control inputs (12(8, CS, Ao, RIC, and CE) are all 
TTL/CMOS-compatible. The functions of the control 
inputs are described in Table II. The control function 
truth table is listed in Table III. 

TABLE II. ADC674A Control Line Function~. 

Pin 
D •• 19n8110n Deflnlllon 

TABLE III. Control Input Truth Table. 

CE CS RIC 1218 f.o Oper.,lon 

0 X X X X None 
X 1 X X X None 

.f- 0 0 X 0 Inltlste 12-blt converSion 

.f- 0 0 X 1 Inltlste a-bit conversion 
1 V 0 X 0 Inltl8te 12-blt converSion 
1 of 0 X 1 Initiate 8-blt conversion 
1 0 

"* 
X 0 Inltl8te 12-blt conversion 

1 0' of X 1 IOItl8te 8-blt conversion 
1 0 1 1 X Enable 12-blt output 
1 0 1 0 0 Enable 8 MSBs only 
1 0 1 0 1 Enable 4 LSBs plus 4 

trailing zeros 

Function 

CE (Pin 6) Chip Enable Must be high (",") to either Inltlste a conversion or read output data 0-1 edge may be used to Initiate a 
(active high) conversion 

~(Pln3) Chip Select Must be low ("0") to either Initiate a converSion or read output data 1-0 edge may be used to inItIate a 
(active low) conversion 

RIC (PinS) ReadlConvert Must be low ("0") to initiate either 8 or 12-blt converSions 1-0 edge may be used to Initiate a converSion Must 
("1" = read) be high ("1") to read output data ,0-1 edge may be used to Initiate a read operation 
("0" = convert) 

A. (Pin 4) Byte Address In the start-convert mode, A. selecls 8-bit (Ao = "1") or 12-bIt (f.o = "0") conversion mode. When reading output 
Short Cycle data In two 8-bit bytes. So = "0" accesses 8 MSBs (high byte) and f.o = "I" accesses 4 LSBs and Irailing "Os" 

(low byte) 

12/8 (Pin 2) Data Mode Select When readmg output data, 12/8 - "1" enables all 12 output bits simuttaneously 12/8' = "0" Will enable the MS8's 
("1" = 12 bits) or LSB's as determilled by the Ao line 
("0" = 8 bits) 

STAND-ALONE OPERATION 

For stand-alone operation, control of the converter is 
accomplished by a single control line connected to RIC. 
In this mode CS and Ao are connected to digital com· 
mon and CE and 12/8 are connected to VWGlC (+5V). 
The output data are presented as 12-bit words. The 
stand-alone mode is used in systems containing dedi
cated input ports which do not require full bus interface 
capability. 

Conversion is initiated by a high-to-Iow transition of 
RIC. The three-state data output buffers are enabled 
when RIC is high and STATUS is low. Thus, there are 
two possible modes of operation; conversion can be 
initiated with either positive or negative pulses. In either 
case the RIC pulse must remain low for a minimum of 
50nsec. 

Figure 4 illustrates timing when conversion is initiated 
by an RIC pulse which goes low and returns to the high 
state during the conversion. In this case, the three-state 
outputs go to the high-impedance state in response to the 
falling edge of RI C and are enabled for external access 
of the data after completion of the conversion. Figure 5 
illustrates the timing when conversion is initiated by a 
positive RIC pulse. In this mode the output data from 
the previous conversion is enabled during the positive 
portion of RIC. A new conversion is started on the fai
ling edge of RIC, and the three-state out pUb return to 

RIC /-I..RL-1r-_____ _ 

FIDS=i~ 
STATUS _I---I.,~"L-

I I tHOR tHS 

-::DA:::rA~V::.AL~ID9 .!'16H·Z STATE (DATA VALID 
Dall-DaD· . 

FIGURE 4.(R/C Pulse Low - Outputs Enabled After 
Conversion. 

". il IHRH IDS ------" 
J-r---------,::::\.... 

STATUS _-'-______ -'_1 1"-

u I -'-1.,---1 
tOOR r.;l I'-" tHOR ~ 

Dall-DaD HIGH·Z (DATA VALID) HIGH·Z STATE ___ _ 

FIGURE 5. RIC Pulse High - Outputs Enabled Only 
While RIC Is High. 

the high-impedance state until the next occurrence of a 
high RIC pulse. Timing specifications for stand-alone 
operation are listed in Table IV. 
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TABLE IV. Stand-Alone Mode Timing. 

Symbol Parameter Min Typ 

tHAL Low RIC Pulse Width 50 
tos STS Delay from RIC 
tHOR Data Valid After RIC Low 25 
tHS STS Delay After Data Valid 300 400 
tMAH High RIC Pulse Width 150 
tOOR Data Access Time 

FULLY CONTROLLED OPERATION 

Conversion Length 

Max Units 

ns 
200 ns 

ns 
1000 ns 

ns 
150 ns 

Conversion length (8-bit or 12-bit) is determined by the 
state of the AD input, which is latched upon receipt of a 
conversion start transition (described below). If AD is 
latched high, the conversion continues for 8 bits. The full 
12-bit conversion will occur if AD is low. If all 12 bits are 
read following an 8-bit conversion, the 3LSBs (DBO
DB2) will be low (logic 0) and DB3 will be high (logic I). 
An is latched· because it is also involved in enabling the 
output buffers. No other control inputs are latched. 

CONVERSION START 

The converter is commanded to initiate conversion by a 
transition occurring on any of three logic inputs (CE, 
CS, and RIC) as shown in Table III. Conversion is 
initiated by the last of the three to reach the required 
state and thus all three may be dynamically controlled. If 
necessary, all three may change states simultaneously, 
and the nominal delay time is the same regardless of 
which input actually starts conversion. If it is desired 
that a particular input establish the actual start of con
version, the other two should be stable a minimum of 
50nsec prior to the transition of that input. Timing rela
tionships for start of conversion timing are illustrated in 
Figure 6. The specifications for timing are contained in 
Table V. 

TABLE V. Timing Specifications. 

Symbol Parameter 

Convert Mode 
tose STS delay from CE 
tHEe CE Pulse Width 
tssc CS to CE setup 
tHSC CS low dUring CE high 
tSRC RIC to CE setup 
tHRC RIC low dUring CE high 
tSAC Ao to CE setup 
tHAC Ao valid dUring CE high 
t, Conversion time, 12 bit cycle 

8 bit cycle 

Read Mode 
too Access time from CE 

tHO Data valid after CE low 

tHe Output float delay 
tSSR CS to CE setup 
tSRR RIC to CE setup 

tSAR Ao to CE setup 
tHSR CS valid after CE low 
tHRR RIC high after CE low 
tHAR Ao valid after CE low 
tHS STS delay after data valid 

Min 

50 
50 
50 
50 
50 

0 
50 
9 
6 

25 

50 
0 

50 
0 
0 

50 
100 

NOTE Specifications are at +25°C and measured at 50% level of transItIons 

1,---------. 
CE ~I----IHEC--~~\..: ---

STS---t----J 

HIGH IMPEDANCE 
0811-080---4---------------

FIGURE 6. Conversion Cycle Timing. 

The STATUS output indicates the current state of the 
converter by being in a high state only during conver
sion. During this time the three state output buffers 
remain in a high-impedance state, and therefore data 
cannot be read during conversion. During this period 
additional transitions of the three digital inputs which 
control conversion will be ignored, so that conversion 
cannot be prematurely terminated or restarted. How
ever, if Ao changes state after the beginning of conver
sion, any additional start conversion transition will latch 
the new state of Ao, possibly resulting in an incorrect 
conversion length (8 bits vs 12 bits) for that conversion. 

Typ Max Unit. 

60 200 ns 

30 ns 

20 ns 

20 ns 

0 n, 

20 ns 
ns 

20 ns 

12 15 ps 

8 10 ps 

75 150 ns 
35 ns 

100 150 ns 
0 ns 

ns 
25 ns 

ns 
ns 
ns 

300 600 ns 
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READING OUTPUT DATA 
After conversion is initiated, the output data buffers 
remain in a high-impedance state until the following four 
logic conditions are simultaneously met: R/ C high, STA
TUS low, CE high, and CS low. Upon satisfaction of 
these conditions the data lines are enabled according to 
the state of inputs 12/8 and Ao. See Figure 7 and Table V 
for timing relationships and specifications. 

R/C--.,-f--------+-...,. 

STS ----1------"""" 

IH' 

DSlI-DSD ___ !-_;;;.HI;:;GH:..:.Z'--__ I.~----l--"'\ 

FIGURE 7. Read Cycle Timing. 

In most applications the 12/8 input will be hard-wired in 
either the high or low condition, although it is fully TTL
and CMOS-compatible and may be actively driven if 
desired. When 12/8 is high, all 12 output lines (DBO 
DBI!) are enabled simultaneously for full data word 
transfer to a 12-bit or 16-bit bus. In this situatIOn the A. 
state is ignored. 

Processor 

Converter 

FIGURE 8. 12-Bit Data Format for 8-Bit Systems. 

When 12/8 is low, the data is presented in the form of 
two 8-bit bytes, with selection of the byte of Interest 
accomplished by the state of A. during the read cycle. 
Connection of the ADC674A to an 8-bit bus for transfer 
of left-justified data is illustrated in Figure 9. The Ao 
input is usually driven by the least significant bit of the 
address bus, allowing storage of the output data word in 
two consecutive memory locations. 

When An IS low, the byte addressed contains the 8MSBs. 
When A. is high, the byte addressed contains the 4LSBs 
from the conversion followed by four logic zeros which 
havc been forced by the control logic. The left-Justified 
formats of the two 8-bit bytes are shown In Figure 8. The 
design of the ADC674A guarantees that the Ao input 
may be toggled at any time with no damage to the con
verter; the outputs which are tied together as illustrated 
in Figure 9 cannot be enabled at the same time. 

In the majority of applications the read operation will be 
attempted only after the conversion is complete and the 
ST A TUS output has gone low. In those situations 
requiring the earliest possible access to the data, the read 
may be started as much as 750nsec (tDD max + tHS max) 
before STATUS goes low. Refer to Figure 7 for these 
timing relationships. 

BURN-IN SCREENING 

Burn-in screening is available for both plastic and ceramic 
package ADC674As. Burn-in duration is 160 hours at 
the temperature (or equivalent combination of time 
and temperature) indicated below: 

Plastic "-BI" models: +85°C 
Ceramic "-BI" models: +125°C 

All units are 100% electrically tested after burn-in is 
completed. To order burn-ip., add "-BI" to the base 
model number (e.g., ADC674AKP-BI). See Ordering 
Information for pricing. 
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Burr-Brown Ie Data Book 9.1-71 

~ 
27 

26 

25 

24 

23 

22 

21 

20 I 
19 

18 

17 

16 

15 

~ -

DATA 
BUS 

i 
i 

Vol. 33 

tJ) 
IX: 
W 

t: 
w 
> z 
o 
o 
c 
< 
z 
o 

~ z w 
:E 
::l 

~ 
Z -



BURR-BROWN® 

IElElI ADC700 
ADVANCE INFORMATION 

SUBJECT TO CHANGE 

16-Bit Resolution 
AID CONVERTER 

With Microprocessor Interface 

FEATURES 
• COMPLETE WITH REFERENCE, CLOCK, 

8-BIT PORT MICROPROCESSOR 
INTERFACE 

• OUTPUT BUFFER LATCH FOR IMPROVED 
INTERFACE TIMING FLEXIBILITY 

• CONVERSION TIME: 
1511S max (O°C to 70°C, -25°C to +85°C); 
20l1s max (-55°C to + 125°C) 

• LINEARITY ERROR: ±0.OO3%FSR max 

APPLICATIONS 
.• PRECISION CONTROL 

• HIGH·RESOLUTION DATA ACQUISITION 

• MICROPROCESSOR·DRIVEN DATA 
ACQUISITION SYSTEMS 

• WAVEFORM ANALYSIS 
INSTRUMENTATION 

Bipolar 
Offset 

(K, S Grades) AD 

• NO MISSING CODES TO 14 BITS OVER cs 
TEMPERATURE (K, S Grades) BTCENo-l--t--i-ltiiitl 

• SPECIFIED OPERATION AT ±12V AND 
±15V POWER SUPPLIES 

• PARALLEL AND SERIAL DATA OUTPUT 

• SMALL PACKAGE: 28·Pin DIP 

DESCRIPTION 
ADC700 is a 16-bit resolution successive approxima
tion analog-to-digital converter. It is complete with a 
self-contained reference. internal clock and complete 
digital interface, including output data latch and three
state output drivers for operation with microprocessors 
and microcontrollers. 

The reference circuit, containing a buried zener. is laser
trimmed for minimum temperature coefficient. The 
clock oscillator is current-controlled for excellent sta
bility over temperature. Gain and Zero errors may be 
externally trimmed to zero. Internal scaling resistors 
are provided for selection of anale 1 input ranges of 
OV to +5V, OV to +IOV, OV to +20V, ±2.5V, ±5V, 
and ±IOV. 

Conversion time is factory set at for 151lS max over 
temperature for a 16-bit conversion over the industrial 

Comperator 
Input 

Reset 

l==~~h!d::;=~--=~U~serlal Data Output 

WR<>:~-L=.!:2st!i...:..:.....t====~serlal Data Strobe .... Conversion Status 
Convert 
Command 

temperature range, _25°C to +85°C; 201lS max for the 
military temperature range. 

After a conversion is complete, output data is stored 
in a latch separate from the successive approximation 
logic. This permits starting the next conversion before 
the data from the previous conversion is read. Data 
is available in two 8-bit bytes from TTL-compatible 
three-state output drivers. Output data is coded in Straight 
Binary for unipolar input signals and Bipolar Offset 
Binary or Twos Complement for bipolar input signals. 
BOB or BTC is selected by a logic function available 
on one of the pins. 

The ADC700. available in commercial, industrial, and 
military temperature ranges, requires supply voltages 
of +5V. ±12V, or ±15V. It is packaged in a hermetic 
28-pin side-braze ceramic DIP. 

International Airport industrial Park • Mailing Addresa: PO Box 11400 • Tucson, AZ 85734 • Streat Addresa: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (602)746-1111 • Twx: 910·952·1111 • Cable: BBRCORP • Telex: 66·6491 • FAX: (602) 889·1510 

PDS·856 
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SPECIFICATIONS 
T. = 25°C and at rated supplies: V •• = +5V, +Vcc = +12V or +15V, -Vee = -12Vor-15V unless otheowlse noted. 

MODEL ADC700JH/AHIRH ADC700KH/BHlSH 

PARAMETERS I MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTION 16 BITS 

ANALOG INPUTS 
Voltage Ranges 

Bipolar ±2.5, ±5, ±10 V 
Unipolar o to +5, 0 to +10, 0 to +20 · V 

Impedance (Direct Input) 
OV to +5V, ±2.5V 

1 2.5 ±1% · kn 
OV to +10V. ±5V S±1% · kn 
OV to +20V, ±10V 10±1% · kn 

DIGITAL SIGNALS (Over Speclfication Temperature Range) 
Inputs 
Logic Levels (1) 

V," +2.0 +5.5 · · V 

V" 0 +0.8 · V 
I,"(V, = +2.7V) ±10 · IlA 
I,,(V, = +O.4V) ±20 IlA 

Outputs 
Logic Levels 

V",Jloc =-1.6mA) +0.4 · V 
V OH(IO" = +20uA) +2.4 V 

TRAtlSFER CHARACTERISTICS 

ACCURACY 
Unearity Error ±0.003 ±0.003 %ofFSRO' 
Differential Unearity Error ±0.003 ±0.OOI5 %ofFSR 
Gain Error') ±D.l to.2 · % 
Zero Erro(3) 

Bipolar Zero ±0.1 ±0.2 · %01 FSR 
Unipolar Zero ±0.05 ±0.1 · %01 FSR 

Inherent Quantization Error ±1/2 LSB 
Noise at Transitions (30p-p) ±O.OOI %ofFSR 
Power Supply Sensitivity 

+Vcc ±0.0015 · %FSRfO/OVcc 
-Vee ±O.0015 %FSR/%Vcc 

V •• ±O.OOOI · %FSR/%Voo 

CONVERSION TIME 
16·bits 15 20 flS 

WARM-UPTIME 5 · min 

DRIFT (Over Specification Temperature Range) 
Gain Drift ±8 · ppml"C 
Zero Drift 

Bipolar Zero ±5 ppm of FSRt'C 
Unipolar Zero ±2 ppm of FSRt'C 

Unearity Drift ±1 ppm of FSRJ>C 

OUTPUT 

DATA CODES''' 
Unipolar Parallel USB 
Bipolar Parallel'" BTC,BOB 
Serial Output (NRZ) USB,BOB 

POWER SUPPLY REQUIREMENTS 
Voltage Range 

+Vcc +11.4 +15 +16 · · · VDC 

-Vee -11.4 -15 -16 · VDC 

V •• +4.75 +5 +5.25 · · · VDC 
Current(6) 

+Vcc +10 +12 · mA 

-Vee -28 ..;)3 mA 

V •• +15 +18 · · mA 
Power DIssipation 645 765 · mW 

TEMPERATURE RANGE 
Specification 

J, K Grades 0 +70 · · °C 
A, BGrades -25 +85 · ·C 
R, S Grades -55 +125 · ·C 

Storage -55 +150 · · OC 

NOTES: (1) TIL, LSTIL, and 5V CMOS compatible. (2) FSR means Full Scale Range. For example, umt connected for ±1 OV range has 20V FSR. 
(3) Extemally adjustable to zero. (4) USB - Unipolar Straight Binary; BTC - Binary Twos Complement; BOB - Bipolar Offset Binary; NRZ - Non 
Retum to Zero. (5) BTc/BOB Is pin selectable with pin 23, BTCEN. (6) Max supply current is specified at rated supply voltages. 
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MECHANICAL 

H Package - 28-Pln Ceramic DIP 

A 'I 151 28 
DIM 
A 
B 

B C 

Chamfer 1 14 ~ 
Pin 1 

Identifier 

~_f;, 

JL JL J L ~' 
HOG Plane 

M 
LL~ 

D 
F 
G 
H 
J 
K 
L 
N 

Burr-Brown Ie Data Book 9.1-74 

INCHES 
MIN I MAX 
1.435 1.465 
.610 BASIC 
.160 .205 
.015 .019 
.045 .055 
.100 BASIC 
. 055 .095 
.009 .012 
.155 .195 
.600 BASIC 
.040 .060 

MILUMETERS 
MIN 1 MAX 
36.45 37.21 
15.49 BASIC 
4.06 5.21 
0.38 0.48 
1.14 1.40 
2.54 BASIC 
1.40 2.41 
0.23 0.30 
3.94 4.95 
15.24 BASIC 
1.02 1.52 

NOTE: Leads in 
true position within 
0.01" (0.25mm) A at 
MMC at seating 
plane. Pin numbers 
shown for reference 
only. Numbers may 
not be marked on 
package . 
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BURR-BROWN® 

I~~I ADC774 

ADVANCE INFORMATION 
SUBJECT TO CHANGE 

Microprocessor-Compatible 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• COMPLETE 12-BIT AID CONVERTER WITH 

REFERENCE. CLOCK. AND B-. 12-. OR 16-BIT 
MICROPROCESSOR BUS INTERFACE 

• IMPROVED PERFORMANCE SECOND SOURCE FOR 
HI774-TYPE AID CONVERTER 

Conversion Time: 8.5ps max 
Bus Access Time: 150ns 

• FULLY SPECIFIED FOR OPERATION ON ±12V OR 
±15V SUPPLIES 

• NO MISSING CODES OVER TEMPERATURE: 
DoC to +75°C: ADC774JH. KH Grades 
-55°C to +125°C: ADC774SH. TH Grades 

DESCRIPTION 
The ADC774 is a 12-bit successive approximation 
analog-to-digital converter, utilizing state-of-the-art 
CMOS and laser-trimmed bipolar die custom
designed for freedom from latch-up and for optimum 
AC performance. It is complete with a self-contained 

CONTROL 
INPUTS 

BIPOLAR 
OFFSET CLOCK 

20V RANGE 

IOV RANGE i 
REFERENCE 
INPUT 
REFERENCE 0 
OUTPUT 

+IOV reference, internal clock, digital interface for 
microprocessor control, and three-state outputs. 

The reference circuit, containing a buried zener, is 
laser-trimmed for minimum temperature coefficient. 
The clock oscillator is current-controlled for excel
lent stability over temperature. Full-scale and offset 
errors may be externally trimmed to zero. Internal 
scaling resistors are provided for the selection of 
analog input signal ranges of OV to +IOV, OV to 
+20V, ±5V, and ±IOV. 

The converter may be externally programmed to 
provide 8- or l2-bit resolution. The conversion time 
for 12 bits is factory set for 8.5J's maximum. 

Output data are available in a parallel format from 
TTL-compatible three-state output buffers. Output 
data are coded in straight binary for unipolar input 
signals and bipolar offset binary for bipolar input 
signals. 
The ADC774, available in both industrial and 
military temperature ranges, requires supply volt
ages of +5V and ±12V or ±15V. It is packaged in a 
28-pin plastic DIP, or hermetic side-brazed ceramic 
DIP. 

CONTROL LOGIC 

12·BIT OtA 
CONVERTER 

IOV 
REFERENCE 

z 

~5:i 
alit; 
g=~ .. lI:: 

c 

STATUS 

PARALLEL 
DATA 
OUTPUT 

International Airporllndustrial Park - P.O. Box 11400 - Tucson. Arizona 85734 - Tel. (6021 746-1111 - Twx' 910·952-1111 . Cable: 8BRCORP Telex: 66-6491 

PDS-835 
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SPECIFICATIONS 
ELECTRICAL 
T. = +25'C, Vee = +12V or +15V, v .. = -12V or -15V, VLOGIC = +5V unless otherwise specified. 

MODEL ADC774JH, ADC7748H ADC774KH, ADC774TH 

MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTION 12 · Blta 

INPUTS 

ANALOG J to +10, Oto +2~ Voltage Ranges. Unipolar · V 
Bipolar ±5,±10 · V 

Impedance' 0 to +10V, ±5V 47 5 53 · · · kCl 
±10V, OV to +20V 9.4 10 10.6 · · · kCl 

DIGITAL (CE, CS, RIC, A" 12/8) 
Over Temperature Range 

Voltages LogIc 1 +20 +5.5 · · V 
LogIc 0 -0.5 '+0.8 · · V 

Current -5 0.1 +5 · · · IJA 
Capecitance 5 · pF 

TRANSFER CHARACTERISTICS 

ACCURACY 
At+25'C 

Linearity Error ±1 ±1/2 LSB 
Unipolar Offset Error (adjustable to zero) ±2 · LSB 
Bipolar Offset Error (adjustable to zero) ±10 ±4 LSB 
Full-Scala Calibration Error'" 

(adjustable to zero) ±0.3 · %01 FS'" 
No Missing Codes Resolution (Diff Linearity) 11 12 Bits 
Inherent Quantization Error ±1/2 · LSB 

TMIN to TMAX 

Linaarity Error: J, K Grades ±1 ±1I2 LSB 
S, T Grades ±1 ±112 LSB 

Full-Scale Calibration Error 
Without Initial Adjustment''': J, K Grades ±C.5 ±C,4 %oIFS 

S, TGrades ±0.8 ±C.S %oIFS 
Adjusted to zero at +25'C: J, K Grades ±0.22 ±O.12 %oIFS 

S, T Grades ±0.5 ±C.25 %oIFS 
No MIssing Codes Resolution (Dlff. Linearity) 11 12 Blta 

TEMPERATURE COEFFICIENTS (T M'. to T MAIl)'~ 
Unipolar Ollset: J, K Grades ±10 ±5 ppml'C 

S, TGrades ±5 ±2.5 ppml'C 
Max Change: All Grades ±2 ±1 LSB 

Bipolar Offset: All Grades ±10 ±5 ppm/'C 
Max Change: J, K Grades ±2 ±1 LSB 

S, TGradaa ±4 ±2 LSB 
Full-Scale Calibralion' J, K Grades ±45 ±25 ppm/'C 

S, T Grades ±50 ±25 ppm/'C 
Max Change: J, K Grades ±9 ±5 LSB 

S, T Grades ±20 ±10 LSB 

POWER SUPPLY SENSITIVITY 
Change In Full-Scale Calibration 

+13 5V < Vee < +16.5V or +11.4V < Vee < +12.6V ±2 ±1 LSB 
-16 5V < VEE < -13 5V or -12 6V < VEE < -11.4V ±2 ±1 LSB 
+4.5V < VLOGl< < +5 5V ±1/2 · LSB 

CONVERSION TIME 
8-BitCycle 4.6 5.2 · · IJI 
12-Bit Cycle 7.5 8.5 · · IJI 

OUTPUTS 

DIGITAL (DB" - DBo, STATUS) I I I (Over Temperature Range) 
Output Codes. Unipolar Unipolar Straight Binary (USB) 

Bipolar Bipolar Offset Binary (BOB) 
LogIC Levels. Logic 0 (1.,.0 = 1 6mA) +0.4 · V 

Logic 1 (1_ = 500pA) +24 · V 
Leakage, Data Blta Only, Hlgh-Z State -5 01 +5 · · · IJA 
Capecltance 5 · pF 

INTERNAL REFERENCE VOLTAGE 
Voltage +9.9 +10.0 +101 · · · V 
Source Current Available for External Loads'&) 2.0 · mA 
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ELECTRICAL (CO NT) 
TA :;;: +25°C, Vee = +12V or +15V, VeE:;;: -12V or -15V, VLOGIC = +5V unless otherwise specified. 

MODEL ADC774JH, ADC774SH ADC774KH, ADC774TH 

MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLY REQUIREMENTS 

Voltage Vcc +11.4 +165 · · V 
VEE -11.4 -16.5 · · V 
VLOGIC +45 +5.5 · · V 

Current: Icc 3.5 5 · · rnA 
lEE 15 20 · · rnA 
ILOGIC 9 15 · · rnA 

Power Dissipation (±15V Supplies) 325 450 · · mW 

TEMPERATURE RANGE (Ambient. T MIN, T MAX) 

Specification: J, K Grades 0 +75 · · 'C 
S, T Grades -55 +125 · · 'C 

Storage -65 +150 · · 'C 

·Same specification as ADC774JH, SH 
NOTES (1) With fixed 500 resistor from REF OUT to REF IN ThiS parameter is also adjustable to zero at +25'C (2) FS In thiS specificallon lable means Full Scale 
Range That IS, for a ±10V input range, FS means 20V; for a 0 to +10V range, FS means 10V The term Full Scale for these specifications instead of Full-Scale Range is 
used to be consistent with other vendors' specification tables. (3) USing internal reference (4) External loading must be constant dUring converSion The reference 
output requires no buffer amplifier with either ±12V or ±15V power supplies 

MECHANICAL 

H Package [Ceramic] 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 1386 1414 3520 3592 
C 108 188 274 422 
D 015 021 038 053 

035 060 089 152 
G 100 BASIC 254 BASIC 
H 036 064 091 183 

008 012 020 030 
120 240 305 610 

L 600 BASIC 1524 BASIC 
M 10' 10' 
N 025 060 084 152 

ABSOLUTE MAXIMUM RATINGS 

[:: 0::] ;E.~:-:~~:r,;:'~", 
I J L I "'- "-- Pm numbers shown for reference 
. ___ :...' -'--J. only Numbers may not be marked 

A on package 

rN 

::1~ 
CASE Ceramic, hermetic 
WEIGHT 4 8 grams (017 oz ) 

CONNECTION DIAGRAM 

en 
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Vee to Digital Common ................. . ....... 0 to +16 5V 
VEe to Digital Common ............... . .... 0 to -16 5V 
VLOGIC to Digital Common........... ... . ... 0 to +7V 
Analog Common to Digital Common ... . ........... ±1V • Conlrollnputs (CE, Cs, A" 12/8: RIC) 

to Digital Common ... ................ -0 5V to VLOGIC +0 5V 

Analog Inpuls (REF IN, BIP OFF, 10V,N) 
to Analog Common.. ............... .. ............. ±165V 

20V1N to Analog Common.............. ............. .. ±24V 
REF OUT.... ................ ... Indefinite Short 10 Common, 

Momentary Short to Vee 
Max Junction Temperature............................ +165°C 
Power DISSipation. . . . .. . . . .. . . . .. . . . . . . . . . ... ...... 1000mW 
Lead Temperalure (soldering, lOs) . . . . . . . . . . . . . . . . . . . .. +300'C 
Thermal ReSistance, 8JA Ceramic ...................... 50°C/W 

CAUTION: Thele devlcel are senlltlve to etectroltatlc dllcharge. 
Appropriate I.C. handling procedurel Ihould be followed. 
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BURR-BROWN® 

IElElI ADC804 

Serial Output 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• 17Jlsec CONVERSION TIME 
• SERIAL OUTPUT-Ideal for applications requiring 

isolation or long·distance data transmission 
• <5oomW POWER DISSIPATION 
• 24·PIN DUAL·WIDE HERMETIC PACKAGE 
• FULLY SPECIFIED FOR OPERATION ON ±12V OR 

±15V SUPPLIES 
• ±o.D12% INTEGRAL LINEARITY 
• 12·BIT RESOLUTION 
• TWO TEMPERATURE RANGES AVAILABLE: 

ADCBo4BH for -25° C to +85° C Operation 
ADC804SH for -55° C to +125° C Operation 

• NO MISSING CODES -25°C TO +85°C 

DESCRIPTION 
The ADC804 is a 12-bit successive approximation 
analog-to-digital converter, custom-designed for 
freedom from latch-up and for optimum AC per
formance. It is complete with a comparator, a 
monolithic 12-bit DAC which includes a 6.3V refer
ence laser-trimmed for minimum temperature coeffi
cient; and a CMOS logic chip containing the succes
sive approximation register (SAR), clock, and all 
other associated logic funtions. 

Internal scaling resistors are provided for the selec
tion of analog input signal ranges of ±2.5V, ±5V, 
±IOV, 0 to +5V, or 0 to +IOV. Gain and offset 
errors may be externally trimmed to zero, enabling 
initial end-point accuracies of better than ±0.012% 
(±1!2LSB). The ADC804 has two grades, one com
pletely specified for -25°C to +85°C operation 
(ADC804BH), and the other for -55°C to +125°C 
operation (ADC804SH). 

The maximum conversion time of 171'sec make, the 
ADCX04 ideal for a wide range of 12-bit applications 
req uiring sy,tem throughput ,ampling rate, up to 
59kH/. In addition, an external clock may be used 
to synchronize the converter to the system clock or 
to obtain faster operation. As an added benefit for 
ADC80 users employing the serial output capability, 
the ADC804 is designed to replace or provide an 
alternate source to ADC80 with a minimum of cir
cuit board changes and it provides a 40% reduction 
in conversion time. 

Data is available in serial form with corresponding 
clock and status signals. Elimination of the parallel 
output capability enables the ADC804 to be the 
smallest fully self-contained 12-bit ADC available 
today. All digital input and output signals are 
TTL! LSTTL-compatible, with internal pull-up resis
tors included on all digital inputs to eliminate the 
need for external pull-up resistors on digital inputs 
not requiring connection. The ADC804 operates 
equally well with either ±15V or ±12V analog power 
supplies, and also requires use of a +5V logic 
supply. It is packaged in a hermetic 24-pin side
brazed ceramic d ual-in-line package. 

CLOCK INHIBIT 0----, 
EXT~~~~k o---~ 

COMPARATOR 
IN 

BIPOLAR 
OFFSET 

20V RANGE o-~~~-f~ 

IOV RANGE 

CLOCK CLOCK OUT 

STATUS OUT 
----0 

SERIAL OUT 

BIPOLARO __ .,.,... __ ~=I==~=:' 
OFFSET 

REFERENCE OUT 

International Airport Industrial Park· PO. Box It400· Tucson. Arizon. 85734· Tel. (6021 746·1111 . Twx: 910-952·1111· Cable. BBRCORp· Telex: 66·6491 

PDS·576B 
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SPECIFICATIONS 
ELECTRICAL 
T A = +25"C, ±Vcc = 12V or 15V, Voo = +5V unless otherwise specified 

MOOEL ~ ~ 
MIN TYP MAX MIN TYP MAX UNITS 

RESO.UTIOII' 12 . Blls 

INPUT 

ANALOG 
o!o +5. 0 to )10 Voltage Ranges Unipolar V 

Bipolar ±2 5, ±5, ±10 V 
Impedance o to +5V, ±2 5V 23 kO 

o to +10V, +5V 46 kO 
±10V 92 kO 

OIGITAL 
Logic Charactenstlcs (over specIfication temperature range) 
V1H (logic "1") 20 55 V 
VtL (logIc "0") -03 +08 V 
hH (VIN = +2 7V) -150 pA 
hL (VIN =+0 4V) 500 pA 
Convert Command Pulse Width 100 1200 nsec 

,n .. "",."n "n .. n .. ", "n,,, """ 
ACCURACY 
Gain Error(1 ) ±01 ±03 % of FSR I2J 

Offset Error(1) Unipolar ±005 ±02 % of FSR 
Bipolar ±O 1 ±03 % of FSR 

Lmeanty Error ±0012 % of FSR 
Differential Lmearlty Error ±1 LSB 
Inherent QuantizatIon Error 1/2 LSB 

POWER SUPPLY SENSITIVITY 
+13 5V:::; +Vcc:S +16 5V or +11 4V::; +Vcc S; +12 6V ±0.003 ±0009 % of FSR/%Vcc 
-16 5V::; -Vee::; -13 5V or -12 6V:::; -Vee S; -11 4V ±0003 ±0009 % of FSR/OfoVcc 
+4 5V::; Voo::5 +55V ±O 002 ±0.005 % of FSR/%Voo 

DRIFT 
Total Accuracy, Blpolarl31 ±10 ±23 ppml"C 
Gam ±15 ±30 ppm/'C 
Offset Unipolar ±3 ppm of FSRJOC 

Bipolar ±7 ±15 ppm of FSRI'C 
lIneanty Error Dnft ±1 ±3 ppm of FSR/'C 
Differential Llneanty over Temperature Range +1, -3/4 LSB 
No MIssing Code Temperature Range -25 +85 -55 +125 'C 
Monotonlclty Over Temperature Range 

~TIME'" 15 17 . . 
~ 

OUTPUTS 

DIGITAL(Clock Out, Stalus, Senal Oul) 
Output Codes, Senal (NRZ)151 CSB,C08 
Logic Levels. Logic 0 (Islnk ::; 32mA) +04 V 

logic 1 (Isource::; 80pA) +2,4 V 
Internal Clock Frequency 923 kHz 

INTERNAL REFERENCE VOLTAGE 
Voltage +62 +63 +64 V 
Source Current Available for External Loads l6J 200 pA 
Temperature Coefficient ±10 ±30 ppmfOC 

POWER SUPPLY REQUIREMENTS 
Voltage, ±Vcc ±114 ±15 ±165 V 

VDD +45 +50 +55 V 
Current, +Icc 5 85 mA 

-Icc 21 26 mA 
100 11 15 mA 

Power DISSipation (±Vcc = 15V) 450 595 mW 

TEMPERATURE RANGE (Ambient) 
Specification -25 +85 -55 +125 'C 
Slor~ -65 +150 'C 

*Same as specification for ADC804BH 

NOTES (1) Gain and offset errors are adjustable to zero See "Optional External Gain and Offset Adjustments" section (2) FSR means full-scale range 
and IS 20V for ±10V Range, 10V for ±5V and 0 to +10V ranges, etc (3) Includes dnft due to Ilneanty, gain, and offset dnfts (4) Conversion time IS 
specified uSing Internal clock For operatIOn with an external clock see "Clock Options" section (5) CSB means Complementary Straight Binary, and 
COB means Complementary Offset Binary, NAZ means non-return-to-zero coding See Table I for additional information (6) External loading must be 
constant dunng converSion, and must not exceed 200pA for guaranteed specifications 
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CONNECTION DIAGRAM 

Pin 1 - N/C 
Pm 2 - N/C 
Pm 3 - N/C 
Pin 4 - N/C 
Pm 5 - Vee 
Pm 6 - Digital Common 
Pm 7 - Comparator In 
Pm 8 - Bipolar Offset 
Pm 9 - R1 10V Range 
Pm 10 - R2 20V Range 
Pm 11 - Analog Common 
Pm 12 - Gam Adjust 

Pm 24 - N/C 
Pin 23 - N/C 
Pm 22 - Serial Out 
Pm 21 - -Vee 
Pm 20 - Reference Out (+6 3V) 
Pin 19 - Clock Out 
Pin 18 - Status 
Pin 17 - N/C 
Pm 16 - Clock Inhibit 
Pm 15 - External Clock 
Pm 14 - Convert Command 
Pm 13 - +Vee 

ABSOLUTE MAXIMUM RATINGS 

+Vcc to Analog Common .. .. 0 to +16 SV 
-Vee to Analog Common... ... . 0 to -16 5V 
Voo to Digital Common 0 to +7V 
Analog Common to Digital Common. . .. ±O 5V 
Logic Inputs (Convert Command, Clock In) 

to Digital Common. -0 3V to Voe +0 5V 
Analog Inputs (Analog In, Bipolar Offset) 

to Analog Common . . ... ', ±165V 
Reference Output Indefinite Short to Common. 

Momentary Short to Vee 

MECHANICAL 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1238 1262 3145 3205 
B 5B6 602 1488 1529 
C 160 196 406 498 
D 016 020 041 051 
F 038 042 097 107 
G 100 BASIC 254 BASIC 
H 067 085 170 216 
J 008 012 020 030 
K 170 BASIC 432 BASIC 
L 600 BASIC 1524 BASIC 
N 040 060 102 152 

ORDERING INFORMATION 

Temperature 
Model Range 

ADC804BH -25'C to +BS'C 
ADCB04BHQ -25'C to +85'C 
ADCB04SH -55'C to +12S'C 
ADC804SHQ -5S'C to +12S'C 

BURN-IN SCREENING OPTION 
See text for details 

Burn-In Temp. 
Model (160h)'" 

ADC804BH-BI +12S'C 
ADCB04SHQ +12S'C 

NOTE: Or eqUivalent combmatlon. See text 

Power DISSIpation .... 
Lead Temperature, Soldering 
Thermal Resistance, (JJA 

TOP VIEW 

..... 1000mW 
. +30QoC,10sec 

60'CIW 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device Exposure to absolute 
maXimum conditions for extended penods may affect device relia
bility 

CAUTION: These devices are sensitive to electrostatic discharge. 
Appropriate I.C. handling procedures should be followed. 

DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Under 
this definition of linearity (sometimes referred to as inte
gral linearity), ideal transition values lie on a line drawn 
through zero (or minus full scale for bipolar operation) 
and plus full scale, providing a significantly better defini
tion of converter accuracy than the best-straight-line-fit 
definition of linearity employed by some manufacturers. 
The zero or minus full-scale value is located at an analog 
input value lj2LSB before the first code transition 
(FFFH to FFEH). The plus full-scale value is located at 
an analog value 3j2LSB beyond the last code transition 
(OOIH to OOOH). See Figure I, which illustrates these rela
tionships. A linearity specification which guarantees 
±lj2LSB maximum linearity error assures the user that 
no code transition will differ from the ideal transition 
value by more than ±lj2LSB. 

Thus, for a converter connected for bipolar operation 
and with a full-scale range (or span) of 20V (±IOV opera
tion), the minus full-scale value of -lOY is 2.44mV 
below the first code transition (FFFH to FFEH at 
-9.99756V) and the plus full-scale value of +IOV is 
7 .32m V above the last code transition (001 H to OOOH at 
+9.99268V). Ideal transitions occur lLSB (4.88mV) apart, 
and the ±lj2LSB linearity specification guarantees that 
no actual transition will vary from the ideal by more 
than 2.44mV. The LSB weights, transition values, and 
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~ 7FE~ 
~ 1FFH t-------,..,U------T---f-j 
~ 800H OFFSET : 
is ERROR I 

801H SHIFTS I 

FFDH tlHE LINE I 
FFEH I 

:.- MIDSCALE 
FFFH I I 

i ! ! I I 

1/2LSB -I ~ ZERO -I I- 312LSB ~ +FULL 
/ I 1/2LSB I SCALE 

I I 
sri~ci 1-CALl8RATION TRANSITION--I 

ANALOG INPUT 

FIGURE I. ADC804 Transfer Characteristic 
Terminology. 

code definitions for each possible ADC804 analog input 
signal range are described in Table I. 

CODE WIDTH (aUANTUM) 

Code width (or quantum) is defined as the range of 
analog input values for which a given output code will 
occur. The ideal code width is ILSB, which for 12-bit 
operation with a 20V span is equal to 4.88mV. Refer to 
Table I for LSB values for other ADC804 input ranges. 

DIFFERENTIAL LINEARITY ERROR AND NO 
MISSING CODES 

Differential linearity error is a definition of the differ
ence between an ideal lLSB code width (quantum) and 
the actual code width. A specification which guarantees 
no missing codes requires that every code combination 
appear in a monotonically increasing sequence as the 
analog input is increased throughout the range, requir
ing that every input quantum must have a finite width. If 
an input quantum has a value of zero (a differential 
linearity error of -I LSB), a missing code will occur but 
the converter may still be monotonic. Thus, no missing 
codes represent a more stringent definition of perfor
mance than does monotonicity. The ADC804BH is guar
anteed to have no missing codes to 12-bit resolution over 
its full specification temperature range of -25°C to 

+85°C, and the ADC804SH displays no missing codes 
over the temperature range of -55°C to + 125°C. 

aUANTIZATION UNCERTAINTY 

Analog-to-digital converters have an inherent quantiza
tion error of±lj2LSB. This error is a fundamental prop
erty of the quantization process and cannot be elimi
nated. 

UNIPOLAR OFFSET ERROR 

An ADC804 connected for unipolar operation has an 
analog input range of OV to plus full scale. The first 
output code transition should occur at an analog input 
value Ij2LSB above OV. Unipolar offset error is defined 
as the deviation of the actual transition value from the 
ideal value, and is applicable only to converters operat
ing in the unipolar mode. 

BIPOLAR OFFSET ERROR 

Aj D converter specifications have historically defined 
bipolar offset at the first transition value above the 
minus full-scale value. The ADC804 follows this conven
tion. Thus, bipolar offset error for the ADC804 is 
defined as the deviation of the actual transition value 
from the ideal transition value located Ij2LSB above 
minus full scale. 

GAIN ERROR 

The last output code transition (OOIH to OOOH) occurs for 
an analog (nput value 3j2LSB below the nominal plus 
full-scale value. Gain error is the deviation of the actual 
analog value at the last transition point from the ideal 
value. 

ACCURACY DRIFT VS TEMPERATURE 

The temperature coefficients for gain, unipolar offset, 
and bipolar offset specify the maximum change from the 
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actual 25°C value to the value at the extremes of the 
specification range. The temperature coefficient applies _ 
independently to the two halves of the temperature range • 
above and below +25°C. 

POWER SUPPLY SENSITIVITY 

Electrical specifications for the ADC804 a,sume the cg 
application of the rated power supply voltages of +5V CO 
and ±12V or ±15V. The major effect of power supply 0 
voltage deviations from the rated values will be a small C 
change in the plus full-scale value. This change, of <C 

TABLE I. Input Voltage.i, Transition Values, LSB Values, and Code Definitions. 

Binary (BIN) Output Input Voltage Range and LSB Values 

Analog Input Voltage Range Oefmed As ±10V ±5V ±25V o to +10V o to +5V 

Code DeSignation COB' COB' COB' CSB" CSB" 

One Least Significant FSR/2" 20V/2" 10V/2" 5v/2" 10V/2" 5V/2" 
Bit (LSB) n ~ 12 488mV 244mV 122mV 244mV 122mV 

Transition Values 
MSB LSB 
001 H to OOOH +Full Scale +1QV - 3/2LSB +5V-3/2LSB +2 5V - 3/2LSB + 1QV - 3/2LSB +5V - 312LSB 
BOOH to 7FFH Mid Scale 0 0 0 +5V +25V 
FFFH to FFEH -Full Scale -10V + 1/2LSB -5V+ 1/2LSB -2 5V + 1/2LSB 0+ 1/2LSB 0+ 1/2LSB 

*COB = Complementary Offset Binary "ess = Complementary Straight Bmary 
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course, results in a proportional change in all code tran
sition values (i.e. a gain error). The specification describes 
the maximum change in the plus full-scale value from 
the initial value for independent changes in each power 
supply voltage. 

TIMING CONSIDERATIONS 

Timing relationships of the ADC804 are shown in Fig
ure 2. It should be noted that although the convert 
command pulse width must be between 100nsec and 
1.21'~ec to obtain the ~pecified conversion time with 
internal clock, the ADC804 will accept longer convert 
commands with no lo~s of accuracy, a~~uming that the 

-I I-t8D "1 .. tc. 
Status .....J 

Sarlal -II- tDV 
Data DATA INVALID! BIT II BIT 2'UIT3IBn 4'811 sialY sian 7lBIT8lBIT9iBIT 1018n 11181T 121 

Symbol Paramltlr Typ Unlll 

tCD Clock dllay from convert command 30 nSlc 
Ice Namlnal clock period 1.1 IISIC 
tcw Nominal clock pulse wtdth 0.55 pllC 
tSD Status dllay from convlrl command t30 nSlc 
tDv Data valid time Irom clock puisl high -35 nlac 

FIGURE 2. ADC804 Timing Diagram (normal value~ 
at +2SoC with internal clock). 

analog input signal is stable. In this situation, the actual 
indicated conversion time (during which status is high) 
for 12-bit operation will be equal to approximately 
600nsec less than the sum of the factory-set conversion 
time and the length of the convert command. The code 
returned by the converter at the end of the conversion 
will accurately represent the analog input to the conver
ter at the time the convert command returns to the low 
state. In addition, although the initial state of the con
verter will be indeterminate when power is first applied, 
it i~ de~igned to time-out and be ready to accept a con
vert command within approximately ISl'sec after power
up, provided that either an external clock source is pres
ent or the internal clock is not inhibited. 

During conversion, the decision as to the proper state of 
any bit (bit "n") is made on the rising edge of clock pulse 
" n + I". Thus, a complete conversion requires 13 clock 
pulses with the status output dropping from logic "I" to 
logic "0" shortly after the rising edge of the thirteenth 
clock pulse. A new conversion may not be initiated until 
SOnsec after the fall of the thirteenth clock pulse. Addi
tional convert commands applied during conversion will 
be ignored. 

DEFINITION OF DIGITAL CODES 

Two binary codes are available on the serial output of 
the ADC804, complementary straight binary (CSB) for 
unipolar input signal ranges, and complementary offset 
binary (COB) for bipolar input ranges. Both are com
plementary codes, meaning that logic "0" is true. Serial 

data is available only during conversion and appears 
with the most significant bit (MSB) occurring fir~t. The 
serial data is synchronous with the internal clock as 
shown in the timing diagram of Figure 2. All clock 
pulses available from the ADC804 have a nominal pulse 
width of SSOnsec to facilitate transfer of the ~erial data 
into external logic device~ without external shaping. 

LAYOUT AND OPERATING 
INSTRUCTIONS 
LAYOUT PRECAUTIONS 

Analog and digital commons are not connected together 
internally in the ADC804 but should be connected 
together as close to the unit as possible, preferably to an 
analog common ground plane beneath the converter. If 
the~e common lines must be run separately, use a wide 
conductor pattern and a O.OII'F to O.II'F nonpolarized 
bypas~ capacitor between analog and digital commons at 
the unit. Low impedance analog and digital common 
return~ are essential for low noise performance. Coupling 
between analog input lines and digital lines should be 
minimized by careful layout. For instance, if the lines 
must cross, they should do so at right angles. Parallel 
analog and digital lines should be separated from each 
other by a pattern connected to common. If external 
gain and offset potentiometers are used, the potentiome
ters and associated resistors should be located as close to 
the ADC804 as possible. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with II'F to IOI'F 
tantalum bypass capacitors located close to the conver
ter to obtain noise-free operation. Noise on the power 
supply lines can degrade the converter's performance. 
Noise and spikes from a switching power supply are 
especially troublesome. 

ANALOG SIGNAL SOURCE IMPEDANCE 
The signal source supplying the analog input signal to 
the ADC804 will be driving into a nominal DC input 
impedance of 2.5kH to IOkH. However, the output 
impedance of the driving source should be very low, such 
as the output impedance provided by a wideband, fast
settling operational amplifier. Transients in A/ D input 
current are caused by the changes in output current of 
the internal D / A converter as it tests the various bits. 
The output voltage of the driving source must remain 
constant while furnishing these fast current changes. If 
the application requires a sample/hold, select a sam
ple/ hold with sufficient bandwidth to preserve the accu
racy or use a separate wideband buffer amplifier to lower 
the output impedance. 

INPUT SCALING 

The ADC804 offers five standard input ranges: OV 
to+SV, Ov.to +IOV, ±2.SV, ±SV, and ±IOV. The input 
range should be scaled as close to the maximum input 
signal range as possible in order to utilize the maximum 
signal resolution of the converter. Select the appropriate 
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input range as indicated by Table II. The input circuit 
architecture is illustrated in Figure 3. Use of external 
padding resistors to modify the factory-set input ranges 
(such as addition of a small external input resistor to 
change the lOY range to a 1O.24V range) will require 
matching of the external fixed resistor values to individ
ual devices, due to the large tolerance of the internal 
input resistors. Alternatively, the gain range of the con
verter may be easily increased a small amount by use of a 
low temperature coefficient potentiometer in series with 
the analog input signal or by decreasing the value of the 
gain adjust series resistor in Figure 6. 

TABLE II. ADC804 Input Scaling Connections. 

Inpul Connect Connect 
Signal Oulput Pin 8 Pin 10 
Range Code To Pin To 

±10V COB 7 Input Signal 
±5V COB 7 Open 
±25V COB 7 Pin 7 
o to +5V CSB 11 Pin 7 
o to +10V CSB 11 Open 

10V RANGE .:.9 _______ ..., 

20V RANGE :..:10:....-__ JV\R2,...... __ -+ 
5kO 

5kO 

COMP IN .:..7 _____ -=--:-: ...... --1 
FROM DIA 

BIPOLAR 8 6.3kO CONVERTER 
OFFSET ..... ~ 

ANALOG 11 '":' 
COMMON ~ VRE' 

. FIGURE 3. ACD804 Input Scaling Circuit. 

REPLACEMENT OF ADC80 

Connect 
Input 
Signal 

To 

10 
9 
9 
9 
9 

TO 
SAR 

As illustrated in Figure 4, a circuit board configured for 
use of the ADC80 serial output capability may be very 
easily adapted to also use the ADC804, or to achieve 
space savings due to the smaller package of the ADC804. 
The pin assignments of the ADC804 have been chosen to 
allow it to fit neatly into one corner of the ADC80 

AOCIO AOC804 
PIN PIN 

ti OIOITALCDMMON 

1 COMPARATUMIN 

11 AIlALOGCOMMOM 

16 8AINAIIJUSl 

o 
0----•• ---0 
6 b 0 

6 6.--.0 
I I 
o 0----<> 
I I 
o 0----<> 

6 b....--.o 
6 b....--.o 
6 6 0 

b 6.--.0 
I I 
o 0----<> 
I I 
o 0----<> 
I I 'L ________ ~ 

SUIALOUT 

CLOCK OUT 

ADC804AOC80 
PIN PII 

CONVEftTCOMIIIAILO 14 

layout. When replacing ADC80 with ADC804, a board 
space improvement of approximately 1.25 square inches 
(8.06cm') is obtained. 

CALIBRATION 

Optional External Gain and Offset Adjustments 
Gain and offset errors may be trimmed to zero using 
external offset and gain trim potentiometers connected 
to the ADC804 as shown in Figures 5 and 6 for both 
unipolar and bipolar operation. Multiturn potentiome
ters with 100ppm/oC or better TCR are recommended 
for minimum drift over temperature and time. These 
potentiometers may be of any value between 10kO and 
100k!l. All fixed resistors should be 20% carbon or bet
ter. Although not necessary in some applications, pin 12 
(Gain Adjust) should be preferably bypassed with a 
O.OIJ.lF nonpolarized capacitor to analog common to 
minimize noise pickUp at this high impedance point, 
even if no external adjustment is required. 

IAI 181 
+Vcc +Vcc 

,,~- I i '"~ 7 1.8MO 10kO TO 7 180kO 180kO 
~ 100kO TO 

COMPARATOR IN OFFSET COMP IN"l 
100kO 

ADJUST 22kO- OFFSET 
28kO ADJUST 

-Vee ... -Vee 

FIGURE 5. Two Methods of Connecting Optional 
Offset Adjust. 

(AI 
+Vcc 

(BI 
+Vcc 

GAIN ADJUST B.2MO-
10kO TO lOkO 

12 lOMO 
l00kO 12 270kO 270kO TO 

JO.OIJJF 
GAIN 

JO.01PF 

100kO 

ADJUST GAIN 

11 11 6.BkO- ADJUST 

ANALOG 
9.1KO 

ANALOG COMMON -Vee 
COMMON ~ -Vee 

FIGURE 6. Two Methods of Connecting Optional Gain 
Adjust. 

Adjustment Procedure 
OFFSET -Connect the offset potentiometer as shown 
in Figure 5. Set the input voltage to the nominal zero or 
minus full-scale voltage plus 1/2LSB. For example, refer
ring to Table I, this value is -lOY + 2A4mV or 
-9.99756V for the -lOY to +IOV range. 

With the input voltage set as above, adjust the offset 
potentiometer until an output code is obtained which is 
alternating between FFEH and FFFH with approximately 
50% occurrence of each of the two codes. In other words, 
the potentiomter is adjusted until bit 12 (the LSB) indi
cates a true (logic "0") condition approximately half the 

FIGURE 4. Adapting an ADC80 Layout for ADC804. time. 
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GAIN-Connect the gain adjust potentiometer as shown 
in Figure 6. Set the input voltage to the nominal plus 
full-scale value minus 3/2LSB. Once again referring to 
Table I, this value is +IOV - 7.32mV or +9.99268V for 
the -IOV to +IOV range. Adjust the gain potentiometer 
until the output code is alternating between OOOH and 
OOIH with an approximate 50% duty cycle. As in the case 
of offset adjustment, this procedure sets the converter 
end-point transition to a precisely known value. 

CLOCK OPTIONS 

The ADC804 is extremely versatile in that it can be 
operated with either internal or external clock. Thus, use 
of an available system clock enables synchronization of 
the converter to the rest of the system to optimize per
formance in a noisy environment. 

When operating with the internal clock, pin 15 (external 
clock input) and pin 16 (clock inhibit) may be left 
unconnected. No external pull-ups are required due to 
the inclusion of pull-up resistors in the ADC804. Pin 16 
(clock inhibit) must be grounded for use with an external 
clock, which is applied to pin 15. 

See Figures 7 through 10 for diagrams to implement the 
various clock options. 

14 ADC8D4 

CONVERT 
COMMANO 

CLOCK 
INHIBIT 

16 
NC 

EXTERNAL 
CLOCK 

15 
NC 

FIGURE 7. Internal Clock-Normal Operating Mode. 
(Conversion initiated by the rising edge of 
the convert command. The internal clock 
runs only during conversion.) 

+5V 

10kCl 

ENVIRONMENTAL SCREENING 

The inherent reliability of a semiconductor device is con
trolled by the design, materials, and fabrication of the 
device-it cannot be improved by testing. However, the 
use of environmental screening can eliminate the major
ity of those units which would fail early in their lifetimes 
(infant mortality) through the application of carefully 
selected accelerated stress levels. Burr-Brown Q models 

15 EXTERNAL 
CLOCK 

AOC804 
~ _____ 18-tSTATUS 

14 CONVERT CLOCK 16 
:;-------~COMMAND INHIBIT DIGITAL 

":' COMMON 

FIGURE 8. Continuous External Clock. (Conversion 
initiated by rising edge of convert com
mand. The convert command must be syn
chronized with clock.) 

.J"l.JLf'L 15 - EXTERNAL 
EXTERNAL CLOCK 
CLOCK 

ADCB04 

CLOCK 16 
14 CONVERT INHIBIT 11-

DIGITAL ~ COMMAND 
DIGITAL 

COMMON COMMON 

FIGURE 9. Continuous ConversIOn with external 
Clock. (Conversion is initiated by 14th 
clock pulse. Clock runs continuously.) 

Jl..!0Dnsec 
14 CONVERT 

1-=----------'--1 COMMAND 

CLR 11 CLR 

9 ~ '0 12 

lIZ 74LS123 
L-_____________________ ..;.181 STATUS 

1 ~ '0 14 

lIZ 74LS123 

CLOCK 16 ) 
INHIBIT NO CONNECTION 

EXTERNAL 15 NECESSARY 

CLOCK 

FIGURE 10. Continuous Conversion with 200nsec between Conversions Using Internal Clock. (Circuit insures that 
the conversion process will start when power is applied.) 

Burr-Brown Ie Data Book Vol. 33 



are environmentally-screened versions of our standard 
industrial products, designed to provide enhanced relia
bility. The screening illustrated in Table III is performed 
to selected methods of MIL-STD-883. Reference to 
these methods provides a convenient method of com
municating the screening levels and basic procedures 
employed; it does not imply conformance to any other 
military standards or to any methods of MIL-STD-883 
other than those specified. Burr-Brown's detailed proce
dures may vary slightly, model-to-model, from those in 
MIL-STD-883. 

BURN-IN SCREENING 

Burn-in screening is an option available for the ADC804. 
Burn-in duration is 160 hours at +125°C ambient temper
ature (or equivalent combination of time and temp
erature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "BI" to the 
base model number. 

Burr-Brown Ie Data Book 9_1-85 

TABLE III. Screening Flow for ADC804xHQ 

MIL-STO-883 
Method, Screening 

Screen Condition Level 

Internal Visual Burr-Brown. 
OC4118 

High Temperature 
Storage 1008. C 24 hour,~+150°C 

(Stabilization Bake) 

Temperature Cycling 1010. C 10 cycles, -65°C 
to +150°C 

Constant Acceleration 2001. A 5000 G 

Electrical Test Burr-Brown 
test procedure 

Burn-In 1015. B 160 hour, +125°C, 
steady-state 

Hermetlclty 
Fine Leak 1014. A1 or A2 5 X 10-7 atm cc/sec 
Gross Leak 1014. C bubble test only, 

preconditioning omitted 

FlOat Electrical Burr-Brown 
test procedure 

Final Drift Burr-Brown 
test procedure 

External Visual Burr-Brown 
OC4118 

Vol. 33 
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BURR-BROWN® 

IElElI ADS807 
ADS808 

ADVANCE INFORMATION 
SUBJECT TO CHANGE 

12-Bit Resolution Sampling 
AID Converter 

FEATURES 
• COMPLETE WITH REFERENCE, CLOCK 

AND THREE·STATE OUTPUTS 
• INTERNAL SAMPLE/HOLD AMPLIFIER 
• 100kHz SAMPLING RATE 
• PIN COMPATIBLE WITH INDUSTRY 

STANDARDS: ADC574, ADC674, ADC774 
Non·sampling AID Converters 

• POWER DISSIPATION: 660mW 
• PACKAGE: 28·Pin DIP 

DESCRIPTION 
ADS807 and ADS808 are complete 12-bit sampling 
AID converters. Each contains a complete ADC774 
AID converter plus an internal sample/hold. They also 
have an internal buried-zener reference, internal clock, 
and three-state output drivers. The ADS807!808 are 
specified at 100kHz sampling rate. 

The sample/hold has a IIJS acquisition time to ±O.OI % 
for a 10V input step change. Aperture Time is 25ns 
and Aperture Uncertainty is 300ps. AC performance 
is completely specified, Harmonic Distortion, Signal
to-Noise Ratio. II-bit and 12-bitintegrallinearity grades 
are available. 

~~H{I) , , 
10V" " 

~ (2) 

Bipolar 
Offset 

Ref In 
o 
Ref Out 

Status 

10kn 

Internal Option: 
(I) ADS808 
(2) ADS807 

The ADS807, with a full-scale input range of IOV, 
can be pin-strapped for OV to +10V or ±5V analog 
input ranges. The ADS808 has an input range of ± IOV. 

The ADS807!808 are available in a 28-pin side-braze 
hermetic double-wide DIP packages and are specified 
over O°C to + 70°C, and -55°C to + 125°C temperature 
ranges. 

The ADS807/808 are excellent high-speed replace
ments for AID and sample/hold combinations that use 
the industry standard 574 pinout. 

Control Logic 

10V 
Reference 

r----'---<l Status 

Parallel 
Data 
Output 

international Airport industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (602) 746-1111 • Twx: 9100952·1111 • Cable: BBRCORP Telex: 66-6491 • FAX: (602) 886·1510 

PDS·855 
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SPECIFICATIONS 
TA = +25'C. Sampling Frequency: fs = 100kHz. +Vee = +15V, -Vee = -15V, Veo = +5V. 

,"Un> 
it1. 

D.D ",eTeD MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

a"",nlll'l1n. 12 · · BITS 

INPUT 

ANALOG INPUT I I Voltage Range'" 
ADS807 o +10V, . · V 
ADS808 ±10V . V 
Impedance 1 5 · · · · · Mil en 
Bias Current ±400 · · nA a: 
AtTMlNorTMAX ±400 · · nA W 
DIGITAL INPUTS (Over , Rangel I-
Logic Levels (TIL i a: 
V" 

1-1.0 
+0.8 · · · · V W 

V'H +:';'0 +5.5 · · · · V > 
::~ \~, = +0.4V) · · JJA Z 

= +2.7V) +5 · JJA 0 
TR .. NSFER ChAR .. ". en." """ 0 
DC ACCURACY 0 
Full Scale Error'" (3) ±0.3 · · % <c Change to T MIN or T MAX (5) ±0.5 ±0.4 ±0.8 ±O.6 % 
Linearity Error ±0.O24 ±0.012 ±0.024 ±0.012 % FSR(4) 

Z 
TMIN to TMAX ±0.024 ±0.012 ±0.024 ±O.012 %FSR 

No Missing Codes 11 12 11 12 Bits 0 
TMIN to TMAX 11 12 11 12 Bits i= Unipolar Zero ±3 ±2 ±3 ±2 LSB 

<C Bipolar Zero ±10 ±5 ±10 ±5 LSB 
I-

AC CHARACTERISTICS Z 
In~Band Harmonics & Spurious Noise W 

f = DC to 100kHz (OdB) -77 --80 -77 --80 dBC ~ Two·tone Intermodulation Distortion 
fl = 46.5kHz (--8dB) I -75 -78 -75 -78 dBC :::J 
f2 = 48.8kHz (--8dB) 

70 
a: 

Signal to Noise and Distortion Ratio 68 70 68 dB I-
SAMPLING DYNAMICS en 
Aperture Delay 25 · ns Z -Aperture Uncertalnty(Jltter) 300 · pS,rms 

REFERENCE OUTPUT 
Voltage 9.9 10.0 10.1 · · · V 
Source Current Available for 

External Loads (18) 2 rnA 

DIGITAL TIMING \VV.' nperatu\e) 

THRL 

Low RIC Pulse Width 50 · ns 

Tos 
Status Delay from Ric · · CO 200 ns 

0 
THOR CO 

Data Valid after r;;: 
Ric Low 25 · ns 0 

THS CO 
Status Delay en 
after Data Valid 100 200 400 · · · · · · ns 0 

THRH <C 
High Ric Pulse Width 150 · ns 

TOOR 

Data Access TIme 150 · · · ns 
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ELECTRICAL SPECIFICATIONS (CONT) 

TA = +25'C. Sampling Frequency: f, = 100kHz, +V" = + 15V, -V" = -15V, V DO = +5V. 

ADSS07/808JH'" ADSS07/808KH ADS807/808RH ADSS07/80SSH 

PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

DIGITAL OUTPUTS (OverTemperature) I 
Format I Parallel 
Coding ,Bipolar Offset Binary (BOB) • · 
logic Levels (3-state output, TIL compatible) 

V 0' (I"", = 1.6mA) 0.0 +0.4 · · V 
V OH (Ioou,,, = 500~) +2.4 +5.0 · V 
ILEAKAGE 

(High Z State) -5 -0.1 +5 · ~ 

POWER SUPPLIES 
Rated Voltage 

+Vcc +1~.5 +15 +16 . · · · · V 
-Vee -14.5 -15 -16 · V 
Voo +4.75 +5.0 +5.25 · V 

Curren¥" 
+Vcc 15 18 · mA 
-Vee 26 33 . · mA 
VDO 9 15 · · mA 

Power Consumption 660 850 · mW 

TEMPERATURE RANGE 
Specification 0 +70 · · · 'C 
Storage -65 +150 · · 'C 

'Speetflcatlons same as ADS807/808JH. 

NOTES: (1) ADS807: For input ranges -5V to +5V, 0 to +1 OV. ADS808: For input range ±10V. (2) Adjustable to zero with external potentiometer. (3) Specifications 
assume a fixed 50Q resistor between Ref Out (Pin 8) and Ref In (Pin 10). Full Scale Error is the difference between the ideal and the actual input voltage at which the 
digital output makes a transition from FFE" to FFF". Ideally this transition point should occur at an analog input voltage 1-1/2 LSB below the nominal full scale voltage. 
(4) FSR means Full Scale Range. For ADS807, FSR = 1 OV; for ADS808 FSR = 20V. (5) Change specifications for unipolar offset, bipolar zero and full·scale error 
correspond to the change from the initial value (at 25'C) to the value at T"~ or T MAX' (6) Max supply current is specified at rated supply voltages. 

MECHANICAL 

H Package - 28·Pln Ceramic DIP 

28 

Chamfer 1 
Pin 1 

Identifier 

A 'I 

~f\ 
JL JL J L ~' 
HOG Plane 

Burr-Brown Ie Data Book 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
N 

9.1-88 

INCHES 
MIN MAX 
1.435 1.4S5 
.S10 BASIC 
.1S0 .205 
015 .019 
.045 1 .055 
.100 BASIC 
.055 . 095 
.009 .012 
.155 .195 
.SOO BASIC 
.040 .OSO 

MILUMETERS 
MIN MAX 
36.45 37.21 
15.49 BASIC 
4.0S 5.21 
0.38 0.48 
1.14 11.40 
2.54 BASIC 
1.40 2.41 
0.23 0.30 
3.94 4.95 
15.24 BASIC 
1.02 1.52 

NOTE: Leads in 
true position within 
om" (0.25mm) Rat 
MMC at seating 
plane. Pin numbers 
shown for reference 
only. Numbers may 
not be marked on 
package . 
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ADC600 BURR-BROWN® 

IElElI 

12-BIT 
ULTRA-HIGH SPEED AID CONVERTER 

FEATURES 
• HIGH RESOLUTION: 12 bits 
• SAMPLE RATE: OC to 10MHz 
• HIGH SINAD RATIO: 67dB 
• LOW HARMONIC DISTORTION: -71dB 
• LOW INTER MODULATION DISTORTION: -70dB 
• INPUT RANGE: ±1.25V 
• COMPLETE SUBSYSTEM: Contains Sample/Hold 

and Reference 
• LOW DISSIPATION: B.5W 
• 00 C TO +700 C AND -250 C TO +850 C 

DESCRIPTION 
The ADC600 is an ultra-high speed analog-to-digital 
converter capable of digitizing signals at any rate 
from DC to 10 megasamples per second. Outstanding 
dynamic range has been achieved by minimizing 
noise and distortion. 

MSB Digital-to 
Sample! ~ Flash 

~ ~nalog 
Hold Encoder Converter 

elN~ 

• DIGITAL SIGNAL PROCESSING 
• RADAR SIGNAL ANALYSIS 
• TRANSIENT SIGNAL RECORDING 
• FFT SPECTRUM ANALYSIS 
• HIGH-SPEED DATA ACQUISITION 
• JAM-RESISTANT SYSTEMS 
• SIGINT, ECM, AND EW SYSTEMS 
• DIGITAL COMMUNICATIONS 
• DIGITAL OSCILLOSCOPES 

The ADC600 is a two-step sub ranging ADC sub
system containing an ADC, sample/hold amplifier, 
voltage reference, timing, and error-correction cir
cuitry. Laser-trimmed ceramic submodules are moun
ted on a 17-square-inch multilayer PC motherboard. 
Logic is ECL. 

+ r---0- LSB 
Flash 

Encoder -
Digital 
Error 

Corrector 
(Adder) - Digital 

Output 

'Inlernational Alrporllnduslnal Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (602) 746·1111· Twx' 910·952·1111· Cable. BBRCORp· Telex. 66·6491 

PDS-642B 
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SPECI FICATIONS 
ELECTRICAL 
TA = +25°C, 10MHz sampling rate, As = 500, ±Vcc = 15V, VOOl = +SV, V002.·= -5 2V. and 15-minute warmup 10 normal convection environment. unless 
otherwise noted 

ADC60oi< ADC600B 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTION 12 · BIts 

INPUTS 

ANALOG 
Input Range Full scale -125 +125 · · V 
Input Impedance 15 · MO 
Input Capacitance 5 · pF 

DIGITAL 
logic Family ECl 10k-Compa1lble · Convert Command Negative Edge · Pulse Width 10 I I · ns 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gam Error F ~ 200Hz ±O 1 ±O 5 · · %FSR 
Input Offset DC ±O 1 ±O 5 · · % FSR 11l 

Integral Llneanty Error F ~ 200Hz 1 25 · LSB 
Differential Linearity Error F ~ 200Hz. 68 3% of all codes 025 · LSB 

99 7% 01 all codes 100 · LSB 
100% of all codes +125 · LSB 

-100 · LSB 
MIssing Codes none · 
CONVERSION CHARACTERISTICS 

Sample Rate DC 10M · · Samples/s 
Conversion Time First converSion 115 150 160 · · · ns 

DYNAMIC CHARACTERISTICS 

Differential Llneanty Error F = 4 9MHz 68 3% of all codes 05 · LSB 
997% of all codes 15 · LSB 
100% of all codes 20 · LSB 

Total Harmonic Distorbon l21 

F ~ 4 8M Hz (OdB) Fs = 10MHz -71 · dBC l31 

F ~ 0 58MHz (OdB) -74 · dBC 
F ~ 2 4MHz (OdB) Fs::::: 5MHz -73 · dBC 
F ~ 0 58MHz (OdB) -745 · dBC 

Two-Tone Intermodulatlon Dlstortlon(2)(41 
F ~ 4 88MHz (-6dB) Fs ~ 10MHz -705 · dBC 

4 65MHz (-6dB) 
F ~ 2 40MHz (-6dB) Fs ~ 5MHz -745 · dBC 

2 25M Hz (-6dB) 
Signal-to-Noise and Distortion (SINAD) 
Ratio 

F ~ 4 8M Hz (OdS) Fs ~ 10MHz 668 · dB 
F ~ 0 58MHz (OdB) 686 · dB 
F ~ 2 4MHz (OdB) Fs ~ 5MHz 672 · dB 
F ~ 0 58MHz (OdB) 59 · dB 

Aperture Time 6 · ns 
Aperture Jitter 5 · psRMS 
Analog Input Bandwidth 

Small Signal -20dB Input 70 · MHz 
Full Power OdS Input 40 · MHz 

OUTPUTS 

LogiC Family ECl with pull-down to -V002 (see text) 
LogiC Coding Offset Binary, Twos Complement 
LogiC Levels LogiC "LO·· -17 · V 

LogiC "HI" -09 · V 
EOC Delay Time Data Out to DV 5 35 · · ns 
Tr and Tf 20% to 80% 5 · ns 
Data Valid Pulse Width 50% 5 8 · · ns 

POWER SUPPLY REQUtREMENTS 

Supply Voltages +Vee Operating +1425 +15 +1575 · · · V 
-Vee -1425 -15 -1575 · · · V 

Vool +4 75 +5 +525 · · · V 
VOO2 -495 -52 -546 · · · V 

Supply Currents +Vee Operating 75 · rnA 
-Vee 45 · rnA 

VOOl 400 · rnA 
VOO2 900 · rnA 

Power Consumption Operating 85 · W 

Burr-Brown Ie Data Book 9.2-90 Vol_ 33 



ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
±Vcc = 15V, VOO1 = -t-5V, VOD2;':: -5 2V, Rs = 500, 1S-minute warmup, and TA = TMIN to TMAX, unless otherwise noted 

ADC600K ADC600B 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

TEMPERATURE RANGE 

Specification TeAsE max 0 +70 -25 +85 'C 
Storage TAMBIENT -40 +100 . · 'C 

ACCURACY 

Gam Error F - 200Hz +30 . ppm/'C 
Input Offset DC +50 . IlV/ 'C 
Integrailineanty Error F 200Hz 15 · LSB 
Differential Linearity Error F 200Hz 

63% of all codes 05 · LSB 
98% of all codes 1 25 · LSB 
100% of all ~odes 15 · LSB 

Sample Rate DC 10 . · MHz 

*Same as ADC600K 
NOTE (1) FSR full-scale range 25Vp-p (2) Units with tested and guaranteed distortion specifications are available on special order-Inquire 
(3) dBC level referred to carner (Input signal = OdS), F = Input signal frequency, Fs:::: sampling frequency (4) IMD IS referred to the larger of the two 
Input test signals If referred to the peak envelope signal (= OdB), the Intermodulatlon products will be 6dB lower 

MECHANICAL 

__ 11 __ 0300 

• -nl--O 025 1
-

38 

4500 
+0010 

--I 

a 156 Diameter 
4 Places 

0040J-

B 

ABSOLUTE MAXIMUM RATINGS 

-tvcc 
VOOl 

• • 40 

T. 
01r~ J-I 

0050 I 1 
0200 

II 
~ 
~I 

0400 ----I 

±165V 
+70V 

V002 . -70V 
Analog Input ±S OV 
Logic Input V002 to +0 SV 
Case Temperature 100°C 
Junction Temperature111 150°C 
Storage Temperature -40°C to +100°C 
Stresses above these ratings may cause permanent damage to the 
device 

(1) See Table I for thermal resistance data 
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CEJ 
II:] 3750 

El !DEl Bl '00" 

• "i'l.'P •• <;'; •• 'H. Cil 1 
Pin LocatlOfl 
40 Places 

-- Mating Lead Socket Mill-Max 0314 or equivalent 

A 

ORDERING INFORMATION 

ADC600 X a 
BasIc Model Number __________ :=r-_-' T r 
Performance Grade Code -

K ~ O'C to +70°C 
B = -25'C to +85'C 

Reliability Screening ---------_____ ---! 
Q :;;;;- Q-Screened 
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PIN ASSIGNMENTS 

Common 21 Common 
-Vee (-15V) 22 Data Valid 

3 Voo, (-5 2V) 23 Bit 12 (LSB) 
Voo, (+5V) 24 Bltll 
+Vee (+15V) 25 Bltl0 
Common 26 Blt9 
Voo, (-5 2V) 27 Blt8 

8 Voo, (+5V) 28 Bit 7 
9 Common 29 Bit6 

10 Voo, (-5 2V) 30 Blt5 
11 Common 31 BI14 
12 Common 32 Blt3 
13 +Vee (+15V) 33 Blt2 
14 -Vee (-15V) 34 Bill (MSB) 
15 Voo, (-5 2V) 35 Bit1 (MSB) 
16 Voo, (+5V) 36 Voo, (-5 2V) 
17 Common 37 Common 
18 Voo, (-5 2V) 38 Convert Command 
19 Voo, (+5V) 39 Analo9 Input 
20 Voo, (-5 2V) 40 Analog Input Return 

TYPICAL PERFORMANCE 
CURVE 

ANALOG INPUT BANDWIDTH 

+2 

iii' +1 - L = l~omlvJ-pl -:e 
~ -1 0 g-

-2 " a: 
~ -3 

~ -4 
"0 
(5 -5 t 
0. -6 
E 

'" (f) 
-7 

-8 
01 02 06 1 6 10 20 

Frequency (MHz) 

THEORY OF OPERATION 

\ 

1\ 

I 
60 100 

The ADC600 is a two-step subranging analog-to-digital 
converter. This architecture is shown in Figure l. The 
major system building blocks are: Sample/ Hold Amp
lifier, MSB Flash encoder, DAC and Error Amplifier, 
LSB Flash Encoder, Digital Error Corrector, and Timing 
Circuits. The ADC600 uses individually tested and laser
trimmed submodules mounted on a four-layer mother
board to integrate this complex circuit into a complete 
analog-to-digital converter subsystem with state-of-the
art performance. 

Conceptually, the sub ranging technique is simple: sample 
and hold the input signal, convert to digital with a coarse 
ADC, convert back to analog with a coarse-resolution 
(but high-accuracy) DAC, subtract this voltage from the 
S / H output, amplify this "remainder," convert to digital 
with a second coarse ADC, and combine the digital 
output from the first ADC (MSB) with the digital output 
from the second ADC (LSB). In practice, however, 

achieving high conversion speed without sacrificing ac
curacy is a difficult task. 

The analog input signal is sampled by a high-speed 
sample/ hold amplifier with low distortion, fast acquisi
tion time and very low aperture uncertainty (jitter). A 
diode bridge sampling switch is used to achieve an 
acceptable compromise between speed and accuracy. 
The diode bridge switching transients are buffered from 
the analog input by a high input impedance buffer 
amplifier. Since the hold capacitor does not appear in 

. the feedback of the diode bridge output buffer the 
capacitor can acquire the signal in 25ns. The low-bias
current output buffer is then required to settle to only 
the resolution (7 bits) of the first (MSB) flash encoder in 
25ns while an additional 60ns is allowed for settling to 
the resolution (12 bits) of the second (LSB) flash encoder. 
Sample j hold droop appears as only an offset error and 
does not affect linearity. 

Both the MSB and the LSB flash encoder (ADC) are 
high-speed 7-bit resolution converters formed by parallel
connecting two 6-bit flash ADCs as shown in Figure 2. 
The DAC + lOY reference is also used to generate 
reference voltages for the MSB and LSB encoders to 
compensate drift errors. Buffering and scaling are per
formed by Ie, and 10. Laser-trimming is used to minimize 
voltage offset errors and optimize gain (input full-scale 
range) symmetry. 

The subtraction DAC is an ECL 7-bit resolution DAC 
with 14-bit accuracy. Laser-trimmed thin-film nichrome 
resistors on sapphire and high-speed bipolar circuitry 
allow the DAC output to settle to 14-bit accuracy in only 
25ns. 

A "remainder" or coarse conversion-error voltage is 
generated by resistively subtracting the DAC output 
from the output of the samplej hold amplifier. Before the 
second (LSB) conversion, the "remainder" is amplified 
by a wide band fast-settling amplifier with a gain of 
32YjY. To prevent overload on large amplitude tran
sients, a high-speed FET switch blanks the amplifier 
input from the beginning of the Sj H acquisition time to 
end of the MSB encoder update time. 

The timing circuits shown in Figure 3 supply all the 
critical timing signals necessary for proper operation of 
the ADC600. Some noncritical timing signals are also 
generated in the digital error correction circuitry. Timing 
signals are laser-trimmed for both pulse width and delay. 
The ECL logic timing delay is stable over a wide range of 
temperatures and power supply voltages. Basic timing is 
derived from the output of a three-stage shift register 
driven by a synchronized 20M Hz oscillator. 

The convert command pulse is differentiated by IC, to 
allow triggering by pulses from as narrow as 5ns to as 
wide as 75% duty cycle. This differentiated signal sets 
flip-flop IC" placing the SI H back into its sample mode. 

The output of the third stage of the shift register is also 
differentiated by IC, and used to generate a strobe for 
the LSB flash encoder. R, is laser-trimmed to generate a 
precise 8ns pulse while the oscillator frequency is adjusted 
to trim the strobe pulse delay. IC. and IC, comprise the 

Burr-Brown Ie Data Book 9.2-92 Vol. 33 



Sample/Hold 

Encoder ~D~A~c~/A:m::p::::::::::::::+=~L:S:B:F:,:as:h:E:n:c:o:d:e:r~ 

LSB Strobe 
MSB Strobe 

.~----"", Digital 
\-rI-----,/ Output 

L..._~,/'L...--l 

Amplifier 
Enable 

'------------------iSample/Hold Gate 

Convert Command 
~ ~rt 

Timing 

Figure 2. Block Diagram of the 12-Bit 10MHz ADC600. 

From 
Sample/Hold 

1000 

No Ground 
on MSB Encoder 

Figure 3. 7-Bit Flash Encoder. 
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Convert 
Command 

Sample 
IHoid 
Gate 

IC3 

C Q 

IC2 

20M Hz 

Oscillator 

IC6 

R2 

C2 

IClO 

3-Stage 
Shift 
Register 

Amplifier 
Enable 

~ IC7 

N.L~l&Fl :f N MSB 

. f Strobe 

FIGURE 3. Schematic of Timing Module. 

principal elements of a 20MHz ring oscillator. R, and C, 
add additional delay and allow laser-trimming for the 
LSB delay. A blanking pulse to prevent error amplifier 
overload is generated by the second stage of the shift 
register. Proper timing is generated by laser-trimming RJ 
which, along with CJ forms a delay element along with 
two gates of ICo. 

A strobe pulse of the MSB flash encoder is generated 
and trimmed in a similar circuit using IC,. This technique 
generates a variable width SI H gate pulse which is 
determined by the conversion command pulse period 
minus the fixed 67ns ADC conversion time ADC600 
conversion rates are therefore possible above the 10M Hz 
specification but S I H acquisition time is sacrificed and 
accuracy is rapidly degraded. 

The output of the MSB encoder is read into a separate 
7-bit latch at the same time the LSB encoder is being 
strobed. The latched MSB data, along with the LSB 
data, is then read into a 14-bit latch 30ns after the leading 
edge of the LSB strobe and before being applied to the 
adder, where the actual error correction takes place. This 
latch eliminates any critical timing problems that would 
result when the converter is operated at the maximum 
conversion rate. 

The function of the digital error correction circuitry 
(Figure 4) is to assemble the 7-bit words from the two 
flash encoders into a 12-bit output word. In addition, the 
circuit uses the LSB flash encoder strobe to generate 
timing strobes for both data registers. A data valid (DY) 
pulse is also generated which is used to indicate when 
output data can be latched into an external register. This 
DY pulse is delayed 5ns after the output data has settled 

to allow a sufficient set-up time for an external ECL data 
latch. 
The 14-bit register output is then sent to a l2-bit adder 
where the final data output word is created. The MSB 
data forms the most significant seven bits of a l2-bit 
word, with the last five bits being assigned zeros. In a 
similar fashion, the LSB data from the least significant 
bits form the other input to the adder with the first five 
bits being assigned zeros. As two l2-bit words are being 
added, the output of the adder could exceed 12 bits in 
range; however, the final data output is only a l2-bit 
word, so a means of detecting an overrange is included. 

To prevent reading erroneous data, the converter data 
output reads all ones for a full-scale positive input or 
overrange and reads all zeros for a negative full-scale 
input or overrange. The data output does not "roll-over" 
if the converter input exceeds its specified full-scale 
range of±1.25Y. 

DISCUSSION OF 
PERFORMANCE 
DYNAMIC PERFORMANCE TESTING 
The ADC600 is a very high performance converter and 

. careful attention to test techniques is necessary to achieve 
accurate results. Spectral analysis by application of a 
Fast Fourier Transform (FFT) to the ADC digitial out
put will provide data on all important dynamic perfor
mance parameters: total harmonic distortion (THD), 
signal-to-noise raito (SNR) or the more severe signal-to
noise-and-distortion ratio (SINAD), total noise and dis
tortion (TN D), and intermodulation distortion (IMD). 
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Register Strobe 

Data From 

7·Blt 
Latch 

LS8Enc~o~de~r ________________ -,/ 

7 Bit 
Latch 

7·81t 
Latch 

FIGURE 4. Block Diagram of Digital Error Corrector. 

A te,t setup for performing high-speed FFT testing of 
analog-to-digital converters is shown in Figure 5. This 
wa, med to generate the typical FFT performance 
curve, ,hown on page, 10 through 13. 

To pre,erve mea,urement accuracy, a very low side-lobe 
window mu,t be applied to the digital data before 
executing an FFT. A commonly u,ed window such as 
the Hanning window is not appropriate for testing high 
performance converters; a minimum four-sample Black
man-Harris window is strongly recommended." 1 To 
assure that the majonty of codes are exercised in the 
ADC600 (12 bits), a ten-sample average of 512-point FFTs 
is taken. 

Dynamic Performance Definitions 

I. Signal-to-Noise-and-Distortionl21 Ratio (SINAD): 
10 log ,me wave ,ignal power 

noi,e + harmonic power 

2. Total Harmonic DistortIOn (THD): 
10 10 harmonic power (first nine harmonics) 

g . . 
smewave signal power 

3. Total Noi,e Distortion (TN D): 
10 10 noise power 

g. . 
,mewave signal power 

4. Intermodulation Distortion (IMD): 

10 log 1M D product power 
,inewave signal power 

IMD is referenced '" to the larger of the te,t signals fl or f,. 

Five "bins" either side of peak are used for calculation of 
fundamental and harmonic power. The "0" frequency 
bin (DC) I, not included in the,e calculation, a, it i, of lit
tle importance in dynamic signal proce"ing applications. 

Attention to test set-up detaib can prevent errors that 

Data Valid 

Carry Out 

2' Bit 1 

A 

2' 
Bit 2 

I 
I 

14-Blt I 

Latch I 

and 
I 
I 

12-Blt I 
Adder I 

I 
I 

2" Bit 11 
B 

2" 
Bit 12 

contribute to poor test results. Important points to 
remember when testing high performance converters are: 

I. The ADC analog input must not be overdriven. Using 
a signal amplitude slightly lower than FSR will allow a 
small amount of "headroom" so that noise will not 
overrange the ADC and "hard limit" on signal peaks. 

2, Two-tone tests can produce signal envelopes that 
exceed FSR. Set each test signal to slightly less than 
-6dB to prevent "hard limiting" on peaks. 

3. Low-pass filtering (or band pass filtering) of test signal 
generators is absolutely necessary for TH D and 1M D 
tests. An easily built LC low-pass filter (Figure 6) will 

en 
a: w 
Ia: 
W 
> 
Z 
o o 

~ 
D. en 
C 

eliminate harmonics from the test signal generator. _ 

4. Test signal generators must have exceptional noise~ 
performance (better than -155dBC) to achieve accu-
rate SNR measurementsl'l. Good generators together 
with fifth-order elliptical bandpass filters are recom
mended for SNR and SINAD tests. 

5. The analog input of the ADC600 should be terminated 
directly at the input pin sockets with the correct filter 
terminating impedance (50n or 750) or it should be 
driven by an OPA600 buffer. Short leads are necessary 
to prevent digital noise pickup. 

6. A low-noise (jitter) clock signal (convert command) 
generator is required for good ADC dynamic perfor
mance. A recommended interface circuit is shown in 
Figure 7. Short leads are necessary to preserve fast 
ECL rise times. 

7. Two-tone testing will require isolation between test 
signal generators to prevent 1M D generation in the 
test generator output circuits. An active summing 
amplifier using an OPA600 is shown in Figure 8. This 
circuit will provide excellent performance from DC to 

g 
o 
C 
<C 
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GPIB 

Tektronix 
4052A 

GraphIcs 
Computer 

(Probe Signals) 

Status 

Data 

Convert 

FIGURE S. Test Setup for High Speed FFT Testing. 

5MHz with harmonic and intermodulation distortion 
products typically better than -70dBC. A passive 
hybrid transformer signal combiner can also be used 
(Figure 9) over a range of about lMHz to 30M Hz. 
The port-to-port isolation will be = 4SdB between 
signal generators and the input-output insertion loss 
will be = 6dB. 

8. A very low side-lobe window must be used for FFT 
calculation. A minimum four-sample Blackman-Harris 
window function is recommended.(1) 

9. Digital data must be latched into an external ECL 
l2-bit register only by the Data Valid output pulse. 
Due to the possibility of improper timing, output data 
cannot be latched by using the convert command! 

10. Do not overload the data output logic. These outputs 
are already provided with internal 680!1 pull-down 
resistors tied to -S.2V. 

II. A well-designed, clean PC board layout will assure 
proper operation and clean spectral response(5 )(6). 

Proper grounding and bypassing, short lead lengths 
and separation of analog and digital signals and 
ground returns are particularly important for high 
frequency circuits. Multilayer PC boards are recom
mended for best performance, but a two-sided PC 
board with large, heavy (20z-foil) ground planes can 
give excellent results, if carefully designed. 

Prototyping "plug-boards" or wire-wrap boards will 
not be satisfactory. 

Power Supplies 

±15V +5V -5V 

Burr-Brown 
AOC600 

Test Fixture 
0106 A146-2 Rev C 

Analog 
Output 

NOTES. 
I. On the Use of Wmdows for Harmonic AnaJysls with the Discrete Founer 

Transform, Fredric J Hams Proceedmgs of the IEEE, Vol 66, No I, 
January 1978, pp 51-83 

2 SINAD test Includes harmonics whereas SNR does not Include these important 
spunous products 

3. If JMD is referenced to peak envelope power, an Improvement of 6dB 
4. Test Report FFT CharactenzatlOD of Burr-Brown ADC600K, Signal Con

version Ltd., Swansea, Wales, U K 
5 MEeL System Design Handbook, 3rd EditIOn, Motorola Corp 
6. Motorola MECL, Motorola Corp. 

500 L, L, L, L, 500 
Out 

C'~ 
+ .I ~ ~ 

9th Order 0 5dB Ripple 
Tchebychev Low-Pass Filter 

Attenuation at 2X cutoff frequency = 90dB 

~ 

Cutoff frequency = -3dB frequency, to convert cutoff frequency to 
-0 5dB frequency, multiply all LC values by 09897 

Cutoff 
Freq. C, C, C, c, C, L, L, L, L, 
(MHz) (pF) (pF) (pF) (pF) (pF) (PH) (PH) (PH) (PH) 

50 11346 17292 17656 17292 11346 2056 2216 2216 2056 
25 2269 3458 3531 3458 2269 411 443 443 411 

1.25 4538 6917 7062 6917 4538 823 886 886 823 
0625 9077 13.833 14,125 13.833 9077 1645 1773 17 73 1645 

FIGURE 6. Ninth-Order Harmonic Filter. 
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FIGURE 7. Optional Convert Command Interface Circuit. 
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FIGURE 8. Active Signal Combiner. 
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FIGURE 9. Passive Signal Combiner. 
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Mount directly on ADC600 test board 
with short leads 
Amplifier Bandwidth DC to 2:70MHz 
Insertion Loss OdB 
*Optlonal Improves HF THO 

10 turns #24 AWG blfllar wound on 
Amidon FT 50-43 toroid core 

Bandwidth = 1MHz to = 30MHz 
In-to-In IsolatIon = 45dB at 5MHz 
In-to-Out Loss = 6dB 
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TYPICAL FFT SPECTRAL PERFORMANCE 
All FFT data 512-point FFT, 10-sample average: minimum 4-sample Blackman-Hams Window 

Sample Rate = 10M Hz, Input Voltage = Full-Scale (OdB) 

0 

-10 

-20 

-30 
iD 
~ -40 
" "0 

:@ -50 
C. 
E -60 ..: 

-70 

-80 

-90 

-100 

-10 

-20 

iD 
-30 

~ -40 
" "0 

.; -50 
C. 
E -60 ..: 

-70 

-80 

-90 

-100 

-6 

-16 

-26 

-36 

iD 
~ -46 

" "0 -56 .; 
C. 
E -66 
..: 

-76 

-86 

-96 

-106 

Burr-Brown Ie Data Book 

Frequency (MHz) 
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Level re 
Full-Scale 
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4 8438MHz Fundamental = -07 
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TNO = -695dBC 
THO = -710dBC 

Level re 
Full-Scale 

~ 
o 6055MHz Fundamental = -06 
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F, 49219MHz = -6.3 
F, 46484MHz = -63 
Peak Envelope = -06 

IMO 04883MHz = -80.8 
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44336MHz = -78.9 
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TYPICAL FFT SPECTRAL PERFORMANCE (CONT) 
All FFT data S12-pomt FFT, 10-sample average. minimum 4-sample Blackman-Hams Window 

Sample Rate = 10MHz,Input Voltage = Halt-Scale (-6dB) 
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TYPICAL FFT SPECTRAL PERFORMANCE (CONT) 
AU FFT data S12-p0lnt FFT. 10-sample average, minimum 4-sample Blackman-Hams Window. 

Sample Rate = 5MHz, Input Voltage = Full-Scale (OdS) 
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TYPICAL FFT SPECTRAL PERFORMANCE (CONT) 
All FFT data 512-polnt FFT, 10-sample average, minimum 4-sample Blackman-Hams Window 

Sample Rate ~ SMHz, Input Voltage ~ Hall-Scale (-&dB) 
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DIGITIZING INPUT WAVEFORMS 

The response of the ADC600 is illustrated by the digitized 
waveforms of Figure 10. The 4.99MHz sine wave near 
the Nyquist limit is virtually identical to much lower 
frequency sine wave input. The under-sampled 19.999MHz 
sine wave illustrates the ADC600's excellent analog 
input full-power bandwidth. Figure II shows a block 
diagram of this high-speed digitizer. 

HISTOGRAM TESTING 

Histogram testing is used to test differential nonlinearity 
of the ADC600. This system block diagram is shown in 
Figure 12 and histogram test results for a typical converter 
are shown in Figure 13. Note that differential nonlinearity 
is 1/2LSB at 200Hz and it shows virtually no degradation 
near the Nyquist limit of 5MHz; there are no missing 
codes present and the peak nonlinearity does not exceed 
I LSB. Histogram testing is a useful performance indicator 
as the width of all codes can be determined. 

10MHz Sample rate, 2 5Vp-p Input signal 

F = 4999MHz 

\ (" 
\ I 

\ / 

~/ 
F = 2499MHz 

FIGURE 10. Digitized Waveforms (512 points). 

SPECTRUM ANALYZER TESTING 
A beat-frequency technique (Figure 14) can be used to 
view digitized waveforms on an oscilloscope and, with 
care, this technique can also be used for testing high
speed ADC dynamic characteristics with an analog 
spectrum analyzer. 

In this method a test signal is digitized by the ADC600 
and the output digital data is latched into an external 
ECL latch by the converter Data Valid output pulse 
driving a divide-by-N counter. The holding register 
drives a 12-bit video-speed DAC which reconstructs the 
digital signal back into an analog replica of the ADC600 
input. This analog signal also includes distortion products 
and noise resulting from the digitization, which can be 
viewed on an ordinary RF spectrum analyzer. Typical 
results are shown in Figures 15 and 16. 

It is important to realize that the distortion and noise 
measured by this technique include not only that from 
the ADC600, but also the entire analog-to-analog test 

F = t.OOOkHz 

F = 19 999MHz 
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HP 3325A In 

Syntheslzerl 
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FIGURE II. High-Speed Digitizer. 

10MHz 
Clock 

Generator 

Convert Command 

Analog 
HP3325A 

Synthesizer 
Input 

12·81t 10MHz 
Function ADC600 

Generator 

HP3456 
DVM r-

FIGURE 12. Block Diagram of Histogram Test. 

system. Nonlinearity of the reconstruction circuit must 
be very low to measure a high performance ADC, and 
this places severe requirements on the DAC, deglitcher, 
and buffer amplifiers. 

Using the high-speed video DAC63 in the analog recon
struction circuit allows excellent test circuit linearity to 
be achieved. Clocking the DAC (demodulating) at felN 
allows a longer settling time and keeps linearity high in 
the digital-to-analog portion of the test circuit. Spectrum 
analyzer dynamic range can be a limiting factor in this 
method and a sharp notch filter can be used to attenuate 
the high-level fundamental frequency. Attenuating the 
fundamental allows the spectrum analyzer to be used on 
a more sensitive range Without generating distortion 
products within the input of the analyzer. 

Digital 
Data 

Data 
Valid 

ECl Data HP 9000-
latch 300 
And Computer 

Hlgh-
Speed 
RAM 

Latch 

To Plotter 

ECl Data latch HP9B16 
and High-Speed Computer 

RAM 

IEEE-4BB 

Note that even though the signal is demodulated at a 
frequency of sample rate/N (here N = 2 or 4), the 
distortion products still maintain a correct frequency 
relationship to the fundamental. While this analog tech
nique shows excellent performance, it cannot exclude 
some distortion products unavoidably generated within 
the analog reconstruction portion of the test system. For 
this reason, the digital FFT technique is capable of more 
accurate high-speed analogi digital converter dynamic 
performance measurements. 

TIMING 
The ADC600 generates all necessary timing signals in 
laser-trimmed submodules. Only the timing between 
Convert Command, Output Data, and Data Valid must 
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Differential 
Non

linearity 

DL Histogram Frequency = 200Hz 

FIGURE 13. Histogram Test Results (10M Hz Sample Rate). 

NOTE Two generators shown 
(IMDtest) 

DL Histogram Frequency = 4 9MHz 

or 
HP8590A 

FIGURE 14. Analog-to-Analog Spectral Analysis by Beat-Frequency Techniques. 

be considered. Proper timing is shown in Figure 17. The 
output data cannot be timed by the conversion clock, 
since the data from the 12-bit adder is not guaranteed 
until the Data Valid pulse is generated. 

Data should be latched into an external 12-bit ECL 
register that can operate reliably with a set-up time of 
5ns minimum (Figure 18). 

Logic conversion to TTL can be accomplished by logic 
level translator ICs (such as 10125 or 10124), but care 
must be exercised, since TTL is very noisy and main
taining a clean analog signal can be difficult. To preserve 
the low noise of ECL logic, any conversion to TTL 
should be done on a separate circuit board which is 
driven by differential ECL drivers. 
I. FAST™ ApphcatlOns Handbook, 1987. Fairchild Semlconductor Corp. 
2. Fairchild Advanced CMOS Technology, Technology Semmar Notes, 1985. 
3. Impedance Matchmg Tweaks Advance CMOS Ie Testmg, Gerald C. Cox, 

Electromc Design, Apnl, 1987 
4. Grounding for ElectromagnetIc CompatIbIlity, Jerry H Bogar, Design News, 

23 February, 1987. 

THERMAL REQUIREMENTS 

The ADC600 is tested and specified over a temperature 
range ofO°C to +70°C (K grade) and -25°C to +85°C (B 
grade). The converters are tested in a forced-air environ
ment with a 10 SCFM air flow. The ADC600 can be 
operated in a normal convection ambient-air environment 
if submodule case temperature does not exceed the upper 
limit of its specification.ll ) 

High junction temperature can be avoided by using 
forced-air cooling, but it is not required at moderate 
ambient temperatures. Worst-case junction temperature 
(OlC) and top-surface submodule (OCA) are presented in 
Table I to aid the designer in determining cooling 
requirements. 

1 Maxlmizmg Heat Transfer from PCBs, Machme Design. March 26, 1987, 
Jedong Chung 
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Fs = 8000MHz, F = 1 73MHz, 25Vp-p Input Level (OdB) 
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TABLE I. Cooling Requirement Factors. 

Power 
DIssipation 

Submodule (W) 

SHC600 15 
SM10343 16 
SM10344 16 
SM10345 16 
SM10346 21 
SM10347 11 

Convert Command 

Data Output 

Not Valid 

Data Valid 

I I I I I 
20 40 60 80 100 

2S'C Ambient Air 
Normal Conyectlon 

8JC ('C/W) 8e. ('C/W) 

287 233 
175 244 
106 213 
175 219 
86 167 

173 282 

Nanoseconds 

FIGURE 17. ADC600 Timing Diagram. 

ENVIRONMENTAL SCREENING 

DIP 
Package 

TYpe 
24-pm 
24-pm 
32-pm 
24-pm 
40-pm 
40-pm 

The inherent reliability of a semiconductor device is 
controlled by the design, materials, and fabrication of 
the device-it cannot be improved by testing. However, 
the use of environmental screening can eliminate the 
majority of those units which would fail early in their 
lifetimes (mfant mortality) through the application of 
carefully selected accelerated stress levels. Burr-Brown Q 
models are environmentally-screened versions of our 
standard industrial products, designed to provide en
hanced reliability. The screening illustrated in Table II is 
performed to selected methods of MIL-STD-883. Refer
ence to these methods provides a convenient way of 
communicating the screening levels and basic procedures 
employed; it does not imply conformance to any other 
military standards or to any methods of MIL-STD-883 

other than those specified. Burr-Brown's detailed pro
cedures may vary slightly, model-to-model, from those in 
MIL-STD-883. Table III shows the board-level screening 
flow for ADC600Q. 

TABLE II. Screening Flow for ADC600Q (active com
ponents). 

MIL-STD-883, 
Method, Screening 

Screen Condition Level 

Internal Visual Burr-Brown 
QC4118 

Electrical Test Burr-Brown 
test procedure 

High Temperature 
Storage 1008 24 hour. +125'C 

(Stabllizalion Bake) 

Temperature Cycling 1010 10 cycles. -55'C to -125'C 

Constant Acceleration 2001. A 2000 G. Y AXIS only 

Burn-In 1015. D 160 hour. +85 or +70'C. 
steady-state 

Hermetlclty Fine Leak 
Gross Leak 1014. C bubble test only. 

precondltlonmg omitted 

Fmal Electrical Burr-Brown 
test procedure 

External Visual Burr-Brown 
QC5150 

TABLE III. Screening Flow for ADC600Q (board level). 

MIL-STD-883, 
Method, Screening 

Screen Condition Level 

External Visual Burr-Brown 
ac SpeCification 

Electrical Test Burr-Brown 
Data Sheet 

Stablllization Bake 1008 24 hour. +125'C 

Burn-In 1015.0 160 hour, +85°C or 
+ 70°C steady-state 

Final Electrical Burr-Brown 
Data Sheet 

Ftnal External Burr~Brown 

Visual ac SpeCification 

Analog ADC Board 

VOD1 

Pull-up ReSistor 
r--~~~"';-';""'---- Only Required 

For "FACT'" LogiC (+5V) 

VOD2 

(-52V) Dual Latch 

FIGURE 18. ECL;TTL Logic Interlace. 
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D1 
51 
D? 
52 
D3 
53 
D4 
54~"",--_----, 

( 

( 

D9 I 

59 
D10 
i5iO 
D11 
D11 
D12 
012 

-52V 

9.2-106 

"FACr"" 
"FASr":' or 
TTL Logic 

Translator 

ECL latch prOVides dllferentlal ECL 
output which IS properly timed 
(Valid) data 

2 Data can be transmitted With termln~ 
ated cable between boards 
Differential logic keeps ground
return nOise low 

3 LogiC level IS tlanslated to TTL by 
MC 10125 which IS mounted on the 
nOIsy digital logic PC board 
Use good bypass capacitor (not 

. shown) and heavy ground plane 
(>75% copper) PC boards 

FACT'" FASr" Fairchild 
Semiconductor Corp 
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BURR-BROWN@ 

IEBElI 
MILITARY 

VERSION 

AVAILABLE 

ADC601 

ABRIDGED DATA SHEET 

REQUEST COMPLETE DATA SHEET 

FROM BURR·BROWN SALES OFFICE 

12-Bit 900ns 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• 12·BIT RESOLUTION 

• ±O.012% LINEARITY ERROR 
• NO MISSING CODES -55°C to + 125°C 

(SGRADE) 

• CONVERSION TIME: 900ns 

• 2·CHIP DESIGN 
• 32·PIN CERAMIC DIP PACKAGE 

DESCRIPTION 
The ADC601 is a high speed Duolithic™ (two inte
grated circuits) successive approximation analog-to
digital converter. This unique two-chip design utilizes 
a bipolar thin film IC to preserve high speed analog 
accuracy and a high speed CMOS IC to perform digital 
logic control. 

Convert 0----, 
Command 

Parallel 
DIgital 

Output 

ClOCk Rate Control 
Clock OUt v-<--_--' 

Status o----...J 
Serial Out O-----...J 

It is complete with internal reference. clock and com
parator and is packaged in a 32-pin ceramic DIP. 
Conversion time is set at the factory to 900ns. Serial and 
parallel output performance is guaranteed with no 
missing codes over the full input voltage. power supply. 
and temperature operating temperature range. The gain 
and offset errors may be externally adjusted to zero. 

Internal scaling resistors are provided for the selection 
of analog signal input ranges of OV to + lOY. ±5V and 
±IOV. The ADC60l's input is specifically designed to 
be easily driven with minimal disturbance to the driving 
amplifier. 

Output codes are available in complementary binary for 
unipolar inputs and bipolar offset binary for bipolar 
inputs. 

Alldigital input and outputs are 'ITL-compatible. Power 
supply requirements are ±15V and +5V. 

Bipolar Offset 

'-'V+N-Q} ~ Se~t 
Compara1Dr In 

International Airport industrial Park • IIallhg AddrtIS: PO Box t1400 • TUcson, AZ8S734 • Stnet AdcIras8: 6730 S. Tucson Blvd. • TUcIan. AZ 85'1116 
Tel: (602) 746-1111 • Twx: 9tQ.9S2.1111 • cable: BBRCORP T,lex: 66-8481 • FAX: (602) &1510 

PDS·867 
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SPECIFICATIONS 
ELECTRICAL 
Tc = +25°C. 900ns conversion time. ±Vcc = 15V, +VOD = +Sv, and 6-minute warm-up In a nonnal convection environment unless otherwise noted. 

ADC601JG ADC601 KG/SG 

PARAMETER CONDI110NS MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTION 12 Bits 

INPUTS 

ANALOG 
Voltage Ranges: Bipolar Full Scale ±5,t10 V 

Unipolar Full Scale Oto-tO · V 
Impedance: -t OV to OV, ±5V 1.4 · kll 

ttOV 2.4 kll 

DIGITAL 
Convert Command Logic "0 to 1· starts conversion. Logic "1 to O· resets logic with minimum "0· of SOns. 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain Error'" ±O.OS ±O.O4 % 
Offset Error"': Unipolar DC ±O.D7 ±0.05 %of FSR'. 

Bipolar DC ±O.02 · %ofFSR 
Linearity Error: 

0.9115 Conversion Time ±O.024 ±O.012 %ofFSR 
Differential Unearity Error: 

0.9115 Conversion 11me ±O.024 %ofFSR 

CDNVERSION TIME 
Factory Set 0.9 1.0 · · 115 

DRIFT 
Gain TMIN to TMAX tIS ±10 ppm of FSRI"C 
Offset: Unipolar TMIN to TfoW( ±3 ±2 ppm of FSRI"C 

B'polar TMIN to Tw,x ±5 ±3 ppm of FSRI"C 

OUTPUT 

DIGITAL DATA 

I complmentary I Straight !inary 
I Parallel 

Output Codes: Unipolar 
Bipolar Bipolar Offset Binary 

Status Logic ·1· during Conversion 
Internal Clock: 

I I I I I Frequency (without extemal 
clock adjustment) 15 · MHz 

-
POWER SUPPLY REQUIREMENTS 
Power Consumption •. 1.5 · W 
Rated Voltage: Analog (tV c~) ±t4.25I ±15.0 t15.75 · · · VDC 

Digital (+Voo) +4.75 +5.0 +5.25 · · · VDC 

TEMPERATURE RANGE 
Specification TCASE JG,KG a +70 · · ·C 

SG -55 +125 'C 

• Same speCifications as for ADC60lJG 

NOTES: (I) Adjustable to zero. (2) FSR means Full Scale Range. For example, unit connected fortlOV has 20V FSR. (3) Conversion time Is factory-set to 
approximately 900ns (+25'C). No missing Codes Is guaranteed over T.,• to TIM, 
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MECHANICAL 

G Package- 32-Pln ceramic DIP 

1-1'-32-------- A --------1-7-01'1 
INCHES 

DIM MIN MAX 
A 1.678 1.712 
B 1.079 1. 1 01 
C 180 .210 
D .016 .020 
F .045 .055 
G .100 BASIC 
H .089 .106 
J .009 .012 
K .200 .210 
L .900 BASIC 
N .015 .035 

1 
B 

'--,,------_J 
IS 

PIN CONFIGURATION 

(MSB) Bit I 

Bit2 

Bit3 

Bit4 

BitS 

BitS 

+V DD (+SV) Digital 

CommDn (Digital) 

Serial Out 

Status 

Bit 7 

Bit8 

Bit 9 

Bit 10 

Bit II 

Bitl2 

ABSOLUTE MAXIMUM RATINGS 

Vee """"'"'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' ........... ±18V 
Voo ........................................................................................................ +7V 
Digital Inputs ..................................................................................... +S.SV 
Analog Inputs ....................................................................................... ±IS 
Comparator Input ............................................................... ...;?,.7V to +D.7V 
Operaling Temperature: Ambient .................................................. +12S'C 

Case ....................................................... +13S'C 
Storage Temperature ............................................... ; ...... -6S'C to +1S0'C 

Burr-Brown Ie Data Book 9.2-109 

MILLIMETERS 
MIN MAX 

42.62 43.48 
27.41 27.97 
4.57 5.33 
0.41 0.51 
1.14 1.40 

2.54 BASIC 
2.26 2.69 
0.23 0.30 
5.08 5.33 

22.86 BASIC 
.38 .89 

Common (Analog) 

NC 

-Vee (-ISV) Analog 

Bipolar Offset 

Common (Analog) 

Sense 

Comparator Input 

10V Input 

20V Input 

-Vee (-1SV) Analog 

+Vcc (+SV) Analog 

Common (Digital) 

+Vcc (+ISV) Analog 

Clock Rate Control 

Convert CDmmand 

Clock Out 

NOTE: Leads In true 
position within 0.01" 
(0.2Smm) Rat MMC 
at seating plane. Pin 
material and plating 
composition conform 
to method 2003 
(solderability of MIL
STD·883 (except 
paragraph 3.2). Her· 
meticity Conforms to 
Method 1014, Con· 
ditlon condition C, 
(fluorocarbon) of 
MIL·STD·883 
(gross leak). 
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BURR-BROWN® 

IElElI 
MILITARY 
VERSION 

AVAILABLE 

ADC603 

ABRIDGED DATA SHEET 

REQUEST COMPLETE DATA SHEET 

FROM BURR·BROWN SALES OFFICE 

12-81T 10MHz SAMPLING 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• HIGH SPURIOUS·FREE DYNAMIC RANGE 

• SAMPLE RATE: DC to 10MHz 

• HIGH SIGNAUNOISE RATIO: 68.2dB 

• HIGH SINAD RATIO: 66dB 

• LOW HARMONIC DISTORTION: -69.6dBC 

• LOW INTERMOD. DISTORTION: -77.7dBC 

• COMPLETE SUBSYSTEM: Contains 
Sample/Hold and Reference 

• 46·PIN DIP PACKAGE 

• O°C TO +70°C AND -55°C TO +125°C 

DESCRIPTION 
The ADC603 is an high performance analog-to-digital 
converter capable of digitizing signals at any rate from 
DC to to megasamples per second. Outstanding spuri
ous-free dynamic range has been achieved by minimiz
ing noise and distortion. Complete static and dynamic 
test results are furnished with each KH and SH grade 
unit at no additional cost. 

Signal 
Input 

Samplel 
Hold 

MSB 
Flash 

Encoder 

Digital·to 
Analog 

Converter 

APPLICATIONS 
• DIGITAL SIGNAL PROCESSING 

• RADAR SIGNAL ANALYSIS 

• TRANSIENT SIGNAL RECORDING 

• FFT SPECTRUM ANALYSIS 

• HIGH·SPEED DATA ACQUISITION 

• IR IMAGING SYSTEMS 

• DIGITAL RECEIVERS 

• SIGINT, ESM, AND EW SYSTEMS 

• DIGITAL OSCILLOSCOPES 

The ADC603 is a two-step subranging ADC sub-sys
tem containing an ADC, sample/hold amplifier, voltage 
reference, timing, and error-correction circuitry in a 
46-pin hybrid DIP package. Logic is TTL. Two tem
perature ranges are available: 0 °C to + 70°C (JH, KH) 
and -55°C to +125°C (RH, SH). A fully militarized 
version (ADC603SHI883B) is available from Burr
Brown's Military Products Division. 

LSB 
Flash 

Encoder 

Digilal 
Error 

Correclor 
(Adder) 

Digilal 
Output 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
TeJ: (602) 746-1111 • Twx: 910·952·1111 • Cable: BBRCORP Telex: 66·6491 , FAX: (602) 889·1510 

PDS·865 
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SPECIFICATIONS 
ELECTRICAL 
Tc= +25°C. 10MHz sampling rate. Rs= 50n. ±Vcc= ±15V. +V" = +5V. -V"' = -5.2V. and 15-minutewarmup in convection environmen~ unless otherwise noted. , 

ADCS03JHIRH ADCS03KHISH a: 
PARAMETER CONDITIONS MIN TVP I MAX MIN TVP MAX UNITS W 
RESOLUTION 12 12 BITS I-
INPUTS a: 

W 
ANALOG > Input Range Full scale -1.25 +1.25 . . V Z Input Impedance 1.5 · MQ 0 Input Capacitance 5 · pF 
DIGITAL 0 
logic Family TTL Compatible <C 
Convert Command Start Conversion Posilive Edge C Pulse Width t .. Conversion Period 10 I I t-20 I • I I . ns 
TRANSFER CHARACTERISTICS D.. 
ACCURACY en 
Gain Error 1= 200Hz ±C.2 ±2 ±0.1 ±1 %FSR'" C 
Input Offset DC ±C.2 ±2 · ±0.75 %FSR en Integral Unearity Error I. 200Hz 0.75 0.5 1 LSB 
Differential Unearity Error 1=200Hz: S8.3% 01 all codes 0.3 0.25 0.5 LSB Z 

99.7% 01 all codes 0.4 0.3 0.65 LSB 0 1000/0 of all codes 0.5 0.4 0.75 LSB 
Missing Codes none none i= 
Power Supply Rejection laVcc = ±10% ±C.03 · ±C.07 %FSRI% <C 

6,-VccG ±100/0 ±C.04 · ±0.07 %FSR/% 0 Il. +V001= ±10% ±0.004 · ±C.03 %FSR/% 
A-VOD2=±100/0 ±C.Q1 · ±C.03 %FSR/% Z 

CONVERSION CHARACTERISTICS :::) 
Sample Rate DC I 1 10M 1. DC ! I 10M Samplesls :i 
Pipeline Delay logic Selectable 1. 2 or 3 Convert Command Periods :i 
DYNAMIC CHARACTERISTICS 0 
Differential Unearlty Error 1=4.9MHz: 68.3% 01 all codes 0.3 · 0.5 LSB 0 99.7% 01 all codes 0.75 0.5 1.0 LSB 

1000/0 01 all codes 1.0 0.6 1.25 LSB 0 Total Harmonic Distortion'" 
I • 5.00MHz (-O.5dB) Is=9.99MHz -68 -69.6 -64 deC'" is I .. 100kHz -70 -72.1 -66 dBC :::) Two·Tone Intermodulation Distortion""" 
I. 2.2DMHz (-6.5de) Is = 8.006MHz -75 -77.7 -71 dBC <C 
I • 2.50MHz (-6.5dB) 

Signal·to·Noise and Distortion 
(SINAD) Ratio 

1= 5.00MHz (-O.5dB) Is=9.99MHz 65 62 66.0 dB 

I-1= 100kHz (-O.5dB) 67 64 68.5 dB 
Signal·to·Nolse Ratio (SNR) 
I. 5.00MHz (-O.5dB) I. = 9.99MHz 67 64 68.2 de 
1= 100kHz (-O.5dB) 68 66 70.1 dB 

Aperture Time 5 9 ns 
Aperture Jitter 9 · 20 psRMS 
Analog Input Bandwidth (-3c1B) a Small Signal -2OdB Input 70 50 · MHz CD Full Power OdB input 40 30 · MHz 0 Overload Recovery 11me 2x Full-5ca1e input 80 · 140 ns 

OUTPUTS ~ logic Family TTL Compatible 
Logic Coding logic Selectable Two's Complement or Inverted Two's Complement 
logic Levels Logic "LO" loe .. -3.2mA 0 +D.3 +0.8 0 +0.3 +0.5 V 

logic "Hr lOll = 160pA +2.4 +3.5 +5.0 +2.4 +3.5 +5.0 V 
EOC Delay Time Data Out to DV 5 35 5 35 ns 
Tri·State Enabie/Disable Time IOL • -6.4rnA. 500/0 In to 500/0 Out 37 100 37 100 ns 
Dsta Valid Pulse Width 20 45 SO 20 45 SO ns 

POWER SUPPLY REQUIREMENTS 
Supply Voltages:+V .. Operating +14.25 +15 +15.75 +14.25 +15 +15.75 V 

-Vee -14.25 -15 -15.75 -14.25 -15 -15.75 V 
+VOOI +4.75 +5 +5.25 +4.75 +5 +5.25 V 
-VOD2 -4.95 -5.2 -5.46 -4.95 -5.2 -5.4S V 

Supply Currents: +Icc Operating +60 +SO +80 mA 
-Icc -60 -60 -60 rnA 
+1001 +280 +280 +330 mA 

-I"" -565 -565 -630 rnA 
Power Consumption Opereting 6.1 6.1 W 

• Same as ADCS03JH!RH. 
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SPECIFICATIONS 
ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 
±vcc = ±15V, +VODI = +5V, -vwz= -S.2V. Rs = SOQ, 15-mlnute warmup, and Te = T MIN to TMAx , unless otherwise noted. 

I ADC6D3JH/RH ADC6D3KH/SH 

PARAMETER CONDITIONS I MIN TVP I MAX I MIN TYP I MAX I UNITS 

TEMPERATURE RANGE 
Specificalion TeAsE max JH,KH 0 +70 'C 

RH,SH -55 +125 'C 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain Error f = 200Hz ±0.4 ±2 . ±1.5 %FSR 
Input OHset DC ±0.4 ±2 . ±1 %FSR 
Integral Linear Error f = 200Hz 0.75 0.6 1.25 LSB 
Differential Unearity Error f = 200Hz: 68.3% of all codes 0.4 0.3 0.6 LSB 

99.7% of all codes 0.5 0.4 0.75 LSB 
100% of all codes 0.75 0.6 1 LSB 

Missing Codes none 
Power Supply Rejection .6. +Vcc = ±10% ±0.04 ±0.08 %FSR/% 

~ -Vee= ±10% ±0.05 · ±0.08 %FSR/% 
A +Voo,= ±10% ±0.004 ±0.05 %FSR/% 
.6. -VOD2= ±10% ±0.02 ±0.05 %FSR/% 

CONVERSION CHARACTERISTICS 

Sample Rate DC 10M DC 10M Samples/s 

DYNAMIC CHARACTERISTICS 

Differential Linearity Error f= 4.9MHz: 68.3% of all codes 0.5 0.4 0.75 LSB 
99.7% of all codes 1 0.6 1.25 LSB 
100% of all codes 1.25 0.7 1.5 LSB 

Total Harmonic Distortion l2) 

f = 5.00MHz (-o.5dB) f, = 9.99MHz -'37 -'38.8 -'32 dBC 
f = 100kHz -'39 -'39.5 -'34 dBC 

Two-Tone Intermodulation Distortion 
f = 2.20MHz (-'3.5dB) f, = 8.006MHz -72 -74.4 -'38 dBC 

2.500MHz (-'3.5dB) 
Signal-to-Noise and Distortion 

(SINAD) Ratio 
f = 5.00MHz (-o.5dB) f, = 9.99MHz 65 60 65.4 dB 
f = 100kHz (-o.5dB) 66 62 66.5 dB 

Signal-to-Noise Ratio (SNR) 
f = 5.00MHz (-o.5dB) f, = 9.99MHz 67 62 68.0 dB 
f = 100kHz (-o.5dB) 68 64 69.5 dB 

Aperture Delay Time 6 · 10 ns 
Aperture Jitter 10 · 20 ps RMS 
Analog Input Bandwidth (-3dB) 

Small Signal -20dB input 70 50 · MHz 
Full Power OdB input 40 30 · MHz 

Overload Recovery Time 2x Full-Scale input 80 · ns 

OUTPUTS 

Logic Levels Logie "LO", 10L = -6.4mA 0 +0.3 +0.8 · +0.5 V 
Logic "HI", IOH = 160j.iA +2.4 +3.5 +5.0 V 

EOC Delay Time Data Out to DV 5 35 . ns 
Tn-Slate Enable/Disable Time 101. = -SArnA. 50% In to 50% Out 42 100 · ns 
Data Valid Pulse Width 20 45 60 · ns 

POWER SUPPLY REQUIREMENTS 

Supply Currents: +Icc Operating +65 · +80 mA 
-Icc -61 -'30 mA 
+/001 +285 +333 mA 
-1 002 -570 -'330 mA 

Power Consumption Operating 6.1 W 

• Same as ADC603JH/RH. 

NOTES: (1) FSR: Full-Scale Range = 2.5Vp-p. (2) Units with tested and guaranteed distortion specifications are available on special order-inquire. (3) dBC = level 
refered to carrier-Input signal = OdB); F = Input frequency; F, = sampling frequency. (4) IMD IS referred to the larger of the two input test Signals. If referred to the 
peak envelope signal (=OdS), the intermodulatlon products Will be 6dB lower. 
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MECHANICAL 

H Package- Matel and Ceramic 

""141-46---- A ----2-4+1°1 

1 \.. . 23 

Pin 1 deSignator marked on bottom. 

PIN ASSIGNMENTS 

1 Common (Case) 46 Common (Analog) 
2 DNC 45 Analog Signal In 
3 +V," (+5V) Analog 44 +Vcc (+15V) Analog 
4 SlH Out 43 -V ce (-15V) Analog 
5 AID In 42 -V'r». (-5.2V) Analog 
6 -V'r». (-5.2V) Analog 41 DNC 
7 DNC 40 DNC 
8 DNC 39 DNC 
9 B.t1(MSB) 38 DNC 

10 Bit 2 37 Gain Adjust 
11 Bit 3 36 Offset Adjust 
12 Bit 4 35 Common (Analog) 
13 BH5 34 +Vcc (+15V) Analog 
14 Bit 6 33 -Vee (-15V) Analog 
15 Bit 7 32 Common (Analog) 
16 Bit 8 31 -V,02 (-5.2V) DigHai 
17 Bit 9 30 +V'D> (+5V) Analog 
18 Bit 10 29 1 Pipeline Delay In 
19 Bit 11 28 o Pipeline Delay In 
20 Bit 12 (LSB) 27 OUtput Logic Invert In 
21 +Voo, (+5V) Digital 26 Common (Digital) 
22 Data Valid Output 25 Trl·Stale Enable In 
23 Common (Digital) 24 Convert Command In 

Burr-Brown Ie Data Book 

INCHES 
DIM MIN MAX 
A 2370 2.420 
B 1.560 1.610 
C .200 260 
D .018 DIA BASIC 
F .100 BASIC 
H .075 .115 
K .1SO .190 
L 1.300 BASIC 
M - 10' 
N .040 I .060 

MILUMETERS 
MIN MAX 

60.20 61.47 
39.62 40.89 
5.08 6.60 

0.46 DIA BASIC 
2.54 BASIC 

1.91 2.92 
3.81 4.83 
33.02 BASIC 
- 10' 

1.02 I 1.52 

NOTE: Leads In true 
position within 0.01" 
(O.25mm) Rat MMC 
at seating plane. Pin 
matarlal and plating 
composition conform 
to method 2003 
(solderability of MIL· 
STD-883 (except 
paragraph 3.2) 

ORDERING INFORMATION 

~ () .II~L 
Basic Model Number _________ --1 T 
Performance Grade Code---------...J

J. K: O'C to +70'C Case Temperature 
R. S: -5S'C to +125'C Case Tempereture 

PackageC~------------~ 
H: Metal and Ceramic 

Reliability Screening--------------.J 
/MIL: High Reliability 

ABSOLUTE MAXIMUM RATINGS 

±V= .................................................................................................. ±16.5V 
+V001 ................................................................................................. +7.0V 
±V'r». .................................................................................................. -7.0V 
Analog Input ...................................................................................... ±5.0V 
Logic Input ........................................................................... -o.sV to +V .. , 
Case Temperature ........................................................................ + 125'C 
Junction Temperature ................................................................... +165'C 
Storage Temperature ...................................................... -65'C to +165'C 
Stresses above these ratings may permanentiy damage the device. 

9.2-113 Vol. 33 
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Screening Flow for ADC603/MIL. Pipcline Dclay Selection Logic. 

MIL-STD-883, Data Latched by Data Latched by 
Method, Screening Pin Number Convert Command Data Valid Strobe 

Screen Condition Level 
N-3 N-2 N-l 

Internal Visual 2017 
28 HI LO HI 

Electrical Test Burr-Brown 29 HI HI LO 

test procedure 

High Temperature 
Storage 1008 24 hour, + 125'C Digital Data Logic Coding, 
(Stabilization Bake) 

Temperature Cycling 

Constant Acceleration 

Burn-In 

Hermeticity: Fine Leak 
Gross Leak 

Final Electrical 

External Visual 

Convert 
Command 

1010 10 cycles, -55'C to -125'C 

2001,A 2000G; Y AXIs only 

1015,0 160 hour, +125'C, 
steady-state 

1014, C bubble test only, 
preconditioning omitted 

Burr-Brown 
test procedure 

2009 

TIH 
Command 

r---------, ~ 

Input 
Voltage 

+FS (+1.25V) 
+FS -1 LSB 
+3/4 FS 
+1/2 FS 

+1 LSB 
Bipolar Zero 
-1 LSB 

-1/2 FS 
-3/4 FS 
-FS -ILSB 
-FS (-1.25V) 

j---r----t-t,--~ 

Signal 
Input 

Offset 
Adlust 

TIH 

ADC603 BLOCK DIAGRAM-A Two-step Subranging Architecture. 

Burr-Brown Ie Data Book 9.2-114 

Digital Data Output Logic Coding 

Binary Two's Inverted Binary Two's 
Complement (BTC) Complement (BTC) 

Gain 
Adjust 

Pin 27= LO 

011111111111 
011111111110 
000111111111 
001111111111 

000000000000 
111111111111 
111111111110 

101111111111 
100111111111 
100000000001 
100000000000 

MSB LSB 

Pin 27 = HI 

100000000000 
100000000001 
111000000000 
110000000000 

111111111111 
000000000000 
000000000001 

010000000000 
011000000000 
011111111110 
011111111111 

MSB 

AID CONVERTER 

LSB 

Data 
Valid 
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Convert 
Command 

nanoseconds (ns) 

o 20 40 60 80 100 120 140 160 180 200 220 240 260 

+ + t + t + t + t + t + t + t + t + t + t + t + t + + 

S: ::,- t.: +-7,~ +,- t,~ +,- \ s: ' :~: t,: -r~: 1-: -r~: t-~ +: \ s: ' \- t,~ -~~: t,~ -r.: ~ 
: ': \: \: \: \: \: \: \: : \: \: ': \: ': \: \: ': : ': ': ': \: \: 
: '! .: ': ,! ': ,! ': ,! : '! ,! '! .! '! ': '! ,! : ': ,! ': ': ,! , ; :-~-:.-";--~--";--:--~--~ , : .;--:--.;--:--.;--:--";--~ . : ':-",,!.-~--:--: 

Start ConverSion : ' : :: : start ConverSion : : : : ' : : start ConverSion : : : : : 

Data Output 
Pln28= HI 
Pin 29 = HI 

~ . ~ W 4H ~' '~ · ~ ,-~. ~ ; l,: ~ I 

Data Output 
Pin28= LO 
Pin 29 = HI 

"" M ~_I_~ ~ .. ~ ... ~ ~ ; ~ 

TIMING DIAGRAM-Convert Command Strobe Timing. 

Convert 
Command 

Data Valid 
Strobe 
Output 

Data Output 
Pin28= HI 
Pin 29 = LO 

20 

Del~Y = ~ns : 

Internal -jJ:,,',: +-+
Sample/Hold 

Command 

40 60 

Ni-1 

: HOI~ 

TIMING DIAGRAM-Data Valid Strobe Timing. 

Burr-Brown Ie Data Book 

nanoseconds (ns) 

80 100 120 140 160 180 200 220 240 260 

~:~ 0lnv~id ~ 
, .. ' , , .. ' , 

, .. ' , , " , " , " 

" r.-~'~~~~ 

:T~k 80ldl 
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-5.2V -15V +15V +5V 
1 pF Tantatum 

(~(~ 
+a 

= 

~ ~ 
4 3 3 21 

In 
Signal ~ In 

ADC603 

LSB 

CC 

+5V 

1 
IO.IP~ 

3 DO 00 2 

4 01 01 5 

~ 
,--:..::.1---0"'01-'2:..-__ +-

01}-"----

02f-!----~ 
74F174 031-"10'--__ 

13 04 04 f.!J12'---__ 

MSB 

TIL Data 
Output 

14 05 Q51-"1'--__ LSB 

Hex Latch 

INTERFACE CIRCUIT-Digital Output Strobed by Data Valid Pulse. Supply Connection Shown: Power Supplies and Grounds 
Shared by Analog and Digital Pins. 

-5.2V -15V +15V +5V 
lpF Tantalum 

(.'~ 

~ 
Signal @ 

In l 

ADC603 

LSB 

CC 

3 DO 

4 01 

+5V 

16 
IO.IP~ 

00 
2-

01 5 

01t-"---~ 

021-'----~ 

74F174 031-'10'--__ 

13 D4 041"12'--__ 

Hex Latch 

MSB 

TIL Data 
Output 

LSB 

INTERFACE CIRCUIT-Digital Output Strobed by Convert Command Pulse. Supply Connection Shown: Power Supplies and 
Grounds Shared by Analog and Digital Pin: 
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I~F Tantalum r: 
...JS.2V +5V 
Analog Analog 

+15V 
Analog 

-15V 
Analog 

(all) ~ 
S~nal ~~~~--~~~~~~~ 

In 
45 

46 

31 

-5.2V +5V 
Digital Digital 

ADC603 

-& ~ Analog Ground Plane 

T = Digital Ground Plane 

POWER SUPPLY CONNECTIONS. 
Supply Connection Shown: Separate Analog and Digital 
Power Supplies and Ground Planes. 

"Heat Sink" conducts heat 
from bottom of package 
Into copper ground plane 

46·Pin Package 

) 

1 ~F Tantalum 
(all) 

Signal 
In 

Analog Power Supplies 
~ ________ ~A~ ________ __ 

(com...JS.2V +5V Com +15VCom -15vcom' 

45 

ADC603 

46 

Com-5.2V +5V Com 

~ 
D~ital Power Supplies 

-& ~ Analog Ground Plane 

... "" Digital Ground Plane 

POWER SUPPLY CONNECTIONS. 
Supply Connection Shown: Separate Analog and Digital 
Power Supplies and Ground Planes with Noise Filtering. 
(Recommended Circuit) 

0.575"- --@------@ 

1.150" 1/' 
0.120" Dia and CSK 82" 
0.235" +0.005" ·0.000 Dia" (2 Places) 

NOTES: 

(1) Mati: 6061·T6Alum. 
(2) Finish: Nickel Plate. 
(3) Deburr and break all 

sharp edges. 

HEAT SINK-Transfers Heat from the DIP Package into a Copper Ground Plane. 
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BURR - BROWN® 

IElElI ADC701 
SHC702 

ABRIDGED DATA SHEET 

REQUEST COMPLETE DATA SHEET 

FROM BURR-BROWN SALES OFFICE 

16-Bit 500kHz 
SAMPLING AID CONVERTER SYSTEM 

FEATURES 
• CONVERSION RATE: DC TO 500kHz 

• NO MISSING CODES AT 16 BITS 

• SPURIOUS-FREE DYNAMIC RANGE: 107dB 

• LOW NONLINEARITY: ±O.0015% 

• SELECTABLE INPUT RANGES: ±5V, ±10V, 
o to +10V, 0 to +5V, -10V to 0 

• LOW POWER DISSIPATION: 2.8W typical 
Including Sample/Hold 

• METAL AND CERAMIC DIP PACKAGES 

DESCRIPTION 
The ADC70 I is a very high speed 16-bit analog-to
digital converter based on a three-step subranging archi
tecture. Outstanding dynamic performance is achieved 
with the SHC702 companion Sample/Hold amplifier. 
Both devices use hybrid construction for applications 
where reliability, small size, and low power consump
tion are especially important. 

11<0 

Analog 0-+ ___ ",11<Ow--+_{x1-~ 
Inpul 

Buffer o--!-----.----, 
OUlpul 

Buffer 
Input 0--1----1 

SHC702 

Sample/Hold Command 

APPLICATIONS 
• MEDICAL IMAGING 

• SONAR 
• PROFESSIONAL AUDIO RECORDING 

• AUTOMATIC TEST EQUIPMENT 

• HIGH PERFORMANCE FFT SPECTRUM 
ANALYSIS 

• ULTRASOUND SIGNAL PROCESSING 

• HIGH SPEED DATA ACQUISITION 

• REPLACES DISCRETE MODULAR ADCs 

Excellent linearity and stability are assured through use 
of a new ultra-precise monolithic D/A converter and a 
low-drift reference circuit. Custom monolithic op amps 
provide very high bandwidth and low noise in all 
sections of the analog signal path. Logic is CMOS/TTL 
compatible and is designed for maximum flexibility. 

Convert Command 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 Street Address: 6730 S. TUcson Blvd. • Tucson, AZ 85706 
Tel: (602) 746·1111 • Twx: 910.952·1111 • Cable: BBRCORP Telex: 66-6491 • FAX: (602) 889·1510 

PDS·877 
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SPECIFICATIONS 
ELECTRICAL (ADC701 ONLY) 
TA = +25°C. 500kHz sampling rate, ±Vcc = ±15V, ±VODI = ±5V, +Vooz = +5V. and five minute warmup in a convection environment. unless otherwise noted. 

PARAMETER 

ANALOG 
Voltage Ranges 

Resistance 

Input Capacitance 

DIGITAL 
logic Family 
Convert Command 
Pulse Width 

ACCURACY 
Gain Error!) 

Power Supply Sensitivity of Gain 
Input Offset Error'" 

Power Supply Sensitivity of Offset 
Integral Linearity Error2) 

Differential Linearity Error'" 
No Missing Codes 
Noise 

Logic Family 
Data Coding 

Logic "0" Levels (V,,) 
Logic "I" Levels (V OH) 
Data Valid Setup Time Before Strobe 

INTERNAL REFERENCE 
Voltage 
Current Available to External Loads 

-Vee 
+VOOI 

-VOOI 

+V002 

Supply Currents: +1" 
-Icc 
+1001 

-1001 

+1002 
Pn,.,,, nh«;, •• U"n 

Gain Error 
Input Offset Error 

Integral Linearity Error'" 
Differential Linearity Error2) 

No Missing Codes 
Reference Output Drift 
Drift of Conversion Time 
Sample Rate 

• Same specifications as ADC701JH. 

Burr-Brown Ie Data Book 

CONDITIONS 

Unipolar 
Bipolar 

o to +5V Range 2.45 
o to +10V, -10 to 0, ±5V Ranges 4.9 

±10V Range 
All Ranges 

Start Conversion 
t = Conversion Period 

o to +10V Range 
±10V Range 

All Ranges, All Supplies 
o to +10V Range 

±10V Range 
All Ranges, All Supplies 

Unipolar Ranges 
Bipolar Ranges 

1",;:j.2mA 
IOH $80~ 

Both Edges 

Operating 

Unadjusted 
With Clock Adjustment 

9.8 

50 

4.0 
75 

+9.995 
2 

+14.25 
-14.25 
+4.75 
-4.25 
+4.25 

DC 

9.2-119 

2.5 
5.0 
10.0 

5 

±0.03 ±O.1 
±0.03 ±O.1 

±0.005 ±0.1 
±1 ±3 
±5 ±10 

±0.OO6 ±0.1 
±0.002 ±0.003 

±0.0006 ±0.0012 

0.1 0.4 
4.9 
125 

+10.000 +10.005 
5 

+15.75 
-15 -15.75 
+5 +5.25 
-5 -5.0 
+5 +5.25 
25 30 
33 45 
45 55 
37 50 
133 150 
1.95 2.3 

±0.0015 

V 
V 

kn 
kn 
kn 
pF 

ns 

% 
% 
%N 
mV 
mV 
%FSRN 
%FSR(3} 
%FSR 

LSB RMS 

V 
V 
ns 

V 
V 
V 
V 

rnA 
mA 
mA 
mA 
mA 
W 

ppml'C 
ppm FSRI"C 
ppm FSRI"C 

ppml"C 
ppmJ'C 

ppmJ'C 
nsl"C 
kHz 

Vol. 33 
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SPECIFICATIONS 
ELECTRICAL (SHC702 ONLY) 
TA • +25'C, 500kHz sampling rate, ±V" R ±15V, +VDDl • +5V, and five minute warmup In a convection environment, unless otherwise noted. 

SHC702JM 

PARAMETER CONDInONS 1 MIN 1 TYP MAX ·1 UNITS 

INPUTS (Without Input Buffer) 
ANALOG 
Voltage Range ±10.25 ±11 V 
Resistance 0.98 1.00 1.02 kn 
Capacitance 3 pF 

DIGITAL 
Lcglc Family 

I 
LSTTL 

I Input Loading 2 LSTTL Loads 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain RsouRce = 00 -1 VN 
Gain Error RSOURCE D on ±0.02 ±a.l % 
Unearity Error Sample Mode ±a.0003 %FSR 
Offset Error Sample Mode ±a.5 ±3 mV 
Charge Offset (Pedestal) Error Sample/Hold Mode, R",,,,,. :s; 500 ±a.5 ±5 mV 
Droop Rate Hold Mode ±a.2 ±2 I1ViIlS 
Dynamic Nonlinearity Sample/Hold Mode ±0.0005 %FSR 
Power Supply Sensitivity Offset Plus Charge Offset, All Supplies ±0.003 %FSRN 

DYNAMIC CHARACTERISTICS 

Acquisition Time 10V step to ±15011V 600 ns 
5V step to ±15011V 500 ns 

Sample-to-Hold Settling Time'" to±15011V 120 ns 
Aperture Delay Time 20 ns 
Aperture Uncertainty (Jitter) 10 25 psRMS 
Slew Rate 150 VilIS 
Small Signal Bandwidth Vw =±1V 3.1 MHz 
Full-Power Bandwidth Vw=±10V 2 MHz 
Feedthrough Rejection Hold Mode, 10Vp-p Square Wave Input 0.001 % 

OUTPUT 

Voltage Range RLDAD~ lkn ±1025 I ±11 I V 
Output current ±40 mA 
Short Circuit Protection RLOAO = on 1 Indefinne I 
Output Impedance DC 0.Q1 0.1 Il 

INPUT BUFFER CHARACTERISTICS 
INPUT 
Impedance 10"113 Ilil pF 
Bias Current Vw=±10V ±2 ±15 pA 
Offset Voltage RsouRC• s; 10kn ±a.3 ±1_5 mV 
Voltage Range ±10.25 ±11 V 
DYNAMIC CHARACTERISTICS 
Slew Rate 20 35 VilIS 
Full-Power Bandwidth Vw=±10V 570 kHz 
Settling Time 10V step to ±15OI1V 1.7 lIS 
OUTPUT 
Output Current ±15 ±20 mA 
Short Circuit Protection RLDAD = Oil Indefinite 

POWER SUPPLY REQUIREMENTS 

Voltage: +V co Operating +13_5 +15 +16.5 V 
-Vee -13.5 -15 -16_5 V 
+VOOI +4.75 +5 +5.25 V 

Current: +Icc Operating 33 40 mA 
-Icc 18 25 mA 
+1001 5 10 mA 

Power Dissipation Nominal Voltages 790 950 mW 

PERFORMANCE OVER TEMPERATURE 

Specification Temperature Range TA min to T" max -25 +85 'C 
Sample/Hold Gain Error RSOURCE = on ±1 ±5 ppml"C 
Sample/Hold Offset Error R",URC' S; SOil ±10 ±30 I1VI"C 
Sample/Hold Charge Offset Error RSOURce :s; 501l ±10 ±SO I1VI"C 
Droop Rate ±SO I1ViIlS 
Buffer Offset Error Rsouoc. S; 10kn ±3 ±15 I1ViC 

NOTES: (1) Adjustable to zero. Tested and guaranteed for 0 to + 10V and ±10V ranges only. (2) Peak-to-peak based on 99.9% of all codes. (3) FSR means full
scale range and depends on the Input range selected_ (4) ADC conversion time Is defined as the tlma that the SampleIHold must remain in the Hold mode, I.e. the 
duration of the Sample/Hold command. This time must be added to the Sample/Hold acqusifion time to obtain the total system throughput time. (5) Given for reference 
only - this time ove~aps with the ADC701 conversion time and does not affect system throughput rate. 
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SPECIFICATIONS 
ELECTRICAL (COMBINED ADC701/SHC702) 
TA• +25'C. 500kHz sampling rate. ±V cc. ±15V. ±V"". ±5V. +V..,.. +5V. and five minute warmup In a convection environment ±5V Input range unless othe/Wise noted. 

PARAMETER CONDInONS MIN TYP MAX UNITS 
Sample Rate Unadjusted DC 50D kHz 
Dynamic Nonllnearf1)l ±a.002 %FSR 
Total Harmonic Distortion (THO) lIN • 20kHz H).3dB) 0.00068 % 

lIN • 199kHz (-O.2dB) 0.0078 % 
Spurlous-Free Dynamic Range (SFDR) lIN - 20 kHz (-O.3dB) 107.1 dB 

I~ • 199kHz (-12dB) 93.8 dB 
Two·Tone Intermodulation Distortion (IMD) t, • 195kHz (-6.5dB). I,. 200kHz (-6.5dB) -61.4 dBC 

I, • 195kHz (-12.5dB). I, = 200kHz (-12.5dB) -66.2 dBC 
SlgnaHo-Noise-RalI0 (SNR) lIN - 5kHz (-O.5dB) 
Total Power Dissipation Operating 

MECHANICAL (ADC701) 

H Package- Metal and Ceramic 

r-------- A -----------I'j . ~ 

PIN ASSIGNMENTS (ADC701) 

1 Bit 1/9 (Bit 1 = MSB) 40 -V DD' (-5V) Digital 
2 Bit 2/10 39 Common (Analog) 
3 Bit 3/11 38 +V DO. (+5V) Analog 
4 Bit 4/12 37 Relerence (Gain) Adjust 
5 Bit 5/13 36 +10V Reference Outpu~" 
6 Bit 6/14 35 Common (Reference) 
7 Bit 7/15 34 DNC 
8 Bit 8/16 33 Common (Analog) 
9 DNC'" 32 +10V Reference Input<" 

10 +VDD2 (+5V) Digital 31 InputD'" 
11 Common (Digital) 30 InputC'" 
12 Data Strobe 29 Common (Signal) 
13 High/Low Byte Select 28 InputB'" 
14 Convert Command 27 InputA'" 
15 Sample/Hold Control'" 26 -Vcc (-15V) Analog 
16 Common (Digital) 25 Common (Power) 
17 Common (Digital) 24 +Vcc (+15V) Analog 
18 Clock Adjust 23 DNC 
19 Common (Digital) 22 Offset Adjust 
20 +VDD2 (+5V) Digital 21 Offset Adjust 

NOTES: (1) Refer to Input ConnectIon Table. (2) Reference Input ,s nonnally 
connected to Reference Output. unless an external 1 OV reference is used. (3) 
Sample/Hold Control goes high to activate Hold mode. (4) DNC = Do Not 
Connect. 

INCHES 
DIM MIN MAX 
A 2.075 2.115 
B 1.080 1.100 
C .145 .175 
D .018TYP 
F .040TYP 
G .100TYP 
H .093 .103 
J .020 BASIC 
K .205 BASIC 
L .900 BASIC 
N .015 .035 

93 
2.8 

MILLIMETERS 
MIN MAX 

52.71 53.72 
27.43 27.94 
3.68 4.45 

0.46 TYP 
1.02TYP 
2.54 TYP 

2.36 2.62 
0.51 BASIC 
5.21 BASIC 

22.86 BASIC 
0.36 0.89 

r 
,I 

dB 
3.25 W 

NOTE: Leads in true 
position within 0.01" 
(0.25mm) Rat MMC 
at seating plane. Pin 
numbers shown lor 
relerence only. 
Numbers may not 
be marked on 
package. 

Input 0 
Input 0 

Input C and Input 0 

ABSOLUTE MAXIMUM RATINGS (ADC701) 

±V= ..................................................................................................... ±18V 
±VODt ' +VD02 ................................................................................. ±7V. +7V 
Analog Input ......................................................................................... ±V = 
logic Input ............................................................. -O.5V to (+VDD2 + 0.3V) 
logic Output ................................................................................... ±25mA 
Case Temperature ........................................................................ +l50'C 
Junction Temperature ................................................................... +165'C 
Storage Temperature ...................................................... -65'C to +165'C 
Power Dissipation ................................................................................. 3W 
Stresses above these ratings may pennanentiy damage the device. 
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MECHANICAL (SHC702) 

M Package- Matal 

I----A--~'I 

1 
LS;= .. =~j 

\. Denotes pin 1 

PIN ASSIGNMENTS (SHC702) 

1 Sample/Hold Output 24 +V= (+I5V) Analog 
2 NCO' 23 Common (Power) 
3 NC 22 -V~ (-ISV) Analog 
4 NC 21 Common (Analog) 
S NC 20 NC 
6 NC 19 NC 
7 NC 18 NC 
8 NC 17 Buffer Amp Input'" 
9 +V DD. (+SV) Analog 16 NC 

10 Common (Digital) IS Common (Signal) 
11 Hold Inpu~" 14 Buffer Amp Output 
12 Hciid In~" 13 Analog Input 

NOTES: (1) Hold mOde Is activated only when pin 12 Is low and pin 11 Is high. 
For normal use with ADC701, pin 12 Is grounded and pin 11 Is connected to 
ADC701 SamplelHold control (ADC701 pin IS). (2) lIthe buffer amp Is not used, 
pin 17 should be grounded. (3) NC = No Intemal Connection. 

SYSTEM TIMING DIAGRAM 

Start Conversion 
"N" 

DIM 
A 
B 
C 
D 
G 
H 
K 
L 
R 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

1.365 1.385 34.87 35.18 
.79 .810 20.07 20.57 
.170 .25 4.32 6.35 
.016 .021 .41 .53 

.100 BASIC 2.54 BASIC 
.125 .150 3.18 3.81 
.ISO .300 3.81 7.62 

.600 BASIC 15.24 BASIC 
.oeO .110 2.D3 I 2.79 

A 
I--L--I 

NOTE: Leads In true position 
within 0.01" (O.25mrn) R at 
MMC at seating plane. Pin 
material and plating composi
tion conform to methOd 2003 
(solderability of MIL-STD-883 
(except paragraph 3.2) 

R~F1 
~ 

ABSOLUTE MAXIMUM RATINGS (SHC702) 

±Vm ..................................................................................................... ±18V 
+VD01 •..•.••....•..•..•..•••.•.••.••••••.......•...............................•........................• +7V 
Analog and Buffer Inputs ..................................................................... ±V m 

Outputs ........................................................... Indefinite Short to Common 
logic Inputs ........................................................... -Q.5V to (+Voo• + 0.3V) 
Case Temperature ........................................................................ +150'C 
Junction Temperature ................................................................... +1 85'C 
Storage Temperature ...................................................... ~S'C to +185'C 
Power Dissipation .............................................................................. I.SW 
Stresses above these ratings may permanendy damage the device. 

Start Conversion 
"N+l" 

ADC701 ~ ~ I -f' (Convert Command) .... -.------SOnsmin ~--~~ ... ~------- SOns min --------I~~-
(CC) • _ 

-; :- CO to Hold delay 18ns typ 

Hold Command J:'.. Hold Mode :-------I~~~~-.-----Sample MOde 
to SHC702: !ASps typ . 

D~:~~~~or __ ~j ______ ~_a_ta_~_~_~' ____ ~:~----------~)(~~H~~~~ta~B~~~,~)(~ ___ ~~~ata~B~~~, __ __ 

Data OutputS for High Byte,: V Low Byte, X High Byte, 
Pin 13 = High _-:-_____ D_ata_N_-_l ____ -:l~------------~I\~--D-ata--:-.N-J...,..l---...,.... D~a:;:ta:.N:.:.... __ 

i-r-: (2) ~ 
: (1) W. (1): 

Data Strobe Output ~: .. -.-----------~6SPS~P---------:---"··+t4 .. -1~===!~. ______ __ 
Notes: (1) Setup Time 75ns min (2) Hold Time 2Sns min 
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ADC701 DIGITAL 1/0 
Refer to the system timing diagram (page 5). The conver
sion process is initiated by a rising edge on the Convert Com
mand input. This will irtunediately bring the Sample/Hold 
Command output to a logic high state (HOLD mode). 

After the ADC701 conversion is completed (approximately 
1.5j.lS after the Convert Command edge), the Sample/Hold 
Command falls to a low state, enabling the samplelhold to 
begin acquisition of the next input sample. However, the 
ADC701 internal clock continues to run so that the output 
data may be processed. 

There are two methods of reading data from the ADC: 
1) Strobed Output-This will usually be the easiest and 
fastest method. The data are presented sequentially as high 
and low bytes of the total 16 bit word. The sequence HIGH
LOW or LOW-HIGH is controlled by the state of the High! 

Low Byte Select input (Pin 13). The first byte is valid on 
the rising edge of the Data Strobe output; the second byte is 
valid 01). the falling edge. 

2) Polled Output-With this method the user waits until the 
Data Strobe output falls, and then manually selects high and 
low output data by means of the High/Low Byte Select input 
(Pin 13). This polling procedure may be carried out during 
the subsequent ADC conversion cycle, but two precautions 
must be observed: First, the user should avoid switching the 
High/Low Byte Select immediately before or after the next 
Convert Command. This will prevent digital switching noise 
from coupling into the system at the instant of analog 
sampling. Second, the polling sequence must be completed 
before the ADC begins to strobe out data from the subse
quent conversion. 

TYPICAL DYNAMIC PERFORMANCE (ADC701/SHC702)(1) 

CD 
'"-
" "0 

~ a. 
E 
c( 

CD 
'"-
" "0 
~ a. 
E 
c( 

0.0 

-20.0 . 

-40.0 

-£0.0 

-£0.0 . 

-100.0 

-120.0 

-140.0 
O.Ok 50k lOOk 150k 200k 250k 

Frequency (Hz) 

0.0 

-20.0 

-40.0 

-£0.0 

Input Frequency 
Fundamental -0.3 dB 
2nd HarmOniC -107.5 dB 
3rd Harmonic -111.S dB 

19.9890136719 kHz 
4th HarmOniC -t 15.6 dB 
Sth Harmonic -111.2 dB 
6th HarmonIC -124 S dB 

O.Ok SOk lOOk lS0k 200k 250k 

Frequency (Hz) 

Input Frequency 
Fundamental -0.7 dB 
2nd Harmonic -£1.4 dB 
3rd HarmOniC -£9.4 dB 

199.005126953 ~Hz 
4th HarmonIC -111 5 dB 
5th Harmonic -97.0 dB 
6th Harmonic -112.5 dB 

CD 
'"-
" "0 

~ a. 
E 
c( 

CD 
'"-
" "0 
2 
Q. 
E « 

0.0 

-20.0 

-40.0 

-£0.0 

-£0.0 

0.0 

-20.0 

-40.0 

-£0.0 

16 

Frequency (Hz) 

Input Frequency 
Fundamental -O.S dB 
2nd Harmonic -£9.1 dB 
3rd HarmoniC -90.5 dB 

100.982666016 kHz 
4th HarmOniC -102.5 dB 
Sth HarmonIC -110.2 dB 
6th Harmonic -106.6 dB 

O.Ok SOk lOOk IS0k 200k 2S0k 

f, 
f, 

1> f,+12 
2> '1-f2 

Frequency (Hz) 

Frequency 1 
Frequency 2 

-£.8 dB 
-£.4 dB 

-£7.7 dB 
-86.8 dB 

194.976806641 kHz 
199.961669453 kHz 

3> f, + 2f, -96.0 dB 
4> 21, + f, -96.8 dB 
5> f, - 2f, -104.9 dB 
6> 2f,-f, -109.0 dB 

NOTE: (1) Sampling Rate ~ 500.0000000000 kHz. 16.384 pOint FFT, non-windowed. Noise floor limited by synthesized generators. 
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ADC803 BURR-BROWNE 

IElElI 

High-Speed 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• 12-BIT RESOLUTION 
• ±0_012% LINEARITY ERROR MAXIMUM IC GRADE) 
• NO MISSING CODES -55°C 10 +125°C IS GRADE) 
• HIGH SINAD RATIO: 72dB 
• LOW HARMONIC DISTORTION: -73dB 
• CONVERSION TIME: 500ns, 8 bits 

670ns, 10 bils 
L5jJs, 12 bits 

DESCRIPTION 
The ADC803 is a high speed successive approxima
tion analog-to-digital converter utilizing state-of
the-art IC and laser-trimmed thin film components. 

PARALLEL 
DIGITAL 
OUTPUT 

It is complete with internal reference, clock, and 
comparator and is packaged in a 32-pin metal 
package_ Conversion time is set at the factory to 
l.5I's. 

With user-adjusted conversion time set at II's, 
±ILSB accuracy can be achieved. The gain and 
offset errors may be externally trimmed to zero. 

I nternal scaling resistors are provided for the selec
tIOn of analog signal input ranges ofOY to -lOY, ±5Y, 
and ±IOY. 
Output codes available are complementary binary 
for unipolar inputs and bipolar offset binary for 
bipolar inputs. 

All digital inputs and outputs are TTL-compatible. 
Power supply requirements are ± l5Y and +5Y. 

CONVERT COMMAND 

COMPARATOR IN 

BIPOLAR OFFSET 

CLOCK RATE CONTROL 
CLOCK OUT 

STATUS 

Internalional Airport Industrial Park - P.O. Box 11400 - Tucson. Arizona B5734 - Tel 16021 746·tl1t • Twx. 9tO·952·1111 - Cable' BBRCORp· Telex' 66-6491 

PDS-49JD 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C, rated power supplies, 1 51ls conversion time, and after 6-mlnute warm-up unless otherwise noted. 

MODEL ADC803CM ADC803BM ADC803SM 

MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTION 12 12 12 Bits 

INPUTS 

ANALOG 
Voltage Ranges Bipolar ±5, ±10 · , V 

Unipolar Oto -10 · , V 
Impedance -10V to OV, ±5V 14 * 

, kO 
±10V 24 , , kO 

DIGITAL 
Convert Command Negative pulse 50ns wide (mm) trailing edge (0 to 1) initiates con ierslon 
Logic Loading I 4 I I I' I I' TTL Loads 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gam ErrorUJ ±004 ±O 1 ±OO8 ±02 +004 +01 % 
Offset Error!1 ) Unipolar ±005 ±0.2 ±OO7 ±03 , · % of FSR!2J 

Bipolar ±002 ±O 1 · ±O 2 , , % of FSR 
Lmearlty Error 

1 5/15 Conversion Time ±0009 ±0012 ±O 020 ±O 012 ±0015 % of FSR 
1 Dps Conversion Time ±0015 ±0020 ±O 020 % of FSR 

Differential Linearity Error 
1 5J1s Conversion Time ±0012 ±0015 ±0020 · , % of FSR 
1 O.us Conversion Time ±0024 ±O 024 · % of FSR 

Inherent Quantization Error 1/2 · · LSB 

POWER SUPPLY SENSITIVITY 
Gam and Offset +15VDC ±00036 · · % of FSR/%Vcc 

-15VDC ±00005 , · % of FSR/O/OVcc 
+5VDC ±OOOI · · % of FSR/%VOD 

Conversion Time +15VDC ±07 · , %/%Vcc 
-15VDC None , · %/%Vcc 
+5VDC ±08 , · %/%Voo 

CONVERSION TIME 
Factory Set 13 15 · · , · ps 
Range of Adjustments 08 22 · , . · ps 

DRIFT 
Gain ±10 ±30 ±15 · · · ppm of FSRfOC 
Offset Unipolar ±2 ±7 ±3 · · , ppm of FSRfOC 

Bipolar ±3 ±10 ±5 · · · ppm of FSR/'C 
Linearity Error 

-25'C to +85'C 
1 5IJS Conversion Time ±OOI2 ±0018 ±0024 , % of FSR 
1 Ops Conversion Time ±OOI5 ±0020 · % of FSR 

-55'C to +125'C 
1 71ls Conversion Time, 

max (41 ± 015 ±O24 % of FSR 
Differential Lineanty Error 

-25'C to +85'C 
1 5tJs ConversIon. Time ±0012 ±0018 ±0024 % of FSR 
1 OJIS Conversion Time ±0015 ±0024 % of FSR 

-55'C to +125'C 
1 71ls Conversion Time, 

max(4) ±O15 ± 024 % of FSR 
Conversion Time ±O 1 · · % of FSR 
No MISSing Code Temp Range 

1 5Jls Conversion Time -25 +85 · · 'C 
1 7Jls Conversion Time, 

max(4) -55 +125 'C 

ADC803 dynamiC performance charactenstlCS are descnbed In a report titled "Analogue-to-Dlgltal Converter Performance Tests Usmg the Fast FounerTransform" by 
R A Belcher, University College of Swansea, Wales, U K (available from Burr-Brown on letterhead request) 
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ELECTRICAL (CONT) 

MODEL ADC803CM ADC803BM ADC803SM 

MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

OUTPUT 

DIGITAL DATA 

comPlemlntary Stral~ht Binary 
Parallel 

Output Codes Unipolar · · Bipolar Bipolar Offset Binary · · Output Drive 6 I I · · TTL Loads 
Status LogiC "1" dUring Conversion · · Status Output Drive 6 · · TTL Loads 
Internal Clock 

Clock Output Dnve 3 · · TTL Loads 
Frequency (without external 

clock adjustment) 8 · · MHz 

POWER SUPPLY REQUIREMENTS 

Power Consumptron 
Rated Voltage Analog (±Vcc) ±1425 ±150 ±1575 · · · · · · VDC 

Digital (VDD) +4 75 +50 +525 · · · · · · VDC 
Supply Dram +15V +27 +32 · * · · mA 

-15V -38 -55 · · · · mA 
+5V +180 +210 · · · · mA 

TEMPERATURE RANGE (AMBIENT) 

Specification -25 +85 , * -55 +125 'c 
Storage -55 +125 , * * * 'C 

* Same specification as for ADC803CM 
NOTES (1) Adjustable to zero See Optional Garn and Offset Adjustment section (2) FSR means Full Scale Range For example, unIt connected for ±10V has 20V 
FSA (3) See Optional Clock Rate Control sectIon For faster converSion tIme at less resolutIon, see sectIon on External Short Cycle (4) Conversion time IS 
factory-set at approximately 1 4/ls at +25°C As temperature Increases, the conversion time Increases At +125°C the converSion time Will be no more than 1 7f.is No 
Mlssmg Codes IS guaranteed over -55°C to +125°C provided the conversion time IS allowed to Increase with temperature 

CONNECTION DIAGRAM 

IMSBI BIT I 

BITZ 

BIT 3 

BIT 5 5 

BIT 6 

+5VOC IVool SUPPLY 

DIGITAL COMMON 

STATUS 

BIT 8 

81T 9 

BIT 10 

BIT II 

BIT 12 

'Serial data is nol guaranteed 

ABSOLUTE MAXIMUM RATINGS 

Analog Supply Voltage To Analog Common 
Digital Supply Voltage To Digital Common 
Digital Controls Inputs 
Analog Inputs . _ .... _ .. 
Operating Temperature Ambient. 

Case. 
Storage Temperature .. 

Burr-Brown Ie Data Book 

±18V 
+7V 

. +55V 
±15V 

_ .+125'C 
+135'C 
+125'C 

9.2-126 

ANALOG COMMON 

+15VOC SUPPLY I+Veel 

-15VOe SUPPLY I-Veci 

BIPOLAR OFFSET 

ANALOG COMMON 

SENSE 

COMPARATOR IN 

IOV 
20V 

-15VOC SUPPLY I-Vcel 

+5VOC SUPPLY IVool 

OIGITAL COMMON 

H5VOe SUPPLY I+Vcel 
CLOCK RATE CONTROL 

CONVERT COMMA NO 

CLOCK OUT 

ORDERING INFORMATION 

BaSIC Model Number __________ --:r-_
A_D--'CB03 TX M ]Q 

Performance Grade Code _ 
B. C ~ -25'C to +85'C 

S ~ -55'C to +125'C 

Package Code 
M ~ Metal DIP 

Reliability Screenrng------------------' 
Q - Q-Screened 
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MECHANICAL 

IF' 
U~L===, 
C- "------Denotes pm 1 

L-l I I 
~iIlWIIIIIIHl I 
T G---..II.- D~ 

r I 
I I 
L.-- L--.I 

c- 0000000000000000 

1 16 
R 

C 32 17 
0000000000000000 

Pin numbers shown for reference only 
Numbers may not be marked on package 

Pin 1 can be Identified from bottom of Unit 
by either a contrasting color of glass seal 
or a square corner Case IS tied to Digital 
Common 
NOTE Leads In true position within 0 10" 
(0 2Smm) R at MMC at seating plane Pin 8 
connected to case 

PINS Pin matenal and plating composition 
conform to method 2003 (solderability) 0" 

MIL-STD-883 (except paragraph 3 2) 
CASE Kovar. Nickel plated 
HERMETICITY Gross Leak Test 
MATING CONNECTOR 2302MC Set of 
two 1 6~pln striPS 
WEIGHT 13 grams (046 oz) 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1720 '760 4369 4470 

e 1 120 1 160 2845 2946 

C 170 250 432 635 

D 016 021 041 053 

G 100 BASIC 254 BASIC 

H 100 140 254 356 

K 150 300 381 762 

L 900 BASIC 2286 BASIC 

R 100 140 254 356 

THEORY OF OPERATION ±1/2LSB means that the width of each bit step over the 
range of the AI D converter is ILSB, ±1/2LSB. The 
ADC803 is guaranteed to have no missing codes over the 
specified temperature range. 

TIMING CONSIDERATIONS 

The timing diagram (Figure 2) shows the relationship 
between the convert command, clock and outputs. The 
digital output word is positive true logic for bipolar 
operation and complementary logic for unipolar oper
ation. 

The following are some important notes on the ADC803 
timing. The times given are typical unless otherwise 
noted. Nominal maximum and minimum times are also 
given in Figure 2. 

I. When power is first applied, the status of the ADC803 
will be undetermined. A CONVERT COMMAND 
must be applied to initialize the ADC803. 

2. The CONVERT COMMAND must be low at least 
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The accuracy of a successive approximation analog-to
digital converter is described by the transfer function 
shown in Figure I. All successive approximation AI D 
converters have an inl)erent Quantization E~ror of 
± I I 2LS B. The rema.ining errors in the AI D converter 
are combinations of analog errors due to the linear 
circuitry matching and tracking properties of the ladder 
and scaling networks, power supply rejection, reference 
errors and the dynamic errors of the DAC and compar
ator. In summary, these er~ors consist of initial errors 
mcludmg Gain, Offset, Linearity, Differential Linearity, 
and Power Supply Sensitivity. Initial Gain and Offset 
errors may be adjusted to zero. Gain drift over temper
ature rotates the transfer function (Figure I) about the 
zero point and Offset drift shifts the transfer function 
left or right over the operating temperature range. 
Linearity error is not adjustable but it is the most 
meaningful indicator of AID converter accuracy. 
Linearity error is the deviation of an actual bit transition 
from the best fit straight line transfer function of the 
AI D converter. A Differential Linearity error of 

50nsec prior to the "0" to "I" edge that starts a 
conversion. ~ 

3. The clock runs continuously when the initial CON-~ 
VERT COMMAND goes high and whenever the 

'SEE TABLE I FOR DIGITAL CODE DEFINITIONS. 

FIGURE I. Input versus Output for an Ideal Bipolar 
AI D Converter. 

Burr-Brown Ie Data Book 

CONVERT COMMAND is high thereafter. It does 
not run when CONVERT COMMAND is low. It 
may be beneficial to keep CONVERT COMMAND 
low except during conversions to limit the digital 
noise induced in the ground and power supply lines. 

4. The clock starts 25ns after the "0" to "I" transition 
of the CONVERT COMMAND. 

5. Parallel Output Data: The Successive Approximation 
Register (SAR) is reset 26ns after the leading edge of 
the first clock period in the conversion cycle. The 
MSB is set to logic "0" and all other bits are set to 
logic "I". The bits are determined in succession 
starting with the MSB: Bit I, as shown in Figure 2. 
Each bit will be valid 26ns after its corresponding 
clock pulse. 

9.2-127 

The falling edge ofthe STATUS signal should not be 
used to strobe parallel data out of the ADC803 
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Time Min· Max· 
Period (ns) (ns) 

Icc 50 -
Ie. 15 40 

tcp·* 100 125 

lew 17 25 

lao 10 38 

to 10 38 

liD 10 38 

I .. 10 38 . Nominal 
"'Without external adjustment 

FIGURE 2. ADCS03 Timing Diagram. 

directly. The table in Figure 2 indicates that the fai
ling edge of STATUS may occur prior to bit 12 data 
becoming valid. 

6. STATUS goes high 26ns after the leading edge of 
the first clock pulse and goes low ISns after the leading 
edge of the last clock' pulse. 

7. Bit 12 will become valid at about the same time 
STATUS goes low and a new conversion can be 
initiated at anytime after the output data has been 
read. 

S. The converter may be restarted during a conversion. 
When CONVERT COMMAND makes a "0" to "I" 
transition after the minimum set-up time, the SAR 
will be reset and a new conversion will start regardless 
of the state of the converter prior to the CONVERT 
COMMAND being received. 

Figures 3, 4, and 5 are photographs of the actual pulse 
shapes and relationships. 

FIGURE 3. Photo of (a) Convert Command, (b) Clock, 
and (c) Status (200nsjdiv). 

FIGURE 4. Photo of (a) Convert Command, (b) Clock 
(SOnsj div). 

FIGURE S. Photo of (a) Bit-12 Data (Parallel), 
(b) Clock, and (c) Status (20nsjdiv). 
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DIGITAL CODES 
Parallel Data 

Two binary codes are available on the ADC803 parallel 
output; they are complementary straight binary (Logic 
"0" true) for unipolar input signal ranges and bipolar 
offset binary (Logic "I" true) for bipolar input signal 
ranges. Binary two's complement may be obtained for 
bipolar input ranges by inverting the MSB. It should be 
noted that for unipolar input ranges -10 volts is full scale. 

Table I shows the LSB, transition values, and code 
definitions for each possible analog signal range. 

TABLE I. Input Voltages, Transition Values, LSB 
Values, and Code Definitions. 

Analog Input 
Voltage Range ±10V ±SV Olo-10V 

Code BOBP) BOB 
DeSignation orBTC(2) orBTC CSB(3) 

One Least 
Significant 4BBmV 244mV 244mV 
BltILSB, 

Transition Values 
MSB LSB(4) 

~~~:::~:> -10V + 112LSB -SV + 1/2LSB -10V + 312LSB 

~~~: : : ~~~::> -1/2LSB -1I2LSB -SV + 1/2LSB 

111 .. 
~ ~~::> 

+10V - 3/2LSB +SV -3/2LSB -1I2LSB 
111. 

NOTES 1 BOB ~ Bipolar Offset Binary 

2 BTC = Binary Two's Complement (obtained by inverting the 
most sIgnificant bit (pm 1) 

3 csa::::: Complementary Straight Bmary 

4 Voltages given are the nominal value forthe transition from the 
next lower code 

Serial Data (NRZ) 

ADC803 serial data operation is not guaranteed. To 
operate in serial output mode a pin-for-pin replacement 
ADC806 is recommended. 

DISCUSSION OF 
SPECIFICATIONS 
The ADC803 is §pecified to meet critical performance 
criteria for a wide variety of applications. The most 
critical specifications for an AI D converter are Linearity, 
Drift, Gain and Offset errors, and Conversion speed 
effects on accuracy. This ADC is factory-trimmed and 
tested for all critical key specifications. 

GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory-trimmed to 
typically ±0.05% of FSR at 25°C. These errors may be 
trimmed to zero by connecting external trim potenti
ometers as shown in Figures 10, n, and 12. 

ACCURACY VERSUS CONVERSION TIME 

In successive apptoximation AI D converters, the con
version time affects Linearity and Differential Linearity 
errors. Conversion time and its effect on Linearity and 

Differential Linearity errors for the ADC803 are shown 
in Figure 6. 

u; 
in 

~ 
c:: 
~±20 
c:: w 

~ 
~±I.S 
w 
Z 
::; 
..J 

:5 ±1 0 
!z 
w 
c:: 
w 
u. 
5±05 

~ 
ii: ..: w z 
::; 

+8S'C 

OB 10 12 14 16 

CONVERSION TIME (ps) 

FIGURE 6. Linearity and Differential Linearity Error 
versus Conversion Time. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supply voltages will affect 
accuracy. Normally, regulated power supplies with I % or 
less ripple are recommended for use with this ADC. See 
Layout Precautions, Power Supply Decoupling, and 
Figure 7. 

+15VDC 
20----31 1 .. 

PI~F ANALOG COMMON 
28 ---- 32 

+ 

23 ____ 30 I I~F .. 

-15VDC 

+5VDC 

---- 22 -r+---4" • 

----21 

...1! 
II~F 

D:!TAL CDMMON 

FIGURE 7. Recommended Power Supply Decoupling. 

LINEARITY ERROR 

Linearity error is not adjustable by the user. Linearity is 
the deviation of an actual bit transition from the best fit 
straight line value at any level over the range of the AI D 
converter. 

DIFFERENTIAL LINEARITY ERROR 

Differential Linearity describes the step size between 
transition values. A Differential Linearity error of 
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±l I 2LSB indicates that the size of any step may not vary 
from lLSB by more than ±lj2LSB. 

ENVIRONMENTAL SCREENING 

Q screening is now available for all models of the 
ADC803 family. The Q-screened versions have the same 
specifications as the unscreened versions listed in the 
Specifications table. 

Q Screening 

Burr-Brown Q-screened models are environmentally
screened versions of our standard industrial products, 
designed to provide enhanced reliability. The screening, 
tabulated below, is performed to selected methods of 
M I L-STD-883. Reference to these methods provides a 
convenient method of communicating the screening lev
els and basic procedures employed; it does not imply 
conformance to any other military standards or to any 
methods of MIL-STD-883 other than those listed below. 
Burr-Brown's detailed procedures may vary slightly from 
those of MIL-STD-883. 

SCREENING FLOW FOR ADC803Q 

Method 
Burr-Brown or 

Screen MtL-STD-883 Condition 

Internal Visual Burr-Brown QC4118 

High Temperature Storage 100B 8 
(StabilizatIon Bake) (150°C. 24hr) 

Temperature 1010 8 (10cy, 

Cycling -55°C to ,+125°C) 

Constant Acceleration 2001 (2000G, Yl aXIs) 

Burn-m 1015 0 
ADCB038MO, CMO (160 hrs, +85°C) 
ADC803SMO (160 hrs, +125°C) 

Electrical Test Burr-Brown 
Test Specification 

Hermetlclty 
Fme Leak 1014 AI or A2 (Helium, 

5 X 10"cc/s) 

Gross Leak 1014 C 

Fmal Electrical Burr-Brown 
Test Specification 

External Visual Burr-Brown OC5150 

LAYOUT AND OPERATING 
INSTRUCTIONS 
LAYOUT PRECAUTIONS 

The ADC803 is a high speed analog-to-digital converter 
which req uires more layout precautions than general 
purpose products. 

The ADC803 has two pins for analog common, two pins 
for digital common, and two pins for each power supply 
input. Each pair of these pins must be connected together 
externally, The connection between the digital supply 
pins and the connection between the digital common pins 
must be as short as possible, The analog and digital 

commons are not connected together internally in the 
ADC803, but should be connected together externally to 
a ground plane, 

Connecting all commons to a ground plane at the 
ADC803 is the best method to minimize noise and 
dissipate heat. Pm 8 (DIgital Common) is internally 
connected to the case, 

The ADC803 also has an analog common Sense input 
(pin 27) for the analog input. This sense pin must be 
connected to analog common as close to the input signal 
source as possible or connected to the ground plane, Low 
impedance analog and digital common returns are essen
tial for low noise performance. Coupling between analog 
inputs and digitaUines should be minimized by careful 
layout. Special attention should be taken to ensure that 
the clock noise on the +5V supply line does not couple 
into the analog inputs. 

The Comparator input (pin 26) is extremely sensitive to 
noise, Any connection to this point should be as short as 
possible and shielded by analog common or ± 15V DC 
supply patterns, The Clock Output (pin 17) is sensitive to 
stray capacitance; capacitance on this pin could alter the 
clock wave shape, 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with IJ,tF tantalum 
capacitors as shown in Figure 8 to obtain noise-free 
operation. These capacitors should be located close to the 
ADC, 

±IOV INPUT 
2Kn FROM D/A CONVERTER 

24 --.-.,.-.-----, 

±5V, 0 TO ·IOV IKo 
INPUT 25 ---'W-'--~ 

COMPARATOR 26 -------+----1 
IN 5450 

COMPARATOR 
TO SAR 

Note Unused Input must be grounded or connected 
to optIonal gam adjust pot 

FIGURE 8. Input Scaling Circuit. 

INPUT SCALING 

The analog input should be scaled as close to the 
maximum input signal range as possible in order to 
utilize the maximum signal resolution of the AI D 
converter. Connect the input signals as shown in Table II. 
See Figure 8 for circuit details. 

OUTPUT DRIVE 

All ADC803 outputs except the clock will drive six TTL 
loads; the clock will drive three TTL loads, If long digital 
lines must be driven, external logic buffers are required 
particularly for the clock which is sensitive to capacitive 
loadmg, 
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TABLE II. ADC803 Input Scaling Connections. 

Input Connect W,th Connect Connect 
S'gnal Output P,n 29 Gain Pin 24 Pin 25 
Range Code To Adjust To To 

±1OV BOB 26 Ves 400 resistor In Gain Adjust 
or series with Potentiometer 

BTC' input signal 

No Input Signal Analog 
Common 

±5V BOB 26 Ves Gain Adjust 100 resistor in 
or Potentiometer serl8swith 

BTC' Input signal 

No Analog Input Signal 
Common 

Oto-1OV CSB Analog Ves Ga,n Adjust 100 resistor In 

Common Potentiometer senes with 
Input signal 

No Analog Input Signal 

Common 

·Obtamed by Invertmg MSB (pm 1) externally 

INPUT IMPEDANCE 
The source impedance to the ADC803 should be low, 
such as the output of an op amp, to avoid any errors due 
to the relatively low input impedance of the ADC803. 

If this impedance is not low, a buffer amplifier should be 
added between the input signal and the ADC803 inputas 
shown in Figure 9. 

ANALOG 
IN 

+15V 

-15V 

lOOn 

lpF TA!T:lUM l 

FIGURE 9. Source Impedance Buffering. 

TO 
AOC8D3 

PIN 24 
DR 25 

A common problem with successive approximation AI D 
converters is the transients in input current caused by the 
comparator input being switched back and forth. This 
requires a fast settling amplifier to drive the input. 

The ADC803 comparator is connected in a differential 
mode (see Figure 8), greatly reducing the size of the input 
transients. The user, therefore, may use a fast settling 
wide band operational amplifier to drive the ADC803. 
The small signal settling time of the amplifier should be 
less than lOOns. 

OPTIONAL EXTERNAL GAIN AND OFFSET 
ADJUSTMENTS 

Gain and Offset errors may be trimmed to zero using 
external trim potentiometers connected to the ADC as 
shown in Figures 10, II, and 12. For proper gain adjust 
range a series resistor must be connected to the analog 
input pin as specified in Table II and shown in Figures II 
and 12. Multiturn potentiometers with 100ppm/oC or 
better TCR's are recommended for minimum drift over 
temperature and time. All resistors should be ±I% metal 
film or better. If the Offset adjust is not used, pin 26 
should be left open except for bipolar operation when it 
is connected to pin 29. If the Gain adjust is not used, the 
unused input (pin 24 or 25) must be grounded to meet 
specified gain accuracy. 

Adjustment Procedure 

Refer to Table I for LSB voltages and transition values. 

Unipolar offset - connect the offset potentiometer and 
resistors as shown in Figure II, sweep the input through 
the end point transJtion voltage, from III ... 110 to 
III ... Ill. Adjust the Offset potentiometer until the 
actual end point transition voltage occurs at -1/ 2LSB. 

Bipolar offset - connect the offset potentiometer and 
resistors as shown in Figure 10. Sweep the input through 
zero and adjust the offset potention.eter until the transi
tion from 0111 1111 1111 to 1000 0000 0000 occurs at 
-1/2LSB. 

lOOkn 

+15VDC 
C 

26 ------~¥_--~~ 

COMPARATOR IN 

lOkn to 50kn 
OFFSET ADJUST 

C 
-15VDC 

FIGURE 10. Optional Offset Adjust 

loon GAIN ADJUST 25--u-} 

FIGURE II. Optional Gain Adjust for ±IOV Bipolar 
Operation. 
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100 INPUT 
25 ----"'N''V. ---- SIGNAL 

2000 GAIN AOJUST 

24----0-} 

FIGURE 1,2. Optional Gain Adjust for ±5V Bipolar 
or 0 to -IOV Unipolar Operation. 

Gain - connect the Gain potentiometer as shown in 
Figure II or 12. Sweep the input through the end point 
transition voltage that should cause an output transition 
from 000 ... 000 to 000 ... 001. Adjust the Gain potentI
ometer until thi. transitIOn occurs at the correct end point 
trans .on voltage as given tn Table I. 

OPTIONAL CLOCK RATE CONTROL 

The clock is factory-set for a conversion time between 
I.3/lS and 1.5/ls. By use of the optional Clock Rate 
Control as shown in Figure 13, the Conversion time can 
be adjusted down to O.S/lS for 12-bit resolution. If the 
optional Ciock Rate Control is not used, pin 19 should be 
left open. Figure 14 shows Conversion Time versus Clock 
Rate Control voltage and Figure 6 shows Differential 
Linearity error versus Conversion time. 

+15VOC 
9 

19-------~< 

CLOCK RATE 
CONTROL 

50Kll 
CLOCK RATE AOJUST 

2.49Kll 

FIGURE 13. Optional Clock Rate Control. 

POWER DISSIPATION 

The ADC803 dissipates approximately 1.9W (typical) 
and the package has a case-to-ambient thermal resistance 
(O'A) of 25°CjW. For operation above +85°C, e'A 
should be lowered by a heat sink or by forced air over 
the surface of the package. See Figure 15 for e'A 
requirements above +85°C. Improved thermal contact 
with the PC card copper ground plane under the case 
can be achieved using a silicone heat sink compound. On 
a 0.062" thick PC card with a 16-square-inch (minimum) 
area, this technique will allow operation to + 100°C. 
Forced air plus heat sink is recommended for + 125°C 
operation. 

EXTERNAL SHORT CYCLE 

Ifless than 12 bits of resolution is required, the cycle time 
of the ADCS03 can be shortened with the addition of two 
external components as shown in Figure 16. This circuit 
will create a shortened status signal directly proportional 

2.5 

~2.D 
U.J 
::;; 
;:: 
is 1.5 
u; 
a: 
U.J 

~ 1.0 
o 
() 

0.5 

o 
CONTROL VOLTAGE IV· 

FIGURE 14. Conversion Time versus Clock Rate Control 
Voltage. 

25+------, 
~ 20 

~ 15 

'" g 10 

60 70 80 00 100 110 120 
AMBIENT TEMPERATURE .oC, 

FIGURE 15. e'A Requirement Above +S5"C. 

to the reduction of resolution. For n bits of resolution, 
the n+ I bit is used to create the falling edge of the 
shortened status signal. It is possible to obtain the 
equivalent of a lO-bit converter with 670ns conversion 
time and an S-bit converter with 500ns conversion time 
using this short cycle technique and the external clock 
rate control shown in Figure 13. To begin a new 
conversion, simply give the converter a new convert 
command pulse. The SAR will reset and a new conversion 
will begin. 

BITlN+11 
FROM 
AOCB03 

STATUS 
FROM ADCa03 

112 74LS112 

74LS04 

FIGURE 16. External Short Cycle Circuit. 

SHORTENEO 
STATUS 
OUT 
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TESTING OF THE ADC803 
I n order to validate the test results of the ADC803 
obtained during final test, the customer must take 
extreme care in the design and layout of his test fixtures. 
Proper grounding, correct routing of analog and digital 
signals and power supply bypassing are crucial in 
achieving successful results. 

ANALOG GROUND, DIGITAL GROUND, SENSE 
Figure 17 shows a simplified model of the ADC depicting 
proper analog and digital grounding. Several analog and 
digital ground pins have been provided to allow for 
optimizing the internal layout of the ADC. As will be 
explained in more detail later, analog and digital grounds 
should be connected together only at one point by an 
extremely low resistive and inductive connection (a 
ground plane is ideal). A special analog ground called 
"sense" has been provided to eliminate the voltage drop 
that would otherwise be in the ground return of the R-2R 
ladder. Measuring the input signal with respect to the 
sense terminal makes the measurement independent of 
the impedance that is developed in the connection 
between the sense terminal and the analog ground, pin 
28. 

ANALOG-TO-DIGITAL CONVERTER 
TEST TECHNIQUE 

A very effective way of determining the DC performance 
of an ADC is by using the "servo loop method." The 
block diagram of this technique is shown in Figure 18. 
This measurement system automatically locates the ana
log voltage that causes the digital output to alternate 
between the desired code and the adjacent code. The 

2kCl 
ANALOG 
INPU;...T-()-~I",k.,..Clrl ___ ""'" 

PIN 25 

_ TEST SIGNAL 
SOURCE 

PIN 27 

SEN~SE~)---tr~:lC=~IIDCCCCCCC~ 

FIGURE 17. Simplified Model of ADC803 Depicting 
Proper Analog and Digital Ground. 

OIGITAL 
OUTPUT 

FIGURE 18. Servo Loop Analog-to-Digital Tester. 

computer is programmed to place the desired code on the 
I/O bus which IS one set of inputs to the digital 
comparator. The other set of inputs to this comparator is 
the digital output of the ADC. Depending upon the 
result of this comparison, the integrator is directed to 
change its output until an equilibrium state is achieved. 
Once in equilibrium, the DVM measures the analog input 
to the ADC and transmits the information to the 
computer via the IEEE-488 bus. The test program checks 
all the desired code combinations, verifying the perfor
mance of the ADC. Test time will range from 10 seconds 
to several minutes depending on the speed of the test 
program, settling time of the DVM, and number of codes 
to be checked. 

GROUND LOOPS 

Figure 19 illustrates the interaction that occurs between 
the analog and digital grounds when an ADC is connected 
into a test circuit. This interaction is created by ground 
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loops. The circuit in Figure 19 shows how ground loops _ 
are created when the ADC tester combines digital and -
analog portions of the circuit together-in this case, the 
test signal generator (analog) and the digital circuitry that 
detects the ADC code which corresponds to the analog 
signal (digital). The ground loop exists when the digital 
ground connection between the ADC and the tester is 
in parallel with the analog grounds that connect the tester 
with the ADC. When the connection is made in this 
manner some of the digital current IS diverted into the 
analog signal return, which creates a code-dependent 
error signal due to the resistance in the analog signal 
return. This error distorts the linearity measurement and 
induces hysterisis. The error can be substantially reduced 
if the analog and digital grounds are isolated from each 
other in the ADC tester. 

C") 
o 
CO o c « 
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DIGITAL GROUND CURRENf 

, A 

I---_+-_-I-_~I \, /' \.~-..... --------------------.., 
" 

TEST SYSTEM 
GROUNO 

DIGITAL 
GROUND 

RESISTANCE 

PC CARD 
GROUND 

ANALOG 
GROUND 

.. CURRENT 
, A 

'----...... ----1------1.1 \v/ '\/r-..-.4_+--..J 

TEST SYSTEM 
ANALOG 
GROUND 

RESISTANCE 

ADC8D3 

FIGURE 19. Ground Loop Interaction Between Analog and Digital Grounds When ADC Is Connected 
Into Test Circuit. 

BEAT FREQUENCY TEST 

A "beat frequency test" applied to an ADC803 with a 
companion sample/ hold illustrates both an effective 
means of testing the high frequency performance of such 
a system and demonstrating that the ADC803 with its 
associated sample! hold is capable of digitizing high 
frequency signals cleanly. A sample! hold must be used 
when performing this test to hold the input of the 
ADC803 constant during the conversion time. Figure 20 
is a block diagram of the beat frequency test setup. 

The beat frequency test is useful for being able to rapidly 
determine whether there are any serious problems with 
the ADC. In this test the input frequency is set at slightly 
less than one-half the sampling rate. The slight difference 
is selected to allow the sample point to vary by I LSB, or 

FIGURE 20. Block Diagram of Beat Frequency Test CIrcuit. 

less, on successive samples. The data is clocked into a low 
frequency reconstruction DAC at one-half the sampling 
rate to enable viewing on an oscilloscope. Figure 21 is a 
photograph of the response to a full-scale input sine 
wave centered around the MSB and Figure 22 is a 
photograph of the response of a small signal sine wave 
centered around the MSB. For comparison, a photo
graph (Figure 23) is included which shows the response 
of the ADC803 to a 125Hz input signal which is the 
same as the beat frequency. 

Figure 24 is the PC card layout that was used for the beat 
frequency test. This layout demonstrates some of the 
layout practices that must be followed when using a high 
speed ADC like the ADC803. 
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1msec/dlv 

FIGURE 21. Beat Frequency Test 
Response of Full Scale 
Sine Wave Input. 

1msec/dlv 

FIGURE 22. Beat Frequency Test 
Response of Small Signal 
Sine Wave Input. 
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FIGURE 23. Response of Small Signal -0« 

125Hz Sine Wave Input. 
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FIGURE 24. PC Board Layout for Beat Frequency Test Fixture. 
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BURR-BROWN® 

IElElI PCM75 
DESIGNED FOR AUDIO 

16-Bit Hybrid 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 

• 16·BIT RESOLUTION 

• 90dB DYNAMIC RANGE 

• 0.004% THO (FS Inpul, 16 Bits) 

• 0.02% MAX THO (·15dB. 16 Bits) 

• 17J/s MAX CONVERSION TIME (16 Bits) 

• 15t1s MAX CONVERSION TIME (14 Bits) 

• IOtis CONVERSION TIME (Reduced Specs) 

• EIAJ STC·007·COMPATIBLE 

PARALLEL 
OIGITAL 
OUTPUT 

DESCRIPTION 

The PCM75 is a low cost, high quality, 16-bit suc
cessive approximation analog-to-pigital converter. 
The PCM75 uses state-of-the-art IC and laser
trimmed thin-film components and is packaged in a 
bottom-brazed ceramic 32-pin dual-in-line package . 
The converter is complete with internal reference 
and clock. 

The PCM75 is designed for PCM audio applications 
and is compatible with EIAJ STC-007 specifica
tions. 

The conversion time can be reduced from 15J.ls to 
lOJ.ls with some increase in distortion. Distortion is 
specified on the data sheet to assure performance in 
critical audio applications. 

----. 
,--1\ oe'" 

:~5 
,., SHORT CYCLE 

--0 CONVERT COMMANO 

r-V .~~ -"" r-:-
"" z ; 

I6-BIT ..... 
SUCCESSIVE APPROX. I 

REGISTER (SARI +--"N~f AUDIO INPUT II 

~ 
o RANGE SELECT 

COMPARATOR IN 

1'\ BIPOLAR OFFSET 

4 CLOCK ..:. CLOCIfOUT 

'" CLOCK RATE 
~ STATUS 
,., SERIAL OUT 

Inlernatlonal Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. (6021746·1111· Twx 910.952·1111· Cable BBRCORp· Telex' 66·6491 

PDS-624A 

Burr-Brown Ie Data Book 9.2-136 Vol. 33 



SPECIFICATIONS 
ELECTRICAL 
At 25°C and rated power supplies unless otherwise noted 

MODEL 

RESOLUTION 

DYNAMIC RANGE'" 

INPUT 

ANALOG 
Voltage Ranges, Bipolar 
Impedance (Direct Input) 

o to +5V, ±25V 
o to +fOV, ±5V 
o to +20V, ±10V 

DIGITAL'" 
Convert Command 
Logic Loading 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain Error 
Ollset Error, Bipolar 
Differential Lineanty Error (major carry) 
Inherent Quantization Error 

TOTAL HARMONIC DISTORTION 
+ NOISen) 

V," = ±FS at I = 400Hz 
14-Bit Resolutton 
16-81t Resolution 

V," = -15dB at I = 400Hz 
14-Bit Resolution 
16-81t Resolution 

POWER SUPPLY SENSITIVITY 
±15VDC 
+5VDC 

CONVERSION TIME'" 
14 Bits 
16 Bits 

WARM-UP TIME 

DRIFT 
Gain 
Offset, Bipolar 

OUTPUT 

DIGITAL (all codes complementary) 
Parallel 

Brpolar Output Codes'S) 
Output Drive 

Senal Data Code (NRZ) 
Output Drive 

Status 
Status Output Drive 

Internal Clock: Output Drive 
Frequencyla) 

POWER SUPPLY REQUIREMENTS 

Power Consumption 
Rated Voltage' Analog 

Digital 
Supply Drain. +15VDC 

-15VDC 
+5VDC 

TEMPERATURE RANGE 
Specification 
Operating (derated specs) 
Storage 

'SpeclllcatlOn same as PCM75KG. 

Burr-Brown Ie Data Book 

MIN 

2 

PCM75KG 

TYP 

90 

±2 5, ±5, ±10 

25 
5 
10 

±01(3) 
±O1(3) 

±O 0015 
±1/2 

0006 
0004 

0025 
0.Q15 

0003 
0.001 

COB,CTC'" 

CSB,COB 

MAX 

16 

002 

15 
17 

±20 
±15 

~ LIogle "1" dunng con Iverslon 

933 

±14.5 
+475 

o 
-25 
-55 

0525 
±15 ±15.5 
+5 +5.25 
+14 
-17 
+10 

+70 
+85 
+100 

9.2-137 

MIN 

. 

PCM78JG 

TYP 

±0003 

0008 
0.006 

0.03 
0021 

MAX UNITS 

Bits 

dB 

v 

kO 
kO 
kO 

TTL Load 

% 
% 01 FSR(4) 

% 01 FSR 
LSB 

% 
% 

005 % 
% 

% 01 FSR/%V. 
% 01 FSR/%V. 

I'S 

JJS 

min 

ppm/·C 
ppm 01 FSRI"C 

TTL Loads 

TTL Loads 

TTL Loads 
TTL Loads 

kHz 

W 
VDC 
VDC 
mA 
mA 
mA 

·C 
·C 
·C 
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NOTES. (1) The measurement of Total Harmonic Distortion + Noise (THD+N) and Dynamic Range IS highly dependent on the characteristics of the 
sample/hold amplifier, the dlQltal-to-analog converter, the deglitcher, and the low-pass filter. To accurately measure THO+N and Dynamic Range, the 
accuracy of each device should be better than 16-blt accuracy. A block diagram showing the measurement technique Burr-Brown uses is shown in Figure 
6 (2) DTLlTTL compatible, i e., Logic "0" = 0 8V max Logic "1" = 2 OV min for Inputs. For digital outputs Logic "0" = +0 4V max. Logic "1" = 2 4V 
min (3) Adjustable to zero (see "Optional External Gain and Offset Adjustment ") {4} FSR means Full Scale Range For example. unit connected for 
±10V range has 20V FSR (5) Conversion time may be shortened with "Short Cycle" set for lower resolution and with use of dock Rate Control See 
"Additional Optional Connections" section The Clock Rate Control (pin 23) should be connected to Digital Common for specified max conversion' time 
Short Cycle (pm 32) should be left open for 16-blt resolution or connected to the n + 1 digital output for n-blt resolution For example, connect Short Cycle 
to bit 15 (pin 15) for 14-bit resolution (6) See Table I CSB-Complementary Straight Binary, COB-Complementary Offset Binary, CTC-Complementary 
Two's Complement (7) CTC coding obtained by inverting MSB (Pin 1) (8) Adjustable With Clock Rate Control from approximately 933kHz to 1 4MHz. 
See Figures 14 and 15 and Table III 

MECHANICAL 

r-- A -j Pm numbers shown for reference INUIts MILLIMETERS 

[Jj 
only Numbers may not be marked on 0'" 

M'" "AX M" MAX 

package A 1678 1 712 4262 4348 +, I B 1079 1101 2741 2797 

I 
CASE. Ceramic C 180 210 '" 533 

WEIGHT 13 grams 10 460z I D 016 020 41 51 

HERMETICITY F 045 055 "' 140 
--~ .. -- l---------" G 100 BASIC 254BASIC Conforms to method 1014 con-

dition C step 1 rfluorocarbonl of H 089 106 226 269 

J 009 012 23 30 
MIL-STD-883 ,gross leak, K 200 210 508 533 

900 BASIC 2286 BASIC 

N 015 035 38 89 ~jii;i lilii im"~: 
_ l- H _I '-G .Jl- D SEAT'" PLI.E 

LEADS IN TRUE POSITION WITHIN 010" 
(25MryI) R@MNlCATSEATlNQPLANE 

CONNECTION DIAGRAM 

TOP VIEW 

(MSB) Bltl 

Blt2 

Bit 3 

BI14 

Blt5 

Blt6 

Bit 7 

Blt8 

Blt9 

Bit 10 

SHORT CYCLE 

CONVERT COMMAND 

.5VDC SUPPL Y 

GAIN ADJUST 

.15VDC SUPPLY 

COMPARATOR IN 

BIPOLAR OFFSET 

10V 

20V 

BIt 11 ANALOG COMMON 

Bit 12 -15VDC SUPPLY 

(LSB lor 13 bits) BIt 13 CLOCK OUT 

(LSB for 14 bits) BIt 14 DIGITAL COMMON 

Bit 15 ~t~~~:!;~g~~~~~~t==J~ STATUS BIt 16 ..:: SERIAL OUT 

THEORY OF OPERATION 
The accuracy of a successive-approximation AI D con
verter is described by the transfer function shown in 
Figure I. All successive-approximation AI D converters 
have an inherent Quantization Error ± I 12LSB. The 
remaining errors in the AI D converters are combinations 
of analog errors due to the linear circuitry, matching and 
tracking properties of the ladder and scaling rretworks, 
powersupply rejection, and reference errors. In summary, 
these errors consist of initial errors including Gain, 

Offset, Linearity, Differential Linearity, and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to 7ero. Gain drift over temperature rotates the 
line (Figure I) about the zero or minus full scale point (all 
bits Off), and Offset drift shifts the line left or right over 
the operating temperature range. Total Harmonic 
Distortion (TH D) is a measure of the magnitude and 
distribution ofthe Linearity Err'or, Differential Linearity 
Error, and Noise, as well as Quantization Error, that is 
useful in Audio Applications. To be useful, THD should 
be specified for both high level and low level input 
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"l!nal~. Thi, error i, unadju~tablc and i~ the most 
m~anlngful indicator of A D comerter accuracy for 
Audio Applicatiom The re~olution ofan A Dcomerter 
can be e\pre,~ed In term~ of D~namlc Range The 
D~ namic Range I' a mea,ure of the ratio of the ,malle~t 
"gnal, thc comcrtcr can re,ol\e to the lull ,calc range 
and "u,uall~ e\pre"cd In decibel> (dB). The theorctlcal 
d~ namlc range of a comerter I' approximately Ii \ n. 
"here n " the number of blh of re,olution. or 9lidB lor a 
Iii-bit cOl1\erter. The actual or u,dul dynamic range" 
limited by nOl\c and linearity error, and " then:fore 
,omcwhat Ie", than the theorctlcal IIm.t 

0000 0000 

0000 .. 0001 

g 0111 .. 1101 

~ 0111 . 1110 .. 
Ii!. 0111 .. 1111 
0-

~ 1000 0000 
~ 
.... 1000 .. 0001 

== iii 1111 ... 1110 
is 

1111 .. 1111 

·FSR ANALOG INPUT 
T EINOFF 

·Saa Table I '0' digital coda dannallons. 

FIGl'RE I. Input \s Output for an Ideal Bipolar A [) 
Converter. 

CONVERT 
COMMANO'" 
INJERNAL CLOCK 

STATUS IEOe) ---..-J 

TIMING CONSIDERATIONS 
The timing diagram in Figure 2 assumes an analog input 
such that the positive true digital word 1001 1000 1001 
0110 exists. The output will be complementary as shown 
in Figure 2 (0110 0111 0110 1001 is the digital output). 
Figures 3 and 4 are timing diagrams showing the rela
tionship of serial data to clock and valid data to status. 

DEFINITION OF DIGITAL CODES 
Parallel Data 
T"o binary codc, are a\ailable on the PCM75 parallel 
output. they arc complcment:lry (logic "0" " truc) 
,tTlllght binary (CSB) lor ul1lpolar Input 'ignal rangc, 
and complementary oll\ct binary (COB) lor bipolar 
Input ,ignal range, Complementary t"o\ complement 
(C l"C) may be obtained by Imerting MSB (pin I). 

Table I shows the LSB, transition values, and code defi
nitions for each possible analog input signal range for 
14-, 15- and 16-bit resolutions. Figure 5 shows the con
nections for 14-bit resolution, parallel data output, with 
±5V input. 

Serial Data 
Two straight binary (complementary) codes are available 
on the serial output line; they are CSB and COB. The 
serial data is available only during conversion and 
appears with MSB occurring first. The serial data is syn
chronous with the internal clock as shown in the timing 
diagram of Figure 2. The LSB and transition values 
shown in Table I also apply to the serial data output 
except for the CTC code. 

MSB -- - J "0" 

BIT 2 ___ .JL..J~~-r.; .. ,;;;: .. ===================== 
BIT 3 :::::::::J 
BIT4 ==_J 
BIT 5 ==-j 
BIT 6 = __ J 

L..J ..... 
1"0" 

1"0" 
r--
r--

L..J I" 

BIT 7 =::::::J ·,----------------~r .. ~, ------------------------------

BIT B = __ J 
BIT 9 J 
BIT 10 =::::::J 

LJr 
I o· 

L __ h' 
r--

BIT 11 -- J ,----------------------------,L..J~ .. ~r-----------------
BIT 12 ___ J 
BIT '3 ==:::J 
BIT 14 ::::::_J 
BIT 15 ::::::_-:J 
BIT '6 MSB 
SERIAL i30 DATA OUT __ ..,"'" ... _''-1.-::2,.......: ""'3::-"1 4 : 5 

I 
I "0" "I" "I" ''0'' ''0'' 

NOTES: 

6 , 7 1 

"'" "I" "I" "0" 

1"0" 
LJT' 

1'0" 

I. The coovart collmlnd must be at laast 50ns wide and must ,amain low du,lng a 
conve,.lon. The convaralon I. InHllted by tha "t'llIlng edga" of tha clnvart commlnd. 

2. 17p1lor llblli. 
3. Usa trilling (high to low) edge 0' clock to st,obe each sa,111 output bll. 

FIGURE 2. Timing Diagram. 
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SERIAL OUT I 
I 
I , 
I 
1-40-125ns 

FIGU RE 3. Timing Relationship of Serial Data to 
Clock. 

MSB ----------
DDTTED LINES ARE 
EXTERNAL 
CONNECTlDNS. 

~ 
iii 
~ 

~ 
PCM75 ~ 

~ 
::> 

'" ... 
a 
9 

BIT 16 

STATUS 

-: 
I , 
I 

I 

r40-125ns 

FIGURE 4. Timing Relationship of Valid Data to 
Statu;. 

CDNVERT CDMMAND 
Irom CONTROLLDGIC 

+5VDC 

GAIN 
+15VDC 

ADJUST lOkCl to 
Ioptlonall l00kCl -OFFSET 

ADJUST 
(optlonall 

H---------'-----+--...... -~-----=----_<-15VDC 

DIGITAL 
CDMMON 

'Capacltor should be connected even if external gain adlust is not used. 

FIGU RE 5. PCM75 Connections for: ±5V Audio Input, I4-Bit Resolution (Short-Cycled), Parallel Data Output. 

I ;\BI E I. Input Voltage,. rran"tlon Value,. l.SB Value,. and Code Definition,. 

Binary BIN INPUT VOLTAGE RANGE AND LSB VALUES 
Output 

Audio Input 
Defined As ±IOV +5V +25V Oto ·IOV o to +5V o to +20V 

Voltage Range 

Code COBIl' COBI" COBIl' 
DeSignation orCTC(2) orCTC", orCTC(2) CSa(31 CSB'3' CSB'3, 

One Least FSR 20V 10V 5V 10V 5V 20V 
Significant 2i1 2" 2" 2" 2" 2f1 2" 
Bit LSB n o l6 305"V 153"V 77"V 153"V 77"V 305"V 

n IS 610"V 305"V 153"V 305"V 153"V 610"V 
n c;;;- 14 I 22mV 610"V 305"V 60"V 305"V I 22mV 

Transition Values 
MSB LSB 
000 000(4) +Full Scale 'IOV -312LSB +5V-312LSB +2 5V -312LSB +IOV -312LSB +5V -3I2LSB +20V -312LSB 
011 III Mid Scale 0 0 0 +5V +25V +10V 
III 110 -Full Scale -IOV +112LSB -SV +112LSB -2 5V +112LSB o ·1I2LSB 0+112LSB o +112LSB 

"'COB co Complementary Offset Binary (3) csa = Complementary Straight Binary 
'2,CTC - Complementary Two's Complement - obtained by (4) Voltages gIVen are the nommal value 

inverting the most sIgnificant bit MSB pin 1 for tranSItIon to the code specIfied 
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DISCUSSION OF 
SPECIFICATIONS 
The PCM75 " 'pecifled to prm ide critical perlormance 
entena lor a wide \anety 01 appllcatlom. I he m("t 
Critical ... recIiICtltlon .... lor ,In ;\ D COI1\crtef 10 audio 
application, arc total harmonic d,.,tort,on. dnft. gain and 
ofhet error.,. and cOn\er.,ion time effect> on accuracy. 
'1 he ADC" factory-tnmmed and te'>led lor all cntlcal ~ey 
,pecll,cat,on.,. 

CONVERT COMMAND CONSIDERATIONS 

Convert command resets the converter whenever taken 
high. This insures a valid conversion on the first conver
sion after power-up. 

Convert command must stay low during a conversion 
unless it is desired to reset the converter during a conver
sion. 

GAIN AND OFFSET ERROR 

Initial Galll and Om,et errors are factory trimmed to 
typically :':0.1' i of FSR (typically ±O.05' i for umpolar 
offset) at 25"C These errors may be trimmed to fero hy 

connecting external trim potentiometers as shown in 
Figures 12 and 13. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power ,upplles will affect accuracy. 
The PCM75 power ,upply sensitivity is specified for 
±O.OO3'7c of FSR 'iV. for ±15VDC supplies and 
±O.OOI5' i of FSR ci V. for +5VDC supplies. Normally. 
regulated power ,upplies with 1% or less ripple are 

recommended for use with this ADC. See Layout Pre
cautions, Power Supply Decoupling, and Figure 9. 

TOTAL HARMONIC DISTORTION 

The Total Harmonic Distortion (THD) is defined a, the 
ratio of the ,quare root of the sum of the ,quares of the 
\alue of the rms harmonics to the \alue of the rms 
fundamental and is expre>sed in percent or dB. A block 
diagram of the test circuit used to measure the TH D of 
the PCM75 is shown in Figure 6 along with a timing 
diagram for the control logic. If we assume that the error 
due to the te,t circuit", negligihle. then the rms \alue of 
the PCM75 error referred to the Input can he shown to be 

where N is the number of samples. E, (I) '" the lineant~ 
error of the PCM75 at each sampling POIll!. and E.Ai) " 
the quantllatlon error at each .,amphng point I he I H D 
can then he e"pre.,.,ed a., 

, 
~ ~ 

T H [) = ~ = -=----,----'----r~----- X I OO( ( 
Erm~ Ernh 

Thi., expre,sion indicate, that there " a correlation 
between the TH D and the .,quare root of the wm of the 
squares of the linearity errors at each digital \\ord of 
interest. However. this expression does not mean that the 
worst-case linearity error of the AD", directly correlated 
to the THD becau,e the digital output word., from the 
A D \ary according to the amplitude and frequency of 
the sine wave input as well a., the ,ampling frequency. 

For the PCM75 the test sampling period was chosen tq 
be 22.7/J-s, which is compatible with the EIAJ STC-007 
specification for PCM audio. The test frequency is 
400Hz and the amplitude of the input signal is OdB (full 
scale) and -15dB. 

BB OPA602 ANALOG 
OR EQUIVALENT SWITCH 

BB OPA602 
OR EQUIVALENT 

I 

SEE SIH SCHEMATIC 
(FIGURE 71 

CONVERT 
COMMANO 

DAC73K OR 
EQUIVALENT 

OEGLITCHER CONTROL 

SEE CONTROL LOGIC TIMING (FIGURE 81 

FIGURE 6. Block Diagram of Distortion Test Circuit. 

Burr-Brown Ie Data Book 9.2-141 

HP 339A 
OR EQUIVALENT 

-20 

-40 = :;- .fi0 
~ 

-80 

·100 

·120 

LOW·PASS FILTER 
CHARACTERISTICS 

""I 

" 1 101 102 103 104 105 
FREQUENCY (Hzl 

Vol. 33 

en a:: w 
Ii: 
w 
> z 
o 
(,) 

~ 
Q, 
en c 
uf z 
o 
~ 
(,) 

Z 
;:) 

:::a: 
:::a: 
o 
(,) 

o 
is 
;:) 
<C 



ACCURACY VS CONVERSION TIME 

Figures 16 and 17 show the relationship ofTHD vs input 
voltage level for the PCM75 with both 14-bit and 16-bit 
resolution. Notice that the distortion level is reduced by 
increasing the resolution from 14 to 16 bits due to the 
reduced quantization error. 

SfH 

·loVDC 

'CAPACITDRS WIT" HIGH INSULATION RESISTANCE AND LOW DIELECTRIC 
ABSORPTION SUCH AS TEFLON. POLYSTYRENE. DR POLYPROPYLENE SHOULD 
BE USED. 

FIG U RE 7. Schematic of Sample! Hold Amplifier. 

A: 

8: 

C' 
0: 

22.69B3/lS 
r-- ~ !ips-, ,-- , 

SfHCONTRDL ~ 
CONVERT 
COMMAND 
STATUSOFADC ~ 
(FOR REFERENCEI 

---Jl--Sl--fl--LATCH ENABLE 
DEGLITCHER 
CONTROL 

__ ,104-- 500ns 

--u.r---u----u-
--.: :.-. 2.5/lS 

FS=44.D561cHz ~ 
IFOR REFERENCEI 

FIGURE 8. Control Logic Timing for PCM75 
Distortion Test Circuit. 

LAYOUT AND OPERATING 
INSTRUCTIONS 
LA YOUT PRECAUTIONS 

Analogand Digital Common are not connected internally 
In the rCM 75 but ,hould be connected together a, close 
to the unit a., po"ibJc. preferably to a large plane under 
the ADC. If the~e ground, must be run .,eparatcJy. use 
wide conductor pattern and a 0.0 I 11 F to 0.111 F nonp.,lar
lied bypa" capacitor between analog and digital com
mons at the unit. Low impedance analog and dIgital 
common return, are e"enti,,1 for low noi.,e performance. 
Coupling bctween analog inputs and digital lines .,hould 
be minimilCd by careful layout. The comparator input 
(pin 27) is extremely .,cnsitlve to noise. Any connection to 
this point .,hould be a, .,hort as po,sible and shielded by 
Analog Common or ± 15V DC supply patterns. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with tantalum or 
electrolytic capacitors as shown in Figure 9 to obtain 
noise free operation. These capacitors should be located 
close to the ADC. Bypass the IIlF electrolytic type 
capacitors with O.OIIlF ceramic capacitors for improved 
high frequency performance. 

+5VDC .... -r ... +-® 

r1"F 
.... ....-.. --@ 

DIGITAL COMMON 

® 1 .. ·15VDC 

~
l"F 

+ AUDIO 
22 COMMON 

("F 
@+ .. +15VDC 

FIGURE 9. Recommended Power Supply Decoupling. 

INPUT SCALING 

The analog input should be scaled a, close to the 
ma.xlmum input signitl range a., pos"bJc In order to 
utilile the maximum .,.gnal resolution of the A D 
converter. Connect the input signal as shown in Table II. 
See Figure 10 for circuit details. 

TABLE II. PCM75 Input Scaling Connections. 

Input Connect Connect 
Signal Output Pin 26 Pin 24 
Range Code To Pin To 

±10V COB orCTC' 27 Input 519 
~5V COB or CTC' 27 Open 

±25V COB or CTC' 27 Pm27 
a to -r5V CSB 22 Pin 27 
o to +'OV CSB 22 Open 
o to +20V CSB 22 Input 519 

~Obtalned by Inverting MSB pin 1 

<p 
COMPo • 

IN 27J------_----....... 

@-~ 
~rm: tVREF 

FIGURE 10. PCM75 Input Scaling Circuit. 

INPUT IMPEDANCE 

Connect 
Input 

Signal 
To Pm 

24 

25 
25 
25 
25 
24 

The inrut .,ignal to the rCI'v175 should come from a low 
imredance ,ource. ,uch a, the output of an or amr. to 
avoid any error, due to the relatively low inrut Imredance 
of the rCM75. 

If this imredance i., not low. a buffer amrlifier ,hould be 
added between the input signal and the direct input to 
the PCM75 as shown in Figure II. 
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---
A~ 

5kCl 

~l , , 
5kCl PCM75 , , +OPA633KP 

AUDIO INPUT 011 EQUIVALENT '@t-
SIGNAL ---

FIGURE II. Buffer Amplifier for PCM75 Input. 

OPTIONAL EXTERNAL GAIN AND OFFSET 
ADJUSTMENTS 
Gain and Offset errors may be trimmed to zero using 
external gain and offset trim potentiometers connected 
to the ADC as shown in Figures 12 and 13. Multiturn 
potentiometers with 100ppm/oC or better TCRs are 
recommended for minimum drift over temperature and 
time. These pots may be any value from IOkO to lOOkO. 
All resistors should be 20% carbon or better. Pin 29 
(Gain Adjust) and pin 27 (Offset Adjust) may be left 
open if no external adjustment is required; however, pin 
29 should always be bypassed with O.OJ~F to Audio 
Common. ' 

ADJUSTMENT PROCEDURE 

OFFSET -Connect the Offset potentiometer (make sure 
RI is as close to pin 27 as possible) as shown in Figure 12. 
Sweep the input through the end point transition voltage 
that should cause an output transition to all bits off 
(Eog'). 

Adjust the Offset potentiometer until the actual end point 
transition voltage occurs at EOI':. The ideal transition 
voltage values of the input are given in Table I. 

[al i +15VDC 

1.8MCl @--... "'..,"' .... --__ ..10kClltlDDkCl 

COMPo IN OFFSET ADJUST 

·15VDC 

[bl I +15VDC 

~IDDkCl lDDkCl 10kClto,IDDkCl 

COMP IN ZZkCl OFFSET ADJUST 
·15VDC 

FIGURE 12. Two Methods of Connecting Optional 
Offset Adjust. 

GAIN-Connect the Gain adjust potentiometer as shown 
in Figure 13. Sweep the input through the end point 
transition voltage that should cause an output transition 
to all bits on (E(:~). Adjust the Gain potentiometer until 
the actual end pOint transItion voltage occurs at E(:~. 

Table I details the transition voltage levels required. 

i+15VDC 

510kCl 
GAIN ADJUST ~ IOkCl to lDDkCl 

o.OI"F GAIN ADJUST 
AUOIDCDMMDN~ ·15VDC 

FIGURE 13. Connecting Optional Gain Adjust. 

OUTPUT DRIVE 
Normallv all PCM75 logic output> will drive two stan
dard Tr"t load,; however. if long digital line, mu,t be 
driven. external logic bulfer, arc recommended. 

ADDITIONAL OPTIONAL CONNECTIONS 
The PCM75 may be operated wIth fa,ter cOl1ver"on 
time, for resolution, b, than 14 bit,. I[ a hIgher TH D i, 
acceptable, by connecting Short Cycle (pin 32) as shown 
in Table III. Typical conversion times for the resolution 
and connections are indicated. 

TABLE III. Short Cycle Connections for 14- to 16-Bit 
Resolutions 

RelOlutlon (BIts) 16 15 14 

Connect Pin 32 to Open Pin 16 Pin 15 
ConverSion Time (TYPical) psec 17 16 15 

The Clock Rate pin may be connected to an external 
multiturn trim potentiometer with a TCR of ±100ppm/oC 
or less as shown in Figure 14. The typical conversion 
time vs the Clock Rate Control voltage is shown in Fig
ure 15. The effect of varying the conversion time and the 
resolution on the total harmonic distortion is shown in 
Figures 16 and 17. 

1+15VDC 

CLOCK 
RATE CONTROL@--- 5kCl 

":" CLOCK FREQUENCY ADJUST 

FIGURE Adjust. 

~ ZO 
TYPICAL 

• ;:: 

'"' 5! gg 15 
~ 

~ r-- l11-B~ OPERATION 

..... ~ 
'"' co .. ...... 

II!S:.I4-BIT OPERATlON-
~ 

10 0 Z 
~ ~ I 

CONTROL VOLTAGE ON PIN Z3 

FIGURE 15. Conversion Time vs Clock Rate Control 
Voltage. 
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1.0 

14-BIT 
0.4 

I -40dB 
I 

16-BIT 

14-BIT 
J- -3OdB 

16·BIT 

14-BIT I -2OdB 
I 

16-BI 
14·BIT J -15dB 

16-BIT 

0.0 1 

14·BIT I OdB 
I 

16·BIT 
0.004 

15 13 11 
CONVERSION TIME (psi 

OdB = ±5VOC = FS 

FIGURE 16. Total Harmonic Distortion vs Conversion 
Time. 

10 

14-BIT 

04 16-BIT \. 

Z 
z .. 
;:: .. 01 .. 

1\\ 

'\ i\ 
..... .. 
2i .. 
Z 

004 .. 
~ 
~ .... 
c ..... .. ..... 

001 

, 
I\, 

.\ 

'\ ~ 
If¥.,s == 

0004 17/A -
·40 ·20 

VIN IdB) 
Od8 = -5VOC = FS 

FIGURE 17. Total Harmonic Distortion vs Input 
Voltage Level. 
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I ! I! ADVANCE INFORMATION 
. SUBJECT TO CHANGE 

IElElI PCM78P 

16-Bit Audio 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES DESCRIPTION 
• LOW COST/HIGH PERFORMANCE 16-BIT AUDIO A/D 

CONVERTER 
The PCM78P is a 16-bit A/O converter which is 
specifically designed and tested for dynamic applica
tions. It features very fast, low distortion perfor
mance (4~s/-88dB THO+N typical) and comes 
complete with internal clock and reference circuitry. 
The PCM78P comes in a reliable, low cost 28-pin 
plastic package and data output is available in 
several user-selectable serial output formats. One of 
the major markets for the PCM78P is digital audio 
tap~ (OAT) recorders. Many other similar applica
tions such as digital signal processing and telecom 
applications are equally well served by the PCM78P. 
The PCM78P is a successive approximation type 
A/O that uses fast bipolar circuitry for the precision 
analog portion of the converter and very low-power 
CMOS for all other logic/clock functions. The 
PCM78P has truly been optimized for maximum 
dynamic performance and very low cost. This gives 
it the best price/performance ratio of any A/D 
converter available to date for high-resolution signal 
acquisition applications. 

• FAST lips MAX CONVERSION TIME (4pa typ) 
• VERY LOW THD+N (TYP -88dB at FS; MAX 

-82dB) 
• ±3V INPUT RANGE (INTERFACES EASILY TO 

SAMPLE/HOLD AMPLIFIERS) 
• TWO SERIAL OUTPUT MODES SIMPLIFY 

INTERFACING REQUIREMENTS 
• COMPLETE WITH INTERNAL REFERENCE AND 

CLOCK IN 2B-PIN PLASTIC DIP 
• ±5V TO ±12V SUPPLY RANGE (600mW POWER 

DISSIPATION) 

APPLICATIONS 
• DSP DATA ACQUISITION 
• TEST INSTRUMENTATION 
• SAMPLING KEYBOARD SYNTHESIZERS 
• DIGITAL AUDIO TAPE 
• BROADCAST AUDIO RECORDING 
• TELECOMMUNICATIONS 

Intemallonal Airport Industrial Park· P.D. Bax 11400 • TUClan. ArlZIIII 85734 • TIl. (6021 746·1111 • Twx: 910-952·1111 • Cable: BBRCORP . Tellx: 86.fi491 

PD8-787 
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SPECIFICATIONS 
ELECTRICAL 
All specifications at +25Q C, +VOD = +5 DOV, and ±Vcc = ±12.0V unless otherwise noted 

PCM78P 

PARAMETER '. CONDITIONS MIN TYP MAX UNITS 

RESOLUTION 16 Bits 

INPUT/OUTPUT 

ANALOG INPUT 
Input Range -300 +300 V 
Input Impedance 15 kO 

DIGITAL INPUT/OUTPUT 
Logic Family 

":,~r'r' Logic Level V," IIH = +40,uA V 

V" I" = -1001lA 00 +08 V 

Vo" IOH = 2TTL Loads +24 V 
Yo, 1o, = 2TTL Loads +0.4 V 

Data Format Serial BOB or BTC 
Convert Command Negative Edgel1l 

Pulse Width 50 I I ns 

CONVERSION TIME 4 5 liS 

DYNAMIC CHARACTERISTICS 

SIGNAL-TO-NOISE RATIO'" Fs,::;:::; 200kHz/TcONV = 4.uS131 

F = 1kHz (OdB) BW = 20kHz -90 dS l4J 

F = 10kHz (OdB) BW = 100kHz -80 dB 

TOTAL HARMONIC DISTORTION'" Fs = 200kHz/TcONV = 4IJS 
F = 1kHz (OdB) BW = 20kHz -91 dB 
F = 19kHz (OdB) BW = 20kHz -90 dB 
F = 10kHz (OdB) BW = 100kHz -90 dB 
F = 90kHz (OdB) BW = 100kHz -89 ' dB 

TOTAL HARMONIC DISTORTION + NOISE'" Fs = 200kHz/TcONV = 4.us 
F = 1 kHz (OdB) BW = 20kHz -88 -82 dB 
F = 1kHz (-20dB) BW = 20kHz -74 -68 dB 
F = 1kHz (-60dB) BW = 20kHz -34 dB 
F = 19kHz (OdB) BW = 20kHz -87 dB 
F = 10kHz (OdB) BW = 100kHz -82 dB 
F = 90kHz (OdB) BW = 100kHz -81 dB 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gam Error ±2 % 
Bipolar Zero Error ±20 mV 
LI neanty Error Differential ±0002 % of FSR17J 

Llneanty Error Integral ±OOO3 % of FSR 
MIssing Codes None 14 Blts lS ) 

DRIFT 
Gam O·C to +70·C ±25 ppm/·C 
Bipolar Zero O·Cto +70·C ±4 ppm of FSRI"C 

POWER SUPPLY SENSITIVITY 
+Vcc ±0003 %FSR/%Vcc 
-Vee ±0003 %FSR/%Vcc 
+VOD ±0.001 %FSR/%Voo 

WARM-UP TIME 1 Minute 

POWER SUPPLY REQUIREMENTS 

Voltage Range +Vcc +475 +156 V 
-Vee -475 -156 V 
+VOD +475 +525 V 

Current +Vcc +Veo = +12 OV +15 mA 
-Vee -Vee = -12 OV -21 mA 
+VOD +Voo = +500 +7 mA 

Power DISSipation ±Vee = ±12 OV 575 mW 

'tEMPERATURE RANGE 

Specification 0 +70 ·C 
Storage -50 +100 ·C 

NOTES. (1) When convert command IS high, converter is In a halt/reset mode. Actual converSion begins on negative edge. (2) Ratio of NOise rms/Slgnal 
rms (3) F = input frequency; Fs = sample frequency (PCM78P and SHC702 in combination); BW = bandwidth of output (based on FFT or actual analog 
reconstruction using a 20kHz low-pass filter). (4) Referred to input signal level. (5) RatiO of Distortion rrns/Signal rrns (6) Ratio of Distortion rrns + 
Noise rms/Signal rms. (7) FSR. Full-Scale Range = 6.0Vp-p. (8) Typically no missing codes at 14-bit resolution. 
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MECHANICAL 

~----------A--------------~~ 

o o 

NOTE Leads in true position 
within 0,010" (0,25mm) R at MMC 
at seating plane 

Pin numbers shown for reference 
only Numbers are not marked 
on package 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 1400 1460 3556 3708 
B 0530 0575 1346 1461 
C 0,169 0224 429 569 

D 0015 0023 038 058 
F 0043 0065 109 165 

G 0100 BASIC 254 BASIC 
H 0030 0090 076 229 
J 0008 0015 020 038 
K 0100 0136 254 345 
L 0600 BASIC 1524 BASIC 
M O'C WC O'C WC 
N 0018 0022 046 056 

ABSOLUTE MAXIMUM RATINGS INPUT/OUTPUT RELATIONSHIPS 

+Vcc to Analog Common .............................. 0 to +16 5V DIGITAL OUTPUT 
-Vee to Analog Common .............................. 0 to -16 5V 

ANALOG INPUT CONDITION BTC BOB 
-VOD to Digital Common............................... 0 to +7 OV 
Analog Common to Digital Common ........................ ±O 5V +2999908V +Full Scale 7FFF Hex FFFF Hex 
Logic Inputs to Digital Common ............... -0 3V to Voo +0 5V -3000000V -Full Scale 8000 Hex 0000 Hex 
Analog In to Analog Common ...................... : ...... ±165V o OOOOOOV Bipolar Zero 0000 Hex 8000 Hex 
Lead Temperature, (soldering, IDs) ........................ +300'C -0000092V Zero-1LSB FFFF Hex 7FFF Hex 

PIN DESCRIPTIONS 

PIN NAME 

Analog In 

-Vee 

3 MSB Adjust 

4 +Voo 

5 No Connection 

6 Comparator Common 

MSB 

8 BTC/BOB Select 

9 Status 

10 Clock Out 

11 R1C1 

12 RzCz 

13 SOUTZ 

14 +Voo 

15 Soun 

16 External Clock 

17 I nt/Ext Clock Select 

18 Short Cycle 

19 Convert Command 

20 SoUT2 Latch 

21 SOUTO Clock 

22 Digital Common 

23 +Vee 

24 VPaT 

25 Reference Decouple 

26 Analog Common 

27 Reference Out 

28 Speed Up 

Burr-Brown Ie Data Book 

110 DESCRIPTION 

Input 'Analog Signal Input (1 5kClInput impedance) 

Analog power supply (-5V to -15V) 

Input Internal adjustment point to allow adjustment of MSB major carry. 

Ou.tput 

Power connection for comparator (+5V). 

No internal connection 

Comparator common connection 

Parallel output of bit 1 (MSB) for use In offset adjustments. 

Input Twos complement (open) or straight binary (grounded) data output format selection. 

Output 

Output 

Output 

Output 

Input 

Input 

Input 

Input 

Input 

Input 

Output 

Output 

Output signal held high until conversion is complete 

Internal clock output generated from RC network on pins 11 and 12 (also present when external 
clock is used lagging external clock by = 24ns and same duty cycle). 

RC connection point used to generate the internal clock (tied to +5V with a 5kCl resistor when 
external clock option IS used) Sets clock pulse width. 

RC connection paint used to generate the internal clock (tied to +5V with 5kCl resistor when 
external clock option IS used) Sets crock penod. 

Internal shift register containing the prevIous conversion result (alternate latched data output 
mode) 

Power connection for +5V logic supply 

Primary real-time data output synchronized to clock out. 

External clock input point (internal clock must be disabled) 

Selects internal or external clock mode (low:;;::; internal; open = external). 

Terminates conversion at less than 16-bits (open for 16-bit mode). 

Starts conversion process (can optionally be generated internally). 

Latches previous conversion result for readout (must be issued with the SOUTZ clock to initiate 
latch and an internal convert command). 

Used to read out internally latched data from previous conversion. 

Digital grounding pin. 

Analog supply connection (+SV to +15V). 

Voltage ,output for opti"nal adjustment of the MSB transition. 

Reference decoupling point. 

Analog grounding pin. 

Should not be used except as shown !n connection diagram. 

Connection point for a capacitor. 

9.2-147 Vol. 33 
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CONNECTION DIAGRAM 

Optional MSB 
Adjust Circuit 

r---R;""--' 

I 
~ : I 

100kO I I R, I 
I R, 

~OOkOI 

I 33kO I 

C, 

I 33kO I PCM78P * Open 331lF 
1 

V L.-. f-. - Analog In ±3 

-1 5V 
2 

Vee 

3 MSB AdJ 

4 
V +VOD 

t,~ ~,;;c 5 NC 

r Camp Com 

MSB 

BTC/BOB Sal 

+5 

9 Status 

A. 10 Clock Out 
27kO 

11 AC, 

12 RC, 
A, 

33kO 13 SOUT2 

14 
+Voo 

1 C, c. c, 
+5V 

Tl0llF 

TIMING REQUIREMENTS 

As shown in the Timing Diagram, the PCM78 requires 
I7 clock cycles to {:omplete a conversion. To calculate the 
clock frequency necessary for a given conversion time, 
the following equation may be used: 

17 
fCLOCK = Conversion Time 

Using SOUT1 With Internal Clock 

The falling edge of the Convert Command gates the 
internal oscillator on after a slight delay, typically 75ns. 
The rising edge of this internal clock sets the Status line 
high and resets the SAR. Data is clocked out of SOUTt on 
the subsequent 16 rising edges of the clock. 

The internal clock is available on pin 10, Clock Out. The 
frequency and duty cycle of this clock is set by RI C1 and 
R,C,. RIC sets the duty cycle of the clock, which should 
be between 20% to 80%, and may be set to 50% for 
simplicity. The relationship between duty cycle and 
external part values is: 

Speed Up 
28 

0 c, II--
Rei Out 

27 J L10llF 
I 

Analog Com 
26 

C,331lF \]. 25 . 
11 Ref DCPL 

A,150 
Vee 

VPOT 
~ 

-t-Vcc 
23 

22 

t';;c Digital Com 

~ SOUT2 Clock 
21 

20 
SOUT2 Latch 

Con v Cmd 
19 

Short Cycle 18 

17 
Int/Ext Clk Sel 

~ External elk 16 

SOUll 
15 

*Necessary for first rev of part only 

Duty Cycle (in ns) = 32 + 1.3193R1Cl R in k!1; C in pF. 

The period of the clock is set by R,C2 and may be 
calculated by: 

Clock Period (in ns) = 220 + 1.3293R2C2 R in k!1; C in 
pF. 

These equations are approximate; if highly accurate time 
bases are required, use of an external clock is recom
mended. 

Using Soun With External Clock 

The external clock is applied at pin 16, and the Inti Ext 
Clock Select (pin 17) should be left open. An internal 
pull-up resistor assures that the logical state of an open 
pin is "\. " The Convert Command should be timed so the 
falling edge of the Convert Command occurs before a 
rising edge of the Exernal Clock, since the conversion 
begins when this happens (recommended delay is SOns). 
If the Convert Command's falling edge occurs after or 
exactly at the same time as the External Clock's rising 
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edge, the conversion will not begin until the next rising 
edge of the External Clock. 

The Clock Out function is a gated form of the External 
Clock, Le., the 17 clock cycles used in the conversion are 
present on this pin during conversion. This allows use of 
a continuous External Clock, with Clock Out being the 
clock that the converter is actually using for conversion. 
Note that this is simply a delayed (-24ns) version of the 
external clock, and will have the same frequency and 
duty cycle. 

Using SOUl2 Latch 

As shown in the Timing (Optional) Diagram, the SOUT2 
Latch enables the user to latch data from the previous 
conversion and read it out at higher speed than the 
Convert Clock. This feature allows the converter to 
easily interface to digital filtering necessary for over
sampling. 

In this mode, the PCM78 generates its own internal 
Convert Command when the SOUT2 Clock goes high 

TIMING 

liT, 
Convert com;:~~~ Jl 

1'--' T'-II-T, -

ExtCIOCkPln16~1 IT, 

Clock Out Pin 10 ~ 

-"".Jtf-
_ __ ---J~ 

SounPm15 ~ 
MSB 

within ±50ns of SOUl2 Latch going low; the external 
Convert Command may not be used, and pin 19 must be 
grounded. The Timing Diagram shows the recommended 
timing for using this mode. After the SOUT2 Latch control 
signal goes low, data from the SAR is loaded into the 
SOUT2 Latch on the next rising edge of the Conversion 
Clock (internal or external), since the SAR will reset 
itself prior to the latching if the Convert Clock rises 
before the SOUT2 Clock. This condition is avoided as long 
as the frequency of SOUT2 Clock is at least 1.5 times that 
of the conversion clock. 

The internal Convert Command is generated upon SOUT2 
Latch going low, and its falling edge occurs upon the 
first falling edge of SOUT2 Clock after SOUT2 Latch goes 
low. SOUT2 Latch should remain low for at least two 
cycles of SOUT2 Clock to ensure proper latching. 

The data read out on SOUT2 is from the conversion 
previously performed, while the data that is present on 
SOUTI is the real-time readout of the successive approx
imation as it occurs. 

Time (nl) 

TIME DESCRIPTION MIN TYP MAX 

T, Convert Command Pulse 50 100 
T, External Clock Delay 50 70 
T, Clock Output Delay 24 
T, Clock/Status Start Delay 10 30 
T, Clock Pulse Width 50 125 
T, Clock OuVData Valid 20 50 
T, External Clock Cycle 200 300 
T, Clock/Status End Delay 10 30 

NOTE (1) External clock (Pin 16) not required when Internal 
clock IS selected uSing tNT JEXT elK SEL (Pm 17) Timing IS 
prOVided here to show relationship between external clock Input 
(Pm 16) and clock output (Pm 10) when an external clock IS used 
If Internal clock IS used add T2 and T3 together to get the convert 
command to clock out time delay 
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TIMING (OPTIONAL) 

SOUT\\! Data 

SoUT1 Data 

IT.I 

.. 
MSB 

TYPICAL FFT SPECTRAL RESPONSE 

0 

10 

20 

-30 

-40 

iii 
~ -50 

~ 
" ..J -60 
a; 
c 
'" cii -70 

-80 

-90 

-100 

-110 

-120 
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TIME DESCRIPTION 

T, SOUT Low Pulse WIdth 
T. SouT:a Clock Cycle 
T, Clock OuVData Valid 
T, SOU" ClK/EXT Clock Delay 

PCM78P SPECTRAL RESPONSE 
2048 FFT F,N ~ 10kHz Fs = 200kHz 

87 31dB THD (0-100kHz) 
82 73dB SNR (0-100kHz) 
81 43dB THD ,N (0-100kHz) 

90 OtdB SNR (0-20kHz) 
85 44dB THD· N (0-20kHz) 

25 50 75 

Frequency (kHz) 

• 
lSB 

MIN 

200 
100 

0 

Time (ns) 

TYP MAX 

5 40 
100 

100 
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VOLTAGE-TO-FREQUENCY 
CONVERTERS 

Voltage-to-frequency converters provide a simple, low-cost way of convert
ing analog signals into digital form. They provide an important alternative 
to other analog-to-digital conversion techniques. Their integrating input 
properties make them an appropriate choice when operating in noisy envi
ronments. The combination of high accuracy and linearity, low temperature 
drift, and monotonicity often provide performance characteristics unattain
able with other techniques. 

Since an analog quantity represented as a frequency is inherently serial data, 
it is easily handled in large multi-channel systems. Frequency information 
can be transmitted over long lines with excellent noise immunity using low 
cost digital line transmitters and receivers. Isolation can be accomplished 
with optical or transformer couplers without loss in accuracy. Outputs from 
multiple VFCs can be gated to common counter circuitry with simple digital 
logic. Low-cost isolation is obtained when a VFC is used together with a 
DC/DC converter and a single optical coupler. 

Burr-Brown monolithic voltage-to-frequency converters provide industry-1 
standard performance and reliability in such applications as precision test 
and measurement equipment, data acquisition systems, communications 
equipment, and process control. 
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VOLTAGE-TO-FREQUENCY 

CONVERTERS SELECTION GUIDE 
The Selection Guide shows parameters for the high grade. Refer to the 
Product Data Sheet for a full selection of grades. Models shown in boldface 
are new products introduced since publication of the previous Burr-Brown IC 
Data Book. 

VOLTAGE-TO-FREQUENCY CONVERTERS Boldface = NEW 

Frequency Y'N Linearity, Tempco, 
Range Range max max (ppm of Temp 

Description Model (kHz) (V) (%of FSR) FSR/OC) Range(1) Pkg Page 

Low-Cost VFC32P User- User- ±0.01 at 10kHz 75 typ Com DIP 10-3 
Monolithic VFC32M selected selected ±0.05 at 100kHz ±100 Ind TO-l00 10-3 

500kHz, max 

Low-Cost VFC42 o to 10 o to +10 ±0.01 ±100 Ind DIP 10-12 
Complete VFC52 o to 100 o to +10 ±0.05 ±150 Ind DIP 10-12 

Precision VFC62 User- User- ±0.002 at 10kHz ±20 Ind DIP, 10-18 
Monolithic VFC320 selected, selected ±0.002 at 10kHz ±20 Ind TO-100 10-54 

lMHz max for Both 

Synochro- VFC100G Clock o to +10 0.1 at 1 MHz ±50 Ind DIP 10-26 
nized Monolithic Programmed, 

2MHz max 

VFC101N Clock o to +10, ±0.02 at 100kHz ±40 Ind PLCC 10-41 
Programmed, o to +S, 
2MHzmax o to +8, 

-5 to +S 

High- VFC110 User- o to +10 ±O.OS at 1 MHz ±50 Ind DIP 10-S2 
Performance selected 

4MHz max 

NOTES: (1) Com = O°C to +70°C, Ind = -25°C to +85°C. 
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BURR-BROWN@) 

113131 VFC32 

MILITARY & DIE 
VERSIONS 
AVAILABLE 

Voltage-to-Freq uency 
and Frequency-to-Voltage 

CONVERTER 

FEATURES 
• RELIABLE MONOLITHIC CONSTRUCTION 
• HIGH LINEARITY: 

±O.OI% max at 10kHz FS 
±O.05% max at 100kHz FS 

• V/F or F/V CONVERSION 
• 6-0ECAOE DYNAMIC RANGE 
• VOLTAGE OR CURRENT INPUT 
• OUTPUT TTl/CMOS COMPATIBLE 

DESCRIPTION 
The VFC32 monolithic voltage-to-frequency and 
frequency-to-voltage converter provides a simple 
low cost method of converting analog signals into 
digital pulses. The digital output is an open collector 
and the digital pulse train repetition rate is pro
portional to the amplitude of the analog input 
voltage. Output pulses are compatible with TTL and 
CMOS logic families. 

The converter requires two external resistors and 
two external capacitors to operate. Full scale 
frequency and input voltage are determined by one 

·IN 

+IN 

APPLICATIONS 
• INEXPENSIVE A/D AND D/A CONVERTER 
• DIGITAL PANEL METERS 
• TWO-WIRE DIGITAL TRANSMISSION WITH NDISE 

IMMUNITY 
• FM MOD/DE MOD OF TRANSDUCER SIGNALS 
• PRECISION LONG TERM INTEGRATOR 
• HIGH RESOLUTION OPTICAL LINK 
• AC LINE FREQUENCY MONITOR 
• MOTOR SPEED MONITOR 

resistor (in series with -IN) and two capacitors 
(one-shot timing and input amplifier integration). 
High linearity is achieved with relatively few external 
components, e.g., ±0.01% at 10kHz. The other 
resistor is a non-critical open collector pull-up (fouT 
to +Vcc). 

The VFC32 is available in three models and two 
package configurations. The TO-IOO versions are 
hermetically sealed, and specified for the -25°C to 
+85°C and -55°C to +125°C ranges. The plastic 
DIP and SOIC are specified from O°C to +70°C. 

+VCC 

fOUT 

.VCC 

Inlernational Airporl Induslrial Park· P.O. Box 11400 . Tucson. Anlona 85734 . Tel. (6021 746·1111 . Twx 91()'952·1111 . Cable 88RCDRp· Telex: 66·6491 

PDS-372E 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C and ±15VDC power supply unless otherwise noted 

I VFC32KP, KU VFC32BM VFC32SM I 
CHARACTERISTICS CONDITIONS I MIN TYP I MAX I MIN TYP MAX MIN TYP MAX UNITS 

INPUT (V/F CONVERTER) FOUT = Y,N 17 5 R,C" Figure 6 

Voltage Range(1) 
POSitive Input >0 +0 25mA V 

xR, 

Negative Input >0 -10 V 

Current Range(1) >0 +025 mA 

BIBS Current 
Inverting Input 20 100 nA 

NOninvertlnQ Input 100 250 nA 

Offset Voltage(21 1 4 mV 

DifferentIal Impedance 300 1110 6501110 kllil pF 

Common·mode 
Impedance 300113 500 113 Mllil pF 

INPUT (F/V CONVERTER) VOUT = 7 5 R,C, F,N, Figure 9 

Impedance 501110 150 1110 kllil pF 

Logic "1" +10 V 

Logic "0" -005 V 

Pulse-width Range 01 150klFMAX J,.Isec 

ACCURACY 

Linearity ErrorC31 0.01 Hz " oper 
Ireq" 10kHz ±0005 ±O 010(4) % of FSR(5) 

o 1Hz S; oper 
freq " 100kHz ±O025 01-005 % of FSR 
o 5Hz S; oper 

fraq " 500kHz ±005 % of FSR 

Offset Error Input 
Offset Voltage(2) 1 4 mV 

Offset Dnft(6) ±3 ppm of FSRI"C 

Gain Error(2) 5 % of FSR 
Gain Onft(6) f=10kHz ±75 ±50 ±100 ±70 ±150 ppmioC 

Full Scale Drift f=10KHz ±75 ±50 ±100 ±70 ±150 ppm of FSRI"C 

I offset dnft & 
gam drift 1(6)(7) 

Power Supply f = DC, ±Vee = 12VDC 
Sensitivity to 18VDC ±0015 %ofFSR/% 

OUTPUT (V/F CONVERTER) (open collector output) 

Voltage, Logic "0" ISI~K=8mA 0 02 04 V 
Leakage Current, 

Loglc"I" ' Vo= 15V 001 10 ~A 
Voltage, Logic "1" External pull·up resistor 

required (see Figure 41 Vpu V 
Pulse Width For Best Linearity o 25/FMAX sec 
Fall Time lOUT = 5mA, CLOAO =500pF 400 nsec 

OUTPUT (F/V CONVERTER) VOUT 

Voltage 10 $ 7mA Oto+l0 V 
Current Vo" 7VDC +10 rnA 
Impedance Closed loop 1 n 
Capacitive Load Without oscillation 100 pF 

DYNAMIC RESPONSE 

Full Scale Frequency 500(6) kHz 
Dynamic Range 6 decades 
Settling Time (V/FI to specified lineanty 

for a full scale Input step (9) 

Overload Recovery < 50% overload (9) 

POWER SUPPLY 

Rated Voltage ±15 V 
Voltage Range ±11 ±20 V 
QUiescent Current ±55 ±60 mA 

TEMPERATURE RANGE 

Specification 0 +70 -25 +85 -55 +125 ·C 
Operallng -25 +85 -55 +125 -55 +125 ·C 
Storage -25 +85 -65 +150 -65 +150 ·C 

SpeclflcallOn the same as VFC32KP 
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NOTES 
1 A 25% duty cycle (0 25m A mput current I IS recommended where possIble to achieve best Imeanty 
2 Adjustable to zero See Offset and Gam Adjustment section 
3 Linearity error Isspeclfled at any operating frequency from the straight line mtersectlng90% of full 

scale frequency andO 1% oftull scale frequency See DIScussion of Specifications section 
Above 200kHz, It IS recommended all grades be operated below +85°C 

4. ±O 015% of FSR for negative Inputs shown In Figure 7 POSitive Inputs are shown In Figure 6 
5 FSR = Full Scale Range I corresponds to full scale frequency and full scale Input voltage 
6 ExclUSive of external components' doft 
7 POSitive dnft IS defined to be increasing frequency With Increasing temperature 
8 For operatIon above 200kHz up to 500kHz, see DIscussion of Specifications and Installation and Operation sections 
9 One pulse of new frequency plus 1/lsec 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltages.. ............. ........ . .... ....... .. ... ±22 
Output Sink Current (Fou,) ................................. SOmA 
Output Current (Vou,) ....................... +20mA 
Input Voltage, -Input ........................... ±Supply 
Input Voltage, +Input .......................... ±Supply 
Comparator Input ......... ................. ±Supply 
Storage Temperature Range. 

VFC32BM, SM ............................. --6SoC to +IS0°C 
VFC32KP, KU ............................... -2SoC to +8SoC 

MECHANICAL 

VFCBM, VFC32SM-TO-l00 Melal FA
-

VFC32KU - Plastic SOIC 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 335 370 851 940 
8 305 335 775 851 
C 165 185 419 470 
D 016 021 041 053 
E 010 040 025 102 
F 010 040 025 102 
G 230 BASIC 584 BASIC 
H 028 034 071 086 
J 029 045 074 114 
K 500 - 1270 
L 120 160 3 05 406 
M 36° BASIC 36' 8ASIC 
N 110 120 279 3 05 

VFC32KP-Plaslic DIP 

NOTE Leads in true POSitIon 
wllhin 0 01" (0 2Smm) R al MMC al 
seating plane 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 700 800 1778 2032 

685 785 1740 1994 
230 290 5.85 738 

8, 200 250 509 636 
C 120 200 305 509 
D 015 023 038 059 

030 070 076 178 
G l008ASIC 254 BASIC 

060 100 127 254 
008 015 020 038 
070 150 178 382 

300 BASIC 763 BASIC 
M 
N 010 030 025 076 

025 050 064 127 

,p . 7 ~ 1 
Sealing 1 
Plane 

L 

:-" ie--o 
N 

.3 : ~ r----, 
'_ + _-6 

~~~~ G 
H ~ 

NOTE Leads In true position 
Wllhln 0 01" (0 2Smm) R al MMC 
at seating plane 

Pm numbers shown for reference 
only Numbers may not be marked 
on package 

DIM 
A 
A, 
8 
8, 

C 
D 
G 
H 
J 
L 
M 
N 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

332 348 844 884 
325 348 826 884 
146 162 371 411 
128 146 325 371 
052 068 132 173 
014 019 036 048 
050 BASIC 127 BASIC 
016 024 041 061 

008 012 020 030 
226 246 574 625 

5° TYP 5° TYP 
000 012 000 030 

J r 
-- - ~ B 

/ ' ~ 
P '\VVVVV 

Denotes Pin 1 
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PIN CONFIGURATIONS 

VFC32BM, VFC32SM-TO-IOO Metal 

-Vee 3 
ICASEI 

8 COMMON 

ITOPVIEW, 

NC ~ NO INTERNAL CONNECTION 
EXTERNAL CONNECTION PERMITTED 

DISCUSSION OF 
SPECIFICATIONS 

LINEARITY 

Linearity is the maximum deviation of the actual transfer 
function from a straight line drawn between the end 
points (90% of full scale input or frequency and 0.1 % of 
full scale called zero). Linearity is the true measure of 
voltage-to-frequency converter's performance, and is a 
function of the full scale frequency. Refer to Figure I to 
determine typical linearity error for your application. 
For a given full scale frequency, the linearity error 
decreases with decreasing operating frequency as shown 
in Figure 2. Also, best linearity is achieved at lower gains 
(A FOUTI AV'N) with operation as close to the ~hosen full 
scale frequency as possible. 

The high linearity of the VFC32 makes the device an 
excellent choice for use as the front end of AI D 
converters with 8- to 12-bit resolution, and for highly 
accurate transfer of analog data over long lines "in noisy 
environments (2-wire serial data transmission). 

0.10 

0.04 
~ 

~O.D2 ,. 
~ ! 0.01 

Ii. 

{0.004 
!i I""" Typical T A = +25°C 

O.llO2 

111111 0.001 
Ik 2k 4k 10k 20k 40k lOOk 200k 400k I.OM 

Full Selle F"qUlIICY IHzl 

FIGURE 1. Linearity Error vs Full Scale Frequency. 
(25% Duty Cycle) 
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-Vee 

ONE-SHOT 
CAPACITOR 

VFC32KP, KU-Plasllc DIP and SOIC 

+IN 

Vour 

+Vee 

COMMON 

COMPARATOR 
INPUT 

NC 

FREQUENCY STABILITY vs TEMPERATURE 
. The full scale frequency drift of the VFC32 versus 

temperature is expressed as parts per million of full scale 
range per DC. As shown in Figure 3, the drift increases 
above 100kHz, and this should be taken into account for 

.1.0 
'FULL SCALE = 10kHz 

+0.5 

Typical I 
TA = +25°C 

i 
~ 0 lL 
~ --t"- V -.:: I-- -I--!\i 
::::; 

.0.5 

.1.0 
0 lk 2k 3k 4k 5k 6k 7k Bk 9k 10k 

Oparatlng Frequency 1Hz) 

FIGURE 2. Linearity Error vs Operating Frequency. 
(25% Duty Cycle) 

1000 

400 

= ...I!!~ ;§jii200 

P" Co, 
eac 
~~1OD ETYP (SM. KP) J!C; aa 
~.e 40 r--r-TYP IBM) 

20 _Ll.l 

10 II 
Ik 2k 4k 10k 1(n 200k 400k I.OM 

Full Scale Frequency 1Hz) 

FIGURE 3. Full Scale Drift vs Full Scale Frequency. 
(25% Duty Cycle) 
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Cz ~ +VpULL·UP 

INPUT RESISTOR 
Rl 

INTEGRATING CAPACITOR VOUT 

VIN o--I\I''''-+--t---I 

CONSTANT CURRENT SINK 
lmA * SWITCH 

FIGURE 4. Functional Block Diagram of the VFC32. 

specific applications. To determine the total accuracy 
drift over temperature, the drift coefficients of external 
components (especially RI and Cd must be added to the 
drift of the VFC32. Above 200kHz, it is recommended all 
grades be operated below +85"C. Higherduty cycle (up to 
50%) and higher output transistor collector current (up to 
15mA) will be required. Linearity will, however, be 
degraded. 

RESPONSE 

Response of the VFC32 to changes in input signal level is 
specified for a full scale step, and is I microsecond plus I 
pulse ofthe new frequency. For a 10 volt input signal step 
with the VFC32 operating at 100kHz full scale, the 
settling time to within ±0.01% of full scale is II 
microseconds. 

THEORY OF OPERATION 
The VFC32 monolithic voltage-to-frequency converter 
provides a digital pulse train output whose repetition rate 
is directly proportional to the analog input voltage in 
Figure 4. 

Essentially, the input amplifier acts as an integrator that 
produces a 2-part ramp. The first part is a function of the 
input voltage, and the second part dependent on the 
current sink. When a positive input voltage is applied at 
VIN, a constant current will flow through the input 
resistor, causing the voltage at fiN to ramp down toward 
zero, according to dV /dt = VIN / RICI. During this time, 
the constant current sink is disabled by the switch. Note, 
this period is only dependent on V IN and integrating 
components. When the ramp reaches a voltage close to 
zero, the comparator will cause the one-shot to fire. The 
one-shot period is determined by an internal 7.5V 
reference and C I. The f011l signal will then change logic 

states, going from a "O"to a "I ", and the switch will close, 

Burr-Brown Ie Data Book 

(5V TO 15V TYPICALLYI 

PULL.UP t 
RESISTOR~ RZ 

'OUT .-JLJL 

.rC1 
ONE·SHOT 

~ CAPACITOR 

enabling the constant current sink. The ramp voltage will 
then change direction and begin to ramp up. Since 
V" I R I is always set up to be less than I mA, the current in 
the integrating capacitor will flow toward the summing 
junction, and the ramp voltage rate of change will be; 

VIN -lmA 
dV RI --=-"'----
dt C2. 

Before the ramp voltage can saturate the input amplifier, 
the one-shot will reset, disabling the current sink, 
changing the output state back to logic "0", and restarting 
the cycle. Since the integrating capacitor C2 affects both 
the rising and falling segments of the ramp voltage, its 
tolerance and temperature coefficient do not affect the 
output frequency. It should, however, have a leakage 
current that is small compared to YIN / RI, since this 
parameter will add directly to the gain error of the YFC. 
C I, which controls the one-shot period, should be very 
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precise since its tolerance and temperature coefficient _ 
add directly to the errors in the transfer function. 

To operate the YFC32 as a highly linear frequency-to
voltage converter, open the connection between YOUT and 
fiN, and connect YIN to YOUT. The input frequency should 
be coupled through a capacitor to fiN, and a positive 
output voltage proportional to fiN will be generated at the 
YOUT connection. For details see Installation and Opera
ting Instructions. 

10-7 

The total VFC period is determined by the following 
equations, which is shown graphically in Figure 5. 

f =-1-
o t 

t = tl + t2 and i = c dv / dt 

. C2 C2 
t=AVOUTtl + AYoUrt2---=---

YIN/(RI) YIN/(Rd -lmA 
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I 12 

!jlF= =L-h~' =~rt~ 
FIGURE 5. Integrator and VFC Output Timing. 

and: 

-~ VOUTt, = +~ YouTh 

h = C, 7.5V 
ImA 

The equations reduce to: 

f - VIN 
0- 7.5(R,) C, 

DUTY CYCLE 

The duty cycle (D) of the VFC is the ratio ofthe one-shot 
period (h) or pulse width, PW, to the total VFC period (t, 
+ t2). It is measured at the full scale input voltagl', which 
gives the full scale output frequency, FFS. 

t2 
D =t;+t;'"' = PW X FFS 

PW=-1L 
FF' 

Duty cycle is related to the maximum input current and 
the I rnA (nominal) current sink. By reducing the equa
tions for hand fo: 

VIN max/(R.) lIN max 
D= =---

ImA ImA 

A 25% duty cycle or less is recommended to achieve the 
best linearity. This corresponds to a maximum input 
current of 0.25mA. However, for frequencies above 
200kHz a higher duty cycle (up to 50%) will provide more 
stable high temperature operation at a sacrifice in 
linearity. 

In general, designs with the VFC32 include: (I) Choosing 
FMAX, (2) Choosing the duty cycle (D=0.25 typically), (3) 
Determining the one-shot PW, and (4) Calculating C" 
C2, R" R2, and R3. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
The VFC32 can be connected to operate as a V / F 
converter that will accept either positive or negative input 
voltages, or an input current. Refer to Figures 6 and 7. 

Burr-Brown Ie Data Book 

V+ 

"BYPASS 
WITH o.OI~F 

PIN NUMBERS IN SOUARES REFER TO DIP 

FIGURE 6. Connection Diagram for V / F Conversion, 
Positive Input Voltages. 

PIN NUMBERS IN SOUARES REFER TO DIP 

FIGURE 7. Connection Diagram for V/F Conversion, 
Negative Input Voltages. 

Differential inputs are also possible (in Figure 7 lift 
ground on R3 and drive R3 and pin 14 differentially). 
Note, no CMR will be present. 

The full scale frequency and full scale input voltage 
(current) are established by the selection of values for R I, 
C2, and CI. Most applications will require a gain 
adjustment pot (R3), but the offset adjust network (R4, 
R5) can be omitted if input offset voltages of I m V to 4m V 
can be tolerated. R2 is an output pull up resistor and its 
value depends on the pull up voltage and output drive 
req uirements. 

EXTERNAL COMPONENT SELECTION CRITERIA 
One-shot Capacitor, CI. This capacitor determines the 
duration of the output pulse, and is a function of the full 
scale frequency, according to this equation: 

CI(pF) = 33 x 106 /fMAx - 30 
Above 425kHz use 47pF 

Select the closest standard value to the capacitance given 
by the equation. The initial tolerance of this capacitor is 

10-8 Vol. 33 
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Capacitance Cl I"FI 

FI G U RES. Output Pulse Width (D = 0.25) and Full 
Scale Frequency vs External One-shot 
Capacitance. 

not critical since R3 will be adjusted to remove initial gain 
errors. The temperature drift is critical, since it will add 
directly to the errors in the transfer function. An N PO 
ceramic type is recommended. Every effort should be 
made to minimize the parasitic capacitance at this 
connection to the YFC32 and CI should be mounted as 
close as possible. Figure S shows pulse width and FS 
frequency for various values of C I. 

Input Resistor R I and R3. R I and R3 determine the 
magnitude of the current which charges the integrator 
capacitor. It is a function of the full scale input voltage, 
according to this equation for 25% duty cycle. 

RI (kfl) [90% - % tolerance CIl x YIN max/0.25mA 

RI is scaled down by [I-(initial CI tolerance + 0.1)) to 
allow the addition of a series gain adjusting pot, R3. 

RJ (kfl) = YIN max/0.25mA - RI 

R I should have a very low temperature coefficient since 
this drift adds directly to the errors in the transfer 
function. If the input signal is a current rather than a 
voltage, R I and R3 should be replaced with a short 
circuit, and the full scale input current should beO.25mA 
(25% duty cycle). Removal of gain error then requires 
adjustment of C I. 

Integrating Capacitor C2. C2 is a function of the full scale 
frequency, according to this equation: 

C2(I.IF) = 102/fMAx below 100kHz 
O.OOII.lF min above 100kHz 

Select the closest standard value to the capacitance given 
by the equation. The initial tolerance and temperature 
stability are not critical since these errors do no affect the 
transfer function. Since the leakage current of the 
capacitor introduces a gain error, select a capacitor with 
leakage that is small compared to the full scale input 
current e.g., 0.25mA. A mylar type is recommended. 

Output Pull Up Resistor R2. The open collector output 

Burr-Brown Ie Data Book 10-9 

can sink up to SmA and still be TTL-compatible. Select 
R2 according to this equation: 

R, min (0) = YPULLUp/(SmA - iI.O AD ) 

A 10% carbon composition resistor is suitable for use as 
R2. 
Operation above 200kHz up to 500kHz requires higher 
duty cycles up to 50% (hN = 0.5mA) and a pull-up resistor 
that permits 15mA to flow in the output transistor. At 
this speed, capacitive loading should be minimized to 
100pF or less to allow the output voltage time to rise to 
logic one. Due to the large collector current, the logic 
zero may rise above +O.4Y. This may require an interface 
circuit such as diode clamp or voltage comparator for 
coupling to TTL inputs. Note, that linearity will degrade. 
Also, it is recommended to stay below +S5"C at high 
freq uencies. 

FREQUENCY-TO-VOLTAGE CONVERSION 

To operate the YFC32 as a frequency-to-voltage con
verter, connect the unit as shown in Figure 9. To interface 
with TTL-logic, the input should be coupled through a 
capacitor, and the input to pin 10 biased near+2.5Y. The 
converter will detect the falling edges of the input pulse 
train as the voltage at pin 10 crosses ..().6Y. Choose C3 for 
appropriate value of t (see Figure 9). For input signals 
with amplitudes less than 5Y, pin 10 should be b:ooed 
closer to zero, to insure that the input signal at pin 10 
crosses the -0.6Y threshold. Errors are nulled following 
the procedure given on this page, using 0.00 I X full scale 
fq:quency to null offset, and full scale frequency to null 
the gain error. Use equations from Y I F calculations to 
find RI, RJ , R4 , R" CI and C,. 

POWER SUPPLY CONSIDERATIONS 
The power supply rejection ratio of the YFC32 i"O.O 15% 
of FSR/9c max. To maintain ±0.015% conversion, 
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power supplies which are stable to within ± I (Ii are 
recommended. These supplies should be bypassed as 
close as possible to the converter with 0.01 I-' F capacitors. 

Current in the fOUT pin (logic sink current) flows in the 
common connection (pin II of DIP package). It is 
advisable to separate this common lead ground from the 
analog ground associated with the integrator input to 
avoid errors produced by logic current flowing through 
any ground return impedance. 

Trimming Components R3, R4, R5. 
R5 nulls the offset voltage of the input amplifier. It 
should have a series resistance between 10kO and 100kO 
and a temperature coefficient less than 100ppmj"c. R4 
can be a 20% carbon composition resistor with a value of 
IOMO. 

R3 nulls the gain errors of the converter and compensates 
for initial tolerances of R I and C I. Its total resistance 
should be at least 20% of RI, if R I is selected 10% low (see 
R I equation). Its temperature coefficient should be no 
greater than five times that of R I, to maintain a low drift 
of the R3 - R I series combination. 

OFFSET AND GAIN ADJUSTMENT PROCEDURES 

To null errors to zero, follow this procedure: 
I. Apply an input voltage that should produce an output 

frequency of 0.00 I X full scale. 
2. Adjust R5 for proper output. 
3. Apply the full scale input voltage. 
4. Adjust R3 for proper output. 
5. Repeat steps I through 4. 

If nulling is unnecessary for the application, delete R4 and 
R" and replace RJ with a short circuit. 

DESIGN EXAMPLE 
Given a full scale input of+IOV, select the values of RI, 
R" R" C" and C, for a 25% duty cycle at 100kHz 
maximum operation into one TTL load. See Figure 6. 

Selecting CI 
C, - 33 X 106 / fMAX - 30 

= 33 X 106 / 100kHz - 30 
= 300pF 

Choose a 300pF NPO ceramic capacitor with ±I% 
tolerance. 

Selecting RI and R, (for D = 0.25; for D=0.5 useO.5mA) 
RI - [90% - % tolerance of C,] x VIN max / 0.25mA 

= [0.9 - 0.1] x IOV/0.25mA 
= 32kfl 

Choose a 32.4kO metal film resistor with ± I % 
tolerance. 
R, = IOV/0.25mA - R, 

=8kfl 
Choose a 10kfl cermet potentiometer 

Selecting C, 
C, - 10'/ F"AX 

= 10'/ 100kHz 
= O.OOII-'F 

Choose a 0.00 II-' F mylar capacitor with ±5% tol~rance. 

Selecting R, 
R, = VPlI.Lup/(8mA - iLOAIl ) 

= 5V / (8mA - 1.6mA), one TTL-load = 1.6mA 
= 7810 
Choose a 7500 1/ 4-watt carbon composition 
resistor with ±5% tolerance. 

TYPICAL APPLICATIONS 
Excellent linearity, wide dynamic range, and compatible 
TTL, DTL, and CMOS digital output make the VFC32 
ideal for a variety of VFC applications. High accuracy 
allows the VFC32 to be used where absolute or exact 
readings must be made. It is also suitable for systems 
req uiring high resolution up to 12-bits. 

Figures 10 - 14 show typical apphcations of the VFC32. 

SENSOR ~ __ V_FC3_2_ ... Focx: 
SERIAL DATA 

COUNTER 
PARALLEL 

DATA 
COMPUTER 

FIG U RE 10. Inexpensive A/ D with Serial Transmission of Digital Data. 

_ VIN_I I lOUT DIFFERENTIAL BCD 
INPUT + I VFC32 

I ~ 
COUNTER 

I CLOCK I DRIVER/DISPLA Y 

.. 
FIGURE II. Inexpensive Digital Panel Meter. 
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0.01% LINEARITY 

FIG lJ R E 12. Remote Tran~ducer Readout via Fiber Optic Link (analog and digital output). 

+10V TO -10V 
INPUT B 

20kO 20kO 10V 

REflO1 VfC32 

10 

13 

+15V 

2kO 

o TO 
10kHz 

OUTPUT 

3300PfT 

-15V ~ 
FIGURE 13. Bipolar input is accomplished by offsetting 

the mput to the VFC with a reference 
voltage. Accurately matched resistors in 
the REFIOI provide a stable half-scale 
output frequency at zero volts input. 
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SIGN BITfr-----1 .... 
OUT 

INTEGRATOR 
CURRENT 

O.01JJf t 
lOUT 

FIGURE 14. Absolute value circuit with the VFC32. Op 
amp, DI and QI (its base-emitter junction 
functioning as a diode) provide full-wave 
rectification of bipolar input voltages. VFC 
output frequency is proportional to led. 
The sign bit output provides indication of 
the input polarity. 
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BURR-BROWNe 

IElElI VFC42 
VFC52 

VOLTAGE-TO-FREQUENCY AND 
FREQUENCY-TO-VOLTAGE CONVERTER 

FEATURES 
• V/F OR F/V CONVERSION 

• TWO FREQUENCY RANGES 
10kHz (VFC42) 
100kHz (VFC52) 

• LOW NONLINEARITY 
±O.OI% mIX (yFC42) 
±O.05% mix (yFC52) 

• MINIMAL EXTERNAL COMPONENTS REQUIRED 
Add only ana axternll resistor for V IF operation 

• 6 DECADE DYNAMIC RANGE 

• OUTPUT DTLITTUCMOS COMPATIBLE 

DESCRIPTION 
VFC42 and VFCS2 are hybrid microcircuits which 
can be connected as voltage-to-frequency or 
frequency-to-voltage converters. They provide a 
simple, low cost method of converting analog signals 
into an equivalent digital form. The digital output is 
an open collector which can be made compatible 
with DTL, TTL, or CMOS logic. The output is a 
train of constant-amplitude, constant-width pulses 
whose repetition rate is proportional to the amplitude 
of the analog input voltage. In the frequency-to
voltage mode the pulses become the input and the 
proportional DC voltage, the output. 
Both models are offered in epoxy (-2S0C to +8S°C) 
and hermetic metal (-2S0C to +8SoC and -SsoC to 
+l2S°C) 14-pin DIP packages. 

1nIImIII .. 1 AlrpIIIlndllllrtllll'lrt· p.o. Box 11400· TUCIDII. ArlZ1IIII85734· Tel. 1Il02l748-1111 • Twx: 910-952·1111· Cable: BBRCORp· Telex: 66-8491 

PDS·390C 
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THEORY OF OPERATION 
VFC42 and VFCS2 hybrid voltage-to-frequency conver
ters provide a digital pulse train output whose repetition 
rate is directly proportional to the analog input voltage. 
To understand the circuit's operation see Figure 1. 

The input amplifier is connected in an integrator confll
uration. When a positive input voltage is applied at VIN, 
a constant current flows through the input resistor 
causing voltage at fIN to ramp down toward zero, 
according to dV/dt = VIN/RIC2. During this time the 
constant current sink is disabled by the switch. When the 
ramp reaches zero volts, the comparator causes the one
shot t~ fire. The f ... signal ,~hen changes states, going 
from logic 0 to logic I and the switch closes, enabling the 
constant current sink. Ramp voltage then changes direc
tion and begins to ramp up. Since VIN/RI is always set to 
be less than ImA, current in the integrating capacitor 
flows toward the summing junction and ramp voltage 

FIGURE l. Functional Block Diagram. 

range of change will be 

dV =~)-lmA 
dt C2 

Before the ramp voltage can saturate the input amplifier, 
the one-shot resets, disabling the current sink, changing 
the output state back to logic 0 and restarting the cycle. 

To operate VFC42 and VFCS2 as highly linear frequency
to-voltage converters, open the connection between VOUT 
and FIN and connect VIN to VOUT. The input frequency 
should be coupled through a capacitor to fIN. A positive 
output voltage proportional to fIN will be generated at 
the VOUT connection. An external capacitor connected 
between pins 13 and 14 (paralleling C2) should be added 
tD reduce output ripple. Refer to Operating Instructions 
for detailed information on F/V operation. 

DISCUSSION OF SPECIFICATIONS 
LINEARITY 
Linearity, the maximum deviation of the actual transfer 
function from a straight line drawn between the end 
points (full scale input and zero input), is the true 
measure of a FVC'a performance and is a function of full 
scale frequency. The high linearity of VFC42 and VFCS2 
makes these devices an excellent choice for use in A/ D 
converters with 10 (0.05%) and 12 bit (0.012%) accuracy 
and for highly accurate analog data transfer over long 
lines in noisy environments. 

FREQUENCY STABILITY VS TEMPERATURE 
, Frequency stability vs temperature is expressed as parts 

per million of full scale range per °C. Since frequency 

drift is a function of the specified temperature range, the 
"SM" models will meet the lower drift specifications of 
the "BM" models over the narrower -25°C to +85°C 
temperature range. Error sources do not drift linearly 
over temperature, consequently the units drift much less 
at higher temperatures. 

RESPONSE nME 
Response time of VFC42 and VFC52 to input signal 
level changes is specified for a full scale step and is Il'scc 
plus I period of the new frequency. 'tYpical settling time 
to within rated linearity for a positive input voltage step 
of +IOV is 1011&5eC for VFC42 and Ill'5ec for VFCS2. 
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SPECIFICATIONS 
ELECTRICAL 
SpecIfications at T. = +25· C, and ±15VDC power supplo", unless otherwisa noted. 

MODEL ¥fC42 ¥fCU 

MIN TVP MAX MIN TVP MAX UNITS 

Full Scale Frequency 10 I 100 kHz 

INPUT 

Analog Input (v/F) 
Voltage Range 0 10 0 +10 V 
Current Range 0 +0.25 0 +0.25 mA 
Input BIas Currant (pin 14) Invening Input 6 8 6 8 nA 
Input Ollset Voltage (trimmable to zero) 100 200 100 200 pV 
Inputlmpadanca (pin 1) 32 40 48 32 40 48 k!l 

Frequency Input (FN) (pIn 10) 
LogIC Llvels: Logic "0" -Vee -0.6 -Vee -0.8 V 

Logic"" +1.0 +Vee +1.0 +Vee V 
Pulse Width Range (la, FIg. 6) 0.1 15 0.1 1.5 pS8C 
Impedance 11110 1.211.10 11110 1.21110 M!lllpF 

TRANJFER CHARACTERISTICS 

Transfer Functions fOUT = Y,N (1.00 X 10") four = V,. (1.00 X 10') Hz 
Vour = fOH (10 X 10"') Vour = f,. (10 X 10") VDC 

Accuracy 
Full Scale Gain (adjustable to zero) 01 0.2 0.1 0.2 'No 
Linearity Error: 0.01 Hz S F S 10kHz 0.005 0.Q1 'Moof FSR'" 

O.lHz SF S 100kHz 0.025 0.05 'IIIofFSR 
Ollsat Error (pin 1) 0001 0.002 0.001 0.002 'IIIofFSR 
Power Supply SenSltlvltyC21 0.D15 0.D15 'Mool FSRt10 

Temperature StabIlity 
Analog Input 

Full Scale Drift (gain and ollset) 
Grade: BP (hoVCOld)Q' ±151±50 ±3OI±100 ±201±50 ±3OI±150 ppmrc 

BM ±151±50 ±3OI±100 ±201±50 ±3OI±150 ppmrc 
SM ±3OI;f=60 ±5OI±l00 ±301±80 ±5OI±150 ppmrc 

Offset Drift 
Grade: BP ±1 ±3 ±1 ±3 ppm of FSRrC 

BM ±1 ±3 ±1 ±3 ppm of FSRrC 
SM ±1 ±3 ±1 ±3 ppm of FSRrC 

Frequency Input 
Full Scale Drift (gaIn and ollsat) 

Grade. BP (hOVCO!d)'· ±151±50 ±3OI±100 ±201±50 ±3OI±150 ppmrc 
BM ±15/±50 ±3OI±100 ±201±50 ±3OI±150 ppmrc 
SM ±30/±60 ±5OI±100 ±301±80 ±5OI±150 ppmrC 

DynamiC Response 
Settling Time to WIthin linearity 

specIfIcatIon for full scale Input step 1 period of new frequency + lpS8C 1 period of n_ frequency + lpS8C 
Overload Recovery Time 1 period of new frequency + lpsac 1 period of ~ frequency + lpS8C 

OUTPUT 

Voltage Output 
Voltage Range (10 S SmA) Oto+l0 Oto+l0 V 
Output Current (Va S 7V) +10 +10 mA 

, Outputlmpedanca (Closed loop) 1 1 !l 
Capecltlve Load 100 100 pF 

Frequency Output (open collactor) 
Pulse Charactaristica: Logic "1" +VPULL-UP +VPULL-uP V 

LogIC "0" (at 10 S -8mA) 0 +0,4 0 +0.4 V 
PulsaWidth 20 25 2.0 2.5 pS8C 

Output SInk Current (Logic ''0'', S 0 4V) 8 8 mA 
Output Leakage Current (Logic "1") 1 1 pA 
Fall TIme (lour = -5mA, C ..... = 500pF) 400 400 nsac 

POWER SUPPLY REQUIREMENTS 

Rated Supplies ±15 ±15 V 
Supply Range ±9 ±2O' ±9 ±2O V 
Supply DraIn (Independent of operatIng frequency) ±6.5 ±7.5 ±a.5 ±7.5 mA 

TEMPERATURERANOE 

SpecifIcation: BP, BM -25 +85 ' -25 +85 ·C 
SM -55 +125 -55 +125 ·C 

Operating' BM,SM -55 +125 -55 +125 ·C 
BP -55 +1~. -55 +100 ·C 

Storage. 'BM,SM -55 +125 -"55 +125 ·C 
BP -25 +85 -25 +85 ·C 

NOTES. (1) 'III of FSR - 'III of Full Scale Range. (2) Rated at full ocale Input'and ±15V supplies. (3) Hot - +2QOC 10 highest rated temperature; cold
lowest rated temperature to +2O·C. 
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ABSOLUTE MAXIMUM RATINGS 

~upply Voltages 
Output Sink Current (F...! 
Olltput Current (V...! 
Input Voltage, Pin 14 
Input Voltage, Pin 1 
Storage Temperatura Range 
tirade: BM, 8M 

BP 

MECHANICAL 

±22V 
50mA 
+2OmA 
±Supply 
±Supply 

-56OC to +125OC 
-25OC to +85OC 

VFC42BM, VFC42SM 
VFC52BM, VFC52SM 

Hermetic Metel Package 
14-Pln DIP 

PIn numtMrt thown for ret.renee only 
Numb.r • .,. not m.rked on peck ... 

DIM 

A 

• 
C 

D 

G 

H 

K 

L 

R 

Tolerance (I_I: .xxx ±o.OO5; .XX ±O.02 
Connector: 14-pln DIP (I46MCI 

INCHES 
MIN MAX 

••• 01 • ... ••• 17. ••• 
• 10 .2. 
100IASIC 

,115 ••• 
1150 300 
3DO_ASIC 

08. .2. 

MIUIMETERS 
MIN MAX 

21 •• 2235 

1245 1295 

43. .3. 
• 4 • ... 
2.e4 BA,IC 

••• 394 

3.' 7., 
782 BASIC 

203 ... 
CUe Material: Bua - gold plated kovar, Cop - nlckel-plated kovar or Ileal 
Pin material and plating comPoaltiona: Conform. to MIL-8TD-883, Method 

2003 (1Olderabllltyl except peragrapll3.2 (aglngl. 
Harmetlclty: Conform. to MIL-8TD-883, Method 1014, Condition C, Step I, 

Fluorocarbon (grou leakl. 

Pin numbers"own for ........ na. only. 
Numbert .re nOt marked on p.k· .... 

VFC42BP,VFC52BP 
Epoxy Package 

14-Pln DIP 

Pin material and plating composition: 
Conform to Method 2003 (eolderabillty) 
of MIL-sTD-883 (except paragraph 3.2). 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A .7.0 .a •• 20.07 20.57 

• .... .'10 12.4' ••••• 
C. •. '-10_ .210 .... '-•• 0 
0 • 011 • 02' 0 ... 0.13 

G ,100eASIC 2 •• 4 BASIC 
H .080 ,"1 2.03 2.82 

K .130 .300 3.30 7.82 

L .aOO.ASlc 7.82 BASIC 

R .080 ,1'& '.03 2.82 

Tolerance (I_I: .xxx ±O.OO5 
.xx·±O.tl2 

Connector: 14-pln DIP (I46MCI 
CUe Material: Epo<y 
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OPERATING INSTRUCTIONS 
VFC42 and VFCS2 can be-connected for either V/F or 
F IV operation. Only one external component, the output 
pull-up resistor, is required for V/F operation. F/V 
operation requires the pull-up resistor and input biasing 
components. Gain error is the most significant error in 
either configuration apd may be nulled out with the 
optionalr trim circuit (Rx and Ry). The offset error is 
laser trimmed at the factory and no external adjustment 
is required. 

Power Supply Consideration: Power supplies stable to 
within ±l% are recommended to maintain conversion 
accuracy. Each supply should be bypassed with O.Ol"F 
capacitors located as close to the VFC as possible. 

VOLTAGE-TO-FREQUENCY OPERATION 

Calculating the Value of Pull-Up Resistor, .&p: The open 
collectar output can be used to drive DTL, TIL, CMOS 
or discrete circuits. The maximum collector current 
allowed for TTL circuits in logic 0 is SmA. Rp may be 
calculated by this equation: 

Rp min = V pull-up/(SmA - kOAD). 

A 10% carbon composition resistor is suitable for this 
purpose. The collector current may be as great as 30mA 
if a logic 0 voltage of l.OV is tolerable. 

Gain Adjustment Procedure: Connect Rx and Ry as 
shown in Connection Diagram. Apply positive full scale 
voltage to the input and adjust Rx until 10kHz ±IHz 
(VFC42) or 100kHz ±IOHz (VFCS2) is obt~ned at fOUT. 
Rx and Ry should have temperature coe(ficients of 
<SOOppm. These external components will add less than 
Sppm/oC to temperature drift. 

FREQUENCY-TO-VOLTAGE OPERATION 

!!1-put Characteristics: VFC42 and VFCS2 can be connec
ted as frequency-ta-voltage converters as shown in 
Connection Diagram. fiN should be a positive pulse train 
with minimum pulse width of l.O"sec and rise and fall 
times of:S; 300nsec. The input train (fiN) ,is differential 
and applied to the input of the comparator (pin 10) (see 
Figure 2). Threshold voltage of the comparator lies 
between -0.6 and +l.OV. When comparator input is less 
than -0.6V it triggers the one-shot. 

~g RA, Ra, and CA Input components RA, Ra and 
CA are selected so that the trigger voltage (VT) is more 
negative than -o.6V and transition time (12) is between 

TABLE I. F/V Input Component Selection 

V,,,,,,, (V) VFC42 VFC52 
Input V .... 

R. R. C. R. R. C. Typo Low _ High (V) 
(kO) (kO) (pF) (kO) (0) (pF) 

TTL S+O_4 ~2.8 +1.1 12 1.0 1000 8.2 880 880 

5V 
CMOS S+O.5 ~.5 +1.2 18 1.6 2200 9.1 620 880 

10V 
CMOS S+1.0 ~.O +1.1 12 1.0 2200 6.2 510 880 

15V 
CMOS S+1-5 ~13.5 +1.1 12 1.0 2200 6.2 510 880 

0.3"sec and IS"sec for VFC42 and between 0.3"sec and 
I.S"sec for VFCS2. Table I give values for input compo
nents for several common signal sources. Values for RA, 
Ra and CA may be selected by the user when input signal 
characteristics differ from those listed. Conditions de
scribed above for trigger voltage and transition time 
must be observed. 

Equations to calculate trigger voltage and transition 
time are: 

VT= Va+Vm(e-ti/1"-I) 

1- Va 
12= -rln[Vm(e-ti/1"-l)l 

Va = Bias voltage on pin 10 

V;. = Input pulse amplitude 

tl = Input pulse width 

1" = Time constant of RA, Ra CA as connected 

If input pulse amplitude is greater than +Vcc - IV, a 
voltage larger than + Vee will be applied to pin 10. Since 
this may damage the unit, a diode connected across RA 
with the cathode tied to +Vcc is required. 

Output Characteristics: Selecting Ca: Output ripple 
Wltage amplitude is inversely proportional to the input 
frequency and to the value of the integrating capacitance, 
C2 + Ca. Conversely, time required for the output to 
settle is directly proportional to the value of C2 + Ca and 
is least with small values of Cl + Ca. There is, therefore, 
a trade-off between output ripple amplitUde and output 
settling time. 

Because ripple amplitude is greatest at lowest input 
frequency it is at this point where the trade-off will 
usually be made. Ripple voltage and integrating capaci
tance value are related in this manner: 

C - -(2S X 10-6)t... r ad 
a - lar s 

In [1 _ VlUpPIe] 
30V 

where t is equal to 2S"sec in the VFC42 and 2.S"sec in 
the VFCS2 and C is the integrating capacitance. 

Calculating output response time versus integrating 
capacitance is an iterative process and is plotted in 
Figure 3. These curves are for zero to full scale input 
frequency transitions. If faster response time with lower 
ripple voltage is desired, a low-pass filter can be 
connected in series with the output. 

Gain Adjustment Procedure: Connect Rx and Ry as 
shown in Connection Diagram. Apply full scale fre
quency to the input and adjust Rx until the full scale 
voltage is +IOV ±lmV (discounting ripple). Rx and Ry 
should have temperature coefficients of < Sooppm. 
These external components will add less than Sppm/oC 
to temperature drift. 
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F1GUR.E 2. F/V Input Waveforms. 

APPLICATION 
VFC42 and VFC52 can be used to convert analog data 
into a digital pulse train for transmission over long lines 
through high EMI environments. muatrated in Figure 4 
is a V/F, F/V combination that can be used to transmit 

-III +111 

FIGURE 4. V/F, F/V Data TranllDj,lion Circuit. 
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FIGUR.E 3. F I V Mode Output Settling Time VI. Jlipple 
Voltqc Amplitude for Full Scale Frequency 
Change. 

analog data of 0 to +IOV over a 1000 shielded, twistcd
pair. The voltaac ripple amplitude at the output will be 
IOmV for a 10Voutput and the settling time for a full 
scaIc 0 to +IOV chaDp is 60 miIliscc:onds. 
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BURR-BROWN® 

I EEl EEl I VFC62 

Voltage-to-Frequency 
and Frequency-to-Voltage 

CONVERTER 

FEATURES 

• HIGH LINEARITY, 12 to 14 bits 
±O.o05% max at 10kHz FS 
±O.03% max at 100kHz FS 
±O.1% typ at 1 MHz FS 

• 6-DECADE DYNAMIC RANGE 

• 20ppm/oC max GAIN DRIFT 

• OUTPUT DTL/TTL/CMOS COMPATIBLE 

• ACTIVE PULL·UP OUTPUT 

DESCRIPTION 
The VFC62 monolithic voltage·to·frequency and 
frequency·to voltage converter provides a simple low 
cost method of converting analog signals into digital 
pulses. The digital pulse train repetition rate is 
proportional to the amplitude of the analog input 
voltage. In the noise·immune digital form the analog 
signal may be transmitted long distances without 
degradation. It may be converted to a binary number 
with a counter or microprocessor or may be returned 

·IN 

APPLICATIONS 
• INEXPENSIVE AID AND D/A CONVERTER 

• DIGITAL PANEL METERS 

• 2-WIRE DIGITAL TRANSMISSION WITH NOISE 
IMMUNITY 

• FM MOD/DEMOD OF TRANSDUCER SIGNALS 

• PRECISION LONG TERM INTEGRATOR 

• HIGH RESOLUTION OPTICAL LINK FOR ISOLATION 

• AC LINE FREQUENCY MONITOR 

• MOTOR SPEED MONITOR AND CONTROL 

to analog form using a frequency-to-voltage con
verter. 
The digital output is an active pull-up type which 
provides better load driving capability than the usual 
open collector outputs. Output pulses are DTL, TTL 
and CMOS compatible. High accuracy (±O.005% 
max nonlinearity at 10kHz) is achieved with relatively 
few external components. Only one resistor and two 
capacitors are required . 
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SPECIFICATIONS 
ELECTRICAL 
At TA == +25°C and ±15VDC power supply unless otherwise noted 

VFC62BG/BM/SM 

CHARACTERISTICS CONDITIONS MIN TYP MAX MIN 

V/F CONVERTER fOUT = V'NI7 5 R,C" Figure 4 

INPUT TO OP AMP 
Voltage Rangel') Fig 4wlth92=0 >0 Note 2 

Fig 4 with., = 0 <0 -10 
Current Range(1) liN =V'N/R'N +0.25 +750 

Bias Current 
Inverting Input 4 S 
NOnlnvertlng I "put 10 30 

Offset Voltage(3) ±O 15 
Offset Voltage Dnft ±5 
Dlfferentlsllmpedance 300 II 5 650 115 
Common-mode 

Impedance 300 II 3 500113 

ACCURACY 
Llneanty Error(1)(4)(5) Fig 4 with 92 + = 0(6) 

o 01Hz,; fOUT'; 10kHz ±0004 ±OO05 
o 1Hz,; fOUT'; 100kHz ±OOOS ±0.03 

1Hz:5 fOUT :51MHz ±01 
Offset Error Input Offset Voltage(3) ±15 
Offset Dn1l(7) ±05 
Gam Error(3) ±5 ±10 

Gam Drlft(7) f = 10kHz 50 
Full Scale Dnft f = 10kHz 50 

loffset dnll& 
gain dnll(7) (8)(9) 

Power Supply Sensitivity ±Vee = 14VDC to lSVDC ±0.015 

DYNAMIC RESPONSE 
Full Scale Frequency CLOAO ';50pF 1 
DynamiC Range 6 
Settling Time (V/F) to specified linearity 

for a full scale Input step Note 10 
Overload Recovery < 50% overload Notel0 

ACTIVE PULL-UP OUTPUT 
Voltage, LogiC "0" I ISINK = SmA, max 04 
Voltage, LogiC "1" Vpu - 2 6 Veu 
Duty Cycle at FS For Best Linearity 25 
Fall Time lOUT = 5mA, CLOAO = 500pF 100 

FN CONVERTER VOUT - 7.5 R,C, FIN, Figure 9 

INPUT TO COMPARATOR 
Impedance 501110 1501110 . 
LogiC "1" +1.0 +Vee 
LogiC "0" -Vee -0.05 
Pulse-width Range 025 

OUTPUT FROM OP AMP 
Voltage lo=6mA Oto+l0 
Current Va = 7VDC +10 
Impedance Closed-loop 01 
Capacitive Load Without oscillation 100 

POWER SUPPLY 

Rated Voltage ±15 
Voltage Range, Vee ±13 ±20 
Pull-up Voltage +35 +Vcc 
QUiescent Current not including load current ±6 ±75 

TEMPERATURE RANGE 

SpeCification 
-25 tl +65 Band C Grades 

S Grade -55 to(125 
Operating 

Band C Grades -25 to +S5 
S Grade -55 tOI +125 

Storage -65 +150 -65 

·Speclflcatlon the same as for VFC62BG/BM/SM 
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VFC62CG/CM 

I TYP MAX 

±0.0015 ±0002 

20 
20 

'. 

.. 

+150 

UNITS 

V 
V 
~A 

nA 
nA 
mV 

~V/oC 

kn II pF 

kn II pF 

% of FSR 
% of FSR 
%ofFSR 

ppm ofFSR 
ppm of FSR/oC 

%ofFSR 
ppm of FSR/o C 
ppm of FSR/oC 

%of FSR/% 

MHz 
decades 

V 
V 
% 

nsec 

kn II pF 
V 
V 

"sec 

V 
mA 
n 
pF 

V 
V 
V 

mA 

°C 
°C 

°C 
°c 
°C 
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NOTES 
1 A 25% duty cycle at full scale (O.25mA Input current) IS recommended where possible to achieve best linearity. 
2 Determmed by RIN and full scale current range constraints. 
3. Adjustable to zero. See Offset and Gain Adjustment section 
4 Lmearlty error at any operating frequency IS defined as the deviation from a straight line drawn between the full scale frequency and 

o 1% of full scale frequency See DIScussion of Specifications section 
5. When offset and gain errors are nulled, at an operating temperature, the linearity error determines the fma/ accuracy. 
6 For 81 = 0 tYPlcall,neanty errors are 0,01% at 10kHz, 02% at 100kHz 
7 Exclusive of external components dnft 
8 FSR = Full Scale Range (corresponds to full scale frequency and full scale Input voltage). 
9 Positive dnft IS defined to be Increasing frequency with Increasing temperature. 

10 One pulse of new frequency plus 50nsec typical 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltages 
Output Smk Current at fOUT 

Output Current at VOUT 
Input Voltage. -Input 
Input Voltage. +Input 
Storage Temperature Range 
Lead Temperature (soldenng, 10 seconds) 

MECHANICAL 

±20V 
SOmA 
+20mA 
±Vcc 
±Vcc 
-65°C to +ISOoC 
+300°C 

VFC62BM, CM/8M 
TO-100 PACKAGE 

F::1~ 

VFC62BG/CG 
CERAMIC DUAL-IN-L1NE 

NOTE: Leads in true posilion ~ I ~ ~. ~ I J wllhin 010" (0.25mm) R al MMC 
at seating plane. 01 7 

NOTE' Leads in true position -*-- =:tl 
within 010" (0.25mm) R at MMC L ---"t 
at seating plane. E F-1 

Pm numbers shown for reference 
only Numbers may not be ~K 

Pin numbers shown for reference L I I J 
only. Numbers may nol be F-l ~ 
marked on package. - A . ~ =1 

+1\J~ marked on package. 

Seating 
Plane ~I--D 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A .335 370 851 940 
B 305 335 775 851 
C 165 185 419 470 
D .016 .021 0.41 053 
E 010 040 0.25 102 
F .010 .040 025 102 
G 230 BASIC 5.84 BASIC 
H .028 .034 0.71 0.86 
J 029 .045 074 1.14 
K .500 12.70 
l 120 160 3.05 4.06 
M 36' BASIC 36' BASIC 
N .110 .120 2.79 3.05 

PIN CONFIGURATIONS 

M PACKAGE 
iTO-l 001 

-Vce (CASE I 3 

ONE-SHOT 
CAPACITOR 

(TOPVIEWI 

Yeu fOUT 

8 COMMON 

NC = NO INTERNAL CONNECTION. 
EXTERNAL CONNECTION PERMITTED. 
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L LM.:::J \--' L -:L-~ G L1' Sealing Plane 

DIM 

G PACKAGE 
(DUAL-IN -LINEI 

-IN 

NC 

NC 

-Vee 

ONE-SHOT 
CAPACITOR 

VPlI 

fOUT 

A 
C 
D 
F 
G 
H 
J 
K 
l 
M 
N 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

670 710 17.02 18.03 
.085 170 1.65 432 
.015 .021 038 0.53 
045 .060 114 152 
100 BASIC 254 BASIC 

.025 .070 0.64 1.78 

.008 012 0.20 0.30 

.120 .240 3.05 6.10 
.300 BASIC 7.62 BASIC 

10' - 10' 
.009 .060 0.23 1.52 

ITOPVIEWI 

11 COMMON 

COMPARATOR 
INPUT 

NC 

NC 
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DISCUSSION OF 
SPECIFICATIONS 
LINEARITY 

Linearity is the maximum deviation of the actual transfer 
function from a straight line drawn between the end 
points (100% full scale input orfrequency and 0.1 % offull 
scale called zero). Linearity is the most demanding 
measure of voltage-to-frequency converter performance, 
and is a function of the full scale frequency. Refer to 
Figure I to determine typical linearity error for your 
application. Once the full scale frequency is chosen, the 
linearity is a function of operating frequency as it varies 
between zero and full scale. Examples for 10kHz full 
scale are shown in Figure 2. Best linearity is achieved at 
lower gains (~fOUTI ~VIN) with operation as close to the 
chosen full scale frequency as possible. 

The high linearity of the VFC62 makes the device an 
excellent choice for use as the front end of AI D 
converters with 12- to 14-bit resolution, and for highly 
accurate transfer of analog data over long lines in noisy 
environments (2-wire digital transmission). 

8.10 

IJ 

I I 

TA =+25'1: 

DF. =D25 

I 
-, ,I' 

ILDD 
Ik 2k 4k 1l1li 2CIII • 1I11III 20IIIt 40IIIc 1M 

Full"'ll~ IHzI 

FIGURE I. Linearity Error vs Full Scale Frequency. 

-to.DD3 
if IG~ !-- .......... .. +0.002 

V '" i:. ./ C '!,A,!I! 

~ -to.DD1 .- -. -
~ 

.. -_. .. 
.~ ---i 0 

~ ........ " .. .~ .. ..-::::i -0.001 "" 

i ...... . --- .- --
-G.DO! r--.... / ... ........ - ....... 
-G.D03 

0 It 211 at 4k lit lit 7k It It 1l1li 

IIpInIInI FnqUincy (Hzl 

FIGURE 2. Lineanty Error vs Operating Frequency. 

FREQUENCY STABILITY VS TEMPERATURE 

The full scale frequency drift of the VFC62 versus 
temperature is expressed as parts per million offull scale 
range per ·C. As shown in Figure 3, the drift increases 
above 10kHz. To determine the total accuracy drift over 
temperature, the drift coefficients of external components 

(especially RI and CI) must be added to the drift ofthe 
VFC62. 

.. 4DO 
'C .. 
h' 2DO 

~ ....... 
... IDO I; 
!l • rIAl IS 
ii a 
15. 20 fc .n ~ 

10 
It !t • 1l1li IIOk 20IIIt 1M 

Full aClII Frequlncy (Hzl 

FIGURE 3. Full Scale Dnft vs Full Scale Frequency. 

RESPONSE 

Response of the VFC62 to changes in input signal level is 
specified for a full scale step, and is 50nsec plus I pulse of 
the new frequency. For a lOY input signal step with the 
VFC62 operating at 100kHz full scale, the settling time to 
within ±O.OI% offull scale is lO~sec. 

THEORY OF OPERATION 

The VFC62 monolithic voltage-to-frequency converter 
provides a digital pulse train output whose repetition rate 
is directly proportional to the analog input voltage. The 
circuit shown in Figure 4 is composed of an input 
amplifier. two comparators and a flip-flop (forming a 
one-shot), two switched current sinks, and an active pull
up output transistor stage. Essentially the input amplifier 
acts as an integrator that produces a two-part ramp. The 
first part is a function of the input voltage, and the second 
part is dependent on the input voltage and current sink. 
When a positive input voltage is applied at V IN, a current, 
will flow through the input resistor, causing the voltage at 
VOUT to ramp down toward zero, according to dV I dt = 
VINI RICI. During this time the constant current sink is 
disabled by the switch. Note, this period is only dependent 
on VIN and the integrating components. 

When the ramp reaches a voltage close to zero, 
comparator A sets the flip-flop. This closes the current 
sink switches as well as changing foUT from logic 0 to logic 
I. The ramp now begins to ramp up, and ImA charges 
through CI until Vel = -7.5V. Note this ramp period is 
dependent on the I rnA current sink, connected to the 
negative input of the op amp, as well as the input voltage. 
At this -7 .5V threshold comparator B resets the flip-flop, 
and the ramp voltage begins to ramp down again before 
the input amplifier has a chance to saturate. In effect the 
comparators and flip-flop form a one-shot whose period 
is determined by the internal reference and a I rnA current 
sink plus the external capacitor, CI. After the one-shot 
resets, fouT changes back to logic 0 and the cycle begins 
again. 

The transfer function for the VFC62 is derived as follows 
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Cz 

o 
e 

VIII' 

FOR POSmVE INPUT VOLTAIES L-----I:-----t-----------;;t--== UIE 'I' SHORT ez. __ 
FOR IlElATIVE INPUT V8L TABES 

USE Iz. IHORT 'I' 
FOR DifFERENTIAL INPUT VOL TAIEI 

UIE'1 IIId ez. 

FIGURE 4. Functional Block Diagram of the VFC62. 

for the circuit shown in Figure 4. Detailed waveforms are 
shown in Figure S. 

fOUT = tl ~ t2 (I) 
I n the time tl + b, the integrator capacitor C2 charges and 
discharges but the net voltage change is zero. 

Thus 41Q = 0 = lIN tl + (hN - IA) b 

So that lIN (tl + t2) = IA b 
. I d I VIN 

But SInce tl + b = fOUT an IN =r. 

fOUT= ~ 
IARlt2 

ov 

'UV 

12 

I I 

(2) 

(3) 

(4), (S) 

(6) 

-rL 
FIGURE S. Integrator and VFC Output Timing. 

In the time h, la charges the one-shot capacitor CI until 
its voltage reaches -7.SV and trips comparator B. 

Thus t2 = CI 7.S (7) 
. . 1ft . VIN la 

U~Ing (7) In (6) YIelds fou~=7.S RIClxI; (8) 
SInce IA = la the result is 

fOUT VIN (9) 
7.SRICI 

PIM NUMBERS SHOWI fOR HM" PACKAGE ITO·1001 

Since the integrating capacitor, C2, affects both the rising 
and falling segments of the ramp voltage, its tolerance 
and temperature coefficient do not affect the output 
frequency. It should, however, have a leakage current 
that is small compared to lIN, since this parameter will 
add directly to the gain error of the VFC, CI, which 
controls the one-shot period, should be very precise since 
its tolerance and temperature coefficient add directly to 
the errors in the transfer function. 

The operation of the VFC62 as a highly linear frequency
to-voltage converter, follows the same theory of opera
tion as the voltage-to-frequency converter. el and e2 are 
shorted and FIN is disconnected from VOUT. FIN is then 
driven with a signal which is sufficient to trigger 
comparator A. The one-shot period will then be 
determined by CI as before, but the cycle repetition 
frequency will be dictated by the digital input at FIN. 

DUTY CYCLE 

The duty cycle (D) of the VFC is the ratio of the one-shot 
period (b) or pulse width, PW, to the total VFC period (lJ 
+ b). For the VFC62, h is fixed and tl + t2 varies as the 
input voltage. Thus the duty cycle is a function of the 
input voltage. Of particular interest is the duty cycle at 
full scale'frequency, DFS, which occurs at full scale input. 
DFS is a user-determined parameter which affects linearity. 

t2 
DFS =t;"IT= PW X fFS 

Best linearity is achieved when DFS is 2S%. By reducing 
equations (7) and (9) it can be shown that 

o _ VIN max / RI 
FS - ImA 

Thus DFS = 0.2S corresponds to lIN max = O.2SmA. 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 
VOL TAGE-TO-FREQUENCY CONVERSION 
The VFC62 can be connected to operate as a V IF 
converter that will accept either positive or negative input 
voltages, or an input current. Refer to Figures 6 and 7. 

GAIN ADJ. 
Cr INTEGRATOR CAP. 

·BYPASS WITH o.OI~F PIN NUMBERS IN SQUARES REFER TO DIP PACKAGE 

FIGURE 6. Connection Diagram for V IF Conversion, 
Positive Input Voltages. 

GAIN ADJ. 
Cr INTEGRATOR CAP. 

• BYPASS WITH 0.01 F 
~ PIN NUMBERS IN SQUARES REFER TO DIP PACKAGE 

FIGURE 7. Connection Diagram for V/F Conversion, 
Negative Input Voltages. 

EXTERNAL COMPONENT SELECTION 

In general the design sequence consists of: (I) choosing 
fMAX , (2) choosing the duty cycle at full scale (DFs = 0.25 
typically), (3) determining the input resistor, R, (Figure 
4), (4) calculating the one-shot capacitor, C" and (5) 
selecting the integrator capacitor C2. 
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-----~ --~- -----

U.lPut Resistors R, and RJ_ 
The input resistance (R, and RJ in Figures 6 and 7) is 
calculated to set the desired input current at full scale 
input voltage. This is normally 0.25mA to provide a 2591; 
duty cycle at full scale input and output. Values other 
than DFS = 0.25 may be used but linearity will be affected. 
The nominal value of R, is 

R - V'N max 
,- 0.25mA (10) 

If gain trimming is to be done, the nominal value is 
reduced by the tolerance of C, and the desired trim range. 
R, should have a very-low temperature coefficient since 
its drift adds directly to the errors in the transfer function. 

One-Shot Cap'acitor, C, 

This capacitor determines the duration of the one-shot 
pulse. From equation (9) the nominal value is 

V'N 
C, nom 7.5 R, foUT (II) 

For the usual 25%duty at fMAX = V'NI R, =0.25mA there 
is approximately l5pF of residual capacitance so that the 

design value is 33 x 10" 
C,(pF)=-~--15 (12) 

'FS 
where fFs is the full scale output frequency in Hz. The 
temperature drift of C, is critical since it will add directly 
to the errors of the transfer function. An NPO ceramic 
type is recommended. Every effort should be made to 
minimize stray capacitance associated with C,. It should 
be mounted as close to the VFC62 as possible. Figure 8 
shows pulse width and full scale frequency for various 
values of C, at DFS = 25%. 

10.DOOE'---.----r---...,----,101 

l000r-----T-~--_;------;------; 

~ 

I I I l00Ir-----;-------T-~.-~~-----11~! 
; I 
Ii! 

~ 
10r----'t----..,.---t-~___t 

1~-~~--~--~--~I~ 
~ I~ ~ ~ 

Clplcltanc. CI (pFl 

FIGURE 8. Output Pulse Width (DFS = 0.25) and Full 
Scale Frequency vs External One-shot 
Capacitance. 

Intel!!:ating Capacitor, C2 

Since C2 does not occur in the V I F transfer function 
equation (9), its tolerance and temperature stability are 
not important; however, leakage current in C2 causes a 
gain error. A ceramic type is sufficient for most 
applications. The value ofC2 determines the amplitude of 
VOUT. Input amplifier saturation, noise levels for the 
comparators and slew rate limiting of the integrator 
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determine a range of acceptable values, 

{ ~c:: ; if fFS E;; 100kHz 

C2 (~F) = 0.001; if 100kHz < fps E;; SookHz 

O.OOOS; if fps > SookHz 
Trimming ~p'onents R3, R4, Rs 

(13) 

Rs nulls the offset voltage of the input amplifier. It should 
have a series resistance between IOkO and lookO and a 
temperature coefficient less than looppm/"C. R4 can be a 
10% carbon film resistor with a value of 10MO. 

R3 nulls the gain errors of the converter and compensates 
for intitial tolerances of R. and C •. Its total resistance 
should be at least 20% ofR., ifR. is selected 10% low. Its 
temperature coefficient should be no greater than five 
times that of R., to maintain a low drift ofthe R3 - R. 
series combination. 
OFFSET AND GAIN ADJUSTMENT PROCEDURES 

To null errors to zero, follow this procedure: 
I. Apply an input voltage that should produce an output 

frequency of 0.001 x full scale. 
2. Adjust Rs for proper output. 
3. Apply the full scale input voltage. 
4. Adjust R3 for proper output. 
S. Repeat steps I through 4. 

If nulling is unnecessary for the application, delete R4 and 
Rs, and replace R3 with a short circuit. 

POWER SUPPLY CONSIDERATIONS 

The power supply rejection ratio of the V FC62 is 0.0 IS% 
of FSR/ % maximum. To maintain ±O.O IS% conversion, 
power supplies which are stable to within ±I% are 
recommended. These supplies should be bypassed as 
close as possible to the converter with 0.0 I ~F capacitors. 
Internal circuitry causes some current to flow in the 
common connection (pin 11 on DIP package). Current 
flowing into the foUT pin (logic sink current) will also 
contribute to this current. It is advisable to separate this 
common lead ground from the analog ground associated 
with the integrator input to avoid errors produced by 
these currents flowing through any ground return impe
dance. 
DESIGN EXAMPLE 

Given a full scale input of + IOV, select the values of R., 
R2, Rh C., and C2 for a 2S% duty cycle at 100kHz 
maximum operation into one TTL load. See Figure 6. 
Selecting Q (OFS = 0.2S) 

C. =[(33 x 106)/fMAx] -IS [(66 x IIf)/fMAx] -IS 
ifOFS = O.S 

=[(33 X 106)/ 100kHz] -IS 

= 31SpF 
Choose a 300pF NPO ceramic capacitor with 1% to 10% 
tolerance. 

~g R. and R3 (OFS = 0.2S) 

R. + R3 = V.N max/O.2SmA 

= IOV /0.2SmA 
=40kO 

Burr-Brown Ie Data Book 

V.N max/O.SmA 
ifOFS = O.S 

Choose 32.4kO metal film resistor with I % tolerance and 
R3 = ,10kO cermet potentiometer. 

Selecti!)g C2 

C2 = Icr/Fm .. 

= 102 / 100kHz 
=O.OOI~F 

Choose a O.ool~F capacitor with ±S% tolerance. 

FREQUENCY-TO-VOLTAGE CONVERSION 

To operate the VFC62 as a frequency-to-voltage con
verter, connect the unit as shown in Figure 9. To interface 
with TTL-logic, the input should be coupled through a 
capacitor, and the input to pin 10 biased near+2.SV. The 
converter will detect the falling edges of the input pulse 
train as the voltage at pin 10 crosses zero. Choose C3 to 
make t = O.lT (see Figure 9). For input signals with 
amplitudes less than SV, pin 10 should be biased closer to 
zero to insure that the input signal at pin 10 crosses the 
zero threshold. Errors are nulled following the procedure 
given on this page, using 0.001 x full scale frequency to 
null offset, and full scale frequency to null the gain error. 
Use equations from V /F calculations to find R., R3,~, 
Rs, C. and C2. 

PI. lUMBERS IIIOUARES IEFER TO DIP PACKAflE 
HI 

FIGURE 9. Connection Diagram for F/V Conversion. 

TYPICAL APPLICATIONS 

Excellent linearity, wide dynamic range, and compatible 
TTL, OTL, and CMOS digital output make the VFC62 
ideal for a variety of VFC applications. High accuracy 
allows the VFC62 to be used where absolute or exact 
readings must be made. It is also suitable for systems 
requiring high resolution up to 14 bits. 

Figures 10 - 14 show typical applications of the VFC62. 
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SENSOR ~ IVFC82 COUIT£R 

COMPUTER 

PARAlLEL 
DATA 

FIGURE 10. Inexpensive AID with Two-Wire Digital Transmission Over Twisted Pair. 

DIFFERENTIAL 
INPUT 

FIGURE II. Inexpensive Digital Panel Meter. 

0.D05% LINEARITY 

'OUT 

en 
a: w 
Ii: 
w 
> z o 
o 

FIGURE 12. Remote Transducer Readout via Fiber Optic Link (analog and digital output). 

> o z w 
:) 

+IOV TO -10V 
INPUT 

GAIN ADJUST 

---"+ .......... ...., 
20kn ZOkn 10V 

REF10l 
11 

14 

12 

VFC62 

-15V 

+15V 

10 

13 

7 

5 OTO 
10kHz 

OUTPUT 

3300PF~ 

FIGURE 13. Bipolar input is accomplished by offsetting 
the input to the VFC with a reference 
voltage. Accurately matched resistors in 
the REFlOI provide a stable half-scale 
output frequency at zero volts input. 
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SIGN BITQ----.,... 
OUT 

FIGURE 14. Absolute value circuit with the VFC62. Op 
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amp, D, and QI (its base-emitter junction 
functioning as a diode) provide full-wave 
rectification of bipolar input voltages. VFC .... 
output frequency is proportional to led ..... 
The sign bit output provides indication of 
the input polarity. 
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BURR-BROWN® 

IElElI VFC100 

AVAILABLE IN 
DIE FORM 

Synchronized 
VOLTAGE-TO-FREQUENCY CONVERTER 

FEATURES 
• FULL·SCALE FREQUENCY SET BY SYSTEM CLOCK, 

NO CRITICAL EXTERNAL COMPONENTS REQUIRED 
• PRECISION 10V FULL·SCALE INPUT, 0.5% MAX GAIN 

ERROR 
• ACCURATE 5V REFERENCE VOLTAGE 
• EXCELLENT LINEARITY, 0.02% MAX AT 100kHz FS 

0.1% MAX AT lMHz FS 
• VERY·LOW GAIN DRIFT, 50ppm/o C 

APPLICATIONS 
• AID CONVERSION 
• PROCESS CONTROL 
• DATA ACQUISITION 
• VOLTAGE ISOLATION 

R'N 
V'N .-;7'"f--.20",k.--0+l 

NON'e-::+---+-I 
INVERTING 6 

INPUT 

-COMPARATOR 
Vou, I.NPUT 

... 
13 15 

ANALOG tCOMPARATOR VRE' 
COMMON INPUT 

DESCRIPTION 
The VFCIOO voltage-to-frequency converter is an 
important advance in VFCs. The well-proven charge 
balance technique is used, however, the critical reset 
integration period is derived from an external clock 
frequency. The external clock accurately sets an 
output full-scale frequency, eliminating error and 
drift from the external timing components required 
for other VFCs. A precision input resistor is pro
vided which accurately sets a IOV full-scale input 
voltage. In many applications the required accuracy 
can be achieved without external adjustment. 

The open collector active-low output provides fast 
fall time on the important leading edge of output 
pulses, and interfaces easily with TTL and CMOS 
circuitry. An output one-shot circuit is particularly 
useful to provide optimum output pulse widths for 
optical couplers and transformers to achieve voltage 
isolation. An accurate 5V reference is also provided 
which is useful for applications such as offsetting for 
bipolar input voltages, exciting bridges and sensors, 
and autocalibration schemes. 

+Vcc 

-Vee 

DIGITAL 
COMMON 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C and ±15VDC supplies unless otherwise noted 

VFC1C1OAG18G I VFC1GOBG 

PARAMETER CONDITIONS MIN np MAX I MIN TYP 

TRANSFER FUNCTION 

Vol ...... ' ... F .......... ' Mod. fOUT = 'CLOCK X (V.,./20V) 
Gam Errorl1l FSR = 100kHz ±05 ±1 ±02 

Llneanty Error FSR = 100kHz, ±001 ±0,025 
over temp 

FSR = 500kHz, CoOS = 60pF ±0015 
FSR = 1MH7, Cos = 60pF ±0025 

GamOnft l21 FSR = 100kHz ±70 ±1oo ±30 

Referred to Internal VAEF 10 ±25 10 

Offset Referred to Input ±1 ±!r ±1 
Offset Dnft ±12 ±1oo ±65 
Power Supply Rejection Full supply range 001 
Response Time to Step Input Change One penod of new output frequency plus one clock period 

Cu ..... '-to-Fnquo"'" M_ fOUT ='CLOCIC X (1IHllmA) 
Gain Error ±05 ±1 ±02 
Gam Drlftl21 ±12O ±200 ±60 

Frequ.ncy-to-Voltllge Model31 VOUT = 20V X (fuJfCUX*.) 
Gam Accuracyl1l FSR = 100kHz ±05 ±1 ±02 
Linearity FSR = 100kHz ±O01 ±0025 

Input AullteM' (R IN ) 

Resistance 198 20 202 
Temperature CoeffiCient (Te)I!1 ±50 ±1oo 

INTEGRATOR OP AMP 

Voal1l ±150 ±1000 
VosDntt ±5 
I. ±50 ±1oo ±25 
los 100 200 50 
A<.. ZLQAO = SKClI10000pF 100 120 
CMRR 60 10S 
eM Range -75 +01 
VOIJr Range z..0A0 = 5k0l10000pF -02 +12 
BandWidth 14 

COMPARATOR INPUTS 

Input Current (operating) -11V < VCOMPAAATOA < +Vcc - 2V 5 

CLOCK INPUT (referenced to digital common) 

Frequency (m8)umum operatmg) 40 
Threshold Voltage 14 

Over temperature 08 20 
Voltage Range (operating) -Vee +2V +V"" 
Input Current -V«. < VCLOCK < +Vcc 05 5 
Rise Time 2 

OPEN COLLECTOR OUTPUT (referenced to digital common) 

Veo. lOUT = 10mA 04 
IOL 15 
10M (off leakage) VOH =30V 01 10 
Delay Time. positive clock edge to 

output pulse 300 . 
Fall Time 100 
Output Capacitance 5 -
OUTPUT ONE-8HOT 

Pulse Width Out 
Nominal PWOUT = (Snsec/pF) X Cos1- 90nsec 

I Cos = 300pF 1 14 2 

REFERENCE VOLTAGE 

Accuracy No load 490 50 510 495 
Dnft421 ±SO ±150 ±40 
Current Output (Sourcing capability) 10 
Power Supply Relectlon 0015 
Output Impedance 05 2 

POWER SUPPLY 

Rated Voltage ±15 
OperatlOg Voltage Range 

(see Figure 9) +Vcc +75 +285 
-Veo -75 -285 

Total Supply +Vcc - (-V",,) 15 36 
Digital Common -Vee + 2 +Vee - 4 
QUiescent Current +1"" Over temperature 106 15 

-Icc 96 15 
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MAX UNITS 

±05 'IIoofFSR 
±002 'IIoofFSR 

±OOS '110 of FSR 
±01 'IIoofFSR 
±50 ppm of 

FSR/"C 
±15 ppm of 

FSR/"C 
±2· mV 

±25 "vrc 
'IIoIV 

±05 '11001 FSR 
±140 ppm of 

FSR/"C 

±05 '110 
±002 '110 

kO 
ppm/"c 

"V 
"W"C 

±50 nA 
100 nA 

dB 
dBV 

V 
V 

MHz 

"A 

MHz 
V 
V 
V 

"A 
pS8C 

V 
mA 

"A 

nsec 
nBec 

pF 

pS8C 

50s V 
±1oo ppm/DC 

mA 
0015 'IIoIV 

0 

V 

V 
V 
V 

I V 
I 

mA 
mA 
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ELECTRICAL (CONT) 
At TA = +25°C and ±15VDC supplies unless otherwise noted 

VFC100AG/SG VFC100BG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

TEMPERATURE RANGE 
Specification AG/BG -25 +85 ·C 

SG -55 +125 ·C 
Storage AG/BG/SG -65 +150 ·C 
8 Junction-ambient 150 ·C/W 
fJ Junction-case 100 ·CIW 

* Specification same as AG grade 

NOTES (1) Offset and gain error can be trimmed to zero See text. (2) Specified by the box method. (Max. - Min.) ~ (Avg X aT) (3) Refer to detailed timing 
diagram In Figure 16 for frequency Input signal timing reqUirements 

MECHANICAL 
,. A t::::] I NOTE Leads In true posi-

B tlon within .010·· ( 25mm) R , 
at MMC at seating plane 

Denotes Pin 1 

~ 
- L ~ 

I 

fA . T~ 
c 
..i 
K 

J.. D 
1 

H ~- G Seat,ng Pldnp M. -
INCHES MILLIMETERS 

DIM MIN MAX MIN MAX 

A 760 885 1930 2248 

8 220 280 ;'0 '" 
C 200 !J OB 

D 015 023 038 0'8 , 030 0'0 016 1 '8 

G 100 BASIC 2 ~4 BASIC 

H 030 095 o '6 2" 
~ 008 0>; 020 o J8 

K 100 204 , 300 BASIC 7628ASIC 

M ", lSo , 020 050 051 ," 

ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage (+Vee to -Vee) ..................... 36V 
+Vcc to Analog Common ............................... 28V 
-Vee to Analog Common .................... ,.......... 28V 
Integrator Out Short-Clrcult-to-Ground ............. Indefinite 
Integrator Differential Input ............................. ±10V 
Integrator Common-Mode Input ............. -Vee +5V to +2V 
VIN (pin 7) .............................................. ±Vee 
Clock Input ............................................ ±Vee 
VREF Out Short-Circult-to-Ground ................... Indefinite 
Pin 9 (Cos) ......................................... 0 to +Vcc 
fouT (referred to digital common) ................ -0 5V to 36V 
Digital Common ........................ ±Vee 
Storage Temperature Range ................. -65°C to +150°C 
Lead Temperature (soldering 10sec) ..................... 300°C 

ORDERING INFORMATION 

VFC100 (X) G 

BaSIC Model Number ____ T--l I 
Performance Code ---------'

A, B = -25°C to +85°C 
S = -55°C to +125°C 

Ceramic Package 
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PIN CONFIGURATION 

+V" 16 Vral 

NC 15 + COMPARATOR IN 

NC 14 -COMPARATOR IN 

INTEGRATOR OUT 13 ANALOG COMMON 

Cm1 12 OIGITAL COMMON 

NON INVERTING IN 11 fout 

Vm 10 CLOCK INPUT 

-Vee C •• 

TYPICAL PERFORMANCE 
CURVES 
At +25°C, ±Vcc = 15VDC, and In CirCUit of Figure 1 unless otherWise speCified 

QUIESCENT CURRENT vs TEMPERATURE 

<" 15 
.s 
c 
~ + Icc 
5 10 <..l 
>-
~ 
Co 

Icc 
~ 

<JJ 

0 
-75 -50 -25 +25 +50 +75 +100 +125 

Ambient Temperature (OC) 

REFERENCE VOLTAGE vs REFERENCE LOAD CURRENT 

1111111 

~ 4990~~~~~~~~~~~~~~-=~~r+~~ 

J 4980 I-++H+H-++lH-+H+H-++H+H-+IH-+-H 

5 10 15 20 25 30 
Output Current (mA\ 
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THEORY OF OPERATION 
The YFCIOO monolithic voltage-to-frequency converter 
provides a digital pulse train output with an average 
frequency proportional to the analog input voltage. The 
output is an active low pulse of constant duration, with a 
repetition rate determined by the input voltage. Falling 
edges of the output pulses are synchronized with ri,' ng 
edges of the clock input. 

Operation is similar to a conventional charge balance 
YFC. An input operational amplifier (Figure I) is con
figured as an integrator so that a positive input voltage 
causes an input current to flow in R". This forces the 
integrator output to ramp negatively. When the output 
of the integrator crosses the reference voltage (5Y), the 
comparator trips, activating the clocked logic circuit. 
Once activated, the clocked logic awaits a falling edge of 
the clock input, followed by a rising edge (see Figure 2). 
On the rising edge, switch SI is closed for one complete 
clock cycle, causing the reset current, I, to switch to the 
integrator input. Since I, is larger than the input current, 

10 

13 15 
ANALOG 
GROUND 

I,,,, the output of the integrator ramps positively during 
the one clock cycle reset period. The clocked logic 
circuitry also generates a VFC output pulse during the 
reset period. 

Unlike conventional YFC circuits, the YFCIOO accu
rately derives its reset period from an external clock fre
quency. This eliminates the critical timing capacitor 
required by other YFC circuits. One period (from rising 
edge to rising edge) of the clock input determines the 
integrator reset period. 

When the negative-going integration of the input signal 
crosses the comparator threshold, integration of the 
input signal will contInue until the reset period can start 
(awaiting the necessary transitIOns of the clock). Output 
pulses are thus made to align with riSIng edges of the 
external clock. This causes the instantaneous output fre
quency to be a subharmonic of the clock frequency. The 
average frequency, however, will be an accurate analog 
of the input voltage. 

A full scale input of lOY (or an Input current of O.5mA) 
causes a nominal output frequency equal to one half the 

o I/1F 
Fe CLOCK .-----l 
TTL/CMOS -::!:- I 
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+vcc +v, 

DIGITAL 
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FIGURE I. Circuit Diagram for Voltage-to-Frequency Mode. 
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FIGURE 2. Timing Diagram for Voltage-to-F~equency Mode. 
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clock frequency. The transfer function is 

foul = (V,,/20V) fuocK 

Figure 3 shows the transfer function graphically. Note 
that inputs above lOY (or O.5mA) do not cause an 
increase in the output frequency. This is an easily detec
table indication of an overrange input. In the overrange 
condition, the integrator amplifier will ramp to its nega
tive output swing limit. When the input signal returns to 
within the linear range, the integrator amplifier will re
cover and begin ramping upward during the reset period. 

fFS = 1CLOCK12 

-r-------------------
I 

lOUT I 

------V'N------ IOV 
------ "N O.5mA 

FIGURE 3. Transfer Function for Voltage-to
Frequency Mode. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
The integrator capacitor C" I (see Figure I) affects the 
magnitude of the integrator voltage waveform. Its abso
lute accuracy is not critical since it does not affect the 
transfer function. This allows a wide range of capaci
tance to produce excellent results. Figure 4 facilitates 
choosing an appropriate standard value to assure that 
the integrator waveform voltage is within acceptable lim
its. Good dielectric absorption properties are required to 
achieve best linearity. Mylar®, polycarbonate, mica, 
polystyrene, Teflon® and glass types are appropriate 
choices. The choice in a given application will depend on 
the particular value and size considerations. Ceramic 
capacitors vary considerably from type to type and some 
produce significant nonlinearities. Polarized capacitors 
should not be used. 

Deviation from the nominal recommended +IV to 
-O.75V integrator voltage (as controlled by the integra
tor capacitor value) is permissible and will have a negli
gible effect on VFC operation. Certain situations may 
make deviations from the suggested integrator swing 
highly desirable. Smaller integrator voltages, for instance, 
allow more "headroom" for averaging noisy input sig
nals. The VFC is a fully integrating input converter, able 
to reject large levels of interfering noise. This ability is 
limited only by the output voltage swing range of the 
integrator amplifier. By setting a small integrator voltage 
swing using a large CINI value, larger levels of noise can 

Burr-Brown Ie Data Book 10-30 

be integrated without output saturation and loss of accu
racy. For instance, with a 50kHz full-scale output and 
C" I = O.I/LF, the circuit in Figure I can accurately 
average an input through the full 0 to lOY input range 
with IV p-p superimposed 60Hz noise. 

Full-Scale Frequency (Hz) 

*Thls IS the maximum sWing of the Integrator output voltage 
referred to the comparator non Inverting Input voltage 

FIGURE 4. Integrator Capacitor Selection Graph. 

The integrator output voltage should not be allowed to 
exceed +12V or -O.2V, otherwise saturation of the 
operational amplifier could cause inaccuracies. Opera
tion with positive power supplies less than +15V will 
limit the output swing of the integrator operational 
amplifier. Smaller integrator voltage waveforms may be 
required to avoid output saturation of the integrator 
amplifier. See "Power Supply Considerations" for infor
mation on low voltage operation. 

The maximum integrator voltage swing requirement is 
nearly symmetrical about the comparator threshold volt
age (see Figure 12). One-third greater swing is required 
above the threshold than below it. Maximum demand 
on positive integrator swing occurs at low scale, while 
the negative swing is greatest just below full scale. 

CLOCK INPUT 
The clock input is TTL- and CMOS-compatible. Its 
input threshold is approximately I.4V (two diode voltage 
drops) referenced to digital ground (pin 12). The clock 
"high" input may be standard TLL or may be as high as 
+Vcc - 2V. A CMOS clock should be powered from a 
voltage source at least 2V below the VFCIOO's +Vcc to 
prevent overdriving the clock input. Alternatively, a 
resistive voltage divider may be used to limit the clock 
voltage swing to + V cc - 2V maximum. The clock input 
has a high input impedance, so no special drivers are 
required. Rise time in the transition region from O.5V to 
2V must be less than 2/Lsec for proper operation. 

OUTPUT 
The frequency output is an open collector current-sink 
transistor. Output pulses are active low such that the 
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output transistor is on only during the reset integration 
period (see Shortened Output Pulses). This minimizes 
power dissipation over the full frequency range and pro
vides the fastest logic edge at the beginning of the output 
pulse where it is most desirable. 

Interface to a logic circuit would normally be made using 
a pull-up resistor to the logic power supply. Selection of 
the pull-up resistor should be made such that no more 
than 15mA flows in the output transistor. The actual 
choice of the pull-up resistor may depend on the full
scale frequency and the stray capacitance on the output 
line. The rising edge of an output pulse is determined by 
the R C time constant of the pull-up resistor and the stray 
capacitance. Excessive capacitance will produce a rounding 
of the output pulse rising edge, which may create problems 
driving some logic circuits. If long lines must be driven, a 
buffer or digital line transmitter circuit should be used. 

The synchronized nature of the VFCIOO makes viewing 
its output on an oscilloscope somewhat tricky. Since all 
output pulses align with the clock, it is best to trigger and 
view the clock on one of the input channels and the 
output can then be viewed on another oscilloscope 
channel. Depending on the VFC input voltage, the out
put waveform may appear as if the oscilloscope is not 
properly triggered. The output might best be visualized 
by imagining a constant output frequency which is 
locked to a submultiple of the clock frequency with 
occasional extra pulses or missing pulses to create the 
necessary average frequency. It is these extra or missing 
pulses that make the output waveform appear as if the 
oscilloscope is not properly triggered. This is normal. 

CLDCK 

14 ID 

V'N--~W""'-I 

CLOCK 
I , 

10-1 
I 

I -.:, 

Experimentation with the input voltage and oscilloscope 
triggering will generally allow a stable view of the output 
and provides an understanding of its nature. 

SHORTENED OUTPUT PULSES 

In normal operation, the negative output pulse duration 
is equal to one period of the clock input. Shorter output 
pulses may be useful in driving optical couplers or trans
formers for voltage isolation or noise rejection. This can 
be accomplished by connecting capacitor Co. as shown in 
Figure 5. Pin 9 may be connected to +Vcc, deactivating the 
output one-shot circuit. The value of Cos is chosen accord
ing to the curve in Figure 6. Output pulses cannot be made 
to exceed one clock period in duration. Thus, a Co, value 
which would create an output pulse which is longer than 
one period of the clock will have the same effect as dis
abling the one-shot, causing the output pulse to last one 
clock period. The minimum practical pulse width of the 
one-shot circuit is approximately IOOnsec. Using Cos to 
generate shorter output pulses does not affect the output 
frequency or the gain eq.uation. 

REFERENCE VOLTAGE 

Excellent gain drift is achieved by use of a precision 
internal 5V reference. This reference is brought to an 
external pin and can be used for a variety of purposes. It 
is used to offset the noninverting comparator input in 
voltage-to-frequency mode (although a precise voltage is 
not requried for this function). It is very useful in many 
other applications such as offsetting the input to handle 
bipolar input signals. It can source up to IOmA and sink 

+Vcc = 15VDC 

+vcc 
11 

fOUT 

tl!F ~ 
-V~ =15VDC 

OUTPUT PULSE WIDTH WITHOUT Cos 

FIGURE 5. Circuit and Timing Diagram for Shortened Output Pulses. 
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lllF 

o lllF ., 
~ 
" ~ 001pF 

.9 
" '" 0. 

~ 1000pF 

~ 
'Z 
c 

~t 
0 100pF 

,~~ 
100nsec 1psec 10tJsec 100.usec 1msec 10msec 

Nominal Output Pulse Width, to 

FIGURE 6. Output One-Shot Capacitor Selection 
Graph. 

VON 
-5 TO +5V ~----+""",\"-4--I 

R. 
2OkO 

O.OlpF 

14 10 

CLOCK 
IMHz 

FIGURE 7. Circuit Diagram for Bipolar Input Voltages. 

J6.7mA -INAIOI 
INSTRUMENTATION 

AMPLIFIER 

0.8mA to 8.2mA t 

85mA TO 159mA 

O.1I1F 4 

100J.LA. Heavy loading of the reference will change the 
gain of the VFC as well as affecting the external refer
ence voltage. For instance, a lOrnA load interacting with 
a 0.50 typical output impedance will change the VFC 
gain equation and reference voltage by 0.1% . 

Figure 7 shows the reference used to offset the YFC 
transfer function to convert a -5V to +5V input to zero 
to 500k Hz output. The circuit in Figure 8 uses the refer
ence to excite a 3000 bridge transducer. R, provides the 
majority of the current to the bridge while the V RtF out
put supplies the balance and accurately controls the 
bridge voltage. The VFC gain is inversely proportional 
to the reference voltage, V RtF. Since the bridge gain is 
directly proportional to its excitation voltage, the two 
equal and opposite effects cancel the effect of reference 
voltage drift on gain. 

The reference output amplifier is specifically designed 
for excellent transient response to provide precision in a 
noisy environment. Although not required for normal 
operation, a 0.05J.LF bypasss capacitor from the reference 

R. 

14 

+15VOC 

.r1 
~ O.lpF 

4700 

+5VOC o IpF 

~ 
r--f~"'" 'ou, TTL lOR 5V CMOS) 

10 

+12 TO +18VOC 

CLOCK 
50kHz 

~ 0.05pF 
+vcc 

o TO 500kHz 
PW = 300nsec 

o JpF 

~ 
11 

fouT 
o TO 25kHz 

O.l~ 
-Vee 

FIGURE 8. Circuit Diagram for Bridge Excitation Using VREF • 
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output to analog ground (pin 13) may improve the rejec
tion of digital noise from external circuitry. 

OTHER INPUT VOLTAGE RANGES 

The internal input resistor, RIN = 20kO, sets a full-scale 
input of 10V. Other input ranges can be created by using 
an external gain set resistor connected to pin 5. Since the 
excellent temperature drifts of the VFCIOO are achieved 
by careful matching of internal temperature coefficients, 
use of an external gain set resistor will generally degrade 
this drift. Using an external resistor to set the gain, the 
resulting gain drift would be equal to the sum of the 
external resistor drift and the specified current gain drift 
of the VFClOO. Different voltage input ranges are best 
implemented by using the internal input resistor, RIN, in 
series or parallel with a high quality external resistor, 
thus maintaining as much of the precision temperature 
tracking as possible. 

For best drift performance, the adjustment range of a 
fine gain trim should be made as narrow as practical. Rl 
and R2 in Figure 9 allow gain adjustment over a ±l% 
range (adequate to trim the 100kHz FS gain error to 
zero) and will not significantly affect the drift perfor
mance of the VFCIOO. R3.It..and Rs allow trimming of 
the integrator amplifier input offset voltage. The adjust
ment range is determined by the ratio of It. to Rs. Accu
rate end-point calibration would be performed by first 
adjusting the offset trim so that zero volts input just 
causes all output pulses to cease. The gain trim is then 
adjusted for the proper full-scale output frequency with 
an accurate full-scale output frequency with an accurate 
full scale input voltage. 

H. 2MO 

R, R,. 
v," -,/-W ............ --t----...... w-+-f 

5000 

±1% 
GAIN 
TRIM 

±3.75IRV 
OFFSET 

TRIM 

2OkO H, -.~ 
R, 

3IiOIc0 

R. 
500n 

14 

-:-

10 

FIGURE 9. Circuit Diagram for Fine Offset and Gain Trim. 

by using the internal input resistor and a clock frequency 
of 10 times the desired full-scale output frequency. 

LINEARITY PERFORMANCE 
The linearity of the VFClOO is specified as the worst-case 
deviation from a straight line defined by low scale and 
high scale endpoint measurements. This worst-case devi
ation is expressed as a percentage of the 10V full-scale 
input. All units are tested and guaranteed for the speci
fied level of performance. 
Linearity performance and gain error change with full
scale operating fequency as shown in Figure 10. Figure 11 
shows the typical shape of the nonlinearity at 100kHz 
full scale. Integrator voltage swing (determined by C1NT) 

has a minor effect on linearity. Small integrator voltage 
swing typically leads to best linearity performance. 
Best linearity performance at high full-scale frequencies 
(above 500kHz) is obtained by using short output pulses 

l003 

E 
~ 002 
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TYPICAL NONLINEARITY AND GAIN ERROR 
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Nonllneanty V V 

\ ,/" 
,/" 

l/ 
V 

,/" 
1/ 

i-7 "'" ["'iii:: 
Ga" Error 

../ V ..- ..--~ 

° 500k 1M 

IF. -Full Scale Frequency (Hz) 

3 

1 

FIGURE 10. Nonlinearity and Gain Error vs Full Scale 
Frequency. 
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FIGURE II. Typical Nonlinearity vs VIN. 
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with a one-shot capacitor of 60pF. As with any high
frequency circuit, careful attention to good power supply 
bypassing techniques (see "Power Supplies and Ground
ing") is also required. 

TEMPERATURE DRIFT 

Conventional VFC circuits are affected significantly by 
external component temperature drift. Drift of the exter
nal input resistor and timing capacitor required with 
these devices may easily exceed the specified drift of the 
VFC itself. 

When used with its internal input resistor, the gain drift 
of the complete VFCIOO circuit is totally determined by 
the performance of the VFCIOO. Gain drift is specified at 
a full scale output frequency of 100kHz. Conventional 
VFC circuits usually specify drift at 10kHz and degrade 
significantly at higher operating frequency. The VFC-

v," 
o TO IOV 

18ka 

100's gain drift remains excellent at higher operating 
frequency, typically remaining within specification at fFs 

=IMHz. 

Drift of the external clock frequency directly affects the 
output frequency, but by using a common clock for the 
VFC and counting circuitry this drift can be cancelled 
(see Counting the Output). 

POWER SUPPLIES ,AND GROUNDING 

Separate analog and digital grounds are provided on the 
VFCIOO and it is important to separate these grounds to 
attain greatest accuracy. Logic sink current flowing in 
the fouT pin is returned to the digital ground. If this 
"noisy" current were allowed to flow in analog ground, 
errors could be created. Although analog and digital 
grounds may eventually be connected together at a 
common point in the circuitry, separate circuit connec
tions to this common point can reduce the error voltages 
created by varying currents flowing through the ground 
return impedance. The +SV VREF pin is referenced to 
analog ground. 

The power supplies should be well bypassed using capaci
tors with low impedance at high frequency. A value of 
O.lJLF is adequate for most circuit layouts. 

The VFCIOO is specified for a nominal supply voltage of 
±ISV. Supply voltages ranging from ±7.SV to ±18V 
may be used. Either supply can be up to 28V as long as 
the total of both does not exceed 36V. Steps must be 
taken, however, to assure that the integrator output does 
not exceed its linear range. Although the integrator out
put is capable of 12V output swing with ISV power sup
plies, with 7.SV supplies, output swing will be limited to 
approximately 4.5V. In this case, the comparator input 

-8V 

INTEGRATOR VOLTAGE WAVEFORM (PIN 41 

--~K:-T" 
/i.;v~f 

lOW SCALE (V IN - l20mV) 
SLOW OSCILLOstOPE SWEEP 

HIGH SCALE IV," ~ 83VI 
FAST OSCILLOSCOPE SWEEP 

,\ .",AI\. .",AI\. 

FIGURE 12. Circuit Diagram and Integrator Voltage Waveform for Low Power Supply Voltage Operation. 
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FIGURE 13. Relationships of Allowable Voltages. 
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cannot be offset by directly connecting to the 5V refer
ence output pin. The comparator input must be connec
ted to a lower voltage point (approximately 2V). This 
allows the integrator output to operate around a lower 
voltage point, assuring linear operation. This threshold 
voltage does not affect the accuracy or drift of the VFC 
as long as it is not noisy. It should not be made too 
small, however, or the negative output limitation of the 
integrator (-0.2V) may cause saturation. Additionally, a 
large integrator capacitor may be used to limit the 
required integrator waveform swing to approximately 
IOQmV (see Integrator Capacitor). 

Figure 12 shows a circuit for operating from the mm
imum power supplies, avoiding saturation of the integra
tor amplifier and loss of accuracy. CINT is chosen for a 
+100mV to -75mV integrator voltage swing (referred to 
the noninverting comparator input). The offset voltage 
applied to the comparator's noninverting input is derived 
from a resistive voltage divider from VREF• 

The relationships of the allowable operating voltage 
ranges on important pins is shown in Figure 13. Note 
that the integrator amplifier output cannot swing more 
than 0.2V below ground. Although this is not "normal" 
for an operational amplifier, a special internal design of 
this type optimizes high frequency performance. It is this 
charactersitic which necessitates the offsetting of the 
noninverting comparator input in voltage-to-frequency 
mode to avoid negative output swing. 

COUNTING THE OUTPUT 

In evaluation and use of the VFCIOO, you may want to 
measure the output frequency with a frequency counter. 
Since synchronization of the VFCIOO causes it to await a 
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15V) 

*-Vee + 4 to +Vee - 2 

+Vcc 
OR Cos 

~vcc 

> 4V 

11 

1 

15V TO 36V 

>2V 

-Vee 

clock edge tor any given output pulse, the output fre
quency is essentially quantized. The quantized steps are 
equal to one clock period of the counting gate period. 
The quantizing error can be made arbitrarily small by 
counting with long gate times. For instance, a one 
second counter gate period and a 100kHz full-scale fre
quency has a one part in 100,000 resolution. Many of the 
more sophisticated laboratory frequency counters, how
ever, use period measurement schemes to count the input 
frequency quickly. These instruments work equally well, 
but the gate period must be set appropriately to achieve 
the desired count resolution. Short gate periods will 
produce many digits of "accuracy" in the display, but the 
results may be very inaccurate. 
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Figure 14 is a typical system application showing a basic 
counting technique. A 0 to lOY input is converted to a 0 ... 
to 100kHz frequency output. The VFC's clock is divided ... 
by M = 4000 to produce a gate period for the counter 
circuit. The resulting VFC count, N, is insensitive to 
variations in the actual clock frequency. The input volt
age represented by the resulting count is 

VIN = (NjM) 20V 

Resolution is related to the number of counts at full 
scale, or one-half the number of clock pulses in the gate 
period. 

The integrating nature of the VFC is important in 
achieving accurate conversions. The integrating period is 
equal to the counting period. This can be used to great 
advantage to reject unwanted signals of a known fre
quency. Figure 15 shows that response nulls occur at the 
inverse of the integration period and its multiples. If 
60Hz is to be rejected, for instance, the counting period 
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FIGURE 14. Diagram of a Voltage-to-Frequency Converter and Counter System. 
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FIGURE 15. Frequency Response of an Integratmg 
Analog-to-Digital Converter. 

should be made equal to, or a multiple of 1/60 of a 
second. 

FREQUENCY-TO-VOLTAGE MODE 

The VFCIOO can also function as a frequency-to-voltage 
converter by applying an input frequency to the compar
ator input as shown in Figure 16. The input resistor, R1N, 
is connected as a feedback resistor. The voltage at the 
integrator amp output is proportional to the ratio of the 
input frequency to the clock frequency. The transfer 
function is 

VOUT = (fIN/fcLOCK) 20V 

This transfer function is complementary to the voltage
to-frequency mode transfer function, making voltage-to
frequency-to-voltage conversions simple and accurate. 

Direct coupling of the input frequency to the compara
tor is easily accomplished by driving both comparators 
with complementary frequency input signals. Alterna-
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tively, one of the comparator inputs can be biased at half 
the logic voltage (using VREF and a voltage divider) and 
the other input driven directly. 

The proper timing of the input frequency waveform is 
shown in Figure 16. The input pulse should go low for 
one clock cycle, centered around a falling edge of the 
clock. The minimum acceptable input pulse width must 
fall no later than 200nsec before a negative clock edge 
and rise no sooner than 200nsec after the falling clock 
edge, An input pulse which remains low for more than 
one falling edge of the clock will produce incorrect out
put voltages. Positive (active high) input pulses can be 
accepted by reversing the connections to pins 14 and 15. 
Figure 17 shows a digital conditioning circuit which will 
accept any input duty cycle and provide the proper pulse 
width to the comparator. Each rising edge at this cir
cuit's input generates the required negative pulse at the 
inverting comparator input. The noninverting compara
tor is driven by a complementary signal. 

The integrator amplifier output is designed to drive up to 
1O,000pF and 5kD loads in frequency-to-voltage mode. 
This allows driving long lines in a large system. 

Ripple voltage in the voltage output is unavoidable and 
is inversely proportional to the value of the integrator 
capacitor. Figure 18 shows the output ripple and settling 
time as a function of the CINT value. 

The ripple frequency is equal to the input frequency. Its 
magnitude can be reduced by using a large integrator 
capacitor value, but at the sacrifice of slow settling time 
at the voltage output in response to an input frequency 
change. The settling time constant is equal to RIN X CINT. 
A better compromise between output ripple and settling 
time can be achieved by using a moderately low integra-
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FIGURE 16. Circuit and Timing Diagram of a Frequency-to-Voltage Converter. 
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FIGURE 17. Digital Timing Input Conditioning Circuit for Frequency-to-Voltage Operation. 
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tor capacitor value and adding a low-pass filter on the 
analog output. The cutoff frequency of the filter should 
be made below the lowest expected input frequency to 
the frequency-to-voltage converter. 

The system in Figure 20 makes use of both voltage-to
frequency and frequency-to-voltage mode to send a sig
nal across an optically-isolated barrier. This technique is 
useful not only for providing safety in the presence of 
high voltages, but for creating high noise rejection in 
electrically noisy environments. The use of a common 
clock frequency causes the two devices to have comple
mentary transfer functions, which minimizes errors. 

Optical coupling is facilitated by use of the output one
shot feature. The output pulse is shortened (see Short
ened Output Pulses) to allow for the relatively slow turn
off time of the LED. The timing diagram in Figure 19 
shows how the accumulated delay of both optical 
couplers could produce too long an input pulse for the 
frequency-to-voltage converter, VFC, of Figure 20. 

An output filter is used to reduce the ripple in the output 
of VFC,. In order to most effectively filter the output, 
both input and output VFCs are offset. By connecting Rl 
to VREF, an accurate offset is created in the voltage-to
frequency function. Zero volts input now creates a 
10kHz output. This offset is subtracted in the frequency
to-voltage conversion on the output side, by V REF and 
R,. 

MORE PULSE POSITION RESOLUTION 

Since output pulses must always align with clock edges, 
the instantaneous output frequency is quantized and 

Burr-Brown Ie Data Book 

CKo 

CK, 

10 -----,Ld.. MUST BE LJ 
!.,/fUGH HERE 

L-£/ INPUT PULSE L....../ 
, - LOADED HERE 

FIGURE 19. Timing Diagram and Oscilloscope Photo 
of Isolated Voltage-to-Frequency/ 
Frequency-to-Voltage System. 

appears to have phase jitter. This effect can be greatly 
reduced by using a high speed clock so that available 
clock edges come more frequently. This would also 
create a high full-scale frequency, but the technique 
shown in Figure 21 offers an alternative. A high speed 
clock is used to produce high resolution of the output 
pulse position, but a low full-scale frequency can be pro
grammed. 

When an output pulse is generated, the next rising edge 
of the high frequency clock is delayed for a program
mable number of clock counts. Since the integrator reset 
period (which sets the full-scale range) is determined by 
the time from rising edge to rising edge at the VFC's 
clock input once the comparator is tripped, the effective 
clock frequency is fCLOCK/16. The circuit shown can be 
programmed for any N from 2 to 16. Since an output 
pulse must propagate through the VFC before the next 
rising edge of the clock arrives, maximum clock fre
quency is limited by the delay time shown in the timing 
diagram. 

With output pulses now able to align with greater resolu
tion, the output has lower phase jitter. Using this tech
nique, the output is suitable for ratiometric (period 
measurement) type counting. This counting technique 
achieves the maximum possible resolution for short gate 
periods (see Burr-Brown Application Note AN-130). 
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BURR-BROWN® 

IElElI VFC101 

AVAILABLE IN 
DIE FORM 

Synchronized 
VOLTAGE-TO-FREQUENCY CONVERTER 

FEATURES 
• FULL-SCALE FREQUENCY SET BY SYSTEM CLOCK 
• MULTIPLE INPUT RANGES: 5V, BV, 10V FULL SCALE 
• ACCURATE 5V REFERENCE VOLTAGE 
• LOW NONLINEARITY: 0.02% AT 100kHz FS 
• LOW GAIN DRIFT: 4Oppm/oC 

APPLICATIONS 
• INTEGRATING AID CONVERTER 
• MULTICHANNEL DATA ACQUISITION 
• FREQUENCY-TO-VOLTAGE CONVERSION 
• VOLTAGE ISOLATION 

DESCRIPTION 
The VFCIOI voltage-to-frequency converter provides 
features and performance unique in integrated circuit 

VFCs. It uses the proven charge-balance technique 
with internal digital logic to control the critical 
reference integration period. Reference timing is 
derived from an external clock signal which accu
rately sets the full-scale frequency. This technique 
eliminates the errors and drift from external timing 
components which are required with other VFCs. 
Internal resistors provide accurate full-scale input 
ranges of 5V, 8V or lOY inputs without external 
resistors or trimming. 

An accurate 5V reference voltage output is useful for 
bridge or sensor excitation. With simple pin inter
connections, it can provide half-scale offset to allow 
bipolar input voltages. 

The open-collector frequency output interfaces easily 
to CMOS or TTL circuitry. Output one-shot circuitry 
may be used to optimize the output pulse width for 
optical couplers or transformers. 

The VFCIOI is packaged in a surface-mount 20-pin 
PLCC (plastic leaded chip carrier) package. 

Inlern.tlonal Alrportlnduslrlal Park • P.O. Bo. 11400 • Tucson. Arizona 85734 • Tel.: (602) 746-1111 • Tw.: 910·952·1111 • Cable: BBRCORP • Tale.: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C and ±15VDC supplies unless otherwise noted. 

VFC101JN VFC101KN 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

TRANSFER FUNCTION 

VOltage-to-Frequency Mode fOUT = fCLoCK (V1N/2VFS) 

Gain Error(1) FSR = 100kHz ±03 ±05 · · % of FSR 
Lineanty Error FSR = 100kHz, over temp ±0,O1 ±0.025 · ±0.02 %of FSR 

FSR = 500kHz, Cos = 60pF ±0.02 ±0.05 · · %of FSR 

FSR = 1 MHz, Cos = 60pF ±0.05 ±0.1 · · % of FSR 
Gain Driftl21 FSR = 100kHz ±50 ±SO ±30 ±40 {ppm of 

Referred to Internal VREF 10 ±25 · ±15 FSR/'C 
Offset Referred to Input ±1 ±3 · ±2 mV 
Offset Dnft ±12 ±100 ±6.5 ±25 "VI'C 
Power Supply Rejection Full supply range 0.02 0.015 %IV 
Response Time To Step Input Change One period of new output frequency plus one clof:k period 

Frequency-to-Voltage Mode VOUT = 2VFS flN/fcLOCK 

Gain Accuracy(1) FSR = 100kHz ±03 ±05 · · % 
linearity FSR = 100kHz ±001 ±0025 · ±0.02 % 

Input Resistors 
Resistance ±30 · % 
Temperature Coefficient (TO)(21 ±50 ±100 · · ppm/'C 

INTEGRATOR OP AMP 

Vos '" ±150 ±1000 · · "V 
Vas Onft ±5 ±25 · ±15 "V/'C 
I, ±50 ±100 ±25 ±50 nA 
los 100 200 50 100 nA 
AOL ZLOAO = 5kQ/10,000pF 100 120 · · dB 
CMRR SO 105 · · dB 
CM Range -7.5 +01 · · V 
VOUT Range ZLOAO = 5kQ/10,000pF -0.2 +12 · · V 
Bandwidth 14 · MHz 

COMPARATOR INPUTS 

Input Bias Current (I.) -Vee + 4V < VIN < +Vcc 5 · T "A 

CLOCK INPUT (referenced to digital common) 

Frequency (maximum operating) 4.0 · MHz 
Threshold Voltage 14 · V 

Over temperature O.S 2.0 · · V 
Voltage Range -Vcc+3 +Vcc · · V 
Input Current 0.5 5 · · "A 
Rise Time 2 · "s 

OPEN COLLECTOR OUTPUT (referenced to digital common) 

VOL IOUT= 10mA 0.4 · V 
IOL 15 · mA 
10H (off leakage) VOH =30V 0.01 10 · · "A 
Delay Time, positive clock edge 

to output pulse 300 · ns 
Fall Time 100 · ns 
Output Capacitance 5 · pF 

OUTPUT ONE-SHOT 

Pulse Width Out Nominal PWOUT = 1 1.4 2 · · · "s 
(5ns/pF) X Cos - gons 

Cos =300pF 

REFERENCE VOLTAGE 

Accuracy No load 4.90 5.0 5.10 495 · 5.05 V 
Drift'21 ±60 ±105 ±40 ±55 ppm/'C 
Current Output (sourclOg) 10 · mA 
Power Supply Rejection 0.015 · %IV 
Output Impedance 05 2 · · Q 
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ELECTRICAL (CO NT) 
At TAo = +25°C and ±15VDC supplies unless otherwise noted 

VFC101JN VFC101KN 

PARAMETER CONDITIONS I MIN TVP MAX MIN TYP MAX UNITS 

POWER SUPPLY 

Rated Voltage ±15 · V 
Operating Voltage Range +Vcc +7.5 +28.5 · · V 

-Vee -7.5 -285 · · V 
Total Supply +Vee - (-Vee) 15 36 · · V 
Digital Common -Vee + 2 +Vcc- 4 · · V 
QUiescent Current +Icc Over temperature 106 15 · · mA 

-Icc 96 15 · · mA 

TEMPERATURE RANGE 

Specification 0 +70 · · ·C 
Storage -65 +150 · · ·C 
8 Junction-Ambient 90 · ·C/w 
9 Junction-Case 35 · ·C/w 

·Specification same as IN grade 
NOTES (1) Offset and gain error can be trimmed to zero (2) Specified by the box method: (Max - Min) + (Avg X AT) 

MECHANICAL PIN CONFIGURATION 

l~t:=~_~L Seating 
Plane 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 350 356 889 904 
A, 338 344 859 87. 
B 350 356 889 904 
B, 290 330 737 838 
C 165 180 419 • 57 
D 013 021 033 053 
E 290 330 737 838 
F 028 032 066 081 

G 050 BASIC 127 BASIC 
K 020 - 051 -
M 385 395 978 1003 
N 385 395 978 1003 
P 090 120 229 305 
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3 20 19 

10 11 12 13 

NC 
+Vcc Power Supply 
NC 
VOUT Integrator Amp Output 
C1NT• Integrator Inverting Input 

18 

17 

16 

15 

14 

Grade 
Designation 

+VIN. Integrator Noninverting Input 
V1N• 5V FS 
V,N.l0V FS 
V,N. 8V FS 
V,N.l0V FS 
-Vee Power Supply 
Cos, Output One-Shot Capacitor 
fCLOCK Input 
fOUT Frequency Output 
Digital Ground 
Analog Ground 
- Comparator Input 
+ Comparator Input 
NC 
VREF +5V Reference Output 
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ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION 

Power Supply Voltage (+Vee to -Vee) ................. 36V 
+Vee to Analog Common ............................ , 28V 
-Vee to Analog Common .......................•..... 28V 
Integrator Out Short-Circult-to-Ground ......... Indefinite 
I ntegrator Differential Input ........................ ±10V 
Integrator Common-Mode Input ......... -Vee +5V to +2V 
Y,N (PinS 7, 8, 9, 10) ................................. ±Vee 
Clock Input ........................................ ±Vee 

VFC101 4l N 

,~" Moo" 'om,", =- I r 
Performance Code ------ -

J, K: O°C to +70°C 
(no grade designation indicates J grade) 

Plastic Leaded Chip Carrier Package 
(no package designation indicates N package) 

VR.F Out Short-Circuit-to-Ground. . . . . . . .. . . . ... Indefinite 
Cos (pin 12) .................................... 0 to +Vee 
fOUT (referred to digital common). . . . . . . .. . . .. -0.5V to 36V 
Digital Common ................................ " .. ±Vee 
Storage Temperature Range ...........•. -65°C to +150°C 
Lead Temperature (soldering 10s) ................... 300°C 

TYPICAL PERFORMANCE CURVES 
At +25°C, ±Vcc = 15VDC, and In Circuit of Flgurel unless otherwise specified 

QUIESCENT CURRENT vs TEMPERATURE 
20 

< 15 

S 
E +Icc 

~ 10 
0 
>- Icc 0. g. 
(/) 

50 25 o +25' +50 +75 +100 +125 
AmbJent Temperature (OC) 

THEORY OF OPERATION 
The VFClOI monolithic voltage-to-frequency converter 
provides a digital pulse train output with an average 
frequency proportional to the analog input voltage. The 
output is an active low pulse of constant duration, with a 
repetition rate determined by the input voltage. Falling 
edges of the output pulses are synchronized with rising 
edges of the clock input. 

Operation is similar to a conventional charge-balance 
VFC'. An input operational amplifier (Figure I) is con
figured as an integrator so that a positive input voltage 
causes an input current to flow in C1NT. This forces the 
integrator output to ramp negatively. When the output 
of the integrator crosses the reference voltage (5V), the 
comparator trips, activating the clocked logic circuit. 
Once activated, the clocked logic awaits a falling edge of 
the clock input, followed by a rising edge (see Figure 2). 
On the rising edge, switch SW, is closed for one complete 
clock cycle, causing the reset current, It, to switch to the 
integrator input. Since I, is larger than the input current, 

Burr-Brown Ie Data Book 
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Output Current (rnA) 

!tN, the output of the integrator ramps positively during 
the one clock cycle reset period. The clocked logic 
circuitry also generates a VFC output pulse during the 
reset period. 

Unlike conventional VFC circuits, the VFCIOI accurately 
derives its reset period from an external clock frequency. 
This eliminates the critical timing capacitor required by 
other VFC circuits. One period (from rising edge to 
rising edge) of the clock input determines the integrator 
reset period. 

When the negative-going integration of the input signal 
crosses the comparator threshold, integration of the 
input signal will continue until the reset period can start 
(awaiting the necessary transitions of the clock). Output 
pulses are thus made to align with rising edges of the 
external clock. This causes the instantaneous output 
frequency to be a sub harmonic of the clock frequency. 
The average frequency, however, will be an accurate 
analog of the input voltage. 
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> 

A full-scale input causes a nominal output frequency 
equal to one-half the clock frequency. The transfer 
function is fouT = (V1N/2VFS) fCLOCK • 

Input voltages greater than V FS cause the output fre
quency to limit at half the clock frequency. Negative 
inputs cause all output pulses to cease. The full-scale 
input voltage, V FS, is determined by the input pin used: 

Pin # v .. 
8 10V 

10 10V 
9 8V 
7 5V 
7' 25V 

• Pin 8 connected to Pin 5 

One of the useful functions made possible by the VFCIOI'S_ 
mUltiple input resistors is shown in Figure 3. By connec- • 
ting one IOV input to the 5V VREF output, the other IOV 
input pin functions as a bipolar input. A -5V to +5V 
input range causes a zero to fCLOCK/2 output frequency 
range. Accurate ratio matching and temperature tracking 
of the input resistors provides improved stability of the 
half-scale offset. 

z 
25 ,... 
~ 
> 
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FIGURE 3. Offset for Bipolar Input Voltages. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
The integrator capacitor CINT (see Figure I) affects the 
magnitude of the integrator voltage waveform. Its abso
lute accuracy is not critical since it does not affect the 
transfer function. This allows a wide range of capaci
tance to produce excellent results. Figure 4 facilitates 
choosing an appropriate standard value to assure that 
the integrator waveform voltage is within acceptable 
limits. Good dielectric absorption properties are required 
to achieve best linearity. MylarT., polycarbonate, mica, 
polystyrene, Teflon TO and glass types are appropriate 

Full-Scale Frequency (Hz) 

·Thls IS the maximum sWing 01 the Integrator output voltage 
referred to the comparator non Inverting I~put voltage 

FIGURE 4. Integrator Capacitor Selection Graph. 

+Vee o 1JlF +V, 

~ 

14 

fOUT 

o to fCLOCK/2 

-Vee 

20 12 11 

01h 
+Vcc 

-Vee 

choices. The choice in a given application will depend on 
the particular value and size considerations. Ceramic 
capacitors vary considerably from type to type and some 
produce significant nonlinearities. Polarized capacitors 
should not be used. 

Deviation from the nominal recommended + I V to 
-0.75V integrator voltage (as controlled by the integrator 
capacitor value) is permissible and will have a negligible 
effect on VFC operation. Certain situations may make 
deviations. from the suggested integrator swing highly 
desirable. Smaller integrator voltages, for instance, allow 
more "headroom" for averaging noisy input signals. The 
VFC is a fully integrating input converter, able to reject 
large levels of interfering noise. This ability is limited 
only by the output voltage swing range of the integrator 
amplifier. By setting a small integrator voltage swing 
using a large C'NT value, larger levels of noise can be 
integrated without output saturation and loss of accuracy. 
For instance, with a 50kHz full-scale output and CINT = 
O.lJ.lF, the circuit in Figure I can accurately average an 
input through the full 0 to IOV input range with IVp-p 
superimposed 60Hz noise. 

The integrator output voltage should not be allowed to 
exceed +12V or -0.2V, otherwise saturation of the 
operational amplifier could cause inaccuracies. Operation 
with positive power supplies less than + 15V will limit the 
output swing of the integrator operational amplifier. 
Smaller integrator voltage waveforms may be required 
to avoid output saturation of the integrator amplifier. 
See "Power Supplies and Grounding" for information 
on low-voltage operation. 

The maximum integrator voltage swing requirement is 
nearly symmetrical about the comparator threshold volt
age (see Figure 9). One-third greater swing is required 
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above the threshold than below it. Maximum demand 
on positive integrator swing occurs at low scale, while 
the negative swing is greatest just below full scale. 

CLOCK INPUT 
The clock input is TTL- and CMOS-compatible. Its 
input threshold is approximately lAV (two diode voltage 
drops) referenced to digital ground (pin 15). The clock 
"high" input pay be standard TTL or may be as high as 
+Vcc. The clock input has a high input impedance, so no 
special drivers are required. Rise time in the transistion 
region from O.5V to 2V must be less than 2p.s for proper 
operation. 

OUTPUT 
The frequency output is an open collector current-sink 
transistor. Output pulses are active low such that the 
output transistor is on only during the reset integration 
period (see Shortened Output Pulses). This minimizes 
power dissipation over the full frequency range and 
provides the fastest logic edge at the beginning of the 
output pulse where it is most desirable. 

Interface to a logic circuit would normally be made using 
a pull-up resistor to the logic power supply. Selection of 
the pull-up resistor should be made such that no more 
than l5mA flows in the output transistor. The actual 
choice of the pull-up resistor may depend on the full
scale frequency and the stray capacitance on the output 
line. The rising edge of an output pulse is determined by 
the RC time constant of the pull-up resistor and the stray 
capacitance. Excessive capacitance will produce a round
ing of the output pulse rising edge, which may create 
problems driving some logic circuits. If long lines must 
be driven, a buffer or digital line transmitter circuit 
should be used. 

The synchronized nature of the VFCIOI makes viewing 
its output on an oscilloscope somewhat tricky. Since all 
output pulses align with the clock, it is best to trigger and 
view the clock on one of the input channels and the 
output can then be viewed on another oscilloscope 
channel. Depending on the VFC input voltage, the 
output waveform may appear as if the oscilloscope is not 
properly triggered. The output might best be visualized 
by imagining a constant output frequency which is 
locked to a submultiple of the clock frequency with 
occasional extra pulses or missing pulses to create the 
necessary average frequency. It is these extra or missing 
pulses that make the output waveform appear as if the 
oscilloscope is not properly triggered. This behavior 
amounts to a frequency or phase jitter in the output, 
making frequency detection with most phase-locked 
loop circuitry impractical. For the same reason, fast 
period measurement (ratio metric counting) will not pro
vide a stable reading. The output frequency must be 
measured (averaged) for N counts of fCLOCK to achieve a 
stable N counts of resolution. 

Burr-Brown Ie Data Book 

SHORTENED OUTPUT PULSES 
In normal operation, the negative output pulse duration 
is equal to one period of the clock input. Shorter output 
pulses may be useful in driving optical couplers or 
transformers for voltage isolation or noise rejection. 
This can be accomplished by connecting capacitor Cos as 
shown in Figure 5. Pin 12 may be connected to +Vcc, 
deactivating the output one-shot circuit. The value of 
Cos is chosen according to the curve in Figure 6. Output 
pulses cannot be made to exceed one clock period in 
duration. Thus, a Cos value which would create an 

Clock 

tOUT 

Output 
One
Shot 

+vcc 

12 C 11 7) os 

, 

...----t-:1::..4-o fOUT 

15 D'g,tal 
Common 

: to __ : 
I 

--;"'output Pulse W,dth With 
Pm 12 Connected To +Vcc 

FIGURE 5. Circuit and Timing Diagram for 
Shortened Output Pulses. 
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° 100pF 

,uP;oons 
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Nommal Output Pulse WIdth, to 
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FIGURE 6. Output One-Shot Capacitor Selection 
Graph. 
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output pulse which is longer than one period of the clock 
will have the same effect as disabling the one-shot, 
causing the output pulse to last one clock period. The 
minimum practical pulse width of the one-shot circuit is 
approximately lOOns. Using Cos to generate shorter 
output pulses does not affect the output frequency or the 
gain equation. 

REFERENCE VOLTAGE 

Low gain drift is achieved by use of a precision internal 
5V reference. This reference is brought to an external pin 
and can be used for a variety of purposes. It is used to 
offset the noninverting comparator input in voltage-to
frequency mode (although a precise voltage is not 
required for this function). It is very useful in many other 
applications such as offsetting the input to handle bipolar 
input signals. It can source up to lOrnA and sink 100J.lA. 
Heavy loading of the reference will change the gain of 
the VFC as well as affecting the external reference 
voltage. For instance, a lOrnA load interacting with a 
0.50 typical output impedance will change the VFC gain 
equation and reference voltage by 0.1%. 

LINEARITY PERFORMANCE 
The linearity of the VFCIOI is specified as the worst-case 
deviation from a straight line defined by low scale and 
high-scale endpoint measurements. This worst-case devi
ation is expressed as a percentage of the IOV full-scale 
input. All units are tested and guaranteed for the specified 
level of performance. 

Linearity performance and gain error change with full
scale operating frequency as shown in Figure 7. Figure 8 
shows the typical shape of the nonlinearity at 100kHz 
full scale. Integrator voltage swing (determined by CINT) 
has a minor effect on linearity. Small integrator voltage 
swing typically leads to best linearity performance. 

Best linearity performance at high full-scale frequencies 
(above 500kHz) is obtained by using short output pulses 
with a one-shot capacitor of 60pF. As with any high
frequency circuit, careful attention to good power supply 
bypassing techniques (see "Power Supplies and Ground
ing") is also required. 
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TYPICAL N9NLlNEARITY AND GAIN ERROR 
vs FULL-SCALE FREQUENCY 
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/' ....-V -.. Ga'i Error 
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FIGURE 7. Nonlinearity and Gain Error vs Full-Scale 
Frequency. 
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FIGURE 8. Typical Nonlinearity vs VIN. 

TEMPERATURE DRIFT 

1\ 

10 

Conventional VFC circuits are affected significantly by 
external component term perature drift. Drift of the 
external input resistor and timing capacitor required 
with these devices may easily exceed the specified drift of 
the VFC itself. 

When used with its internal input resistors, the gain drift 
of the complete VFCIOI circuit is totally determined by 
the performance of the VFCIOI. Gain drift is specified at 
a full-scale output frequency of 100kHz. Conventional 
VFC circuits usually specify drift at 10kHz and degrade 
significantly at higher operating frequency. The VFCIOI's 
gain drift remains excellent at higher operating frequency, 
typically remaining within specification at fFs = IMHz. 

Drift of the external clock frequency directly affects the 
output frequency, but by using a common clock for the 
VFC and counting circuitry, this drift can be cancelled. 

POWER SUPPLIES AND GROUNDING 

Separate analog and digital grounds are provided on the 
VFCIOI and it is important to separate these grounds to 
attain greatest accuracy. Logic sink current flowing in 
the fouT pin is returned to the digital ground. If this 
"noisy" current were allowed to flow in analog ground, 
errors could be created. Although analog and digital 
grounds may eventually be connected together at a 
common point in the circuitry, separate circuit connec
tions to this common point can reduce the error voltages 
created by varying currents flowing through the ground 
return impedance. The +5V VREF pin is referenced to 
analog ground. 

The power supplies should be well bypassed using 
capacitors with low impedance at high frequency. A 
value of O.lJ.lF is adequate for most circuit layouts. 

The VFCIOI is specified for a nominal supply voltage of 
±15V. Supply voltages ranging from ±7.5V to ±18V 
may be used. Either supply can be up to 28V as long as 
the total of both does not exceed 36V. Steps must be 
taken, however, to assure that the integrator output does 
not exceed its linear range. Although the integrator 
output is capable of 12V output swing with 15V power 
supplies, with 7.5V supplies, output swing will be limited 
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to approximately 4.SV. In this case, the comparator 
input cannot be offset by directly connecting to the SV 
reference output pin. The comparator input must be 
connected to a lower voltage point (approximately 2V). 
This allows the integrator output to operate around a 
lower voltage point, assuring linear operation. This 
threshbld voltage does not affect the accuracy or drift of 
the VFC as long as it is not noisy. It should not be made 

Y,N 
Ol010V 

C1NT 

too small, however, or the negative ouptut limitation of 
the integrator (-0.2V) may cause saturation. Addition
ally, a large integrator capacitor may be used to limit the 
required integrator waveform swing to approxmiately 
IOOmV (see Figure 4). 

Figure 9 shows a circuit for operating from the minimum 
power supplies, avoiding saturation of the integrator 
amplifier and loss of accuracy. CINT is chosen for a 

+8V +VL 

O.1~ 
fo.JT 

010 50kHz 

INTEGRATOR VOLTAGE WAVEFORM (PIN 4) 

---rs;.-----------rsr-(V'"+ 100mV) ---Of High Scale (V'N=83V) 
Fast Oscilloscope Sweep 

V," ,\ •• AA .• AA 

2 25V il~: ~~~~I~~~O;:~~':~ J _ -'0l'2v:!-7:IT.:;0lYY..~~-
FIGURE 9. Circuit Diagram and Integrator Voltage Waveform for Low Power Supply Voltage Operation .. 
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FIGURE 10. Relationships of Allowable Voltages. 
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+ 100m V to -75m V integrator voltage swing (referred to 
the noninverting comparator input). The offset voltage 
applied to the comparator's noninverting input is derived 
from a resistive voltage divider from VREF. 

The relationships of the allowable operating voltage 
ranges on important pins is shown in Figure 10. Note 
that the integrator amplifier output cannot swing more 
than 0.2V below ground. Although this is not "normal" 
for an operational amplifier, a special internal design of 
this type optimizes high-frequency performance. It is this 
characteristic which necessitates the offsetting of the 
noninverting comparator input in voltage-to-frequency 
mode to avoid negative output swing. 

FREQUENCY-TO-VOLTAGE MODE 

The VFCIOI can also function as a frequency-to-voltage 
converter by applying an input frequency to the compar
ator input as shown in Figure II. The input resistor, RIN, 
is connected as a feedback resistor. The voltage at the 
integrator amp output is proportional to the ratio of the 
input frequency to the clock frequency. The transfer 
function is 

VOUT = (fIN/fcLOcK) 20V 
This transfer function is complementary to the voltage
to-frequency mode transfer function, making voltage-to
frequency-to-voltage conversions simple and accurate. 

Direct coupling of the input frequency to the comparator 
is easily accomplished by driving both comparators with 
complementary frequency input signals. Alternatively, 

f,N 

one of the comparator inputs can be biased at half the 
logic voltage (using VREF and a voltage divider) and the 
other input driven direclty. 

The proper timing of the input frequency waveform is 
shown in Figure II. The input pulse should go low for 
one clock cycle, centered around a falling edge of the 
clock. The minimum acceptable input pulse width must 
fall no later than 200ns before a negative clock edge and 
rise no sonner than 200ns after the falling clock edge. An 
input pulse which remains low for more than one falling 
edge of the clock will produce incorrect output voltages. 
Positive (active high) input pulses can be accepted by 
reversing the connections to pins 14 and 15. Figure 12 
shows a digital conditioning circuit which will accept any 
input duty cycle and provide the proper pulse width to 
the comparator. Each rising edge at this circuit's input 
generates the required negative pulse at the inverting 
comparator input. The noninverting comparator is driven 
by a complementary signal. 

The integrator amplifier output is designed to drive up to 
1O,000pF and 5kO loads in frequency-to-voltage mode. 
This allows driving long lines in a large system. 
Ripple voltage in the voltage output is unavoidable and 
is inversely proportional to the value of the integrator 
capacitor. Figure 13 shows the output ripple and settling 
time as a function of the C1NT value. 

The ripple frequency is equal to the input frequency. Its 
magnitude can be reduced by using a large integrator 
capacitor value, but at the sacrifice of slow settling time 

Clock In 

,.-------.... -+--t-_VbUT 
CINT 

+15VDC 

5 17 13 

+VCC 

-=r--:6+---'_V~ 
16 '-18 ____ ...J 

+15VDC 

Frequency-to-Voltage Mode Timing 

CIOCk~, , 

I I I 
I I I 

14 
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Required 

, I ~--rl-------
f,N (Preferred) -1--i,--1-5v: : 

I I , 

200"8-"'1 ~ 2°ons-----ll~ ----1 !~2oons 
-1±I-5V .... 1 ____ --'1 f,N (Limits) 

---.-; 1--2OOn8 
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Maximum Input Pulse 

FIGURE II. Circuit and Timing Diagram of a Frequency-to-Voltage Converter. 
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FIGURE 12. Digital Timing Input Conditioning Circuit for Frequency-to-Voltage Operation. 
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at the voltage output in response to an input frequency 
change. The settling time constant is equal to RIN X 
CINT. A better compromise between output ripple and 
settling time can be achieved by using a moderately low 
integrator capacitor value and adding a low-pass filter 
on the analog output. The cutoff frequency of the filter 
should be made below the lowest expected input fre
quency to the frequency-to-voltage converter. 

NOTE: Several useful applications circuits may be found 
in the VFCIOO product data sheet. These require only 
minor adaptation to the different pinout and input 
resistor configurations of the VFCIOI. 

Mylar™, Teflon™ E.l. du Pont de Nemours & Co. 
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BURR-BROWN® 

IElElI VFC110 
ADVANCE INFORMATION 

SUBJECT TO CHANGE 

High-Frequency 
VOLTAGE-TO-FREQUENCY CONVERTER 

FEATURES 
• HIGH FREQUENCY OPERATION: 

4MHz FSmax 

• EXCELLENT LINEARITY: 
±O.05% max at 1MHz 
±O.05% typ at 2MHz 

• PRECISION 5V REFERENCE 

• DISABLE PIN 

DESCRIPTION 
The VFCII 0 Voltage-to-Frequency Converteris a third
generation VFC offering improved features and per
formance. These include higher frequency operation, 
an on-board precision 5V reference and a Disable 
function. 

The precision 5V reference and can be used for offset
ting the VFC transfer function, as well as exciting 
transducers or bridges. The Disable pin allows several 
VFCs' outputs to be paralleled, multiplexed, or simply 
to shut off the VFC. The open-collector frequency 

Input 
Common 

I~ V M Comparator 

APPLICATIONS 
• INTEGRATING AID CONVERSION 

• PROCESS CONTROL 

• VOLTAGE ISOLATION 
• VOLTAGE·CONTROLLED OSCILLATOR 

• FM TELEMETRY 

output is TTL/CMOS-compatible. The output may be 
isolated by using an opto-coupler or transformer. 

Internal input resistor, one-shot and integrator capaci
tors simplify applications circuits. These components 
are trimmed for a full-scale output frequency of 4MHz 
at IOV input. No additional components are required for 
many applications. . 

The VFCl00 is packaged in plastic and ceramic 14-pin 
DIPs. Industrial and military tempemture range grade
outs are available. 

+v. 

Digital 
Ground 

'---------1 Disable 

-v. Analog QV Cos 
Ground 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 strea1 Address: 6730 S. Tucson Blvd. Tucson, AZ 85706 
Tel: (602) 746-1111 • Twx: 910·952·1111 • cable: BBRCORP Telex: 66-6491 • FAX: (602) 889-1510 
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SPECIFICATIONS 
At TA = +25'C and V, = ±15V unless otherwise noted. 

MODEL VFC110BG VFC110AGlSG/AP 

PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

VOLTAGE TO FREQUENCY OPERATION 
Nonlinearity, f,. = 100kHz 0.005 0.01 0.01 0.05 %FS 

f,.= 1MHz 0.01 0.05 0.1 %FS 
f,.= 2MHz 0.015 · %FS 
f,. = 4MHz 1 %FS 

Gain Error, f = 1 MHz 5 · % 
Gain Drift, f = 1 MHz 50 100 ppf1llOC 

Relative to V REF 50 100 ppf1llOC 
PSRR 0.05 0.1 %N 

INPUT 
Full Scale Input 250 500 · · pA 
I, 15 30 20 60 nA 
Vas 3 3 mV 
VosDrlft 35 · I1VI'C 

OPEN COLLECTOR OUTPUT 
Vo Low 0.4 V 
ILEAKAGE 0.1 1 · · pA 
Fall Time 25 · ns 
Delay to Rise 25 ns 

REFERENCE VOLTAGE 
Voltage 4.95 5.00 5.05 · · V 
Voltage Drift 20 50 ppf1llOC 
Load Regulation, 10 = 0 to 10mA 3 10 · mV 
PSRR, V.=±8to±18V 5 · mVN 
Current Limit 15 · rnA 

DISABLE INPUT 
VHGH 2.0 · V 
VLOW 0.4 V 

IH,," 0.1 · pA 
lcow 1 · pA 

POWER SUPPLY 
Voltage ±8 ±15 ±18 · · · V 
Current 13 16 · · rnA 

TEMPERATURE RANGE 
Specified 

AG,BG,AP -25 +85 · 'C 
SG -55 +125 'C 

Storage 
AG,BG,SG -65 +150 · 'C 
AP -40 +125 · · 'C 
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BURR-BROWN® 

IElElI VFC320 
MILITARY & DIE 

VERSIONS 
AVAILABLE 

VOltage-to-Freq uency 
and Frequency-to-Voltage 

CONVERTER 

FEATURES 

• HIGH LINEARITY, 12 to 14 bits 
±O.005% max at 10kHz FS 
±O.03% max at 100kHz FS 
±O.! % typ all MHz FS 

• V/F OR F/V CONVERSION 

• 6-DECADE DYNAMIC RANGE 

• 20ppm/oC max GAIN DRIFT 

• OUTPUT DTL/TTL/CMOS COMPATIBLE 

DESCRIPTION 
The VFC320 monolithic voltage-to-frequency and 
frequency-to-voltage converter provides a simple low 
cost method of converting analog signals into digital 
pulses. The digital output is an open collector and the 
digital pulse train repetition rate is proportional to 
the amplitude of the analog input voltage. Output 
pulses are compatible with DTL, TTL, and CMOS 
logic families. 

High linearity (0.005%, max at 10kHz FS) is achieved 
with relatively few external components. Two 
external resistors and two external capacitors are 

·I~ 

+IN 

APPLICATIONS 
• INEXPENSIVE A/D AND D/A CONVERTER 

• DIGITAL PANEL METERS 

• TWO-WIRE DIGITAL TRANSMISSION WITH NOISE 
IMMUNITY 

• FM MOD/DEMOD OF TRANSDUCER SIGNALS 

• PRECISION LONG TERM INTEGRATOR 

• HIGH RESDLUTION OPTICAL LINK FOR ISOLATION 

• AC LINE FREQUENCY MONITOR 

• MOTOR SPEED MONITOR AND CONTROL 

required to operate. Full scale frequency and input 
voltage are determined by a resistor in series with -IN 
and two capacitors (one-shot timing and input 
amplifier integration). The other resistor is a non
critical open collector pull-up (fOUT to +Vccl. The 
VFC320 is available in three performance/ temper
ature grades and two package configurations. The 
TO-100 versions are hermetically sealed, and spec
ified for the _25°C to +85°C and _55°C to + 125°C 
ranges, and the dual-in-line units are specified from 
-25°C to +85°C. 

'OUT 

Inlernalional Airporllnduslri.l Park· P.O. Box 11400 - Tucson. Arizona 85734· Tel. 1602) 746·1111· Twx: 910·952·1111 . Cable: 88RCORp· Telex: 66·6491 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25"C and ±'SVDC power supply unless otherwise noted. 

VFC3208GIIM1811 

CHARACTERISTICS CONDITIONS MIN TVP I MAX I 
V/F CONVERTER FOUT =VINI7.S R.C,. Flaure4 
INPUT TO OP AMP 

Voltage Rangel') Fig. 4 with 82 =0 >0 Note 2 
Fig.4 with '" =0 <0 -'0 

Current Range(') hN=V'NiRIN +O.2S +750 

Bias Current 
Inverting Input 4 8 
Nom"verting Input '0 30 

Offset Voltage(3) ±a.'s 
Offset Voltage Dnlt ±5 
Dillerentlallmpedance 300IIS 650IIS 
Common-mode 

Impedance 300113 500113 

ACCURACY 
Linearity Error(')(4)(5) Flg.4 with 82 = Ole) 

0.0' Hz $ loUT $ 'OkHz ±a.OO4 ±a.OO5 
0.' Hz $ loUT $ 'OOkHz ±a.OO8 ±a.03O 

'Hz$louT$'MHz ±a.' 

Offset Error Input 
Ollaet Voltagel') ±'S 

Ollset Dril~7) ±a.s 
Gain Error(3) ±S ±'O 
Gain Drlft(7) 1= 'OkHz 50 
Full Scale DroIt 1= 'OkHz 50 

(ollsetdrolt & 
gain drolt)(7)(81(9) 

Power Supply Sensitivity ±Vcc = '4VDC to 'SVDC ±a.OIS 

DYNAMIC RESPONSE 
Full Scale Frequency CLOAD$ 50pF , 
Dynamic Range e 
SetthngTlme (VlF) to specllied linearoty 

lor a lunscale input step Note '0 
Overload Recovery < 50'lIl overload Note '0 

OPEN COLLECTOR OUTPUT 
VoRage. LogiC "0" ISINK = SmA. max 0.4 

Leakage Current. 
LogiC"'" Vo='SV 0.0' '.0 

VoRage. LogiC .. , .. External pun.up resistor 
required (sea Figure 4) Vpu 

Duty Cycle at FS For Best Llneanty 25 
Fan Time loUT = SmA. CLOAD = 500pF '00 

FlY CONVERTER VOUT - 7 S R,C, F,N. Figure 9 

INPUT TO COMPARATOR 
Impedance 5011 '0 '5011 '0 
LogiC"'" +1.0 +Vce 
LogiC "0" -Vee ~.05 

Pulse-Width Range 0.25 

OUTPUT FROM OP AMP 
Voltage lo=7mA Oto+'O 
Current Vo=7VDC +'0 
Impedance Closed-loop 0.' 
capacitive Load Without oscillatoon '00 

POWER SUPPLY 

Rated Voltage ±'5 
Voltage Range ±'3 . ±20 
QUiescent Current ±a.5 ±75 

TEMPERATURE RANGE 

Specilication 
Band C Grades -25 +65 
5 Grade -55 +'25 

Operating 
Band C Grades -25 . +8S 
SGrade -55 +'25 

Storage -iSS +'50 

·Specilication the same as lor VFC32OBG/BMISM. 
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VFC3lDCGlCM 

MIN I TVP I MAX I 

· 
· · 

· · 
±a.oo,s ±a.002 

· · · 
20 
20 

· · 

· 

· · · 

· · · 

· · 
· 

· 

· 

UNITS 

V 
V 

"A 

nA 
nA 
mV 

"VloC 
k{} II pF 

kn II pF 

'MooIFSA 
'Mool FSA 
'11101 FSA 

ppm 01 FSR 
ppm 01 FSRfOC 

'11101 FSA 
ppm 01 FSRI"C 
ppm 01 FSRfOC 

'11101 FSRI'Mo 

MHz 
decadee 

V 

"A 

V 
'III 
ns 

k{} II pF 
V 
V 

"" 
V 

mA 
n 
pF 

V 
V 

mA 

°C 
·C 

·C 
·C 
·C 
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NOTES 
1 A 25% duty cycle at full scale (0 25mA Input currentl IS recommended where possIble to achieve best Iineanty 
2 Determined by RIN and full scale current range constramts 
3 Adjustable to zero S~e Offset and Gam AdJustm~nt section 
4 Llneanty error at anyoperatmg frequency IS defined as thedevlatlon from a straight line drawn between the full scale frequency and 0 1% 

of full scale frequency S!3e DIScussion of SpeCifications section 
5 When offset and gam errors are'nulled, at an operating temperatwe, the Iineanty error determines the fmal accuracy 
6 For 91 = 0 tYPical linearity efrors are 001% at 10kHz, 0 2% at 100kHz, 0 1 % at 1 MHz 
7 Exclusive of externa~J components' dnft 
8 FSR = Full Scale Range Icorresponds to full scale and full scale Input voltage 
9 PosItive dnft IS defined to be increasing frequency with increasing temperature 

10 One pulse of new frequency plus 50nsec tYPical 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltages 
Output Sink Current at fOUT 
Output Current at VOUT 
Input VOltage, -Input 
Input Voltage, +Input 
Storage Temperature Range 
Lead Temperature (soldering, 10 seconds; 

MECHANICAL 

±20V 
50mA 
+20mA 
±Vce 
±Vec 
-65°C to +150o C 
+300°C 

VFC320BM/CM/SM 
TO-l00 PACKAGE 

~~:~ m Irue pOSItIOn wlthm 1 F; 3-_-1 

VFC320BG/CG 
CERAMiC DUAL-iN-LINE 

NOTE 

Leads In true POSition Within ~ I Cd = C3 I '8'1 
~e~~,ng ~~a~: Rat MMC at [j = = = l 

reference only Numbers may F----l 
a 10 a 25mm Rat MMC at -,------II II---*-1 
seating plane t-----,---.-
Pin numbers shown tor reference only E F-.J 
Numbers may not be marked on package K 

SeatIng ___ J 

Pin numbers shown for L 19 
not be marked on, package - A ~ ~c 

N-. 

INCHES MiLLIMETERS 
DIM MIN MAX MIN MAX 

335 370 851 940 

305 335 775 851 ,-----
e-£--- 165 185 419 470 

i-"-- 016 021 041 053 

r+-. 010 040 025 1 02 _. 
010 040 025 1 02 

C. 230 BASIC 5 B4 BASIC 

r--"--- aLB 034 071 086 

~ .029 045 074 1 14 

r-"-- t-!J_~O. 12 70 

i-'c--- rfu~f;lASIC160 305 _L 406 

-"'- 36° BASIC 

~L2_1~ 120 279 I 305 

PIN CONFIGURATIONS 

M PACKAGE 
,TO-tOO, 

ONE-SHOT 
CAPACITOR 

,TOP VIEW, 

Plane --.1-"'- 0 

8 COMMON 

7 COMPARATOR 
INPUT 

fOUT 
NC ~ NO INTERNAL CONNECTION 

EXTERNAL CONNECTION PERMITTED 

Burr-Brown Ie Data Book 10-56 

INCHES 
DIM MIN MAX 

A 670 no 
C 065 170 

0 015 021 

, 045 060 

G 100 BASIC 

H 025 070 

, 008 012 

K 120 240 , 300 BASIC 

M ,," , 009 060 

G PACKAGE 
IDUAL-IN-LiNE 

NC 

NC 

-Vee 

ONE-SHOT 
CAPACITOR 

NC 

fOUT 

MILLIMETERS 

MIN MAX 

1702 1803 

- 1 65 '" 038 003 

1 14 1 52 

2548ASIC 

064 1'8 

020 030 

305 610 

162 BASIC 
,,0 

023 1,,2 

+IN 

VOUT 

+Vcc 

COMMON 

COMPARATOR 
INPUT 

NC 

NC 
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DISCUSSION OF 
SPECIFICATIONS 
LINEARITY 
Linearity is the maximum deviation of the actual transfer 
function from a straight line drawn between the end 
points (100% full scale input or frequency and 0.1 % offull 
scale called zero). Linearity is the most demanding 
measure of voltage-to-frequency converter performance, 
and is a function of the full scale frequency. Refer to 
Figure I to determine typical linearity error for your 
application. Once the full scale frequency is chosen, the 
linearity is a function of operating frequency as it varies 
between zero and full scale. Examples for 10kHz full 
scale are shown in Figure 2. Best linearity is achieved at 
lower gains (~foul / j. VIN) with operatIOn as close to the 
chosen full scale frequency as possible. 

The high linearity of the VFC320 makes the deVice an 
excellent choice for use as the front end of A/D 
converters with 12- to 14-bit resolution, and for highly 
accurate transfer of analog data over long lines in noisy 
environments (2-wire digital transmission). 

0.10 

~ 0.04 

i!:. O.oz J 

~ 0.01 ~ 

i! 
::::; 0.004 

TA = t25~C 

I 
°FS 11lfl 

u 

~ OJIl2 

O.DO 
Ik Zk 4k 10k 20k 40k lOOk ZOOk 4I!Ok I M 

Full Seale Fraquency (Hz) 

FIGURE I. Linearity Error vs Full Scale Frequency. 

+0.003 

ff +0.002 
os 
~ +0.001 

.E 

fFULL SCALE = IDkHk:r Typical. T A = +25°C_ 
......., 

/V BI~:~L_ " ~ -" . -~ [.?: ___ *-- --i: GRADE --
€ 
i! -11.001 
::::; 

~ -II.ooZ 
~ .... 

~ '" "1 ......... .. *-" 

'" - ---- _., --
i'-.... / ....... r- / 

-II.oD3 

Ik Zk 3k 4k 5k 6k 7k 8k 9k 10k 

Operallng Frequency (Hz) 

FIGURE 2. Linearity Error vs Operating Frequency. 

FREQUENCY STABILITY VS TEMPERATURE 

The full scale frequency dnft of the VFC320 versus 
temperature is expressed as parts per million offull scale 
range per "C. As shown in Figure 3, the drift increases 
above 10kHz. To determine the total accuracy drift over 

Burr-Brown Ie Data Book 

temperature, the drift coefficients of external components 
(especially RI and CI) must be added to the drift of the 
VFC320. 

iu200I---t-t+t+t-tt+-++++t++IH---l--l~t+t.y,j 
~Z ~ 

iff 100 !~I~~I!I!~~II~IIIII § i 4D -B AND S GRADES 

c. 20 - C GRADEI-IHII+lIIfft-I-:;;;oIo""'f-""++l1+H~+-I-I-H+lH ~ -, ", 

fO~~~~.w~~~~~ __ ~~~ 
Ik 2k 4k 10k lOOk 200k 400k 1M 

Full Scale Frequency (Hz) 

FIGURE 3. Full Scale Drift vs Full Scale Frequency. 

RESPONSE 

Response of the VFC320 to changes in input signal level 
is specified for a full scale step, and is 50nsec plus I pulse 
of the new frequency. For a I OV input signal step with the 
VFC320 operating at 100kHz full scale, the settling time 
to within ±O.OI% of full scale is lO~s. 

THEORY OF OPERATION 
The VFC320 monolithic voltage-to-frequency convcrter 
provides a digital pulse train output whose repetition rate 
is directly proportional to the analog input voltage. The 
circuit shown in Figure 4 is composed of an input 
amplifier, two comparators and a flip-flop (forming a 
one-shot), two switched current sinks, and an open 
collector output transistor stage. Essentially the input 
amplifier acts as an integrator that produces a two-part 
ramp. The first part is a function ofthe input voltage, and 
the second part is dependent on the input voltage and 
current sink. When a positive input voltage is applied at 
V IN, a current will flow through the input resistor, 
causing the voltage at VOU"! to ramp down toward zero, 
according to dV/dt = VIN/RICI. During this time the 
constant current sink is disabled by the switch. Note, this 
period IS only dependent on VIN and the integrating 
components. 

When the ramp reaches a voltage close to zero, 
comparator A sets the flip-flop. This closes the current 
sink switches as well as changing fOUl from logic 0 to logic 
I. The ramp now begins to ramp up, and ImA charges 
through CI until Vu = -7.SV. Note this ramp period is 
dependent on the I rnA current sink, connected to the 
negative input of the op amp,~s well as the input voltage. 
At this -7.SV threshold point at CI, comparator B resets 
the flip-flop, and the ramp voltage begins to ramp down 
again before the input amplifier has a chance to saturate. 
In effect the comparators and flip-flop form a one-shot 
whose period is determined by the internal reference and 
a I rnA current sink plus the external capacitor, CI. After 
the one-shot resets, four changes back to logic 0 and the 
cycle begins again. 

The transfer function for the VFC320 is derived for the 
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'INPUT RESISTOR INTEHRAnl. CAPACITOR 

VII: ONE-8HOT 

FOIl POSITIVE IIPUT VOLTAGES 

+VpULL·UP IVpu) 
15V TO 15V TYPICALLy) 

• 
PULL·UP R2 
RESISTOR 
8 

IUS.E'I. 8II8RT ez. L.-____ +~----+------~:.....-_+--I 

FOR NEBATIVE INPUT VOLTASES 4 B COMMOI 
. UIE 12- SHORT 'I' CI I. IIIIE-8HOT 
FOR DIFFEREIITIAL IIPUT VOL TABES .... CAPACITOR 

USE 'I ,nd.,. 
FIGURE 4. Functional Block Diagram of the VFC320. 

the circuit shown in Figure 4. Detailed wa,vefot"ms are 
shown in Figure 5. 

fOUT t I ~ t, (I) 
I n the time t:. + t I the integrator capacitor C, charges 
and discharges but the net voltage change is zero. 

Thus.:1Q = 0 = hN t I +'(II~ -IA) 12 

So that hN (tl + 12) = I.~ 12 
But since t I + 12 = "L and hN ,= VIN 

'OUT . RI 
...Y!.L 

fOUT = IARI12 

ov 

·7IlV 

FIGURE 5. Integrator and VFC Output Timing. 

(2) 

(3) 

(4), (5) 

(6) 

In the time 12, 18 charges the one-shot capacitor C, until 
its voltage reaches -7.5V and trips comparator B. 

Th t - C1 7.5 us ,- --1-

Using (7) in (6) yield fOUT '= 7'~~ICI X i; 
Since IA = 18 the result is 

VIN 
fouT = 7.5 RICI 

Burr-Brown Ie Data Book 

(7) 

(8) 

(9) 

PII NUMBERS SHOWI FOR "M" PACKAGE ITO·IOO) 

Since the integnitingcapacitor, C" affects both the rising 
and falling segments of the ramp voltage. its tolerance 
and temperature coefficient do not affect the output 
frequency. It should, however. have a leakage current 
that is small compared to lIN, since this parameter will 
add directly to the .gain error of the VFC. CI, which 
controls the one-shot period, should be very preCise since 
its tolerance and temperature coefficient add directly to 
the errors in the transfer function. 

The: operation of the VFC320 as a highly linear frequency
to-voltage converter, follows the same theory of opera
tion as the voltage-to-frequency converter. el and e, are 
shorted and FIN is disconnected from VOU'I. FIN is then 
driven with a signal which is sufficient to trigger 
comparator A. The "one-shot period will then be 
determined by C I as before, but the cycle repetition 
frequency will be dictated by the digital input at FIN. 

DUTY CYCLE 

The duty cycle (D) of the VFC is the ratio of the one-shot 
period (12) or pulse width, PW, to the total VFC period (II 
+ t2). For the VFC320, 12 is fixed and tl + b varies as the 
input v~ltage. Thus the duty cycle, D, is a function ofthe 
input voltage. Of particular interest is th~ duty cycle at 
full scale freq uency, DFS, wliich occurs at full scale input. 
DFS is a user determined parameter which affects linearity. 

12 
DFS = II + 12 = PW X fFS 

Best linearity is ~chieved when DFS is 25%. By reducing 
equations (7) and (9) it can be shown that 

D - VIN max / RI _ hN max 
FS- ImA - ~ 

Thus DFS = 0.25 corresponds te hN max = 0.25mA. 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 

VOLTAGE-TO-FREQUENCY CONVERSION 
The VFC320 can be connected to operate as a V / F 
converter that will accept either positive or negative input 
voltages, or an input current. Refer to Figures 6 and 7. 

+15V 

·15V 
OFFSET A~J. 

+VPU 

C2 INTEGRATOR CAP. 

lOUT 
"BYPASS WITH 0.01 ~F PIN NUMBERS IN SQUARES REFER TO DIP PACKAGE 

FIGURE 6. Connection Diagram for V / F Conversion, 
Positive Input Voltages. 

GAIN A~J. ,-------It2 INTEGRATOR CAP. 

'OUT 
"BYPASS WITH 0.01 ~F PIN NUMBERS IN SQUARES REFER TO DIP PACKAGE 

FIGURE 7. Connection Diagram for V / F Conversion, 
Negative Input Voltages. 

EXTERNAL COMPONENT SELECTION 
I n general the design sequence consists of: (I) choosing 
fMAX , (2) choosing the duty cycle at full scale (DFs = 0.25 
typically), (3) determining the input resistor, R, (Figure 
4), (4) calculating the one-shot capacitor, C" (5) selecting 
the integrator capacitor C2, and (6) selecting the output 
pull-up resistor, R,. 

!Eput Resistors R, and RJ 

The input resistance (R, and RJ in Figures 6 and 7) is 

calculated to set the desired input current at full scale 
input voltage. This is normally 0.25mA to provide a 25% 
duty cycle at full scale input and output. Values other 
than DFs = 0.25 may be used but linearity will be affected. 
The nominal value is R, is 

VIN max 
R, = 0.25mA 

(10) 

If gain trimming is to be done, the nominal value is 
reduced by the tolerance ofC, and the desired trim range. 
R, should have a very-low temperature coefficient since 
its drift adds directly to the errors in the transfer function. 

One-Shot Capacitor, C, 

This capacitor determines the duration of the one-shot 
pulse. From equation (9) the nominal value is 

V'N 
C, nom = 7.5 R, four rll) 

For the usual 25% duty at fMAX = V,N / R, =0.25mA there 
is approximately ISpF of residual capacitance so that the 
design value is 6 

C ,(pF)= 33' x 10 _ 15 
fFs 

(12) 

where fFs is the full scale output frequency in Hz. The 
temperature drift of C, is critical since it will add directly 
to the errors of the transfer function. An N PO ceramic 
type is recommended. Every effort should be made to 
minimize stray capacitance associated with C,. It should 
be mounted as close to the VFC320 as possible. Figure 8 
shows pulse width and full scale frequency for various 
values of C, at DFs = 25%. 

10.000 E:""---,.---,..--'--,----,I06 

l000~---+-~----~-----+------~ 

10~---+---~L---+-~r--; 

1 L:-__ .lL __ ~~ __ -":-__ --'.102 

101 103 104 105 
CapacItance C1 IpFI 

FIGURE 8. Output Pulse Width (DFS = 0.25) and Full 
Scale Frequency vs External One-shot 
Capacitance. 

Integrating..9!pacitor, C2 

Since C2 does not occur In the V I F transfer function 
equation (9), its tolerance and temperature stability are 
not important; however, leakage current in C2 causes a 
gain error. A ceramic type is sufficient for most 
applications. The value ofC, determines the amplitude of 
Your. Input amplifier saturation, noise levels for the 
comparators and slew rate limiting of the integrator 
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determine a range of acceptable values, 

1100/ fFs ; if fFs"';; 100kHz 

C2 (}.IF) = 0.001; if 100kHz < fFS"';; SOOkHz 

O.OOOS; if fFs > SOOkHz 

Output Pull Up Resistor R2. 

(13) 

The open collector output can sink up to SmA and still be 
TTL-compatible. Select R2 according to this equation: 

R2 min (0) = Vpul.lup/(SmA - h.OAD) 

A 10% carbon film resistor is suitable for use as R2. 

Trimming.£2!!!ponents RJ , R4, R5 

R5 nulls the offset voltage ofthe input amplifier. It should 
have a series resistance between IOkO and 100kO and a 
temperature coefficient less than 100ppm/°C. R4 can bea 
10% carbon film resistor with a value of IOMO. 

RJ nulls the gain errors of the converter and compensates 
for intitial tolerances of R, and C,. Its total resistance 
should be at least 20% ofR" if R, is selected 10% low. Its 
temperature coefficient should be no greater than five 
times that of R" to maintain a low 9rift of the R3 - R, 
series combination. 

OFFSET AND GAIN ADJUSTMENT PROCEDURES 

To null errors to zero, follow this procedure: 
I. Apply an input voltage that should produce an output 

frequency of 0.00 I x full scale. 
2. Adjust R5 for proper output. 
3. Apply the full scale input voltage. 
4. Adjust R3 for proper output. 
S. Repeat steps I through 4. 

If nulling is unnecessary for the application, delete R4 and 
Rs, and replace R3 with a short circuit. 

POWER SUPPLY CONSIDERATIONS 

The power supply rejection ratio of the VFC320 is 
0.015% of FSR/% max. To maintain ±O.OIS% con
version, power supplies which are stable to within ±I% 
are recommeded. These supplies should be bypassed as 
close as possible to the converter with 0.0 I}.IF capacitors. 
Internal circuitry causes some current to flow in the 
common connection (pin 11 on DIP package). Current 
flowing into the fouT pin (logic sink current) will also 
contribute to this current. It is advisable to separate this 
common lead ground from the analog ground associated 
with the integrator input to avoid errors produced by 
these currents flowing through any ground return impe
dance. 

DESIGN EXAMPLE 

Given a full scale input of + 10V, select the values of R" 
R2, R" C" and C2 for a 2S% duty cycle at 100kHz 
maximum operation into one TTL load. See Figure 6. 
Selecting C, (DFs = 0.2S) 

C, = [(33 x 106 )/fMAx] -IS [(66 x IOb )/fMAx] -IS 
ifDFS = O.S 

= [(33 x 106)/ 100kHz] -IS 

= 31SpF 
Choose a 300pF NPO ceramic capacitor with 1% to 10% 
tolerance. 

Burr-Brown Ie Data Book 

Selecting R, and 'R3 (DFS = 0.2S) 

R, + R3 = VIN max/0.2SmA 

= IOV/0.2SmA 
=40kO 

VIN max/O.SmA 
if DFS = O.S 

Choose 32.4kO qletal film resistor with I % tolerance and 
R3 = IOkO cermet potentiometer. 

~g~ 
C2 = 102 / Fm" 

= 102 jlOOkHz 
=O.OOI}.lF 

Choose a O.OOI}.lF capacitor with ±S% tolerance. 

Selecting R2 
~u~p/(SmA - iwAD) 

= SV / (SmA - 1.6mA), one TTL-load = 1.6mA 
=7810 

Choose a 7S00 1/ 4-watt carbon compensation resistor 
with ±S% tolerance. 

FREQUENCY-TO-VOLTAGE CONVERSION 

To operate the VFC320 as a frequency-to-voltage 
converter, connect the unit as shown in Figure 9. To 
interface with. TTL-logic, the input should be coupled 
through a capacitor, and the input to pin 10 biased near 
+2.5V. The converter will detect the falling edges of the 
input pulse train as the voltage at pin 10 crosses zero. 
Choose C3 to make t = O.lt (see Figure 9). For input 
signals with amplitudes less than SV, pin 10 should be 
biased closer to zero, to insure that the input signal at pin 
10 crosses the zero threshold. Errors are nulled following 
the procedure given on this page, using 0.00 I x full scale 
frequency to null offset, and full scale frequency to null 
the gain error. Use equations from V / F calculations to 
find Rt; R3, R4, Rs, C, and C2. 

'BYPASS WITH D.OII'F 

FIGURE 9. Connection Diagram for F/V Conversion. 
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TYPICAL APPLICATIONS 
Excellent linearity, wide dynamic range, and compatible 
TTL, DTL, and CMOS digital output make the VFC320 
ideal for a variety of VFC applications. High accuracy 
allows the VFC320 to be used where absolute or exact 

I SENSOR ~ VFC320 

readings must be made. It is also suitable for systems 
requiring high resolution up to 14 bits. 

Figures 10 - 14 show typical applications of the VFC320. 

COUNTER 

COMPUTER 

PARAL~EL 
OATA 

FIGURE 10. Inexpensive AID with Two-Wire Digital Transmission Over Twisted Pair. 

11 V1N..] L 'OUT .1 DIFFERENTIAL 12 _I VFC320 
BCO 

J INPUT J I COUNTER 
L 

l CLOCK J I ORIVER/OISPLAY I 
.. 

FIGURE 11. InexpensIVe Digital Panel Meter. 

0.005% LINEARITY 

FIGURE 12. Remote Transducer Readout via Fiber Optic Link (analog and digital output). 

+10V TO -10V 
INPUT 

GAIN ADJUST 

r---t ....... ..., 
20kO 20kO 10V 

REF10l 11 

14 

.--.1.-"""10 

13 
VFC320 

-15V 

33OOPF~ 

+15V 

2kO 

o TO 
10kHz 

OUTPUT 

FIGURE 13. Bipolar input is accomplished by offsetting 
the input to the VFC with a reference 
voltage. Accurately matched resistors in 
the REFIOI provide a stable half-scale 
output frequency at zero volts input. 
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R3 

SIGN BIT6----. .... 
OUT 47kll 

+Vcc 
FIGURE 14. Absolute value circuit with the VFC320. 

Op amp, D, and Q, (its base-emitter junc
tion functioning as a diode) provide full
wave rectification of bipolar input volt
ages. VFC output frequency is propor
tional to le,l. The sign bit output provides 
indication of the input polarity. 
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MUX AID 

AMP S/H 
.. 110101001 ... 

DATA ACQUISITION COMPONENTS 

If your system requires data acquisition and conversion, you may want to 
consider one of our system data modules (SDM). These products contain a 
multiplexer, NO converter, and timing and control logic, with instrumen
tation amplifiers and sample/hold circuits also available. 

As with all Burr-Brown conversion products, these units are designed to 
provide a total solution. They are very popular in applications requiring 
rapid design turnaround because they offer a fully optimized analog circuit 
layout. Typical applications include industrial measurement and control 
(such as process monitoring), test equipment, and any other application 
requiring total guaranteed perfonnance with a minimum of utilized space. 

Burr-Brown Ie Data Book 11-1 
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DATA ACQUISITION COMPONENTS 
SELECTION GUIDE 
The Selection Guide shows parameters for the high grade. Refer to the 
Product Data Sheet for a full selection of grades. Models shown in boldface 
are new products introduced since publication of the previous Burr-Brown IC 
Data Book. 

DATA ACQUISITION COMPONENTS Boldface = NEW 

Resolution Linearity Input Throughput Temp 
Model Channels (Bits) Error (%FSR) Range (V)(1) Rate (kHz) Rangel.) Pkg(3) Page 

SDM862 16 single ended 12 ±0.012 10,20 UtB 33 Com, Ind, Mil LCC,PGA 11-3 
SDM863 8 differential 12 ±0.012 10,20 UtB 33 Com, Ind, Mil LCC, PGA 11-3 
SDM872 16 single ended 12 ±0.012 10,20 UtB 50 Com, Ind, Mil LCC,PGA 11-3 
SDM873 8 differential 12 ±0.012 10,20 UtB 50 Com, Ind, Mil LCC, PGA 11-3 

NOTES: (1) Ut8 indicates the input voltage range for the model: U = unipolar, 8 = bipolar. (2) Temperature Range: Com 
= O'C to +70°C, Ind = -2SoC to +8SoC, Mil = -SsoC to +12SoC. (3) LCC = Hermetic 0.9S" (typ) square Leadless Chip Carrier, 
PGA = Hermetic 1.1" (typ) square Pin Grid Array. 

MODELS STILL AVAILABLE BUT NOT FEATURED IN THIS BOOK 

SDM8S4AG 
SDM8548G 
SDM856JG 
SDM8S6KG 
SDM8S7JG 
SDM8S7KG 
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BURR-BROWN® 

IElElI SDM862 
SDM863 
SDM872 
SDM873 

16 Single Ended/8 Differential Input 
12-BIT DATA ACQUISITION SYSTEMS 

FEATURES 
• COMPLETE 12-BIT DATA ACQUISITION SYSTEM IN 

A MINIATURE PACKAGE 
• INPUT RANGES SELECTABLE FOR UNIPOLAR OR 

BIPOLAR OPERATION 
• THROUGHPUT RATES: 86213 872/3 

B-BIT ACCURACY: 45kHz 67kHz 
12-BIT ACCURACY: 33kHz 50kHz 

• SELECTABLE GAINS OF 1. 10. AND 100 
• FULL MICROPROCESSOR COMPATIBLE INTERFACE 
• GUARANTEED NO MISSING CODES OVER 

TEMPERATURE 
• SURFACE-MOUNT OR PIN GRID ARRAY PACKAGE 

OPTIONS 
• FULL SPECIFICATION OVER THREE TEMPERATURE 

RANGES: 
o TO +7O°C 

-25 TO +B5°C 
-55 TO +125°C 

ANALOG 

862/872 863/873 

MUX 

DESCRIPTION 
16 Single-Ended Inputs: SDM862 
8 Differential Inputs: SDM863 
33kHz Throughput Rate: SDM862 
50kHz Throughput Rate: SDM872 

SDM872 
SDM873 
SDM863 
SDM873 

The SDM components are complete, pin-compatible, 
data acquisition systems housed in a hermetically 
sealed I"-square lead less chip carrier or a LJ"-square 
pin grid array. The small package outlines and low 
power consumption provide an ideal data acquisition 
solution when space is at a premium. 

The devices comprise of an input multiplexer, instru
mentation amplifier with selectable gains, sample I 
hold amplifier and AI D converter with micropro
cessor interface and three-state buffers. 

The SDM family will accept unipolar or bipolar 
voltage inputs in the range 0 to +IOV, ±5V and 
±IOV. For low-level signals, jumper-selectable gains 
of 10 or 100 can be applied. The number of input 
channels can be expanded by the addition of multi
plexers. System integration is simplified by the 
microprocessor interface and the facility of the 
sample I hold amplifier being controlled directly by 
the AI D converter. 

DIGITAL 

ADC 

InlernallOn.1 Aorporllnduslrl.1 Park. PO. Box 11400 • Tucson. Amon. 85734 • Tel. (602) 746·1111 • Twx' 910·952·1111 • Cable BBRCORP • Telex. 66·6491 

PDS-6868 
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SPECIFICATIONS 
ELECTRICAL 
At 25°C, Vee = ±15V, Vee = 5V, external sample/hold capacitor of 4700pF. All grades are burned-in at +125°C for 48 hours min 

SDM862/863/8721873 J, A, R SDM862/863/872/873 K, B, S 

MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTION 12 · BITS 

INPUT 

ANALOG I 
Voltage Ranges. Bipolar ±5,±10 V 

Unipolar 0-10 V 
Input Impedance: On Channel 1010 · n 

Off Channel 1010 · n 
Input Capacitance: On Channel 20 · pF 

Off Channel 20 · pF 
CMRR (20VDC to 1 kHz) 80 85 · · dB 
Crosstalk (20Vp-p, 1kHz)'" -B5 -BO · · dB 
Feedthrough (at 1kHz)'" -B5 -80 · · dB 
Offset (channel to channel) G = 1 '" 30 100 · · p.V 
Input Bias CUrrent/Channel 1 5 · · nA 
Input Voltage Range (3) +10 +11 · · V 

-10 -15 · · V 
DIGITAL 
MUX Input Channel Select. Logic 'I' (2V) 5 30 · · p.A 

Logic '0' (O.BV) 5 30 · · p.A 
S/H Command: Logic '1' (2V) 02 · nA 

LogiC '0' (0 BV) 5 30 · · p.A 
ADC Section: Logic '1' (2.4V) 10 · p.A 

Logic '0' (O.BV) 10 · p.A 

TRANSFER CHARACTERISTICS 

ACCURACY 
Integral linearity (4) ±0.024 ±0.012 %FSR 
Differential linearity (4) ±0.024 ±0.012 %FSR 
Gain Error (51. G = 1 0.7 · % 

: G= 100 0.9 · % 
Unipolar Offset Error (5) 16 · mV 
Bipolar Offset Error (S) 50 · mV 
Noise Error 

(Measured at S/H Output) G = 1 0.5 1 · · mVp-p 
Droop Rate 50 500 · · p.V/ms 
Temperature Coefficients. 

Unipolar Offset 20 15 ppm of FSR/oC 
Bipolar Offset 30 25 ppm of FSR/oC 
Full-scale Calibration 80 35 ppm of FSR/oC 
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SPECIFICATIONS 
ELECTRICAL 
At 25'C, Vee = ±15V, VDD = 5V, external sample/hold capacitor of 4700pF 

SDM862/863/872/873 J, A, R SDM862/863/872/873 K, B, S 

SYSTEM TIMINGS 

ADC Conversion Time SDM862/SDM863 
SDM872/SDM873 

S/H Aperture Delay 
8tH Aperture Uncertainty 

TIMING 

Acquisition Time 
(to 0 01% of final value for full scale step) 
Throughput (Senal Mode) 

SDM862/SDM863 
SDM872/SDM873 

(Overlap Mode) 
SDM862/SDM863 
SDM872/SDM873 

MULTIPLEXER'·' 
SWitching time (between channels) 
Settling time (10V step to 0 02%) 
Enable lime 'ON' 

'OFF' 
INSTRUMENTATION AMPLIFIER'·' 
Settling time (20V step to 0 01%) 

G=1 
G=10 
G= 100 

Slew rate 
S/H AMPLIFIER'·' 
Acqulslt.on time (10V step to 0 01%) 
Aperture delay 
Hold mode settling time 
Slew rate 

OUTPUT 

DIGITAL DATA 
Output Codes Unipolar 

Bipolar 
LogiC Levels LogiC 0 (sink = 1 6mA) 

LogiC 1 (source = 500pA) 
Leakage (Data Bits Only), Hlgh-Z State 

POWER SUPPLY REQUIREMENTS 

Rated Voltage. Analog (±Vcc) 
Digital (VDD) 

Supply Drain +15V 
-15V 
+5V 

Power DISSipation 

TEMPERATURE RANGE 

Operattng Temperature Range 
JH, KH/JL, KL 
AH. BH/AL. BL 
RH. SHIRL. SL 

Storage Temperature Range 

MIN 

15 
9 

12 

+24 
-5 

1425 
475 

o 
-25 
-55 
-65 

• Speclflcallon same as SDM862/863/872/873J, A, R grades 

TYP 

20 
12 
50 
2 

+15 
25 
1 

025 

5 
3 
4 
17 

5 
50 
15 
10 

01 

15 
5 

28 
36 
8 
1 

MAX 

25 
15 

22 
28 

33 
50 

2 
05 

125 
75 
75 

MIN 

I 
Unipolar Straight Binary (USB) 

BIP~~r4 Offset I Binary :BOB) 

+5 • 

1575 
525 
40 
45 
15 
14 

70 
+85 
+125 
+150 

TYP MAX UNITS 

iJS 
ps 
ns 
ns 

ps 

kHz 
kHz 

kHz 
kHz 

pS 
pS 
pS 
pS 

pS 
pS 
pS 

VipS 

pS 
nS 
pS 

VIpS 

V 
V 

pA 

VDC 
VDC 
mA 
mA 
mA 
W 

'C 
'C 
'C 
'C 

NOTES (1) Measured at the sample and hold output (2) Measured With all Input channels grounded. (3) The range of voltage on any input with respect to 
common over which accuracy and leakage current IS guaranteed (4) Applicable over full operating temperature range NO MISSING CODES GUARANTEED OVER 
TEMPERATURE RANGE (5) Adjustable to zero using external potenllometer or select-an-test resistor (6) Specifications are at +25'C and measured at 50% level 
of transition 
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DIGITAL TIMING 

SYMBOL PARAMETER MIN TYP 

CONVERT MODE 
tdsc Status delay from CE 
thee CE Pulse width 
tsse Q§ to CE setup 
thsc CSJow dUring CE high 
t5re Rig to CE setup 
thrc RIC low dUring CE high 
tsac Byte select to CE setup 
thac Byte selected valid during CE high 
tc86X Conversion time. 12 bit cycle 

8 bit cycle 
tc87X Conversion time 12 bit cycle 

8 bit cycle 

READ MODE 
tdd Access time from CE 
thd Data valid after CE low 
thl QJ!tput float delay 
tssr CSJo CE setup 
tsrr RIC to CE setup 
tsar ~te select to CE setup 
thsr CS valid after CE low 
thrr RIC high after CE low 
thar Byte select valid after CE low 
ths 86X Status delay after data valid 
ths 87X Status delay after data valid 

PIN CONFIGURATIONS 

TOP VIEW SDM862/SDM872 

+ 
~ 
Q. 

:; 

'" M + W 

g~ ~~ ~ 
<~ o~~~~~ 0_ 00 

~8~~IIIIII~~§~~U~ 
~000000000~~~~<z< 

50 
50 
50 
50 
50 
0 
50 
15 
10 
9 
6 

25 

50 
0 
50 
0 
0 
50 

300 
100 

®®@@@®®®@®®®@@@©® 

100 
30 
20 
20 
0 
20 
0 
20 
20 
13 
12 
8 

75 
35 
100 
0 
0 
25 
0 
0 
25 

500 
300 

MUX AOD2 ® MUX J_lNA CD AMP OUT 
MUX ADo1 ® CD AMP REF 
MUXADDO @ CD +15V(1) 
MUXENABLE ® ________ 0 ~15V(1) 

CHO ® I r-- 0) +5V (2) 
CH1 @ PIN I CD STATUS 
CH2 @ GROUPING I 0) 011 
CH3 @ BY I <!J D10 
CH4 @ FUNCTION I DOTTED 0) D9 

CH5 @ I ~~gws ~ DB 
CH6 ® I SUPPLY @ 07 
CH7 @r- I SEPARATION @ 06 
S/HIN ®r=------ @) 05 

~ • @~ 
S/HOUT ®:c ® 03 
HOLD CAP ®;n @ 02 
S/HOUT ® I A/O @ 01 

@®~®®@®®®@®@®®@®@ 

§~~~~~~§~~~~~~~~8 
~8~ ~o; ~~~~~;~~~ 
OIen « +wO m--IO 
~rn~ o~ 0;« gg 0 
en ~ « c:( 

ABSOLUTE MAXIMUM RATINGS 

+VCCTO ACOM 
-VCCTO ACOM 
+VDDTO DCOM 

-05V TO +16V 
+05V TO -16V 
-05V TO +55V 

MAX UNITS 

200 nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 

25 pS 
17 pS 
15 pS 
10 pS 

150 nS 
nS 

150 nS 
nS 
nS 
nS 
nS 
nS 
nS 

1000 nS 
600 nS 

CE 

CS 

RIC 

BYTE 
SELECT 

STATUS-~~~~~.I.-__ ~ __ J 
DB11-DBO ---'----'-"=-===='--

CE 

CS 

CONVERSION CYCLE TIMING 

R/C---r+--------'''''-I ___ 

BYTE 
SELECT 

STATUS --+------.. 

0811-060 --+~==~fE~~~~~1 
READ CYCLE TIMING 

TOP VIEW SDM863/SDM873 

MUX ADD2 ® 
MUX ADD1 @ 
MUXAOOO @ 
MUX ENABLE @ 
CHO+ ® 
CH1+ @ 
CH2+ @ 
CH3+ @ 
CH4+ @ 
CH5+ 
CH6+ 
CH7+ 
5tH IN 
NC 
S/H OUT 
HOLD CAP 
S/H OUT 

MUX CD AMP OUT 
CD AMP REF 
CD +15V (1) 

________ <!J -15V(1) 
I (!) +5V (2) 

PIN I ® STATUS 
GROUPING I CD Dl1 
BY I ® 010 
FUNCTION I ~I~~TED ® D9 

I SHOWS @ 08 
I SUPPLY ® D7 
I SEPARATION @ 06 

------- @~ 

@ 04 
@ 03 
@ 02 

A/O @ 01 

@®~®®@@®@®®@®®@®@ 

~~~~~~~~~~~~~~~~8 
~8~ ~o; ~~~~~;~~~ 
OXen « +wU iIi--IU 
IrnW I- 0;« OU 0 

rn ~ C3 ~ ~ 

ANALOG INPUT SIGNAL RANGE 
DIGITAL INPUT SIGNAL 
ACOMTODCOM 

.+VCC+20VTO -VCC-20V 
-0 5VTO +VDD 

±1V 
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MUX OUH/AMP IN+ 

(PIN 65) 

MUXOUT (PIN 87) 

AMP SENSE (PIN 88) 

AMP REF (PIN 2) 

S/H OUT (PINS 35/37) 

HOLD CAP (PIN 38) 

Channel Inputs Analog Inputs (Total 16) lor single-ended and differential operation. Unused 
inputs must be connected to analog cQmmon. 

MULTIPLEXER "HI" OUTPUT On the SDM8X2 this is the multiplexer output. On the SDM8X3 it Is the 
output 01 the positive selected inputs. It is connected internally to the 
positive Input 01 the instrumentation amplifier. 

MULTIPLEXER "LO" OUTPUT This pin is used on the SDM8X3 only. It should be connected to the negative 
input of the instrumentation amplifier. 

Output sense line 01 instrumentation This pin will normally be connected direct to AMP OUT (Pin 1). 
amplifier. 

Relerence lor amplifier output This pin will normally be connected to analog common. Care should be 
taken to minimize tracking and contact resistance to analog common to 
optimize system accuracy. 

Output olsample/hold amplifier Two pins are provided to lacilitate a guard ring around the hold capaCitor 
pin. These pins should be connected to either ADO in (20V) or ADC in (10V) 

Connection lor hold capaCitor on 
S/H amplifier 

depending on the desired range. 

ADC IN (20V); ADC IN (10V) Inputs to AID converter 
(PINS 21, 22) 

DO to 011 (PINS 7 to 18) 3-state digital outputs 

STATUS (PIN 6) Status 01 AID conversion 

CE (PIN 28) Chip enable 

CS (PIN 31) Chip select 

RIC (PIN 29) Read/convert 

DATA MODE (PIN 30) Salect 12 or 8 Bit Data 

BYTE SELECT (PIN 32) Byte address, short cycle 

Burr-Brown Ie Data Book 

The 12· or 8-bit result of 8 conversion IS available as output on these pins 
(DO-LSB,D11-MSB). 

This output is at logic '1' while the internal AID converter is carrying out a 
conversion. This pin may be used to directly control the S/H amplifier. 

This 
data 

This 
data 

initiate a conversion or read output 

Data can be read when this pin is logic '1' or a conversion can be J.nitiated 
when this pin is logic '0'. This pin is typically connected to the RlWcontrol 
line 01 a microprocessor-based system (s .. Figures 10, 17, 18, 19, 20). 

When data mode is at logic '1' all 12 output dala bits are enabled 
simultaneously. When data mode is at logic '0' MSBs and LSBs are 
controlled by byte select (Pin 32). 

When reading output data, byte select at logic '0' enables the 8 MSBs. Byte 
select at logic '1' enables the 4 LSBs. The 4 LSBs can therelore be connected 
to lour 01 the MSB lines lor Inter-connection to an 8-bil bus. In start convert 
mode, logic '0' enables a 12-blt conversion while logiC '1' will short cycle the 
conversion to 8 bits (s .. Figure 10). 
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SYSTEM DESCRIPTION 
The SDM comprises four circuit elements-an input
protected multiplexer, an instrumentation amplifier, a 
sample/hold amplifier, and an analog-to-digital con
verter. 

INSTALLATION 
, MULTIPLEXER 

The SDM family has a choice of input multiplexers 
(MUX). 

SDM862 and SDM872: 
SDM863 and SDM873: 

16 single-ended inputs 
8 differential inputs 

The select inputs are designed for use with TTL and 
CMOS logic levels and do not require pull-up resistors 
to ensure break-before-make operation. 

On all models, the analog inputs may be expanded using 
the enable control. See 'Figure I. When the enable is at a 
logic "0," the internal MUX iS,disabled, allowing addi
tional multiplexers to be connected in parallel. The 

MUX 
EXTERN 

SOM8X2 

MUX 
INTERN 

I"'"--
X MU 

EXT ERN 

SOM8X 3 

MUX 
INTER N 

+OUT 
:;-OUT 
0 AO 
9z Al 
CUI A2 

3C; 
53 

I"'"--

+OUT 
:;-OUT 
o AO 
o A1 o ~ A2 

3T 

AO 
Al 
A2 
A3 
A4 

49 50 51 52 48 65 

AO 
A1 
A2 
A3 

49 50 151 48 65 ;]68 

~ 
I"'-

FIGURE 1. External Multiplexer Connections for 
Differential and Single-Ended Operation. 
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limiting factor for the number of additional multiplexers 
is the cumulative effect of leakage current flowing in the 
signal source impedance, causing offset errors. 

Differential inputs will generally eliminate the noise 
associated wtlh common system grounds, but care must 
be taken to ensure that neither of the differential inputs 
exceed the maximum input range. Otherwise, signal 
distortion will result. A return path for the input bias 
currents must always be provided. This prevents the 
charging of stray capacitances in applications using 
floating sources, such as transformers and thermocouples. 
Multiplexer inputs are protected from overvoltage, as 
indicated in the electrical spet;:ifications, and should be 
current limited to 25mA. To avoid signal distortion on 
the selected channel, MUX inputs that are not selected 
should have their input voltages limited to between -Vee 
and +Vee-4V, as voltages outside of these values can 
turn on the non-selected channel. A graph of this 
characteristic is shown in Figure 2 with a possible circuit 
solution where it is known that the input voltages will 
exceed the above values. 

VINr 

CH7 

~ 
S/H 

8 • INPUT CURRENT (mA) 
7 

6 

4 

3 

B 

-15V 10V l1V 12V 13V 14V 15V 

INPUT VOLTAGE (V) 

Y,N R 
@ 

• MUX 
INPUT FILTER · INPUTS 

~C · · A • -15V SOM 

REF OUT 
10V 

FIGURE 2. MUX Inputs With Limited Input Voltages 
and Possible Circuit Solution for Non-limited Cases. 
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Where high-speed operation is required and channels 
require rapid sampling, then it is important to buffer the 
inputs against the effect of current sharing between the 
MUX output capacitance and the input filter capacitance. 
See Figure 3. 

MUX 

FIGURE 3. Filter and MUX Capacitance. 

All data acquisition systems using a MUX require 
consideration of the errors that may be introduced by 
MUX output capacitance. The applications information 
explains this more fully in the input filtering section. 

Shown in Figure 4 is an application that demonstrates the 
flexibility of signal conditioning and gives the opportunity 
to use a higher bandwidth filter. Diodes shown are low 
leakage types (Ina). The low output impedance of the 

MUX 

FIGURE 4. Example Application Illustrating Flexible 
Signal Conditioning. 

Burr-Brown Ie Data Book 11-9 

amplifiers reduces the time taken to charge MUX capaci
tance CM. 

INSTRUMENT AMPLIFIER 

The instrument amplifier (IN A) presents a very high input 
impedance to the signal source, eliminating gain errors 
introduced by voltage divider action between the source 
output impedance and SDM input impedance. Where the 
differential models are used, the INA performs the 
differential to single-ended conversion required to drive 
the sample/hold amplifier. Gains may be set by using 
external jumpers, to values of I (no jumper), 10 and 100. 
For gains other than these presets, the following formula 
may be used to find an external resistor value to add in 
series with the G = 10 or G = 100 jumpers. 

Rox( = 40 KO _ Ri Where Ri = 44440, G = 10 ~nput. 
G - I 4040,G= 100mput. 

It should be noted that the internal gain set resistors have 
a ±20% tolerance and ±20ppmj"C drift. 

-In 
Sense 

444kO 
:-- X10 

GX100 
Output 

4040 
RexT 

R. 

Ref 
+In 

FIGURE 5. Use External Gain Set Resistor. 

Where it is necessary to keep the input amplifiers from 
saturating or increasing the overall gain, then the gain of 
the output amplifier can be increased from unity by using 
the circuit in Figure 6. 

FIGURE 6. Increasing Output Amplifier Gain. 
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The values ofthti resistors in Figure 6 are in the following 
table. 

OIPOlln R,I "'ohm. Raollmo 

2 1200 2740 
5 1000 511 

: 

10 1500 340 

Matching of RI and RJ is required tb maintain high 
common mode rejection (CMR), Rl sets the gain and may 
be varied without effect on CMR. 
To ensure that the effects of temperature are minimized 
when altering the gain with external components, it is 
very important to use low tempco resistors. When 
connecting the output sense, ensure that series resistance 
is minimized because resistance present will degrade 
CMR. 

SETTLING TIME VS GAIN 

10r-__ .....:(:..0_01_%:..' .,.20_V_S_T_EP..;l ___ ... 

~ 
" E .= 5 
Cl 
!: 

i en 

10 100 
Gain (VNl 

CMR VS FREQUENCY 
120 

iii 
:2- 100 
c: 
0 

i 80 

a: 

" 60 '0 
0 

~ 40 0 
E 
E 
0 
() 20 

0 
1 

FIGURE 7. Typical INA Settling Time and CMR. 

Some applications may require programmable gains. 
This may be realized with Figure 8. 

6 
'7 

8 
SDM8X3 67 

MUX 

r-=========::~ ~~~~c~6s r 1-10-100 

FIGURE 8. Setting Programmable Gains. 
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SAMPLE/HOLD AMPLIFIER 

The Sample/Hold amplifier (S/H) is used to track the 
incoming signal and "hold" the required instantaneous 
value so that it does not change while the ADC is carrying 
out its conversion. Timing for the S/H may be derived 
from the STATUS output of the ADC, with care being 
taken to comply with the SDM timing considerations. 

Capacitors with high insulation resistance and low 
dielectric absorption such as Teflon'·, polystyrene or 
polypropylene should be used as storage elements. 
(Polystyrene should not be used above +80·C.) Teflon'· is 
recommended for high temperature operation. Care 
should be taken in the printed circuit layout to minimize 
stray capacitance and leakage currents from the capacitor 
to minimize charge offset and droop errors. The use of a 
guard ring driven by the SI H output around the pin 
connecting to the hold capacitor is recommended. (Refer 
to the application board layout f«;lr an example of this.) 

The value of the external hold capacitor determines the 
droop rate, charge offset and acquisition time ofthe SI H, 
Figure 9. Droop rateforthe SDM is specified with a hold 
capacitor value of 4700pf. There is a trade-off between 
acquisition time and droop r~te, as the hold capacitor is 
increased in value it takes longer to charge, and hence 
there is a corresponding increase in acquisition time and 
reduction in droop rate. The droop rate is determined by 
the am'ount ofleakage present in the SDM, board leakage 
and the dielectric absorption of the hold capacitance. The 
hold capacitor is also a compensation element for the 
S/H and should not be reduced below 2nf for good 
stability. The offset error in sample mode is not affected 
by the hold capacitor. However, during the transition to 
hold mode there is approximately SpC of charge injected 
into the hold capacitor, causing an offset error that has 
been nu\1ed for use with a Snf hold capacitor. Any other 
value for the hold capacitor will cause a minor but fixed 
hold mode offset to be introduced, and is proportional to 
the change in value from Snf. Therefore the SDM should 
be offset nu\1ed with the SI H in hold mode~ 

10 

9 

~ 8 
Q) 

E .= 
c: 

~ 6 
" { 

5 

4 

3 
4 

AcqUiSition Time vs Hold Capacitance 
For a 10V step to ±10mV of final value 

/ , 
V 

J 
~~ 

~ 
V 

./ 
:" 
6 8 10 • 12 14 16 

Hold Capacitance (nFl 

FIGURE 9. Acquisition,Time vs. Hold Capacitance for 
a IOV Step Settling to ±IOmV of Final Value. 
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ANALOG-TO-DIGITAL CONVERTER 

This circuit element converts the analog voltage presented 
by the sample/hold amplifier to a digital number in 
binary format under control of the digital signals detailed 
in Figure 10. The converter can convert unipolar and 
bipolar signals in the range roy and 20V. It can be 
calibrated to remove gain and offset errors from the entire 
system. The converter contains its own clock, voltage 
reference, and microprocessor interface with 3-state 
outputs. The converter will normally be used to digitize 
signals to 12-bit resolution, but it can be short-cycled to 
provide 8-bit resolution at higher speed. The digital 
output is compatible with 8- or 16-bit data buses, the data 
format being selected by control signals as detailed in 
Figure 10. 

DATA BYTE 
CE cs RIC MODE SELECT OPERATION 

0 X X X X None 
X 1 X X X None 
t 0 0 X 0 Inltl8te 12-blt conversion 
t 0 0 X 1 Initiate 8·blt conversIOn 
1 I 0 X 0 Initiate 12·blt conversion 
1 I 0 X 1 Initiate 8·b,t conversion 
1 0 I X 0 Inltl8te 12-blt conversion 
1 0 I X 1 I mtlate &-blt converSion 
1 0 1 1 X Enable 12-b.t output 
1 0 1 0 0 Enable 8 MSBs only 
1 0 1 0 1 Enable 4 LSBs plus 4 

trailing zeros 

FIGURE 10. Control Input Truth Table. 

OPERATING INSTRUCTIONS 
OPERATING MODES 

The SDM can operate in one of two modes, namely serial 
and overlap, as shown in Figure I I. In serial mode, 
control of the device is such that a multiplexer channel X 
is first selected, time is then allowed for the instrumenta
tion amplifier to settle, the sample / hold amplifier is set to 
H OLD mode and finally a conversion is carried out. This 
procedure is then repeated for channel Y. Faster 
throughput can be obtained using overlap mode. While a 
conversion is being carried out by the ADC on a voltage 
from channel X held on the sample/hold, channel Y is 
selected and the multiplexer and instrumentation ampli
fier allowed to settle. In this way, the total throughput 
time is limited only by the sum of the sample/hold 
acquisition time and the ADC conversion time. 

CALIBRATION - UNIPOLAR 

If adjustment of unipolar offset and gain are not required, 
'then the gain set potentiometer in Figure 12 (Unipolar 
operation) may be replaced with a son, 1% metal film 
resistor, and the offset network replaced with a connec
tion from pin 23 to ground. 

CALIBRATION - BIPOLAR 

If adjustment of bipolar offset and gain are not required 
then the gain set and offset potentiometers in Figure 13 

(Bipolar operation) may both be replaced with son, 1% 
metal film resistors. 

CALIBRATION - GENERAL 

The input voltage ranges of the ADC are o-IOV, ±5V 
and ±IOV. Calibration in all ranges is achieved by 
adjusting the offset and gain potentiometers (indicated 
in Figures 12 and 13) such that the 000 to 00 I code 
transition takes place at + I /2LSB from full-scale 
negative (-FS) and the FFE to FFF transition takes 
place at -3/2LSB from full-scale positive (+FS). The 
procedure is therefore to select the required range from 
Figure 14, apply the specified (-FS+ I / 2LSB) voltage to 
any selected input channel and adjust the offset 
potentiometer for the 000 to 001 transition. The (+FS-
3/2LSB) voltage should then be applied to the same 
channel and the gain potentiometer adjusted for the FFE 
to FFF transition. The offset should always be made 
before the gain adjustment. 

GROUNDING, DECOUPLING 
AND LAYOUT CONSIDERATIONS 

It should be noted that the multiplexer/instrumentation 
amplifier section and sample/hold plus ADC section of 
the SDM have separate power connections. This is to 
enable more flexible grounding techniques to' be im
plemented, Figures 15, 16. It also facilitates the use of 
independent decoupling of the analog front-end power 
supply, and the ADC plus associated digital circuitry 
power supply if desired. In this way, a separately 
decoupled analog front-end can be made to be sub
stantially more immune to power supply noise generated 
by the ADC circuitry than ifthe power supplies to the two 
sections were directly connected. This feature is important 
where low-level signals are in use or high input signal 
noise immunity is desired. 

The output section has three grounds: 
Pin 25 Analog Common, A/ D Converter 
Pin 34 S/ H Amp digital input reference 
Pin 19 Digital Common, A/D Converter 
The input section has one ground: 
Pin 53 Common for digital MUX-inputs and power 

supply decoupling. 

All grounds have to be interconnected externally to the 
SDM, and it is recommended that all grounds are 
connected via one track to a single point as close as 
possible to the SDM. To check that the grounding 
structure is correct, the ground tracking should be 
sketched and a grounding "tree" should result whereby all 
grounds route to a central point. 

In general, layout should be such that analog and digital 
tracks are separated as much as possible with coupling 
between analog and digital lines minimized by careful 
layout. For instance, if the lines must cross they should 
do so at right angles to each other. Parallel analog and 
digital lines should be separated from each other by a 
pattern connected to common: . 
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SERIAL MODE 

I--- SIGNALA~Q\.JlSITION----_''''''''I'''·_-CONVERSION ~ 

INSTR SAMPLE! 
MUX AMP HOLD ATOD DATA MUX 

SELECTION SETTI,ING ACQUISITION CONVERSION VALID SELECTION 
(X) (V) 

TIME ... 
OVERLAP MODE 

MUX INSTR. SAMPLE! MUX INSTR SAMPLE! MUX 
SELECTION AMP HOLD SELECTION AMP HOLD SELECTION 

(X) SETTLING ACQUISITION (V) SETTLING ACQUISITION (Z) 

SIGNAL ACQUISITION "1:= SIGNAL 
ACQUISITION 

CONVERSION 

ATOD ATOD 
CONVERSION ON DATA VALID CONVERSION ON 

CHANNEL (X) 

TIME ... 
FIGURE II. Serial and Overlap Modes of Operation. 
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20V 10V 
SPAN SPAN 

INPUTS 

100R 

SDM 

23 24 

100II 

F~GURE 12. Unipolar Calibration. 
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FIGURE 13. Bipolar Calibration. 
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FIGURE IS. Recommended Decoupling of Power Supplies. 
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34 

FULL-SCALE DOD TO 001 FFETO FFF 
RANGE TRANSITION VOLT. TRANSITION VOLT. 

0-10V +00012V +99963V 
±5V -499S8V +49963V 

±10V -99976V +99927V 

FIGURE 14. Code Transition Ranges. 

<:i: N 

::; ::; 
0 0 G; G; G; U U :;: ,. ..: 0 + 

25 19 27 20 5 

+5V 

l' -15V 

+15V 

~ 
/. ~1 

J, 

1/2 SDM 

-v +V 0 +5V 

20 25 27 19 

+5V 

L----~~-~~-------~O+5V 

MUX-ADRESS / 
/ ~=================================== MUX-ADR 

4 OPTO-CQUPLERS 

FIGURE 16. Galvanic Isolation Between Analog and Digital Signals. 
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CONTROLLING THE SDM 
The Burr-Brown SDM family can be easily interfaced to 
most microprocessor systems, as shown in Figures 17-20. 

The microprocessor may control each conversion, or the 
converter may operate in a stand-alone mode controlled 
only by the R/ C input. 

II I II IIIII111 
o ~ ~w;;;:::: o,fDOO 

~-+--~8 3§§~§§3:§ 
;:: 

o-~+--~ ~ 0 

~~ ~ l; ~ 

T 
I 

.. -I~-4H+--+------\.~~ ± ~ ~/ 
\

z - Gl If-------t 
< ~ q..},1-/------4 

!!l 
8l 
8! 

'" '" 
fl ~~~~--------~~ ~~7 

,~ ~/~-----------~ 
~~-------------~~~g~------------~~ 

~ 

81 

) ) -
+ I + -::+ 
'" en ~ ~~ < < 

.3 

1 .1 J 
8255 PORT 

J 

FIGURE 17. The SDM Connected to an Input/Output Port. 
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REF REF BIP 
OUT IN OFF 

AOC 

HOLD 
CAP 
s/H IN(10V) 

IN 

OUT IN(20V) 

SHC 08 
GNO 09 

010 
CONT MSB011 

STATUS CE 

AGNO OAT~/9 
OGNO ~ 

BYTES 
+15V-15V +5V 

34 33 

FIGURE 19. SDM on the Z80 BUS. 
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33 

FIGURE 20. SDM on the 6502 BUS. 
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STAND-ALONE OPERATION 

The stand-alone mode is used in systems containing 
dedicated input ports which do not require full bus 
interface capability. 

Control of the converter is accomplished by a single 
control line connected to RIC. In this mode CS and 
BYTE SELECT are connected to LOW and CE and 
DATA MODE are connected to HIGH. The output data 
are presented as 12-bit words. 

Conversion is initiated by a High-to-Low transition of 
RIC. The three-state data output buffers are enabled 
when RIC is high and STATUS is low. Thus, there are 
two possible modes of operation; conversion can be 
initiated with either positive or negative pulses. In each 
case the RIC pulse must remain low for a minimum of 
50ns. 
Figure 21 illustrates timing when conversion is initiated 
by an RI C pulse which goes low and returns to the high 
state during the conversion. In this case, the three-state 
outputs go to the high-impedance state in response to the 
falling edge of RIC and are enabled for external access of 
the data after completion of the conversion. Figure 22 
illustrates the timing when conversion is initiated by a 
positive RI C pulse. In this mode the output data from the 
previous conversion is enabled during the positive portion 
of RI C. A new conversion is started on the falling edge of 
RI C, and the three-state outputs return to the high 
impedance state until the next occurence of a high RIC 
pulse. Table I lists timing specifications for stand-alone 
operation. 

tHDR~ 
DATA VALID) 

OBll-0BO 

FIGURE 21. RIC Pulse Low-Outputs Enabled After 
Conversion. 

R/C--1"1 
m::H "1 OB1~1 ..... -H-IG-H-_-Z.;:::T-A-T-E-.. }-01 

DATA VALID 

FIGURE 22. RIC Pulse High-Outputs Enabled Only 
Where RIC is High. 

SYMBOL PARAMETER MIN TYP 

"' ... Low RIC Pulse W,dlh 50 
los STS Delay from RIC 

tHOR Oala Vahd After RIC Low 25 
IHB 86X STS Delay After Dolo Vahd 300 500 
IHB 87X 100 300 

lHAH High RIC Pulse Width 150 
tODA Data Access Time 

TABLE I. Stand-Alone Mode Timing. 

FULLY CONTROLLED OPERATION 

Conversion Length 

MAX UNITS 

nS 
200 nS 

nS 
1000 nS 
600 nS 

nS 
150 nS 

Conversion length (8-bit or 12-bit) is determined by the 
state of the BYTE SELECT input, which is latched upon 
receipt of a conversion start transition. BYTE SELECT is 
latched because it is also involved in enabling the output 
buffers. No other control inputs are latched. If BYTE 
SELECT is latched high, the conversion continues for 8 
bits. The full 12-bit conversion will occur if BYTE 
SELECT is low. If all 12 bits are read following an 8-bit 
conversion, the 3LSBs (DBO-DB2) will be low (logic 0) 
and DB3 will be high (logic I). 

Conversion Start 
A conversion is initiated by a transition on any of three 
logic inputs (CE, CS, and R/e)-refer to Figure 10. The 
last of the three to reach the required state start the 
conversion and thus all three may be dynamically con
trolled. If necessary, they may change state simultan
eously, and the nominal delay time is independent of 
which input actually starts the conversion. If it is desired 
that a particular input establish the actual start of 
conversion, the other two should be stable a minimum of 
50ns prior to the transition of that input. Timing relation
ships for start of conversion timing are illustrated in 
Conversion Cycle Timing of the Digital Specifications. 

The STATUS output indicates the state of the converter 
by being high only during a conversion. During this time 
the three-state output buffers remain in a high-impedance 
state, and therefore, data is not valid. During this period 
additional transitions of the three control inputs will be 
ignored, so that conversion cannot be prematurely 
terminated or restarted. However, if BYTE SELECT 
changes state after the beginning of conversion, any 
additional start conversion transition will latch the new 
state of BYTE SELECT, possibly resulting in an incorrect 
conversion length (8 bit versus 12 bits) for that conversion. 

READING OUTPUT DATA 

After conversion is initiated, the output data buffers 
remain in a high-impedance state until the following four 
conditions are met: RIC high, STATUS low, CE high, 
and CS low. In this condition the data lines are enabled 
according to the state of the inputs DATA MODE and 
BYTE SELECT. See Read Cycle Timing for timing 
relationships and specification. 

In most applications the DATA MODE input will be 
hardwired in either the high or low condition, although it 
is fully TTL- and CMOS-compatible and may be actively 
driven if desired. When DATA MODE is high, all 12 
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outputs lines (DBO-DBII) are enabled simultaneously for 
full data word transfer to a 12-bit or 16-bit bus and the· 
state of the BYTE SELECT is ignored. 

When DATA MODE is low, the datais presented in the 
form of two 8-bit bytes, with selection of each byte by the 
state of BYTE SELECT during the read cycle. 

The BYTE SELECT input is usually driven by the least 
significant bit of the address bus, allowing storage of the 
output data word in two consecutive memory locations. 

When BYTE SELECT is low, the byte addressed contains 
the 8MSBs. When BYTE SELECT is high, the byte 
addressed contains the 4LSBs from the conversion 

Processor 

SOM 

followed by four zeros that have been forced by the 
control logic. The left-justified formats of the two 8-bit 
bytes are shown in Figure 23. The design of the SDM 
guarantees that the BYTE SELECT input may be toggled 
at any time without damage to the output buffers 
occuring. 

In the majority of applications, the read operation will be 
attempted only after the conversion is complete and the 
status output has gone low. In those situations requiring 
the fastest possible access to the data, the read may be 
started as much as (tDD max + tHs max) before STATUS 
goes low. Refer to Read Cycle Timing for these timing 
relationships. 

FIGURE 23. 12-Bit Data Format for 8-Bit Systems (connected as Figures 19 and 20). 

APPLICATIONS INFORMATION 
For the engineer who wishes to evaluate the SDM 
family, Burr-Brown has designed printed circuit boards 
on a single 'Eurocard' (shown here for LCC only). These 
boards enable the design engineer to experiment with 
various accuracy improvement techniques which are 
described below. Special consideration has been given to 
the grounding and circuit layout techniques required 
when dealing with 12-bit analog signals. 
The printed circuit board has been designed so that the 
solutions to several of the problems likely to be en
countered by the user can be examined. 

It should not be thought that every user is required to 
adopt all of the techniques used on the circuit board. In 
many applications very few external components will be 
required. However, in following the application guidelines 
illustrated by the circuitry and accompanying notes, the 
designer will be able to select and adapt the solutions most 
suited to their own particular application or pro blem area. 

Provisions for the following are made on the LCC PC 
board: 
-68 pin LCC socket (Burr-Brown Part No. MC 0068). 
- 8 differential or 16 single-ended inputs. 
- Input filtering with overvoltage protection for each 

channel. 
- Socket for quad D-type flip-flop 74175 (MUX address 

latches). 
- 7 additionall.C. sockets for easy interfacing to various 

BUS systems (connection by wire wrap techniques). 
- 2 voltage regulators (l5 volts). 
- LC power supply decoupling. 

The Layout pays particular attention to the requirements 
when operating with precision analog signals. This 
requires strict separation of the analog and digital areas. 
Analog and digital commons are totally separated and 
connected together only at the commons of the supply 
voltage. All common lines are low resistance and low 
inductance. 

SUPPLY VOLTAGES 

In order to avoid coupling between the external supply 
voltage 15 volt supplies, 2 voltage regulators (78M 15, 
79Ll5) are provided on the PC board. The unregulated 
supply voltage may vary from ± 17 volts to ±25 volts. 

The MUX/INA section and SHC/ ADC section of the 
SDM have separate supply lines which can be inductively 
decoupled. This is recommended in order to suppress the 
high frequency noise which comes from the ADC during 
conversion. 

The power supply rejection of the instrumentation ampli
fier reduces with increasing frequency. If high frequency 
noise on the supplies is not decoupled it will be injected 
into the signal path and cause errors. This effect can be 

SOM862/872 SOM863/873 

Channel 
MUX MUX MUX MUX MUX Channel MUX MUX MUX MUX Pair 
ADD3 ADD2 ADD1 ADDO Enable Selected ADD2 ADD1 ADDO Enable Selected 

X X X X L NONE X X X L NONE 

L L L L H 0 L L L H 0 

L L L H H 1 L L H H 1 

L L H L H 2 L H L H 2 

L L H H H 3 L H H H 3 

L H L L H 4 H L L H 4 

L H L H H 5 H L H H 5 

L H H L H 6 H H L H 6 

L H H H H 7 H H H H 7 

H L L L H 8 -

H L L H H 9 -
H L H L H 10 -
H L H H H 11 -
H H L L H 12 -

H H L H H 13 -

H H H L H 14 -

H H H H H 15 

FIGURE 24. Channel Select Truth Table. 
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partIcularly pronounced when using the 'overlap' mode 
since the instrumentation amplifier is settling to a new 
analog value while the ADC is still carrying out the 
previous conversion. 

The digital supply voltage is +5 volts and is also LC
filtered. 

All supply lines are bypassed with a IOJ.lF tantalum and a 
100nF ceramic capacitor situated as close as possible to 
the package. 

If the voltage regulators for the ± 15 volts are not used, 
small inductors for decoupling of the supply voltages are 
recommended. If inductors are not fitted a dynamic 
ground loop will be created from supply lines via bypass 
capacitors to analog common. 

INPUT PROTECTION 
The multiplexer is protected up to an input voltage which 
can exceed the supply voltage by a maximum of 20 volts. 
This means, that with ± 15 volts supply voltage, the input 
voltage can be ±35 volts without damage. This is also the 
case when the supply voltages are switched off (0 volts). 
The maximum input voltage can then be ±20 volts. For 
higher overvoltage protection a series resistor has to be 
used. The current via the multiplexer should be limited to 
a maximum of I mAo For example, a IOkO series resistor 
would gIve an additional 10 volts overprotection. 

For much higher overvoltages (e.g. 100 volts), high value 
series resistors cannot be used as offset errors would 
result. In practice, a combination of series resistors and 
diodes is used. The diodes are connected to ± 15 volts and 
will conduct whenever the input voltage exceeds the ± 15 
volts supply voltage. The diodes are selected by signal 
source impedance, as well as filter resistance, as the diode 
leakage current across the series resistor can cause offset 
and linearity errors. In this circuit, IN4148 together wIth 
IOkO are used. 

INPUT FILTER 

Processor nOIse can be induced in the analog ground. 
Input filtering is therefore recommended for analog data 
aqUlsition. Such high frequency noise signals can cause 
dynamic overload of the instrumentation amplifIer 
resulting in non-linear behavior. This leads directly to 
digitizing errors. 

The design of the filter takes into account the characteris
tics of the S D M and of the signal source. 

The following points have to be considered: 
- The stray capacitance, output capacitance of the 

multiplexer and input capacitance of the instrument 
amplifier (60-80pf) has to be discharged in order to 
minimize errors caused by 'charge sharing.' 

- The series resistor limits the current in the protection 
diodes, but it also has to be selected for the required 
filter time constant. 

- The noise rejection of the filter has to be >80db in 
order to satisfy a l2-bit AI D conversion. 

As well as considering the above, different calculations 

have to be carried out for single and differential input 
signals. 

Single-Ended Measurement 

R, limits the maximum input current through the protec
tion diodes. In this case, R, has been chosen as IOkO and 
together with the capacitor Cg, forms the input filter time 
constant (C, = 0.47J.1F). The time constant must be 
chosen according to the requirements of the input signal 
bandwidth and noise rejection. The multiplexer capaci
tance (Cm) is discharged mainly by Cg• This means C. has 
to be sufficiently large compared \\lith Cm or charged via 
R, prior to re-sampling of the signal. 

ANALOG IN R, 

~ C'T 

Differential Measurement 

Capacitor C, is used for limiting the input signal fre
quency. The bandwidth is calculated as follows: 

Fg = I IFC,»C. 
4.R,C, 

When selecting the value ofC" it should be noted that Cm 
has to be discharged when switching the mUltiplexer 
channels. This means that the voltage error of C, (induced 
by 'charge sharing' with Cm) has to be smaller than I LSB. 
Therefore, C, should have a minimum value of a 0.47 J.lF. 
The resistors R" together with the source impedance have 
to be sufficiently small in order to recharge C, prior to 
signal sampling. This prevents errors in the signal value 
caused by the charge stored on Cm by the previously 
selected channel. 

The 2 capacitors Cg form together with R, a common
mode filter. This filter greatly improves accuracy in a 
noisy environment (decrease of common-mode rejection 
of instrumentation amplifier with increasing frequency). 
For good filter operation, both time constants R,. C. 
should match each other within 2%. Additional errors 
will be induced by a mismatch. 
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Selected values are: Cr;:= 0.47 "F, C. = lOnF, Rr = lOkO. 
The filter reduces the signal slew rate so that the 
instrumentation amplifier can foIlow the voltage varia
tion of the signal with the noise component eliminated. 
In general, all measurements which require more than a 
gain of 10 should be done in differential mode. Single 
ended measurements should be limited to applications 
where current sources are measured via shunts or where 
signal voltages in the range of some volts are available. 

Bus-Interface 
As the outputs of the SDM are BUS compatible, only a 
few I.C.s are necessary to interface to various BUS 
systems. For such interfaCing, 4 off 14-pin and 3 off 16-pin 
I.C. sockets are provided. Wiring is by wire wrap to the 
BUS connector. 

Setting of Various Modes 
Circuit board positions are provided for the connection of 
'jumpers' as foIlows: 

JI, J2-ADC analog input voltage settings. 
J3-Set for differential (SDM8X3) or single ended 

(SMD8X2) operation. 
J4-Instrumentation ampl~fier gain settings. 

INPUT FILTER AND PROTECTION CIRCUITRY 

SINGLE-ENDED 

26-PIN CONNECTOR 

CHANNEL 14 SDM PINS 

NU~BERS 1""5k:::J-I-~+-+c,-;,-,,,47 

19 

R4 
23 

R5 
3 11 :44 

R6 :43 4 
R7 :42 
R8 

6 '41 

10 
R9 :40 
R10 C8 

8 17 '54 

R11 :55 21 

R12 :56 10 25 

R13 
:57 11 13 

R14 :56 12 

FI15 :59 13 

14 6 :00 

12 
R17 

15 

PINS 1. 2, 8, 14, 16, 18, 20, 22, 24 and 26 ARE CONNECTED TO COMMON 

(a) 16 input channels, single ended: 
-UseSDM8X2 
-Consider single-ended filtering 
-Connect J3 (pin 66) to common 

(b) Differential inputs 
-UseSDM8X3 
-Consider differential filtering 
-Connect J3 (pin 66) to pin 67 

(c) Analog input 
±IO volts 

±5 volts 

o to + 10 volts: 

Connect J 1 to pin 21 
Connect J2 to pot P2 (1000) 
Connect J 1 to pin 22 
Connect J2 to pot P2 (1000) 
Cormect J 1 to pin 22 
Connect J2 to junction of Rtf R2 

(d) Gain of instrumentation amplifier 
G = 1 Jumper J4 open 
G = 10 Jumper J4 to pin 63 
G == 100 Jumper J4 to pin 64 

Other gains: use additional resistor between pin 62 
and pin 63 

Gain equation: Rg == 4J~~ 4.444kO 

Low tempco is recommended in order to minimize 
gain drift. 

DIFFERENTIAL 

26-PIN CONNECTOR 

CHANNEL 
NUMBERS 

3 

4 

6 

14 

R18 

PINS 1, 2, 8, 14, 16, 18, 20, 22, 24 and 26 ARE CONNECTED TO COMMON 
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P.C.B. COMPONENT LAYOUT FOR DIFFERENTIAL OPERATION 

[r- it 
D33 034 

P.C.B. COMPONENT LAYOUT FOR SINGLE-ENDED OPERATION 

it 
033 034 
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P.C.B. LAYOUT 

.. cr" 
~::. ==---
•• •• •• •• •• •• •• 0 •• •• •• •• •• •• •• •• •• 

:3 •• 

• •••••••• IC8 • IC7 • L-
~ ........ ~ ........ ~ 

r-BB-SDM I a 862/883 
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NOTE NOT SUITABLE FOR PGA PACKAGE 
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l~H i J1. J2 =±10V 
J3 = 8 DIFF INPUTS 
J4= (G = 10) 

U T~ 8~ 

J3i-, 

,... ~~_2!~_ !~¢! 
I DCOM ACOM 

I 

OUT-

MUX 

A3 
A2 

SH II 
INOUTI-' 

CH 

52 - - - - - - - - - - 3&~ -33-A~HO~~ -6 

" r-, 16 C25T I V 
4700pF 

L1 

10V 

20V 

.... i!: ::J 
0 ... w ... II: w 
II: 

ADC 

IN 

IN 

'Bm~~ ... T 
o 17 

~ 16 

I 15 
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C37 
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P.G.A. MECHANICAL OUTLINE 

r A ---+1 PIN 1 IDENT 

!:l 
LJ 

L.C.C. MECHANICAL OUTLINE 

HPACKAGE 

1I!rmlllllllons: Gold plated 
KOVAR 
Case: Black cerarntc with gold 
plated nICkel lid 
Hermetlclty: Gross leak test 
Weight: 9 grms (0,32oz) 

@@@@~Hj)@®® 

0~@@@@®@@@)® 
(!)(!) @@ 

BASE 
@@ 
@@ 
@)@) VIEW 

®@ @@ 
@@ @@ 
@@ @@ 
@@)@@@@@@@@)@ 

@@@@@(!j)@@@ 
IHI 

PIN llDENT Termln8llono: Gold plaled nockel on refractory melallizalion 
Cue: Ceramic with gold plaled nickel lid 

'In Herrnellclly: Gross leak lest 
Weight: 4,2 grams (0 150z) 

V~~ GEB 

~~Jll 
--Ie 

~II--!!!-;:;:;---;:;:;---~---~--3:i-I,I----, 

P.C.B. COMPONENTS PARTS LIST 

Rl 
R2 
R3 R18 
Cl C16 

C17 ,C24 
C25 

~:r' For 0-10 Volts settling 

10kll 1% 
o 471'1'-Stnglo ended Input modo 
IOnF I%-Dlllorenllal ",pul modo 
o 471'1'-DlfferentlBllnput mode 
4 700pF (Polypropylene, Polystyrene or 
Tellon",) 

C26 IOnF Cerarmc 

C27,C29,C35 \IOjJFTantaium (Decoupllng) 
C32, C38, C39 1 

gs6,~7 ~O } l00nF Ceramic (Decoupllng) 

C33, C34 033pF Tantslum 
PI 1000 , 
P2 1000 ±5.aIts,±10volts_"",, 

P3 
Ll L3 
01 D32 
033,034 
78 
79 
74175 
LCCSocket 

l00kCl 0-10 _ range only 
l00pH (Decoupllng) 
lN4148 (Inpul Proleclion Diodes) 
lN4007 
MC78MI5CG 
MC79LI5CG 
74LS175 
MC0068 

UNLESS OTHERWISE MARKED-:RESISTORS ARE 1I4W, 5%, CAPACITORS ARE 10% 

ORDERING INFORMATION(1I 

LCC,PGA Accuracy Temp, LCC,PGA Accuracy Temp. 
Model Input Pkg. ["FIR] Throughput Renp["C) Model Input Pkg. [ .. FIR] Throughput Ranp["C] 

SDM862J,m 16SE L, H ±o.024 33kHz 010+70 SDM863J 8DIF l..H ±o,024 33kHz 010+70 
SDM862K 16SE L,H ±o.012 33kHz 010+70 SDM863K 8DIF L. H ±o.012 33kHz 010 +70 
SDM862A 16SE L.H ±0.024 33kHz -2510+85 SDM883A 8D1F l..H ±0024 33kHz -2510+85 
SDM862B 16SE L,H ±0.012 33kHz -2510+85 SDM663B 8DIF L,H ±0012 33kHz -2510 +85 
SDM882R 16SE L.H ±o.024 33kHz -5510+125 SDM863R 8DIF L,H ±0024 33kHz -5510+125 
SDM862S 16SE L,H ±0012 33kHz -5510+125 SDM663S 8DIF L,H ±0012 33kHz -5510+125 

SDM872J 16SE L,H ±o024 50kHz 010 +70 SDM873J 8DIF L,H ±0,024 50kHz 010+70 ' 
SDM872K 16SE L,H ±0.012 50kHz 010 +70 SDM873K 8DIF L,H ±o,012 50kHz 010+70 
SDM872A 16SE L, H ±o024 50kHz -2510+85 SDM873A 8DIF l..H ±0,024 50kHz -2510+85 
SDM872B 16SE L, H ±0012 50kHz -2510+85 SDM873B 8DIF L,H ±o.012 50kHz -2510+85 
SDM872R 16SE L,H ±0024 50kHz -5510+125 SDM873R 8DIF L,H ±0.024 50kHz -5510+125 
SDM872S 16SE L,H ±0012 50kHz -5510+125 SDM873S 8DIF L,H ±o012 50kHz -55 to +125 

NOTES (1) LCC Evaluallon Board Part Number: PC8621863-1 PGA Evaluation Board Part Number: PC8821863-2 (2) 16 slngle-ended Inpuls, LCC 
package, wilh accuracy of 0.024% FSR, Temp Range of O·C 10 70·C and thnoughpul of 33kHz = SDM862JL 

Teflon'" E.!. du Pont de Nemours & Co. 
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SURFACE MOUNT COMPONENTS 

Burr-Brown offers a wide variety of integrated circuit types in surface 
mount packages. These packages pennit denser layouts on one or both sides 
of a PC board, often saving 50% or more of the space nonnally required for 
these functions. Many of these miniature devices also fit inside transducer 
cavities and may be used in modules or hybrid circuits. Burr-Brown 
concentrates primarily on two package types with a variety of sizes and 
number of leads: 

sOle 
Plastic small-outline package with gull-wing leads on 1.27mm centers. For 
example, the SOIC-8 has 8 leads. 

Lee 
Ceramic leadless chip carrier with terminals on 1.27mm centers. For ex
ample, the LCC-20 has 20 tenninals. 

STAY UP TO DATE 1 
Burr-Brown is continuously adding to its offering of products available in 
surface mount packages. Contact your local Burr-Brown salesperson or rep
resentative. See the inside back cover of this Data Book. 

Burr-Brown Ie Data Book 12-1 
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SMALL-OUTLINE IC PACKAGES 

Model Device Type Description Package 

DAC703JU/KU Digital-to-Analog Converter 16-Bit, V OUT SOIC-24 

DAC811 JU/KU Digital-to-Analog Converter 12-Bit, !!p-Compatible SOIC-28 

DAC7541 AJU/AKU Digital-to-Analog Converter 12-Bit, CMOS SOIC-18 

DAC7545JU/KU Digital-to-Analog Converter 12-Bit, CMOS, Buffered SOIC-20 

DAC8012KU Digital-to-Analog Converter 12-Bit, CMOS, Latched SOIC-20 

INA101 KU Instrumentation Amplifier Precision, Monolithic SOIC-16 

INA102KU Instrumentation Amplifier Low Power SOIC-16 

INA105KU Instrumentation Amplifier Unity Gain, Differential SOIC-8 

INA110KU Instrumentation Amplifier Fast, FET Input SOIC-16 

MPY634KU Precision Analog Multiplier Wide Bandwidth SOIC-16 

OPA27/37GU Operational Amplifier Ultra-Low Noise SOIC-8 

OPA121KU Operational Amplifier Low Cost, Dffet ~ SOIC-8 

OPA404KU Operational Amplifier Quad, High-Speed, Precision Difet SOIC-16 

OPA602AU Operational Amplifier High-Speed, Precision Difet SOIC-8 

PCM55HP/JP Digital-to-Analog Converter 16-Bit, Digital Audio SOIC-24 

SHC298JU Sample/Hold Amplifier Low Cost, Monolithic SOIC-8 

VFC32KU V-to-F and F-to-V Converter Low Cost, Monolithic SOIC-14 

XTR101AU Current Transmitter/Converter Two-Wire,4-20mA SOIC-16 

XTR110KU Current Transmitter/Converter Voltage-to-Current Converter SOIC-16 

NOTE: Electrical and mechanical specifications for SOIC parts are contained in the Product Data Sheets in this Data Book. Use the 
Model Index on the inside front cover. 

Dffet ® Burr-Brown Corp. 
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LEADLESS CHIP CARRIER PACKAGES 

Model Device Type Description Package 

4213L Analog Multiplier/Divider Precision LCC-20 

AD515L Operational Amplifier Electrometer LCC-20 

DAC700-703BL Digital-to-Analog Converter 16-Bit, Monolithic LCC-28 
DAC703L Digital-to-Analog Converter 16-Bit Monolithic, Military LCC-28 
DAC811L Digital-to-Analog Converter 12-Bit, /LP-Compatible LCC-28 
DAC850L Digital-to-Analog Converter 12-Bit, Monolithic LCC-28 

DAC851L Digital-to-Analog Converter 12-Bit, MIL Temp LCC-28 

DAC870L Digital-to-Analog Converter 12-Bit, Military LCC-28 

INA101L Instrumentation Amplifier Precision, Monolithic LCC-20 
INA102L Instrumentation Amplifier Low Power LCC-20 

INA105L Instrumentation Amplifier Unity Gain, Differential LCC-20 
INA110L Instrumentation Amplifier Fast, FET Input LCC-20 
INA258L Instrumentation Amplifier Precision, Military LCC-20 

MPY100L Analog Multiplier/Divider Low Cost LCC-20 
MPY534L Precision Analog Multiplier Low Cost, Monolithic LCC-20 tJ) 

MPY634L Precision Analog Multiplier Wide Bandwidth LCC-20 t-
Z 

OPA27/37L Operational Amplifier Ultra-Low Noise LCC-20 
W 
Z 

OPA111L Operational Amplifier Precision, Difet LCC-20 0 
OPA121L Operational Amplifier Low Cost, Dffet LCC-20 C. 
OPA128L Operational Amplifier Electrometer Grade LCC-20 :5 

0 OPA404L Operational Amplifier High Speed, Quad LCC-20 0 
OPA2111L Operational Amplifier Precision, Dual LCC-20 t-
REF10L Precision Voltage Reference Ultra-Stable LCC-20 

Z 
:::) 

REF101L Precision Voltage Reference Low Drift LCC-20 0 
:5 

SDM8621863L Data Acquisition System 12-Bit, 16-Channel, 33kHz Tltroughput LCC-68 W 
SDM8721873L Data Acquisition System 12-Bit, 16-Channel, 50kHz Throughput LCC-68 0 

c( 
VFC32L V-to-F and F-to-V Converter Low Cost, Monolithic LCC-20 1L 
VFC62L V-to-F and F-to-V Converter Precision, Monolithic LCC-20 a:: 
VFC100L V-to-F and F-to-V Converter Synchronized LCC-20 

:::) 
tJ) 

VFC1 01 IN/KN V-to-F and F-to-V Converter Synchronized, Multiple Input PLCC-20 

VFC320L V-to-F and F-to-V Converter Precision, Monolithic LCC-20 

XTR101L Current Transmitter/Converter Two-Wire, 4-20mA LCC-20 
XTR110L Current Transmitter/Converter VOltage-to-Current Converter LCC-20 

NOTE: Electrical and mechanical specifications for LCC parts are contained in separate Product Data Sheets. To obtain copies, 
contact your local Burr-Brown salesperson or representative. See the inside back cover for a listing of sales offices. 
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SURFACE MOUNT PACKAGE OUTliNES AND DIMENSIONS 

Plastic SOIC-S Package 

Pin 1 
Identifier 

DIM 
A 
A, 
B 
B, 
C 
D 
G 
H 
J 
L 
M 
N 

INCHES 
MIN MAX 
185 201 
178 201 
146 162 
130 149 
054 145 
015 019 
050 BASIC 

018 026 
008 012 
220 252 
0° 10° 
000 012 

MILLIMETERS 
MIN MAX 
470 511 
452 511 
371 411 
330 378 
137 369 
038 048 
127 BASIC 

046 066 
020 030 
559 ' 640 
0° 10° 

000 030 

Plastic SOlCo14 Package 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 332 348 844 884 
A1 325 348 826 884 
B 146 162 371 411 

B1 128 146 325 371 
C 052 068 1,32 173 
D 014 019 036 048 
G 050 BASIC 127 BASIC 
H 016 I 024 041 061 
J 008 I 012 020 030 
L 226 I 246 574 625 
M 5° TYP SOTYP 
N 000 012 000 030 

NOTES: Leads in true position within 0.01" (0.25mm) R at MMC at seating plane. Pin numbers shown for reference only. Numbers 
may not be marked on package. 

Burr-Brown Ie Data Book 12-4 Vol. 33 



SURFACE MOUNT PACKAGE OUTLINES AND DIMENSIONS 

Plastic SOIC-16 Package 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A .400 416 1016 10.57 
A, .388 .412 9.86 10.46 
B 286 302 726 7.67 
B, .268 286 6.81 7.26 
C 093 109 2.36 2.77 
D .015 .020 0.38 0.51 
G .050 BASIC 127 BASIC 
H .022 038 0.56 0.97 
J 008 012 0.20 0.30 
L 391 421 9.93 I 1069 
M 5· TYP 5· TYP 
N 000 012 0.00 0.30 

Plastic SOIC-18 Package 

Pin 1 

DIM 
A 
A, 
B 
B, 
C 
D 
G 
H 
J 
L 
M 
N 

~:,~ 

n 
~~jj 

c , 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

450 .466 1143 11.84 
443 .466 11.25 11.84 
286 .302 726 7.67 
.270 .285 6.86 7.24 
.093 108 2.36 2.74 
.015 .019 0.38 0.48 
.050 BASIC 1.27 BASIC 
026 .034 0.66 0.86 
008 .012 0.20 0.30 

.390 .422 9.91 10.72 
o· 10· o· 10· 

.000 .012 0.00 0.30 

f!! z 
w 
Z o 
D. 

== o 
o 
t
Z 
;:) 

o 
== w 
o 
CC u. 
a:: 
;:) 

NOTES: Leads in true position within 0.01· (0.25mm) Rat MMC at seating plane. Pin numbers shown for reference only. Numbers en 
may not be marked on package. 
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SURFACE MOUNT PACKAGE OUTLINES AND DIMENSIONS 

Plastic SOIC-20 Package 

Pin 1 

~:,~ 

11 
~~Jj 

+-Jrr::=L=~=CJ=Rll--f J 

M It---.. __ L_~Jt 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 50'2 518 12.75 1316 
A, 495 .518 12.57 1316 
B 286 30'2 726 767 
B, 270' 285 686 724 
C 0'93 10'8 2.36 274 
D 0'15 .0'19 0' 38 0'.48 
G 0'50' BASIC 1.27 BASIC 
H .0'26 0'34 cr.66 0' 86 
J .0'0'8 .0'12 020' 0'.30' 
L 390' .422 9.91 10' 72 
M DO 10'0 DO 10'0 
N 0'0'0' .0'12 0'0'0' 0'.30' 

Plastic SOIC-24 Package 

~q~:1DDDDDD& 
.JGi.. •• n. .. o t 

Seating Plane 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 614 630' 1560' 160'0' 
B 346 362 880' 920' 
C - 0'98 - 250' 
D 0'12 0'20' 0' 30 0' 50' 
G 0'46 0'54 1.17 1 37 

NOTES: Leads in true position within 0.01" (O.25mm) Rat MMC at seating plane. Pin numbers shown for reference only. Numbers 
may not be marked on package. 
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SURFACE MOUNT PACKAGE OUTLINES AND DIMENSIONS 

Plastic SOIC-28 Package 

Plastic PLCC-20 Package 

~M-~ A---t 
A, 

Pin1 - =In 
Identifier B, B N 

~ I ! I 
:JJ. 

l~ 
... - -E---

DIM 
A 
A, 

B 
B, 

C 
D 
E 
F 
G 
K 
M 
N 
P 

INCHES 
MIN MAX 
350 356 
338 .344 
350 356 
.290 330 
165 180 
013 .021 

290 330 
026 032 
.050 BASIC 

.020 -
385 .395 
.385 .395 
.090 120 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 700 716 17 78 1819 
B 286 302 726 7.67 
C 093 109 236 2.77 
D 016 BASIC 041 BASIC 
G 050 BASIC 127 BASIC 
H 022 J 038 056 097 
J 008 I 012 020 030 
L 398 I 414 1011 1052 
M 5° TYP 50 TYP 
N 000 I 012 000 030 

MILLIMETERS 
MIN MAX 
889 904 
859 874 
889 904 
737 8.38 

. 419 457 
033 053 
737 838 
066 0.81 
127 BASIC 

051 -
978 1003 
9.78 10.03 
2.29 305 

NOTES: Leads In true position within 0.01" (0.25mm) Rat MMC at seating plane. Pin numbers shown for reference only. Numbers 
may not be marked on package. 
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SURFACE MOUNT PACKAGE OUTLINES AND DIMENSIONS 

Ceramic LCC-20 Package 

J 
r'i=1 .~.n'Er.~. i;rr,1 I A. .. 

Ceramic Lee-28 Package 

C;;;;A ;;;;1 

y 1 
1-1-" U 

3 Places 

H 

DIM 
A 
B 
C 
F 
G 
H 

INCHES 
DIM MIN MAX 
HD .345 .360 
HE .345 .360 
A. .064 .100 
b .022 .028 
e .050 BASIC 
R .000RTYP 
S .020TYP 
T O4OTYP 
Z .075TYP 

INCHES 
MIN MAX 

442 458 
442 458 
064 100 
.022 .028 
050 BASIC 
D08R TYP 

MILLIMETERS 
MIN MAX 
8.76 9.14 
8.76 914 
1.63 2.54 
0.56 0.71 
1.27 BASIC 
O.20R TYP 
0.508TYP 
1.016TYP 
1.91 TYP 

MILLIMETERS 
MIN MAX 
1123 1163 
1123 11.63 

1.63 2.54 
0.56 071 
127 BASIC 
020 R TYP 

NOTES: Leads in true position within 0.01" (0.25mm) Rat MMC at seating plane. Pin numbers shown for reference only. Numbers 
may not be marked on package. 
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SURFACE MOUNT PACKAGE OUTLINES AND DIMENSIONS 

Ceramic Lcc-&8 Package 

Top 
View 

Pin 1 
Identifier 

Terminations: Gold plated 
nickel on refractory 
metallization. 

Case: White ceramic with 
gold plated nickel lid. 

Hermeticity: Gross leak 
test. 

Weight: 4.2 grams (0.150z). 

DIM 
A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
L 

INCHES 
MIN MAX 

945 965 
945 965 
076 094 
841 .859 
841 859 
.755 785 
755 785 
800 BASIC 
0271 033 
045 BASIC 
.050 BASIC 

MILLIMETERS 
MIN MAX 

24.003 24511 
24003 24.511 

1.934 2368 
21361 21819 
21361 21819 
19.177 19.939 
19.177 19.939 
20.320 BASIC 

.6881 838 
1.143 BASIC 
1.270 BASIC 

NOTES: Leads in true position within 0.01" (0.25mm) Rat MMC at seating plane. Pin numbers shown for reference only. Numbers 
may not be marked on package. 
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ACCESSORIES 

This section contains illustrations and information on various mating con
nectors and heat sinks available for use with Burr-Brown products. The 
type of connector or heat sink required by the product is specified in the 
Product Data Sheet. 
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MATING CONNECTORS 
2201MC 

62.87mm 
f-------12.475")±0.10 ------ool 

58.42mm rr== 12.300")±0.015 I 
I' 53.34mm 

12.100")±0.005 I 

lr-o~~A~1~2~3~4~_--_-----------'~Ir-----_-----------------~~-o~~mm 10.33")±0.005 
B 1 2 3 4 -- --- .-\\-- '--L 

I I 254mm 1.40mm jl '1.52mm 
--l f.-1~.10")tyP 10.055")typ I--- \"'1O.06")tyP 

(Non-accumulative) .79mm 
78.11mm 10.031") 

1-----'7"O.-.-44;O:m=-=m=------13.075")±0.015 
12.775")±0.005 

JL 
Pierced 

Accommodate 
3-26 AWG Wire 

2350MC 

(Clearance Hole) 

1.37mm - 1.80mm 
(.054" - .071 ") 
Accommodates Thick 

CircuIt Board 

191]IITI nnrlTnl1 nn~ ~::;;t ,,I.. 
. 10.290") 

3.18mm! ~ 
10.125") 

I _ 

~f--(~1;~")d:: ---------------------

f f f t t t t t r f r r r r r t r r r ~'71mm J 10.028") 

~ #70 drill size 
2.54mm 

10.10")typ 48.26mm 

1-----------11.900") -------
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1500MC 
Material Aluminum 
Finish. Hard Black Anodize 

3.45mm (0 136") d,a 
5.B4mm (0.23") dla x 82° nom. 

d,. 
2 Holes 

2302MC 
I 40.64mm I r- 11.60") -------11 
I 0 TO W 1

4A.5mm 
~ 000 [ P VIE 00 ODD 10.175") 

~,-_____________ t 
I I 4.06mm 

'T SIDE VIEW.L 10.160") 

5 46mm I I I I I I I I I I I I I I I 1_ 
10215") t 

A set of two 16-pin connector -' I..-:.- 2.54n;}m 
strrps for PC board mounting.' (0.10 ) 

2401MC 

Identical to 2302MC 
except each connector 

strip length is 45.72mm (1.BO") 

A set of four la-pin connector 
strips for PC board mounting. 

4400MC IF !~.~"6i~mm~ ~1 
68.58mm 
12.70") 

f6~~~) tvp ,,0 -0- Lt)"': 

MATING CONNECTORS 
2250MC 

781mm ____ _ 1------ 1308") 8 4mm 

~=.::::::~''i.EB: 
~254mm ~ -t- -I l-

I (0 100"),yp I 6 4mm 

+ 
l11mm 

( 44") 

t 

_
______ 857mm 125") 

(338") • 
______ 705mm _____ _ 

(278") 

635mm 
(250") ± 015 

-j 

2800MC 

3.17mm 
(0.125") 

dia hole 
(6 each) 

1 n 6 n 6 CJ 1 I 3.17m~ 
I ~1 '0.125) 

44.45mm 
_-11.75") 

I 9.14 I 6.35 

10.25") 
--i(or:;r;;,,) ~ Imm 

\I---------n~2'1J)-----·-i .L 

4800MC 

87.3mm 
(344") 

127mm 
15.0") O"HI 

Ig;~,~ng6·x @ @ ;.; 

7.37:;,;::, 10.29") ~ @ @~E':-
~=I==B=--+ -~F=:::j: ",2 

-0- 72.14mm 
(2.84") 

3.2Smm ~2mm(3.0") fl 
1 i I", •.. 

~0~2'::') @~I I@JI7 '

0

") ~--~~+-~--~@=~ 
dia 
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Clearance for 
4-40 screw on 

19.05mm (0.75") 
center 

3.17mm (0.125")~ 

Y )T . " 
11.94mm (0.47 ) 

13-3 

Clearance 
for 

4-40 
Screw 

3.18mm IO.125.JiL 

Q Q~ 
12.19mm 
10.48") 
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MATING CONNECTORS 

145MC 

l 
max 

~'l 
2.29mm (0.09") 

~:ggg dla (2) holes 

548MC 

356mm or 1 f 
( 140") d,a ! ~.:p~mm 
6 places o r;.~,~mm 

3(1182m5·~ • ~ I,J· 
r~.~~mm SOB 1 -.l.. (O.2'r;'m 

T~ E 
Material: Anodized Aluminum ~~g:l,p'mm 

806MC 

•
~~:.~ 

16mm 17mm 
( 062 ") ( 069") 

::!:c --- -r 
t --r 

29mm 
(.115") 
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I- 1.7Bmm 
r(0.07") 

±D.02 

245MC 

3.56mm 
(0.135") 

803MC 
3.96mm 
(0.156") ±D.002 
dla (2 places) 19.0Smm 

(0.7S") 

Orientation 
Tab 

27.94mm 
(1.10") J tJ~,.,·, 

I-S.38mm (0.33") 

6.3Smm (0.25") 
B.13mm (0.32") 

1200MC Material: Aluminum 
Finish: Hard Black J r,>.~''i'm Anodize 

s.D8~m1t~7~;C 
(0.20 ) 

3.30mm typ 
(0.13") ,--..::::-+-+-t-I--..... '-. 
dis hole 
(2 holes) 

2.S4mm 
(0.10") -

11.43,l!'m 
~.45 ) tvP ..l.. 43.11\1!'m 

, , (1.70 ) -r"" 7 15.751!'m Y999. 13.21mm (0.62') (0.52") 

Teflon / ----.-
Insulator 1 

13-4 

1400MC* 

3.30mm (0.13") dia hole 
5.84mm (0.23") die x 82° 

C'sink 
2 Holes 

Material: Aluminum 
Finish: Hard Black 

Anodize 

• ldenl,callo 1200MC 
except for mounting 
holes. 
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HEAT SINKS 
0803HS 12°C/WATT 0804HS 4.2°C/W A TT (See notes) 

L254mm-.l 
1(10") '1 (See notes) 

See 
TOP VIEW 

<i 

SIDE VIEW 

f 

"··murn-r (009")~ 19mm -1 (0.75") 

T --L 
Matenal Aluminum 
Finish Black Anodized 

0805HS 3°C/WATT 
TOP VIEW 

o 

V 

Matenal Alummum 
FInish Black Anodized 

I ________ See 

~ Detail 1 

TOP VIEW 

79.5mm 
(313") 

typo 

2.3mm ,I 
(SIDE VIEW) (009") ---1 f---

6-32 Thread 
(4 Holes) 

808mm 
(3 18") 91 9mm 

101.35mm 
13.99") 

1 
0° °0 

G..--f--l--- 0 + 0 ---+-t----,r-tr(362") 

o 0 

• o o 404mm 46 Omm 

-@-:---+-I---@ . (1 59") (1 81 ") 

o -@ 
IUil.I e . .III..IU.III...~----""~"'1 BonoMVIEW 

END VIEW 

'NOTES 

175mm 
(069") -. 

1 Thermal resistance specifIed are for natural connection Heatsmks 
0803HS and 0804HS are mounted on 6" x 6" x 1/16" G-1 0 PC board 

2 A thm-fllm of heatsmk compound (Dow CornIng 340 or eqUivalent) 
between the heats Ink and the TO-3 deVice IS recommended 
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643mm 
(253") 

Detail 1 

13-5 

3.86mm 
(0152") 

d.a 
(2 Holes) 

Hole 
Pattern 

Matenal Alummum 
Finish Black AnodIzed 
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BURR-BROWN® 0807HS IElElI 

0 0 
SKIRTED THERMAL SHIELD 

(u.s. Patent 4,636,916) 

FEATURES 
• IMPROVES AMPLIFIER LOW FREQUENCY NOISE 
• IMPROVES AMPLIFIER SHORT-TERM STABILITY 
• FITS ALL JEDEC-STANDARD TO-5-SIZE PACKAGES 

(TO-99, TO-IOO) 

APPLICATIONS 
• LOW NOISE OP AMPS 
• LOW NOISE INSTRUMENTATION AMPLIFIERS 

DESCRIPTION 

The 0807HS is a skirted heat sink designed to fit 
over standard TO-S-size packages (TO-99 and TO-
100). Its skirt fits flush against the printed circuit to 
shield the package leads from air currents. As a heat 

, IT \ r ... " 
\,: 'OSpV 

1. 
External thermoelectric potentials far exceeed OPA27 nOise 

FIGURE lA. OPA27 with Circuit Unshielded and 
Exposed to Normal Lab Bench-Top 
Air Currents. 

Cutaway View of an Installed 0807HS 

PC Board/ 
'\OP Amp 

sink, it increases thermal mass and decreases package 
temperature rise. When properly applied, the 0807HS 
will result in substantially improved low frequency 
noise performance, as shown in Figure 1. 

0807HS protects input leads from air currents 
Conditions same as Figure 1A-note improvement. 

FIGURE lB. OPA27 with Heat Sink and 0807HS. 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona B5734· Tel. 16021 746·1111 . Twx: 910-952·1111· Cable: BBRCORp· Telex: 66·6491 

PDS-70t 
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MECHANICAL 

0060 Typ , 
0325 

DimenSions In Inches 

Finish Hard Black 
AnodIZed 

THEORY OF OPERATION 
All metals exhibit an electrical potential accompanying a 
thermal gradient. This is known as the Thompson 
thermoelectric effect. When any two dissimilar metals 
are joined, a thermocouple is formeo-the Seebeck 
effect. 

In all semiconductor packages, thermocouples are formed 
at various interfaces. In "TO-" style packages, significant 
thermocouples are formed between the gold or nickel 
plating and the Kovar leads. Thermocouples are also 
formed between the leads and the solder connections to 
the printed circuit. 

If thermal gradients are properly matched-at the ampli
fier inputs-the thermocouple errors will cancel. In 
practice, mismatches occur. Even under laboratory con
ditions, the errors produced can be several tenths of 
microvolts-well above the levels achievable with low 
noise amplifiers. At the output of a high gain amplifier, 
the error will appear as low frequency noise or short 
term input offset error. 

In a "TO-" package, much of the heat is conducted away 
through the leads. The resultant thermal gradient between 
the package and the printed circuit can be a major source 
of thermal error. Air currents can cool one lead more 
than another, resulting in mismatched thermal gradients. 
The 0807HS reduces these errors in two ways. It acts as a 
heat sink to lower package temperature rise and thereby 
lower the thermal gradient (see Figure 2). It also shields 
the package leads from air currents. 

Burr-Brown Ie Data Book 13-7 

Thermal gradients can also be generated by external heat 
sources such as a nearby device with significant heat rise. 
Under severe conditions, these errors can be many times 
greater than those produced under laboratory conditions. 
To minimize these errors, the 0807HS acts as a thermal 
"short circuit," minimizing the gradient across the 
package leads. 

Finally, by increasing the thermal mass of the package, 
the 0807HS minimizes short term temperature changes 
of the package. Package temperature fluctuations pro
duce input offset drift, which can appear as low frequency 
noise at the output of a high gain amplifier. 

INSTALLATION 
Install the 0807HS after other components have been 
installed, and the board cleaned. Align the slot of the 
heat sink with the package tab and press in place. It may 
be necessary to expand the heat sink slightly with a 
tapered tool, such as the blade of a screwdriver, to ease 
installation. The 0807HS is symmetrical and either side 
can go up. 

Of course, other sources of thermoelectric error may 
occur. Careful printed circuit layout, use of low thermal 
EMF solder, and thermal shielding of the printed circuit 
back side may be needed to achieve the desired per
formance. 

Air Velocity (111m In) 

200 400 600 800 

~ 
t....o"" 

~ T V 
r"'Ioi; r- Io' 

I'.. ", 
", ........ -6of" -.... 

/ I 

04 08 12 16 
Power DIssipation (W) 

FIGURE 2. Temperature Rise Versus Power. 

ORDERING INFORMATION 

1000 
50 

Model number ................................... 0807HS 
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OTHER BURR-BROWN PRODUCTS 

COMPONENT PRODUCTS 
Burr-Brown has two component product groups whose offerings are de
scribed in separate data books-Military Products and Power Sources. 
These products are briefly described in this section. For more information 
and a copy of these other data books, contact your local Burr-Brown 
salesperson or representative. See the inside back cover. 

HIGHER LEVEL PRODUCTS 
In addition to designing and manufacturing precision microcircuits, Burr
Brown also excels in microelectronic-based systems used in data acquisi
tion, signal conditioning, measurement, and control. This section contains a 
sampling of these other high-quality products. If you want additional infor
mation, contact your local Burr-Brown salesperson or representative. 

BURR-BROWN POWER SUPPLIES AND THE 
POWER SOURCES HANDBOOK 
Burr-Brown offers a wide selection of power conversion products. Hundreds 
of standard and unique DCIDC converters ranging from DIP sizes through 
high wattage, wide-range modular packages are available. They are summa
rized in tables on the following three pages. All of these models carry Burr
Brown's guarantee of high quality and reliability and are included in their 

own publication, Burr-Brown Power Sources Handbook. 14 
The Burr-Brown Power Sources Handbook contains detailed Product Data 
Sheets for all of Burr-Brown's power conversion products. In addition, it 
includes supplementary data, such as an extensive selection guide, discus-
sion of the advanced reliability programs available, a glossary of power con-
version terminology, and application notes for effective use of these prod-
ucts. Information on obtaining modified and custom models is also included. 
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HIGH·ISOLATION DC/DC CONVERTERS Boldface = NEW 

Rated Isolation Rated Power 
Model Voltage (VDC) (Watts) Features 

PWR1726 3500 1.5 High Isolation 

PWR70 2000 3 Small Size 

PWR74 1500 3 Multichannel 

PWR13XX Series 1270 1 DIP Package 

PWR71 1000 3 Multichannel 

PWR72 1000 3 Wide Input Range 

PWR1 XX Series 1000 450mW General Purpose 

PWR2XX Series 1000 1.5 General Purpose 

PWR3XX Series 1000 2 Multichannel 

PWR4XX Series 1000 3 Small Size 

PWR6XX Series 1000 2 Regulated 

PWR7XX Series 1000 5 Regulated 

PWR1017 1000 3 Multichannel 

Dlp·PACKAGED DC/DC CONVERTERS Boldface = NEW 

Internal 
Model Regulation Filtering Features 

PWR11 XX Series No Yes Filtered 

PWR13XX Series No No High Isolation 

PWR59XX Series Yes Yes Filtered 

MULTICHANNEL DC/DC CONVERTERS Boldface = NEW 

Number of Rated 
Number of Outputs Per Power 

Model Channels Channel (Watts) Features 

PWR1017 4 2 3 8 Outputs 

PWR71 4 2 3 Small Size 

PWR5XX Series 4 1 or 2 4 Small Size 

PWR8XX Series 2 3 Total 5 5 ±12 or 5±15 Your 

PWR74 2 2 3 High Isolation 

PWR3XX Series 2 1 or 2 2 Small Size 

PWR53XX Series 10r2 1 or 2 15 Wide Input Range 
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LOW-NOISE DCfDC CONVERTERS Boldface = NEW 

Noise Out (mV2-e) Rated Power 
Model Typ 

PWR1546A 

PWR62XX Series 15 

PWR59XX Series 20 

PWR6XX Series 30 

PWR7XX Series 30 

PWR74 40 

PWR1726 50 

PWR11 XX Series 50 

PWRl XX Series 50 

PWR3XX Series 50 

PWR53XX Series 

PWR2XX Series 75 

PWR70 

PWR71 

PWR4XX Series 

PWR1017 

PWR72 

WIDE-INPUT-RANGE DCfDC CONVERTERS 

Model 

PWR53XX Series 

PWR72 

Input Range 
(VDC) 

9-18 

18-36 

36-72 

5-22 

REGULATED DCfDC CONVERTERS 

Regulation 
Line 

Model (%) 

PWR1546A ±0.02 

PWR6XX Series ±0.02 

PWR7XX Series ±0.02 

PWR510X ±0.02 

PWR62XX Series ±0.04 

PWR59XX Series ±0.3 

PWR53XX Series ±0.2 

Burr-Brown Ie Data Book 

Max (Watts) Features 

1.0 5 

5.2 

2 

3 

5 

100 3 

1.5 

3 

2 

2 

75 15 

1.5 

80 3 

100 3 

100 3 

100 3 

150 3 

Rated Power 
(Watts) 

Load 
(%) 

0.02 

0.04 

0.04 

0.04 

0.06 

0.4 

1.0 

15 

15 

15 

3 

Rated 
Power 
(Watts) 

5 

3 

5 

9 

5.2 

2 

15 

14-3 

Ultra-Low Noise 

ECLPower 

DIP Package 

Regulated 

Regulated 

High Isolation 

High Isolation 

DIP Package 

General Purpose 

Multichannel 

Wide Input Range 

General Purpose 

High Isolation 

Multichannel 

Small Size 

Multichannel 

Wide Input Range 

Features 

Single, Dual, & Triple Outputs 

Single, Dual, & Triple Outputs 

Single, Dual, & Triple Outputs 

Dual Outputs 

Features 

Low Noise 

General Purpose 

General Purpose 

General Purpose 

ECLPower 

DIP Package 

Wide Input Range 

Boldface = NEW 

Boldface = NEW 
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UNREGULATED DC/DC CONVERTERS Boldface = NEW 

Rated Power Package Size 
Model (Watts) (Inches) Features 

PWR1 XX Series 450mW 1.0 x 1.0 x 0.4 General Purpose 

PWR13XX Series 1 24-pin DIP High Isolation 

PWR2XX Series 1.5 1.0 x 1.0 x 0.4 General Purpose 

PWR1726 1.5 1.2 x 1.6 x 0.4 High Isolation 

PWR11 XX Series 2 24-pin DIP Filtered 

PWR3XX Series 2 1.0 x 1.0 x 0.4 Multichannel 

PWR70 3 1.0 x 1.0 x 0.4 High Isolation 

PWR71 3 2.0 x 2.0 x 0.4 Multichannel 

PWR72 3 1.0 x 1.0 x 0.4 Wide Input Range 

PWR74 3 1.0 x 1.0 x 0.4 Multichannel 

PWR4XX Series 3 1.0 x 1.0 x 0.4 General Purpose 

PWR1017 3 2.0 x 2.0 x 0.4 Multichannel 

PWR5XX Series 4 1.2 x 1.6 x 0.4 Multichannel 

PWR8XX Series 5 1 .2 x 1.6 x 0.4 Multichannel 

DC/DC CONVERTERS BY WATTAGE Boldface = NEW 

Rated Power Package Size 
Model (Watts) (Inches) Features 

PWR53XX Series 15 2.0 x 2.0 x 0.4 Triple Output 

PWR51OX 9 2.0 x 2.0 x 0.4 Regulated 

PWR62XX Series 5.2 2.0 x 2.0 x 0.4 ECl Power 

PWR7XX Series 5 2.0 x 2.0 x 0.4 Regulated 

PWR1546A 5 2.0 x 2.0 x 0.4 Ultra-low Noise 

PWR8XX Series 5 1.2 x 1.6 x 0.4 Multichannel 
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MILITARY PRODUCTS DIVISION 
Burr-Brown's Military Products Division manufactures precision signal 
conditioning and data conversion components for use in military applica
tions such as navigation, guidance, control, electronic counter measures., in
telligence, and communications .. We offer a growing line of diversified 
high-reliability military products, including operational amplifiers, AID and 
D/A converters, analog multipliers, and voltage-to-frequency converters. 
Additionally, the Military Products Division is responsible for all microcir
cuit dice sales. (For your convenience, components in this Data Book that 
are also available in military and die form are marked as such.) 

The Military Products Division manufactures its components in a facility 
separate from other Burr-Brown facilities. This separate manufacturing and 
test capability, along with Burr-Brown's microcircuit wafer manufacturing 
and thick-film facilities, are certified to the requirements of MlL-STD-976 
and MlL-STD-1772. This means that all manufacturing operations for all 
Military Products Division components -: from design, through raw mate
rials, wafer processing, assembly and test to final product inspection, and 
shipment - are performed in strict accordance with MIL-STD-883, and full 
compliance with Appendices A and G of MIL-M-3851O. 

All monolithic and hybrid "/883B" or "/B" models are compliant to the 
requirements of the current revision of MIL-STD-883 for compliant Non
JAN devices. Quality Conformance Inspection (QCI) is performed to the 
requirements of Methods 5005 or 5008. This is detailed in the individual 
Product Data Sheets for Military components. 

Environmental control of the manufacturing clean rooms meet or exceed the 
requirements of FED-STD-209 for particle count. ESD (electrostatic dis
charge) procedures are fully observed by Military Products Personnel 
through every stage of material handling, product assembly, testing,. storage, 
and shipment. 

All this results in products with reliability and quality that is built-in, not 
screened from commercial lots. This provides customers with microcircuits 
that, meet the full intent of military requirements. 

In addition, custom screening, testing, and marking of standard products can 
be accommodated, such as class-S type screening, etc. Consult the Military 
Products Division or your local Burr-Brown salesperson or representative 
for additional information. 
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PERSONAL COMPUTER INSTRUMENTATION 

r-1 
&...J 

PCI·20000 SERIES: Personal Computer Instrumentation .•• 
For Data Acquisition, Test Measurement, And Control 

The new PCI-20000 gives you modular I/O you can never outgrow. Com
ponent modularity gives you the most cost-effective, expandable PC instru
mentation system available today-and tomorrow. The PCI-20000 is an 
exciting new generation of instrumentation for IBM and bus-compatible 
personal computers. It lets you start small and add plug-in channels and 
functions only as requirements grow. You never pay for more I/O than you 
need. 

The key is component modularity. Carrier boards plug directly into the PC 
expansion slots and provide power, communications, mounting mechanisms 
and optional digital I/O capability. Versatile I/O modules plug into the 
carrier and perform the data acquisition, test, measurement, and control 
functions your systems requires. You can choose from 15 different modules 
now, with many more planned for the future. Carriers accept two or three 
modules. A family of termination panels simplify wiring and bring ·signals 
to and from the system. 

Hundreds of possible systems can be configured now, even more later. 
Combine components now to meet exact requirements for analog and digital 
I/O, counter, timer, and pulse functions. Change components later to add 
capaeity and functions for future needs. Your system will always be at its 
optimum price/performance level. Extensive software is available. 
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HANDBOOK OF PERSONAL COMPUTER INSTRUMENTATION: 
For Data Acquisition, Test Measurement, And Control 

Contains: A tutorial section describing in practical terms, the theory and 
philosophy of using personal computer instrumentation for data acquisition, 
test, measurement, and control. 

An application section complete with dozens of diagrams, showing specifi
cally how you can use personal computer instrumentation in more ways than 
you ever thought possible. 

Written by leading experts who design and use intelligent instrumentation 
systems, this section is the (sweet) heart of the handbook with plenty of 
down-to-earth advice about how to apply PCr. 

A software section that describes and references the wide range of packages 
that are readily available from vendors, and from software houses often 
overlooked by some firms. 

There's more. Much more. Including guides on how to configure a system 
and technical specifications for specific PCI hardware and software. Contact 
your local Burr-Brown saleperson or representative for your copy. 

Burr-Brown Ie Data Book 14-7 Vol. 33 

~ 
() 
:::) 
C o 
CC 
Il. 
Z 
3: o 
CC 
m 

I 

CC 
CC 
:::) 
m 
CC w 

~ 



STD BUS & DATA COMMUNICATIONS PRODUCTS 

STD BUS INDUSTRIAL I/O PRODUCTS 
The Burr-Brown STD Bus products provide the most cost-effective tool for 
solving the applications-oriented problems of process control and system 
integration. 

The modularity and simplicity offered by this well-defined standard have 
led to the development of a complete line of STD Bus products. The line 
includes a disk controller and operating system, a Z80 CPU with onboard 
DMA, various memory boards, a 32-channel12-bit AID converter, two CRT 
controllers, and IEEE-488 interface card, and two types of discrete I/O 
cards. 

DATA COMMUNICATIONS PRODUCTS 
Burr-Brown Data Communications products provide the most cost-effective 
tool for solving the local data communications problems for industrial and 
institutional facilities. 

Limited distance and Fiber Optic Modems provide extension of RS-232 
ports up to several miles. In addition, electrical isolation for wire units is 
provided by transformers and optical couplers, eliminating ground loops, 
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equipment damage, and noise pickup. Surge suppression devices are inter
nally mounted on all field inputs and outputs. The LDM422 (left) serves as 
a Limited Distance Modem and as an RS-232-to-RS-422 converter with 
multipoint capability. It has two complete high speed transmit and receive 
for data and handshake. It features lOOOV isolation and surge protection. 

Fiber optic modems offer the maximum in isolation and EMI/RFI immunity. 
The LDM80 (right) is signal powered from RS-232 ports transmits up to 
3.5km at 19.2Kbits per second. The LDM85 is a unique mUltipoint-capable 
modem with data rates to 5Mbits per second. 

Other products include: 
LDM35-Signal-Powered Limited-Distance Modem. 
LDM70-High Speed Ruggedized Industrial Modem. 
APA120-Personal-Computer-Based Protocol Analyzer. 

Expansion Expansion 

L Fiber Optic Trunk, 
Up t02.0km. 
3Mbps 

FMX800 

CPU 
1 . 
• RS-232 Ports • 

RS-232 Terminal ;!. LDM8S/LDM80 Fiber Optic Modem 
with Local Link, Up to 1 .5km 

DATA MULTIPLEXER 

32 

As illustrated above, the FMX800 fiber optic multiplexer family provides a 
three megabaud link between separate buildings and clusters of computers 
or terminal ports. A single FMX800 chassis allows up to 16 19.2Kbaud ports 
to be extended through a single pair of glass fibers. Up to three expansion 
units make the channel count 64. All channels may operate full duplex at the 
maximum RS-232.V.24 data rate of 19.2kbaud. Control signals Request To 
Send (RTS), Clear To Send (CTS), Data Set Ready (DSR), and Data 
Terminal Ready (DTR) are continuously scanned and carried through the 
trunk line to provide remote handshake capability. 
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COMPONENT TERMINALS 

WHY REINVENT AN OPERATOR INTERFACE? 

Is your rnicroprocessor-based equipment used or serviced by human beings? 
If so, you may be interested in a new line of operator interface terminals 
from Burr-Brown. The operator interface provides the way for an operator 
to setup and run equipment; it may also provide diagnostic/service access for 
a repairman. 

For most new products, the operator interface is custom designed because 
no off-the-shelf product has been available which adequately addresses this 
need. This means that engineering resources are needed, which will place an 
additional demand on already limited manpower. The availability now of 
commercial/industrial operator interfaces allows companies to concentrate 
their resources in the area of their greatest expertise, and therefore, to get the 
best return on engineering investment. 

Operator interfaces are used in a variety of equipment. There are numerous 
controller applications such as machine controllers, motor controllers, proc
ess controllers, HV AC controllers, programmable controllers, and motion 
controllers. Other applications include operator interface for instruments, 
test machines, data acquisition systems, weighing systems, imaging sys
tems, and medical equipment. 

Consider these issues when looking for an operator interface: 

Display 

Is it easily readable in your operating environment? 

Keyboard 

Is the tactile response appropriate for your needs? Can the keys be clearly 
marked for your application? 

Operation 

Will the units operate in a mode that is convenient in your application? 

Communications 

What interface do you need? RS-232C is a good choice for many applica
tions. RS-422 is useful for distances of greater than 50 feet or for electrically 
noisy env,ironments. 

Package 

Will the package fit into your equipment, aesthetically and physically? Is it 
easy to mount? Does the package need to be sealed? 

Environment 

Under what conditions must the unit operate? 

Burr-Brown has recently introduced a line of operator interface terminals, 
the TM2500 and the TM2700, which use standard ASCII communications. 
They are low cost, easy-to-use, easy-to-design-in units. In many applica-
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tions it is no longer necessary to design an expensive long~lead~time custom 
operator interface. These units provide a large liquid~crystal display with a 
wide viewing angle. The terminals go through an automatic self~test every 
time power is applied. The keyboard offers excellent tactile response, 
providing a numeric keypad, six user~programmable function keys, and six 
control keys. The function keys are back-lighted under host computer 
control. They can also be programmed to transmit any sequence of up to four 
characters. Each function key has a label area adjoining it so that the user 
can easily customize each key~ 

The terminals operate in one of three modes. In character mode, a character 
is transmitted as each key is pressed. The character may be echoed to the 
display as defined. In the block mode, all characters are internally buffered 
and displayed as keys are pressed. The entire line of data is then transmitted 
when the enter key is pressed. The polled mode is the third way to operate 
these units. In the polled mode, data is entered as in the block mode; 
however, the data is not transmitted until the host processor requests it. 
Another option in this mode is to assign each terminal an address so that a 
number of terminals may be committed to the same host interface line. 

Other options include baud rate,line termination, turnaround delay, display 
viewing angle, hand check protocol, local echo, key repeat, and key click. 
All options are user selectable and stored in nonvolatile EEPROM. 

The TM2500 is available with an RS-232C interface, while the TM2700 is 
provided with an RS-422 interface. 

These microterminals provide an easy-to-use, off~the~shelf interface in 
many new equipment designs. 
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BURR-BROWN® 

IE3E:1I TM2500 
TM2700 

OEM MICROTERMINALS 

BENEFITS/FEATURES 
• MINIMIZES DEVELOPMENT TIME AND EXPENSE 
• LARGE. HIGH CONTRAST 16-CHARACTER LCD 

DISPLAY 
• OD-CHARACTER DISPLAY BUFFER 
• SIX PROGRAMMABLE BACKLIT FUNCTION KEYS 
• POSITIVE TACTILE FEEDBACK KEYBOARD 
• EASILY CUSTOMIZED LABELS 
• ADJUSTABLE VIEWING ANGLE 

DESCRIPTION 
The TM2500jTM2700 are low cost, compact, indus
trial data entry and display terminals. They are 
designed to be used as operator panels, as well as 
service and diagnostic equipment. The terminals can 
also be used as a simple keyboard entry data collec
tion terminal. The TM2500 and TM2700 are similar 
units, differing only in communications interface
RS-232C on the TM2500 and RS-422 on the 
TM2700. 

Both terminals are lightweight, 10.5 ounces, and are 
enclosed within a 4.102" X 7.102" X 1.060" case. The 
terminals have six backlit programmable function 
keys. Space is provided to customize the keyboard 

• NONVOLATILE CONFIGURATION STORAGE 
• POWERUP SELF-TEST 
• ALL OPTIONS USER-SElECTABLE 

APPLICATIONS 
• OPERATOR PANEL 
• SERVICE/DIAGNOSTIC DEVICE 
• DATA COLLECTION TERMINAL 

and function keys with company logos and function 
labels. The compact size of the TM2500jTM2700 
makes them ideal for applications where space is at a 
premium. 
The TM2700 is recommended for electrically noisy 
environments, multidrop applications, and where 
communication distances of more than 50 feet. are 
required. Fifteen command sequences are used by 
the host to control these terminals. Burr-Brown's 25 
years of experience in developing and producing 
OEM products has ensured that the design of the 
TM2500jTM2700 is focused on the needs of poten
tial and existing customers. 

International Airport Industrial Park· P.O. Box 11400· Tucson. Arizona 85734· Tel. 16021 746·1111 . Twx: 910·952-1111· Cable: BBRCORp· Telex: 66-8491 

PDS-739A 
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KEYBOARD 

A numeric keypad with six programmable function keys 
is provided for operator input. The keys are widely 
spaced for ease of entry. The silicon rubber keyboard 
provides environmental sealing with good tactile feed
back. A unique characteristic of the keyboard is that 
each function key is backlit. The backlighting is under 
host computer control to give maximum flexibility to the 
operator. The keyboard also features key click and key 
repeat functions. If an invalid key is pressed, the terminal 
responds with an audible tone. 

DISPLAY 

The display is a 16-character LCD with large, easy to 
read characters. An 80-character display buffer with 
scroll keys allows the operator to slide the 16-character 
window across the 80-character line. The high contrast 
display on the terminals provides sufficient alphanumeric 
display capability for most panel-mount applications. 

CASE 

The case for the TM2500jTM2700 is designed for either 
surface or recessed mounting. The keyboard and display 
are sealed in the ABS plastic case so that when properly 
mounted, the terminal is protected against dust and 
moisture. 

Burr-Brown Ie Data Book 

SPECIFICATIONS 
Display. . . . . . . .. . .... .. 16-character alphanumeric LCD 

with adjustable viewing angle 
Character Size...... 0.38" (9.66mm) character height 
Display Buffer ........................... 80 characters 

Keyboard. . . . .. . . .. . . . . .. Sealed molded silicon rubber 
Scrolling Keys ........................... Two, manual 
Keypad ....................................... Numeric 
Number of Keys .................................... 24 
Operation Life ................ :. 1,000,000 operations 
Function Keys. .. . . ... . .. Six, programmable, backlit 
Indicators ............. Audible tone, flashing display, 

6 LEDs 
Communications .................. TM2500-RS-232C, 

point-to-point; TM2700-RS-422, 
multidrop up to 32 terminals 

Power ........................ 5VDC or 7.S to IOVDC at 
250mA max, TM2S00 
3S0mA max, TM2700 

Baud Rate ............................... 300, 1200, 9600 
Modes .............................. Character and block 
Operating Temperature ... O°C to +SO°C (32°F to 122°F) 
Storage Temperature .................. -20°C to +70°C 

(-4°F to +158°F) 
Dimensions .................... 4.102" X 7.102" X 1.060" 
Weight ....................................... 10.5 ounces 
Mounting.. . . . . . . . . . . . . . .. . .. Flush or surface mounted 
Case. . . . . . . . . . . .. Dust and moisture sealed ABS plastic 

ENVIRONMENTAL QUALIFICATIONS 

The following environmental qualification tests were 
performed on TM2S00jTM2700: 

Altitude. . . . . . . . . . . . . . .. SO,OOO feet nonoperational, 
IS,OOO feet operational 

Temperature Rating ......... -20°C to +70°C storage, 
O°C to +SO°C operational 

Keypad Service Life ......... One million operations 
Vibration ........... Search-S-SSHz in three planes, 

Cyciing-SS-SOO-SSHz at 3G 
Mechanical Shock ......... 30G with duration of Urns 
Radio Interference .... Meets FCC Class A compliance 
Conducted Interference .......... Meets FCC Class A 

compliance 
Radio Susceptibility ..... 2.0V per meter over 14kHz

IOGHz in vertical or horizontal sweep 
Bench Drop Test ...... 4" or 4So pivot drop to I-S j 8"-

thick bench top 
Package Drop Test .... Certified by the National Safe 

Transit Association 
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DIGITAL SIGNAL PROCESSING 
DEVELOPMENT TOOLS & REAL·TIME PRODUCTS 

Burr-Brown's PC-based DSP development tools and products dramatically 
reduce the development cycle of new designs using digital signal process
ing. 

First, the development tools provide an efficient, user-friendly interface for 
creating algorithms and "proving" designs on real-time hardware .. The 
component modules, then, provide a straightforward, cost-effective method 
for integrating the solution into production runs of the overall design. 
Following are just a few of the tools Burr-Brown currently offers: 

DSPlay TM _ Simulates the Design 

The DSPlay Software Package transforms the PC into a powerful Digital 
Signal Processing workstation. The package provides you with a graphic 
editor for creating block diagrams, which then translate into DSP algo
rithms. When you have created the block diagram, or "FlowGram'" ," the 
software will then execute the algorithm and display the data at any point in 
the signal flow. 

The package features more than 70 DSP and related block functions 
including real signal acquisition. To complete the package, a utilities menu 
provides filter design programs, text editor, and DOS commands. 
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For most engineers, DSPlay offers an extremely practical tool in concepting 
and designing DSP solutions. 

nSPlay XL/32 - The Software to Emulate and Prove the Design 

The DSPlay XL/32 Software Package provides the same user interface as 
DSPlay with one notable difference-XL generates highly efficient code 
for AT&T's (WE®) DSP32 processor and, therefore, provides the way to 
quickly demonstrate or prove a design. 

Once generated in XL, the block diagram simulating the program may be 
executed in real-time by downloading it directly to Burr-Brown' s PC-based 
processor board, DSPeed 1M. The necessary ADC/DAC interface code is al
ready present. 

In addition to filter-design programs, text editor, and DOS commands, 
DSPlay XL/32 features a built-in assembler and debugger enabling the user 
to write and include custom block functions. 

Although specifically designed to run with the DSPeed (ZPB32) board, 
DSPlay XL/32 can also be used to generate code for any DSP32 application. 

The Hardware to Execute the Design-The nSPeed Processor 

DSPeed is a PC-based DSP Floating Point Processor board capable of per
forming complex 1024-point FFT's in less than 10ms! 

The board integrates AT&T's DSP32 Digital Signal Processor on a full-size 
PC card, increasing the PC's computing power by orders of magnitude. This 
computing power improvement, coupled with the board's two separate high
speed buffered serial data busses and 64KB of SRAM, enable the PC to 
process signals in real-time. 

DSPeed is supplied with a software utilities program for downloading and 
executing any program written for the DSP32. The utilities allow for break
points, and for the viewing registers, accumulators, and memory. 

The standard version of DSPeed, the ZPB32, is provided with a 2S0ns 
processor. For faster processing, a l60ns part is optionally available; Order 
part number ZPB32-HS. 

ZPBIOO - The Analog Interface 

The ZPBlOO provides low cost, real-time analog input and output. The 
board implements an input amplifier, anti-aliasing filter, IS-bit ADC , lS
bit DAC, smoothing filter, and output filter onto a half-size PC board. The 
board features separate serial data busses for direct connection to the 
DSPeed board. With these features, the ZPB 100 is ideal for development in 
speech or telecommunications applications. 

DSPlay N, DSPeed N, FIowGramN Burr-Brown Corp. 

WE® AT&T Corp. 
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COMPONENT MODULES - COST·EFFECTIVE INTEGRATION 

ZPPIOOl- "Zero Chip Interface" High·Performance ADC 

The ZPPI001 provides a 16-bit resolution, 14-bit.linear, 150kHz ADC with 
direct connection-no glue logic required-to AT&T's Digital Signal 
Processors (DSPI6, DSP32, DSP32C). Two modules can be cascaded for 
dual-channel operation. 

ZPP2001 - "Zero Chip Interface" High.Performance DAC 

The ZPPI001 provides a 16 bit resolution, 14-bit linear, 150kHz DAC with 
direct connection-no glue logic required-to AT&T's Digital Signiil 
Processors (DSPI6, DSP32, DSP32C). Two modules can be cascaded for 
dual-channel operation. 

Other design and integration tools for the PC and other bus structures are 
currently in development. If you need to find the shortest route from DSP 
development to integration, call a Burr-Brown applications engineer at 
(602) 746-1111. 
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VMEbus BOARDS 

Analog and Digital I/O and Digital Signal 
Processing Boards for VMEbus Systems. 

Burr-Brown first introduced VMEbus products in 1983 and now manufac
tures a comprehensive line of specialized products for the industrial instru
mentation, control, and automation markets. Using Burr-Brown high per
formance data conversion products (for example the ADC803) we are able 
to offer products that set new performance standards in the VMEbus market. 
When these are operated with the digital signal processing boards, a wide 
range of applications can be addressed. 

THE SYSTEM APPROACH 

We've taken a system approach in the design of the bus interface. This 
ensures software compatibility between the boards as well as giving the 
system designer a wide range of VMEbus features: 

• Configuration A24, D16, DTB slave. 
• Address block selectable within 16Mb memory space. 
• Short addressing available if required (64 bytes). 
• 7-level interrupt priority selection . 
• Full interrupt vector selection-8 lines (256 options). 
• Double Eurocard format, 160mm x 233mm. 

SUPPORT DOCUMENTATION 

Each VMEbus board is fully supported with a comprehensive operating 
manual. In addition to detailed set-up and operating instructions, the manual 
includes schematics and assembly language software written for the 68000 
processor. 
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TOP-QUALITY BURR-BROWN VMEbus PRODUCTS 

In addition to the full QC inspection of incoming components, the boards are 
subjected to a comprehensive temperature-cycled bum-in (8 cycles between 
-20°C and +50°C). 

Exhaustive tests before and after bum-in ensure that any ptob1ems are 
identified before the product leaves the factory. 

MORE INFORMATION 

You can get additional information on VMEbus products from the Industrial 
Systems Products Group by calling (602) 746-1111. 

VMEbus PRODUCTS 

Model Description 

General·Purpose Analog 110 Boards 
MPV901 32 SE/16 DIF inputs. 12-bit resolution. Optional outputs and software-programmable amplifier. 
MPV904 16 voltage outputs. 12-bit resolution. (Current output option MPV908.) 
MPV906 64 SE/32 DIF isolated input. 12-bit resolution. TIL I/O expansion module. 
MPV907 32 SEl16 DIF inputs. 12-bit resolution. TIL I/O expansion module. 

Hlgh·Performance Analog 110 Boards 
MPV911 8 inputs. 16-bit resolution. Swinging buffer RAM. 
MPV950 16 inputs. 330kHz sampling rate. 
MPV952 8 inputs. 330kHz sampling rate. Swinging buffer RAM. 
MPV954 8 outputs. 858kHz sampling rate. Dual port RAM. 

Intelligent Analog & Digital 110 Boards 
MPV940 Family 68000 controller with 512Kb DRAM. Analog and digital I/O modules and expansion boards available. 

Digital 110 Boards 
MPV902lMPV903 32-channel relay output with 0.5A or 1.5A relay contacts. 
MPV910 32-channel. 600VDC isolation. 
MPV930 48-channel TIL 1/0. Output readback. Status LEDs. 

Digital Signal Processing (DSP) Boards 
SPV100 DSP CPU Board. TMS32010 processor. Swinging buffer RAM. 
SPV120 DSP CPU Board. TMS32020 processor. Two RS-232 ports, auxiliary 1/0 ports, DMA controller, RAM, ROM, 

and EPROM. Supplied with EPROM-based monitor. 
SPV125 DSP CPU Board. TMS320C25 processor. Two RS-232 ports, auxiliary 1/0 ports, on-board DMAC, dual port 

memory supplied with EPROM-based monitor. 
MPV121 Module carrier for SPV120 analog 1/0 modules. 
MPV960 DSP CPU board. TMS3201 0 processor. 4-channel analog input, simultaneous sampling, 100kHz sampling 

rate. 
MPV990 4-channel anti-aliasing filter for MPV960. 

Software 
PSOS and VERSADOS Drivers for most boards 
DSP Applications Software 
Development Software for TMS320 CPUs 
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MULTIBUS I/O BOARDS 

Analog and Digital Input/Output Boards for IEEE-796 
Compatible Microcomputer Systems. 

Burr-Brown offers a complete selection of general-purpose and special
function subsystem-level I/O boards for industrial, process, and laboratory 
data acquisition, monitoring, and control applications. 

OFF-THE-SHELF SYSTEM SOLUTIONS 
Burr-Brown Multibus boards can be configured into complete, high-per
formance I/O systems quickly and economically. Results? Cost-effective 
working systems in-place or ready for market in time to meet demanding 
application and customer schedules. 

MORE INFORMATION 
You can get additional information on Multibus products from the Industrial 
Systems Products Group by calling (602) 746-1111. 

FEATURES 

• Low cost 
• Easy to program 
• Memory or I/O mapped 
• 48-hour bum-in at 70°C 
• Analog outputs 
• Relay outputs 
• Isolated discrete inputs 

Burr-Brown IC Data Book 

• Analog inputs: 
12-bit resolution 

14-19 

Software, resistor gain setting 
Low/high level signals 
High-channel density 
High speed 
Input voltage protection, isolation 
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CROSS-REF,ERENCE INFORMATION 

HOW TO USE 
The following table has been arranged for your convenience. Use it when 
you have another manufacturer's part and want to find the closest equivalent 
Burr-Brown part. Other,manufacturers are listed alphabetically, with their 
model numbers listed alphanumerically within each company name. 

We have listed has three levels of equivalency: PIP means Pin for Pin. The 
part is a true second source. FIE means Functional Equivalent. The model 
offers a very similar function and very similar performance, but is not pin 
for pin. CIP means Closest Part. The part has similar function and similar 
performance, but significant differences exist. 

When you have identified the corresponding Burr-Brown model, see if its 
Product Data Sheet is in this book by using the Model Index on the inside 
front cover. For models not included in this Data Book, request the Product 
Data Sheet from your local Burr-Brown salesperson or representative. They 
are listed on the inside back cover. 

15 
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CROSS-REFERENCE INFORMATION 

Burr-Brown 
Company Model Model(1 ) Description Equivalency!') 

Analog Devices 433 4302 Multifunction Converter FIE 
Analog Devices 436 4204/4206 Analog Divider FIE 
Analog Devices 757 LOG100 Log Amp FIE 
Analog Devices AD OP-07 OPA27 OpAmp FIE 
Analog Devices AD OP-27 OPA27 OpAmp PIP 
Analog Devices AD OP-37 OPA37 OpAmp PIP 
Analog Devices AD101A 3508J OpAmp C/P 
Analog Devices AD171 3582 High Voltage Op Amp C/P 
Analog Devices AD202 3656 Isolation Amp FIE 
Analog Devices AD202 IS01 02/1 06 Isolation Amp C/P 

Analog Devices AD202 IS0120/121 Isolation Amp C/P 
Analog Devices AD204 IS01 02/1 06 Isolation Amp C/P 
Analog Devices AD210 3656 Isolation Amp FIE 
Analog Devices AD289 3650/56 Isolation Amp FIE 
Analog Devices AD289 IS0100 Isolation Amp C/P 
Analog Devices AD289 IS01 02/1 06 Isolation Amp C/P 
Analog Devices AD293 3656 Isolation Amp FIE 
Analog Devices AD293 IS01 02/1 06 Isolation Amp C/P 
Analog Devices AD294 3656 Isolation Amp FIE 
Analog Devices AD294 IS01 02/1 06 Isolation Amp C/P 

Analog Devices AD295 3656 Isolation Amp FIE 
Analog Devices AD346 SHC804 Sample/Hold FIE 
Analog Devices AD363 SDM854 Data Acq System C/P 
Analog Devices AD363 SDM856 Data Acq System C/P 
Analog Devices AD363 SDM85? Data Acq System C/P 
Analog Devices AD363 SDM872 Data Acq System C/P 
Analog Devices AD364 SDM873 Microperipheral C/P 
Analog Devices AD376 ADC76 AID Converter PIP 
Analog Devices AD380 OPA605 OpAmp C/P 
Analog Devices AD381 OPA606 OpAmp PIP 

Analog Devices AD382 OPA605 OpAmp C/P 
Analog Devices AD389 SHC76 Sample/Hold PIP 
Analog Devices AD503 OPA121 OpAmp PIP 
Analog Devices AD504 3510 OpAmp FIE 
Analog Devices AD506 OPA121 OpAmp PIP 
Analog Devices AD507 3508 OpAmp PIP 
Analog Devices AD509 3507 OpAmp PIP 
Analog Devices AD510 OPA27 OpAmp PIP 
Analog Devices AD515 AD515 OpAmp PIP 
Analog Devices AD517 OPA27 OpAmp FIE 

Analog Devices AD518 3507 OpAmp FIE 
Analog Devices AD521 INA101 Precision Inst Amp FIE 
Analog Devices AD524 INA101 Precision Inst Amp FIE 
Analog Devices AD524 INA102 Precision Inst Amp FIE 
Analog Devices AD524 INA110 Precision Inst Amp PIP 
Analog Devices AD532 MPY100 Analog Multiplier FIE 
Analog Devices AD533 MPY100 Analog Multiplier FIE 
Arialog Devices AD534 MPY534 Analog Multiplier PIP 
Analog Devices AD535 MPY534 Analog Divider FIE 

NOTES: (1) See Model Index, inside front cover. (2) PIP = Pin for Pin. A true second source. FIE = Functional Equivalent. Very 
similar function and performance, but notpinforpin. C/P = Closest Part. Similar function and performance, with significant differences. 
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CROSS-REFERENCE INFORMATION 

Burr-Brown 
Company Model Model(t) Description EquivalencY'2) 

Analog Devices AD536 4341 RMS/DC FIE 
Analog Devices AD537 VFC32 VlF Converter C/P 
Analog Devices AD539 MPY634 Wideband Analog Multiplier ClP 
Analog Devices AD542 OPA121/3542 OpAmp FIE 
Analog Devices AD544 OPA606 OpAmp FIE 
Analog Devices AD545 OPA121/111 OpAmp PIP 
Analog Devices AD547 OPAll1 OpAmp FIE 
Analog Devices AD548 OPA111/121 FETOpAmp FIE 
Analog Devices AD549 OPA128 Op Amp. Electrometer FET FIE 
Analog Devices AD565 DAC80 D/A Converter C/P 

Analog Devices AD565 DAC85H D/A Converter C/P 
Analog Devices AD565 DAC87H D/A Converter C/P 
Analog Devices AD566 DAC80 01 A Converter C/P 
Analog Devices AD566 DAC85H D/A Converter C/P 
Analog Devices AD566 DAC87H D/A Converter C/P 
Analog Devices AD567 DAC811 D/A Converter Latched FIE 
Analog Devices AD569 DAC709 D/A Converter Latched C/P 
Analog Devices AD572 ADC84 AID Converter FIE 
Analog Devices AD572 ADC85H AID Converter FIE 
Analog Devices AD574 ADC574 AID Converter PIP 

Analog Devices AD578 ADC803 AID Converter FIE 
Analog Devices AD581 REF10 Voltage Reference C/P 
Analog Devices AD582 SHC298 Sample/Hold C/P 
Analog Devices AD582 SHC5320 Sample/Hold FIE 

Z Analog Devices AD583 SHC5320 Sample/Hold FIE 
Analog Devices AD584 REF10l Voltage Reference C/P 0 
Analog Devices AD585 SHC5320 Sample/Hold FIE i= 
Analog Devices AD587 REF10 Voltage Reference FIE « 
Analog Devices AD587 REF101 Voltage Reference FIE :e 
Analog Devices AD588 REF10l Voltage Reference C/P a: 

0 
Analog Devices AD606 INA10l Precision Inst Amp FIE LL 
Analog Devices AD611 OPA121 OpAmp FIE Z -Analog Devices AD611/214 3606 Programmable Gain IA FIE W 
Analog Devices AD611/214 PGA200/201 Programmable Gain IA FIE 0 
Analog Devices AD624 INA101 Precision Inst Amp FIE Z 
Analog Devices AD624 INA102 Precision Inst Amp FIE W 
Analog Devices AD624 INAll0 Precision Inst Amp PIP a: 
Analog Devices AD625 INA10l Precision Inst Amp FIE W 
Analog Devices AD632 MPY100 Analog Multiplier FIE LL 
Analog Devices AD633 MPY634 Analog Multiplier C/P W 

a: • Analog Devices AD642 OPA2111 OpAmp C/P CJ) 
Analog Devices AD644 OPA2111 OpAmp C/P CJ) 
Analog Devices AD647 OPA2111 OpAmp FIE 0 
Analog Devices AD648 OPA2111 FET Op Amp. Dual FIE a: 
Analog Devices AD650 VFC320 VlF Converter C/P 0 
Analog Devices AD651 VFC100 V/F Converter Synchronized PIP 
Analog Devices AD654 VFC32 VlF Converter C/P 
Analog Devices AD667 DAC811 D/A Converter Latched FIE 
Analog Devices AD683 SHC803/804 Sample/Hold FIE 

NOTES: (1) See Model Index. inside front cover. (2) PIP = Pin for Pin. A true second source. FIE = Functional Equivalent. Very 
similar function and performance. but not pin for pin. C/P = Closest Part. Similarfunction and performance. with significant differences. 
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CROSS-REFERENCE INFORMATION 

Burr·Brown 
Company Model Model(') Description Equlvalency(2) 

Analog Devices AD693 XTR101 Two-Wire Current Loop Transmitter FIE 
Analog Devices AD711 OPA602 FET Op Amp PIP 
Analog Devices AD712 OPA2111 Dual 711 C/P 
Analog Devices AD744 OPA605 OpAmp 
Analog Devices AD2700 REF10 Voltage Reference C/P 
Analog Devices AD2701 REF101 Voltage Reference c/P 
Analog Devices AD2702 REF101 Voltage Reference c/P 
Analog Devices AD271 0 REF10 Voltage Reference FIE 
Analog Devices AD2712 REF101 Voltage Reference C/P 
Analog Devices AD3554 3554 Op Amp. Wide Bandwidth PIP 

Analog Devices AD3B60 DACB11 D/A Converter C/P 
Analog Devices AD6012 DACBO D/A Converter C/P 
Analog Devices AD6012 DACB5H D/A Converter C/P 
Analog Devices AD6012 DACB7H D/A Converter C/P 
Analog Devices AD7501 HI-50BA MUX FIE 
Analog Devices AD7501 MPCBS MUX FIE 
Analog Devices AD7502 HI-509A MUX FIE 
Analog Devices AD7502 MPC4D MUX FIE 
Analog Devices AD7506 HI-50BA MUX PIP 
Analog Devices AD7506 MPC16S MUX PIP 

Analog Devices AD7507 HI-507A MUX PIP 
Analog Devices AD7507 MPCBD MUX PIP 
Analog Devices AD7521 DACB5H D/A Converter C/P 
Analog Devices AD7521 DAC7541A D/A Converter PIP 
Analog Devices AD7531 DACB5H D/A Converter C/P 
Analog Devices AD7531 DAC7541A D/A Converter PIP 
Analog Devices AD7541 DAC7541A D/A Converter PIP 
Analog Devices AD7542 DACB11 D/A Converter Latched C/P 
Analog Devices AD7545 DAC7545 D/A Converter Latched PIP 
Analog Devices AD7546 DAC706 D/A Converter Latched FIE 

Analog Devices AD7546 DAC707 D/A Converter Latched FIE 
Analog Devices AD754B DACB11 D/A Converter Latched c/P 
Analog Devices ADADCBO ADCBOAG AID Converter PIP 
Analog Devices ADADC84 ADC84 AID Converter PIP 
Analog Devices ADADCB5 ADCB5 AID Converter PIP 
Analog Devices ADC1103 ADCB03 AID Converter FIE 
Analog Devices ADC1130 ADC71n2 AID Converter c/P 
Analog Devices ADC1131 ADC71172 AID Converter C/P 
Analog Devices ADC1140 ADC71172 AID Converter c/P 
Analog Devices ADC1140 ADC76 AID Converter C/P 

Analog Devices ADC1140 PCM75 AID Converter C/P 
Analog Devices ADLHOO32 OPA605 OpAmp C/P 
Analog Devices ADLH0033 OPA633 Voltage Buffer FIE 
Analog Devices ADVFC32 VFC32 VlF Converter PIP 
Analog Devices ADDAC71 DAC71 D/A Converter PIP 
Analog Devices ADDAC71 DAC7001703 D/A Converter PIP 
Analog Devices ADDAC72 DAC72 D/A Converter PIP 
Analog Devices ADDAC72 DAC7001703 D/A Converter PIP 
Analog Devices ADDACBO DACBO D/A Converter PIP 

NOTES: (1) See Model Index. inside front cover. (2) PIP .. Pin for Pin. A true second source. FIE = Functional Equivalent. Very 
similarfunc\ion and performance. butnotplnforpin. C/P .. Closest Part. Similar function and performance. with signif1cantdifferences. 
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CROSS-REFERENCE INFORMATION 

Burr-Brown 
Company Model Model(') Description Equivalency!") 

Analog Devices ADDAC80 DAC80P D/A Converter PIP 
Analog Devices ADDAC85 DACS5H 01 A Converter PIP 
Analog Devices ADDAC87 DAC87H D/A Converter PIP 
Analog Devices CAV1210 ADC600 AID Converter FIE 
Analog Devices DAS1128 SDM856 Data Acq System FIE 
Analog Devices DAS1128 SDM873 Data Acq System FIE 
Analog Devices DAC1136 DAC729+0729MC D/A Converter PIP 
Analog Devices HAS-050 3554 OpAmp C/P 
Analog Devices HAS-1202 ADC803 AID Converter FIE 
Analog Devices HAS-1202A ADC803 AID Converter C/P 

Analog Devices HDS1240 DAC63 D/A Converter FIE 
Analog Devices HOS-050 3554 Op Amp, Wide Bandwidth C/P 
Analog Devices HOS-060 3554 Op Amp, Wide Bandwidth C/P 
Analog Devices HOS-100 OPA633 Buffer Amp, Wide Bandwidth PIP 
Analog Devices HOS-200 OPA633 Buffer Amp, Wide Bandwidth FIE 
Analog Devices HT0025 SHC600 Sample/Hold FIE 
Analog Devices HTC0300 SHCS03 Sample/Hold FIE 
Analog Devices HTC0300 SHCS04 Sample/Hold PIP 
Analog Devices HTSOO10 SHC600 Sample/Hold FIE 
Analog Devices SHA1A SHC85 Sample/Hold FIE 

Analog Devices SHA2A-5A SHC804 Sample/Hold FIE 
Analog Devices SHA2A-5A SHM60 Sample/Hold FIE 
Analog Devices SHA21 SHC803 Sample/Hold FIE 
Analog Devices SHC85 SHC85 Sample/Hold PIP 

Z 
Analogic MP1814 DAC70 D/A Converter FIE 0 
Analogic MP1814 DAC7001703 D/A Converter FIE ~ Analogic MP1914 DAC70 D/A Converter FIE 
Analogic MP1914 DAC7001703 01 A Converter FIE ::E 
Analogic MP6812 SDM863 Data Acq System FIE a: 
Analogic MP6812 SDM8561857 Data Acq System FIE 0 
Analogic MP6812 SDM873 Data Acq System FIE U. 
Analogic MP8014 ADC76 AID Converter FIE Z -Analogic MP8014 PCM75 AID Converter FIE W Analogic MP8016 ADC76 AID Converter FIE 0 Analoglc MP8016 PCM75 AID Converter FIE Z 
Analogic MP8116 DAC729 D/A Converter FIE W 
Analogic MP8116 DAC729 D/A Converter FIE a: 
Analogic MP8116 DAC729 D/A Converter FIE W 

U. 
Apex PA-01 OPA511 High Current o/A PIP W 
Apex PA-D2 OPA541 Fast Power Op Amp C/P a: • Apex PA-07 OPA512 High Current o/A ClP en 
Apex PA-08 3583 High Voltage O/A C/P en 
Apex PA-10 OPA512 Power Op Amp, Low Power ver PA-12 FIE 0 
Apex PA-11 OPA511 High Current O/A PIP a: 
Apex PA-12 OPA512 High Current O/A PIP 0 
Apex PA-51 OPA501 High Current O/A PIP 
Apex PA-61 OPA512 Power Op Amp, Higher V ver PA-51 C/P 
Apex PA-73 3573 High Current O/A PIP 
Apex PA-8011/2 3580181182 High Voltage Op Amp PIP 

NOTES: (1) See Model Index, inside front cover. (2) PIP a Pin for Pin. A true second source. FIE = Functional Equivalent. Very 
similar function and performance, but not pin for pin. ClP = Closest Part. Similar function and performance"with significant differences. 
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CROSS-REFERENCE INFORMATION 

Burr-Brown 
Company Model Model(1) Description EquivalencY') 

Apex PA83 3583 High Voltage O/A PIP 
Apex PA84 3584 High Voltage O/A PIP 

Beckman 877-SO DAC80 D/A Converter '.' PIP 
Beckman 877-85 DAC85H DI A Converter PIP 
Beckman 877-85 DAC87H D/A Converter PIP 
Beckman 7580 DAC80 DI A Converter PIP 

Calex 175 INA101 InstAmp FIE 
Calex 176.1 INA101 InstAmp FIE 
Calex 176K INA101 InstAmp FIE 
Calex 176L INA101 InstAmp FIE 
Calex 178 INA101 InstAmp FIE 

Datel ADC-EH12B3 ADC803 AID Converter CIP 
Datel ADC-HX12B ADC84185H AID Converter PIP 
Datel ADC511 ADC601 D/A Converter FIE 
Datel ADC810/811 ADCB03 AID Converter FIE 
Datel ADCB17/B27 ADCB03 AID Converter FIE 
Datel DAC-71 DAC71 DI A Converter PIP 
Datel DAC-71 DAC70on03 01 A Converter PIP 
Datel DAC-72 DAC72 01 A Converter PIP 
Datel DAC-72 DAC700n03 DI A Converter PIP 
Datel DAC-HF12 DAC63 D/A Converter FIE 

Datel DAC-HF12B DACB12 D/A Converter C/P 
Datel DAC-HK12B DACB11 D/A Converter Latched FIE 
Datel DAC-HP16 DAC71n2 01 A Converter PIP 
Datel DAC-HP16 DAC701n03 D/A Converter PIP 
Datel DAC-HY12 DACBO 01 A Converter PIP 
Datel DAC-HZ12B DAC85H1B7H 01 A Converter PIP 
Datel DAC612 DACB11 D/A Converter Latched C/P 
Datel HDAS-B SDM857 Data Acq System FIE 
Datel HDAS-16 SDMB57 Data Acq System FIE 
Datel MDAS-BD SDMB54 Data Acq System CIP 

Datel MDAS-BD SDMB561857 Data Acq System C/P 
Datel MDAS-BD SDMB73 Data Acq System FIE 
Datel MDAS-16 SDMB72 Data Acq System C/P 
Datel MX-80B HI-50BA MUX PIP 
Datel MX-80B MPC8S MUX PIP 
Datel MX-818 MPC801 MUX PIP 
Datel MX-1606 MPC16S MUX PIP 
Datel MX1616 MPC800 MUX PIP 
Datel MXD-409 HI-509A MUX PIP 
Datel MXD-409 MPC4D MUX PIP 
Datel MXD-B07 HI-507A MUX PIP 

Datel MXD-B07 MPCBD MUX PIP 
Datel SHM-6 SHCB03/B04 Sample/Hold C/P 
Datel SHM-6 SHC5320 Sample/Hold C/P 
Datel SHM-9 SHC85 Sample/Hold C/P 
Datel SHM-9 SHC5320 Sample/Hold C/P 

NOTES: (1) See Model Index. inside front cover. (2) PIP a Pin for Pin. A true second source. FIE - Functional Equivalent Very 
similar function and performance. but not pin for pin. C/P = Closest Part. Similar function and performance. with significantdifferences, 
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Datel SHM-20 SHC5320 Sample/Hold PIP 
Datel SHM3601361 SHC601 Sample/Hold F/E 
Datel SHM-4S60 SHCS03 Sample/Hold C/P 
Datel SHM-4S60 SHCS04 Sample/Hold PIP 
Datel SHM-HU SHCS03 Sample/Hold C/P 
Datel SHM-HU SHCS04 Sample/Hold C/P 
Datel SHM-HU SHM60 Sample/Hold ' C/P 
Datel SHM-IC-1 SHC29S Sample/Hold C/P 
Datel SHM-IC-1 SHC5320 Sample/Hold F/E 
Datel SHM-LM-2 SHC29S Sample/Hold PIP 

DOC ADC00401 ADCS03 AID Converter F/E 
DOC ADCOO403 ADCS03 AID Converter F/E 
DOC ADC4450 ADCS03 AID Converter F/E 
DOC ADH-051 ADCS03 AID Converter C/P 
DDC ADHS516 ADCS03 AID Converter F/E 
DOC ADHS5S5 ADCS5H AID Converter PIP 
DOC ADHS5S6 ADCS5H AID Converter F/E 
DDC ADH8586 ADC87H AID Converter F/E 
DDC DAC-S DACS5H D/A Converter Latched PIP 
DOC DAC-SL DACS11 D/A Converter Latched F/E 
DOC DACS7 DACS7H D/A Converter Latched PIP 
DDC DAC02701 DACS11 D/A Converter Latched F/E 
DOC THA-0523 SHC803 Sample/Hold ' F/E 
DOC THA-0523 SHCS04 Sample/Hold PIP 

Elantek EL2003 OPA633 Voltage Buffer PIP Z 
Elantek EL2007 OPA541 Fast Power Amp C/P 0 

i= 
Harris HA-2400 OPA201 OpAmp C/P <C 
Harris HA-2420 SHC5320 Sample/Hold C/P :: 
Harris HA-2425 SHC5320 Sample/Hold C/P a: 
Harris HA-2500 3507 OpAmp F/E 0 
Harris HA-2510 3507 OpAmp F/E LL 
Harris HA-2520 3507 OpAmp PIP Z 
Harris HA-2539 OPA605 OpAmp C/P W 
Harris HA-2540 OPA605 OpAmp C/P 0 Harris HA-2541 OPA605 OpAmp C/P Z 
Harris HA-2542 OPA605 OpAmp C/P W 

a: 
Harris HA-2600 3507 OpAmp C/P W 
Harris HA-2620 350S OpAmp PIP LL 
Harris HA-2630 3553 Buffer C/P W 
Harris HA-2640/45 OPA445 Op Amp. High Voltage. Low Current C/P a: • Harris HA-2650 OPA2111 OpAmp C/P rJ) 
Harris' HA-4156 OPA404 OpAmp C/P rJ) 
Harris HA-4741 OPA404 OpAmp C/P 0 
Harris HA-5002 OPA633 Voltage Buffer C/P a: 
Harris HA-5033 OPA633 Voltage Buffer PIP 0 
Harris HA-5062 OPA2111 OpAmp C/P 

Harris HA-5064 OPA404 OpAmp F/E 
Harris HA-50S2 OPA2111 OpAmp F/E 

NOTES: (1) See Model Index. inside front cover. (2) PIP = Pin for Pin. A true second source. F/E = Functional Equivalent. Very 
similar function and performance. but not pin for pin. C/P - Closest Part. Similar function and performance. with significant differences. 
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Harris HA-5084 OPA404 OpAmp FIE 
Harris HA-5100 OPASOS OpAmp C/P 
Harris HA-5102 OPA2111 OpAmp C/P 
Harris HA-51 04 OPA404 OpAmp FIE 
Harris HA-5110 3551 OpAmp FIE 

Harris HA-5112 OPA2111 OpAmp C/P 
Harris HA-5114 OPA404 OpAmp FIE 
Harris HA·513/·35 OPA27 OpAmp FIE 
Harris HA·5141 OPA21 OpAmp C/P 
Harris HA-5142 OPA2111 OpAmp C/P 
Harris HA-5144 OPA404 OpAmp C/P 
Harris HA·5147 OPA37 OpAmp FIE 
Harris HA-51SO OPAS02 Op Amp, Fast FET FIE 
Harris HA·5170 OPA111 OpAmp FIE 
Harris HA·5180 OPA111 OpAmp PIP 

Harris HA-5190 OPASOS OpAmp C/P 
Harris HA-S320 SHCS320 Sample/Hold PIP 
Harris HA-S330 SHC803 Sample/Hold C/P 
Harris HA-OP07 OPA27 OpAmp FIE 
Harris HA-OP27 OPA27 OpAmp PIP 
Harris HA-oP37 OPA37 OpAmp PIP 
Harris HI-SOS HI·SOSA MUX PIP 
Harris HI-50S MPC1SS MUX PIP 
Harris HI·S07 HI·507A MUX PIP 
Harris HI-S07 MPC8D MUX PIP 

Harris HI-S08 HI-508A MUX PIP 
Harris HI-508 MPC8S MUX PIP 
Harris HI·509 HI-S09A MUX PIP 
Harris HI-509 MPC4D MUX PIP 
Harris HI-S1S MPC800 MUX PIP 
Harris HI-S18 MPC801 MUX PIP 
Harris HI-S74A ADCS74A AID Converter PIP 
Harris HI·S74A ADCS74A AID Converter PIP 
Harris HI-5660 DAC80 D/A Converter C/P 
Harris HI·56S0 DAC85H167H D/A Converter C/P 

Harris HI·5680 DAC80 D/A Converter PIP 
Harris HI·5680 DAC80 D/A Converter PIP 
Harris HI-5685 DAC8SH D/A Converter PIP 
Harris HI-5687 DAC87H D/A Converter PIP 
Harris HI-5690 DAC80 D/A Converter C/P 
Harris HI·5695 DAC8SH187H D/A Converter C/P 
Harris HI·S811 DAC811 D/A Converter PIP 
Harris HI-DAC16 DAC71172 D/A Converter FIE 
Harris HI·DAC1S DAC7001703 D/A Converter FIE 
Harris LF353 OPA2111 OpAmp PIP 
Harris LM118 3S07 OpAmp C/P 

Hybrid DAC331 DAC7541A D/A Converter FIE 
Hybrid DAC336·12 DAC811 O/A Converter Latched FIE 

NOTES: (1) See Model Index, inside front cover. (2) PIP - Pin for Pin. A true second source. FIE. Functional Equivalent. Very 
similar function and performance, but not pin for pin. C/P .. Closest Part. Similar function and performance, with significant differences. 
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Hybrid DAC347 DAC7541A D/A Converter FIE 
Hybrid DAC377 DAC729 D/A Converter C/P 
Hybrid DAC391 DACB12 D/A Converter C/P 
Hybrid DAC9332-16 DAC70B1709 D/A Converter Latched FIE 
Hybrid DAC9349 DACBO DI A Converter C/P 
Hybrid DAC9377 DAC705/707 D/A Converter Latched FIE 
Hybrid HS346 SHCB5 Sample/Hold C/P 
Hybrid HS346 SHC5320 Sample/Hold C/P 
Hybrid HS3120 DACBll D/A Converter Latched FIE 

Hybrid HS3160 DAC7001703 D/A Converter C/P 
Hybrid HS3B60 DACBll D/A Converter Latched FIE 
Hybrid HS7541 DAC7541A D/A Converter PIP 
Hybrid HS7545 DAC7545 D/A Converter Latched PIP 
Hybrid HS933B DACBll DI A Converter Latch ed FIE 
Hybrid HS9377 DAC707 DI A Converter Latch ed FIE 
Hybrid HS937B DAC707 D/A Converter Latched FIE 
Hybrid HS941 0 SDMB72 Data Acq System C/P 
Hybrid HS9576 ADC76 AID Converter PIP 
Hybrid HSDACBO DACBO D/A Converter PIP 

Hybrid HSDACB7 DACB7H D/A Converter PIP 
Hybrid HSDACB7 DACBll D/A Converter FIE 

Hytek HY6110 PGA200 Precision Prog Gain Amp C/P 
Hytek HY6110 PGA100/102 Precision Prog Gain Amp C/P 

Z 
Intech AD1201 ADC601 AID Converter FIE 0 

i= 
Intersil AD7521 DAC7541A D/A Converter PIP <l 
Intersil AD7531 DAC7541A DI A Converter PIP :E 
Intersil AD7541 DAC7541A D/A Converter PIP a: 
Intersil ICHB515 OPA541 PowerOpAmp C/P 0 
Intersil ICL7l34 DAC70BI709 D/A Converter Latched C/P U. 
Intersil ICL7145 DAC705/707 D/A Converter Latched C/P Z 
Intersil ICL7146 DACBll D/A Converter Latched C/P W 
Intersil ICL7605/06 INA102 Precision Inst Amp FIE 0 
Intersil ICL7605/06 INA10l Precision Inst Amp FIE Z 
Intersil IH510B HI-50BA MUX PIP W 

a: 
Intersil IH510B MPCBS MUX PIP W 
Intersil IH5l0B MPCBOl MUX FIE U. 
Intersil IH5110-15 SHC29B Sample/Hold C/P W 
Intersil IH520B HI-507A MUX PIP a: • Intersil IH520B MPC4D MUX PIP en 
Intersil IH520B MPCBOl MUX FIE en 
Intersil IH6l0B HI-50BA MUX PIP 0 
Intersil IH610B MPCBS MUX PIP a: 
Intersil IH610B MPCB01. MUX FIE 0 
Intersil IH6116 HI-506A MUX PIP 

Intersil IH6l16 MPC16S MUX PIP 
Intersil IH6ll6 MPCBOO MUX FIE 

NOTES: (1) See Model Index. inside front cover. (2) PIP = Pin for Pin. A true second source. FIE = Functional Equivalent. Very 
similar function and performance. butnotpinforpin. C/P= Closest Part. Similar function and performance. with significantdifferences. 
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Intersil IH6216 HI-507A MUX PIP 
Intersil IH6216 MPCSD MUX PIP 

LTC LF155A OPA156A OpAmp PIP 
LTC LF156A OPA156A OpAmp PIP 
LTC LH2106A OPA2111 OpAmp C/P 
LTC LM101A 3510 OpAmp C/P 
LTC LM107 3510 OpAmp ClP 
LTC LM10S OPA21 OpAmp C/P 
LTC LM11S 3507 OpAmp FIE 
LTC LT118A 3507 OpAmp FIE 
LTC LT1001 OPA27 OpAmp FIE 
LTC LT1002 OPA2111 OpAmp C/P 

LTC LT1007 OPA27 OpAmp PIP 
LTC LT1008 OPA21 OpAmp C/P 
LTC LT1010 OPA633 Voltage Buffer C/P 
LTC LT1012 OPA21 OpAmp C/P 
LTC LT1013 OPA2111 OpAmp C/P 
LTC LT1014 OPA404 Quad Op Amp C/P 
LTC LT1019XX-10 REF10 Voltage Reference C/P 
LTC LT1021 REF10 Voltage Reference FIE 
LTC LT1022 OPA606 OpAmp PIP 
LTC LT1023 OPA606 OpAmp C/P 

LTC LT1024 OPA2111 OpAmp C/P 
LTC LT1028 OPA27 OpAmp 
LTC LT1037 OPA37 OpAmp PIP 
LTC LT1055 OPA606 OpAmp PIP 
LTC LT1056 OPA606 OpAmp PIP 
LTC LT1057 OPA2111 Dual Op Amp, FET C/P 
LTC LT1058 OPA404 Quad Op Amp, FET FIE 
LTC OP05 OPA27 OpAmp FIE 
LTC OP07 OPA27 OpAmp FIE 
LTC OP15 OPA606 OpAmp PIP 

LTC OP16 OPAe06 OpAmp PIP 
LTC OP27 OPA27 OpAmp PIP 
LTC OP37 OPA37 OpAmp PIP 
LTC OP227 OPA2111 OpAmp CIP 
LTC OP237 OPA2111 OpAmp CIP 
LTC REF-01 REF10 Voltage Reference FIE 

Maxim AD565 DACSO D/A Converter CIP 
Maxim AD7521 DAC7541A D/A Converter PIP 
Maxim AD7531 DAC7541A D/A Converter PIP 
Maxim AD7541 DAC7541A D/A Converter PIP 
Maxim AD7541 A DAC7541A D/A Converter PIP 
Maxim AD7545 DAC7545 D/A Converter PIP 
Maxim AM6012 DACSO D/A Converter ClP 
Maxim BB3553 3553 Voltage Buffer PIP 
Maxim BB3554 3554 Op Amp, Wide Bandwidth PIP 
Maxim HI-0506 HI-50SA MUX PIP 

NOTES: (1) See Model Index, inside front cover. (2) PIP - Pin for Pin. A true second source. FIE - Functional Equivalent. Very 
simllarfunction and performance, but not pin for pin. CIP = Closest Part. Similar function ~ performance, with significant differences. 
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Maxim HI-0509 HI-50BA MUX PIP 
Maxim LH0101 OPA541 PowerOpAmp C/P 

Maxim MAX35B HI-50BA MUX PIP 
Maxim MAX359 HI-509A MUX PIP 

Micro Networks DACHK DAC811 01 A Converter Latch ed FIE 
Micro Networks MN0300A SHC803/804 Sample/Hold FIE 
Micro Networks MN375/376 SHC803/B04 Sample/Hold FIE 
Micro Networks MN379 SHC600 Sample/Hold FIE 
Micro Networks MN574A ADC574A AID Converter PIP 
Micro Networks MN2020 PGA100/102 Precision Prog Gain AMP C/P 
Micro Networks MN2020 PGA200 Precision Prog Gain AMP C/P 
Micro Networks MN3300 DAC71172 D/A Converter PIP 
Micro Networks MN3300 DAC700/703 D/A Converter PIP 
Micro Networks MN3310 DAC71172 D/A Converter PIP 

Micro Networks MN3310 DAC7001703 D/A Converter PIP 
Micro Networks MN3660 DAC811 01 A Converter Latch ed C/P 
Micro Networks MN3850 DACB5H/B7H D/A Converter PIP 
Micro Networks MN3860 DACB11 D/A Converter Latched FIE 
Micro Networks MN5200 ADCB4/B5H AID Converter FIE 
Micro Networks MN521 0-14 ADCB4/B5 AID Converter FIE 
Micro Networks MN5245 ADCB03 AID Converter FIE 
Micro Networks MN5245/46 ADC601 AID Converter FIE 
Micro Networks MN52BO/B2 ADC71172 AID Converter C/P 
Micro Networks MN5290/91 ADC76 AID Converter C/P Z 

0 
Micro Networks MN5610 ADCB4/B5H AID Converter FIE i= 
Micro Networks MN71 00 SDMB72 Data Acq System FIE « 
Micro Networks MN7130 MP22132 Microperipheral FIE ~ 
Micro Networks MN7150 SDMB73 Data Acq System FIE a: 
Micro Networks MN7150 SDMB72 Data Acq System FIE 0 
Micro Networks MNADCBO ADCBO AID Converter PIP LL 
Micro Networks MNADCB4/B5 ADCB4/B5H AID Converter PIP Z -Micro Networks MNADC87 ADCB7H AID Converter PIP W 
Micro Networks MNDACBO DACBO D/A Converter PIP 0 
Micro Networks MNDAC80 DACBOO D/A Converter PIP Z 

W 
Micro Networks MNDAC85 DAC85H/B7H D/A Converter PIP a: 
Micro Networks MNDAC87 DACB7H 01 A Converter PIP W 
Micro Networks MNDACBB DAC811 D/A Converter Latched FIE LL 

W 
Micro Power Systems MP574 ADC574A AID Converter PIP a: 

I 
Micro Power Systems MP7506 HI-506A MUX PIP en 
Micro Power Systems MP7506 MPC16S MUX PIP en 
Micro Power Systems MP7507 HI-507A MUX PIP 0 
Micro Power Systems MP7507 MPCBD MUX PIP a: 
Micro Power Systems MP750B HI-50BA MUX PIP 0 
Micro Power Systems MP750B MPCBS MUX PIP 
Micro Power Systems MP7509 HI-509A MUX PIP 
Micro Power Systems MP7509 MPC4D MUX PIP 
Micro Power Systems MP7531 DAC7541A D/A Converter PIP 

NOTES: (1) See Model Index, inside front cover. (2) PIP = Pin for Pin. A true second source. FIE = Functional Equivalent. Very 
similarfunction and performance, but notpinforpin. C/P = Closest Part. Similar function and performance, with significantdifferences. 
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Micro Power Systems MP7541 A DAC7541A D/A Converter PIP 
Micro Power Systems MP7542 DAC7545 D/A Converter Latched C/P 

Micro Power Systems MP7545 DAC7541A DI A Converter PIP 
Micro Power Systems MP7616 DAC7001703 D/A Converter C/P 
Micro Power Systems MP7621 DAC7541A D/A Converter PIP 
Micro Power Systems MP7622 DAC7545 D/A Converter Latched CIP 
Micro Power Systems MP7623 DAC7541A D/A Converter PIP 
Micro Power Systems MP9331-16 DAC7081709 D/A Converter Latched FIE 
Micro Power Systems MP9377-16 DAC7051707 D/A Converter Latched FIE 
Micro Power Systems REF10 REF10 Voltage Reference PIP 

National Semiconductor AD7521 DAC7541A DI A Converter PIP 
National Semiconductor AD7531 DAC7541A D/A Converter PIP 
National Semiconductor ADC10S0 ADCSO AID Converter PIP 
National Semiconductor ADC12S0 ADCSO AID Converter PIP 
National Semiconductor DAC120S DACS11 DI A Converter Latched FIE 
National Semiconductor DAC121S OAC7541A D/A Converter FIE 
National Semiconductor DAC1219 OAC7541A 01 A Converter FIE 
National Semiconductor DAC1230 OACS11 O/A Converter Latched FIE 
National Semiconductor OAC12S0 OACSO 01 A Converter PIP 
National Semiconductor OAC12S0 OACSO O/A Converter PIP 

National Semiconductor OAC12S5 OACS5H/S7H O/A Converter PIP 
National Semiconductor OAC1286 OACSO O/A Converter PIP 
National Semiconductor OAC12S7 OACS5H1S7H 01 A Converter PIP 
National Semiconductor LF155A OPA156A OpAmp PIP 
National Semiconductor LF156A OPA156A OpAmp PIP 
National Semiconductor LF157A OPA606 OpAmp FIE 
National Semiconductor LF198-398 SHC29S Sample/Hold PIP 
National Semiconductor LF351 OPA156A OpAmp PIP 
National Semiconductor LF353 OPA2111 OpAmp C/P 
National Semiconductor LF400C OPA606 OpAmp FIE 

National Semiconductor LF411 OPA602 OpAmp PIP 
National Semiconductor LF412A OPA2111 OpAmp FIE 
National Semiconductor LF441 A OPA121 OpAmp 'FIE 
National Semiconductor LF442A OPA2111 OpAmp FIE 
National Semiconductor LF444A OPA404 OpAmp PIP 
National Semiconductor LF1150S HI-50SA MUX PIP 
National Semiconductor LF11509 HI-509A MUX PIP 
National Semiconductor LF13741 OPA121 OpAmp PIP 
National Semiconductor LHOO02 3553 Buffer C/P 
National Semiconductor LHOO03 3507 OpAmp C/P 
National Semiconductor LHOO04 35S0 OpAmp C/P 
National Semiconductor LHOO05 OPA605 OpAmp C/P 
National Semiconductor LHOO22 OPA121 OpAmp PIP 
National Semiconductor LH0023 SHC29S Sample/Hold C/P 
National Semiconductor LHOO24 3551 OpAmp FIE 
National Semiconductor LH0032 OPA605 OpAmp C/P 
National Semiconductor LH0033 OPA633 Voltage Buffer FIE 
National Semiconductor LH0042 OPA121 OpAmp PIP 

, National Semiconductor LH0043 SHC29S Sample/Hold C/P 

NOTES: (1) See Model Index, inside front cover. (2) PIP = Pin for Pin. A true second source. FIE = Functional Equivalent. Very 
similar function and performance, but not pin for pin. CIP = Closest Part. Similar function and performance, with significantdifferel'lces. 
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National Semiconductor LH0044 OPA27 OpAmp FIE 
National Semiconductor LH0052 OPA111 OpAmp PIP 

National Semiconductor LH0053 SHCB5 Sample/Hold FIE 
National Semiconductor LH0053 SHC5320 Sample/Hold C/P 
National Semiconductor LH0063 3553 OpAmp FIE 
National Semiconductor LHOOB4 PGA200/201 Precision Prog Gain AMP FIE 
National Semiconductor LHOOB6 PGA1 00/1 02 Precision Prog Gain AMP FIE 
National Semiconductor LH0101 OPA541 High-Current Op Amp C/P 
National Semiconductor LH740A OPA121 OpAmp PIP 
National Semiconductor LH2011 OPA2111 OpAmp C/P 
National Semiconductor LH2101A OPA2111 OpAmp C/P 
National Semiconductor LH210BA OPA2111 OpAmp C/P 

National Semiconductor LH4001 OPA633 Voltage Buffer C/P 
National Semiconductor LM11 OPA21 OpAmp C/P 
National Semiconductor LM12 OPA541 High Current Op Amp C/P 
National Semiconductor LM101A 3510 OpAmp C/P 
National Semiconductor LM107 3510 OpAmp C/P 
National Semiconductor LM10BA OPA21 OpAmp C/P 
National Semiconductor LMl12 3510 OpAmp C/P 
National Semiconductor LM11B 3507 OpAmp C/P 
National Semiconductor LM131/331 VFC32 V IF Converter C/P 
National Semiconductor LM143 35BO OpAmp C/P 

National Semiconductor LM144 35BO OpAmp C/P 
National Semiconductor LM15BAl35B OPA2111 OpAmp C/P Z 
National Semiconductor LM163 INA101 Precision Inst Amp FIE 0 
National Semiconductor LM163 INA102 Precision Inst Amp FIE i= 
National Semiconductor LM216A OPA21 OpAmp C/P « 
National Semiconductor LM363 INA101HP Precision Inst Amp FIE :5 
National Semiconductor LM607 OPA27/37 OpAmp CIP IX: 
National Semiconductor LM675 OPA511 High Current Op Amp C/P 0 
National Semiconductor LM709A 3507 OpAmp C/P LL 
National Semiconductor LM725A 3510 OpAmp FIE Z 

National Semiconductor LM747A OPA2111 OpAmp C/P W 
0 National Semiconductor LM748 3510 OpAmp C/P Z 

National Semiconductor LMB37 OPA404 OpAmp,Quad C/P W 
National Semiconductor LM155B OPA2111 OpAmp C/P IX: 
National Semiconductor LM2904 OPA2111 OpAmp C/P W 
National Semiconductor LMC660 OPA404 CMOS Quad C/P LL 

W 
PMI AMP-01 INA101 Precision Inst Amp FIE IX: 

I 
PMI AMP-01 INA102 Precision Inst Amp FIE en 
PMI AMP-OS INA110 Precision Inst Amp FIE en 
PMI MUXOB HI-50BA MUX PIP 0 
PMI MUXOB MPCBS MUX PIP IX: 
PMI MUX16 HI-506A MUX PIP 0 
PMI MUX16 MPC16S MUX PIP 
PMI MUX24 HI-509A MUX PIP 
PMI MUX24 MPC4D MUX PIP 
PMI MUX28 HI-507A MUX PIP 

NOTES: (1) See Model Index, inside front cover. (2) PIP = Pin for Pin. A true second source. FIE = Functional Equivalent. Very 
similarfunction and performance, but not pin for pin. C/P = Closest Part. Similar function and performance, with significant differences. 
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CROSS-REFERENCE INFORMATION 

Burr-Brown 
Company Model Model(') Description Equivalency(') 

PMI MUX28 MPC8D MUX PIP 
PMI OP-01 OPA606 OpAmp C/P 

PMI OP-04 OPA2111 OpAmp C/P 
PMI OP-05 OPA27 OpAmp FIE 
PMI OP-06 OPA37 OpAmp C/P 
PMI OP-07 OPA27 OpAmp FIE 
PMI OP-08 OPA111 OpAmp C/P 
PMI OP-10 OPA2111 OpAmp CIP 
PMI OP-12 OPA21 OpAmp FIE 
PMI OP-14 OPA2111 OpAmp C/P 
PMI OP-15 OPA606 OpAmp PIP 
PMI OP-16 OPA606 OpAmp PIP 

PMI OP-17 OPA606 OpAmp FIE 
PMI OP-20 OPA21 OpAmp C/P 
PMI OP-21 OPA21 OpAmp PIP 
PMI OP-27 OPA27 OpAmp PIP 
PMI OP-37 OPA37 OpAmp PIP 
PMI OP-41 OPA111 OpAmp, FET FIE 
PMI OP-42 OPA602 FET Op Amp, Fast FIE 
PMI OP-43 OPA111 OpAmp, FET FIE 
PMI OP-50 OPA27 OpAmp C/P 
PMI OP-77 OPA27 Op Amp, Precision Bipolar C/P 

PMI OP-80 OPA128 Op Amp, Electrometer FET FIE 
PMI OP-90 OPA21 Op Amp, Micropower C/P 
PMI OP-207 OPA2111 OpAmp C/P 
PMI OP-215 OPA2111 OpAmp C/P 
PMI OP-220 OPA2111 OpAmp C/P 
PMI OP-221 OPA2111 Op Amp, Dual Low Power C/P 
PMI OP-227 OPA2111 Op Amp, Dual OP-27 C/P 
PMI OP-400 OPA404 QuadOpAmp C/P 
PMI OP-420 OPA404 Op Amp, Quad Low Power C/P 
PMI OP-421 OPA404 Op Amp, Quad Low Power C/P 

PMI OP-470 OPA404 Quad Low Noise Op Amp C/P 
PMI PM108A OPA21 OpAmp FIE 
PMI PM155A OPA156A OpAmp PIP 
PMI PM156A OPA156A OpAmp PIP 
PMI PM157A OPA606 OpAmp FIE 
PMI PM725 OPA27 OpAmp FIE 
PMI PM747 OPA2111 OpAmp C/P 
PMI PM2108A OPA2111 OpAmp C/P 
PMI PM7541 DAC7541A D/A PIP 
PMI PM7545 DAC7545 D/A PIP 
PMI PM8012 DAC8012 D/A PIP 
PMI REF10 REF10 Voltage Reference PIP 
PMI SMP-10 SHC298 Sample/Hold FIE 
PMI SMP-11 SHC298 Sample/Hold FIE 
PMI SMP-81 SHC5320 Sample/Hold C/P 

Raytheon LM101A 3510 OpAmp C/P 

NOTES: (1) See Model Index, inside front cover. (2) PIP = Pin for Pin. A true second source. FIE", Functional Equivalent. Very 
similar function and performance, but not pin for pin. C/P = Closest Part. Similar fu nction and performance, with significant differences. 
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CROSS-REFERENCE INFORMATION 

Burr-Brown 
Company Model Modell') Description Equivalencyl') 

Raytheon LM358 OPA2111 OpAmp C/P 
Raytheon OP-05 OPA27 OpAmp FIE 
Raytheon OP-07 OPA27 OpAmp FIE 
Raytheon OP-27 OPA27 OpAmp PIP 
Raytheon OP-37 OPA37 OpAmp PIP 
Raytheon OP-47 OPA37 OpAmp FIE 
Raytheon RC714 OPA27 OpAmp PIP 
Raytheon RC747 OPA2111 OpAmp C/P 
Raytheon RC1458 OPA2111 OpAmp C/P 

Raytheon RC2041 OPA2111 OpAmp C/P 
Raytheon RC2043 OPA2111 OpAmp C/P 
Raytheon RC3078 OPA21 OpAmp C/P 
Raytheon RC4136 OPA404 OpAmp C/P 
Raytheon RC4153 VFC320 VIF Converter C/P 
Raytheon RC4156 OPA404 OpAmp C/P 
Raytheon RC4558 OPA2111 OpAmp C/P 
Raytheon RC4559 OPA2111 OpAmp C/P 
Raytheon RC4560 OPA2111 OpAmp C/P 
Raytheon RC4562 OPA2111 OpAmp C/P 

Raytheon RC4739 OPA2111 OpAmp C/P 
Raytheon RC5532 OPA2111 OpAmp C/P 
Raytheon RC5534 OPA37 OpAmp FIE 

Siliconix DG506 HI-506A MUX PIP 
Siliconix DG506 MPC16S MUX PIP Z 
Siliconix DG507 HI-507A MUX PIP 0 
Siliconix DG507 MPC8D MUX PIP j:: 
Siliconix DG508 HI-508A MUX PIP « 
Siliconix DG508 MPC8S MUX PIP == Siliconix DG509 HI-509A MUX PIP a: 
Siliconix DG509 MPC4D MUX PIP 0 
Sprague VLN-3755 OPA2541 Power Op Amp, Dual C/P U. 

Z 
Teledyne-Philbrick 1480 3583 High Voltage O/A PIP W 
Teledyne-Philbrick TP4002 DAC71172H D/A Converter FIE 0 
Teledyne-Philbrick TP4002 DAC701/703 D/A Converter FIE Z 
Teledyne-Philbrick TP4160 ADC10HT AID Converter FIE W 
Teledyne-Philbrick TP4855 SHC803 Sample/Hold FIE a: 
Teledyne-Philbrick TP4860 SHC803 Sample/Hold FIE W 
Teledyne-Philbrick TP4860 SHC804 Sample/Hold PIP U. 
Teledyne-Philbrick TPADC85 ADC84/85H AID Converter PIP W 
Teledyne-Philbrick TPADC87 ADC87H AID Converter PIP a: • (/) 
VTC VA033 OPA633 Voltage Buffer, Wideband PIP (/) 

0 
Zeltex ADA160Q DAC729 D/A Converter FIE a: 
Zeltex ZAD354 DAC71172 D/A Converter FIE 0 
Zeltex ZAD71 00 ADC803 AID Converter FIE 
Zeltex ZAD7400 ADC76 AID Converter FIE 
Zeltex ZAD8000 DAC70BH D/A Converter FIE 
Zeltex ZAD8000 DAC700/702 D/A Converter FIE 

NOTES: (I) See Model Index, inside front cover. (2) PIP = Pin for Pin. A true second source. FIE = Functional Equivalent. Very. 
similarfunction and performance, but not pin for pin. C/P = Closest Part. Similarfunction and performance, with significant differences .. 
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CROSS-REFERENCE INFORMATION 

Burr·Brown 
Company Model Model<') Description Equlvalency(2) 

Zeltex Z0354 OAC71172 01 A Converter FIE 
Zeltex Z0354 OAC700/702 O/A Converter FIE 
Zeltex Z0364 OAC71172 01 A Converter FIE 
Zeltex Z0364 OAC701/703 01 A Converter FIE 
Zeltex Z0384 OAC71172 O/A Converter FIE 
Zeltex Z0384 OAC7011703 01 A Converter FIE 
Zeltex Z0394 OAC71172 O/A Converter FIE 
Zeltex Z0394 OAC701/703 01 A Converter FIE 
Zeltex ZOA160 OAC729 01 A Converter FIE 

NOTES: (1) See Model Index. inside front cover. (2) PIP = Pin for Pin. A true second source. FIE = Functional Equivalent. Very 
similar function and performance. but not pin for pin. CIP = Closest Part. Similar fu nction and performance. with significant differences. 
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BURR-BROWN INTERNATIONAL SALES OFFICES & 
SALES REPRESENTATIVES 

AUS'IIIALIA HUlaARY IIIIIIWAY TAIWAN 
Kenelo: (AUSn p~ Lid Si", Bektronikelemenle, GmbH HelroElektronnikNS Alpha Precision Instrumentation Corporation 
48 Henderson Rd Clayton Marienbader S~, 42 Haavard Martinsen"" 19 11th Floor, 71, Sung Chiang Road 
V~lOna3168 PosHath 1365 Postboks 6 Haugen~u. TOIpo,RO,C 
Tel' 61-3-560-1011 Q-8502Z1rndort N.()9150sI0-9 Tel: 886-2-508-3066 
FAX. 61-3-560-1804 Fad. Republic 01 Germany T.147-2-107300 FAX 886-2-507-7185 
TLX 79035703 KENLEC Tel 49-911-60-7014 FAX' 47-2-1116546 TLX 785 25138 APIC 

FAX' 49-911-6lH!862 TLX 856 76205 HEFRO N 
AmIlIA TlX. 841623486 SIEX 0 THAIlAND 
Burr-Brown Research, GesmbH PORTUW M1Crotronics Associates Pte ltd 

. Senefeld~gassell INDIA Cnstaiomca 8 Lorong Bakar Batu 
A-ll00VIOnna Onole Services & Consultants, Pvt Ltd Components de RadiO e TelOYlsao, LOA 03-01, Kolam Ayer Industnal Park 
Tel 43-222-626371 PO Box 21120 Rua Bemardlm Ribeiro, 25 RIC 010. e EsQ SmQaporo-l334 
FAX' 43·222~72295 4, Kur~ Industrial Estate ll00LlSboa Tel' 85-748-1835 
TLX 847134n7BBWA Ghatkopar, Bombay 400 886 Tel. 351-1-534831 or 540314 FAX 66-743-3065 

Tel. 91-22-512-2973 FAX 351-1-561755 TLX. 786 34929 MI CRO 
BEUlUM TlX. 95311721020SC IN TLX 83264119 CRISTA P 
Burr-Brown InlematlOnal N V TURKEY 
Cophenlaanl18 IIIDDIIESIA SIRBAPDRE Bure Electronics & Machinery Corp 
8-1180 Brussels Mlcrotromcs AsSOCiates Pte ltd MICfotroOiCS AssoCiates Pte LId Bankalar, Okcumusa cad no 54 
Tel: 32-2-3474430 8 Lorong BakarBatu B Lorong Bakar Batu Menevse Han Kat 4 Karakoy, Istanbul 
FAX'32-2-34359B9 03-01, Ko~m Ayer Industnal Park OHll, Kolam Ayer Industnal Park Tel 90-1-153-5465 
TLX 846 62805 Smgapore-1334 Smgapore-l334 FAX 90-1-153-5468 

Tel 66-74B-1835 Tel 66-748-1835 TLX 821 25883 BUEM TR 
CAIIAIIA FAX 65-743-3065 FAX. 66-743-3065 
Allan Crawford AssocIOtes TLX 786 34929 MICRO TLX 78634929MICRO UNITED KINGDOM 
5835 Coopers Ave Burr-Brown InternatIOnal ltd 
MlSslSSluga,Ont L4V1Y2 ISRAEL SOUTH AFRICA 1 MllilIOldHouse 
Tel. 416.f19O-2010 Racom Electromcs Co. Lid Advanced Semiconductor DovlCes (P~) Lid Woodshots Meadow, Watford 
FAX 416-890-1959 PO Box 21120 PO Box 2944 Hertlordsh"e WOl 8YX 
TLX 06961234 Tel-Avrv61210 Johannesburg-2000 Tel 44-92333837 

Tel 972-3-491922 Tel 27-802-5820 FAX 44-92333979 
OENMARtC FAX 972-3-491576 FAX' 27-802·4593 TLX 651 922481 BB WFOG 
MER-ELNS TLX' 92233808 RACEL IL TLX 960 428201 SA 
Vad Klaedebo 18 UNITED MEXICAN STATES 
Ko-2970 Hoarsholm ITALY SOUTH KOREA (Components only) 
Tel' 45·2-57-1000 Burr-Brown InternailOnal S R.L OyangCorporallOn OlCopel, S A de C V 
FAX' 45-2-57-2299 V"Zante14 CPO Box 3285 Tochtll365 Fracc Ind 
TlX. 855 37360 MEREL OK 20138Mllano Sun Jm Bldg 164, Angukdong Sn AntoniO Azcapotzalco 

Tel. 39-2-506522B Chongrogu, Seoul-110 C P 02760 MeXICO, 0 F 
FIIIIAIID FAX. 39-2-504709 Tel 82-2-732-8031 Tel 52-5-561-3211 
PerelOy TLX' 843 316246 B BROWN I FAX 82-2-732-8049 FAX 52-2-561-1279 
Kehak~a6 TLX 78722679 OYCORP K TLX 3831773790 OICOME 
SF.()5830Hyvinkea3 JAPAN 
101.358-14-21600 Burr-Brown Japan Ud SPAIN WEST GERMANY 
FAX' 358-14-21609 2F, Natural House Bldg Umtro",cs,SA Burr-Brown International GmbH 
TLX 85715117 PEREL SF 14-156-Chome, Akasaka Torre de Madnd W"decher S~asse 26 

Mlnato-ku, 10kyo 107 Planta12, 0I1Clna9 0-7024 Fllderstadt 1 
FRAICE Tel: 81-3-5868141 Madnd-28008 Tel 49-711-701025 
Burr-Brown Inlemalional S.A FAX: 81-3-5822940 Tel 34-1-242-5204 FAX 49-711-706341 
18 Avenue Outartre FAX' 34-1-248-4228 TLX 841177111257 
F-78150 I.e Chesnay MALAYSIA TlX' 831 46786 UTRON E 
Tel: 33-1-9543558 Microtro",cs AsSOCiates PIe Ltd YUGOSlAVIA 
FAX: 33-1-39512484 B Lorong BakOI Batu SWEDEN Elektrotehna LJubllana Do Junel 
TlX: 842 696372 F BURBRWN 03-01, Kolam Ayer Indu~nal Park Burr-Brown International A B TOld EOas 

Smgaporo-l334 19461 Upplands Vasby 61000 Llubllana PoljOnska25 
IREEIi Tel' 66-74B-1835 Kanalvegen 5 Tel 33-61-329745 
Macedonian Electronics, S.A FAX' 85-743-3065 Tel: 46-76093010 TLX' 86231767 YU EllAS 
POBox 10240 TLX. 786 34929 MICRO FAX 46-78094362 
54110 Thessaloniki - Hellas TLX. 85414489 BBIAB S 
Tet·3I).31-306-800 NETHERlANDS 
TlX: 883 412584 MAE!. GR Burr-Brown International B V. SWITZERlAND 

PO Box 7735 Burr-Brown A G. 
HDRBKOIa 1117ZLSchiphoi WemQartenslrasse9 
Schmidt & Co. (HI<) Ltd Tel. 31-2Q-470590 CH8803 Rueschhkon Zunch 
18th Floor, Great Eagle Cen~e FAX' 31-20-470357 Tel'41-1-7240928 
23 Harbour Road TlX. 84413024 B BWN NL FAX 41-1-7240410 
Wanch" TLX. 845 59880 BUBR CH 
lei: 582-6-8330222 HEW ZEAIAIID 
FAX' 582-5-8918754 Northrop Instruments & Systems lid 
TlX: 7BO 74766 SCHMC HX Privale Bag, 12 Kenl Sired 

New Market, Auckland 
Tel: 64-9-587-037 
FAX 64-9-587-276 
TLX 791 21570 THERMAL 
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Burr-Brown eorporation 
International Airport Industrial Park 

-------1 
Street Address: 
6730 S-:-Tucson-Blvd, ------
Tucson. AI. 85706 

fIIailing Address: 
p,O, Box 1~4QO- ---;----
Tucson. AI. 85734 

Tel: (602) 746-1111 
TWX: 910-952=.1 111-- --__ ___, 
Cable: BBRCORP 
Telex: 66·649 
FAX: (602) 889-1510 

FOR IMMEDIATE PRODUCT 
INFORMAFleN: (800) 548-6'1302----


